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MINERAL RESOURCES OF ALASKA 

GEOLOGY OF BULDLR ISLAND, ALEUTIAN ISLANDS 

ABEJTEUrn 

Bnldlr Ieland I s  a mal l  volcanfc Island In the western Alentims, aboet eqttl- 
&tant from Kieka and Shemya Island& It Is the westernmost of the Aleutian 
volcanoeai that were artlve In lnte Quaternary or Recent time. The rocks of 
Brzrdir Islrnd are attrihuteri to eruptions from two voiC&nlc Writers. 'fhep 
differ in agP, are ~epara td  by n considerable period of time dering whtch the 
island andement marine and subaerial emion, and are m m t d  In space 
by the stwp eea cliff that 18 deveIoped on the older stmctnre. The rocks of the 
older volcano are cZlIeflr ollvtne hasalts and olivine-hyperstIlene baealte. The 
rocks of the younger volmno are h.ypersthene-bearing hornblende basalta and 
basaltic nndeaites. Cbemicnl analyw ef dve of the rocks ahow that the rocks 
are similar to tho= of other clrmm-PaciAc volcnnoes. Tbey are blghlg mlcIc 
and mmparatfvely rich in magnesia. Norms and Nigfffi nnmbem have nlm been 
calculated. Nwmatkelg, the rocks fur ando& and tondose; the Niggli mama- 
tgpes range from gabbrw3iorltic ta pelbltlc. Spectramaphic analyses show the 
contents of tbe rarer elements, which, in general, resemble those from other 
gmchemlc&l disbicta in the Alentlnn Islands, hut the contents of 80- d the 
elements differ from tho* found in rock frnm Adnk and Kanaga. 'Tbe youth- 
fulness of Bnldir as a land mass  IB sufgested by the fact that the fiamber of 
qeclewvf flowering plants found there Is mmewbnt leaa than on tbe neighhrlng 
Islamd~. 

INTRODUCTION 

Bddir Idand is geologically interesting becausb it is the westem- 
most outpost of Quaternary volcanism in the Aleutian Islands. It is 
geographically and ecologically interesting bemuse it is the most im 
lated of the Aleutian Islands (fig. 1) .  In 1947, from July 19 to July 
22, a Survey party, cunsisting of Will F. Thompson, JL, field asslatant, 
and tb writer, worked on the island. 
The work would not have been possible without the moperatian of 

Major John Davis, CAC, Port Cloramander, A d ~ k ,  and of Lt. Aaron 
'Isaac&, the captain of the FS 238, on which we tmveled from Adak to 
,Buldir and back to Kska Island. LL Co1. R E. Ware, CE, Po& Engi- 
neer, Ad&, and Cmdr. J. M. Oseth, Commander NO33 Adak, worn of 
great assistance, and their moperation is gratefully ecknowlsdged. 
Valuable suggestions hare been received from my colleagues in the 
h l o g i c a l  Sarvey, particuEarlp R. A. P o w m  and W. S. Bcnninghoff, 
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East Capb and Northwest Point are breedink grounds for Shller's 
sea lions. (Them islanda wem not visited and are not shown on the 

The distribution of plants in the Aleutian Islands depends to some 
extent on the geologic history. Apparently no list of the flora of 
Buldir Island has ever been pu'blishd, and a fuller discussion than 
nsulrl of the flora seems appropriate, 

A -11 collection of plants was made, and the pmnm or a b n c e  
of a few of the mnspicnous and easily m p i z e d  species, well known 
from other Aleutian Islands was noM. T h e  flora of Buldir contrash 
strikingly with that of Attu and of Z s k a  1 sland. 

Another m a l l  collection had hen made on Buldir Island by Dr. 
0. J. Murie and Mr. J. H. Steenis of the U. S. Biological Survey (now 
the U. S. Fish and Wildlife Service) and identified by Dr, Eric Hulthn, 
who kindly furnished the Iist of species (personal communication, 

O O I ~ A P T J  identies8 by Dr. &. R. Walker, d the U. 8. N a t i d  Mtlseam,empta8notmJ. 
Idnritifird ky the wrltarlatha Add. 
Idmllfled by Mr. C .  V Morton of then. 8. NatlonalManaam. 

4 Idpntlfled by D r .  C.   all, o r h e  U. 8. Natlonel M n w m .  

, 

AUyn'um felz-fbmim BU~BP. cycl~l~orurn {Ruppm~ht) Carl 
C p n s o n  {+yfefn) .a 

Lycqd~urn alpamurn Lznnaeue (Alpine elubrnoma) -,,,,---, 
Fdi l lwia  camchdceraa ia (Linnacus) Ksr-Glawler (Indian 

riceroat). 
hatanthero hypwbma (Linnseum) LindIey (Green orchid) - - 
SaIix arclico vat. abcordata (Andersson) Rydberg (Arctic 

W ~ ~ O W )  

R ( D )  
Claytoma cf. s thm Linnaeus (Spring kautg) - -  --, -, .. -- - - 
Ranunculuaap. (Euttetcu ) ,,,---, -------. ,, --, - - - - -  
Ranuncqdus acer frigid- Regel ( T ~ D  buttercup) --- - - - - - - - - - 
Cochlearia oficinnli  srr hsp. ob?agifolia (A. P. de Candone) 

FIull&n am. (Scurvy w e d ) .  
Sazifraga punciala var. inauk* AultQ (Dotted 8axtfrage) - 
PdPnlillo pncijica Howell (Cinquefoil) - . ,, . ,- ---- --- - +  -,- 
Geum cnIthifollum M~nzi rs  (Cowslip-leaved aven*) --------- 
Gsum aurcrophyl~um R-iIldsnow (1arp;e-lmved avene) ----,-- 
Geranium erianlhum ir. 1'. de Car~dollu (Ij'i'ild geranium) ---- 
Empetrum nrgr~tm 1,innarua (Crow1)erry) ---- - ----- ------- 
Viola achyroplio~cl. G r ~ a n e  (Viol~t , )  ---- -. - ,, --, - - ---- -,--- 
Herackurn lannliam M ichau x (Cowp~rani ) 
CasniopeEpopodiakaJPallas)U.Don (Ath&i~ --------- 
Primula cune~ol ia  vnr. ~dj rag i j "o l ia  (T~hman)  PXuXth 
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Mr. W. S. Beminghoff of the G e o l ~ g i d  Survey has kindly sub 
mitM the following commenta on the list : 
B y  ebeclring in the 8 volnmes pnbylabed thus far of Hm&nla Flora of aaab 

nnd Ynkoa, I have compiled the fLlowLng notes on the Sped= mll- from 
or recogdsd on Buldir IaIand. 

1. Tbe following m e a  ham wlde mbnflonn on the fad* Caa* in 
muthan m k a ,  and the Aleutians : 

A t h m m  felds-f emina sub& -* 

Lycopodfum obiuwm. 
FHHtTarim m e o h a t m m t s .  
Rdds erraamfulie ( 7  8. d i c a  in concept of Walkw). A h  E m g  Sea 
8. u r o t h  aa recagnfml by Halt& o m r n  mly on thc Arctic Comt an8 
Bedog Sea &ores and Lahum. 

Otayfoaia a'-. 
b o c h l d  omndh mbmbnp. oblonglfolta. 
Potarctau weim 
&urn mmphyUum.  
Oerrm mltklfoliasm 
Qmadma erknthtmr, 
E m p e t m  *ipmm, 
Herackurn lanatum. 
Oasafops lgkopo&olcSes. 
Srintuto cuMfoIta sarrrflm&SoIi& 
Tdentalb europama orotim. 

2. The following s u b ~ l e s  do not ham M a e  di&fbatIon orer the gened 
region : 

Platantltm k,%perW'm. No prevlons remrds m u t h e  af Matann- 
according to Hnl& 

R a - e W w .  Rerodedonlf-Bnldtrmddlai6 A m  
slan speclea 

Bazittuga pumtatcr in&&a. ProbabIy contlnmns distrib~tion on 
bat not found eaa of UnlmaBt 

Viob t ~ ~ ~ p h ~ .  Recorded irom entral Y ~ O U  teglon, EJeward W- 
gala, St. Lawrenee Isand, Ribilaia, but not from the AlenManp w the 
Pactflc Coast; T h i s  mag be a new rwrd,  or, mare likely, Dr. Walker 
conarldered the apeclmen to be e1mr t6 V. mhyFophwa than to V. Wmaib 
mpetrs whlc&,Balt&n says is vew clwly rehtd and o m m  widely Ln 
eoathern i l l a m ,  K d l a k ,  P o g ~ i  Ialand, arrd Attn Idand 

The above apedm that do not haTe wide distributions in the Chain are BOmewhat 
lesa valuable to your argament. 

The foreg~ing list is far from complete; the crgpfogams rrnd 
gpmes, which a m  h w n  to be pment, ma insdeqnatdy represented 
in the collections. 

The flora of Bnlt5.r Island ie remarkable, homsr, more for the 
rrpeciea misging fmm it than for the spwiw inclndd in iE. It was 
predicted by Halten (1937, p. 37) that cartain Asiatic specia, f m d  
on the Commander Islands and Attu, wadd a h  oocur on Buldir 
fsland. This pradiction was apparently based on the l d m t  char- 
acter of the vegetation, which HultAn saye is recognizable from the 
gee, and permits recognition of the plant h a t i o n ,  e m  without 



a visit to the idnnd. 'She prediction d~ not appear to be cdmned 
by the facts. The flora of Buldir, so h r  aa it has been studied, a p p m  
20 be like that of tha ierlands to the a&, but with mmy +en appar- 
ently missing. It was suggested by Thompson that the fertility due. 
to the unusual concentration of bird life is responsible for the luxuriant 
wgetation. Table 2 includes the species h o r n  (Hd- 1937) Eo 
m u r  on Eska or AEtu and looked for, but not found, on Buldir. It 
does not pretend to be exhaustive. All the speciea listed are relatively 
mnspicuous and easily recognizabla Most of thorn characteristic of 
tha s h  islands were in bloom on other Xands at about the time of 
our trip Q Buldir. 

The dgmihance of the plant distribution will be in tbe 
swtion on p l o g i c  history ( pp. 10-18). 
bfr. W. S, Ihnninghoff of the Geological Snmy has Hindly of BCBa 

the following comments on this list : 

A t b y .  

I*- P a b  W) ,,,-,,,,,,,----d-..-,.,,,.-.-...-.. Z i &&a arktdu Fischer (Orchid) ,----,--..-,,------,-..---,.--.,- x 
Pla6adhta diEalala Puwh) Lindlev (White bog orchfd) .,... ... , x 
Rolliu ne&Mnw {Fischer sod Mep) (Globe flower). .... . ... . . . -. . . 
Aemilsm m m m u m  P d s s  (Moobhood) - ,---, -,- ---,,.,..,..,, x 
Anemone nardssijlwa A. P. de C a o d o l l e ( W i n d ~ )  ,.,......., x 
Amnew s y I o e s k  Kostelet.etaky (Goatebeecd) -, ,,,,, ,,,.., ,,.,.,, , x 
Borbus wrrnbzlcef+zo (Chamism and Schlachtendd) Roemer (81- , 

berian mounta~n ash)',---- -,- - - - - - - --, --- ,, - -,,,,,,,-,- -,, r 
Lupinw mtkabnsi# Donn (L ine) ,-,-,,,,..,,,,,.-..-.----- x Y' Mimulus guUal?aa A. P. de Can olFe (Yellow monkey flowm)* .,,, .,.,,, 
Ciraiafm R a ~ c h a t i c u m  Ledebour (Karntcbatkan t h d e ) .  ,,,,,,- x 

B. check of nome plant ~rpeclm recorded from nearbg klenfhn n& 
found on Buldir Ialand, rermlted an lollom: 
I. !Fhe following ~pecies have ialrb continuous rmr& aXl dong a e  Chain, 

although there are mveral gam (TanawIJnaM dtstrlct, dmllr bland, and 
Buldir) where lack of records mag be due 20 lack of cdlwthg :. 

Ptatanlhtm dllatata Large gape in weetarn part of Chak 
Iris seto8a. 
Omhb arkma. 
Anemma n4mbrlWra R#mmablg thia plant would be *ed ta w p  

clllo&Uma by Hnl* and that is  common along mwt of the ChaLn, al- 
tbongb eeveral othm g a p  oErmr in the western hall. 

Lupf-w ~ ~ o i k a t m i B .  
2. Bpeciea that do not hava mntlnnoos rang= in the Alan-: 

Trolldus M e r l m u a .  The only station reaorded in Hnlm'a Flora (1931) 
IB Rbka, no that the uWfulnea8 of this 8pecies in the argument is mme- 
what implred. 

m l  
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8 MINERAL RESOURCES OF ALA~KA 

As*lwtrs svZm~feV. Although common along tbe Padie Ooast and in mmtb 
ern Alnaa, thla speclea Ilr recorded only from NagaI Island and Attn 
Island Ira the Alentlans. 

$orbars ramlluoffok Thin ia an hlattc rrpede~ wlth Its North Amesiean 
range limlted to BuldIr (Ideatlfled by Hult4n through binmhre) .  Alald, 
Attn, and Amttu Islanh. 

'Unfortunately I do not have at hand the repor& (eeattewd fn the litemtare> 
for checking Vermdm gtandipura, AohtUea bmabk, &mob pst%doumim, 
M h W e  guttattba, and QireaMlt bmt8#aldm.  

~ m n m  vozcdlQxa E O C ~  

The rocks of Buldir Island may-be ath5bnt.d ta either of the two 
volcanic centers, Buldir Volcano or East Cape Volcnno. The mks 
of Bddir Vobano are probably of Quahrnury age. 

The highest summit of the island, 2,037 it in nltitude, is apparently 
part of the rim of an old summit tuff cone of Buldir Volcano. St is 
probable that the crater of the cone was a b u t  half n mile in diameter, 
and that the center of the old crater wlrs abut  half s mile north of the 
southernmost point of the island. The steepr tuff cone, about 600 ft 
high, surmounts s c m m p i t e  cone of relatively gentle slopes. Frsg- 
mental material is dominant in the composite cane. The lavw of the 
cone am mostly pale gray, dense, holocrystallina olivine bawlts. The 
flows ere generally thin, averaging less than 10 ft. 

A lower and presumably parasitic cone (Hill 1350) roae to the 
northeast of the main cone; and its activity was probably at least 
partly coeval with that of the main cone. The small pond at 720 ft 
altitude, which I a 1 1  Kittiwake Pond, is believed not mcnpy the 
main crater of this parasitic volcano, but rather a mall maar blasted 
out of the w&m side of the wne. The prevalenca of weatwad- 
dipping beds where the pyroclastics of thEs cone are exposed in the 
cliff northeast of the pond, and the relati~ely gentle westward slope, 
together with the lack of any corresponding eastward-dipping beds 
or eastward-sloping surfacg ~uggest strongly that the gmater part of 
the parasitic cone liaa been removed. The general trend of the scarp 
separdng Buldir Volcano from East Cape lYolmno and its m m -  
blance to  the existing ma cliffs around the perimeter of the island sag- 
g e t  that the remove1 tmk place by marine erosion. Tha possibiIity 
that it was in part down-faulted seems negated by the discordance in 
trend between the scarp and the mognizeci fauIts on the island. 

The other volcanic cenfer which has cont~buted largely to the can- 
&mction of Bddir &land is called the East Cape Volcano, and the 
mks erupted by it are also comidemd of Quaternary age. 



The southwestern part of the island, formed by the Buldir Volcano, 
with its parasitic cone., is separated from the northeastern part by two 
valleys, trending in opposih directions, and heading in a pass at an 
altitude of 1,100 fk T h e  southwwtern waUs of the two v~lleys form 
one continuous mrp, and are regarded as pa* of the s ~ m e  sea cliff, 
eroded prior to the eruption of the rocks of East Cape Volcano. 

East Cape Volcano consikq of two parts, the older and higher cone 
to the north, and a smafler volcanic dome on the southeastern f lak .  
The highest remaining part of the main cone is apparently near the 
prbcipal eruptive center. Little essential pyrmlastic m a t e d  was 
erupted during the formation of this cone. The central pptrrt is 
mupied by what appears to be rt plug dome, of medium gray, hyper- 
sthene-baring hornblende basalt, grading into an andesite, similar in 
appwmnce and m i n e d  composition except for the p,resence of slightly 
more sadio feldspar. Much of tlre prewnt cone is mantled by a 
crumble breccia derived from the plug dome (pl. 2). East Cape is 
apparently a lava flow now nearly removed by erosion. 
The mast recent manifestation of eruptive activit,y on the ishnd 

is the dome, 1,667 ft in altitude, a flank eruption of East Cape Volcano, 
The formmtion of this dome was p d e d  by one or more explosive 
aruptions that blasted a lnbral crater in the southeast flank of East 

. Cape Volcano, and built a partial cone southeast of the principal snm- 
m i t  The extrusion of the dome deformed the pyrmhstic beds of the 
parasitic cone, where these were caught betwean the d6me and the oId 
sea cliff of Buldir Volcsno to the southwest of the dome. The dome is 
a medium gray, hypewthene-bring hornblende basalt. 

Becm~se of the mountainous nature of the island, alluvium has 
accumulated and has been preserved only in a few protected spots. 
The largest area of alluvium forms the flat at ths northwest end of the 
island. Where expclsed in the sea cliff, it is composed of sand and - 
p v e l ,  reworked cinders, and ash. The alluvial surf ace now ends in 
a sea cliff 15 ta 20 ft high, which must be retreating rather rapidly to 
permit the maintenance of the ~ertiml face of the cljfl. At the time 
of its deposition this body of alluvium probably was protected from 
the saa by parts of Buldir Volcano and the northastern parasite m e .  

Some high-level bodies of alluvium fill undrained primary depres- 
sions d t i n g  from irregular volcmic deposition. Near the north- 
east end of the island a ma11 body of alluvium has accumulated behind 
a bar, formed from debris moved eastward elongsllore from a large 
rohl ide  off the steep cliffs of East Cape Volcano. 
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The hchee of Buldir bland, h u 9 8  of its e x p o d  situation, ara 
predominantly narrow and m m p d  of coarse material, ranging 
in sim from boulders to cobbles. A sand beach half a mile east of 
Northwest Point is nnique on Buldir and owes its survival to the con- 
tinuous supply of h e  matarid resulting from the rapid erosion of 
the fine alluvium of the m a l l  valley south of the beach. 

Little or no evidence of warping of the rocks of the idand waa 
mn, but the island is transected by numerous Recent faults, which 
displace the p m n t  topographic surfaoe by ~90naiderable amount& 
The mean trend of them faults is abut N. 67" W., almost parellel to 
the trend (N. 73" W.) of the Aleutian Ridge from Buidir I. b 
8hemya I. 

Thore appears to be no systematic mngernent of u p b w n  a d  
downthrown sides, but this observation is based on the &splamment 
of recognizable land forms, rather than on the rerwgnition of geologic 
disp~acornents Most of the f a d h  am steeply dipping, and qpnr- 
mtly normal. The thmw, judging qpin by displmment of the land 
forrnq mngas from about 6 ft, in the case of the longest fault shown, to 
an emtimated maximum of 250 ft, on the fault that appeam to terminate 
near the small pond, ha12 a mile north-northeast of the highest point 
on the island. The marked topographic expression of these faults is 
well shown on the vertical aerial photograph (PI. 1). Sag ponds md 
other uedraind depressions are common, and in many places talus 
cones have not been ~ b l 8  to m n i d e  the upthrown, downhill side of a 
fault. The trace of most faults, however, bcomes ohcum or dis- 
appears on the sea cliffs, mgpsting that the faulting is less a&va than 
marine erosion. AlI fault scarps seen on the p u n d  wem turfed over 
et low alfiitudecr whem plant growth is vigorous. 

The origin of these faults is obscure. Recent faults, tangential to 
a volcanic center, have been described fmm Adak Island (Coats, 1947, 
p. M), but tha Adak faults uniformly have the dawnthrom side near- 
est the eruptive center about which they are oriented and the ragionhl 
strvctnral featurea have no effect on their orientation. It is hlieved 
that the faults on Buldir are bnsional structures, due to stfetchng 
aver the crest of a, rising gemticline, the Aleutian Ridge. Much 
1- scale faulting of rl volcano situated on an active anticline has 
been described in Java (van BemmeIan, 1938) . 

8EOIAK)IC Elt3TORT 

The oldest event in the known geologic history of Buldir Island 
wm the building up of Buldir Volcano. The main canter, and prob 
able source of the oldest sruptioq was  lightly eouth of the present 
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highest point of the island; law centers were mcce9flively farther 
north&. The largest m d  latest of these minor centers (of which 
Hill 1360 is the highest remnant) was h i l t  up by both extrusion of 
lava and explosive eruption of liquid and solid material. Activity 
varied from strombolian to vulcanian in type. Toward the end of the 
life of this ~olcmo,  B small cratar, now occupied by Kittiwake Pond, 
was blasted out of its westem flank. 

A period of quiescence followed. Marine erosion cut away the 
flanks of the main volcano and ih major parasitic cone (of which Bill 
1350 is the higheat point remaining). After the p a b t i c  cone had ' 

disappertred beneath t h ~  encroaching sea, a new eruption built another 
cone, the East Cape Volcano, largely by explosive activity, culminated 
by the extrusion of two domes of hypersthone-baring hornblende 
basalt, one in the summit crater, the other in a secondary crater blasted 
out of the southeast; fiank. The eruption of the latter doma repre- 
mnts the latest eruptive activity on the island. 
The subsequent geologic history of the island h a  been one of ero- 

aion, with minor deposition in protected basins. Nnmarous fauIta 
that find d c e  expression suggest that it must have been d e d  by 
many mrthquakes in the recant past, rtnd perhaps one of these was 
responsible, as Thompson s u g g e a ,  for the rockslide on the north- 
east shore, now nearly removed by the -. 

En the discussion thus far, only the relative ages of the several rocla 
Wies haw been considered. No fads that might permit dating khe 
geologic events were discovered on Buldir Island. We are forced to 
fall back on comparisons with events in better known areas, and on 
reasoning from lines of evidence other Llmn geologic. 

The most recent dome on Buldir Island is comparable in degree of 
subasrial erosion with some of the volcanic domes on Adak I h d  
that are regarded as Pleistocene or pre-Pleistocene. It must be re- 
membered, however, that volcanic domes, because of their high per- 
meability and consequent lack of surface runoff, are able to survive 
unmodified for periods of time during which cumpmite canes have 
been deeply denuded. Similar eff e d s  on cinder canes have been noted 
by Cotton (1944, p. 150) and von Engeln (1942, p. 608). It may be 
expected that a dome, having a deeply fissured wrttpace, will be modi- 
fied to some extent by mechanical disintegration and bI& fall, the 
eEe& of which will be warwly distinguishable from the after-effects 
of the act of intrusion i t d f .  The high permeability will minimize 
mlifluction as an agent of reduction, and the coarseness of the blocks 
will d u r n  the affects of snow to a minimum. Hence, degree of e m  
sional attack is not a very sensitive measurn af relative age of volcanic 
domes. 

The eff& of marine erosion on Buldir Island may be cornpared 
with its effacts on Castle Rock, or Old Bogoslof, one of the Bogoslof 
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p u p ,  which has lost, since 1798, most of its orjginal area of about 
two square m i l a  Factors which may invalidate a direct comparison 
af the two ~olc&no~s are : The nnknown effect of explosive episodes in 
both volc~%noe~, diffmenms in sizes of blocks which must be removed 
by wave action, and diffsrenc~ in height of the subaerinl sen cliff. 
Neva~theless, it seems remnabIe to belie~e. that the &.ge of Enst Cape 
Volcano may be on the order of a few thousand years. 
The differences between the flm of BuIdir and its neared neigh- 

bors, Kska and the n'ear Islands, are suggestive as to the relative was 
of these islands. Unfortunately, other factors besides the relative 
agea of the seveml land masses involved must also be considered. 
Among these are relative a m ,  clirnstie conditiom, suitability of mil, 
bird ~ n d  animal life. The observed fact is that a number of Aleutian 
plant species, including some of those most widely difitributed on other 
islands, in both directions from Buldir, are missing from that island. 

It is mncdvable that an island of very small area might have a very 
restricted flora, for either of two masons: It is too s m d  a target for 
the migrating plant to hit by chance, or the limited nrea affords no 
suitable site for the plant to become established. Both of these ma- 
mm boil down to o n s t h a  small chance that the seeds of any given 
plant will land on e, site suitable for asCsblislment and reproductioa. 
On the other hand, the influence of area must be less for some means 
of dispersal, such as migrating land birds, than for others, such aa 
wind. Too little is known about the method of dispemtI of the Aleu- 
tian plants to permit any conclusEve statement. The effect of area on 
the chanm of settlement should be greater for the relatively rare 
plants, but some of .the plank not present are among the commonest 
Aleutian plaata. 

Climatic mnations, soil, bird and &ma1 life should have been 
relatively uniform in Kiska, Buldir, md the Near Islands during 
the I& few thousand years, with any advmtage on the side of Buldir, 
h u s a  of its lower altitude and absence of strang chilling effect of 
large areas above the snow line. At present, the distribution of bird 
and anha1 life m n g  the islands differs considerably, but many of 
these differences a m  due ta the coming of the white man, and can have 
had little or no effct on the distribution of the plants. 

Rnldir Island is approximately half as far from Attu as Attu is 
from the Commander Islands, and ahut as far from R i b  as it is 
from the nearest of the Near Islands. If Buldir, as tt land mass, were 
as old as Attu, it would be expected that the flora of Bnldir wanld 
be like that of Attu, but mmewhat lkw Asiatic in aspect, as suggested 
by HultQn. If it were as old as Kiska, it would be w t e d  that it 
would have nearly every species common to both Attu and Kiska 
and perhaps share with Attu some not found on Kiskrr. If Rr~ldir 
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faltrnd were younger than either Attu or Kiska, it might be expected 
to have a restricted number of species, as compared with either of 
those islands. This last indeed appears ta be the ease; the evidenca 
of the flora, insofar as it has been studied, bars out the impression 
conveyed by the physiopphicnlly youthful constructional volcanic 
slopes of Buldis Island. The evidence of the f lor~ also suggests that 
Buldir Islnnd is $ wholly young island, and not the last remnant of 
a l ~ r g e r  and oldlJr islnntl, owing its preservation to the recency of 
rolcanic activity at this center. It might be suggested that Buldir 
Idand is older than the flora mould indicate, but that an earlier flora 
may hava &en destroyed either by volcrtnic eruption or by glaciation. 
Such complete destruction is believed to have taken p l m  at Krkatau 
( h t e r s  Van henwen, 1929, p. 60). mere is, however, no evidence 
of rt paroxysmal eruption of a, violence sufficient to destroy all the 
vegetntion ; a,nd there is no evidence that the islmd was ever glaciated. 

All the rocks of Buldir Is l~nd are h a l t s  and basaltic andesites. 
Textures have been studied in thin section and cornpitions of min- 
erals determined from refractive indices in immersion oils. In gen- 
eral, the rocks of Buldir Volcano am olivine basalts and olivine- 
hypemthene bnsalts. A rock from the main cone (47AC27) is a holo- 
crystalline purplish, somewhat poro~~s rock, with a maximum grain 
sim of 1.5 mm. It consists of about 70 percent pIagioclase, from Anpo 
to Anm in composition, with a median of a b u t  An,; about 5 percant 
olivine (Fa 20 percent augite, 3 percent magnetite, and 2 percent 
of pseudomorphs of magnetite and nugite after hornblende. The 
hxture is intergranulrtr and essentially seriat~, as no well-defined 
break in range of p i n  sizes is present. The smalIer grains of augitg, 
ranging in size from 0.1 to 0.04 mm, are, together with magnetite, 
interstitial to the somewhat lath-like crystals of plagioclase. The 
olivine shows a slight color zoning, the outer part hniing a higher 
index and slightIy darker color, presumably reflecting a higher content 
of iron. 

An early flow (47AG31) from the northerly parmitia cone of Buldir 
Volcano is purplish gray, dense, and porphyritic, with a maximum 
grain size of 2 mm. Of the total volume, 35 percent is plagioclase 
phenocrysts, zoned, ranging in size from 2 to 0.6 mm, with a median 
composition of A h .  Thrm percent is olivine with a composition 
about Fa,. Two percent is made up of augih and magnetite in the 
form sf p*udomerphs after hornblende, nnd about 1 percent is hyper- 
sthene with & composition of about Enas,,, judging from the n e e -  
tive 2V of about 60 ". Some hyperstheno crystaIs have augite j acketa. 

2 2 1 8 3 W 8 8  
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7 % ~  gronndmw, about 60 percent of the €OM ~olume, includes about 
50 percent plagimlm, 3 pment hypersthene, 6 percent augite, and 
ocmwi-1 p r i m  of cloudy apatite. The texture of the groundmass 
is also intergranular; between the plagiwltrse laths, m+g in lanm 
from 0.2 to 0.07 mm and in width from 0.02 to 0.08 m, t h e  are 
pyroxene granule8 from 0.04 tO 0.01 mm in size and slightly smaller 
granules of mrtgpetita 

Inbrstratified with lava flows on the sea cliff northeast of Kitti- 
wake Pond, at an aItitude of 760 ft, are layers of wential basaltic 
lapilli, consisting of hyalophyric olivine basrrlt, The rock includes- 
50 percent of Iabrsdarita phentrcrysts, 10 percent of divine, 5 per- 
cent of augih 3 percent of pseudomorph~ of augita and mapetite 
after hornblende, 2 percent of hypersthene, 2 percent of magnetite 
grains, and 28 perant of brown g l i a ~  with a mean refractive index 
of 1.587. The glass is probably andmitic (George, 1924). The 
groundmaaa ia exceedingly fine-grained, and mnsish of unorimtd 
prisms of augite and laths of plagimlaae, with small grains of 
magnetite, and interstitial glass. 

A later flow (47AC26), forming the small hill (Hill 1360) sonth of 
Kjttiwake Pond, ia a pale gray, poroes holocrystnlline olivine and* 
sit$ about 77 p e m t  plagioclasg which ranges in cumposition from 
An,, to An,, and averages about An,. Clinopyroxene graine, 0.1 ta 
0.5 mm ( D a b ) ,  make up 15 percent of the rock; o l i k  p i n s  
(Fa*), ranging in &e from 0.2 to 2 mm, about 5 percent; md mag- 
netita grains, 0.1 to 0.6 mm in Gze, about 3 percent. A trace of 
hyprathene is p m n L  The eeriata texture ia ementially determined 
by the presence of stout subparallel laths of plagioclase with inter- 
stitial grand= of ~Iinopyroxene and magnetit& 

The mka of East Cape Volcano include hypemthme-bring horn- 
blende basalta and basaltic and&& All are dense, medium gray 
mclrs, with 8'0 to 90 percent of plagimlasg ranging in composition 
from h0 to An,; 10 to 16 percent of hornblende, which is brown, 
with a deep black mrption border and a low extinction angle; and 
about 1 percent of hypersthem (47ACM is typical). Two percant 
of magnetite and a small amount of apatite, in cloudy prisms r -  
in size from 0.2 to 0.02 mm, are also present. The pmdmass is a 
v q  he-grained nnorientated aggregate of prisms of oxyhorn- 
blende, angite, laths of plagioclase, and grains of rnagoetite, with a 
little interstitial orthoclam. 

Significant information about the basement rocks of this p& of the 
Aleutian ridge i~ given by a mall  xenolith of hypemthme p u l i t a ,  
with a wall-dehed Eayering, and Linestimi apparentIy parallel thereto. 



The b d  with the b r  heation consists of relatively long prima 
of hypsrsthene and more equmt plagioclase, ridded with inc'luaiona 
of odoclase. The other bed has a aimiIar composition, but it has 
no directional texture and contains a small circular mass 
of slightly d3ering composition in which greenish-brown biotite 
and orthmlnse are notable. Apparently this accidental xenolith is 
a product of the p n u l i h  facie3 and mpreaenb a region of high 
grade d o n a 1  metamorphism. The plagimlase crystals of the xeno- 
Lith continued to grow where they were in contact with the magma 
but show rapid zoning to less mlcic composition ; the only hyperaene 
grain in contact with the lava seems to have been convertad to 
brownish hornblende. 

Soma blocks of volcanic rock have bean reheatad locally:, afhr 
mlidifwation, by gases diffusing iato them from narrow crack 
Bfegaacapically, the alteration is shown by reddening; micrmcopi- 
cdly, by a darkening of the hornblende, a decrease in its extinction 
angle, and production of pleochroism in the apatite, which becomes 
noticeably yellow for the fast ray, Similar chanps in hornblende 
in the M w l l e  Buttes intrusive were attributed by WiUiams (5929, 
p. 192) to raheating. The material erupted by the Marysville Vol- 
cano was lesa extensively oxidized than that just described. William 
demonstrated by experiment that the temperature could not have been 
higher than about 600C under oxiditzing conditions, or about 800C 
mder neutral conditions It may be inferred that the deeper pea* 
tration into joint blwks of the oxidation, manifested by the reddening 
md dehydration of the hornblendes, i~ due to ths longer period 
during which the rock8 of the central dome of the East Cape Volcano 
were exposed to heated gases. The extremely unsorted, chaotic, and 
unstratifid charachr of the mshrial making up the sea cliffs on the 
north side of the mountain snggasts that these breceias were pduoed  
by crumbling of a lava dome, perhaps disrupted in part by weak steam 
explosions (pL 2). 

The dome on the f l d  of ??kt Cape Vlcano (47AC30) js also s 
hypersthene-bearing hornblende basaIt, pale gray? porous in struc- 
turg with s faint linestion due to the orientation of the hornblende 
prisms. About four-fifths of the marser part of the rock consists of 
p l a g i d m  grains from 0.02 to 0.6 mm in size, with an average c o m p  
aition of &,. Hornblende, about 10 percent by volume, is greenish 
brown, and the needles are from 0.02 to 2 mm long. The bypersthene 
prisms, which form about 3 percent of the rock, rn from 0.02 to 0.4 
mm in length. Magnetits grains make up about 2 percent and augi;ite 
about 1 percent of the rock. Traces of apatite, olivine IF%), and glass 
(n= 1.515) are present. A small momt of rsnalcime ( ?) appears to 
replam both glass and plagiocl-. The $soundmass, which forms 
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about 20 percent of the whole m k ,  consists of unoriented augite need- 
les, averaging about 0.0002 by 0.02 mm in size, plagioclase crystnls, 
0.01 by 0.02 mm, and magnetite granules, in glass. 

CRmnSTBP 

Five of the specimens collected from BuIdir Island have been ana- 
I+ in the laboratoriss of the Geological Survey, and the results of 
the analyses are shown in table 3. Also included in that table are the 
norms, calculakd by the use of von Philipsborn's tables (von Philips- 
born, 19331, tha Niggli values (Niggli, 1923, pp. 60-62), and the Niggli 
magma-type (Buwi and Niggli, 1045, pp. 31-82). 

The fpecimen numbers at the head of the colume correspond to those 
ghen in the petrographic descriptions. 

The analyses canfirm the resnlts of the petrographic descriptions, 
and show that the rocks of Bl~ldir are normal basalts and basaltic 
andesitm, like those of other circum-Pacific volcanoes. 'She range 
of chemical *ariation seems to be mall at BuEdir Island. It is notable 
thrtt the latest rock ta be erupted is one of the most silicic, and the Pis- 
cosity of the erupted material is high, although the rock is less silicic 
tban rocks from similar domes at other circum-Pacific volcanoes, It 
is possible that this eruption signals the end of the eruptive history 
from the magma chamber beneath Buldir, which i s  not only the most 
westerly in the line of Quaternary Aleutian volcanoes, but also one of  
the gmsllest. Perhaps the m a p n  chamber in which the diffemntia- 
t,jon took place was never as large as those beneath some of the vol- 
cmoes farther east. 

T ~ s t t  a . - - a d d  campoailion and paramttcrs of VOltanic-rack 8pcl~itN#l6 from 
Baridit Island, Aleutian JsEonde, Alaaka 

A. C h d  n W m  I s  IglD.e wdItmnIa 

[A. C. Vllsldl~. aadpm: flame-photometer aaalyaea of slknlien hy W. W. Brannmb] - 
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nlt ............................-...--.. I 8.4 1 7 11.8 

1 E h m h  looked for, but not found: LB, B. Pb, Ba. AX. Pt, Pa. 81. As, Rh, TI, Mo, Zn, Cd, on, In. * sea h-lmu, 15-23, m. @M!2. 
see B o d  m d  N l ~ g n ,  Y M5, pp. 31-32, 
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X b m H T I g T I O N  OF TBE ANALTEED ROCKS 

The ma11 number of analyzed rocks makes it difficult to arrive at 
any conclusions regarding the course of rock differontiation shown by 
the rocks of Bidir. 

Tha analyses, when plotted wins t  silica percentage in the ususual 
manner, show both resemblances to  and differences from rocks from . 
the htter-known centers of Adak and Kanaga Island (Coats, R, R., 
1969). 
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The W - l i m e  index, obtained by &mpoIation of the bee for 
calcium and hhe sunl of tbs alkaLia beyond the region of the ~mnralym, is 
about 843/2, which is compsrab1s to and perhaps slightly more than 
that for the A d d  and Kamgm&. The highly mlcic nature of this 
part of the province is c~~mpirmous (Peacock, 1981, p. 84). The cal- 
cium curve is flatter than that for Ad& md Ranaga; the curve of the 
iron ox id^ is flatter and, in general, below that for Adak md Kasaga ; 
and the curve for magnesium is abooe and much steeper firm that for 
Ad* and Kanrsga. The curve for sodium is W a r  to that for Adak 
and & n a p ;  and that for potassium is nearly psrrtllel to and only 
slightly lower than the curve for Ad& and Kanaga. Mindag i -  
cally, these difperenc~s suggest that in the Buldir rocks magnesium 
minerals, particularly olivine, have been concentrated at the basic 
end, md that calcic pleoclase  is praaent in all the members ; in other 
words, differentiation has taken place chiefly by mrnov~~l of ferro- 
magnesian m i n d .  

A type of diagram which shows the relation of rocks by plotti~g 
Mg-0, FeO, and alkalis- as the three vmirtbles has recently been used 
with mpxm by Poldemaart (1949, pp. 177-188) to show the conhsts 
in tmnds of diflemntiation between the cdc-alkaline d e s  md the 
basaltic sari= which show iron enrichment. Because of the cormmon 
md inwmtaxlt degree of oxidation of the iron in volcanic m k q  it 
mmm best to rn- Poldervaart's diagram by adding to the FeO the 
amount of FeO mrresponding to the FsO, fomd by analysis. 
does not distort significantly the relation betwan the wlymd r a c k  
In such a diagram the points which represent the average basalt, mde- 
site, dacite, and rhyolib of Daly fall on a fairly smooth curve which 
is convex toward the i o n  corner, and trends toward a point on the 
iron-alkali side about 15 percent of the way from the alkali mmer to 
the iron mmer. In a mrim where iron enrichment bas pEfq the 
plotted p o h  fall on a Tine above the calc-alkaline c m e  had mom 
Aarply convex toward the iron corner. The anaIy8es of tbe Bnldir 
rocks dl fall below the mlc-dkaline curve. 7310 position of the points 
representing the Buldir rocks is shown on !igum 3, together with four 
points representing the Daly avemges (Daly, 1983). The mason that 
the p l d  points for the Buldir mh fall below the mlc-s-e 
line is the high magnesia and the low iron content of the analyzed 
&. 

When the Niggli numbers are ca1mrlat.d from the ana1pe, hom~er~  
and plotted in a section of the Niggli tetrahedron, thEs mntmst is con- 
maled by the combination of iron with magnesia in fm, and the points 
are p u p e d  very closely. h tbe diagram, f&re 4, the dotted h e  en- 
closas the  positions of 17 a n a l p  of rocks from Adak snd Kana@ 
Lslrsnds, The relatively m a l l  d e p  of variation is well Bhown by the 
mall field occupied by all the plotted points. 
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The d t a  of qmfmgmphic b p s  of the mdymd rmka are 
a b  shown in table 3, tupther wihh 8 list of the elements looked for by 
the qectqpapher, but not foend. The limits of sensitivity of the 
apectrogmpEi~c method that was u d ,  for some of the elements in t h ~  
lattar atagol.g, are shown below (K. J. Marata, pemnal. cornmumica- 
tion 1. 

Xla -------- 
a -- 
Pb - - - -  
B e ,  __--I__- 

Ag ------------- 
a -----1 

Cd - -  
~,,,-,,,-,_--, 
Pd---------,------,*- 

A omparisen of the rssultrr for thaw m& with thme for the rather 
similar volcanic rocks from Adalr and Kanaga I h d s  mvds  .certain 
IsE.gnSatnt similaritim and differences, In general, the elementa 
found in ther Bddir rock were prasenlr consistently also in the 6 



1Em 4-RdatJm4 of 41, aIk. and c+fm la volcdc mcku from Bmldlr Zalnada, plotted 
in A sertlom of the Nlggll teimhedron thatincIudee the nl-alk edge. 

h m  Adak md Kanaga, in which, however, muk others not present 
nt Buldir. In a 8tl~EEg of the Adak and Kmaga m b  (R. R Coats, 
1952) sipXcant differenas between the two islands were found in the 
mtios of the rarer constituents to one rtnother and to the more common 
constituents for which they are able to proxy in the space lattjcm of 
the several rock-making minerals. This is also true of the Buldir 
m&, as compared with those from Adak and Kanaga Islands. 

The ratio of strontium to barium, as shown in ths earlier stndy, 
is consistently higher in the rocks of Adak than in those of h a p ,  
being independent of the silica percentqy. In the rocks of Buldir 
Island, this ratio is g e n e d y  lower than in thase of Adak and higher 
than those of Kanaga, as is shown by their plotted positions in 
figure 5. 

This relation probably reflects original difkmncm in macentration 
of strontium in the magma rather than diffemnces in the amount of 
barium. Barium v a r i ~  here, as in many rock wries, in a nearly 
constant ratio to  p k s i n m ,  which it mplaoes in potash feldspar 
diadochically--9 relationship d h e d  by Ra.nka.ma and Sahama (1950, 
p. 121) as follows: "Two atom or ions owurring in a- mineral are 



Fmnm 6.-Tielntlan of the e~o~~Murn-hrlrrm xatfo to the f l e a  percentwe in trr1~anlc 
roeku from Buldle, Adag. and E a u m  Wands. 

called diadochic if they a m  capable of replacing ewh other in the 
strncture of the mineral, each occupying the other's position." The 
barium-potassium ratio (see fig. 6 )  is nearly uniform in the mks of 
the t b  islands ; in all of them it is approximately 0.025. 

Nickel, cobalt, chromium, and vanadium are commonly owcentratsdl 
in f errcimagnesian minerals. Nickel and cobalt substitute diadmhi- 
d l y  for magnesium and am consequently cancentrated in the magne- 
sium-rich minerals. Over a narrow range of diff erentation it may 
lm possible to calculate a ratio of concentmtion of the rare element 

* 
Buldit Island 

X 
K m q a  blond 

d 

Adok Fslond 
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Adak and &raga, This contrast is &own by figure 7B, where the 
results show that the nickel mte11t of the Buldir rocks nut only is 
higher, but it incremes more rapidly with increasing confent of 
magnkurn then in the Adak md Kmaga rocks. This rich- in 
nickel is in part sa reflwtion of the higher magnesium content of fie 
Buldir rocks; and both may result from enrichment in the early 
formed magnesium-rich ferromagme&ns, which Vogt (1De3, p. 326) 
showed to kw richer in nickel than the later-formed onea 

The amount of chromium is dso much higher in the mdm h m  
Buldi~ Island than in those from either Adak or K a n a  as is 
shown by figure 8. The maximum found is 0.2 p n t ,  wheress the 
bighast in the m k ~  from the; other islands is only one-tenth as great. 
The nature of the minerals that carry the chromium is not h o w  ; 
because of t h e  resemblance of the curve to that for nickel, it is pos- 
sib& that chromium may, as suggested by Rankma and Sahama 
(1950, p. 622) be prmnt as a diadochic replacement of magnesium 
in the ferroml~gnwian ninerals. Them is a suggwtion that bath 
chromium and nickel are more ~bundant in the rocks of Buldir Idand 
than in those of Adak and Ranaga Islands 
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