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PREFACE 

In W b e r  1945 the War Departmmt (now Deparbent of the 
&my) requwtd the *logical Survey to undertrike a program of 
volcano inwatiigattions in the Aleutian Islands-Alaska Peninda area. 
The fht field gtudiw, under general direction of G. D. Robinson, were 
begun ae soon as weather permitted in the spring of 1946. The reaalta 
of the ii& y d s  field, labratmy, and library work m w  mrnbled 
hastily as two administrative reporb. Part of the data was published 
in 1950 in Geologicad S m e y  Bulletin 974-B, Volcanic activity in the 
Aleutian arc, by Robert R. Coats. The remahder of the data hm 
been revised for publication in Bullatin 1028. 

The geologic and gsophysid invwtigationa o o ~ d  by this report 
were reconnaissance. The factual information presented is believed 
to be accurate, but many of the tentative interpretations and conch- 
sions will be modified as the inv&igstions continue and howledga 
P m  
The inadgations of 1948 were supported almost entirely by the 

Militmy Intelligence Division of the Office, Chief of Engineers, U. S. 
Army, The Geological S m e y  is indebted to the Office, Chief of 
Engineers, for its early mgnition of the value of gsolagie studies in 
the Aleutian region, which made this mport possible, and for it9 
continuing aapport. 
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IWESTlGATIONS OF ALASKAN VOLCANOES 

GEOLOGY OF GREAT SITKIN ISLAND, ALASKA 

B J Fwm S.8mms and &PT~U, B, &-R 

O m t  Si tk in  Island llea near the middle of the blenthm& abmt 25 mFlm 
niwthmmt of the &my-Nav base an Adak laland It w abut 11 milea in mad- 
mnm diameter, and I t e  highest aItitnde I B  6,740 feet, the d t  of Great Sitkfn 
Volcano. The bland Is very rug@+ active volcano makm up m& of the 
northern half, and the d ~ l y  d i s s ~ t e d  remnant of m older volamo makes up 
most of the mtbern hnV. 

The OM* mBa e r p ~ e d  are tbs mger Bay rolcnnfca, d l &  f i r m  the ragged 
headhnam of the south and son- cmta. These rocgs, believed to be of 
late Pdmmlc age, are highly altered and deformed lams, v01canIc w i n ,  and 
M of andeaitlc and maltlc compoaitlon, cut by numeroua dlkea. The source 
mi ltbe m a  ia nnkpown. 
The Sand Bay volcanfcs, whfeh form m w t  ol the m t b m  half of the Man& 

eomprtae a lower pymdasHc mqaence, m m t e  mainly ot agglomerate, and 
an upper gepnence of andeaite and Wit flow. The age of thew ro&a Is be- 
lieved to be late Tertiary. They are essentially undefornid, and their radial 
dip@ wggest a emme near the p r m t  cone. 
Tbe r d u  of the main cone that form the northern balf of the Idand, are 

6mlg~aWd Great SlWn v01anIcs an8 are 05 late Tertiary and Qnaternarg age. 
The nppermost roc3rs of the cone are lavit flows, similar in appearsnce to the lava 
down of the Sand Bay volcantm, but the steqa 8 l o p  of the cone sogge~t that 
Eta mre is mnae np of pyroclastic materia The cram of G m t  Bttkln Volmna 
lies on the west slope of the cone at  m aItltnde oi about 4,,000 feet; it ia about 
threqmrtem d a d e  long and balf a mile wide. The eraption that pro- 
dn& the crater blanketed the LaLend with r lager of pumice end rock Iragmenta 
randog im thlckmees from a few inch@ to more than 20 feet. A recently formed 
rolcadc dome occnlptes the center of the crater. Five glnga have been intruded 
into the northweat flank of the cone. A recent deposit of asb apparentb erupted 
&om a vent a ehort dlstance northweat of the crater, blanketa the northwest 
dope of the cone. The floor of one creek valley Is covered by a fairly recent 
mudflow. 
The con% uupportu 6 mall  glnctera, the 2 largest of wbich have Mt largh 

moraines. More extenufve glaciation ocFnrred in the pd, but the wly ghW 
depoeitn fmnd at  l o r n  aitltodes, other tban tboee of the present ghder fronts, 
mnalat of erratfe bouldera on the door of the valleg uf Blg Box Crwk 

Entrenched stream8 and low marine terraces an- tbat the h?md has 
been uplifted m n t l y .  

The geologic hlutory of Qrmt Slltkin IsIan13 compriges at Ieaat four &xga of 
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volcaaism designated as Finger Bay, Band Bay, peak volcano, and crater wlcano 
stages. An angolac nnconformity separate# deformed Finger Bay volcanIcs 
from depmlts of the Mnd Bay volcmo. after prolonged m i o n  the center of 
volcanic activity &iftea north and formed the peak volcano, pnd tben &iftea 
west ta form the crater vdeatk0. Each mtage ended with the partial destruction 
of its volcano. The crater volcano was modaed by erosion and decapitated by 
an ernptIon during which the pumice Wanket was deposited Great Sltkh 
Volcam, the present double cone, is a comgosriie id d e  ancestral peak and crater 
volcanw. 

Minor volcanic actlvitg m a  remrted in 1792, 1828, W, and 1933; a crater 
dome, which was formed probably in March 1946, was emitting much steam and 
some acid gas In Reptember 1% 
A survey of geologic Ziteratare on volcanic domes aimllar to that of Great 

SftkIn Volcano indicates tbat the mume of their evolution cannot be predicted 
with certainty; mme have been Berstroyed or p r t b  destroyed by violent explo- 
@Ions, others have not, The 1W6 dome of Great Bitkln Volcano may remain 
quiescent Indeftnftelg, or it may become violently active. 

Great Sitkin Island, one of the Andreanof Islands, is near the 
middle of the Aleutians a b u t  25 miles northeast of the large Amy- 
Navy base on Ad& bland. An rtctive volcano mupies most of the 
northern half of the island. The possible m r c e  of danger of the 
wlcano to the installations on Adak and to the naval station led to a 
geologic investigation of the island during the snmmer of 1946, 
Field work wm carried out from August 16 to October 2 by a pa&y 
including Frank S. Simons, geologist-in&arge, Donald E. Mathew- 
son, geologist, and Joseph C. Roberts and Thomas E. Turnerv 
recorders. 

Achowledgment is made of the moperstion of Coonmmder S. 0. 
Cole, chief shff offimr of the Ad& Sector, and U J. R. Geiq officer- 
in-charge of the n a d  fueling sbtion at Sand Bay, in providing trans- 
portation, quartera, and mess facilities. 

Great Sitkin Island was probably fimt sighted on September 8 or g9, 
1741, by Chirikof, of the Bering Expedition, who visited Adak T s l d  
on September 9 on his return voyage from southeastern Alaska to 
Kamchatka. Bering7 in another ship, sighted the island on Sep- 
tember 25 (Collins, Chrk, and Walker, 1945). 
The Andreanof Islands were explored in 176&1764, md we* 

named for Andrean Tolstykh, one of the explorers. A report by a 
member of the party, Peter Vasyutinsky, mentions Great Sitkin 
Island in a more detailed description of Adak: T h e  third island, 
Chetkin, lying to the east, across the strait, at a distance of about 40 
versts [2%.4 miles] has a circumference of about 80 versts 152-8 m i l d .  
There are many mountain ridges, one mountain of which is called 



Maya, [white]. In the valleys are hot springs, Ha rivers are found 
on the island. It is inhabited by about 400 fmiliea" (Jochelson, 
1933.) Although Vasyutinsky calls the island Chetkin, its location 
and sim and the hot springs he asrib- to it coincide with those of 
G m t  Sitgin Island. 

Little is h o r n  of the submquent historg of the island until 1948, 
when the naval fueling station was est~bllished at  Sand Bay. No evi- 
dence of permanent inhabitation by AIeuts was found by the geologic 
party; apparently they left the island many years ago. However, 
the island WRS used as a fox farm hfom World War 11. 

G m t  Sitkin Island, together with Adak Idand and the chain 02 
intervening smaller islands, forms the middle part of the Andreanof 
Islands, which lie near the middle of the Aleutian arc (k. 9 ) .  The 
island is a h u t  600 miles west-muthweat of the tip of the Alaska 
Peninsula and 480 miles e& of Attu Island, which is at the west end 
of the chain. Tt,s geodetic position is 52" N., 176O08' W. (Sand Bay). 

TOPOG-Y 

Great Sitkin is a deeply dissected, extremely rugged island about 
11 miles in maximum diametm (fig. 33). Most of the northern half 
ia occupied by Great Sitkin Volcano, whose altitude is 5,740 feet at 
a distance of only 2% miles from the north coast. A crater that 
 measure^ about half a mile by three-quarters of a mile, and whose 
walls rise to s maxjtimum height of 600 feet, l i ~  on the west flank 
of the cone at  an altitude of about 4,000 feet. Many steep-wnlled 
valleya radiate horn the summit. The original constructional sur- 
face of the Gone has been almost completely destroyed. This asym- 
metrical mne offers a striking contrast to the perf& cone of Kanaga 
Volcano, 40 miles west-muthwest. 

!The sonthem half of the is1 and is separated from the cane by the deep 
 alleys of Sitkin Creek on the east and Ahyan Creek on the west. 
It consists of the dissocterl remnant of a former shield volcano upon 
which the present cone has beer1 bnilt. 

U-shaped valleys radiating from the center of the island have bean 
a t  1,(H30-1,500 feet below the intervening ridges and are headed by 
cirpnelike amphitheaters. Tho ridges are generally very narrow, and 
many nre Imi fe edged, althougl~ i11 a few places the original surface 
is preserved in broad rolling uplands. Several large streams and 
many m l E  creeks drain the island; in the main valleys the sttwms 
w n p y  meandering courses incised 5-15 feet below the nUey levels. 

84764&-65---P 
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The &line is rocky and irregular. Sea diEs 9 much as 1,1,000 
feet high alternate with narrow sandy beaches at the mouths of val- 
leys. Along the south coast am a few braces. Natural harbors are 
nonexistent and sheltered anchorages are fern; Sand Bay and Poke 
Bay are fairly well shelted. 

Several mall lakes f i l l  depressions on or near beaches. Rvo m k -  
basin l&es are h o w n ,  one on Bugle Point and the other on Sulphur 
Point 
Five mall glaciers occupy valleys on t;be upper dopa of the cone. 

The crater itself is partly filled with ice, which moves out through 
saddles in the north and south waIIs to form two glaciers; the largest 
of them glncjers, 1 mile long and nearly 1 mile wide, is very active 
and has built up a large moraine in the valley of Glacier Creek. 

The climate of Great Sitkin, like that of the other Aleutian Islands, 
i8 cool and wet. Prevailing winds are from the north in winter and 
from the southwest in summer. High ridges and pe& near Sand 
Bay cause the wind to blow in strong gusts and to make rapid nri* 
tions in direction in that area. During much of the summer, fog 
blmksts the island from seR level to altitudes of 3,000 or 4,000 fwL 
The upper slopes of the volcano are usually cloud covered, but the 
top of the cone is visible enough of the time ta be useful as a Iaad- 
mark for na-vigation. 

'mE)mATLo'R 

The lower parta of the island support a hemy growth of 8% 
which reaehee a height of from 4 to 5 feet in late summer. Entersprsed 
with the grass are patches of moss and lichen, which give the hnd- 
wape a blotched appearnnce from, the air. Moet of tba m a l l  gdim 
are choked with ferns, and st plrtces some are complebly bridged by 
heavy mats of gnrss, moss, and lichen. Many planta are in Bower dur- 
ing the summer, the most conspicuous of which are m o n k ~ h d  and 
lupin& Vegetation ia heaviest a t  saa level; above an altitude of about 
1,500 feet there is practically no plant lif& T m  do not gmw on the 
island. 

m LIFE 

The onty land animals m n  were blue fox% which prasnmabIy 
were introduced. Marine life, however, is abundant; the tide pools 
and rocky basins along the coast abound in sea urchins, red and 
ornnm s ~ $  anemones, chitons, and mussels. The am urchins, which 
farm a, green mantle an many submerged rach, are particularly 
abundant, Numerous salmon were seen in Tumath, Big Fox, and 
South Yoke Creeks, and many Dolly Varden trout in Big FOX Creek. 
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GEOLOGY 

The geology of Great Sitkin Island is shown on plate 5. The is- 
land can be divided both topographically and geologically into two 
principal units: the nearly flat-lying remnants of .an old shield vol- 
cano, which form most of the southern part of the island, and a young, 
steep-sided cone and its related plugs and parasitic cone, which form 
most of the northern part of the island. The shield volcano is fringed 
on the south and east by small areas of much older volcanic rocks. 

A recent explosive eruption blanketed the island with a mixture of 
pumice and rock fragments to depths ranging from a few inches to 
more than 20 feet. The crater produced by the explosion lies west of 
the summit of Great Sitkin Volcano and about 1,700 feet below it; 
the crater is filled with ice. Into it a basalt dome was recently in- 
truded, apparently in March 1945. By September 1946, considerable 
ice had melted from the crest of the dome, which occupied about half 
of the crater, and steam was rising to an altitude of about 3,000 feet 
above the center of the dome (pl. 6). 

IGNEOUS ROCKS 

FINGER BAY VOLCANICS 

The oldest r o d s  exposed are those forming the rugged headlands 
of the south and southeast coasts. These rocks have been correlated 
by Coats (1955a) with rocks exposed at Finger Bay on Adak 
Island, which have been named by him the Finger Bay volcanics. 
The chain of islands between Great Sitkin and Adak seems to be corn- 
posed largely, if not entirely, of Finger Bay volcanics. These islands 
were seen only from a boat, however, and may consist in part of 
younger rocks. 

The Finger Bay volcanics are predominantly andesitic and basaltic 
greenstone, but include coarse- to fine-grained porphyritic flows, 
amygdaloidal flows, coarse flow-breccia, pillow lava, dense fine- 
grained rocks that are probably flows, and coarse- to he-grained tuff. 
The rocks are cut by numerous dikes, as much as 3 feet wide, and by a 
few thin quartz veins. A11 the rocks are altered, the dikes commonly 
less so than the flows and tuffs. Plagioclase phenocrysts are milky 
and ferromagnesian minerals are generally altered to a fine-grained 
green aggregate. Calcite, epidote, pyrite, and prehnite are the prin- 
cipal secondary minerals : calcite occurs in veins and irregular patches ; 
epidote in veins, irregular masses, and vesicles; and pyrite in veins 
and tiny scattered grains. 

The source of the Finger Bay volcanics is not known and probably 
cannot be determined from the sparse exposures an Great Sitkin 
Island. 



The Tocgs are intensely deformed and commonly have dip m q h g  
from 60" ta vertical. No well-defined structures were found, but de- 
totiled structural analysis was not attempted. I[n general, the mka 
are very mistant to erosion; the topography that has developed on 
them is chamtaristically hummockyT and sea cliffs that have formed 
in the mELS are as much m 800 feet high 

The age of the Finger Bay volcanics ia not definitely known, but 
is believed to be late X'aleozoic, which is the age tentstively m4gned 
to similar rocks an Adak Island {Coats, 1955a). 

B m  BAY V O m b M C B  

The gently dipping volcanic rocks that form the southern half of 
-&EI island are well exposd in Ithe vicinity of Sand Bay and ram dssig- 
naM Sand Bay ~ o l c a n i a  (pL 7A). They overlie the Finger Bay 
vollcanica mconfomably. The Sand Bay volcanics comprise a lower 
p ~ l a s t i c  sequence consisting of aggIomerate and a few thin flows, 
and an upper sequence composed of andssitic and basaltic l a v a  
The source of the Sand Bay volcanics is not exposed, but dips of 

the lava flows are roughly radial and suggest a central vent. near the 
present cone. The age of these rocks is not atxutately known, They 
am older than the Great Sitkin volcsnics, which have been glaciated, 
and of which at lea& part are probably of PIekhmna age. In the 
absence of diagnostic fossilq the age of th5 racks can only ba snmid 
by analogy with rocks of better h o r n  amras. The p m n t  cycle of 
vo1canism is believed to have begun on the Alaska Peninsula in 
the early Tertiarg (Capps, 1934; Gappen, 1929), and Tertiary 
f d l s  ham been found in tuff8 on Akutan, Unalrish, Umnak, and 
Atka Islrrnde (Capps, 1934). The Sand Bay volcanid are therefore 
tentatively assigned a, Tertiary age. Many volcanic rocks of tha 
western Neutians were beveled by a marine abrasion pIane, pre- 
sumably in the middle Tertiary ( G a b ,  1955b). Becam the 
Sand Bay volcanics do not; ahow evidence of this bdhg, they m 
believed to be of late Terhry age. 

AggEmwt6.-The low& part of the e x p e  -ion of the Smd 
Bay volcanics is at the brrse of the south end of the h y a n  cliffs on 
the west side of the island. At the baae of the cliff n, mrse well- 
Mded tuff that dips north at mall angles is overlain by l,MM ta 1,500 
feet of coarse agglomemk Nnmerous dikea are exposed in the cliffs. 
Similar agglomerate forms the lower slops of the aouthern half of 
the ialand. It is well indmted and in many places forms clifls HIT- 

era1 hnndred feet high. At Smd Bay the agglomerate is fairly d 
bedded but poor1p s o M ;  it is composed of sabangulsr t~ rounded 
boulders, as much as 3 feet across, in a tuff matrix. The boulders are 
mainly of two rock types : a black, glassy, highly vssicnlar lava, and 
a reddhh vesicular porphyry containing phenwygts of plagioclasa 



feldspar, pyroxens, and olivine. Farther inland, loward the cone, 
the agglomerate contains interbeddad thin lava flows and is cut by 
dikes. me ridge west of the valley of Big Fox Creek and the one , 
overlooking Cape Kiugil~k are capped by lava flows interbdded 
with agglomerah. 

Lma $ow.-The main ridgas in the southern part of the island 
-are capped by andedte and basalt flom, which reach an aggregate 
^thickness of 400 feet on TripIe Divide Peak at the head of the valley 
:of Middle Toke Creek. 

Tha lava flows are porphyritic and include andesite, olivine 
andesite, andesite flow-breccia, and bamlt. Their colors am black, 
purplish gray, reddish gray, and hght gray. Most of the flows are 
medium grained but few are mry h e  gmibined. Platy lavas are 
rm,  and most of the rocks show little or no flow structure. Columnar 
jointing is common. T h e  most conspicuous lava flow on the island 
caps the ridge wast of Sand Bay, for- the top of a 300-foot cliff. 
It consist of olivine andesite, is about 40 feet thick and exhibits ex- 
callent columnar jointing ( pl. TA) . 

The lava flows we notably fresher in appearance than those of the 
Finger Bay volmnics. Plagiaclase, pyroxene, olivine., md magnetite 
can be distinguished in hand specimens. Most of the flows appear 
to contsin little or no glw, and highly glassy lava mems to be absenL 
Vmicular Bows am rare. T h e  lava flows dip south or southeast at 
mdl angles, and t h y  thicken toward the center of the island, 
Nowbere do they appear to be folded or fauIted. 

The rocks of the north half of the island include the rocks of the 
main cone of Great Sitkin Volcano, n newly formed water dome and 
five older plugs, ta basalt flow near the hesd of Sitkin Creek, a d  a 
parasitic tuff cone on the northwest flank of the main cone. 

Tha main Gone is composite, built up of lava flows d tuff beds; 
the flows predomina@ at lenst in the upper part of the mne. The 
flow mks, which consist mostly of porphyritic andesite and basalt, 
are similar to thm of the Sand Bay volcrtnics. On the lower slopea 
of the cone the mlts are fresh, but the rucks forming the summit peak 
are altered, discolad, and riddled with tiny, irregular cavities lined 
with tridymite crystals The lava flows are clearly expomd in the 
walls of the crater, but are dScult of mxms because the walls are steep 
and high. MOB(; of the rocks of the main mne are covered by a thin 
blanket of pumice and rock fragments. 

The only mineralized rocks ssen on the m a  are nesr the foot of 
the large glacier on the southeast aIope. Here a granish breccia 
containing angular to rounded f m p e n t s  as much lr 8 inches &I:- 



has bmn thoroughly impregnated with pyrite, which locdly f o m  
as much as 10 percent of the r d .  The breccia is highly altered and 
contains much calcite and chlorite. The feldspar phenoqsta of the 
breccia fragments are dull and milky. The altered e k s  crop out 
in an area 75 by 200 feet, probably the aite of former solfahric 
activity. 

The crater is oocupied by a dome of black glassy porphyritia basilk 
A sampla of the basalt, collected by B. R Coats, was analyzed by 
W. W. Hommel, M o u x ,  md Company. The analysis is given below; 
the normative d u e s  and the NiggIi values were calculated by R B 
Coats. 

Norm 
'q ,.+,,-,-------, 9: 13 
or ------,,----, & 57 
ab,,** ,---, ,--- 36.28 

- 23.70 
wo - -  4 41 
en - -  1.55 
a , * - -  3.19 
mt - -  6* 32 
il -,,,,,---,+--- 2.00 
ap-,-, - - -, , - - - - .57 
Symbol 11, (4)5,3,4" 

Andm 

The dome is roughly oval, about one-qu&r of a mile wide by 
three-eighths of a mile long. Its top surface is blockg and rather 
flat, and its #ides are steep. It resemble9 the 1909 dome of Tarumai 
Volcano on Ilokkaido Island, Japan (Powers, 1916), and the 1912 
dome of Novmpta in the Katmai region, Alaska {Fenner, 1923). 
I t  differs from the latter in thrat the lava w n h s  abundant pheno- 
cry st^ instead of being largely glassg.. Presumably in March 1945, 
the dome intrudd a thick icefield, which f l l d  the crater, doming 
the ice and melting much of it. On September 12, IM, the dome 
1.8sembled a gigantic aster, the petah outlined by crevasses in the 
rim of the breached ice ( pl, 6). Steam was escaping from a number 
of vents around the edge of the dome, but the main stam column 
rose from near the canter to a height of about 3,000 fwt abov~ the 
cmhr. The s t e m  was under little or no pressure, and probably 
was being prodnced largely by vntporizatioxl of melt water from t l ~ e  
aurrounding im Occasionally, acrid gas wss detected ; and the rime 
ice on the pmk east of the crater h d  la sour taste, indieruting the 
emission of acid gas. 

Three plugs on the slope of the cone, probably k t r u d d  dmg a 
fissure, are aEigned in a northwest direction from the crater. The 
plug nearest the crater rim is b2ieved ta have been rtbe source of the 
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-t aah thBt Mankeb the northwest dopes of the cone. ' h a  
o&er plugs, one of which forms Swallow Herad, the nodhernmostt 
point of the island, are aligned in a north-northwest direction. The 
plugs rsnge from 1,000-3,WO feet in diameter and exhibit well- 
deveI@ mlamnils jointing. They were not examined and their 
cornpasition is not hown. 

A thick h d t  flow near the head of Sitkin Creek, the only fairly 
yoang flow that was found, was extruded from the flank of the 
cone. It is 106-125 feet thick, and ita columnar jointing is con- 
qieaous. me flow is at least half a mile long; its lower end haa 
been destroyed by glacial erosion, so its original length is unknown. 
The source is buried by pumice. 

The G& Sitkin volcanics unconformabIy overlie the Sand Bay 
volcanics. upper parts of the cone of Great Sitkin Volcano 
have been d i s d  by glwiers that have largely disappeared. There- 
fore, the building of the present m e  pmbabf y began in late Tertiary 
or early Quaternary time and was largely completed before the end 
of Pleidocene glaciation. 

Pwm2em-Pumice, mixed with mria and rock fragments, blanketa 
the island to depths m g h g  from a few inches to more than 20 feet. 
The pumice blanket is not shown on the geologic map h a u s e  it would 
ohcure the bedrock geology. 

The pumice is huff to light brownish gray in color, and is composed 
of framents as much as 4 inches across. Several miles ~outh of the 
mter  the pumice is extremely light and frothy and will flont on water, 
but it is progressivdy Iess ~esicuIar in the direction of the crater, 
and on the slopes of the cone itself much of the rock is more properly 
termed scoria. Crystals of transparent plagioclase, pyroxene, and 
amphibole, set in a rnntrix of pale glass, can be easily recognized with 
a hand lens; m e  of the pyroxene crystals are as much as onequarter 
of an inch acrm. 

Mixed with the pumice are mgular fragments of dark-grsy por- 
phyritic b l t  as much as 3 inches across. From 10-15 percent of 
the pumice deposit near the crater is composed of thee fragments; 
at incrmsed distances from the crater the number of fragments da- 
c-, and at Sand Bay practically none am present. These fr;rg- 
men& are thought to  have been torn from the throat of the volcano 
and from the summit of its cone at the time of the p e c e  eruption. 

A minor but striking constituent of the pumice blanket is a wry 
mrse-grained gabbmlike rock cun&ting of transparent pIagiocIase 
and amphibole, and small amounts of olivine, pyroxene, and mag- 
netits. Only a few piwe of tha rock were men, the Iargest being 
4 inches across. Amphibole crystals 1 inch long and plagioclm 
tablets half an inch n c m  are common. T h e  rock having alternate 

g l 2 6 & % 4 w  
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coarse- rsnd he-pained laysrs is prominently banded; the mame- 
grained layers are thernselvas separated into feldspar-rich and amphi- 
Ma-rich bands. The pumice of some areas, particularly on the ridge 
muth of Sitkin Creek, mtains many single c-1s that evidently 
were derived from the gabbrolike rock by fragmentation. 

The thickest pumice deposit was seen near the divide between Sitkin 
Creek and the west fork of Big Fox Creek. Here, gullies 20 feet 
deep have been cut in the pumice without exposing the base of .the 
d e p i t ,  Tbi& dqpoaits also occur in the upper v d l y  of Sitkin 
Creek and ag a major constiturn t of the moraine at the head of Glacier 
Creek. At other places reworked pumice fonns alluvial-fan deposits 
8-10 feet thick; these fans are especially well developed wegt of 
Big Fox Greek, where the original pumice deposit, overlain by 6-8 
feet of alluvial pumice, is exposed in gullies. A thin, discontinuous 
pumice bed resting on sand dunes is exposed in wveml road cuts at 
the mouth of the valley of Little Fox Creek and between Zaliva 
Point and Rip Point, in the area most remote from the crater. 

Presumably, the great eruption that produced the pumim m u d  
long befare the d k v e x y  of the Aleutian Islands by m h i h  men. The 
freshnew of the pumice, the very small amount of soil devdopd 
on it, and its pmsenca in considerable quantity on divides such as 
those between Sitkin Creek, Big Fox Creek, and Glrrcier Creek, in- 
dicate thak it is not more than few thousand years old. 

A sh deposit of ~ r b h w t  side of G ~ a t  Sit& Vokatm.-The north- 
west dopes of the main cone am cowred with a vary recant depmit 
of ash, apparently ejected from the f l k .  vent immediately northwest 
of the crater. This deposit was seen only fmrn the sea, but its dis- 
tribution is readily determined Rmn aerial photographs. The ash 
is light colored and appears to be several feet thick in places. It 
overlim the pumice deposit and is at most only n few hundred years 
old. 

A t h i m  d B m R  &poea'ts.-Most of the valley8 in the muthern 
h ~ l f  of the island are floored with alluvium. In the lower mume of 
Sitkin Creek well-bedded f anglornerate a b u t  100 feet thick ia q o s d  
in the wdls of gullies cut by recently rejuvenated streams. Elmwhere 
the exposed thickness of dluvium is less; a minimum of 20 feet of 
eluvium is exposed in the cliff at the lower edga of the large alluvial 
fan north of Cape Akuyttn {PI. "(B) . In the vdIeys of Big Fox a d  
Little Fox C m h  tha most recent alluvium is large19 reworked pumice. 

Narrow smdy W h e s  lie along the island's coasts, except on the 
rugged north and northwest sides where there are only a few smdl 
boulder beaches. Sand dunes are present on all bathes along the 



south and mst masts from the narrow beach at the mouth of firmath 
L h k  to the bewh, 1% miles long, between Sulphur and Bugle Point& 
At Bugle Point the dunas ere roughly elliptical in plan, their long axes 
trending north. Most of the dunes are  ass covered and appear to be 
relatively stable; those at tbe mouth of Little Fox Creek are mantled 
with pumice and soil. At present, dunes do not appear to be foming. 

MdPm.-The floor of the lower part of the mlley of Glacier Creek 
is made up of what is believed to be a fairly recent mudflow. It was 
seen only from the sea &t $t distance of several hundred yards. Tba 
valley averages 2,000 feet in width for a distance of about 1% miles 
from ita mouth, and its floor is s1ighl;ly convex upward in transverse 
cross  tio on. Along each side of the valley is a steepwalled canyon 
incised well below the present vaIley surf-; Glacier Creek occupies 
the larger of the two canyons, the one along the southeast side. The 
mudflow is thought to have had its source in the extensive moraine at 
the head of Glacier Craek, md was perhaps activated by heating and 
mmequent melting of snow and ice around tho moraine during mrne 
phase of the vol~noVs activity. 

Exposures along the low clid at  the end of the mudflow suggest that 
two mudflows rather than one may lie in the valley+n older mudflow, 
made up Imgely of pumice, dong the southeast side of the valley ; and 
a younger and more extensive flow, made up of coarser debris, along 
the northwest side. 
G W  CIRpmit~.-Two of the island's five small glaciers haw 

produced fairly large moraines. 
The Iarpr of tho two glaciers, which is math of the crater at the 

head of Glacier Creek, is abut 1 mile wide and half a mile long. Ita 
moraine extends for at least half a mile down the valley ; the upper 
part is made up largely of pumice, which has been built up into a 
hnmmackg terrain. 

The smaller of the two glaciers cnxupiw a valley on the southeast 
slope of the cone. It has built blocky moraine that extends to the 
bottom of the v d e y  of Sitkin Creek, a distance of about half a mile. 
T h e  higher part of hhe moraine is actually a m k  glacier. A medial 
moraine, between the main moraine and a marl tongue of ice to the 
east, forms s ridge 10-15 feet high. Deep Mations on antcrops 
h u n d d  of f a t  below the prwnt  terminus of the g1wie.r indicate 
that formerly the glacier was of greater extent. 

About hmquartars of a mile north of the mwth of Big Fox Creek 
many angular bou1del.g are strewn across the valley floor. The largest 
is about 8 feet across. They are corn@ of well-indumb4 ag- 
glommate. The blocks may have slumped from the m y o n  walls, 
but in view of the fact #at some of them lie several hundred yards 
from the near& local source, it seems more likely that they are glacial 
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erratics. The valley of Big FOX C& is believed to hnve been 
glaciated. 

I;ckncZeI&h.--One landslide and two other f e ~ b t m  believed to 
be landslides are shown on the geologic map. The lower coarse 
of Middle Yoke Greek has been blocked by a large landslide from the 
steep valley wall to the northeast, and landslide mabrial extends 
across the beach to the sea. Nearly 1 quare mile is covered by this 
landslide debris, forming a typical hummocky surface. A ma11 pond 
probably occupied the valley above the slide for a short time. 

The rounded low headland between Capa Rin@;iEak and the valley 
of Turmath Creek ia probably ran ancient landslide; the cirquelike 
indent&on above, the irregular topopphy of the lower dopes, and 
the large blmh of rock near the beach, all suggest a lmdslide ori& 
Another landslide may have occurred near the north bight of Yoke 
Bay, where a block 4,000 feet, long and 400 feet high appears to have 
did 50-100 feet down the steep slope forming the centnil part of the 
northwest shorelina. 

A large group of hot springs, mud pots, and fumam1a mum at 
an altitude of about 2,000 feat near the head of the we& fork of 
Big Fox Creek. On clear days a cunspicuous cloud of c o n d a d  
steam hangs over the largest of tbe springs. An area about 1,000 feet 
long and 400 faat wide is underlain by a h s t  completely d e c o m p d  
rcic&a that are bright red, pink, and yellow in color. Most of the rock 
whom texture has been preserved is a breccia of porphyritic ~olctanic 
rocks; it probably Ells an old vent. T h e  ground in the weti is warn : 
p s s  and moss grow profusely, whereas the surrounding termin is 
barren, and d a r k - p n  gelatinous algae clog the overffow channels of 
the springs. 

Several of the Iow mounds in the fumarole arm are hollow shells, 
from beneath which can be haard the sound of boiling water. The 
largest mound ia  about 25 feet long, 20 feet wide, and 6 8  k t  high. 
The shell of the largest mound is about 2 feet thick, trnd the water 
level seems to be several feet below the roof. The roofs of mme of the 
mounds are not strong, and may break- under a mmYs weight. Sham 
vents are  especially abundant on all the mounds. 

The largest vent contains s pool of hot muddy water 6-3 feet mms~ 
thpough which s h m  wa bubbling with considerable violence. Little 
watar was being discharged at the outlet, indicating that the boiling 
was due largely to passage of steam and not to  the influx of boiling 
water. Most of the springs in the area dischwge very littla water; 
they appertr to be fumarole, craterlets in which aurfam water hag ml- 
lected. Many of the springu are muddy, and several am mud potg 
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containing viscous gray mud. Pyrite was being deposited in one of 
the mud pots. Sublimates are rare ; the bright color of the rocks is 
due mainly to rock alteration. 

A gas sruaple was collected from asch of the four l a r p t  fumaroles 
in a heat-resistant glass pipette (volume, 25 cobio centimetern) by 
inserting the pipette in the fumarole and allowing it to be Hlad by the 
gas p-m of the fumarole ; because much steam was being emitkd 
from each h m 1 ,  it was easy to ascertain when gas was pasing 
though the pipette. The pipette was sealed off with an oxybntane 
torch Results of the gas analyses are given in the following table: 

A ~ ~ a ~ s ,  4n mzume pmepit, m h ~ i v s  or water, 07 asamplea fl juntarots gaaer 
from Umst Bttktn IeLnd 

'FrwmnL-. 
8.mpb1: ~ l e 1 , m ~ ~ s d l m o l l ~ ~ v b i e h I s ~ ~ ~ d b t r b b ~ . r s b r .  
8empIs 2: F m a m l ~  2, ~h to eUbt lset nboae bottom QL WUy. 
m p l a  Pt Frrmarole 8, at bttutu of gnlly. 
k p l s  I: Po-la 1. at bottom of Rully, m W  I Iaet o f b n a d e  S. 

The water from 12 hot springs was tested for temperature, pH, and 
C1-(with AgNOa), and SO4-- (with BaC1,) ions. The r q e  in tern- 
peraturn was from 88"-9g°C, and in pH, from Z 7  ; only one spring 
had a p H  as low as 2. The water of 7 qrings had a strong reaction 
to the test for SO,--, the wahr  of 4 had a weak reaction, md the wstm 
of f was hm murky to test. All bnt one sample had a positive reaction 
bthek3tforCL-. 

STSVrnBE 

The structure of Great 8itlrin Island is diagramed in the geulogic 
sections of plah 6. 

The oldest rocks, the Finger Bay volcanics, are intern19 de fomd 
and a m  overlain with marked structural and erosional unconformity 
by the nearly flat lying Sand Bay volmnica. These, in turn, are over- 
lain unmnformably in the northern part of the island by the present 
cone of Great Sitkin Volcano. 

The dope of the wne is considerably steeper an the north, northwest, 
and west sides than ehswhere; moreover, the cmhr is lmted some- 
what west of the center of the cone, A two-* development of the 
cone is sugg&ed to account for these anomalous features. The fist 
may be called the peak volcano stage, and tha second, the crater vol- 



cmo stage (m p. 39-40). The center volcano is thought to have bean 
built a h r  the destruction of part of the p d  ~olcano, and is the site 
of the present crater. 

The p m n t  mter  is believed to have been formed by both -10- 
sion and subsidence. The minimum volume of the cavity, befom the 
cavity was partly filled with snow md ica and before Ehe empIace- 
ment of the enter dome, i s  estimated to have been 2.5X 1QB cubic 
yarda. A comparable volume of rock was probably preseat in the 
part of the cane that formerly exkendm3 above the level of the craw 
rim. Hawever, the amount of cone rock that occurs as fragment8 in 
t h . ~  pumice deposit seems to be less than the m o u n t  of m k  removd 
from the cone. 

A rough calmlation has been made that is believed ta give the 
maximum m o m t  of fragmental rock ejected. Inasmuch as few 
rock fragments occur in the pumiea at  Sand Bay, the distance of Sand 
Bay from the crater (10,000 yards) waa taken as the radius of a 
circular arm over which rock fragments probrably were deposited. 
The greatest observed depth of pumice was 20 feet, although this 
depth may be exceeded locally. Rock fragmenk from the cone are 
estimated not to exceed 10 percent of the total volume. burning 
an average initial depth of 5 yards of pumice, having an average 
rmk-fragment content of 10 percent, the total volume of ejects, (pum- 
ice and rock fragments combined) would be 1.57 X 10B cubic yards; 
the volume of the rock fragments alone would lm 137 X 108 cnbie 
yards, Only &bout 32 percent af the rock removed is aocounM for on 
the basis of these generous assumptions of averrage thickness of pum- 

(in which allowance is not made for the high porosity of pumice) 
and poportion of rock fragments. 

It is wncluded, admittadly on inadequate information, that not 
more than 25 percent of the sock removed can ba accounted for by 
explcsion. Probably the remainder of the cavity was formed by sub- 
sidence of part, of the cone during or after eruption of the pumice, 
when abrapt evamation of the gas-fillad leva in the form of pumim, 
perhaps accompanied by i n m i o n  of dikes or silk at depth, removed 
support from the upper part of the cone. The quence of events 
which mems to  have produced Great Sitkin mter approximately 
parallels that which Williams (1942) proposes fop the formation of 
the crater of h t a r  Lake, Oregon. 

Aside from @mat Sitkin VoIcano and its crater, tbs most gtrilring 
featnm of the island are the deep, s h p w d l d  valleys radiating 
from near the center of the bland, and the ma cliffs, which mch tiheir 
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grest& &velopment in the towering w a n  cliffs on the west side 
of the island muth of Cape Akuyan. 
T h e  valleys of Akuyan, Glacier, Turmsth, Big Fox, Little Fox, 

South Yoke, Middle Yoke, and Sitkin Creeks have a number of f ea- 
turn in common. They have wide, mom or less flat bottoms, and 
stsep, in places precipitous, walls that me* m d y  into the floora 
to give the valleys roughly U-shaped ems twctiona. The steepnw 
of mmny slopes is reduced by ~ u m u l a ~ i a n  of alluvium in broad fan& 
Alluvial fans are best developed along the north side of SitErin Creek, 
w h m  they form a piedmont fan nearly 3 miles  long. 

That glaciation was once more widqread than at present is in- 
f e d  largely from topographic widen% such ns U-shapd valleys 
and the knife-edg~ ridgas at the heads of Glacier, Big Fox, and Middle 
Yoke Cmka. Rock-basin lakes of unquestionable glacial origin do 
not mew on the island. The glacial h i a e  seen were a b  an a1 titude 
of 1,500 feet and cannot wit11 certainty be attributed to other than 
reoent glaciation, Moraines that might have been left by more ex- 
tensive glaciers are now covered by alluvium and pumim. The large 
e r r a t i ~  in the valley of Rig Fox Creek make up the only glacial 
deposits seen at low altitude. Although glaciation was clearly mom 
extmsive in the past, there were probably many separate centers of 
ics accunulation rather than one Iarge ica cap. For examplq there 
is no evidence that glaciers heading on Great Sitkin Volcano ever 
occupied the vslleys te the south, for all them valleys have cquelike 
heds .rather than notch- leading to the valley of Sitkin C d .  
ThaO the valley of Sitkin Creek had been at least partly eroded 
before the 1mt extensive glaciation is shorn by fie glacially erodad 
nose of the basalt flow on the floor of the valley. 

A tather curious geomorphic feature is the n6v6 (gnmular ice) 
ridges in the pumice field in the upper part of the vdlq of Sitkin 
C m k  at an altitude of about 2,500 feet. It had been noticed on 
Allgust 16 that some of the pumice at altitudes of 3,5Oe4,000 f ~ t  on 
lthe lawer slopes of the cona wm underlain by comwly c r y s t a b  
nBd, eqmed in the boihms of several gullies cnt through 8-10 feet 
of pumice. At that time no n6v8 ridges were present, but on August 
26 several had formed. In c m   action they resembled miniat- 
fadt-block mountains; the s h p  fronts exposed stratified n6v8 and 
the ggntlg inched back slopes were capped by pumice. InPariabIr 
the ridges fomed on s l o p  and were elongaed parallel ta the direc- 
tion of rnmbnnm 1-1 slope. Most of them formed along the sidee 
of mow- and im-fUed mi=. The Jongest rid@ was mveral Hundred 
feet long and expod  4 5  feet of n 6 ~ 6  in its s h p  front. No ridges 
formed in flat ternin. 

A tent was pitched at the lower end of one of the ridges, nmr the 
foot of the steep nEv6 front. During the 5 days that the tent was 



rn situated, ita foundation rose w e d  inches and titIted 3"a0 away 
from the newly forming ridge; a dull crunching sound was heard 
at irregular intervals. 

The ridges are clearly the result of faulting of a n6d layer mder- 
lying the pumi- probably induced by differential downhill sliding 
of some part of the nhv4-pumice mantIe. Inasmuch as the r i d p  
were not seen by R. R. Coats, who crossed the same area in June 
(pemmB communication), nor by the miters earlier in August, 
it appears that la long period of relatively warm weather is a pre- 
requisite for their formation. Perhaps water from melting mow 
percolates to the base of t8he nBv6 and acts as a Iubricmt, which rnakea 
sliding possible. 

The island hiis been uplifkd recently, or the level of the see has 
failen, as indicarted by terraces md entrenched streams. The lsnd- 
dide just enst of Cape KiugiIak has a wave-cut terrace at iits tip,- 
sect above sea level (pl. 8). There are numerous small tarrace e b  
where at about the same altitude. Rejuvenahd &reams also 
recent uplift; all the main creeks are incised in their vaIIey m, and 
Big Fox and Sitkin Creeks have incised meanders. 

The graat cliff south of C a p  Aknyan is the mast pmminent coastal 
feature of the island. It is nearly mrticaf at its base and very steep 
l o  a height of more than 1,000 feet; its maximum height is 2,400 feet. 
~LEthough the rocks forming the lower 1,000 feet of the cliff are part of 
ihe Sand Bay volcanica, tl~ose of the upper part rrra thought to  be 
the remnant of a cone whose summit was a short distance west of the 
cliffs. This con% now almmt des*roped, probably reached an altitude 
of about 3,000 feet. The method of dwtruction of the corm is nn- 
known ; it may have been by explosion, downfaulting, marine erosion, 
or by some combination of them factors. 

The formation of Great Sitkin Island appears to have murred 
during at least four stages of volcanic activity, which, from oldest to 
young& are in this report designated the Finer Bay, Sand Bay, 
peak volcano, and crater volcano stages. 

The pologic record of the islmd pmbabIy begins in late Paleozoic 
time with the deposition of the Finger Bay volcmics. Events of the 
Finger Bay stage are practically unknown, as outcrops of the r& 
of this stage are limited to a few headlatnds. It is apparent, how- 
Pver, that these rock were intensely deformed and altered, and were 
considerably dissect4 by erosiqn before deposition of tho Sand Bay 
oolcanics, which am essentinlly undeformed and unaltered. These 
conditions indicate that a long time interval occurred between ths two 
stages. Apparently the main land mass of Finger Bay and early 
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Sand Bay time lay b the sauth, ns Finger Bay voIcmim wera not 
found on tha north coast of the island. 

Baginning in late Tertiary time, Sand B y  volcania wem sxtmded 
from a vent or p u p  of vents, probably near the present cona Eady 
Sand Bay activity was explosive; coarse tuff was deposited first, then 
agglomerate. Explosive activity was followed by the quiet effusion 
of andwite and brmsdt lava. The Sand Bay volcano at the height 
of i& development had much gentbr s l o p  than Qreat Sitkin Vol- 
cano, was probably considerably larger in area, and lde in its history 
may have resembled a shield volcano. 

A long period of emion ensued, during which the volcano was dis- 
sected snd its summit lowered. !I%e writers believe that the valley 
of Sitkin C m k  was f orn~ed and eroded to comidembIe depth aherfAy 
after Sand Bay time, and that the course of Sitkin Creek, which is 
broadly convex to the south, has been shifted soutllward by aecumu- 
lation of volcanic material forming the cone. 

Toward the end of Tertiary time or in early Quaternary time a vent 
h e  active on the dissected north slope of the Sand Bay volcano, 
and formation of the present cone hgm. This vent probably wag 
intermittently active from I n k  Tertiary to Recent time. Most of the 
cone probably was mnstructd during the Pleistocene, as the cone 
appeam to have been subjmted to prolonged erosion since the last sig- 
nificant eruption of ash and lava. Most, of the rocks exposed on the 
cone we Isvas, but the steep slopes indicate that the core of the vol- 
m o  is probably made up of pyroclnstic material. While the cone 
was being built, the plugs of the northwest slope were intrudd. 

The building of the clone mny hwe takon place in two sbw, a some- 
what hypothetical peak volcano stage, and a crater volcano stw* 
During the peak mlcano stage a cons rmching an altitude of per- 
haps 6,500 feet was built and partly destroyed. The cone of the 
c r a b  volcano stage was then built a diort distance w s t  of the former 
cone and may have reached nearly the same dtitude. m e  peak 701- 
cano stage may have terminttted when a crater east of the present 
c a r  was formed, but little evidence has h n  obtained to indicate 
that this crater existed. However, the highest point on the island is 
eo much higher than any other point on the crater rim and so fnr from 
the present crahr that it appears unlikely that the p a k  is actually 
a part of the rim; the peak may ba part of an older crater rim, pro- 
d u d  when the peak volcano was partly dcsfmyed. Possibly, the peak 
volcano vent was sealed after formation of a crater, and the vent re- 
located farther west, in its p m n t  pasition. 

If the cane of the peak volcano was decapitaited by explosive erup- 
tion before the mmtruc.tisn of the crater voIcano cone, the products 
of the eruption have bean eroded away or mvered by the products of 



later eruptions, as no depdts~ mtabhg fragmental rmrtarid of a p  
pmpriate cornpasition appear to be exposed. 

A b d t  %ow was extruded in the upper p h  of the valley of Sitkin 
Crmk sfter the cmhr volcano cone had been built but befom the 
Isst gxtensim glaciation. 

firing the Pleistooene ~ v e r a l  mall glaciem probably camred 
parts of the southern half of the island, and ahmt mrtainly a amdl 
ice cap lay on the cone. The glsciers modified tha valleys cut in the 
Sand Bay volcano and may have reached the sea, although the island 
d m  not have a fiord coastline such as that of Ad& Island. 

A glacier d ~ g ~ e n d d  the southeast slope of the cone at leaat as far aa 
the; floor of the valley of Sitkin Crak where it removed the lowm 
part of the young basalt flow. The glacier still exists but baa retreaEed 
more thrtn a mile from Sitkin Cmk. 

Perhaps a hw h u n W  yeam ago, after the withdram1 of the ioe 
to about its present position, the summit of tbe cr~tsr volcano cone 
was destroyed by a great eruption that m v e d  the island with pumica 
rrnd rock fragments, and the present crater waa formed. The hot 
springs and fumaroles am known to have been &ive for nearly 200 
jeam and may have been formed at the time of the pumice eruption. 
After the pumice eruption, a vent was a p e d  on the northwest slope 
.of the con4 and a small amount of ash was ervpted from it. 

After it9 formstion the crater was filled with mow and ice, and 
from time to t h e  minor eruptiom occurred. Smoka was in 
1829 and ISM, and minor explosive eruptions were re@ in 1792 
and 19B (Coats, 1960). The ash of the northwest slope mmsy have 
been. depsikd during m e  of these eruptions. Other emptiom may 
not have t a n  d-ted because; Eraat Sitgin Island is remote from 
+he principal shipping lanes. 

E h 8 i o n  af the cratm dome marks the Iat& phase of act iv i~ .  The 
dame is thought to have f o m d  in Mwch 1945, at which t h e  s 
glow was visible at night f-rom Adak Islsnd, and b y  ariatom 
n o t i d  clouds of &am rising from the cmtar. During that month 
s stmg earthquake was felt at  Sand Bay. Activity since formation 
of the dome has been limited to emission of steam and occasionally 
woke;  a smdl smoke cloud was visible from Adstk Island on August 
14,1946. 

FUTETRE VOLCANTC ACTTVITY 

The likelihood of dangerous emptions in the futum by Great Sit kin 
Volcano can be &hated only by comparison with volcanoes of other 
a m  of similar geoIogic setting for which more detailed histories 
are availabh Several of these mlcanoes, which are ~~ in a 
general summary of volcanic domes by Williams (1932a), are re- 
forred to on page 41. The histories of volcanic domas of sndebsita, 
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Wt, and similar roc& are different ; -me domes haw yed 
or p d y  destved by ~o l sn t  and destructive- explosiq and othm 
-have not. Among those that have not been d d o y e d  are the 1866 
domq Georgios K d n i ,  Aphm-, d &, on Smtorin in the 
Grecian Archipelago; the 1909 Tarumd dome on Hokkaido Idand, 
J a m  (Powers, 1916, p. 261-962) ; md the Ousu dome of Volcano 
Usu, also on Rokkaido Island (Powers, 1916, p. 283-2437). Those 
domes whom emplacement was followed b y  violent eruption include 
two domes in the crater of Merapi Volcano in Java, which were de- 
stroyed in ths la& 19th century; the 1914 dome of R u q  Volcano 
in the Sangi blanda, East Indies ; the 1906 and 1907 domes of Bogos- 
lof Island in the Aleutians ; the 1922 dome of Santa Maria Volcano 
in Guatemala, which erupted nuha ardentas 7 ymm after its first 
a p p a n c e ;  and the two domes of the C h m  Crags in Lawen Vol- 
w i e  National Park, California (Williams, 1939b) . 

It. is evident &at the evolution of volcanic domes follows no single 
mume, and h t  the futare of a dome cannot be predicted with cer- 
tainty on the basis of p m n t  howledge. Powers (1916, p. 272) 
has remarked that the formation of a dome o h  terminates the 
volcanic activity at B vent, and WiIliams%urnm~ry containa a number 
of such examples. That the termin~tion may not be permanent was 
damomtr~tad at Mount Pel& on Martinique Island in the West Indies, 
where the dome that was formed after the mtashphic eruption of 
1902 was partly destroyed and replaced by a new dome followbg 
the eruptions of 1929 and 1930 (Perm& 19%'). The surface of the 
dome of Great Sitkin Volcano is blocky and broken by many fissures, 
~b condition which Williams believes has a tendency to minimize tha 
danger of explosive decapitation by offaring easy escapa to the vola- 
tile~ thought to be the motivating apnta in dome formation md 
deahction. 
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