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PREFACE 

In Octobr 1945 the War Dapsrtment (now Department of the 
Army) r q u W  th% Qeological S m e y  tn nndertake a pmgmm of 
volcano inv&igations in the Meutinn Islanth-Alaska Peninsula area. 
The Geld studies w m  made dm%g the years 194b1954. The results 
of the first year's field, laboratory, and librargr work were hastily 
asembled as two administrative reports, and most of hhw data have 
been r e v i d  for publication in Geological Survey Bulletin 1028. Part 
of Ehe mrly work was published in 1950 in Bulletin W P B ,  Volcanio 
sctivity in tbe Aleutian are, and in 1951 in Bdlstin 989-4 (30log.g 
of Buldir Island, Aleutian Islands, M d a ,  both by Rob& R Coats. 
Unpublished mdts of the early work and all the later studies am 
being inmrporated as parta of Bulletin 1028. T h e  geoIogica1 in- 
~estigations m v e d  by this report were mmaiwmm.  

Tha investigations of 1948 were supported almost entirely by the 
Militarg InB1ljgdnce Division, Office of the Chief of Engmeera, 13. S. 
Army. From 1947 nntil 1955 the Departments of &B Army, Navy, 
and Air Force joined to furnish fmancisl and logistic a s s h c a  
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INVEmGATIONS OF AZASKAN VOLCANOES 

GEOLOGY OF LI'ITLE SITKIN ISLAND, ALASKA 

LtMe Sitkin IrrlanB, in the Rat Islan& m p  of the AYeutlan Blm& B 
c~mm of extmdve Igneotur m k a  ranging in age from late Tertlarg ( T )  to 
lbmut The youngest rocka are about halt s centmy old. The &Land L in a 
calcic getrographk provfnce and hae an alkall-lime Index of 83.5. CompDsItion 
oi lams and pyroclnstic debrh rangee from basalt to rhydadte. bat maat rockii 
are anddte, bandaite, or &cite. Three maln periods of *olcanIwl were m?pa- 
rated by perfoda of caldera formation. Lavae and pgmlastic debria of me 
first volcanic period were domLnantly a n d d t e  and orlglnally mnstltnted 18 
percent by welght of a11 extmatve! roc- on Little Bltkln. Lam of the eecmd 
period wet@ high-sMm dacite contahlng mfmp andwile lnclnslons and origInallg 
constituted 17 percent by weight of all e x b l v e  rocks an IJttle SltkLn. Lavas 
of the la* and p m n t l y  active, perlod ere Im-silica daclte that urn con- 
6tItntee 4 percent by weight of all extrusfve m k s  on Ltttle 81tkln. Mhor 
amam& af dacitfc and andesitIc pyrocIaettlc debris were ejected d a m  or 
following each catdera-forming epiwe. 
Considrmsble heterwneity of magma chnractwlw each extrnsi~e 

epoch. h v a a  isom the same or adjacent vent8 differ rnarkdly in Mmpolrltion. 
In one case rhyodacite and low-ailica daclte were extmded slmnItaneonsly as & 
lam flow from the same vent. Blmilar phenomena a m  recorded in layered In- 
hwnogmteona volcanic bomba The lack of local compoeItlonal pattern cow 
trasb markedIy with the overall cbemlcal Interrelationahlpa of the suite of 
rocks on Little Bitkin Island. AU oxide constftueob of 12 of 13 chemical 
anal- have a remarkably rectilinear relatlonsblp with each other when 
plotted again& 910, on a variation diagram. The be8t explanatton of the 
volumetric, temporal, and cumpsitlonal relatlomhlpa d lavaa on LIttIe Sitktn is 
hlieved to be an follows: tectonic kneading in tbc Aleutian welt has mehani- 
m11y mixed mrtions of continental and oceanic rock; subsequently magmatic 
melt@, which are Iwal in both gpace and time, have developed fn t h l ~  mlxed 
zone and penetrated to the i3nrface. 

XNTRODUCmON 

Little Sitkin Island is in the Rrrt Islands group of the Alentian 
Islands (fig. 39) approximately 48 statute miles northweat of Con- 

1m 



stantine Harbor on Amchitka Island and approximately 86 statute 
miles & of Kiska Harbor. The Rat Islands have no permanent 
inhabitants; the nearest human habitations are 200 miles away on 
Shermya Isl&nd in th Near Islands group and on Ad& Island in the 
A n h n o f  Islands. 

The rocks of Little Sitkin Island are dl mbaerial Iavm and pyr* 
d ~ t i c  deposits ox shdlow-water sedimentary deposits derived fmm 
nearby volcanic mks .  Eight bdmck units h m  been distinguished 
(pl. 23). The chemical, temporal, and volumetric interrelationships 
of them eight units p m  camplex problem in petrogenesis. 

Litth Sitkin Wand h~ 8 maritime clim~te char&ch& by rela- 
tively high humidiw and amdl range in annual temperature. Like 
other Aleutian Islands, Little Sitkin liea dong the North PacXc belt 
of a t o m  md thereby receives abundant wind, rain, and fog. Owing 
to its strong relief f 3,897 feet) and rugged tapography the orographic 
effect is m important factor in local weather conditions. 

Short-term weather records from nearby Kiska and Amchitka 
blmds indimte a maximum annual temperature range of onfy 50° 
F. The raean duly tamperaturn falls in the range 4 4 O - 4 9 '  F. for 
tlm recorded gears, and the me= January tempemture falle in the 
range 28°-330 F. for the recorded yam. The lowest winter temper* 
ture to be e x p W  is 15" I?* The annurrl precipitation ranges from 
30 ta 36 inches and the m m  annual snowfall is about 70 inches. 
Cloud ceilings average less than 1,000 f&, and visibility is 1- thm 
8 milm during 60 p e m t  of tho year and during 83 p e m t  of the 
snmmeer. Winds average 20 0 25 5 m i 1 e s  per hour, but gala of 70 
to 80 milm per hour are common ; e t s  as much aas UO miles per hour 
m u r  (Arctic Weather CentmI, 1950, p. 1-52; U. S. Coast and % 
detic S m y ,  1941, p. 1-14?; Weatlier &ntrd Alaska, 1945, p. 1-59). 

A dangerous Aleutian wind phenomenon common on Little Sitkin 
is the LLwilliwaw", a type of downslope wind that r88uIts from the 
damming of air on windward slopas followed by a very gusty ovgr- 
%ow of air down the leeward dopen The unfavorable weather im- 
pedes fi~ldwork considerably and is a major logistic and emnomic 
fact~r influencing activitJr on the isImd. 

h w  leafy plmta, moas, grass, and sedge grow pmfase1.y on Little 
Sitkin M o w  1,500 feet dtitude, mual ly  adding organic debris to 
the blanket of peat on which. they grow. The few woody plants are 
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low, -ping types, The vqph1 mantle thins at bighest elevations, 
snd e x p a l  ridges are mmpletely barren. 

The animal life d s t s  of the blue fox, a wry few sea birds, a few 
b t e ,  and the marine invertebrate zwxmblage of the littoral zone. 
In 1930 an estimated 250 blue fox@, kept to this level by native trap- 
pem, lived on the island. In 1951 there were considerably fewer 
fox= The foxes live along the cast and subsist mostly on =hi- 
ncderms, mails, and sand "fleas'? Neither trout nor salmon are 
h o r n  to run in the atreams. Sea otters, mls, and Faa lions are 
sometimes seen ofls'shore but no rookeries are known on the island. 

Apparently the native Aleuts who formerly inhabited the Rat 
Man& found Little Sitkin inhospitable, for there am no village 
sitas and kikhen middens such as am quite common an the other 
Rat Islands. The Aleuts may have avoided Little Sitkin h u m  of 
its rugged topography, or, more probably, b e a m  of its volcanic ac- 
tivity. The Aleut word "sitkin" connotea "excretion", indicating thst 
volcanic vents of the island were probably active when the island 
was named. 

m 0 G t I C d P E Y  

The general shape of Ettla Sitkin I s  a quadfilu~ml with rounded 
cornem &ending h a r d  each of the main compass poink The 
northwest side is frettad by small bays and sharp headlands, but ePss 
where the coast is remarkably smooth. The coastline is about 27 
miles long and encloses an area of a h u  t !24 quam m i l a  The long- 
est dimension, almost 7 miles, trends northwest. 

The land surface is rugged. Six mountains rim mom than 1,300 
feet from sea level a d  the highest m h a s  3,897 feet, Along a north- 
ward-trending caldera scarp in the m t e x  of the islmd, the slopes are 
very staep or veytiml; s l o p  are aEso steep at higher elevations on a 
cone of R w n t  age, and along the saa cliffs that compleh1y aumund 
the island. The sea diEs dong the northeastarn coast rim precipi- 
tously for 2,000 feat or so. Somewhat mom than 60 peroent of the is- 
lsnd haa tr surface slope exedmg 30 peram% but level land is found 
near the months of altnviated valleys, atop some gram-covered Earn 
flows, and along bches above aea cliffs. 
The topopphy of Little Sitkin is dorainatad by corYrtructiana1 

land forms, such as voIcanic cones, lava flows, and blankets of ash. 
Erosive f o m  am also imporbant in the development of the landscape. 
Running water, wind, waves, fmf and mass wasting have all been 
operative on Little Sitkin. The amount of emion of a constrnctional 
form can Imally be useful for estimating relative age. In mny 
places on Little Sitkin corngariwn of the dimtion of two or mom 
volcanic landf o m s  affords an gstirn~te of their relative agea 



A bpopphic map at a wale of 1: !%,000 waa published 'by the 
U* 5. Amy Corps of Engineers in 394-3. TP. S. Coast and Gee- 
detio Survey began work on a 1: 20,000 scale topcipphic map in 
1060. Aa advance copy of this map was used as the for the 
present geologic map (pl. 23). 

Geologic fieldwork was completed during the summer of 1951 by 
Richard A. Robie and the anthor. The equivalent of 21 working days 
wss spent mapping the island. Carl Vevelshd, and Charles Best 
provided the lagistic support neceanry for many mall boat landings, 
Walter H. Newhouse, Hans Ramberg and Tom F. W. Bsrth con- 
tributd many ideas to an early form of the manmript which wss 
h i  tted in partial fdfdment of the ~eqniments  for the d e p  of 
Master of Science at the University of Chicago. 

me formation, here named the Williwaw Cove formation fmu 
exposures in sea cliffs on the west side of Williwaw Cove, includes the 
old& rocks of Little Sitkin Island : a thick sequence of dacita, and- 
ite, and b d t  flow$ and a~lwiated pyroclastic rockg widely exposscE 
along the north side of the ialand (see pl. 23). The Williwaw Cove 
f omstion extends beneath the island, cropping out elsewhem aronnd 
the coast, and forms the sbma upon which all later volcanic deposita 
accurnulatad. 

Between Finger Point md Williwaw Cove the mka are light-gmy 
to purplish-gray porphyrg with phenoe~ta  of fel&par and 
pyroxene. Verhicd seaic1iff exposures9 as much aa 550 f mt high, a p  
pear to repment a single A m .  A wide bench extending southsast- 
ward from the sea cliff suggests that thia flow cuntinues inland be- 
neath the 1,303-foot mountain. On the upper part of the mountain 
thinner flows of similar feldspar porphyry are e x m  

Near Patterson Point the lavas vary from light-gray pyroxene 
porphyry to dark-bluish-gray andesite containing sporadic large 
phencmyds of plagioclase. From Pattemn Point along the coast 
to East Point, light- ta dark-gmy andesite fl om contain phgnocrysts 
of augita, plagimlam, snd sparse hornblende. Half a mile west of 
East Poinb aa outcrop of chloritized mdesite tuff -conglomerate is pos- 
sibly the old& rock mpsed on Little Sitkin fsl~nd. 

Massive purplish-gmy to light-bluish-gray andaite of the Wfi- 
wsw Cove f omstion b exposed in a steep 850-f oot clifE goutbeast of 
East Point. It is strikingly like the flow from Williwaw Cove to 



William Cove; possibly the two flows m m  exhdad daring 'a single 
voldnous eruption. 

Southwest of Prat t  Point, rocks of the Williwaw 6 ~ 0  formation 
vary from light-gray feldspa~ porphyry to dmk-gray pyroxene 
porphyry. Olivine pbenomysb a m  rare. bd flows, dikes, and 
pyrodastio depmits of basalt contain 30 ta 60 pemt augite. They 
are the m a  basic ::rocks on the island and have the largast contant of 
basic megaphenocrysts. The flows capping the I ,405-foot mountain 
and the southern end of the 540-foot hill southwest of it are, however, 
silicic. 

The Williwaw Cove formation in the southern part of the island 
mmtains many varieties of andesitic and basaltic flows and pym- 
Olatic deposits. The flows near the summit of the 1,960-foot rnoun- 
kin are black glassy feldspar mdesih +sh-gray eryptmrptal- 
line smdesite, or p y  to purplish-gray olivine h a l t  ; near the & 
they %re nonporous, dark-gay plagioclase porphyry, angih basalt, 
or andwit& On Sitkin Point, flows in tha Williwaw Cove formation 
have besn highly altered by fumarolic activity, locally to a multi- 
mlored soft thy. The and&& of the Williwaw Cove formation ad- 
jacent to the West Cove member of the Little Sitkin daeita is simi- 
larly altamd. Pods of ohloritbed material are preslerved locally 
within the f u m m l i d y  alhred arms. 

Iln munmq,  the flows of the Williwaw Cove formtion me andmite 
with minor amounts of basalt and daoite. With these flows, except 
in the northw~~ltsrn part of the island, are moderate to abundant 
mmts of intarbedded pyroclastic debrjil. The pyrocl&io deposits 
average 10 to 50 percent aoam lapdli, bombs, and lithic debris in a 
h e r  ash matrix and occur in beds, 1 to 40. feet thick, interbedded 
with the flows. The mhtive proportion of pymlastic debris to 
flows is much p a t e x  in the Williwaw Cove formation than in d 
the succeeding f ormtttions. The contact of the Williwaw Cove forma- 
tion with younger mh is very irregulm; Iwally it has a relief of 
mwxd thousand feat, The Williwaw Cove roch are probably late 
Tertiaq or early Quatarnary judging from their advanced disswtion, 
No fossils ware found on Little Sitkin Island. 

The dikes in the Williwaw Cove formation are here cunsidared a 
part of the formation. Most of them are nearly vertical. Dike 
swarms occur on the north side of the 1,960-foot mountain and along 
the =a cliffs of the sou#& m s t .  The dilraa north of the mountain 
radiate crudely from the center of the island. The other dika are 
not -tically oriented. ImIated dig:- crop out & of Prok- 
hodts Point d at two localities on the north coast. 



D i m  on the southeast coast are cumposed of augh h a l t ,  and 
apparently were feeders for angite b l t  flows in this area. The 
other dika are andesite, m&Ey micular, many with the vesicles 
dongated in layers parallel to the walls. Dikes of vesicular par- 
phyritio andesite and massive nonporphyritic andesite crop out aide 
by side on the northeast spur of the 1,960-fmt mountain and a dike 
of v&cnlar andesits cuts the volcanic quence in the wed spur. 
M ~ i v e ,  slightly chloritizd andesite dikes with zeolite amygdules 
occur on the north coast. Several dikes have c d e  columnar joints 
normal to the waIla and sheeting pamllel to t h  ws&. 

amxm PO= F o m n u a  

The Sitkin Point formatien ia hem named for a sleqnenw of mk- 
Iaid pyrbclastic deposits more than 450 feet thick exposed at Sitkhn 
Point, The formation ia also expixad along the low saddle on the 
caldera rim north of the 1,960-foot mountain, 
On the tip of Sitkin Point the formation consists of semiwnsoIi- 

dabd volcanio wacke or graywacke (Williarnq Turner, and Gilbert, 
1954, p. 303) containing spame boulders of gray dacite and spa= 
smaller frttgments of white glassy pumim in beds 2 to 20 feet thick 
and averaging about 4 feet thick. Individual beds are msssive and 
have well-developed vertical parting or jointing. 
The boulders and rock fragments in the graywack~ h e  mom 

abundant tow a d  the east. In the upper part of the cliff at the right- 
angle bend of the coast north of Double Point, 10 to IB pemnt of 
the d~posit is GouIders, and round fragmenb of black pumice m ~ k e  
up moher 10 to 15 percenL These boulders have no preferred 
orientation. 
In the Sitkin Point fomatim north of the 1,960-foot mountain 

many massive kds of dscite boulder tuff-breccia are exposed in the 
caldera scarp. The roek mntshs as mnch as 60 percent langwlar 
blocks of masive to pumioeons dacfte. The sorting is very poor, but 
the bonlders Jie parallel to .the badding in some of the upper layers 
(see fig. 44). This prefew orientntion is probably due to current 
action in a shallow M y  of water. 

As shorn in figure 41, the beds on Sitkin Point lie on inclined sub- 
acrid lavw of the W~llimaw Cove formation, The f beds of tuff a m u s  
partly wnsolid&d sedimentary rock rise slightly and thin toward 
the inclined cantact. The basal contact is aIso exposed on the south 
side of West Cove whom the contact a d  beds rim enaastward. Simi- 
brly the beds in the central area are believed tn overlie the Wdliwaw 
Cove formation nneonfomably. The deposit is i n t e r p a  as sub- 
aqtleous debris clam to the volcanic source. The Sitkin Point for- 



FlOuUm 40.--CUE -in nE t u f f - b d  h the 8WIn Polnt formation na crpolcd LQ vm 
tlcal tam of '-Caldera 'Pwo" warp north of the i,90&foot mountsln. Thc bonlden are 
dined pU8llhl ta bedding. Drawn tmm s phobxrnph. 



FIovm 41 .4agr -a t l c  vipw of unconlormlt~ on Sitkln Polnt looklag nortbweet. 
Drawn from a photograph. A, ash and turf mantle; B, boulder beach ; 0, maaslvc nod 
froa stained breccia kyern of  aubaerial flows of WilIlanw Cove lormatlon; D, hortron- 

bedded, vertically lolnted tulTaCeoUa gtnywncke of 81tkin Polnt forrmtlon. 

d o n  is probably early Quaternary becam it overlies the rocks 
of the Williwaw Cove f o m t i o a  

The Eaet Point formation ia 110m named for an mintarrupted W- 
quenca of andmitic lava flows, over 500 feet thick, e x p d  at Bea 
l e d  on either side of East POW. Two dozen sepamte flow units 
can be distinguished in the 700-f mt sea cliff on the suthe~sk side of 
East Point. T h e  axtent of this formation is ahown by Collins, Clark 
and Walker (1945, pl. 7) in an excellent aerial obIique photograph 

Lava9 of the East Point formation are light- to dark-gray mde- 
sib and basalt lmlly cdntaining plagidase, pymxsns, and olivine 
phenocrysb. Massive p h ~  predominate, but clinkery flow tops are 
vesicular. At one place near the b the flows am inhrlxdded with 
rhyolite(!) pumice that is probably slopewash deposited hem 
flow p h w  rather than dissimilar eruptive material contemporaneous 
with the flows. 

The East Point fomation msts on a very mggd terrain, appar- 
ently in a large vslhy. The bass1 contact, of this formation 
?50 h t  in a half mile on bbth sides of E& Point. 

The mntnal stratigraphic relations of the East Point formation 
and the Sitkin Point formation are in doubt, but the topography 
of their upper and lower contacts perhap sugpts  durn as to their 
dative ap. The topapphy &math the East Point formstion is 
mom deeply dissected than that beneath the Sitkin Point forma- 
tion. The overlying Double Point drtcite is unmnfarmabIe on tha 
Sitkin Point formation, but apparently confomableon the East Point 
formation. Thew relations perhaps suggest that the East Point for- 
mation is the younger. 

T h e  Double Point dacite is the name hera given to the dacita flows 
e@ north of DoubIe Point on the southwest coast of Little 



Sit?& Tslmd. Thee tIom form a volcmio pile 8,000 feet high. AI- 
thongh as shown by their chemical cornpaition (p. 104) the x& are 
classified w highh-silicdb dmih (Rittmann, 1952, p. 9&102), the compo- 
sition ranges into rhyodacita The Double Point dacita is composed 
of 1 ight- to dark-gray, glassy to lithoidal &a containing many m a l l  
plagimlase ph~flocrysts ordinarily visible in hand specimen. The 
m k s  commonly me imgulmly vesicular, the vmicles commonly being 
lined with m1gary-t8xtu& aItsred glass, tridymite, or both 

The largest outcrop area, extends from Double Point northe* 
w ~ r d  to the dminage of the Williwaw Cove stm and includes 
the prwmt caldera scarp. Most of the rock is a light-gmy high- 
ailica dacita but rmges, very locally, from low-silica dacite, 1 mile 
southeast of the 1,303-foot mountain, ta rhyodacite north of Double 
Point. Topographic remnants of the outlina of individual lava 
flows are apparent throughout this a m ,  obvious in the southwast 
half, but lms sa along the caldera s r p  md in the north (wa pl. 24). 
Outlinea of flows indicated on plab 23 show where the general dip 
of the formation parallels the general stope. Ah the mouth of the 
stream entering the angle of the coast north of Double Point, l a ~ a  
flowrr of the Double Point dacih are bordered by a deposit of glwy, 
spherulitic, flow-layered and irregolarly vesicuIetr (some aemipumi- 
mug) dwita boulders in a finer, unconsolidated ash matrix. Pa- 
Bib1 y thia debris resulted from marginaI explosions induced by sur- 
face water at the edge of a flow Ins described by Wentworth md 
MacDonald, 1953, p. 28). If so, this deposit modd indicate that sea 
level during Double Point time wm within 200 feet of present ma 
level. 

The m n d  largest area of Double Point dacite, southwest and west 
of East Point, occupim the who18 northern flank of the Little Sitkin 
cone. As e h w h ~ m ,  light- to dtlrk-gm y high-silica dacite is pmdomi- 
mt. At least a dozen thin flow units are e x p o d  in crm section 
on the partly diss$ct& simp slope northwest of Little Sitkin volcano, 
but the sharp spurs radiating tk the north, northeast, and w&, ap- 
petrr to be part of a single thick flow. Smooth flow layers are prom- 
inent on the northeast spur. From a distance the steep northen sm 
cli$ appears to be made of thick  flow^. Landslides at  the base oon- 
tain gigantic blocks of massive dacita, At an 1,325-foot elevation 
due north, of the summit a thin layer of tuff-bseccia ia intarbedded 
with the flows. 

Two inliers of Double Point dacita are summded by ash of the 
Patterson Point formation on the northwest flank of the Xrittle Sitkin, 
cone. Theza mk;s am presumed to be high points on a caldera rim, 
which formed in p&Double Point time. 



An outTier of the Double Point dacita on the east flank of the 
1,960-foot mountain is bounded on the east by younger lava Bows of 
the Little Sitlrin dacite and on the west by a noma1 fault. In placas, 
a whitish-gay frothy pham is intimately associated with the massive 
lava flowa. A few lnpilli-ash beds crop out in the southern quarhr. 
Another outlier, a single flow ~ick, at  the blsse of the south spur of 
the 1,303-foot mountain is a normal feldspar dacite. Several small 
dikelets of dacite richer in feldspar, tridyrnits, and vasicIes than the 
mom usual rock, cut the outlier. Near this outlier several float blocks 
of bluish-black glass rich in spherulites, resembling blocks in the 
debris at Double PoinS are believed to be part of the Double Point 
dacih. 

Almost every outcrop of Double Point dacita cuntains many round 
inclusions of miarolitic andesite; tiny crystals of feldspar, pyroxene, 
and hornblende can Iw saen with a hand lens projecting into epherical 
or irregularly shaped vasicles. The crystals are chnraeteristically 
long and needlelike, All the inclusions have a distinct intersertal 
rock texturn markedly different from the texture of any of the sub- 
wrial lava flows. The inclusions probably comprise only 6 percent of 
the Double Point dacite but locaIly, aa on the 850-foot h o l l  due east 
of the h e d  of Wast Cove, they make up 30 percent of the volume. 
They range in gize from rnicrompic to 4 feet in diameter and average 
1 to 3 inchas, S h a m  or flow linea ordinarily surround the inclu- 
dorm and pressure-shadow avities occur at both onds (see pl. 26). 
The presence of these unusual pressure-shadow cavities attesta to the 
relative solidity of the g l m y  inclusion~l when the lava, flows of the 
Double Point dacih were erupted and to the viscosity of the dacite 
flowa. The inclusions are ~urprisingly well-rounded, possibly owing 
to a combination of mechanical attrition and chemical soIution. Xeno- 
liths like this occur in other formations but not ns abundantly. An- 
desitic rocks of the East Point or Williwaw C o ~ a  formation, or their 
intrusive equivalents are probable sources of the inclusions. 

The bnsal contnct of the Double Point dacite is well exposed in 
only two places: on the m& cliff south of West Cove and on the sea 
cliff on the west ~ i d e  of Double Point. Neither mntact was visited, 
but, fmm a mall boat directly offshore, the reIations appeared clear. 
On the aouth side of West Cove tuffs beneath the Double Point dacih 
are chaotically jumbled. On the north side of the island the Double 
Point dacite terminates at the baa of a prominent south-facing warp 
in the Williwaw Cove formation which is interpreted aa an eroded 
remnant, of an older caldera fault map. West of E m  Point two 
streams, emerging from the steep northern sea cliff at .an altitude of 
600 feet, prohbl y mark the mntaot North of the 1,960-foot mountain 
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tbe b a d  mbct is indicatd by c h a n p  in lithologio character of the 
& and hpography. T h e  edge of the formation west of the mom- 
bin hm not been eisitsd but is dram rtt the prominent bmak in 
slope. Fumarolic alteration has made it dicuIt  to determine the 
boundgry of the formation in the northwastern part of the island. 

The age of the Double Point dacita is judged to be middle Quatar- 
nary h u m  of its partly dissected lava-flow topqpphy, and be- 
caw of i* overlap relationship with the Williwaw Cove f omation, 
the Sitkin Point formation, nnd the East Paint form&ion. 

A deposit of ash s e w e d  handred feet thick, e n d i n g  2 miles 
nwthwe&ward h m  Little Sitkin volcmo toward Patterson Point, 
ie hem named the Patterson Point formation afhr the featurn of that 
nsm& The type section i s  designated as the exposum in the stream 
cut north of the 1,980-foot mountain at latitude 61°5'1'40" N., longi- 
tude 178"80'50" E. Because the ash is only samiconso~ida~  it forms 
few aukreps, but V-cut stream valleys d i w t  it and mark its extent 
(see pl. 24), The best exposum are in two st- in the west central 
part of the formation where from 20 to 40 feet of the end of the 
d e w i t  is well exposed and two lithologic varietias can be distin- 
guished. An upper unit 10 to 15 feet thick consists of light-grayish- 
whiB t . ~  bluish-gray, firmly consolidated ash and pumiceons lapilli 
and contab about I to 2 percent angular to subanguhr Iava blocks 
aa much as 2 faet in diameter. The blocks range from hornblende 
andestte and felbpsr basalt to dacita and their long dimensions lie 
psrsllel. to  the slope. A lower unit as much as 25 feet thick m11sists 
of salmon-pink to pyish-white (depending on the relative abundance 
of ferric oxide), very firmly wrisoIidated or welded dacitic glass and 
pumicta containing from 6 to 10 percent rounded to snbmundd 
 bomb^. The bombs differ from their dacitic matrix and consist of 
conspicuously contmkd layers of black and white glass. The black 
@lass b dominant, averaging 70 percent of fie bombs; the white glass 
commonly is isolated as layers, blebs m d  stringam. The wrnposition 
of tba two types of glaas was not dertsminsd, but the gemera1 lithu- 
logio chanaeter of the black phase mggesta .a composition diflemt 
from the dacitic matrix. 

The wlmon-pink oxidation color of the matrix of the lower unit 
probably indicatm that the ash contained mough heat to oxidim its 
iron when depdted. Most of the ash is massive w irregularly vesic- 
dar, but some contains very "hairy?' or "stringy" pumice resembling 
Med  sugar and water at  the '&stringn stage. The 'Lhairs'' are 
dongab paralld to the underlying slope &owing that the wh was 



plastic and evolving gss when depitad, and was stretchad by further 
creep d o d o p e .  

The Pathmon Point formation h mamive except for oriented g1m 
shine and foreign blocka The upper and lower nnita intergrade 
through e m e  about 8 hchw thick. b a d  contact of &he lower 
unit is poorly exposad in a gulch at m e  place but lithologio details 
em obscnred. 

Other lass compIeh expasum of the Patterson Point formation 
am higher on the volcano. At 3,500 feet elevation southwest of the 
summit 15 to 30 feet of ash is exposed. The lower i3 to 10 feet con- 
sists of dark-grayish-black pumice in a lighter ash m~trix; the upper 
10 to 20 feet consists of white to pinkiah pumice and lea-vesicular 
mahrial in a reddish %andn matrix. 

Northeast of the Little Sitkin summit partly indwatd a&, parnice, 
and lithic debris, several hundred feet thick, am exposed. The pum- 
ice oonsists of black glass, black and white layened glass, and reddish 

Ash and pumice of the Psttepson Point formation on Ithe north- 
& side of the 1,980-foot mountain are poorIy expmed, but dopa 
wash of black pumice, black lend white layered pumim, reddish pamica 
and hornblende gndeeib rock debris, which rwmbIa that in the 
main body of the formation, are distributed over a wide a m .  

Areal distribution of t.h Patterson Point formation and I t s  internal 
structure and lithologg sug- ita mode of origin. Eruption of 
pyroclmtic material and layered bombs wm s u d d  by s gas- 
generating "glowing cloud", probably like the '& Vincent vertical?' 
type of nu& ardente (MacGragar, 1952, table 2), which mhed down 
the northwest slope of Little Sitkin valcano. A rain of aah, pumice, 
and rock debris ended the eruption. The Pathmn Point formation 
blanketa a caldera fault marp cutting the Double Point dwib (GI- 
dera Two, sea p. 185). The eruption producing the deposit may have 
km trigged by the collapse of the caldera. 

LITTLE SIT- DACITE 

The name Little Sitkin dacita is here iaWucsd for widespread 
lava on the sast and south sidea of Little SitIdn voX0$310. The type 
s&ion i~ dmigmtsd a9 the exposure in the crater rim of Little Sitkin 
volcano at latitude 51°57'2" N., longitude 178 "32'57" Em Although 
them lams are shown shy analysis to range in cornpasition h m  
mdesita Go rhyodach, 90 percent #by volume are estimatad ta be low- 
silica dacita (me table 4). At least 300 feet of Little Sitkin dncite 
i s  -04 in cliffs an Praa Point and nem the crater, but ltha forrna- 
tion is doubtless even thicker becaw it Ns two valleys md part of 



a caldera depmion. The estimated maximam t h i h e s s  ahown w 
sections A-A' and B-B: plate 23, is abut 1,000 feet. Constructional 
flow fome are generally recognizable everywhere on the surface of 
tha Little Sitkin dacite (see pl. 24). The outlines of individual flow 
milts, as indicated by the topography, are shown on plate 23. 

Two members have been mapped separately from the bulk of the 
Little Sitkin dmite. They are here named the Pratt Point member 
and Wast Cove member. The type locality of the Pratt Point mem- 
ber is the exposure on the north side of Pmtt Point along the mwt. 
The type locality for the West Cove member is the exposure along 
the coast on the north side of West Cove. The Pratt Point member 
of the Little Sitkin dacite ia a long narrow body of obsidian (chemi- 
cally a rhyodncite) from 200 to 700 feet wide and about 2 miles l m g  
that &nds from the crater rim to the mast north of Pmtt Point. 
The rhyodacite r a n p  from light-gray to white glass, has many 
plagioclase and a few pyroxene and hornblende phenocrysts, raw 
from slightly to very vaicular and, locally, contains m a l l  pink 
devitrification sphedites. 

The contsct of rhyodacita of the Pratt Point member with snr- 
rounding low-silica daeite of the Little Sitkin dacite is extremely 
complex. Rhyodacih and dacite interfinger in complex swirls and 
Imps. The zone of interfingering is from several yards to several 
b n s  of yards wide. Fresh and oxidized p h m  of each kind of rock 
are mdomly interlayered. In several areas the dacite contains sharp 
w a r  fragments of rhyodacite, but on a smaller scaIe dacite is also 
included in the rhyodacita Apparently the rhyodacite and dacita 
were extruded contemporaneously from the same vent (a vent that 
later supplied the homogeneous ''crater flow"'). 

"She West Cove member conshts of two aa flows, one at Wat Cove 
(cove flow) the other due south of the present crater (crater %ow}. 
"Push morainean of blocky ~urfaca debris and 'lateral moraines" or 
4'levees" are distinct surf ace features on both flows. The crater flow 
bmachd the south side of the crater and flowed down .to an altitude 
of 500 feet. The cove flow rose from a h u m  (probably on an old 
caldera fault zone) and flowed westward to a point 150 feet blow 
ma level in West C o n  (sea pL 23, section A-A" and G a b  and Gibson, 
1066, fig. 9). The rocks of both flaws are black glass~r dacita contain- 
ing abundant maU plagimlase p h m o c ~ t s  and shown by analyses to 
be low in silica for dacita. Judging from amounts of vegetation on 
each flow at  the 700-foot sltitnde, the mtar flow is the younger. A 
similar comparison with vegmbtion on the northeast Recent flow 
of Xanap Volcano on Kmaga Island which erapted in 1906 (Coate, 
1952, p. 492; 1956, p, 79) suggests that the "criatar flow" on Little 



Sitkin is not older than the eruption on Kana@ The fragmentary 
historical records give no reliable data for the eruption on Little Sit- 
kin (Co&, 1950, p. 37, 89; table 2). Probably tho crater %ow and 
cove flow are nearly conternporaneuus and were extruded about 50 
Yam w. 

Most mcks of the Little Sitkin dacita are black, glarssy to crgpto- 
crystallins d~acite &own chemically to be low in silica. A few mllssive 
light-gray nonporphyritic andesitss occur interbedded with the 
other lapa, for example an the a a ~ k  side of h l y  Point and west of 
the center of the crater flow. A few areas of small miarolitic, basic 
inclusions have been notad but nowhere in the abundance and per- 
sistmce of the incInsions in the Double Point dacita Where the lava 
is well exposed, irregularly cpnchoidal joints are prominent. h u g  
these joints group themselves in vertical sets that mughIy resemble 
mlumnar joints. The upper portions of flows, b & h  the mrface 
aa bJ&, locally have contorted BOW layers especially on the east 
flank of the volcano. 

The n o r t h w ~ t  edge of the Little Sitkin dacite is easily mapped. A 
marked lithologic contrast with &a Double Point dacite and a promi- 
nent erosional mrp mark the boundary. The topographic contrast 
is re~emed dong the mt margin where flows of the Little Sitkia 
dacita lap up against the caldem Earp of the Donble Point dacita 
Whem the Little Sitltin &cite is in contact with the rocks of the 
Williwaw Cove formahien along the east and south boundaries of 
the mass, lithologic distinctions are more difficuk Except for the 
mrfieial depasita the Little Sitkin dacite overlies al l  other &. 

The nnconsolidatad surficial deposits on Little Bitkin have been 
grouped into four categories: alluvium, beach deposits, eolluvium, 
and eolian deposits. Although glacial deposits are not definitely 
recognized, debris left by former glaciers may lie somewhere byond 
the shore. In ddition to the deposits mapped, a mantle of suficial 
ash, pest, and turf is widespread and bonlder and block beaches are 
everywhere along the mast except at very qosd headlands. 

Eight mappable deposits of alluvium ar8 scattered around the 
idand. Three ara at valley mouths md two on A& below masses of 
fumarolic; clay. The alluvinm in the valley between Sealy and Pmk- 
hode Points, and that at Williwaw Cove are composed of gravel 
land sand. The alluvium at William C o ~ e  and north of the murce of 
the cove flow is composd of sand, silt, day, and organic muck. Four 
deposits are on the gentler slopes near the base of the cane and consist 
mostly of thin deposita of very coarse huldery debris moved down- 



slope daring the Spring runoff. Many other local alluvial deposits 
am too small to map. 

Beach depmits on Little Sitkin Island are of two : thm now 
forming, and those that record a higher stand of the sea. Older 
beach degosib are prmerved at two places on the east mast. One, 
half a mile north of Pratt Point, consists of wall-rounded boulders, 
grml afld sand .atop a 50-foot high badrock t~rraca backed by a 
cliff. Thick pmt covers the deposit, The other, 2 mil- southwest of 
Pratt Point, is a semiconical mound of partially indurated mglom- 
crate at the mouth of the stram draining the volcano crater. The 
top of the mound is about 60 feet above sea level. The present stream 
has cut s channel through the deposits. This mound may have been 
deposited at a relatively higher strand of the m& 

The beach betwean Prokhoda and Sealy Po3nta is cornpomi of 
boddera a d  gravel. Tb depmit in William Cove is a p1hqla 'beach 
of small flattened pebbles. The beach in Williwaw Cove ie mcL 

ColIuvial deposits on Little Sitkin Island are variad. Materiab 
mapped as ~Uuviwn include: talus inside the crater and along the 
west side of the crater flow; a long probably active rnudfbw above the 
head of Wwt Cove; md geversl landslides. A land slide at the hmd 
af Wast Cove mmisting of slumped rotated lava blocks may still 
be mo~ng slowly. TWO landslides -st of East Point, which may 
ham occurred at about the same time, mntain dhorientd bl& of 
Java tans of feet in diamehr. A deposit of unsorted material east of 
the 1$80-fmt mo~t .&in is regarded as cblluvium; one of mcollsdi- 
dated surficial debris exposed in the sea cliffs southeast of Finger Point 
is pOGSibly glacial till. 

A large a m  of partially grass-covered sand dunes lies back of the 
Williwaw Cove beach A blowout on Pmkhoda Point ~~ M 
area of windblown sand too  mall to mnp. 

Relict topography givm importmt clue91 ta the structural relations 
on Little Sitkin Island. Four p&, 1,303, 1,405, I,%@ m d  2,095 
feet high, within the Williwaw Cove formation around the margin 
of WttIe Sitkin Island have stmp inner slopes and lie along the cir- 
cumferenm of r circIe 3.8 miles in dhmehr. Bstween the 1,303-foot 
mountain and the 2,095-f oot mountain is a low camilinaar ecarp that 
faces' south. Them mountains am apparently greatly diwxked 
remnanh of a caldera rim. 'Tha inferen- of a caldera from ths 
topography is sapportad by ths attitude of the Mding, which dips 
generally outward from the mter of the Sand. The bads were 
probably dl laid down on a single large valmio cone rather khan 



in separate mnller volmic piles The postulated caldera, here mlled 
Caldera One, has been almost completely filled by younger deposits 
since ita formation. 

Topographic relations in the Double Point alwite indicate a second 
caldera, here called Caldera Two. A steep, northward-trending 
scarp, &st traverses the central part of the island culminaf,ing in t;he 
I9980-fmt mountain, is interpreted as a fault scarp. On ths north 
in line with the scarp is a wide horizontal bench in an otherwise ~teep 
slope. The inner bounbry of this bench is warded as the fault 
trace and its marked change in surface expremion is probably due 
to a change in attitude of the fault plane. The fault is probably 
nearly vertical dong the wastern warp; in the northern area the fault 
plane is probably nearly horizontd, Diract evidenw of the caldera 
scarp is buried by younger formations on the east, south, and north- 
mt. Little Sitkin volcano, a mountain 3,900 feet high, is a l a w  
Mack of the Double Point dacite that did not collapse far into Caldera 
Two. Probably the block tilted toward the mnter of the alder% aa 
indimted by nearly horizontal lsva flows on the northern side of the 
summit. By anaIogg with normal lava flow attitudes near the sum- 
mit of a volcano, these beds have been tilted at least 30Q. 

Caldera One, as postdated, is roughIy circular and about S miles 
in dimetar. Gddera Two is an diptical structure measuring 1.7 
by 2.5 miles. Coats (1950, p. 43) lists and Gibson and Nichols (1953, 
p. 1184) repeat a diameter for a bittle Sitkjln caldera of 4.5 h (-2.8 
miles). This probably represents the long dimension of Caldera -a. 
The two cttIderas may have utilized the same zone of wedmess on their 
ea8Brn knd southern margins. Several faults branch off from the 
southern pwt of the Cddera. TWO fault and are evident ;topgmphi- 
calIy at  the northe& base of the 1,980-foot mountain. They extend 
sbutheastward benaath the Little Sitkin dacite ta the whence their 
submarine extension is expressed by ib topographic scarp, the Pmk- 
hods Scarp, that can be traced for 35 miles betmn Little Sitkin 
Island and Sem isopochnoi Island (Snyder* 1957, pl. 22). Movements 
along this larger stmctuml featurn mRy hwe triggsmd the collapse of 
one or both of the Little Sitkin dderas. 
The magma of the cove flow of the West CoPe member has prob- 

abIy risen along the old Caldera One zone of wedmess (see section 
A-A', pl- 23). The WVB flow ima from beneath t h ~  Double Point 
dsrcita near where the dacita covers the old f anlt !cram 
In the northwest part of the island a datively m d k t a d  scarp ga 

much &s 50 feet high outlines three sides of a domthrom block {sea 
pla 23 and 24). The volume of material displaced by the dropped 
block (mare t haa I. billion cubic feet) is mughly equivalent to the vol- 



m e  of the cove flaw (less than 1% billion cubic feet). This plus the 
roughly equivalent age of each s u m  a causaJ. relationghip between 
the two. 

A stmchmUy weak zone is suggesbd by the mwt northwest dine- 
ment of threthree major amas of furnamlic activity across Little S i t b  
I d ~ n d  passing through the present crater* The ~ l i n ~ m e n t  roughly 
parallels the trend of the volcanic writers of Davidof, Sewla, md 
Little Sitkin Islands and is expressed on the m a n  floor by parallel 
h e a r  r idm and troughs west northwest of Finger Point (Snyder, 
1957, pl. 22). 

Most jointa on Little Sitkin Island are confined to individud flow 
nnits; though few arm columnar, they probably farmed during cool- 
ing. A well-developed set of shear joints on Finger Paint probably 
f o m d  at the margin of a flow of the Williwaw Cove formation, but 
may be related to bctunic movements, Prominent linear d e p k o n s  
in the mtar flow of the West Gove rnembr (see pl. 24) are believed 
to be shear zonm formed when this flaw was nearly soIid8e-d ; the, con- 
hament of them deprerrsions to this flow srrgffesta a volcanic rather 
&an a tectonic origin. 

PETROGRAPHY 

Petrographic &&ristics of the volcanic mcks on Little Sitkin 
Idand are enmmsrbd in table 1. Compositions of plagioclase feld- 
war were determined principally from extinction angle curves of 
high-temperature plagioclases as given by Trijggr (1052, fig. 234). 
Although the feldspar rnegaphenocr~rsts range jn composition from 
calcia oligoclase (Art,,) to sodio bgtownito (An,,), the great mmojoritg 
range between andmine (AnM) and IabTadorite (An,,). Th i s  r a w  
occurs within single owillatory zoned crystals as wdl as between dif- 
ferent crystals. T ~ Q  microphenmrysts are ganerdy mmewhat more 
Bodio than the rnagaphenocrysts, as are the normative feldspars. Ap- 
parently the phenocryst and groundmass are in disequilibrium as ia 
normally true of gIsssy lava. Because most of the rocks on LittIe 
Sitkin mnhin more cryptacrystalline or glassy groundmass than 
phenocrysh, nomenclatura based on the mode raa indicated by the 
phenocrysta might give an inaccurate root n m a  Accordingly the 
chemieal clmificatian of Rittmann (1052, p. 93-102) which has been 
prop& for uae in the International Catalogue of Volcmoes, is nsed 
in this report. The Ettmann namm sometimes contain mineralogical 
modifiers that are confusing if these minerals are not present in the 
d u a l  rock. Only Rittmannb root names have been retained in this 
m ~ k  

Individnd formatima mappad on Little Sitkin Island tlre statisti- 
cally uniform petrographically. The mka of the Williwaw Cove 



T a m  I.-Summary of pelropraphic charadmidicg of volcanic rocks a LA.!-!& Sitkin Ielond n 
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formation Eneluding thn fader dikes (pl. 23) contain plagimlam &Id- 
spar with an average corn p i  tion of An, and a mge j n cornpi tion 
of An, to An,. Plrrgimlnse; microlites have an average composition 
of & Olivine is generally pmsent, sometimes even visible in hand 
qwimen, and there is no free silica. Oxyhornblenda is rare in most 
rocks but abundant in the rni~mlitic inclusions contained in the lava 
of the Double Point dacite. In general, all rocks of the Williwaw Cove 
formation contain much mom clinopy roxene than orthappxena, The 
index of mfraetion of the groundmass glass is only determinable in 
inclusionsof the Donble Pointdacite where it ranges between M-1.498 
and Nf1.514 (1). 

Petrographic knowledge of the Sitkin Point formation is limited 
to the study of several thin sections of lave bl& as shown in figure 
40. The unmnsblidated matrix has not been studied petrographicallya 
Plagimlam phenocry~ts have an averap cumposition of hn,; micr* 
li@ An+,. Olivina and hornblende are p m n t  but uncommon and 
free silica is completaly abmnt. Clinopyroxene and orthopyroxene 
are p m n t  in varying proportions. 
The uniform flow units of the East Point formation cuntain plagio- 

clam feldsphr with an averajy composition of Anam and range 
in composition of Ansa to An,,. Olivine is present and free ~ i l i a n  and 
hornblende are a b t .  Clinopyroxene is much more abundant than 
orthopyroxene. 

The high-silica &cite of the Double Point dacite contains pIagimlasa 
feldspar with an average composition of Anin and r s n p  in composition 
of An,, to An,. Groundmass microlitea have about the same corn- 
pmition aa the large plagimlase phenocryets. Tridymita is common 
aa a groundmw mineral in many mks;  rare olivine and oxyhorn- 
blende have been observed in some others. In general the amount of 
~Iinopyroxane is less than or equal to the amount of orthopyroxene. 
CrysbIlites (longulit~) , ak~letal crystals, and sphernlites are common 
in a fluidal glassy. groundmass which hhas an index of refraction f roln 
N~1.490 to N= 1.504* 
T h e  main jnvenile emptive d s  in the Pattamon Point f0mI8tiOTk 

am charade& by plagioclase feldspar with th snvemp cornpi- 
tionof Ana, andrangein wmpoaitionof N o f m ~ i l i -  
oliving, or hornblende are known to mur.  Clinopyroxene is prasent in 
a m m t s  grmtm than or qua1 to the amourit of orthopyroxene. Two 
determinations of the index of mfrsction of the g l w  groundmass 
give N=1.504 and N = 1.5%. 

The low-silica dacib of the ]Si#le Sitgin dad8 contains plagidm 
feldspar with ~n aveerage composition of Am,, and tr range in corn- 
p i t i o n  of Anra to An, PEagioclase micmphen01:rysta have an aver- 
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age mmPositim of BLn, Olivine ia rare d tr idpib was ohmen3 
in only one specimen. No hornblende was found. In general, there 
ia more clinoppxene thsn orthopyroxene in the Little Sitkin dacite, 

The Pmth Point member of the Little Sitkln dacite contains plagio- 
d84e feldspar with an amraga composition of & and a mnga in 
oompition of Anw to An,. The groundmass feldspar have a b u t  
the m e  average composition as the phenocryats. Oxyhornblende 
and culTOded quartz are conman and olivine is never p m n t .  h 
gmed, clinopyroxene is much less abund~nt than orthopyroxme. 
Ckyrtdlites (1ongnlit.a) , skeletal crystals, and spherulitss are common 
in the rhydmitic glrtss which ch~las an index of refraction of N=1.488 
toN=1.491. 

m e  West Cove member of the Litkle Sitlrin d h t e  has pradically 
the m e  pefmgmphic chmcteristics aa the main body of the forma- 
tion The average plagioclase megaphenwq~t has a oompositioa 
of An, and h e  ran@ in campaition is from hr4D to AnM, Plagio- 
&KJ micmphenocrysts have an arn"ge cornpition of A n ,  Them 
ia no free silica or hornblende. The few gains of olivine are sur- 
rounded by reaction rime of orthopymxm~ and magnstih. Clino- 
pyrozene is more abundant than orfhopyroxene. 

Comparison of table 1 with table 4 will show that, in general, the 
mcks low in silica contain plagioclase relatively high in anorthita 
eontent, olivine, and much more clinopyroxene than orthopyroxene, 
and that mcks high in silica contain plagioclase relatively low in 
snorthike content, quartz, and much mom orthopyroxene than c1in.o- 
pyroxene. Inhrmediab mks are intmnediate in these respects. 
Oxghornblende occurs abundantly in the mmt silicic and least silicic 
rocks and is ram or absent in athe intermediate rocks. The index of 
r s f w i o n  of the glassy grounhsss also varies systanatically from 
N= 1.488 in the most silicic ta N=1.514 ( 8 )  in the least silicic rocks 
The more d i c i c  & gen~mlly cantab more glass and many slreletal 
crystals, crystallit+ md s p h e d i t a  
Plagioclase is by far the most common phenocryst-bormhg m i n e d  

in nearly d l  of tha r& on Little Sitkin Island. Plagioclase phen* 
q t s  constitute from 10 ia 60 percent, of the rmks; 20 i~ 30 percent 
is an avenge amount. Strong mciLlatory zoning of plagioclase is 
univemal and a few negative crystals in the feldspar contain two 
fluids. Albita and carlsbad twim are very common and pericline and 
baveno twins are present. 

Pyroxene b the nsgt most common mineral. Typically the maxi- 
mum amonnt of pymxme phmocrysts is 15 prcemtj but specimen 1 
h m  tha Williwaw Cove formation contains 43 p e m t  augite msga- 
phemrpts. Hyperstheria is the common orthopymxew. Plw- 



chroism in gale thb of pink and gmm charaeteriw the hypemthena 
~ n d  some of the cljnopyrox~ne; No pigeonita was found. 

Olivine c o m t ~  as much as 5 percent of mmy rock& Although 
this mineral is not in equilibrinm with tha rock as a whole (see norms, 
table 2) ,  reaction r i m s  are v e v  rare. Euhednrl outlines of some 
crystals suggest that the olivine was growing whan the m k  solidified. 
Several dikes cutting the Williwaw Cove formation contain masses 
of serpentine(?], probably a l t e d  from olivine. 

Euhedral basaltic hornblende is cammen in the h t t  Poht m m b r  
of the Little Sitkin dacite; in ths rniamlitic inclnsions of the Double 
Point dacite, and in the lithic blocks containad in the Pattmson Point 
formation. Elsewhem hornblende usually m u m  .as snhedral mm- 
nanb with reaction r i m s  of hematite or magnetite. Strong pleo- 
chroim ranging from olive green .and golden yellow to scarlet and 
deep brown is common. 

Q n a h  makes up as much as 4 percent of the rhyddtic  b t t  
Point rocks. Magnetib nnd ilmenite are pramt in amounts from 
a fraction of a percent to 5 percent. Tridymih lines cavities in many 
& of the Double Point dacik Other accessory mlnerala include 
apaite and titanite ( f ) , Alteration minerals indude kaolin ( 9 ) , 
leucoxene, serpentine( f ) , chbrite, and hmntite. Introduced min- 
erals include pyrih, chalcedony, mlitaa, calcite, and sulfur. The 
sewndary minerals are rare excsit.  in &%red zones or active h a -  
mlia ame (see pl. 23) where all but serpentine &re abundant. 

The following petrographic descriptions of the chemically analyzed 
mks are based on studies of a single thin section of the particular 
TOGk, and of crushed fragments of the groundmaw glass in immersion 
oils. Mineral percenhges urn b u d  in part on M w a I  analyaaa 
and in part on visual estimates. Bnbblea or vesicla smaller t h m  
about 0.03 mm are includd in the groundmass percantages. The 
color names and numerical designations used are based on the MunseU 
calor s@m as shown in the r ~ c k a l o r  chart printad in 1048 by the 
Rock-color Chart Cormnittee of the National Rasearch Council. The 
field location is given in gsnerd.terms in the following descriptions 
and k also I d  exactly on plate 23. 

L Basalt from Williwaw Cove formation on mtbeaut con& 1 mlle mathwest 
of h t t  point (Chemical data %*en in cvlnmn I, table 2.) Color: light 
reddhh gray I5R 0/1). Wtnre : h o l ~ l l i a e ,  wrpbyrltlc, with large, 
diameter 15 mm gbenocry&@ a l  greenhb black angite (5 OY 2n). PlagiocIaae 
phenocryrhs, 10-15 wrcent, range from A h  to h a  tn Individual and wpamb 
cryetah and amrage &. Angite 4112 : 1.7% rtX : 1.678) OCCII~B BB remarkably 
inclueion-free megaphenmrpta and as gmundmtm dust, making 60 bo 45 percent 



or ,the rsck. InbhedraI olivine, 2 wrcent, and magnetite-iZmenite, 1 percenf are 
swmmry minerah The groundmaaa L a microcrgstslline aggregate of all 
the above minerals. 
2. dndesite from mica1 Inclarrion In h~aa of Double Polnt daclte. (memi- 

cal data given in column 2, tabIe 2.) Collected from mall Inller of Double 
Point dacIte about 1 mlle west-nortbwgetward of summit of Little SitkLn volcano. 
Similar Inc1m1on from flame area shown in plate 25. Color: dark gray (N 3). 
Textme : mlarolltlc interrrertat Pore space, miarolitic cavltles: 2&30 percent. 
Pkgiwlase lathes, 45-55 percent, average A b  but range from A h  to Anw; 
megaphenomyets, 8 percent, h o w  fritted texture. Oxyharnblende, 14 percent, 
is pleDchrok in deep brown and olive brown, o e c m  in needles with a length- 
width ratio of 15: 1; many hornblende crystals have hollow eentera Ortb* 
pyroxene, 6 percent, occur8 in euhedral needle8 with a length-width ratio aa 
much as 30: 1. CHnopymxene, 4 pescenh in present as ~tubbg snbhedral crystah 
Magnetite, 4 percent, mhedrom have a length-width ratio as much aa 10: I, 
Clear brown g1- 14 percent, in groundmass bas N=1.498. 

3. d n d d t e  of lttk BitkLn Bacite from mast at stream mouth 0.8 mile mouth 
oi tenoinna of crater flow of Weat Cove member. (Chemical data given in 
mlumn 3, table 2) &lox : medlnm gray (N 5).  Texture : hypomyatallhe, pm- 
pbyritic with feldspar phen#cry~& as mmh as 4 mm in diameter, and pyrox- 
phenocrysts as much as 3 mm long. Plag~oclafm megtlBhaocrgst% ZW30 percent, 
range from An* to  AZIW and average &; comgleg mnIog and twinning 
common. Ulinopymxene, 8 percent, contains rare centere of orthopyroxene, 1 
percent. Both u m c t e d  ollvlae, 6 percent, and pyroxene are stained amber 
alang joints. Magnetite, 2 percent, arr anhedmna Average composition of 
feldspar microutea In Erachytlc gronndmasa la h 

4. Bndeslte of WiUiwaw Geve formation from e m s t  in WIlliwaw Cove near 
"8hack9' (gL 1). Color : m d u m  ligbt gray ( N  8). Texture : holocryhttnlline, 
porpbyritlo with both fel&par and pyroxene phenocrysb a8 much as 4 mm 
long. PtagiocZase, 4540  percent, rangea In comgositlan from An, to Bn, and 
a v e w  &; complex oarcillatory soning and graphic fritting common within 
indi~ldnal plagloclatle gralaa Bubbedral dinopyroxene, 10 percent; euhedral 
orihopyroxene, 10 percent ; and anhedrnl olLvine, I percent, characterized by 
brown &Inn on some fracture* Anhedrat magnetite, 6 percenf particularly 
abwndant. Qroundmasa c0n~ist.a of mesh of feldspar and pyroxene microlitea 
and magnetite dust. Groundmass plagiocIase averages Ancp 
6. Oxidlzed low-13I1ica dadte of Little Sitkin dacite from thin boudinaged 

Beam at contact of the rhy-cite in the Pratt Point member on coast half 
a mlle north of matt Polnt. ( Chemfcal data given In column 4 table 2) Color : 
pale red (51E 6/21. Texture: porpbyrltic witb plagloclaw phenocrysts aa 
ma& aa 4 mm long, Plag1oclaset 25-30 percent, m g e s  In wparate and hdlvldu- 
ally aoned crmtala from A-P, tO Atla with an average composition of about 
An- ; mnnp of tbe larger feldspam form a graphic "intergrowth" with dwty 
glam; some bave a rim of dear feldspar in optical continuity wfW the Krftted 
m*; two-fluid k l a s i o m  and amaU needlee (0.002 mm by 0.04 mm) of apa- 
tite ( 7) or p~rroxene ( P ) occur in feldspar. Orthopyroxene, 6 percent, occwlonally 
cores cUnopyroxene, 9 percent, crystals. Accessory minerals: magnetite, 3 per- 
cent, and tridpdte, 1 percent. Fluidal groundmaaa highly charged witb 
hematYe Bmt 
6. Low+ilica dacite of Little B i M n  dacite from interflngwed contact %one on 

north side of rhyodactte of Pratt Point member &bout O D  mile south of East 
Point /Chemiml data given* in column 6, table 2) Color : medium gray 



IN 6). Texture : hmmry8taIlCne, madve. Plaglmlarie, 20 Eo 2li percent, mnga 
in compoeriUon from Anm to Ann ; a few havm Mtted centera O r t b o p ~ ~ ~ ~ p m e .  
!&3 percent, and dlnopymxene, 2-8 percent, both distinctly pleochmie In ilgbt 
pink and light green; a few ortllopymxene and clime- centeru In dif- 
ferently oriented ~Linogyroxene mrrtale. One relict olMne grain, with a tblclr 
reactlon rim of pyroxene and magnetite. No myhornblende xenwsta  although 
M a  mineml i s  glentltnl in nearby thin laminae of rbgo8aclte. OroundmnsS 
brownlab glass filed with magnetite dust and crgstaflitee. 
7. Low-8iZiea dacite of Little Sitkln daclte from mst hdf a mile unorth of 

Pratt Point. (Chemical data given In co1nmn I, table 2) Specimen takeat 
from withln B inchea of contact with rhyodaclte ot Pmtt Poht member. Cobr : 
gragiah black (N 2). Tedmre: hypcrmtttlllne, poqmt ic  with plagim1aaa 
ee much as 5 mm in length, M& rplagiaclam megaphenocryst and microphem+ 
mh, 25-m w m t ,  group around dn, but range from An- ta An,; com@ef 
dilatory swing common; man7 feldspars eontafn vemicnlar ereaa or daaty 
brown gma. Orthopyroxene, 8-10 p?rcent, occurs as Indiddnal enhdma and 
as corn in many clinopyrorene, 6 perm& crystals. A-y minerale: 
mapetite, 2 pmxmt, and myhornblende, 1 percent ( x e n m ? )  Flnldal 
glaeay gmmdmaas contains angular cryrttal fragment% 2 percent, and wi&ral 
 rod^ of pyroxme( 7). 

8. Lowsillm dacite of Little Sitgin dacite &om crater flow of Wwt hm? 
rnembr 1 mile sonth of crater lake. Color : dark gray (N 3). Textae : h m  
erywtalltne, porphgritle with prominent feldlspar phen- ea much an & am 
long. Plagfoclaae, S 2 5  percent, ranges from & to A- in Individual zoned 
p b e n m a t s  and between different erystaIs; average cmnwition I s  about Atb; 
graphlc fritthg texture and twcefluid Incla6ona p~esrmt in centem or ,rl&al 
wnes of Borne feldspar crrg~tals. Cllnopytaene, 6 pment, apgeara ar reaction 
rims on mme orthopyroxene, E percent. and olivine. l percent. A w :  
rnagnetfte, 1-2 percent. Oromidmass Is elear brown glass choked with plagIe- 
cfase (average cornpodtion, Ana) and aclcutar orthopyroxene (5 )  microlib& 
Index of refraction o i  an arMdcla1 glass of the powdered rock b greater than 
1640. 
g. Low-slllca dad& oi the Pattersw PoLnt iormatlon tram stream cut 0.9 mlle 

north of the summit of the l,!MO-imt monntaln. (Chemfcal data given in column 
Q, table 2) Color: llght brownish gray (5 YR en). Texture : h y p o c r ~ 9 t a l l i ~  
~esicuIar with "hairy" g d c e  developed locally, porphydtic with pgroxene 
and feldspar ghenoeryab as much as 3 mm long. Plagloclam, 2530  wpercent, 
varies from An, to d n , ~  and bas an average eompdtion of .&nu: snbgraghlc 
are= of brownfsh glass an& twwduid negative crgstala are Included wLthh the 
plagioetase. CLinopgroxene, 6 percenf and orthopyroxene, 4 percent, in part 
form agglmemtions wIth magnetite-WenIb, X percent. Groundma@ cowdata 
of clear pfnk to brown gIasa (N=l.M]&) containing many mal l  ga8 bubblm 
10. Hfgh-silica aacite of Double Point dacfta from same ImIity as anal- 

2. This rock in groundmaw of plate 25. {Chemical data given in column 10, 
table 2) Color : medium &ark gray (N 4). Texture : bypocrgrrtaEUne, porphr- 
riHc with blockg ie ldmr ghenmrya with maxImmn diameter d 6 mm. 
Eleven sections of the plaglodase, 26-30 percenk perpendicular to ~bih 
twinning and bamral cleavage give anorthlte eontentrr that appear to be dhkIbnted 
evenlr from A h  to & ; complex wnea and Inteqmwtha common; ground- 
marw mlcrolites may group amand &, but cannot be determfned accmteb ; two- 
finid inclndons from 0.00P0.02 mm in dtamefer occupy negative mmtals in 
certalo zones of tbe f e l d a ~ r .  8tabby euhedral h m ~ t h e n e ,  5-10 percent, !a 



plembmic fn light plnlt and light grepn. AccerrsorIee are c l j o ~  1 per- 
cent; magnetite, Z percent; oxyboroblende, 1 percent: and tridymlte, 1 mt. 
fmoldal groundmaw glam ha8 N=1.504 ( 13. 
11. Higb-sllica dacite of the Double Point dncite h a t e d  half a mlle nortbmt 

of the summit of Little Bitkin volcano. (ChemlcaZ data dven In mlnmn U. 
table 2.) Color: brownish gray ( 5  YR 6/1). Texture: -lllne, gorpby- 
rltle WItb feldspar phenrxrgeta as much as S mm loug. Zoned and twinned 
plagloclase, 25-80 percent. varlea In cornposltion from A m  to Bn* and averam 
A ~ L  Actceaeory mIneraIs are enhedral orthopymxene, 2 percent; stlbhedwl 
ellnopyroxene, 2 percent; magnetite, 1 percent; and trltlymite, 1 percent. The 
fluidal glamy to cryptocrgstalllne groundmaas carrim pyroxene, magnetite and 
plaglwtaae mtcrolltes. The pIagioclame microlltee have an average compoeIffon 
of A b .  
12 Rhyodaclte oi Pratt Polnt member of Little Sltkln dacite from central 

part of mapped area (pl. 23 ) about 0.9 mlle ennth of E a ~ t  Point. (Chemical data 
given In column 12, table 2) Color: gelIowish gray (5 P 7/l) b medIum light 
grag (N f l y .  Terture: hypoery&aHlne, vedCUltI~ with "hairg" pumice developed 
locallj, porphyrltlc d t h  hornblende phenocrysts ae mnch as 7 mm long and feld- 
spar phenacrgata ah mncb aa 4 mm long. Plaglwlase, 1520 mrcenk rangea In 
mmpwltion from & to bn, and averages b; sometimes &lkllltic wGh in- 
clnalom of hornblende. Acceaorg minerals: oxybornblende, 3 4  percent; hy- 
perptbene, 2-3 wrcent; quartz, 2 3  percent; magnetite, 1 percent. The p u a r ~  
I s  c h a m c k h d  by conchoidal fractures and la very mmeptible to plucking dur- 
ing grinding. The gmundmam 18 about half small bubble3 and hall clear pink- 
iah glass (N=1.490). The few ptagiocLase microlitea average b(?). 
IS. R h g a e i t a  lava from Pmtt Point member of Little Sltkln dactte. Qol- 

lected from wlthln 6 tnchw of contact with rmk represented by analgels 7. 
(Chmlcal data given In column 13, table 2) Color: gellowi~h gray 46 3! ?/I). 
Textme: bypwrpetalHne. vdmlar, porpbprltfc with glaRIoclasa pbenoctpets 
ae much a~ 5 mm and hornblende phenocrp~ta as much as 3 mm long. Plagip 
clme memphenocsgsts, 15-20 percent, are complexly mmed from coma of Anvr 
ta r i m  of An-; several ieIdspars po1kIlltlc wlth amall hosnbIende Inclusloaa, 
0.09 b 0 2  mm; minute dhopyroxae  rods, 0.01 by 0.05 mm; and twc-fluid in- 
c1nal.ana in cavltfes with a maximum diameter of 0.W mm. Hornblende, = 
percent, Ia plwbrole In &ad- of olive green. reddteh brown, and black ; several 
crgstrth have deeper pleochroksm at bordera than at  center. Hppersthene, 1-2 
percent, irr the only pyroxene megapbenocryet ; two crystal8 have a care of oxy- 
hornblende. Qaarte, 1 percent, occurs In large pbeaomysts with reaorbd ont- 
lInee and mnchoidal fracture& which tend to aid pluckln~ of thla mineral during 
grinding of the thin wtion. AnhedraI mapetlte forma 1 percent of the mk. 
The groundmw mn~iate of clear p lnki~h  glnes (N4.401) containing numemua 

l'hkbw chemical analyses of representative roclnr from Little Sit- 
kin &land are presented in table 2 together with their CIPW norms 
and Rittmann values. Five spectrographic anaIyses of minor can- 
stihents of rockg representative of the chemical spread of the suite are 
a h  presented. The province is a silicic one; all rocka have norma- 
tive qua&. Modal qz~nrtz is fonnd only in the rhyodacite Itridpita 



TABLB 2.-Chemical composition, nonnativs valuer, and R i t l m m  nomtnclnture for voolcanic rocke on LillL Sibkin Island 
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in the high-silica dacite). Olivine, which cu&ituh as much as 6 
peroent of some of the mdea is not r e p m t e d  in the norms. 

Because the phenocqsts and groundmass m i n d  differ chemically, 
Rittmann names (based on bulk chemical analyses) are used in the 
discussion tbat follows. The mwt basic member is h a l t  ; the most 
acid one, rhyodacita Both m k s  occur in minor amounts. The great 
mass of rock material is mdesite, bandah, or dacite. A further sub- 
divi&n of Rittmann's names seems desirable within the dacite range. 
One group of mks, referred to as "low-silim d ~ i h ' ~ ,  contains h u t  
60 percent SiO, ; and another, referred to as "high-silica dacite", can- 
tttins about 65 percant Si02. The terms "high-silica" and "low-silica" 
have no relation to Rittrnannk adjectivss "light" and "dark", which 
describe the quantity of iron and magnwium. 

The m i d o  constituents of the chernictrt anal- m plotted on, a 
dandard silic~variation diagram, figure 42, which shows that the 
mite f mm Little Sitkin has m alkali-lime index of 63.fi--th& ia, the 
silica prcenhgo at which the sum of khe alkalies equals the lime 
{Peacock, 1931, p. 54-67). The alkali-lime index is comparable to 
that of the Katmai province, 63.8 (Peacock, p, 62) ; to the Adck- 
Kanaga province, 63.0 (Coats, 1952, p. 493) ; and to the Buldir prov- 
ince, 64.5, extrapolated f Coats, 1953, p. 18). 

Except for specimen I, the variations shown by the chemical anal- 
yses plotbd cm @ure 42 lkre linear. Rectilinear variation diagram 
of this sort have Been discussed before (Femer, 1926, p. 704-772, 
especially p. 760-771 ; 1938, p. 146'1-1481 ; Wilcox, 1944, p. 1067-1073 ; 
Barth, 1952, p. 167, 168; Reynolds, 1954, p. 582) and they present 
a petmgenic problem If all the trends are linear and sumively 
younger rocks become progressively more siliceous, $hen them must 
be very stringent mquiremernb for their mode of deriv~~idon. If the 
younger r& become mare siliceotu owing to rernoval of basic 
minerals from a magma, t h ~ n  t h ~  composition of thm minerals must 
have mmined mnstant or changed sgstematicstlly. These minerals 
must be r e m o d  from beginning to end of the w r i ~  and no other 
minerah can be removed at any intemediafe point in the aeries or 
the trends on the variation diagram would not be linear. Becam 
them linear trends are inwnsihnt with the Bowen &ion series 
these rocks probably did not evolve #by c-1 diffemtiation. 

With this particular mrles the hypothesis that .the more mid mem- 
bers am derived fmm #e more basic membem is alm refuted by the 
actual lime relationships of the members hvolved Although the 
mh of LittIe Sitkin became, on the whole, more silimus with 
s u d ~  eruptions, considerable fluctuations in composition oc- 
curred (fig. 43). 
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I o m W o a  An- numban wrreawnd dr l th  aolnmm oambtm la table 2. 



RwtiZi-r variation diagrams can dso be explained as the mixing 
of two end membaq nmely : the mixing of ticid aud bmrsio mtagmm; 
the incorporation and dissolution of basis incluclions in an acid 
magma; the incorporation and dissolution of acid inclusions in a b ~ i c  
magma; or Ehe formation of discrete mapatio m e h  in mriorrs pasts 
of la zone where there haa previously besn mixing of rock by other 
gsologic pmmm. 
An accurate howledge of the ~01um~ land mmpmition of the vari- 

ous m k a  on Little Sitlria Idmd would be helpful in evaluating their 
mode of origin. Table 3 is an lalhmpt to calculate the volume. 
Column 1 of tabla 3 gives the calculated volume of all the mapped 
formations above ma level at the p m n t  .time. Theso figures were 
determined by the combined use of the tapgraphic and geologic 
map. The mntour lines of a %&red topography" were drawn from 
the margin of particul~r formation b m t h  it to the corresponding 
contour line on the opp0ail;e margin. Control in tha plamment of 
khm contour linm was pro~$ed by the mlich :tnstruction.al topog- 
raphy of both the y o q r  and older land ~ u r f m ;  the internal s t . ~ c -  
ture, that is, bed* of the formation hvolvd;  the e9ternal strue 
ture, for example, steep caldera faults, which control one or more 
margins of the formation. It is obvious that such contml is best for 
the youngest formations and progressively 1- d i & I ~  for s u ~ -  
sively older sequenm of rock Afhr drawing the conhurs, a 1,000- 
foot quare grid was plmd over the map. At eauh grid intermtion 
the thick= of tha formation was noted by ob.trdLning the diffemnm 
in the elevations shown by the two &a of wntOurs at that point. If 
each grid square is mgarded as the approxhtion of a prism in tkree 
dimensions, khen t h ~  volnme of t h i s  prism cm be estjmrmtad #by mnlki- 
plying athe a m  of the -am #by the average of the thickness values 
at each corner. Snrnmjng the volumes of the prisms gives the vofume 
of the formation. 

V o h e  calculated by the above method is less than the original 
volume of the extrusive mataria1 for thm reasons: since extrugion 
the have been partially eroded; sinca & d o n  some of the 
rocks have k n  downfrsulkd during e p i m d ~  of caldera formation, 
and during extrusion the lavas invoIvd may have &wed into the 
sea. Bat I m  due fm emion can be minimixed by utilizing the 
relict constructional topography to reconstruct the original canstruc- 
tioml topography, the precaldera structure can be reconstructed to 
cumpensate fox 10- due to faulting, snd the mount of lava that 
flowed into the ma may possibly be calcdated by a &nay of the sub- 
marine topography (see pl. 22, Snyder, 1957). The volcanic structure 
of Little Sitkin appaam to have been built on a wide flat platform at 
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h u t  300 feet below ses levsf, the ''Ridge Shelf' of Gates and Gibson, 
(1956, p. 134). The steepening of slope shove this level in some areas, 
notably off Prokhoda Point, appears to be mom or less cmntinuouus 
with the relict constructional sIopes of the b m e n t  rocks. From 
this evidence it is postulated that the volcanic rocks of Little S i t h  
Island have been deposited sbove a -300-foot platform. This 
is used aa the base for the estimated original volume which is 
presented in mlmn 2 of table 3, The volume should be loonsidered 
only as an estimate, for large e m r s  am possible in some of the figures 
Despite this uncertainty tho data may be useful, at let& in a scrutiny 
of orders of magnituda T ~ B  estimated original volume of ths Willi- 
waw Cove fomation ia the approximate voEllume of a single valcanio 
mountain whose outer limits are the present -300-foot contour and 
whose slopes are comparable to those of the single volcanic mountain 
of $@a Island. 

TABLB S.--Vo?tmte, twight, and p w c ~ n t  tm'phf fnr ualcanic rocks of mtte Sitfin 
lslond 

Calmhka 
mlflme n b o ~  

8 8 ~  level a t  
present t h e  

(cll f i x  10') 

rnlmswd 
m & h l  sol- 
ume n b a n  

-m rt l P f O n !  
moslnn and 

rddma 
h~r l t im  a 

Icu Itxi9 

W e  Corn m m  bar..,... 
Pratt Pobt mmkt. - - - . .  
Llttlc Bltkln daclte .--..-- 
Sattersan Pomt &me- 

tlon .....-- - 
Double Poht  dnclte....-- 
Ewt Pofnt lormattoo--,.. 
Bitkin Polnt lmmat[m-, 
W U w a w  Cove f o rms th .  

m C  
mated 

orir Fnal 
welght 
(tollsx 

1 or) 
- 

Ealbnntsd 
otlRlnd 

welpht per- 
oent 01 r o c b  

pounpr 
than \Vlllt. 
wsw Cora 
formlion 
I p o m e U t l  

mlmatsd 

m'P* ZRt XE 
rocks aI 

uttle BItkin 
TSIRnd 

IperWntl 

'Total d d a t e d  prwmt volume ofdl lmm&la~~-ss8 I b 10, au it-rlpmxlm&Jy 4 cu mtles. 
8 Total estlmatPd w n a l  velum of all iormatloru-2,&5 EJ 10, m It-approxhmtely 18 cu m W  

Specific p v i t y  listed in c o ~ ~  3 of table 3 is debmined with a 
Jolly balance using small hand spe~imens that included vesicles, miaro- 
litic cavitim, and other pare space. C o l m  4 is mmputd from 
the product of columns 2 and 3, rnuEtipIied by the weight of a cubic 
foot of wster. Columns 5 and 6 p m n t  the relative weight of ewh 
fomation given as percent of the total weight, Frm them figures 
it can be seen that the Little Sitkb dacita, the Double Point dacite 
and the Williwaw Covs formation include more than 98 percent 
of the he& 

Table 4 lists the weighted chemid camposition of each of the rock 
tqnenms on fittb Sitkin Island. Them data sm n d  with that in 
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columns S and 6, table 3 b d a l a t e  the aversge omposition of all 
rocks yoanger than the Williwaw Cove formttkion, and the average 
composition of all rocks extruded an the present minw 300-foot bench. 
&position of the minor amounts of the East Point and Sitkin Point 
formations, for which chemiwl analyses are lacking, are m e d  from 
analyses of similar r& Plate 28 mmbines graphidy the calcu- 
lations given in tables 3 and 4 with the relative position of each m k  
wuenm in time. 

6 hinnlysL# 9. 
~ A v s r ~ o l ~ 1 0 l r n d 1 1  ~ ~ t o o m t a l n 6 p m e m t o f ~ 2 .  
a Avoraga d - 3  a md 1: 
7 Average of y m  6 (exoept on Pa01 sad PeO), 6, 7 md 8, mmqmtsd to aontsin 10 wprwnt d 

uadysis 8. 
~ a v e t a g e o f d ~ 2 a n d 4  remmpntedtawaDain10 toInu&stsl. 

Computed from dsh  In th6 tnble m d  in damn 5 t a e  
Compubd Porn data In this table and in duma 8, table 8. 

Can information of the sort p m t e d  in plate 28 be used b 
decide the mlative importanm of tha ~arioua end-membr-mixing 
hypotheses which were formulated b explain the rsdilinearity of 
the variation diagram? 1 think so. Mixing of acid and basic mag- 
mas can be ruled out because the quantity of rhyodwita or more acid 
mahial  mammary form the abundant dacite by admixture with 
the mder8ib is hsdicient. For example, to form a magma of the 
composition of the Double Point dacite by admixture of magmas of 
the composition of the Williwaw Cove formation and the Pmtt 
Point member would require over 750 timea more rhyodacita than 
is known ta e x k  hcorpomtioa and dhlut ian of basic inclusions 
in an acid magma can bs excluded for $he pmvince as s whole for the 
same mason, but m y  b v e  mnsed intern1 vari~tions in a formation 
For example gome low-silica dacita in the 1Lit%le Sitkin dwib may 
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have .been derived by mobilization of basic inclusion~l in high-silica 
dacita magma of the composition of tb0 Double Point dmik To 
form all the rocks of the LittIe Sitkin dacih in this way would 
require an inclusion-magma ratio of 3 : 2; the dmervd ratio in the 
Double Point dacite is only 1: 20, which suggesta that only one- 
thirtieth of the low-silica dacite could have formed by dissolv- 
ing inc1mions. Tb third mechanism, incurporntion md dissolution 
of acid incIusions in a basic magma, is not supported by field evi- 
dence. No wid inclusions have been found in the mka of Little 
Sitkin Island. The fourth mechanism, magmatic melting in la zone 
where the rocks sre mixed, for example, by technic proce9ses, is 
pemisaible on tha basis of known evidenca Such a mechanism 
reconciles h chemical linearit. with the volumetic relationships 
and is mpported by the smalI scale inhomogenieties o k e d  in the 
field (layered bombs, somposita flow). 

This -belief in l ~ a l  cruM melting is supported by the current 
work of Powers (1955, p. 77-107) who has m t l y  m d e  an exhaus- 
tive survey of #EI chemistry of Hawaiian rock, in which he concludes 
&at locally derived msgmas are responsible for building up the primi- 
tin volcanic shields of the islands. The source of energy for the 
melting process, acmrding to Powers, is friction produced 4 a cyclic 
heading of the quabrial bulge of khe mrbhb cmt. This would 
only ba applicable for regions within the earth's equatorial bulge 
but, for the Ijttls Sitkin area, a tectonic h a d i n g  (not necessarily 
cyclic) along the Aleutian wel* might be an even mom efficient source 
of energy. Powsrs' remarks (1955 p. 101) in tkis connection are 
perhmt : 

The propotted lgrocesa of volcanism, If valid, ahodd be appLlcalble in part 
only to volcanw &hated along tbe equatorial bulge. However, lta operation 
proMbly would be completely obscured the promsea of volcanism amci- 
ated with great ~tructnral defumatIon 3.u regiona where the equatorial bulge 
b coincident with mne4 of Cenozoic mountaln~bnilding. Aim Merent lava 
tgrpeB would be expected where the bulge croaaea the great bloc%a of alal. . . . 

Other authors are cenmrned with magma mixing or sialic mtami- 
nation in the origin of the intermediata hvaa in oroganic a m .  
Because of their simultaneous extrnsion with floods of uniform basalt 
on either side, Waters (1955, p, 712, 5'13) theorizes th%t andaiha 
from the Cascade Range of Oregon and Washington have bean f omed 
by the mixing of geosynclinal sediments with tholeiitio magma in 
tec tope  roots. From an extensive study of numemu8 xenocrysts 
md from the c l w  field amciation of many lava typea Lamm and 
others (Lawn, Irving, Gonyer, and Larsen, 1938, p. 429) have con- 
cluded that the lama of the San Juan volcanic field have been derived 
from intimately mixed magmas af diverse original mmpmitim. 



Taey (1950, p. 3'l,58, 593 has tentatively concluded from a review 
of the world literature that mdesitic mks of the orogenio mnm evolve 
from basaltic magma modified by sialic contamination, 
In this m p o ~  the author accepts the hypothesis ithat twhnic head- 

ing may have been the c a m  of local crustal melting, Possibly this 
same tectonic kneading may havs been the cause of the mixing of s 
crustal sialic component and an oceanic, or subcmstal, periodotic corn- 
ponent which, when melted in magma3 could giva rim to lava com- 
positiom that would produce rectilinear variation diagrama Intom- 
plete local tectonic mixing and thehe m d o m  migration of the loci 
of magma formation would explain both the random variation of the 
composition of rock formations through h e  and the second and 
third order inhomopeitiw. All this would be dependat upon the 
constant composition of the contributed sialic and oceanic material, 
a condition that might be met only rarely. This would be consistent 
with tha rarity of rectiIin-r variation diagrrams. 

The geologic histav of Little Sitkin Island begim with probable 
middle Tertiary uplift of the Aleutian Islands arc (Gates, Fmsm 
and Snyder, 1964; Gates and Q i b n ,  1956, p. 180) when Amchitka, 
Rat, and Hiska Islands were upliftad, and the general shape of the 
c m t  of oft Aleutian Ridge and Bowera Bank were determined Pos- 
eibly the platform beneath Segnla and Little Sitkin Islands me also 
formed. By this t h e  also the p t  fissures that later became m a m a  
channels for the eruptions that produced Little Sitkin Isl-d had 
hen formed. At a depth of several miles in the earth andesitic magma 
began to flnx, stape, or force ita way to the surface during latest 
Tertiary or earliest Quaternary time. This magma, like the others 
to fallow, was quite hhomogeneous. Parts of it were as basic as augite 
basalt; parts were as acid ns dacite; most of it was close to the border 
between andesite and bandaita. With the first outpourings of this 
magma on the SegdaSitlrin platform the mmrd decipherable from 
the rocks begins. Figure 43 gives a diagrammatic account of the 
geologic history. 

The magma that formed rocks of the Williwaw Cove formation 
must have riah in volatile material. Explmive eruptiorm were 
common and much ash and pyroclastic debris wsm buried with the 
masaive flows. Although some h u m  fed flows on the flanks of the 
growing composite cone, most of the eruptive products- were dis- 
tribukd from a central vent. A volcano, perhaps 7,000 or 8,000 feet 
high, waa built. A long period of erosion followed this emptive ac- 
tivity* Probably m i d - P l e W e  glaciers MankeM the dopes and 



GEOLOGY OF LITTLE SITgIN ISLAND, AfdagA 203 

P I S ~ = #  48.-Magrammatlc nvlm oi llcologlc blatom of Wttle BltkIa Ialand. [I) Brectlon 
of andeaitle compoalte cons on platlorm 300 feet M o w  mea leveI In late Tertiary or 
tarlf Quaternary time. (2) Formation of  Caldera One utter long perlod of eronlon. 
181 Deposltlon o f  SlMn Pofnt totmatlon jn oltshore banin and In caldem lake and 
txtmaion of flow aequence of Eaat Polat iorrmtlon. Tbeae Born probably reprts~nt the 
lant ntraafon of  the andmitlc mama. (4 )  Erectlon of BIgh-sl1Ica daclte lava-flow 
Cone of Doable Point daelte In late rlelwtocene or early m n t  t h e .  A11 lava of thle 
magma contslna inclualonm of mIldi€ied andeaiUc conduit rock. (3) Formation of CnI- 
dera T u o  d t h  attendant nu& ardent9 eruptlona. A large block ot the Doable Polnt 
dacite l a b e  exaggerated) ham dropped only a small amount Into the caldera. (6) Ex- 
hudon of low-sllica dnclte lava continuing to the present. The Llttle S i W  U t e  
here repreaentecl contmlns a mmpoalte dacite-rhyodadte now. 



amlemtsd the disinteption of the land, although m& if not all 
of the deposits of this ice am now beyond the island margins. While 
the land was Wing denuded pmures were gradually buildbg up 
inside the volcano. FBinly a gigantic eruption occurracE and sr large 
paFt of the m o u n h  collapsed. Possibly Pmkhoda Soarp, .between 
Little Sitkin Island and Semisopochnoi Island, was formed at this 
time. The remaining mountain was lowered relative to sea level; 
a caldera lake wns formed ; and the margins of the mountain were 
,inundated. Explosive eruptions continued for some time and tuffs 
m d  breccias, partly andmitic and partly dacitic, mere d e p i t d  in 
offshore basins and in the mldera laka 

After the deposition of these tuffs and bmias  (the Sitkin Point 
formation), the island was uplifted relative to ma level and the tuf- 
faceous g r a y d e  and t u f f - b m i 8  depmita were snbj-d to sub- 
'aerial erosion. At about the same time a new vent was formed on 
the northem side of tha islmd and a thick series of fluid bas& and 
mdesite (the East Point formation) was extruded. The volzlme 
of thesa post caIdem pymclastic deposits and Bows was mall aam- 
pared to the huge m m  of rock in the original mountain. PPobabEy 
these deposits represent the last edrusion of the andmite magma, 

Probably in latest Pleistocene or earliest b a t  time, immediately 
following extrusion of the East Point formation, s new magma was 
formed. This magma, the mawe of the Double Point dacih was 
more siliuc than the previous m a p a  and fomed high-silioa dacib 
with minor amounts of more basic and more acidic material. One 
distinctive characberistic of the magma was the presmce of unique 
andmitic inclusions. TextumlIy thew inclusions resemble none of 
the earlier rockq but they are chemically similar ta the original 
magma of the presant Williwaw Cove formation and were probably 
torn from the conduit w d t  at shallow depth by the silicic m a p a .  
The mmgms of the p m n t  Double Point dacite was relatively poor 
in voktile materials compared fo the previous magma. Pyrmlastic 
materials wmm subordinate and most eruptions were thick massive 
flows. A 2arp mntral cune was constructed from these flows within 
the remaining shell of Caldera One. The levas from this Gone reached 
the sea on the southwest and northeast comb of the island. 
T h e  volcanic cone that formed in Double Point h e  was then 

somewhat eroded. During the erosion period gas praasnre was amin 
building up rtnd a new m a p a  was forming* possibly partly by 
mixture with the inclusion-wrrtaking m a p a  of the Double Point 
dacita. Movements on the P r o b d a  Scarp fault zone may have trig- 
gerad a cataclysmic emption that d M  in the formation of another 
cddera. The part of the volcano formed during Double Point tima 
that  was nearest the egtension of the Prokhoda Scarp fault was 



shattered and sank in the abyss of Caldera Two. The northern third 
of the volcano, however, was only tiltid dightly south into the cal- 
dera. Mennwhile voluminous n u b  ardente eruptions from the new 
magma blaekehd t h ~  idand with low-siliul dacite ash, and a thick 
deposit of welded ash nccurnulated on the northwest gide of the island. 
Minor inhomogeneities in the magma formed 'Ernarble oake'' lbombs 
that wem inwcporahd in the welded deposit. The initial, nu& 
ardenk phase was soon s u d e d  by a vulcanian phase in which 
datively cold ash and a minor amount of angular lithic debris was 
empted. Some lava flows9 the lower part of the Little Sitkin dacite 
were possibly extruded at this tim& 

A h r  the Caldera Two eruption, the mgma that formed the 
Little Sitkin dscite approached clmly to the surfam h a number 
of p l m  along a zone trending N. 67O W. lacroas #a island. Rocks 
in this zone were altered by fumarolic activity. h v a  eruptions 
wmrrsd slightly esst of the center of the island on the south 0ank 
of the remainder of the cone that formed in Double Point t ima 
Volatile cuntsnt in the magma was low so that only lava flows were 
axtrudd. These lavas were predominantly low-silica dacite but 
several andesi tic flows WBPB extruded and? in the Pratt Point m m b r ,  
a cunsiderable quantity of mixed low-siIica dacita and rhydacite 
were extruded from the same vent, Ambout a half centry ago, two aa 
flowe were e x h d e d ,  one fmm the breachd central cratm and one 
from a fissure of Caldera One in the west central part of the island. 
Soma faulting was probably associatd with the eruptions. Both flows 
have k n  cornplehly altered to clay in mas where they have msls 
active furnarolic centers. A small1 amount of native s n b r  was de- 
pbsited in tha harolically s l k d  area of the mater flow. Two small 
avalanche deposits on the north mast may have bee instigated by 
earthqunk a s w i d  with this I& eruption of Little Sitgin 
~ulcano. 

ECONOMIC QEOKOQY 

Sdfur Is the ody mnomic mined  avaihble in potentidy 
cumemis1 quantities on Little SitBin Island. A large depmit of 
sulfur riddled with active funamlea mupi= an area of abut 10 
m s  on the south side of the p m n t  breached crater where it mplaca 
low-silica dmite of the crater flow. Trtlces of native d h r  have 
been observed a m n d  the fumarolic area south of the 1$03-foot 
mwntain. In the crater a m  aU & are 'bleached and dhred t~ 
white kaolinitic( 8) day. The  s&r cxxurs as veins md vng linings 
in this clay. Usually the entim surfam d e p i t  is c c r m p d  of ma+ 
aim, mammillary aggregates of s u l k  crystals without much mcH: 
day, 



Sdfnr mplamnmt pmmmably markedly with depth. 
Small amounts of H,S gas are always p m n t  in the abmdmt 
quantities of water vapor being emitted. Snlfur is probably being 
deposited primarily as the r m l t  of nmrmrface partid oxidation of 
this gas and second arjly as a sublimah 

A sample collected in the csntml park of the deposit conbind 
95.8 percent gulfur by weight Assuming that the deposit avanps  
this gade throughout .a surfaca zone 10 feet thick, 200,000 toas of 
sulfur is p m n t .  Probably this estimate is tm l a w  E b a t e a  of 
the amount of sulfur in the furnarolic deposit matop Mrtkusbin Volcano 
on Unalaska Island (roughly the same size or slightly smalle~ than 
the depmita on Little Sitkin Island) mgs from 33,500 to mare than 
?7,000 tons of recovemble sulfur (Maddren, 1919, p. 291,292; Sweeny 
and Myers I). 

Recovery of the ~lulfur an Little Si.tkin Idand is lavoml by s 
murce of heat and enero  at the fumarole, and by a s o m  of p m  
snow water at the crater lake. Other factors hinder reeoveq : p t  
shipping distance from the world markeh absence of a suitable harbr 
for ships, rugged terrain between co& and crater deposit, generally 
inclement weather. In the face of t h e  d8icuIties it d m  not geem 
probable that the ~ulfur deposit on Little Sitgin Island will be ex- 
ploited in tha near future. In the Andes, however, aimDsr volcanic 
deposits mbj & to rigorone climate and altitude conditions am being 
mmmercially utilimd at the pmeat time (Cooke, 1954, p. 4448,71). 
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