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INVESTIGATION OF ALASKAN VOLCANOES 

GEOLOGY AND PETROLOGY OF THE PRLBILOF ISLANDS, 
ALASKA 

R?- TOM F. I\'. B.IRTH 
ABRTRACT 

The Pribilor Idatjd~,  uituat,ed between 56'35'-57"11' north Fatittrdc and 
1R9°35'-1 J0°24' wmt loilgitude, are dominantly made up of lava flolw and  ills 
of basaltic habit (mainly olivine hydobasmit~), with minor amonnts of pyro- 
clasfic tuRsct.oua matrrial and ~lacitll ~ e d i m ~ n t ~ .  Jn parts of 81. Geor~c! lala~rd 
thew is a 1 ) ~ ~ t l r n ~ n t  of periodotite. Basio dikes an= common, arlrP s 1 1 l l i q l l ~  

occilrsvncp of a cornponitr lrplit~ dikc was not,ed from l ,hc unilthrarrt eowt, of Sib. 
Cror~o. 

So tract nt ~laciatinn In m e n  on tJic surface of the isl~111dt4, l ~ i t .  I,lir top nf i ha- 
I)ascbtr~r~~t prritlot itr, which ir pracf ically horinor~t,al, is ~I~vio11n1y g1fwEat~d alltl 
fos*il nltrll* arc- ct-tnc*nicrl dirwt IF on t.tlis ~laciatrtl ~urfncv. Tllr log.rilu rallgt' ir~ 
a~c! from P ~ P ~ ~ ~ U C C I I P ~ O  Rrcmt. Glacial stulin~~ntx, cornrnc~~llp ir~t,~rcalated with 
Imsaltoid flolvl~ and sills occur in Inally locslitiw on St. Ct.orgc Inlattd, St. Paul 
hEarlr1, a td Chter Island. Thc basal conplarnerat~ ha* t,oi~ldt~rs of peddatite 
in many plat-. The sediments are coarsp ~ r a i n d ,  polyrnirt, and many are 
cromheddrd; locally, the thickness is at lest 325 fcet. 

By b r g ~  fis~ure eruptions the Pribilof arrs was built up during thc late Pleisto- 
cene. The area may have maintained a high avrrwc  levat ti on in early Pl~is- 
tooene. Rut, lat,er a general foundering of thc arra, in combination with Rsnurinp;, 
rrtult.ing, and outpouring of lava, r~ducrd t h ~  arca to a low position, mcillatir~g 
nroullcl sea level, wherc it r e m ~ i n ~ d  during t tle ~ c ~ h ! a v q ~ ~ ~ n t  volcanic hi~ttor?.. 

Thc tuffaceous material cont,aina rraplrnpt~ls of pwidotitr. clear olivine, black- 
green hornblende, and cleavage flaakrn rlf frld?ipar or a rst her t~nu*ual cotnposition: 
about Orla AbM. 

The pyroclastic racks are basaltic ~ n r l  cl~~-inicaIIy identical to the bl-as; hut a 
very small amour~t of a pt tmic~o i~s  pla~s  of rhyolitic cosnpmition found st 
Polovina HiIl on St,. Paul Islaud. 

All dikes, Rows, and silla are undr~turatcd III  silica and correspond to oli\-ii~~ 
h~salt-basanite; the average of sown flown nhowa 6 percent nepheline in t,he Iioran. 
Otie flow is chemically an olivinr hmalt, but usual in its mineralogic relatiollu, 
porisewhg olivi~re and pb~gioclailtr au t l t v  o~illly cryet&Iline sili~at~es; t h ~  grourldlnaw 
is gIa~sy. This rock is callrd gla?r4p olivine basalt, Pribilof type in t,hifi report. 

Thc dikes aw p ~ t  rograpltically olivine hasalta, basanites, limburgites. When 
a glass imse is present in dikm or f l o w ,  it tcnds toward a phonolitic composition. 
The glassy rhyoIit~ dow rtnt rcprwent a residual liquid derived from the alkalio 
magma of the lava f l ~ w ~ .  

101. 



The alkalic charnetps of the Pribilof magma is assurn4 to reflect the tectonic 
environment-gmt crustal alnstahility, vertical fauIting, and block elevation irk 
the hinterland of the oroppnic island arc of the Aleutian chain. 

INTRODrCTION 

LOCATIOI AND PHY8lCbL GEOORbPHT 

The Plihilof Islands nrc situntctl in the  T h i n g  Sca about 250 
rnilra north-northwest of Drrtch Harbor in Unataska. T~IP  rxist,rncc 
of these. islands seems to tmvr b ~ ~ n  lcrlow~i to thc  native Aleuts long 
before the first white men, pilotcct by- thr Russian hunkr and explorer 
GavriIo Pribilof, landed in 1786 or1 the aoulhrrnmost idand and 
nnrned it  St. George. In the following ypnr t lie north~rn island, which 
was cdled "Pet.er and Paul", was dpscriptl and visited (Elliott, 1895; 
Grewingk, 1850, p. 185-181 : V~niaminov, 1840). 

The nnmc "Fribilnf Islfinds" is now g~nrrallp npplirtt to t h  wEinltl. 
group of islands. I II t t ~ r  Alcrlt Iangnwr- t t i r y  wrrr collrtl "Amip". 
Otl~clr names that' llnvr been applirtl ia t,t~rrn iwrr t lw "Kr!w Islands", 
the "Northern Isles", the "Seal Islands'" well as the Kussiar~ 
dpsignations : "Lehedev 0st.rova" ancl '%%ubov". 'Chr largest island, 
originfilly named "Peter and Paul" is  now usunlly rrlcrred to as St. 
Paul Island. The group consists of fiw islands for ~vhirh grogr~phical 
data nrp g i v ~ n  helox. 

7"he Pribilof Jslanda 

Wdrus Island and Sea Tion Rock (being translations of the Rrlmi~n 
Monlrovyy and Sivucl~y respectivcld are very small, and in storm?. 
weather the breakers wash over them. 

All these idande me made up of lava flows of bwdtic. habit nnd 
nlkaline character ( b ~ s d  t s ,  olivina basanite) with minor amounts of 
pj~orlastic t,ulTaceous rn~t~crinl nnd in  tercnlatcd sedimentmy berls. 
Excellent exposures arc scrn in t,Ilc Ilk11 sea cliffs (fittaining in St. 
George Island an altitudo or 084 f ~ ~ t ) .  The oatemps src partinrlarly 
good where the waves have clraned and polished t.he rock surfaces; 
in other places the r n o v ~ r n ~ n t  of the walls has made the ground bare 
and, indeed, polished thp mcks (Jordan, 1898); in many pIaces in 
the interior, soil and plant cov~r  is so spame that the hard rockg are 
excellently exposed. 

Q~oaraphtml mition I- <\*& 
IIlahrst 

M' . 
Bt. Pau? Tsland ......................................... 67'10' 170°iV 1 4  WZ. h 
St. Ummr Island. ..................................... 5R0:35' 6 0  

Jit1*24' 
lKInLW' 
l iU01U'  

Utter Cslihnd ......................................... 
IVulrnl  Isl~mtl.. .......................................- 
B ~ 3 1 . i o 1 1 H l r k  ....................................... 

Sm' 
L7a11* 
5i006' 

3.5. h 
.:7 
.02 . I113 

lllrl 
235 ........... ............ 
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The expedition to the Prilrrilof Islands took place in July and August 
1948. The planning of the trips inside the Aleutian area, the estab- 
lishment of the necessary lorn1 contacts, nnd in shortj, the bmden 
of the arrangements for thc e,xpcdit,ion was home by F. hl. B p r s  
to whom I wish to extend mj- hcartj- LLlt~nlm. 

In the field 1 enjoyed t,hc pleasant company and interesting discus- 
siom of Mr. G. R.  &nett. Valuablo information and kind assistance 
was always freely offered by the officials of the soding operations, 
directed by the Fish and Wildlife Service; in part,icular my obllga- 
tion to Dr. V. B. Scheffer, Brnncl~ of Wildlife Research, is gratefully 
aclmo~-lcrlged. 

Thc mabrdttl rollovted tvus i t 1  ytirt worked up in tlic I)c.partrrwrit of 
Gcology, U~~ivcrsity of Chicago. To tlie chairman of the depwtme.nt, 
Dr.. W. H. Newllouse, 1 wish to cxprcss my gratitude for stimulntitlg 
discussions and for free use of tlic facilities of the department.; to 
Mrs. Ursula Chaisson I am greatly indebted for mirroscopic determi- 
nstions of a great number of rocks. 

ST. PAUL IEiLAND 

LAVA FLOW13 AND BABIG DIKES 

h v a  flows and sills of basaItic habit makc up the bulk of St. Pad 
Js l~nd.  Some iriclividnaJ flows seem to merge into each other, but 
in many places they car1 ho disti~~guished, and trhickrlesses from 10 
inches to 7 ymda wcrc measured; still thicker flows probably exist. 
Sornc flows are vesictrlar, soinc arc dense. In placcs the top part of n 
flow may be highly vcsic~dar with a S C O ~ ~ ~ C P Q U S  surface whereas tlie 
bothm part is dense. Figure 17 shows a pec~diw difference in the 
wieutatior~ of the vesicles of two successivt: lava flows. 

0 1 1  the surface of the island no trace of glaciation is notiaeablc. 
Some of the Iavn flows lmve nn eVQU surface and are dotlicd with a 
thin 1 a - y ~ ~  of moss and grass. Ot , t~ t~s  arc very sparsely overgrown and 
map have a vrry uncvclr~ surfttc:~ of lava "wavrs", spongy scoria, and 
lavt~ foam, as if t811cy wt'r~ ~ n t ~ d c  ycskrdny. Bctwcpn Fox Hill nnd tJhr 
west coast is a rt~thcr extcrlsivc lsvu fidd with rt magnifice~lt display 01 
miniature volc~b~ii(: forms: a mu1 titude of hornitoes, chimneys wit11 
foam and splatters, blowholes, diatremes, and miniature cratcru. 
The somemllat older lava flows surrounding North Hill are pitted with 
pot.hol~s and nitt~rl with furrnws, which nrr! nnw rov~reii by vegsta- 
t ior!. I II 11 11 prol~ahilil y thrp r ~ p r ~ s e n  t forlus antllogcrus to the horni- 
tous, tx-u t t~s ,  t~nd otbcr forms of thc Fox Hill Aow. They suggest 
multiple-vent eruptiolzs arising from tho wnfluencc of lava flows 
from n large number of small and doa~Iy s p ~ c e d  orifices (aerial erup- 
tions, according to H. Reclr). However, the vents feeding the severd 
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orifires are highly hypothetical; in conformity to ohserva~ble facb 
and in analo~y wit,h t h ~  explnnation advanced by Thomrinsson (1951) 
for similar. formations in the lava flows of hilvatn, Iceland, the mini- 
nturr r l ~ i r n n ~ y s  and blowhoIes of thr l?ox Hi11 flow m e  b ~ t t ~ r  explained 
aa pscudocraters formed by st:lnm from water trapped in hollon~s 
lander t,be ~ R V R  flow. 

TIIF! sourrps of t ,hp many lnvn flows sre not obi-ious. In the island 
itsplf  the following ohs~rvnt~ions are p e r t i n ~ t ~ t :  The cent.ra1 portion 
risrs to n hoight of 587 f p e t  culminating in an old crater an Boposlof 

Frcma 17.- W l w r  ondhlrrl 1nk9 mulh d t h ~  rU&'@. St. Pnul hlunrl, l h r o u ~ h  twn flows, arpnrntrrl lry 
a-Ia5x-r. 'In thr topitow f t c  v d c l c ~  urn ;illntxl vvrrtlcr3lly; In 1hE trottom now t l ~ c y  nrp arrrbngrd 
horisonl;llly. T o t 4  t h k k m .  IF$C. TWI. 

Hal, out of which lam has flowed, as oh~rrved by Stanlr,v-Brown 
(1892). A hroad flow, c?asiI_v discerniblc, cxtcnds c~stwnrd from t,hr 
southern top and straight toward hike Hill. At thp aonthrrn cltige of 
rbis flow is an extensive fissure trpnding about cnst-nortllrwt nntl 
partly followed by a dike of vrsicular, glassy ch~ysoplly~ic hynlobw- 
sanite. Approximately 1% mile south of BognsInf Hill, nt a plilcc cdlotl 
Xnminista, additional l ~ r a  flows of olivi~le-rich basanitcs appnrrl~tlv 
o r i ~ i n a t ~ t l  in a system of fissures trending nortlieastwtlrd and soutJl- 
m - ~ s  t ward. 

Most of the  St. Paul lava flow seem to h a m  issued from fissures, of 
wldc1-1 only traces can now he scen, but tho existence of such fissures, 
prcsumahlj+ in large ~mrnbers, at the spa floor of t'he Pribilof mound i~ 
probable (scr p. 153). 

Bogmlof Hill, n volr~nic cone, and a large numher of cvloxion 
craters arc prominent landmnrks on the idand (fig. 18). Thc cxpIosion 



POLOVINA b 
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Northeast Point U K E  Hill. 
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F I ~ : C U Y  Ii.-\'k,~. from Norlh PI111 looklnge;,srw:~;d, St. PR~EI ]rkncl. 
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c r a m  (tuff rings) cannot be regarded as potential sources of any 
extemive lava flow, for thek prodttcts, in addition to the original vapor 
and gases, are pyr'oclastic rnatcrjd of various kincLs now conspiruons in 
Ihe crater ruitls or deposited on the  slopcs of tlio cones and on thr sur- 
rounding lava fields. (See figs. 19 and 20.) 

Crater Hill (515 fcct high) as an explosion crater whose semicircular 
southern wdl is perhaps a ring dike; the other walls are of pyroclastic 
rocks. All the other craters, as marked on the map, me made up of 
pyrodttstic and tuffaceous materid and no traces of Iava produced by 
these craters can be seen. 

Reistocene sediments occupy an intercda,ry position between the 
lava flows and me ex-posed in vertical sections along the stee,p sea 
cliffs. But, as they mrely appear on horizontal surfneesl, t h q ~  cannot. 
lw ~J iown  on tho map. The most ranspicuous deposit is at thn ~xtwrnr 
soubh~astrrn dioro, straight east of the village on St. Pal11 Island, in n 
placed called Black Bluffs (see fig. 21), nhicll ront,nins wabpr-laid 
poorly consolidated agglomerates, probably d~unped by iw bemust! of 
the polymict character--man-sized boulders mixed with pebblps, sand, 
and even clayey particles. Crossbedding is common, and in places 
conspicuous. Most of the material is derived fmm bnsaltic rocks. 
The graveyard of the viIlage is on top of these beds, 

In many other places in t,he scrt cliffs inte~calat~ed sedimentmy be& 
may be seen, for example between Village Cove and Tolstoi Point, 
at Zapadni Point, dong the precipitous west mast (Rush Hill, 655 feet 
high, and Einahnuhto Bhiffs). 

The sediments contain fowiIs that rnngo in age from Pleistocene to 
Recent. A list of fossils from both St,. Paul Island and St. George 
Island given on page 118. 

Recently formed alllivid sedimeut,~, mostly sand, cover about onc- 
severnth of the area of the island. In most places the sand is loose a~td 
moves wit,Il the wind. Along the north sl~ore, particularl_v west of 
Big Lake, impressive dunes are formed. 

OTTER ISLAND 

The Russian narnt! for Otter Island ia Bobroviy Ostrov. The island 
is situated 5 nautical miles sout8h of St. Paul Island. Its western tip 
(fig. 22) rises t o  a height of 285 fpet, displaying a continuous section 
of sedimentary layers dipping about 30" SW (fig. 23). The twt: 
thickness of the  sediments here is at lcast 325 feet, indi~at~ing that a 
rather hlgh land m a s  must have existed in the vicinity. 
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F I G U ~ E  22.-Vlr.r of n'estern + l l r  of Otter Tslnnd, looklna south 

Most of the idand is made up of l a m  Rows of hyalobnsa~litic com- 
position. At the eastern tip the flows were disrupt,ed by n pyroclnstic 
explosion. 

ST. GEORGE I8LhND 

Pericl~t~ite is perhaps tllc most izrtcrcsting rock in St,. Georgcl Islam1 
(pl. 20).  Its existenc~ was ~tott.d b?- Stanlcq--Browrn (1892) wlio says 
(erroneously) that it dips nortl~ettstward at sbout  45". It, is exposed 
in sections in the sea cliffs from Cascade Point in the south to within 
3,300 feet of Tolstoi Point in the nortE~west. It is overlain by sedi- 
ments and by several lava sills and f low.  The upper surface of tha 
peridotite is w o r t b ~  of special description. It is obviously a surface 



u 
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c Rrroclastic Fault W .c 
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eroded by glaciation; it is nicely polished by the ice, and furrows and 
striae are conspicuous in places. In other places a brownish-black 
weathering varnish can be seen, and wcatherecl boulders of brecciated 
peridotite are truncakd by thc surfacc (fig. 24). Thc surface is 
almost exactly horizontal and in vertical seetiou the peridotite may 
easily be mishken for n, flow. Over this horizontaI surfme the 
younger lavas hhave flowed, but in many places they fire seprtrated 
from the peridotite b_v tx sedjmentaq- layer. (figs. 25,  26). 

1 Meter 

FIGURE 24. -Vcrt l~~  section thmugh UpPcr pnrt 01 the peridvtite. nort-t of O~rdrdrm Covc, showlllg 
weatbered boulders, wtth scrpentlnl~td olivlae In the joints. ia a talc matrk. (Sm p. 118.) 

The best exposures are at Garden Cove. The erosion surface of 
the peridotite there is about 30 feet ~ b o v e  sea level. The periclotite 
itself is massive; on large clean surfaces, polished by t.11~ sea, 110 

structure can be seen. The joints, in places very conspicuous, have 
no system except t,hhat they do not seem to be flat lying. All dip 
angles are steeper than 45". 

An aplite granite int.rudes t,he peridotite just soutll of SCA Lion 
Point. Elliott (1887) called it a "lttrE:e dike of bluish or greenish-grey 
phanolite, in which numerous small crystals of spinel [sic] arc fomld". 
But Stanleflrown, who looked for this occurrence was ur~ablc to 
redismver it. It represents a. dike or neck, approxbuatrly 325 feet 
wide with finegrained chilled margins and a coarse-grained core, thc 
upper portion being truncated by the erosiou surface of the peridotite. 
The; aplite is, therefore, younger than the peridotite and older than 
t,he overljring lava Aows and s~dimentary layers. 

LAVA FLOWS AND BABTC DIKES 

Lava flow of bnsa1t.i~ habit make up t.hc bulk of the islarid. Ttic* 
Aows are analogous to  those found in St. Pnul Island. Many flows 
show the similar differences in vPsiculntior~ from hop to hottom us 





Asterisks (*) indicate fossil localities 
0 

Analysis numbers shown in text 
328 Feet 

FIGURE ad.-Sectlon abont tnVo-thirds of a mile south of Tolstoi Point, $1. Oeorge Isbad. Numbers correspnd lo those ot the mnlyrd rocks. Fio. Is deperlbcd 
on ) )5. 
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those clescribed on p. 104. Thus n flow extend in^ from Talstoi Poiti t 
nnrl half a mile southwe~t~ward nlotlg the coast 11a~ a rlmsr, granular 
hyaloba~anit~ic bottom part (pyroxen~, plngioclnso, nncl glnss, wit,ll 
only 2 percent olivine) merging upward into n holocrystallinc, highly 
vesicular chr.ysoph.yric basalt containing R,G lewt 20 PC!PC~,II t 8Lrongl.y 
corrodecl olivine phmocrysta (see fig. 28Q. Both in rnin~rtilogy 
and texture the top and bottom pnrt could scarcnly be mow rlis- 
similar. In figure 26 this flow is ma,rl<cd as 23. 

At Tobtoi Point (fig. 27) it seems tlmt sevpn flows, nSl l~oriznnl,nl, 
make up t,he who10 cliff; that makes nn rtvcvago flow tliicktlrss of 
more than 25 feet (cliff is 200 f ~ c t  high). Rut  in otl~cr plncca most 
flows arc thinrlel-; bl~cy arc! usually s~psl-ntcil by scmiacrooa 11tyr1a. 
Nortlt Sea 1,ion Hill arltl South Scn, Lion Hill nrc! rxngcnoua lnvk 
(lomus. Ulttkiyrt Hill is partly lava, partly l o o s ~ ,  pyrorlastic matchrial. 
Similarly corlstructed are also Maynard Hill n11d Gull IIill. Thiw 
is ]la doubt that these rather Iligh hills (Ulakiyn Hill reaclic!~ nn nlti- 
t8ude of 932 feet) represent loci of lava outpour. But lava flow8 havr 
also issued from fissures. A vertical fault is serr~  in tIie sea clifl' 
about two-thirds mile ~011th of Tolstoi Point, trending straight wwt- 
ward for about 2% miles, then turning tow~rd southwest. It is, n t  
least in parts, filled h;v a semicr~*st,al!ine porphyritic dike of olivine 
hyalobasanite; lava flows have issuetl from it asound Ulalziya, Anotll~r 
fault, trending west-saut~~mcst .~~cl ,  I o m ~  an jrnprcssive scarp (callrd 
Esogcmunga) across thr westcrn tip of the islancl. Thc south 1 1 ~ ~ 1 1  
reprcsent,~ an derated ridge, Sn,dalogh Riclgc, rising IligEirr in tltc 
east than i r k  tbc west in rclatiorl to tllc nortll wnll, t1ic maxirnuln 
clisplacement bring 490 feet. Dres t of this laa1 t line, tlic crktirc wcst,rrn 
tip of the islarlcl is m~irlly p~rorlnsti~ material. Fox Castle is s impl~~ 
a volaar~ie lleck that penetrated the pyrorIast.ic cfeposits. 10 is 
believed that most of the lava flows of this islaud, as was the case in 
St. Paul IsZantl. came from fissurcs t,hat are now- rind~r tPlc sea. 

PpcEastir: rnsberials ha\-c a vide distribut ion in the isEaritE. All 
t,Ile V O I C ~ ~ ~ F  cones e d e n t l y  shower1 cxplosi\-P ~ l c  ti\-ity ~ - i t  h lava 
flows alternating wit tl py~cIastie ~jwternenta. In nddit ioll 111rge 
areas we covered -4th vcl-J- thick pymclttstic c-lrposits. 

T~ficeous  mltterkls in some pIaces are mixctl with o t l i~r  ~ J T O -  

cI=tic deposits. Along the north shore between 3Iyali and Susknra- 
log41 hint, and just west of the st my^ Artil Rooke.lr, tuff~ceous 
deposits att.ain a minimum thickness of 836 feet. At Myak the islmd 
plat.~au plunges precipitouslr into the sea., forming a shear cliff, 880 
feet high, mnde ~f scoria, I n ~ s  foam, and other p;vroclastic: ms- 
terials, tuff, and sediments, intercalated by flat-lying sills of basalt. 
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Solnrwllnt fnrtlirr wcut t l ~ r  t uffnrvorls rnnfis l t n ~  ltrcrl dissrrbctl 1 ) ~  
wave erosion a11d st~npetl into n rno~lt impr~mivs landscape of r I ~ r l l  

vertical d l i m  and high w~irtl pinnucl~s. all compos~rl of looso 
whitish or vellow tuffs, wit11 riurnProus small h r o m  dots that mag 
represent altered pieces of hasdt.  The minerd cornposilion has not 
bcpn compktclp detcrminrcl. Close to Stnmnyn Artit Roolwyv t,Ew 
tuff c.ontains, fragments of pmidolit~ nntl ntltl frnpn~nks of Inrgt* 
mineral rrj-stds: rlrnr p p r n  olivinr, Inrgr clmrngr fE14km I2 rm  inn^) 
of black-~rm I~ornhlrilrlc, nt1r3 of milliy-ts*hi br fr1clspnr. Otlly in 
one plwt- (top or rlrpo~it t\*rrzt, fif 1Iynk) wns it. pnssil~lr to ol,swrt. 
any hetldinp (t.hr tlip i a  nl)ni~t. 45' S,). Tn nlZ ntlirr p1nrt.a ltlir tutF 
is  not hddrd. 

FOSB-ROUZI LlEDXlldETTS 

FossiIiferoua sedirn~nte cl-p o~lt in s~rtions in t h ~  RPR. rliffs nt 
sev~rnl places: Right at thr village shorm is  n srrlimmttlry layrr, 10 
f e ~ t  bhirk, the hot tom or which is  nt high t i r l ~  mnl-k. It, ~stnlrls msl- 
ward for ~bout.  1)5 miIm tthcti ~retlgrs out. I t  igcornposrrl of saritl avid 
yellow t.11R wi t l ~  rnttr~drd prl)l)lcs of I)nsnlt, (fig. 30). Anot 11t.r t lliu 
sctlimmt.ar?- Inyw, nbout 20 inrhr,s thick, follows thr pcaa cliffs srsl.  
of Zapdtti Bay. An nlniosf-~ont i l l l ~ o r ~ s  s ~ ~ t i o n  is PXPOBMI OVIT R 
distance of ahoat. 5 rnilrts alorlg thr (*1k41# const. Tllr clr~ractrr of the 
ertlimrnt diflew ransidt~sd)ly arid rlin~~pm rrbrtrptJg frotn plavlclm to 
p l m ~ :  rEv, boultl~r ~ l n y ,  snr~tl, t i l l ,  t ~ t f f ,  pymclast ic (It-pmif s. Fig~ i r~  
26 show (hr swtion ~ r ,  t l~r AOR ~ l i f l ,  t ~ ~ o - t l ~ i s d ~  01 n. milr FIOIIII~ of 
Tolstoi Point. 

The basr is of peridotitr albowir~g lto chang~ from1 hot tom to top. 
The upper rrurfwc of tllr g~ridotitr is nrl erosion surfac.~. l r  is 
horixontnl, urllirh, at tlw first glnnrr, makes the perjclotitr look Iike n 
flow. The surf~tcc has ica  stria^ arid nppPnP;r pnlishrtl nnrl conlctl 
with a brownish-blifaclr w~athrriag vnrnidl ; weat ftrrctl bou3tEcm nrr 
t.runcat~d by this surfwe ( f i~ .  24). 

Thr bwal c,onglornrra!,c on top of t ,I~r,  p~rjdotitr Pias bouI(1~~w of 
peridoti t,e in places, hut eo11 tsins prrtfornirrnn$ fy rorlndcd pchhlrs of 
basalt. Fossil dlc119 are c,rmrntcrl to Ilir! gluciakd wrrfucc. Thr 
cangl~rnerat~n js wdl consolidnbrd ant1 about, 8 inclm thirk. l t  
js nverlain by a Iapr of snr~rl, ~ h o ~ a t  6% ir~d, t,l~ick, rstlicr unenn- 
solidatecl, roll taining casks of fossil uhrlls which can br srPn on frrshly 
opened surfWps, but, whirh disappear as pharltoms whm toucllrtl : 
all CaCO3 is gonc. T t is nvcrlai~~ by nlt,rrrint ir~g hrtls of clny, sand, nnil 
p~oclast ic  d e p ~ i t ~ s ,  ~ n c l ~  her1 from 2 t,o 9 jnc.hrs thir.1~; thc tolnl 
thicknt~gs is al>ont 18 fcct. OH top of 1 h p  scdimcntwy Rrqunlcc! is a 
columnar clcnsc hns~lt  {low. 

Toward tbo nort,h the spction is trrrnitiat~d by nrl olivine hasanita 
tlikc about 300 fcct wide. On thc north ~ idn  of the dikr hotti pwido- 
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tite and sediments have disappeared ; thcsc is iiothing but lava flows 
(fig. 26). This dike se~ems to follow a fault which according to the 
topograpily may extend inlmd toward Zapadni Bay. (See. pl. 20.) 

A remarkable sediment is deposit'ed two-thirds of a mile south of 
Gardan Cove, directly on the glaciated surface of the p~ridotito. 
Almost nnconsolidated, it is made up of well-~otmdcd p&bl~s,  
rnnging from 2 inch~s to 6 Ewt in ilinme.ter, inbedded in sand (Anvio- 
glsln,cinl morairlc?). Pnrtrher to thr! sonthwrs t the moraine givt-s placc 
to other tgpw of sediment: clay and sand, nstldly crossbcdded. 
Southward, these sediments become. ve.ry thick, and are intercalated 
with basaltic flaws. In places they are highly metamorphosed. 
Still farther south two beds of sediment, e u h  about 60 feet 
thick, se+parated by a thick basalt flow or  sill, can be seen in t,he 
t>hiffs. Tho  t,ot,nl hoight of the cliff is approximately 200 fert. At 
thr top of t;he loww setlimc,nt brd, the averflowing lava I I ~ R  piokrd 
up and incnrpr)~ltCcd big chunks nf srrlimrr~t (fig. 30). 

Finally i18 shoultl 1 ) ~  crnpbasiz~rl t l ~ n t  my in~cstigalioti of t,I~oso 
sadiments has bnen strio tly of a rrco~ulaimisari~r. naturc. T h n  s l~o l - t  timr 
spent on the islands was mostly used in obtaining petrographic and 
volcanologic data. Much more work should be done in sedimentology 
and pdcontology; careful s k ~ d i c s  of the various profiles ara nccmsary, 
and an identilication of tho somrce material of tho various s~dimcn tary 
beds rshotlld be attcmpkcd. 

Dettb from such stutlics may bccome of meat importar~ct\ bo tho 
s ~ i l d  y of Ploistoccnt: grology. Thry ma,p- unrawl rlriails of daciat.iion 
atld land clcvrttiorr, in partictdar thcp many servr to corrcllrtlt: it1 space 
and t,ime thc! lava otit,pours with cpuogc~iic mo-r~mrnts or channgcs i r ~  
sen lovrl. 

FOSBIIs 

Fossil shells from the Pribilof Islands were caUect8ed by Ilin 
Woasnessonsky mare than one hundr~d years ago (Grewingk, 1850) 
and by Elliott in 1872-74 (1875, 1887, 1895). Later iinvestigntors 
include Stanley-Brown (18921, Dawson (1894), Dall (1892, 1398, 
1899, 19191, Gimore (1908) and J-Ianna (1 91 9). 

A few shells collected during the summer of 194s were studied by 
Dr.. Charles E. Weaver who decided that the fossils were probnbly of 
Plci~t~ocenc! age. Subseq~ientI~, my collection was comyar~d with 
tho material from tho region in tho Ala,sl(nn collection of blie Geo- 
logical Stwv~ j - .  Mr. F. S. MachTcil propnr~cl bhe following rcpo~l:  

St. Paul: 
Black Bluffs, e s t  of t,he village. 

Petecypda: 
Cardihz (Cuclocardia) sp., a cornplet,ely decorticatcd specimen. 
Aatarb sp. cf, A. rollan& Bernardi 



St. Pnr~l-con tinu 
Einshnullto BIufTs, wwt, coaqt trnduc R w b  Hill. 

G&ropc*rla: Cnlria sp. 
Prlcrplmls: 

AdfI~te np. rf. A. ~ ~ I l a t a d i  Rcrnartli 
Panomyn? Ira~mrr~ts  or a ilescy 1arg.c pelccypod with an irrcpular 

9u rlacc. 
St. Grornr: 

E ~ s t  coast, at Rca Lion Poirit, 
Cantmfmda: h'nlirtn sp. cC. (Terlanntirn) rlnuars Rrod~rip and Sowerby- 

iritrrt~al mold<. 
P~lecypofia: 

Laer~irardi~~m (Ccrostarl~rmn) sp. ct. L. cnl~nrnieme (D~shages) ,  
intrrt~nl tnoltlu. 

Srrripca nil. cf. AS. qro~!tzndirl l .~ (iil'uguirm), iiltrarnal ~rlolda. 
Af!jn #I). vf.  Jf ,  nrsnr~rirc L i i l ~ ~ a c ~ ~ s  var.? i r ~ t ~ r ~ i a l  111o1cl. 
Srrxirnrlu HI), cf. S. ctrrhliro T,iri~~arl~x, it~trrrial iiiold. 

ICart, c o a ~ t  st Gnrclr~~ Cove. 
Gasl ropods: 

Col i~r  sp., intclrr~al nlold. 
Trirholropia birnrilaalrs Ru\vrrl~y, internal mold. 

h l ( W y p o d ~ :  
Aalarlcf np., p n r  intrrnal mold. 
C*nrdi!n (I:l/rlnrardiu) AD, cf. C:, crrbrkoslatu (Kral~se), f r a p c r ~ t .  
1,urrjrorrls'wti (Cr~rrr~tndrrnao) np. cf. L, ralijornimre (D~~hayun), 

int ,~rt~sl  tnolil~ and fr~gr~l(lt~t*. 
rYsrrip~nsp. cf. X g~ovtlrmdic.?~r (13ruguicre), ir~tcmal and cxtcmal molds. 
Mucon~n ~ p ,  c f .  ,If. rrrlrrrrrrrs (C:rnrlIit~) 
hr!y(l RF. rf. h f .  nrrnnrir~ l,iiitiac~t~n 
,Srmir.rraa HI]. i*f. X, nrrtnrm I,i i~llar~\~s,  intcbr~~al rr~olds. 

All col ledio~l~ am rougIlly conlrtnpnratico~~u ~ ! l d  prolrnhly of early Pleiulorene 
or, at the carlicnt, laic I'liocrnc HRP. The 1Tnrinn crhlcrtion (1918) from  leer 

Tolntoi 130i~,t, $1,. Gcoec Inlnrid, i s  fm111 rock likc Illnl. at Sea Lion Point and 
Cnrdct~ Covc nnd ronktinn scvcral ronw whirl) ;brr I ~ r l i r v r d  b be extinrt. 

Pa1coiltolo~;riral rvidencti of H morr z~nrrrtnirr rhnracbcr is  m t ~ n ~ ~ t c c l  
wit11 scntt rnvl rl*rr~airis or ninmlnoth i l l  1 1 1 ~  Prihilol Isln~wls. It is 
said t l i e t  i l l  1X:Ifi R t ~ i l i  \ V ~ I F I  f011nlI  nit St. I > ~ o r p  Islullrl (DalF, 1X92, 
1 H W )  andl f i  tusk i r r  Ilir SIIII~ER of Nor1 !I~?I~SL T'oiiit 011 St. Pan1 Tslnt~ri. 

B b ~ a r ,  apparently distinct from t l b r b  polar bmw \vthsc obtnil~rtl lrom 
a lava caw nl  crntrr 011 Rogoslol Hill, St.. I'firrl lslarld (.'rlntEcIrt.n, 
1015). PrpllIc! arirl XIchtc~ (1023) think thnb t h ~  r~mains were 

Tllp distribution of pwidotitc, sha\r-n an plntc 20, cammnurls spc- 
rial intef cat in that i t  StlCrnS r ~ t h t r  1lalr~1fit~rd to an?- other m ~ k  t ~ p e  
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in the area. It is massive; the joints, which in places are very con- 
spicuous, have no system. The original rock was made up of anhe- 
dral, randomly orieiltcd crystals of olivine; now the crystals have 
separated along cleavage planes and grain boundaries where the>- are 
altered to ~dapcntine (fig. 24) with a vcry small amount of magneti t,e 
(fig. 28A). Serpentine occurs partly in irregular bands dissecting 
the rack in all directions, partly as fine vaiulets growing into the 
individual divine crystals. Olivine shows g= 1.665, y= 1.687, cor- 
responding to F o ~ ~ ,  FaS; the serpentine is rnagnesian without any 
iron. 

CliemicaIly and rnin~ralogicdly (see PolIowing table) this rock 
secms unrelated to any other rock type in tho Pribilof area. Gsn- 

FI!;URE ZS.-Mincruls In tnvas. A, %rpntlnizcd olirlnc from prridotltc, Oarden Cove, rock sam\,lc 1- 
Olivine, wqxmtlne, and n s m l l  ilmourit of rnngnQtite. I]+ OUvInp crystal 111 a stats 01morption lnlm 
plagimla?e-hematlte rook sample 16, top 01 rwwl bctwwn villnpc alld Zapnrlni Buy, St. Chom~ Idand. 
Ol~vine, plugioci3sc and Ilumatltc. C, Ollvlnu trhenwusls ant1 plwlo~luso laths IIlIstrating prulercd 
wlentatlonlnleldsp~thic k n r t o  from rock somplq: 0 vortlwwt ~llure O K  Otter Wnnd. D. Hollowpl~eno- 
m a t s  of ollvino, plaglochx laths, ~ n d  black p lgmnh of magnetltp In glass groundrnq. Basanlte rock 
!?ample 17 JntruPia Into Rush Hilt, Bt. Pnl~l Inland. IT, R r s o r m  olivine phllwryat in R111(lol glaS 
ground-mass). B m l t c  flow, TolstoL Point, St. Paul island. mlos  in.mIllimcten. 



GEOLOGY AND PETROLOGY OF THE PRXRILOF IBLAW- S, ALASKA 121 

erdly, dunit~s are fount1 it) tho folrIrrE moan taina. Rerc, on bile con- 
rave side of tllc Alrlltian arr, thr  pwitlotit,~ may reprewrnt an tlpmclling 
of thp a~hstrttt~urn. Olivint! norlirtrs fnund in hrtaanites nn both St .  
George Island and St. J'nt~l Tslantl (11. 1 44) ~ R J -  rcprcsen t fragments 
of this substrat urn. 

Chemical and m i ~ w a l ~ i e n l  cnmponition of p~rir lo l i t~ ,  Cardm Cove, St. George lrlntid 

A'ornr a (zvithoi~t. wntrr) IW&P 1 

Al,. . _. .--.._.._ 1.2 Serpent.ine - - - - - -  70 
n . . .  fi Olivine ......... 26 

...... ............... 1. 1 Mapetite  3 
H . .  23. 5 
( I ! _ .  . - _  - - - -  _ -  _ _ _  70.0 
31T.. ........... 3.7 

1 Tl~rn!tgl~n!at Hrls pupw t,l!o lnnlrrlll!hr norm and m d e  arc uwrt, mrm~mll~lrrr~c Ln llw 'iIqrtlr:~lmlrrr 
Mnlpkiilrtrprn~entE" at Xlngll (IRYO). 

ApIitr is anobhcr rock that swms r a t h r ~  unrdat~d to any nthrr 
rock type  in the area. Thc mode of orcwencr of !,his dock is shown 
in f i gyr~  29. I t  is intrusive into the perjdcltite and composite jn 
chrrract~r, fim .spry fine-grainctl ehill~rl margins, and n mvdium- 
g r ~ i n ~ d ,  g-annltkr central portion. Thcrc is an spprrt'inblr d i f f ~ r c n e ~  
i t1  mmposition between t h e  rock of t 11e rliilled mnrgin atld t hc nentrnl 
portion rock. The transition is grntlual blt srrms to t okc plnc~  over 
a  mall distanw (Icss than Qlle yard); t l l ~  widtl~ of l h o  finp-grain~d 
margin is ahout. 30 feet, the width of the t,otnl it~trtision ahout 1,300 
feet. In table 5,  analysis 3 and 4, the c h ~ r n i c ~ l  composition, norm, 
and mode of the two portions of t11c dike arr list8rd. 

The central portion is a, holorrystdIino, granular rock essentiallp 
consisting of plagiodaae (stronqiy mnrri olignrlwc n r 1.5433, in t.&u- 
Iar subhedral crystals forming n sort. OF hlorkj- mrsh, with claw 
quartz filling the j11t ersliccs 1)~Zw~en frl(lspars. Fresh red garnet 
is present in very small arnol~nts (n = 1.790). S~rici  t e has replaced 
n good deal of the  plagioclau~, in many c m ~ s  I~eginning with tllc inmr 
zone leaving thc rim rclativ~ly frrsll. Chlnrit r nrcum in rlongnta, 
ut~oriented shrcds nnd in scnly mwscs b ~ t ~ ~ o e n  frldsp~rw. 

5 7 T U 3 4 3 M  
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Moraine -Clay 
Peridotite 

500 0 1500 Feet 
1 I I 

Contour interval 20 feet 
Datum is  sea level 

PWME 29.-llnp olapllto intrusion, nmfli nt Cfarden Cove. P t .  C)~otm l~lthnd, 
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Tho marginal portians are mnde up of s very fine g a i n ~ d ,  almost 
dense roclc with small, poorIp defined phenocrrysts of an alhitr-rirl~, 
nonprrt,hitic nlknli feldspar partly aItered to serici te and qunrts.. 
Tl~r groundrn~cls consists essentially of countless small, nc~tlt  elikc 
Inlhs of nlbiba-rich felclspttr displaying a very defini t r suhpnrfillrf 
oriantatian ; they are dtercd and intergrown wit,h quartz, ~rriri i r, 
chlorit,~, nnct a nameless y etFowish powc1~-rj- pr0dnr.t PI-ohsbly il-on 
staining, h very smalh amourlO of garnet is present. 

A riiscussiot~ of the mode of formfition of this cornposit r dilir Ims 
bccn given in n pr~rious paper in w l ~ i r l ~  thc nuf,llor (T3artmlt, 1952) 
r o n r l u d ~ l  that A t l i f fpr~nce ir~ cornyosition h(~ttvcru thr outrr n ~ ~ r l  
i ~ ~ w r  porriotls of ~ I E C  tIikc corrld btat br? pxl~lni~~rrl n pl-nccws nf 
1 Iic~rrn~l rli6T1nio11 ~ C ~ ~ I E C ' C I  I)\- JTn ti1 (1946). 

If tlrc ari~inal magma wns l~omoger~pe~~s t110 rlcrclasnry ~IifTllfiioi~ to 
prorl~icc tlw ~t\\o frnctions is  sl~owrt in tnblc I. Tt~r figurri.1 cltbn~ot~- 
nt,mtc~ tlmt tlzr* rlecessary mipation is, int l~rt l ,  on n mocl~at scalr: 
i n  B rrirrcnrc volume cor~taining nlorr tllnn 2,fiOtJ trlorns n t~rt  rliRu- 
S ~ O I I  of only 7 atoms par11 wnF sullicw to hri~lg nbout tllr ol~st~rvcrl 
compositional diff prcnccs bet\%-cen thr rl~illrrl-rnnr~in rock nrlcl t 
cc~rtral rock. 

Tho calculatecl composition of 1,114- originnl I~ornogenco~~s m n p n  
ns given in column 3 of tahlc 1 corrrspancls to 1 part of ~ I I P  chillt*rl- 
mnrgin phasa and 11) pnrh of t hr ccr~tral-port in11 plltlsc. It is not 
possiblr to dctmrninr thn ~ o l u n l r  rt*ln.tions with ccrtni~lt?-. Thr i l l -  

trusinn is t~hotlt 1,300 fret wirlc, t hc rnnr~iilnl parts n1.p nlloul 33 fcct 
wirlc. If the intrusio!~ is r:ircrtlur thr ~ ~ r a p o r t i o ~ ~  of morgiu to cnrr 
is 1: 10, but loas i F  b l t ~  itifr11~i~)11 I I I I R  1 1 1 ~  ~ S I I I L ~ I !  of a plttt~.  Ilawrvrt-, 
t tw ncruratc figure is OF rio rollsctl\rrrtcmr For Illr fo l lowi l~~ rlis~nsslon, 
nntI is ( I l r rv for r .  somcwhnl~ nr.l)ilrkb~-il~, t rtlicn as  1 : 10. 

a- 

Y I 2 8 

Si ........................ ..................... 8.6 7.1 7.2 
TL ...................... ..... . 1  .................... 3.5 2 7  2 H  

...................... ~t .................. . r  .4  .4  
F" .................... ................. i . 2  11.2 II18 
ME.. - --- . -- .................... 
crr ...................... ........................ lrfiu ~mo ~ r a u  

- -- - 
1 Frrmus Imn. krrSc Imn. and m n n m m  nrc luldcrl lopthrr. 
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If calcu~lation of the cations is referred to a unit of 1,600 oxygens (a 
unit of 10 standard cells) the  following cation migration must have 
taken plme into the marginal part (round numbers) : 

5 Si 
1 Na 
1 K - 
7 cations 

and into the central part : 

7 catlow+4 protons 

Still unsolved is the problem of the relation of the original dike 
magma to the other rock magmss present in the Pribilof arm. The 
dike is older thun the lava flou-s and cannot therefore be derived from 
the lava. Nor can it8 chemical composition, according to the present 
theories, be dorived from a, magma similar to that of the PribiIof 
lava. A possible connection between this dike and the glassy ma- 
terial found at the Polovinn, Hill, St. Paul Islnnd, is discussed on 
pagc 137. 

LAVA 
(3EKlmALFE&TuRE9 

Basauita is basaltic lam containing an appreciable quantity of 
nepheline. It is rather common in these rocks that nepheline and 
(or) plagioclase are not expressed as actual minerals but we hidden in 
the glass groundmass; following the usage of Washington (1930) we 
sl~all distinguish ~ocIrs wit,h hidden nepheline in the glass as hyalo- 
basanites. Lacroix (1928) has used the special names, basanitoid if 
I iephcli~le is hidden, mandchouri tc if plagioclase is hidden, and lim- 
Ilurgito if both plagioclase and nepheline are absent mincrelogically. 
Pribilof type is here used if augite is hidden in the glass groundmass, 
whereas olivine and plngioclase represent the only minerals actually 
present in the rock. 

The lava flows that cover the largest parts of the Pribilof area 
issued from fissures and are dkdi  subbasaltic in habit and composi- 
tion. The four main types of lava show gadual tramitions into each 
other. 

I. Chryaophyric basalis: olivine and subordinate amounts of augite 
as phenocrysts, groundmass of olivine, augite, plagioclase, and mag- 
netite. Very amall amounts of glass are usually present. 



2. Aph,wir, well rrj-stnlliz~tl olirinr 11n.salis: olivinc, a~~git.c, plalgio- 
clase, and magnetsite. 

3, Chrysoph yric hyalobasani tcs: olivine and augite in subordinate 
amounts as phenorrgsts, poundmass of olivine, fin&, plagioclastsp, 
magnetite;, and glass, T h i ~  t,ypt- is  dominant on the islands. 

4. Aphyric, olivine 11ynEobaaanit t.s: plagioclase, d i v i n ~ ,  ~ ~ i p i t ~ ,  and 
m q n r t i t ~  of fir~r grnit~a i t 1  n rl~qsy pounclmmq. 

0 1 1  St. Paul Jsla~l~lls all l10\1'3 n31d A ~ I ~ A  vx~min~d rn o l i ~ i ~ l ~  Fiynlo- 
L a ~ a n i t ~ ,  'I'tir majority n1.c po~pl~yritir wit tl mnrl~ olivinp. and l i t t d r h  
augite as pli~nocrysts ant1 a vwy  f nr grainatl grounchass of nngitc, 
plagioclmc, olivinc, m a p  tite, find glass. 'Flley contain abon L 10 
p~rcen t normtltive ncphclinc, Another largc p u p  of Iavas is rppre- 
s ~ n t c d  by sp~cimens in which olivine likewise shows a tend~rlcy t o  
porphj~oid t~xtwc,  but the gounrlrnass is so coarse as to obscure the 
porphj~jtic structure, that is, t h ~  p i n s  of olivine, angite, and plagio- 
clmc nrc nearly egnal in sizc. O ~ I P ~  a little glasa is present, and only 
small amounts nf neph~line appear in the norm. A big lava ff ow 
hrtwe~rr Rogodof BiH and I ~ k e  Hill contains plagioclasc na wtrll as 
nliviuc and augite as phenorrysts. 
On St, George Tsland wain the major it.^ of Che lam flow8 81111 R ~ I R  

art! olivine hyalobasanites containing predominant divine and morn 
~parncly aupit~ phenocx>-sts in % poundmass of augite, plagioclase, 
olivine, magnetite, and glrass. Somativc ncphelin~ attains 15 per- 
cent. Another p u p  consists of aphuic, ra t,her coarse-grained IRVM 
in which the three chief minerals, olivine, augite, plagiorlas~, axqumr! 
nearly equd dimensions, although the olivine stiIl has n tendency to 
appear as pbenocqsts. Glass is sparsel?- present, ant1 tlw amount of 
normative nepheIine is small. ,411 ltllese rocks are ratEwr f~rric ,  nrtd 
have ta color index high~r  t I ~ A I I  50. One flow (top of t h~ rirEp nort & 
west of Garden C o v ~ )  coil tnins both plagioplascl ant! olivine ns ph~no- 
mysts, the groundmass is of thp usual kind, and t h~ rock is still rnt lwr 
rnafic. One sph-yric higllj- ffeldspathic, rer? finr paincrl flow? (from 
Esogemungrt) cont,ains small grains of olivinr and mzqnrtit~ hut no 
augite, in addition to plagioclnse. Chernirdl?+ it d o ~ s  not differ muck 
from an ordinary olipine basalt. A rela terl lnva flow was observed at 
the northeast shore of Otter Tsland. Finally t h ~ r c  is one flow of a 
rather ordinary olivine-frw basalt on Gull JTi l l .  It, R ~ O W R  ophitic 
structure with p1agiocI~se I ~ t , h s  and grains of a pig~onitic augitr. 

Olivine cr-wtdlized first in most mapria, forming conspicuous 
phenocrpsts, in man?. pIaces sev~raI millimrtctw l o x .  The range of 
composition, determined by mpasuring t IIR axial angle ~ n d  the indicm 
of refraction, is rather smdl: FopoFslo to PO,~F~~B. 7dning is common. 



I n  some rocks, olivine is  tlloroughly stained ~ t h  red or "rusty" 
materid, and in somr f u m ~ d  rocks, for example, sample 18, hematite 
has grown fmm olivine, which has become almost pure forsterit~. 
Olivine phenar,rrysts fire usually e u h ~ b d  but show signs of strong 
r~sorpt inn,  pitting, and parting along 4eavag.e planes. But. ronvpr- 
sion tn pyroxenr does not seem to take place. Proba'bIq- olivine hns 
tlo renttion rclatiotl to t l ie  pyroxene of the: present magma. PPCIIEI~~ 
"ltollow" rrystals h a v ~  a t c n d ~ n c y  to form in many rocks (see fig. 28). 

Yyroxrrlr occurs in thc p o u n h a s s  of dl lava*. Phenncrysis like- 
wise orcur, but in most rockg they are completely outnnmhered by 
olivine phmocrysts. The composition corresponds to a titaniferoi~s 
nugitt.. The rrystds in thin section are light,-reddish brown wit11 
absorption dpha greater than gamma. Tllc optiral axps arp Iiighlg 
clisp~rserl, r > ~ ,  the angle being ahout (+) 2 V=AO0, but may drop to 
SOo, ~xtirwtion varies somewl~st hut, is rlosc lo yAc=4S0, an nvrragn 
i t i r l t * ~  of r~fra~t.ion is fl= 1.70. 7xlning is conspicuoi~s En most augil,rs, 
liourgllasfi strnctnre is common. Pigconit ic pj-roxenrs lmvr not her11 
obwrvcd ; t lie rourse of crys$wllizrttion is from rliopaidio to I I R ~ P I I -  
bergitic, that is, all pyroxenes are calcfc and t tber~fnr~ stlow T\O ~ ~ ~ c t i a n  
relation to olivine. During most of th r  crystaIIization p~riod, oIivinr 
and pjmxene separsterl tng~tber. 

Plagioclase is rawly ohenred as pl~e~locrpsts. :2lt over the Prib ilof 
aros t h ~  lava flews apparently n-~rr m m d c  that olivine and part of 
t l ~ e  nugite separated before nny f~ldsprrr c.oul.tl r ~ n t a l l i x ~ .  I n  the 
groundmass of most lava flows, plagiorlnsr is prrsrnt. I t  is nlwaps 
zoned, with composition ranfing from ; i ~ l ~ ~  to Ans. Afore andic 
plagioclsse has not been observed. 

Glnm is present in many lava flows; it, is colorles.4 in thin mtions. 
Thc refractive index is close to 1.54. >,lost lsva is rather low in 
silica and high in &dies, leading to t h ~  pre'eFIPrw in the norm of an 
appreciable amount. of nephelinr nnd or1 hoclmc ; neither mineral is 
present in tho gIms bast?. 

Sample 6. Coiurnnnr, drnao flow of chrysophyric hyalohtisanik, 
t,\vo-thirds of a mile. sonth af TolsLai Point, St,. George Island (fig. 26). 
The phenocrysts are fresh, pullrrlml divine wystals. The gounclmass 
consists of n hrowr~ish gln~q iirr n stat0 of devitrifiration containing 
small pains of olivirrr , ntigitc, plagioclnse, mrl magnetite. Many 
sevonrlarp povi-tl~s of rl~alrrtlotlg nr~rl zroli t r orrur tllronghou t the  
glass. 



. . ;tfde 
Oltruir- - - - -- - - - -- - -- .-- - -. - 
Augite- - -  - -  - - - - - - - - - - -. - - - - 
O r ~ s .  - - - - - - - - - - - - - - - - - - - - 
Apat.ite- - + - - - - -- - - - -. - - - - -. - 
Plaginclase (Anm). . - - - - - - - - -  - 
Craw - - _, - - - - . _ -. - - - - - - - - - 
C:llsldony, weoIIt~s and alter- 

ation prodt~ct~ - - - - - - - -  .---- 
- 

Snmplr 7. Largo p~bble  of I~yalebasauit~r! from St. Pan1 Jslnarl, 
rollrrtrd by Mr. RRIIP~I a11d nnalyzed by 31. 0. R~ptr; (1930): I'licuo- 
~rysta RPR ynllow olivjnc makitig up nbout 5 prrc~nt of lllr mck 
wilh an orcn~liorlal phrnot~rysl, of blmk sugitr. The gouodrntxqs consist R 

of tllin I~t l l s  of I ~ l ~ r ~ d o r i t ~ ,  Irr~guI~r pains of brownidr augirtc, nratl 
small rounrl~d grains R I I ~  Romp skt*l~.torls of OW. C O ~ I S ~ ~ C P R ~ ~ P  ~oIor[m~ 
glass is presrnl whir11 l lns n rrfractivp index o l  n=1.53-1.54. 

Samplp 8. ncngr flow of r h ~ w p h y r i c  hpdohasanite, propping out, 
ovw a dktsncr, of srv~rtal milrs dong the n c s b  shore (and unclt:r 
Einahnuhto Rluffs), St. Paul Islanrl. The rock is gray with finoly 
rrystdlit~r ~nundrnasa  sior2tlt*rl with clear., yrllow phfinorrystcl of 
olivine from I mrn to 10 mrn tt(.ms, somr xonect, with a scfrootivn 
index pzl . f i96,  2 T,7c900, corsraponcling to nl~out Fh,. Vory CAW 
ph~nocrysts arc c3inopyroxtlnc; tl~c*_v R ~ P  nIwnp xonnrl urnrid uis~~nlly 
pitt.ad mlrl intewopnl with rninrrnls of t11c gt~ortr~dinnss. P~nsit,ivn 2 V 
=60°; rAc=44', p= 1.700, corrcsponditig to IIcur. Tho glassy 
groundmass includrs smnll grains of olivir~o urit l pyroxrknc. Small 
plagio~lasr leths form R rnrsll; itidir~s of ~dradion lic! in t,he range 

? 7 1.555-1.565, indicating nbou t .In,. I lir glass shows inr:ipic.nt 
crpstallixatian, ir~clex n= 1.53-1 -54. 

24 ' 1311,~,~,,vr> hl*  
)r 

4 1 At) . . . . . . _ . .. 
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Sample 9. HoIocrystalline flow of aphyric basanite (pacXcita 
defined as "feldspathic basalts, without nepheline and usually with 
olivine the: analyses of which show the presence of . . . nepheline 
in the norm, although none of this appears in the rocks" by Barth in 
1931, p. 401-402), nortl~east shore of O t,kr Island. The rock is vesy 
h e  grained; rare microphenocrysts of plagioc.lrlse and pyroxene are 
seen. The groundmass sl~ows sharp, small euhedral crystals of 
olivine, and very small crystals of pyroxene. The pIagioclas~ Iaths 
average 0.02X0.0015 rnm and show a vague preferred orientation. 
(See fig. 28.) 

. . Mode Composdlion of Ike jeldspara 
Ollv~ne - - - _ _ - _ 2 2 - - _ _ - _ . -  21 Or --.--__-.-_. .--_-_-_____. (3.5 
Diopsidic augite . - - L - _ . _ - _ _ - -  IQ Ab ____.___--.-_-_-_-----.-- 26.0 
r e ,  a p a t i t e  5 An _ _ - _ - - -  --_._-_-_----.---- 23. 5 
Zoned feldspam -------.--. - - -  64 Ne ------.---------.-- .----- 5.0 

The observed range of the, leldspnn is horn AnsS to An,,. Average 
composition is An4,. Nephelino could not be identified with the 
microscops. 

Sample 10. Dense flow of phyric Ilydol~asanite, southeast point of 
Ottpr Island. Olivine augitc, and plagioclase occur as phcnocrpsts. 
Augito is commonly twinnod, rAc=43", (+) 2V=5O0--55", r>u 
distinct. The plagioclase crystale arc dso twinned, extinction angles 
correspond to A b .  111 t,ho groundmass the pIagioclasa ranges from 
Anwl to has. 

Md.5 
Olivine- - - - - - -- -- - - - - - - - 
Allgite - - - - - - - - - - . . - - - 
Plagioc ksc! ( h e o )  - -_ - - - - - - 
Olivine- - - -. . - - - -. . - - - -. . 
A~igite- - - - - - _ . _ . - _ _ _. . . . 
Om, apbtite ,--,,--,,.---- 
Plsgioclsae (Any) ,-----. - -  
Glass - - - - - - - . - - - - - - - - - - A 

Composition of the g h s  

1 Q l 
Phonoerysts AbJ - " - - - - - -  

tF 

All _ . _ _ _ - - - . - -. 3 

Samplc 11. Vesicud~~* gray flow of oliviuo bwalt., pacificite, northeast 
point of St. Paul Islancl. Thc rod< is wcll crystallized with 0Iivinr3 
and augitc ranging in grain siac from 0.1 to 1 mm, the lengths of 
the plagioclasa laths range from one-t'hird to 3 mm. NepheIirle could 
not be identified with tho microscope. 



Mods CulmcuEotwi composition of Iha jplrd8prara 
Olivine 15 O r .  Ii. 6 
Auplitc _.--.-._________-____- 21 hb.. 2R. fl 
Ore, apatite -,.--_------------ 6 A n - _  21. 0 
Zoned f~ldnpar (renRing from Nc -.,_..--.-._---------- 2.5  

ANm to A n m ) - - _  .__--- .-_.- 58 - 
- 58. 0 

100 

Sample 12. Vesicular, columnar flow or sill1 or aphy-ic olivine 
basalt, between Zapadni Bay and Red Blnflrr, St. G r o r g ~  Idtand. The 
rock consists of large, rantlomly oriented laths of plagiorlrtse forming 
an irregular meshwork frllrd wit,h olivine, nugite, npntitc, and mag- 
netite, the latter being in largr measure a reaction produc:t of olivine; 
indeed, the olivine has the proprrties of pure forsterite, intlicating that 
the fapdite component 118s b ~ c n  used up in the reaction. 

Ilfodc 
Olivine (Foln) ---.-----------.--.--+.......----.-..------------..-.--- 9 
u i - - - - - - -  27 
Orc, apat,ite, and decomposition products of olivine --..-- - - - - - -  -----.--- 02 
Plagioclase ( A n d  ----.--------.--.---------...---_-----------A----- 52 

Sample 13. Clrrs~y olivine bs,salt, PribiIof type, n vesicular gray 
flow or sill of a, glassy basaltoid rock from Esog~munga escarpment, 
St. George Ialsnd, The only prpstaIIine sifir~trs me olivine in small 
grains measuring about 0.05 nun across, and plagiodme in laths 
about 0.07 x 0.01 mm. Thq- l ie in a glassy, inhomog~neoi~s matrix 
containing are and apatit~ in distinct cr?rstnls, and vsriolia unidentified 
products of inc ip i~n  t rr?-stallfzation. Suc.11 Iavas arc unusual, hut. a 
wry similar variety lins hw11 described by Powers (1 932, p. 275, 286, 
290). The Bribilof type hk~r~ltoid lava flows have nlivinr, plnfioclaw, 
nnrl glaw w thc only essctiiinl pllnsc~. 

Mudc ~'umpnsiliutr oj /Ere gtasa 
Olivittc FRH ,--------------- 2 1 P e r ~ n b  
Plwioclm (An&) a ) _ _ - - - - - - - - -  36 Q .-_._,-----_---_---- 1. 8 5 
Ore, apatite, etc - - - - - _ - " - - - -  8 OF --,.___---_--_----- 4 ' 0 0 )  46 Gl- ----..---,----------- 35 Ah* -..--.-----_----- 12.0  - A!]. -. .---__--_-__--- 7.0 20 

100 J l i  --.--.--. ... ._----- 10. 8 30 

In table 2 the cation percentages of the rock arc listed lo  show the 
method by which the  mod^ has been computed. 
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T A ~ L E  2.-Computation of wade, rock aomptc 119 

Computed meas I Catton penroumgm 

A comparison of this mode with the  norm (tnljlc 6)  bring^ out the 
following facts. The norm has a c~mposit~ion not uncommon to a11 
ordinary olivine basdt with much more pyroxpnc than olivinc. Tn 
the actual rock the observed amor~nt of olivine is almost tllrpc! times 
as large as that appearing ia the norm; obviously the olivine has crys- 
tanized out in excess of its stoichiometric proporbion; it lms t,alt~n 
away from the melt a good deal of the ierrornagneaian  cation^ and has 
later failed to remt with the melt which, therefore, has retajncd its 
silica to such an extent that quartz appeam in the norm of thr! residual 
glms. The residual glass is also interesting in t,hat in it@ composit,ion 
it comes close to the artrt&cid haplodior.itic melts studicd by Rowcn 
(1915). If the normative potash and soda feldspar of the gI-s am 
added together and mlled albite, the projection point of t I I P  glws fnlIs 
approximately on the cotectjc curve of thc hap1odiorit.i~ systcm aihik- 
snortbite-diopside, as m s  to be expected of glarrs represmting II 
residual melt. 

Clearly the formation of a basalt of Pribilof type clep~nds upon 
special plzgsicwhemica2 conditions during the rise and the effusion of 
the lava; in t.he usual cases the sBme lava would have prorlt~ccd a 
mt,her ordinsq olivine basalt, 

MdLTSEI OF BASIC D m S  

The leva Aows of the isIands at rnang places tbre tmassectcci by dikrs 
with similar composition to that  of the flaws (see fig. 26; and analyses 
nos. 14-19, table 7). Sills are in most places indiatinguishablc from 
flews. But sills do exist (see fig. 311, and indeed, many of the apptcrrn t 
"flows" overltlin bp sediments may actually represent sills. h dike 
intrusive into a pyroclastic cone is pictured in figure 32 (p. 134). 

Sample 14. hpophysis of Iimhurgite at the seashore (fig. 80) 1 milc 
south of Garden Cove, St. George Island. On top of the hmal periclo- 
t.ite is a thin, discontinuous layer of clay with boulders of peridatite. 
Right, on top of it, is a shecb of a sernicrystaIliuc, porphyritic llyulobasa- 
nite about 3 feet thick. It. may be a flow, but the following observa- 
tions make it reasonable to regard it as a sill: Figure 30 shows that 
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FIGURE 30.-Section at the seashore 1 mile south of Gardeli Cove, St. George Island. 
A, peridotit?, R, thin hyer  of clay ~vith houldrrs of peridotitc; C, sill of hyalobasa- 
nite sending an apophysis cl0xx.n into tlre peridotite; at  14 the baxmite has hccomc 
limhurgitic (analysis 14); D, sedi~ncnts, 59 Irrt thick, consisting of clay, sand, and 
tuff with fragments of peridotitc; crosshrdding is corrspicuous; E, lava flow with 
incorporated sedimentary material. At the top of this lava another series of sedi- 
ment is deposited and again overridden by Iara flo\vs. Total hright of the cliff is 
about 200 feet. 

the basanite sends apophyses into the peridotite, indicating that the 
basanite is no flow but rather a sill intruded between the peridotite 
and the overlying sediment, and penetrating into fractures or cracks 
in the surface of the peridotite. In the apophyses the basanite be- 
comes very dense and black but still remains slightly porphyritic. 
The thin sections reveal that it corresponds to a limburgite containing 
olivine, augite, and magnetite but practically no feldspar, as primary 
phases. Olivine shows 2 Ve90°, but is often distinctly zoned. 
Augite is reddish in color, sllows hourglass structure arid is highly 
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zoned. Positive 2 V is around 60' with strong dispersion r>v; kh.hc 
directions of the extinctions are also highly dispersed, -yAc=4S0. It is 
a titaniferoua augite. Zeolites ELTe see11 in cavities. Cli~mieal analy- 
ses, norm and mode;, are shown in table 4. A special dewription of 
the mechanism of crystallization in this dike is given on pages 141-1 43. 

Sample 15. Dense dike of chrysophj~ic hpalobasanite, following a 
f ~ u l t  zone extending from the seashore 1 mile south of Tolstoi Point, 
southwestward t~ward  Zapsdni Bag, St. George Island (see fig. 26). 
In thin sections this dike rock is essentially similar to sections 01 lava 
flow sample 6, except. that no secondaqv growths of zeolite or chal- 
cedony wcro observ~d. 

Mode 
0 1 n c  24 
Augito 20 
Oras- - - - + - . - - - - - - - - - - - - - - - - - - 5 
Apntito --.,---.....-------.-- 2 
Plagiocla~e (An@) . . - - . . . . . - . - 16 
G l m s _ - _ . . - , - _ . _ . - - - - - . + + - - - -  32 

Or, Ab --_-_-____-.---__ .-_ 7 
A n - - - . _ _ - _ - _ . - _ - - - _ - - - - - - -  11 
~ e - - - - - _ _ _ - _ _ _ - - - - - - - - - - - -  I1 
Di _ 2 - . _ _ - _ - _ _ _ . _ - - _ - - - - ~ - .  2.6  
01 -------_--..---.-------- 0.3 

Sample 16. Ph?ric hpdohttsartitite forming a dike spreading. out to 
R sill (fig. 31), one-third of a rnilr, east of villago, St. George. Pheno- 
crysts of olivine and aupite mnkc up nbout. 30 p m m t  of the rock. 
The groundmass is fine grained with v c q  samaill cryst,als of pyroxene, 
olivine, and magnetit.e in a meshwork of plegioclnse, ln t t~s  and glass. 

Mode Ilompoeil.ion of the g h s s  

Ore, apatite- - - - - - - . - .. - - . .. 
Phioclasa (APM)- -- - - -  --- 

G l a ? s - - - - _ _ _ - - _ _ - - - - - - - - -  

Sample 17. Hyalobsaanite injected unde,r obwrvrttion housr. at 
Einahnuhh Bluffs, St. Paul Island. (See fig. 32.) The rock has 
fluidal structure, is black and gray wit11 small phenocrysts of pla.gio- 
clase, about 0.5 x 0.01 mm, and peculiar "hollow" phenocrysls of 
ohvine, from 0.1 to 0.5 mm across (see fig. 28). The groundmass is 
g l ~ j t  with opaque pigments of magnetite ftnd (or) ilmenite, ~ n c l  smdl 
grains of augite 0.01-0.02 mm in diameter and laths of plagioclnsc, 
about 0.5 mm long arid 0.01 mrn thick. 
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Mode Camposilwn of Ehe glnse 
Olivine (FDpd)-.. _. - - - - - - - -  5 }  Phonoeryats 

or, I " - -  12 
Plagioelaac (Ann) ..-.-"---- 1 An .,,-.---..---+- 6 
Olivine*- - - - - - - - - - - -- - -. - - Kc --..-._----.-- 13 
kugib- - -- - - . -. -. - - - - - - - ITp -__.-.----.._._ 2 

33 

Samplr! 18. Ore basalt. forming a sill or dikc on tap of rond be- 
twwn tllc villngr ant1 Znpadni Bay, St. George! Island. T o  kilt! oyvt: 
mntF under s low porver lrtrs tllc mck R P P P ~ S  dnrli and nlniost d n ~ s o  
becnuse of its urinarally high pcrcen tage of orc. It is very (inc grnintvl 
nitli somc odd, small phPnocrysts of plagioclnsr! (opticnl consin11 t,s 
corresponding to Anao), w~rl n very few, small pkenocrysts of olivinc 
(fig. 283) that n1 a almost wholly r~sorbcd nnd often ob~cilred hg tiny 

Sea 
level 
6 

~ O U B E  81.-Diks spreading out to imm B sill. Becrlm at the =shore one-third mile e s t  af the viIhp. 
st. George Mmd. 
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grains oi o1.c: [ltm~ntitr?) wl~icli I ~ t ' c n  gbown nSong clo~ely spaced 
deavwe plancs. Some olivin~s l~nvt* hr*rn ~H'r~lively replaced by ore. 
T h e  profusion of ole gil-es the rock its diatinctivo rl~srracter. 

Mode 
Olivine (pure fo&edt,e) ..............-............................. 3. Q 
Augite (d iops id ic l - - - - - - - - - - - - - - - . - - - - - .  -.-..----, . .- . ----. - - - - -  17.4 

..................................... Ore (2.0 i1menite-l-7.A hematite) 9. R 
............................................................ Apabite 1. O 

................................................. i o c s  { A n  69.0 

It is rewonable to assume khat thc iron nPrwsar?J for thc produc- 
tion of the ore minerds was in part hkcn from the. original olivine 
and augite during the stewing of the rock in hot vapors and other 
volcanic gascs, dcuteric or otherwise. The sepnration of finoly Fan- 
ulw ore is, acc,ordin~ to Mscdonald (1944), common in selioahd (?) 
olivinc! phonorrysts in I~ lwks  t l l r o n  o t ~ t  of Halemeumau crater, 
Kilnurn. 
l3r. H. S. Yod~r  of thc Gcephysiral Laboratory has informed ma 

that 1,. 0, Niml~ysen m ~ d r  somr hydrothermal tests on fnyslit,~ rindnr 
oxidizing c~onditions. He founcl that f ayd i t~  is dcstroyod at all tcm- 
peratur~s invwtigatcd (260'-970° C and 100 atmospheres). Above 
approximrrtdy 350' C h~ gets magnetite pius quartz, and bdow 
hemallite plus quartz. This givtrs an idea about the temperature ah 
which t.he tlltcration of l l r ~  present rock has taken plnice. 

Sample 19. Olivini! httsa'lt, at Fox Castle, St. George Idand. 
Fox Castle iq a bugo pfln of loosr lava blocks forming a "castle" which 
seems to reprmnt the top of n dike or n ~ c k  t,he,t, has penetrated hhe 
tuffs in the Esogemunga fiwnrc. The rork is wall crystallized with 
conspicuoudy zoned laths of plagiorlastt, 1-2 mm long. According 
to their extinction anglo thr nvrrrtgp composition is around hm. 
Inters~rtally are olivit~c, pyroxpnr, arid mmc ore in pains of 0.1 to 
0.5 mm. 

h f d e  
Olivine-- ---_--_. .-. ---. - - - -  11 
Pyimxene-, - - _ -  _--. . - ---. - - -  I 0  
Tlmenite, hematite (P) --.-..-- 5 
Bphene (?) - - - - - 2 - - - - - . - - - _ - .  3 
Apatite ...........--.-.....- 2 
Plagioclsse -____.--..-_____.. 09 

1 0 0  

Average modal ronapoeita'on of the 
plagioclaspa 

Or.---+ . .--.------,------ 12.5  
3 8 4  

An. ...................... 1A. 8 
Nrs. ...................... 1.3 

fig. 0 



Most of tfhc pyrot~la4t.i~ rnat,~.rial in basaltic.. It is usaa1Ty fozmd 8s 
l m e  pebblrs forming mounds or filling the int .~rspar~ h ~ t w e n  t,uTo 
lava flows. The sedimentary becls likewise contain murh pyrocltastic 
matter. There ia always much glass in this material, and an occa- 
~ional  pebble is made up entirely of glm. It is s bIaek basaltic g l ~ ~ ,  
highly vesicular, almost spongy, in thin sections hrownisl~ and trans- 
pnr~nt.  Index of refraction is n= 1.66, but it is inhornoge~leous. 
This index is similar to that of the sideromelane of Ic~land ( O ~ ~ P ~ I ~ C F  

hasaltic g lw) .  The crptdline phases are olivine, which evidri~tly 
always wm the h t  to q t d l i z e ,  and a fine-grained rnixt~~re of  
plqioc las~ ,  pyroxene, and magnetite. Tl~e rather prndominant role 
of ~nagn~ti te  in these rocks is remarkable. It seems to have been 
introdrlced by pneumat.olytir: (or hydrot.herma1) activity. 

There is no doubta Ithat gaa action mprm~nta ono of t8ho major 
factors in the formation of the pyroc1ast.i~ material: Explosion pipes, 

Blr.une; S3.-PrIhllol &B projtuzal on the tarnlhry dk imm~~ anmthitcncytIeli~~nrtL. NtlmhPm w 
mpmd tothomkuiLI mblas5-7, md todrwrjpthohs in the Cxt. P o i n t s m n t l n ~  t h c ~ l t l o n o f   law* 
W l n g m k a m  uonn~~ter i  wlth aoweqmndmg glsssss by l in~~ .  ColRclieHnm (w krunpr~bllIshpll) rme 
dotcm~lnrd by Dr. J. F. BubnIrar 01 tbe Omphys!cal h h t o r y .  



chimneys through which vapor and gases fourld egrrsa, alm served as 
conduits fop glassy and solid e j~c tmentn .  Tho rnin~rtlI composition 
indicates that thrset ej~rtramenta werQ drriv~tl from subbasaltic 
magma nrtd ~ubbnsaltic rocks. The ~xplmion crnters now visibIe are 
~virIent,Iy younger than the lava flows. B ~ I  t this d o ~ s  not, rne.an t)hhat 
thr rxplosivc activity was limitpi1 to 1 hr Iaflt phnse of the building 
up of thc. islands. The existenrr. of Inyrm of p~aoclrsstic. m&t.terial 
1)ptwr~n tlic lava flows, ntltl tlw prrsrllc.cs of nnmist,aksble pprocl~st ic 
mnkriul in thr s~dim~ntrrry bctls tratily to the importance of this 
kirltl of esplosiv~ activity tliro~~ghaut tile voIcanir history of thc area. 

If evrr a residual liquid wns formrtl from t l ~ c  magma of this area, 
OIIP would expert it to lye nssocinted with the gases volntilc con- 
~ti tnents.  Vrstiaes of such n liquid dtould therefore be fou~ltl among 
tho pyroclastic deposits. A thorou~h search was made for many days 
with ncgative renrlta: mosL of the large pyroclastic cones socm t8n bc 
built up ontireIy of subbaealbic rnatrinl. But, eventually, high on tho 
east slopo of Yolovina Rill, St,. Pa111 JsIand, a small nmoun t ol whitish, 
pnmiceous matcrial waR found and collected. Undcr tho. microscope it 
was shown to bc completely glmsy with an index n = 1.54. A cllrmical 
analysis for it is liatctl it1 t hr following table. The? rock is, thcmforc, 

tb rhyolitic g11t.w (n gImq,v rark of similar el~mnionl rompo~ibinn has 
bccrl tlrscril>rd onr l~r  1 1 1 ~  rlnrnc of enntulitr j t i  3 921 hy vori I~o~lllard) 
which, indccrl, rnla ho lookctl 11pon ns n rcsidun,l liquitl but riot re- 
sidual in rdntiou to t l lr rommon bnsanibic magrnn or t,llis nrea, that 
is, i t  cannot b(* dcrivtvl from n ha8n1liticb mama by simplr! frar- 
tiond cryvst~allixntion; it wems to belong to an ~ntirclp different 
magma soit,e. It shows a striking rhrmical similarity to tlir magma 
of thr, aplitc   cock of St. Gcorge Jdnnd (fig. 3.7). 1 Iowever, thc aplitc 
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is older tllan the lava, flows, and the rhyolitic glass is younger. It 
orcum in nrglipiblr q11nntit.v ns rornpnred with thr other rocks making 
.tip lrm t hnn I 0-It part or t l~r Invm of St. PnuI. Ttr~ p \ l . ~ c l ~ t i ~  pipes 
nrc t hcrrfor~ rhimnrys of cpcrra for gmcotrs, liqz~id, nnd solid metcrinl 
from t t ~ c  prartically purc hnsnnit ic snblnvtl. The ttiff  vent nt Esoge- 
rnung8 did lpjcct Mdspar rryst aIs, ho~vrv~r,  w l ~ o s ~  composition r ~ l ~ t t  CR 

them to t l~r rllyolitic gl'lrtss (set? p. 140). 
In onc place, nt Kirlallnuhto Bluffs on thc west ronst of Sf. Pfiul 

I~ land an irnposin~: s m  cliff, 379 fcct, high, plrmges prpcipitoasly into 
the sea, thus c ~ ~ t t i a g  a vrrtica1 section t hrongh the pcriphcrrtl parts of 
thr Rusll IJill ronc of p~~ocIkqtic matminI. Tlw followiog seqaence of 
t *v r~~ ts  van hr rrarl out of thr sk~trl l  in figure 32: h v n  flo~vs wprp 
rstnldctf, ollt! nn top of the atlter, ialt~rnrptcd by periods of si*tli- 
rn~nta2,ion ; tlurirlg Z l l i ~  time t l l ~  nrPn ~ v n s  rlosr tn RCR Ievtl. Tomwds 
t l ~  ~ n d  of 1,110 ernptiw ppmiocl, incasr~ra~t~d vdcnnir gasps hz~iFt up a 
lr~rnendous prrmurr ~~ntlrrnc~th. Thr roof of solid lava wits lifted 
opproximatrl?r 100 rnrtcrs, and tllr! adjatnrnt flows tiltrtl up for a 
distttnca of nhout I % m i l r ~  from the central hnlgc. Then, with ruptnrc 
of 1 he rt-straint irnpos~d, pnroxysmal rxploainn of the gases o c c ~ ~ r r ~ d .  
Thc liquid laxn in thr? pipr, highly cllargcrl wi Lll gasps that through tho 
ir~lcnsc of ~ ~ C A A I I W  R I I ~ ~ I C ~ I ~  ~ ' n , m ~  0111. of s n l ~ l t  ion, was i tifla1,~ci and 
brcamr spongy; thn~ it quickly caiigcalrd nF: i t  was flung out of bl~e 
f Ill'oat. 

~ ' I I I I A  u7nu fornlrd tllc In~lk of i,I11* pyrocln~t~ic mn LcriiiI t,Iiai, 1)mke 
up 1 IIC nvcrlpina solirl lavn, pcnolrntccl Int,crally atlcl di~r.11ptc.d tjlic 
nd jac~nt ~ R Y R  flows nild s~dirncnt~nry b~df l ,  and P V C I I ~ U R ~ ~ ~  WRR tic- 
posited in great nmounts around tho orificn of Iho pipc, forming 
an imprca~irc, cone of cinders and pyroclafrtio material, attaining an 
tdtiturlc of fi50 fort on top OF tho tillcd lava flou+s. Follou~ing thc 
cxplmit-o discl~arg~ of gases and p.yroclnslic material, na~bmal ltlra 

from hrlow cnt,wcd tllo Inw~r ond of tho pip0 and was forcod upwmtl. 
This lava wn8 liquid rxccpt SOT intmtel111r.i~ crystals of olivinc, wt~ich 
11ntl a l~rculinr I~ollow habit ( f i g .  28). Thtr lsvn fl owt?d upwfii-d t ~ 8  II, 

viscous liquitl in~irmntir~g itsrclf hetwc~en 11-ngments of solitl l ~ i v ~ t ,  
srrlimcnts, rind pyroc,lastic mad,crinl. T t is now soc~i nu rill i t 1  t)uusivc 
tlilic, mnrluldly fluidnl i n  structuru, that stwrna to merge wit11 tlm oldw, 
tlisrupbed lava flours a t  the top ond of the d ikc. PC trogmphically t,Ile 
dikc i~ a rl~r~sopllyric hyalobnsanite, anrl ch~micnlly it i~ idmticd 
to the nvrtrngr nlivinn-rich hasnnitc? of the area, See stlaly~is 17, 
tal~la 7,  and thn pct,rlograpl~ia clcsctniptiori, pngc 1 32. 
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The tuff deposits at St. Gcorge Island are rather unique. Thu 
sources of the hupe accnrnuhbion of the matmerial seem to bc close nt  
Itand : ns seen from figurr 84,  Ohr Fmg~rnungn escarpment is intcrp~~tral 
RP the rim of a l n r p  fis.qu1-r 01. rthrit I i l l ~r t  with tuf fs composcd of rnm- 
pckd p5~~.lfist,4tir. frngrnmi t s nntl ilntlurnt~rl volcanic n ~ n  t ,~r inl .  A 
ch~mical arialysis is rr~trr~cl in tnlllr A, and rcnalys~s of hrgr clmvagr 
pirces of Ilornogrn~n~rs tolrlpipnr contained ia tllc tuff are g i v ~ n  i t 1  

the following table. 

TABLE 3.-Chamirnl d n h  nn I r r f l ,  1  mil^ tad of S?rskamlogh Point, SF. George Isrh nrl 
?.$ndyst, a. R n ~ u n l  

(7itlron p ~ r r ~ n t n g ~ ~  
i t  vrrnqu 

.\:or rrt Enr~rl T8tJJ 
i - - . 5 .  7 Q - - - -  1.4  Si . 4 2  8 :I!). 5 
Ti()#. 2 - 5 2  Or.. ! l Ti. _. 9.5 2.1 
0 - - Ih 12 ,411 - _ 4. 1 I . . . . Ili, 7-I!). R 
0 7, t j l  A l l . .  . 27.5 FO -...-. !t 0 ?b. -I 
FcO. . . . . . . . 2. !IS C --.. . --. - -  6. 2 3 1 ~ .  - -  - -. . 12. 5 l!). 3 
. . . . 21 En . -. .- . 38. B C'~L ...._.. ._ !t I+- ti. li 
0 . .  - - . - I .  7 1 - - -  . - -  - 2. T i . - -  - IL 2-4 . 8 
CnO.  .-_. ..- 5. 57 11 _ _ _ _  _ .  _ _  8 2  6 . . . - 2 . . .  5 1 .S  
sago. . . . -  .- . 7 I lm .---- - - -  4. li I' - -  . 4  . 7  
0 . .  1.27 1 . .  l . R  -- - 
I '  . . - - .  . 7 8  I(H1. 0 100. 0 
I . .  7.R-l 
I I ~ - _ _ .  . . .- a ;I . 1.6-29.3 
I:l)*-.. -_. - - -  . 00 
CI. .  ._.-..__ . m 

- 
loo. 12 

The association of nlknli Ieltlspw.~ \\-it11 bnsaEts is anusud,  1)ut 
similar feldspar fragments hare b ~ r n  footid hy ,\Ifil~on~- (1926) at or 
near volcanic ~ p i l t s  belonging tn the so-c.alEwl Sewer and Older 
Basalt of Victoria, Austrnlin. Romog~n~ous alkali feldspar with 
high soda contcat has bepn d~scrih~tl  from P~lntellcrin by B6rstnpr 
(1884) who showed it to  bc polq-morphrotia, changing from hi;rIinic 
to monoclinic s~rnrn~try on llenting. Apparently no one checked his 
observations, and t l ~ ~ p  havc hCcln nclgl~c tad in the ill t~rpretation of 
the alkali feldspar ~.clationa until Lnws (1952) sho\%--ccf tllnt t,he St. 
G P ~ - g e  feldspar pieces hellavrti similnrly, j~ossossing triclinic s!-rnrnctry 
at ordinor?- tempern ture, invrrliug to rnol~oclinic at nroilrld 500' C. 



Anafyses of q a t n  b of Jeld~pnrs from l ~ f f  

I 
1 Mile 

From& 34.-Tha tuff wndtrlt $t Esogemung~, Rt. h f g e  IsIsnd (diapomdly hatched) compared wlth tuff 
n o c b  from KimbPrleg. Sonth Afrlcs (1-8) and h m  Schwabun. Germmy (8.25). 1, BullodteB; 2. WPF- 
selznn: 8, Kaffyfcmtekn: 4. OttwI in~ fe ;  6, DuTdtspm; 6, Prsmier; 7, Jsgmimtein;8. De Rm:Q, f i raren-  
h m ;  10, Florlan; 11. Metrlngm-Weln*oberp; la. Neuhauser; 13, Jnsf; 14, Llmbrrr~: 15. Randecker Mmr. 
(1-15 altw If. Clons, 1841 ). 

I t  is  possible that. the tuffaceous material h~ been somewhat altered 
by weath~ring and Beaching. This is best seen in the norm: there is an 
BXC~SR 01 alumina and ferric iron, and a corresponding d e f i r i ~ n ~ y  in 
lime and soda. Table 3 gives a, direct comparison bet-ween the cation 
contt?nt of the tuff and that of an average lava flow (from last cohtmn 
of tJable 8), and brings out rather clearIp these chemical relations. 

Hans CIms (1941) in his rnasterIy treatise on the origin of tuff vents 
hns d~monstrakd that volranir tuffsformin consequence of an arnrsl- 
pamation .of volcanic material from below and crustal msberial from 
above. This idea has been applied by Lehmann (1952) to explain 
the origin of the keratophyre tu f fs  of Saudand. He intmdrwes the 
word mictite to designate a tuff-magma-migmatite. The beginning of 
the process is a tectonic. fissuring of the crust extending down to "mag- 



matic" r c ~ o n s .  Csing tbc initial fissures, gas and tuffmeous material 
flow upwnrd, som~t imps rcsul t.ing in an explosive blo~vout, sometimes 
rffmting a quiet " tuffizntion" of the surrounding rocks. 

In t,he Pribilnf awn st~cli tectonic fissur~s evidently wmhed down 
into a rcpon of olivinct ba?anit,ic rnagmn: first t.he fissures gave vent 
to the volatilc material of '%uRiation" followed hy the ascetlding 
magma it,ss~lf which in subsequent eruptions flooded the sumundings 
of t,Ilc flssurcs, tllus concealing t 1 1 ~  vestiges of the initial tuffactlous 
d isr h axes. Only t ha Esoprn t~ n p  fissure of St . George Island escaped 
clrslruct ion ~ n t 1  remainrd in testimony of an early stagl~ in the historp of 
rlrv~lopm~nt of thost. great fissure: eruptions so cl~aracteriutin of many 
hasnltie provineen (the platrau type, Hawaiian tame, and others). 
Worthy of special notrice is thr fnct that the Esolfemnnpa, fissurc np- 
parrntly represents the bigg~st tuff conduit on record. 

TuIFs me, of course, widely dist.rihuted in many volr.anic. areas (Ross, 
1951), hut; tuff conduits of this sixc have never been desrribcci before. 
The tuff pipes at Kirnberley, Srwaben, and other places, aw assoeiat~d 
with voIcttnoes of the central vrnt typr, and thewfore of murh srnal~rs 
dirnensio~ls than the Esogemt~nga fissure (fig. 34). 

'I'hc limburgiho dike [sn,mplc 14, p. 130) prr~ents a11 i tltwt~atinp p ~ t m -  
logicnI p~ahlem. 

Tho chcmical data, as given ill tal~lo 4, in cornbilint ion with thr study 
of thin sections suiggcst tho followir~g 1iistor.v of crystadlixfit,ion. 

Let us assume an originul mrlt of the composition of t l ~ c  rotmk. If 
ore and apatite are neglected, arlrl potrtsll is  rrrlrlrd to ~orlium, wc 0bt~nJ11 
the following simplified compositiou of the origi~lal mclt: 

Sturlics of thin scc t ions SIIOW LIittt f ronl this 1nrlL 111t1 ~ ~ ~ - ~ O J T L ~ I I C Y ~ ~ I ~  

minerals (olivine and au~it~t-) (~~-yst,alliz~~l fitst, ~ n t l ,  indnotl, aol~binucd 
to crystsllizs until the rnothrr liquor hecnmr! very fclrlspatl~ic, t IIR erid 
product being rr, rock with olivine and augito as sole c~yatallina phases, 
and a feldspathic g h s .  This means thnt tho Dowen reaction series 
of the ferrornrign~sian minerals was wpll advanced before the felds- 
pathic-feldspathoidal wrim sttlrted. It is woll known that rock melts 
rarely show rut~ctic c~shllisation. Rathor there are two or more 
leading minerd reaction series, each crlpstellizing out semi-independ- 
ently of the other. It ia possible, themfore, in order ta survey the 
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rrystdization procmes of t h ~  present melt, t o  discuss separately the 
ferrorna~ncsian t y p ~ s  of minerel series (oIivine and diopsiclo), ~ l l d  thn 
fe.ltlspat l~ic rnincml wries (anorthita, albite, and uepheline) . Bowen 
hns pointed oul thnt h ~ t w e e n  the two types of series thpre is a RUE- 

g~stion of a cutcrt,ic rrlation, for m~mbers of one series lower thn 
"melting" C~rnptmturt! o l  thc mernb~rs of the o t h ~ r  series. Let 11% 

therefore, look at the originrrl m ~ l t  as consisting of a neutral solvent 
of feldspathjc composi t ioti from ~vhirli the ferromapesian minerals 
prcripitnt,ecl. 

The compoaibion of t,Ilcl frrromngnesinn fraction is 46 p ~ r c ~ n t  
olivini. and 54 pcrcixnt ~ l i o p ~ i t l ~ ,  In n dry ~ n p l t ,  of this compositiorl 
(Rowcr~, 1914) crys tnllissat ion udl stnrta ~vf th scprtration of olivine 
(at arour~ri 1,850' C.), nrlrl olivirlc will ro~lt.inm to srparnte until tlrr 
melt becnmm ~ n t ~ ~ ~ t i r  it1 (.omposition nt I!< p ~ r r ~ n t  olivine and 87 
perccnt diopside s t  1,387° C. Thme ~onditious will be notifirrl by 
the E~ltlspat~hic solvcnt and ihy t h p  prcsrnva oh volatiks, mostly H29; 
t,hn eontctlt of H,O will h~ f f ik~n,  rat h ~ r  nrbibitmrily, ns 4 pertn~r~t, and 
thv ctwr~sponding drpmsion of lht? trmprmtr~rc of crystnllizntion 
wi l l  hl* ahout 200' C. 

'Fhc d i a p m  in figure 35, htlps to clrscrib~ t,he cry~tnllizabion proc- 
rss: one sidr of thc tliagram st.prcsPnts nlivinr and d iopsidn t)ogetllcr 
(m~lt ing  fit l,650n C), the o t h ~ r  side r e p r e ~ ~ ~ l t u  a M ~ X ~ ~ I I P P  of albite, 
finorthitc, and nephelinr, thr melting. point of which ran bo r~timated 
to he ohout 1,200' C. Bctweea drem, a114 closr to  tho foEd~pathir: 
sitlr, is  n ( p c ~ ~ r l o )  ~ ~ k t i c ' ,  thc t,empcratln.e of whirh is nborlt GO0 
lorvcl.. R P ~ P P ~ P ~  to thr nr2,ual rock mtdt containing 4 pcrrmt H 2 0  
an([ otl~cr forpien ior~s t,hr ~vl~olr! diagram will he rlisplnccd. ahout 20nQ 
lo\c-rr tllrtrl that rrferring to dry melts. I n  the dingram, a r~prt*ur~)ts 
t.lltb romposition of thc: rorlc. Under intmtelluric condit ions nod slow 
rooling, olivinr stnrt~d to separulo at 1,175" C. At 1,035O C both 
olivinr, nntl tliopsirlc together began to crystallk~ out of thc rnclt. 
Bnl appmximntrly at, this stwr ttlm intrusion took place ransing A 

rapid coolirlg witli con~~qucnt  rapid precipitntion of a mixtnm of 
tliopside mid olivirio ( n s  now shown in the groundmass of t hr. rocbk). 
Thus tht? psrudan~trc.~ic: point at 050' C was approached. But Ilcw 
the melt bocamn vrly viscous nnd thc cooling became vely mpid br.- 
cnuso the m a p n  l>rnt!Lrnt ~ r l  into Zbr rrevks of thc cold peridoti tc, SO 

the actual pcudoclii t w t  ic: cryst ~lliznt ion rwrer mat~ridizwl; instpat1 
tho nnchieutectjr liquid rongmlrd ns   lass. 

A featurn of sp~rial  intrrriit of iht prm~nt stzicly is t he  domonstr'a- 
tion of the pse~ldoeub?ctic point (actually a votectic field) between 
olivine and diopside on tht- one sitlt! and undersaturated feldspathic 
mixtures on the oth~r  being locaked close to the f~ldspathic eompo- 



P~CL%K % . - D m  UusumZin~ the crystallhth of a polynriry melt crmtnhlnjq dlnpeldc hntl olivlnc 
as ferromagnpsian constitnmts, andalbite. m&iW, and nephdlne nq "feld?lwhrhlc" mristltwnts. 

ne.nts. Experiments at &e Geophysicel La.borii tory hnvo (1rm011- 
strated t.h.hat nrtificial fefdspatbic liquids show this rclntion. 

It is interesting to sce, from table 7 anrl figura 30, that the limh~lr~g- 
ites differ w.ry little, chemically, from tho basanites. Consequently 
it. is the cooling bistoy, rat,her than tlir rhernirn,l composition nf tho 
magma that produces a limbrrrgitc. 
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TABLE d.-Cornpafi't~on of bhrte sannplm o/ limharrlpil~ 
Ii J? 

Riot- -................-................. 4 .  : 43. -I6 
TiOP ....................................... :E. 25 2. 21 
A 1 2 0 1 .  .................. . .  13.11 1 5 . 3 4  
F P ~ O ~  .-L_._---_------------- --_-_.. -._ 5.34 1. A I t i  

Fr:O- -. _ _ . _ A - _ _ - - _ - - - - - .  - -  - -  - - - - - .  - -  7. ti2 R. 17 
Mn 0. .....--...-...--.-..-..--.............-.. . 2 0  . 1 0  
3 1 ~ 0  -.. , . , .--L.---------2----.-.-. .----------- 11.24 12.60 
CitO-,. ........................... . + * - . . . .  10. :3:E 11. :{!I 
Na,fl_ .----_---_---- - _ _ - - - - - - - - - - -  -.-..--_.._- 3.40 2, a l  
IC:O - - - - . . . - - _ . - _ - - - - - - - - - - - - 2 . L - - - - - + L + - - - . - -  . 80 + ti9 
P?~S--------~.------------------..-..--.-.--.- . X i i  . 48 

. TFlO+ ........................................ 1. 68 .?!I 
I 1 2 0 - L  ...........-. _.__-__----_.._-.-.,... .... 2.24 . 1 1  

........ COz ........................................ none -- 
100.40 99.6.3 

M& B/#amNr IJ 
Phalocrl.sts: 

Olivine ------ ,----- - -- - - - 
A~igite--- - --- - ----- - -- --- 

Crwtrilline ~ouindmass: 
Olirirw -,----_----- - -- -- - -  
A u ~ i t c -  - - - - - ---- ---- ----- 
O r p . , + - - - - - - - - - - - - - - - - + - -  
A p ~ t ~ i t e -  -,- -- - ------ ----- 
8rrl,rritine, chlorite, iron 

I~ytlrnxidea- - - -- --- - ---- 
GIMR ( i~ ich~ding  zeolite)- - - 

3 Then- ol wunplrn R pnd C h r e  ken dm?lrtd to a urnkt-frw bmr. 

14. Limbur@u, I mile south M Garden Cow. St.  aeon^ lulmd, Frtblloi Islands. htdm. B. huun .  
B. Llmbumltc, Nmtqm a I ~ n d f n p ,  The Leeward Islnltdrr. Whuhinuton and 6eyes (lit&). 
C. LkmhurgIw, ~ > u d r j ,  %.?luen cllstrict, Korea, Lnrrolr I tml. 

Several olivine nodules about an inch in dinm~bcr were observed in 
basanite lava flows of St,. George Island ancl rr larger nodule, 3 inche~ 
across, was observcrl in pprocEastic material forming a layer ill an 
ir~tercalakd s e d i m e n t a ~  b ~ d  at Tolstoi Point, St. Pat11 Island. For 
almost a hundred ypars, olivine-rich inclusions in basaltic rocks h m  
nttrwted the attention of petrologists. In hEs ~RIIIOUS monograph on 
the inclusions in volcanic rocks, Lacmix 11893, p. 484) writes: 
"CPR ndules sont plus a1,ondnnts pnrmi les prduite de pmj~ction que dans 1 ~ s  
rchmr I ~ ~ ~ S ~ V P R  . . .  iL* nllt fl,O ui un~ivrnt  d<.crit8s qil'il m v t u  pr14 dr! rllosr A pi1 

tlirr. an pollbt de vue ~~li~ibralogicl\ic." 



Since Lacmix% time the nodules a ~ a i n  hnvn been described; among 
others Chudoba and Frerhen (1942) h ~ v c  stucli~d the mineralow, 
Ernst (19353 and Turner (1942) have mado a sp~cinl  study of the 
petrofabric, and recentIy Rosa, F0stt.r ant1 ,Myers (1954) hnvc given 
comp1et.e chemical mcl rninerfilogical data on I br, various min~rals. 
All ~ B , V B  wanted to h d  out if tht? noriules reprmmt, minrrat segegatea 
from the magma, or for~ign inclusions. 

The present investigation brings little that is new, bttt the following 
data are offered for considmation. 

I n  the present nodules, oli-vine dominates (about 70 percent.) with 
enstatite second (about 330 percent). Lesa than ono perccnt spinel is 
present. 

Olivine shows (+) 2 V=8g0, p=1.682, corresponding to FaId. 
Enstatite shows (+) 2 V=85", 0= 1.672, corrasponding to Fs,,. 
Spinel shows index of refract.ion, n=1.762 ; edge of the unit  cube, 

a,=8.12 A, corresponding: to T O  Jfg,41204, 26 FeA1,0,,4 FhU,. Tltc 
rlist,ributiori of iron among these min~rals is interesting. I n  harrnol~g 
with the observations of Rsmberg and de Tore (195 I) ,  iron rntcm into 
olivine and enstatite in approximately equal proportions. Imrb ~leu~lly 
prefers pyroxene to olivine, but obspn-at.ions shorn that iron ne\-el-t llc- 

1 0 ~ s  distributm itself with approximat el p qua1 coefficie~~ts beltwerrl 
t.ho magnesian olivines and orthop_vrosenes. In spinel the F e : l l g  
proportion is m1ir.h higher than in the silicates, in harmony with tllc 
Iact that, a q y n  ions in most oxides are more r e d l y  polarized then 
in t h ~  ~ilirtttrs. The distrihation of iron in spinel, olirinr, and enst&- 
t,jtp supports the a priori convlusion thnt nll thrw rnirlerals were in 
cquilibriurn with a common magrnn. Btit this conclusion makes it 
llarrl to wr, generally speaking, ban- the distribn t,ion relations of the 
rhcrni~nl rlcrnrnts may ronirihute anything to the gcnetic history 
of t h ~  rock. If clquilibrinrn ITRS attained it rnenns that all dements 
will (list r i l ~ ~ f  C: thcmsdves in the "rightu proportions within olivine, 
cnstnritr, spinel, and m a p n ,  repardless of thr provenanre and 
original compoaitiorl of t l~c  min~rnI plinses. ITc may go further along 
this line oi thought : spilsel pl~c~ioc~ysts (not, i~~olusions) have bec~k 
observed in somr of thr! Inpas. T h y  arc? portirularly conspicuous 
iu an olivine-rich, rnafic basanitic lnva (at top 570, one-half mile 
west of Staraya Artil Rookery, St. G~orge  Island). Tbe lack of any 
evidence of msimilfitiarl of  luminous n~rtterial by any of the lams 
makes it remonabl~ to fissumr that spinel hrre t l ~ r l o p c d  as a primary 
phase during the rryat,nllizntion. C ) I d  rlndersen (1915) hns sl~own 
thnt in certain parts of fo t~ t  ~1+it,~-rit101*tJ:llite~nstatit,e melts, spincl 
will appear as a prirnng pll~q,4n nn crystnllix~tion. Osborn and Tsit, 
(1952) have extenrlcrl the ~ i l , ~ ~ ( l i t l ~  to inrludr: diapside and finds in t l r ~  
tcrnarg system forsteritc-nnort hi tr-rlinpside n rather large. field of 
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spinel. The o l i~ne-p l~~oc lase -r id  Invn may come suffic.irnt!y 
dose to this composition to yield primary spin~l,  Thia spinel, tl, 

phase of cqstaIIizstion formed in equilibrium wi ~h thc magme, shows 
index of refmetion, n=I.7AL, nrld the l~ngttl or t j l l ~  edge of the unit 
cube, a,=8, 13 A. Thcse constnnts are prrwticnlly t 1 1 ~  snmo ns them 
in t,he spinel of the nodule. 

The chemistry of spinels j u basic lfivns is not wolf known. Thomas 
(1922) has published n rle~cript~inn with nnnlywis of n ~pinc l  derivcd 
from assimilation of rclurninous sediments by T8rtiaa.y Invm of Mull. 
The clllemica1 romposit,iion (in percent) is MgAI1O4,40; Fo,U1Q4,50; 
Fe8O4,4; Alp0,,6. The hig1:h iron conwnt reflcct,~ t h  fwt that the 
lava of Ml~ll (a tholeiite) is more ierriferous than tho b ~ a n i t c !  of 
Pribilof. It indicates that equilibrium wax reachetl with tho lrrvtb 
(so much iron could scnrcely reside in the clny sediment) anrl sup- 
ports the view that t8he composition is governed by rsavtion~ with 
the m a p a .  

The gene.r.ra1 concIusion of the study of the s p i n ~ l s  from tho Pribilof 
Islands is t,hhat the composition of the mineral phme (in bhc! olivinr- 
rich inclusions) and the di~t~ribution of the elements in thorn will not 
contribute to the genetic history of the nodules. 

According to a suggestion by Tomkeiefl (19521, phnnocrysts of 
olivine, pyroxene, and spinel d l  sink easier in the rehtively fluid 
basmite magma thm in ordinmy bmaltic magma, and at somt. drpth 
ronsolidrtte in the form of peridotite, fragments of which heuomo 
olivint: nodules. TI& explains why I I O ~ U I P S  nre more fr~qnent. in 
basanit~s than in common hwalts. 

PWl?EOCHEIciISTRY 

ANALYSES OF TEE ROGER 

,4l1 analyses of the rocks from the Pribilof area arp listed in tables 
6, 6, and 7. Unique in its relation is the peridotite (sample 1, p. 119) 
The aplite stack ako stands apart. (samples 3 and 41, as does the 
rhgnlitic glas (sample 5 )  which, however, seems to reprrsent a 
n*sirltral liquid, pcrhaps rcltbkcl to somc of thr minerill f r a ~ r n t a  of 
nlknli ft-Idspar (nnaIpxcd on p. 140) found iu tbc d u f l  { s ~ t n p l ~  2). 

.tnnlysrs of rig111 of tIlr cxt.msivc lava flouts, snrl of six ur 1,llc 
ournerous bnsir. d i k e  in St,. Paul, St. G c o ~ c ,  and Otter Esla~~ds mu 
compiled in tables 6 and 7. The dikes me by and large very similar, 
chemically, to the Rows; toget,her they form a typical assembhg~ 
of olivinp basaltic-hasanit.ic rmks, cletlsly unusual in this part of 
Itl~t* \r.orltl. 
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The Pribilof Idands are made up almost ~vhoIIy of lava flows. 
Conscqu~ntlp the avpragc composition of the rocfis of the islands 
would he reprcsent~rl appro-uimately by the averhge composition of 
all lava flows, T n h l ~  G xhows that, rock sample 7 lms an ~rnusually 
't~igtl rond~nt of tibnnia; also, daminn is rather low RS cornpa~~d to I hr 
liiglt alkali cwntcnt , t h r r ~ h p  nnortllitc hrcomcs low i n  thr alosm. For 
t l \r~t! rraaons nncl hrcnirsr t l t ~  snnlplc may not. rcpr~srnt, n fln~v, !,Illis 
analysis Ifas Iprrn ornittrtl from tllr. ~ ~ \ ~ ~ r a g c .  T h p  lus!, colu~nn of 
t a k ~ l ~  t i  shows thc averngp ronlposition of the lava flows ns rompat,ril 
from samples li, 8, 9, 10 ,  11, 12, nnd r 3. In  rile rlom system tht- lava 
obtains t,Ile yrn'nol 111, 6, 2, 4 nnrE t h e  namc rnoncliiquose (hut not 
far from limburgosc.), 

The Ni&i V ~ ~ I I P R  n r r  a9 follows: 
a1 ....-.---- 
fm-. . -  - 

l?-- - -  

a l k  - 
Tho lava flows h~Io11g to the mwxi t~  phhroirl w u p  of nngnlas 

(Kiggli, 1938). 

TABLE 5.-Annlys~r nJ rmkn jrnm the PrihilnJ Iflands 

I h ll nryllgw hg n. llmnnl - . - - - -. - - - - - - - - 

-- -. - 
Pi02 .............................. . . . 
Ti%. .............. . . . . . . . . . . . . .  
A hO r... ............................ 
FmOr.. . . . . . . . - . . -  . . . . . . . . .  
FrO .......................... 
hlnO.. . . . . . . . . . . . . .  . . . . . . . . . . .  
\IE~>.. .............................. .24 

............................................ . 1.4UV 
c:io 1 li! 2, Y7 
S.;;ltO . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 4. 18 
K:O ........................................... 
1':Or ................................................ ' ,111 . H) . OK .R3 
I~?D+... ..................................... 1.:11 
ulo-.. ...................................... W. :l . n 

1 1NJ. I4 JIM. tP i 100.115 1 lm40 1W. I0 
- 1 ------ --.. 

1. Perldotlte St. Qeorre Ishnrl ure 11.110. 
2. 'ruff At. 6 ~ o r g e   stand s e p  ;.'\:a. 
3. ~ o r 6 o l s p l i t e  St .  ~lrorbe Islnnd we p. 121. 
4. Mltrgln of alriitme, Sl. CImw ~slnhrl, wn I,. 121. 
5. R h y o l i t i c ~ l ; ~ ~ ,  St. Pnul lslnnrl. wr 11 .  1:17. 
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TABLE 6.-Analyses of lava .flows of the Pribilof Is lands 

TABLE 7.-Anall~.ses of dilces f rom the Prihilof Is lands 

[The numbers correspond to those in tho drscription in the text, p. 126-130. Analyses 6 and 8 by B. 

[The numbers correspond to thosc in the descriptions in the text, p. 130-135. Analyses 14 and 15 by 
Broun, 16-19 by rapid methods, S. M. Berthold] 

1 1 1 

Bruun; 

SiOz ...................... 
0 ...................... 
A ..................... 
0 ..................... 
0 .................... 
MnO ..................... 
0 ..................... 
a ..................... 
N O  ..................... 
K O  ...................... 
PtOr ...................... 
0 .................... 
H z -  .................... 

-- 
Or ........................ 
Ah ........................ 
A ........................ 
Ne ........................ 

Hy 
1)i ........................ 
0 ........................ 
M .................... 
11 ......................... 
Hrn 
A p  .................... 
1 1 9 0  ...................... 
--- -- - 

I An:&lysis l o ~  s:rrripla 7 

(I; ........................................ 1 4 . 6  8 . 0  7 . 5  I%O l o . o  12.5 
Ah ........................................ 10.0 6. 0 11.0 15. 5 37.0 40. 5 
An ........................................ 17.8 22.0 17.7 19.0 23.5 16. 7 
Ne ........................................ 12.0 12.0 13.2 14.4 . 9  .......... 

7, by ICeyrs (1930); 9-13 by rapid methods. S. M. Berthold] 

6 

-- 
41.70 
1.25 

14.66 
3.38 
8.97 
.18 

1 2 . 2  
9.93 
2.95 
1.22 
.67 

1.15 

7 1  

-- 

44.21 
4.78 

14.28 
2.35 
Y.91 
.13 

7.34 
8.92 
4.70 
2.51 
.79 
. I 9  

1.10 ---- 
9P80 

.02 

100.13 

11 

- 
47.2 
2.3 

15.4 
4.8 
6.8 

. 2  
8.1 
9.8 
3.8 
1 .1  
.38 

{ : 39 

99.3 1 1OO.M 

.05 - 
100.14 

8 

- 
4:. 0 
2.8 

16.6 
3.9 
7.4 
.2  

4.9 
9.9 
4.1 
1.6 
.50 

)....... ............................ 
--- -- - - - 

99.5 1 98.9 1 99.9 5 

' 9 10 

- 
44.37 
2.19 

12.74 
2.15 
9.42 

.18 
14.71 
9.30 
3.00 
1.41 
.71 
.20 

7.0 
4.0 

22.5 
12.9 

17.6 
26.0 
3.4 
2.0 

1.2 
3.5 
- - 

I 2  

- 
46.7 
2.1 

15.0 
7.6 
4.8 

. 2  
10. 1 
8.9 
2.8 
1.0 
.33 

- 
47.0 
2.8 

17.2 
4.3 
7.0 
. 2  

5.1 
9.8 
4.0 
1.6 
.51 

Norm 

omitbcrl Irorn :rvcragc hrcauso 

12.8 
9.4 

10.3 
16.5 

....................................................................... 
22.6 
11.7 
3.5 
9.1 

................................................................ 
2.0 

........ 

- - 

9.5 
24.5 
24.3 
7.2 

17.6 
7.4 
4.F, 
4.11 

1.0 

13 

49.4 
2.0 

15.1 
3.5 
7.9 
.2  

7.9 
8.7 
3.4 
. 9  
.34 

8.0 
10.0 
16.5 
9.6 

18.8 
29.1 
2.3 
3.8 

1.4 
.I; 

Average 

,,, of 7 , 
-- 

46.12 
2.21 

15.22 
4.22 
7.4ti 
.1Y 

9. 04 
9. 46 
3.43 
1.26 
.49 
51 

the sa~ril~la may not he rcprescntativc. 

9.5 
24.5 
22.5 
7.8 

19.6 
6.8 
4.2 
4.0 

1.0 

6.5 
25.5 
22.0 
5.1 

19.2 
12.5 
5.1 
3.2 

. 8  

6.0 
25.0 
25.5 

9.6 
13. ti 
9.0 
7.2 
3.0 

. 5  

. f i  
.................................................. 

5.0 
31.0 
23.3 

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

10.8 
14.0 
8.1 
4.2 
2.8 

. X  

7. 5 
22. 8 
22. 5 
4 .9  

.......... 
1 A. 8 
l ti. !) 
4. 5 
3. 0 

................. 
1. I 
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Figurc! 36 is an ordinay v~rintion diagram showing CaO anR 
(Nq0+K20) plotted ag.ndns!, silica; the alkn I ic. rhnracter of the present 
1.oc.k suite is obvious, hut  t l ~ e  alkali-Zimc indry cnnnot be determined 
accum~cllp, os onIy rncmht1ts of low silica m n t ~ n t  are known. Ihr  
the same reason t l w  trend of bhc diff prpnl,iat,ion cannot. he drfin~d 
ndrqu~lely by a merp tnbuhtion of thr vnrious rock anrrlps~s. But 
thorn is anotl~er wav in wliirll the trcrlci of the fractional r*r_vf;tnllixa- 

I I I I 
40 50 60 70 8Q 

PERCENT OF Si02 

FlOlru~:  :%.--1)4t~ni shorlnr thr vnriatlnn In 11IRrlll l ~ n d  lIrn+' u Ill1 If~rl'#~nlnC ~lltrll fur .\lrYI&m I:lcaq 

rlnrl lo1 i hr T r ~ ~ n v - l n l s ~ n w ~  :!ll;al~c rrrka. 'I'hv ~lrtyl~vt h>n p l ~ i t s  II! 1:I I'l.lhllt11 1uy11 f l rrag ;w ItlnH4vL. 

tiu~i is t.c~vc~ulcrl: ill ruv11 1wt.l; vrrtailz ~lliticrals (~nabirlly olivint!, SOIIIU 

tliol>sirhh-urtgitr, n ~ i d  cttlcic plugiorlm.st*) hnve rlyst~llisrtl first, lcuvilrg 
a lraidttnl liquid. thnt iu ninny ~wcks  h ~ s  rongchnlrd as glass. Front 
car11 rock analpsis in cambir~ation with opticnl rlrtermhations of 
t l l ~  rnjz~rr~l phases it is poasibla t o  calr.ululntr Ihe c,omposition of this 
residue (see p. 127). 7'hr resdts of theso cnlcul~tions show that 
if sotla and potash nw combined thc cornpositmion of t h r  midun1 
glam car1 be exprossr*tl, approxim:ttelv, iri trrms of qual-tz, ~ n n ~ . t I i i t , t ? ,  

and nepheline. Fig~rc? 17 rantains tllc* ~kimjection point,a of the 
rocks and their constituent glassrs. It, clcrnoastrates that  he trend 
of different.iation wns in all rocks '?lawn" tho fusion surfnee. The 
differentiation t r~nds  toward the cotmtic curve sepnmting the field 
of the feld~pars from the field of thc nephelines. Thr glnss fraction 



of the mcks thus shows the composit.iien of n phenolite, and if this 
fract.ion Ilarl had t.he rhancc! to he %panted from the nnbt*ced~j~t 
mineds, i t  would llsve form~d ~HFQ of f he cornposi t ion of rt phonoli tr. 
In spite of a ctareful search for such lava in the islands, none Ivel-r! 

found; the only indication of a residual lava is s rhyolitic glass ocrur- 
ring in a few pieces of white pumice at PoIovina Hill, St. Paul Irrlrrnd 
(fig. 33sampIe5,seealsop. 137). Xsseen from figuw 43 the rhpolibe 
is quite unrelated, rhemiclallp, to the exp~cted hut still hiddcn phono- 
lites of this province. 

OGtI(TIl7 OF THE ALE= ROCK SmTE 

Thp cffttsivr! m k s  in the Alask~rl-~4leutisn mnge of T~r i n r y  to 
Rcccnt agc arc in tFlc main andcsitic in carnpositian, alt h o u ~ h  hbnsnltic 
phnses on the one hand and rhyo1it.i~ on tho ot.frer are also r~p~rscr~tcd: 
the rock suite is t,ypicalIy calc-aIkaIic; (Byem;' Conts, 1050; 3 1352 ; 
Snyder '). Inferior analyecs h n v ~  hccn r i t ~ d  as cvidentc #,hat. t l ~ r *  
rocks of BopsIof Island (st,raigllt west of Unnlaska) are aIknlic. 
A modern restudy of these rocks by F. 31. Bpew has showrr tllrlt 
sucl~ is not the ease. 

St. Mshthew, Hall, m d  Pinacle Islands lie about 250 rnil~s nort 11 
of the Pribilof area. dccording to P. S. Smith (1 539) they are com- 
posed almost e_~clnsive!y of Tertiary to Recent volcanic rocks of 
andesite character. Again on Nunivali and Nelson Islands much 
of tlie hdmck is basaltic. lava which seems indistinguishahlo from the 
basaltic rocks along thc  lower Yukon, at St. Michrt~1 and in Scwnrtl 
Peninsula (pl. 2). 

But on the St. Lamre~lce Island, ffir north in the Bering Sea, about 
150 miles southwest of Nome, volcanic rocks of post-Cretaceous rtgc 
and of alkafic character form a considerable part of the island. These 
rocks have been sampled by the Geologic~l Survey, and the following 
description of them has been sent to me by Dr. Louis L. Ray: 
The alkaline nature of t,he rocks is indicated by: 

a) Recognilion of a~ialcimc, nepheline, or sodalite in more than 25 ]~r:rccnt 
of the basal& collected. For specitnens from the central part of the island 
(Kookwlgit Mountains) the proportion is considerably higher wit,h 
slightly kss than half t l ~ c  specimens being somewhat ~IkaIic and wit11 
ii~formation on the remainder being inadequak for conclusive deterlni~~a- 
tion. 

b) kltl~ough ~ncgavcol~ic determinatibn of the fcld~pars cannot kn: clt:fi~~itr*, 
swcimenu from the Ongovcwhat River a m  probably conhi11 47 percent 
orthoclase and 47 percent albite. 

C) Itlclusiona and injections within t,llc basalt8 were described as ayenite 
with minor nepheline content. 

1 Rym, F. M.. 1955, The Petrology of Umnnk and Bo~oslof Islands: Fh, D. thasla, Univ. Cblcago (In 
preperntlon). 

1 6nyder, a. L., 1952, Borne considerations of Aleutian lava with spgeeial m p h a ~ i s  on thosa of Lltt le Sit- 
8h Island: mimwgr8phlbd and on file in the library ar the Unlveraity of Cblcogo. 
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Thus we scp that" irl 2.h~. nort.hem part of t he  Bering Sca on St. 
Lnwrencc Jslnr~tl nml in thc soutllcrn p ~ r t  on tl~t! Pril~ilof Islands 
nl kalic mck suit PS ovcur; and, ncco~vling to \Frnallington, who also 
rluotca X p p u t i t o ~ ~ s k a ,  swln rhyolitc wcots ori thr Kornat~dorskiye 
0st.1-ova, ofT t tie const of Kamrhatka; nepheIinc syenit,o nntl comsnrlitc 
hnvo been found nt  East Cnpe, Sibcria, where monzotiite arld rl~yo- 
li tc: R ~ S O  OCCIII' ( \ .~fas~i in~on,  1902). 

Isostntic cnmp~nsatian prcvnjls in most parts of thc earth, hut 
sevrrnl vrry i l ~ t ~ r ~ s t i ~ g  rxrcptions h a ~ e  1)ccn rlcmonstratccl ly 
gravity mensurt11n~1it s conduct vrl at spa l ~ p  Vening-hl~inrsz (1 934) : n 
mass tlcficicncy prcvnils along t Ilc for~rlrrps of t l ~ e  nrcun,te ol.ogt>nic! 
isfnncl cliniris (t,llnt, is, pnrnllrl to t l ~ r *  cclllvcs sitlr of lilt jslancl nrrs of, 
for cuamplc, 1I1(1 1Inlkty Art,hipt4ngo, tlw arcs 01 thc Anbillrw, of the 
Alentiana, a11d otlzr r nrcs) . 'I'11rr.e is EL rclatiorl ther~forn, bcxtwem 
idand Emtoons, occnnir cl.r~ps, a114 mass deficiency. This dcficiet~cy 
nt,tains n mngoi tudc, of morr t,hsn 200 rnilliprls. A mck h l a n k ~ t  5,tiOfi 
fret Lhick, of dmsity 2 ,7  nntl with ittdrfir~il(* herizontnl cslri~rcion 
watlltl be ~ - c q ~ ~ i t ' a l  t,o cornprnsnlr for this defiricnm; and if canrrn- 
tratoti along f i  l~nritl, tllr tI~i('knraa must hc still grcnt~r. At the strrnr 
t,imn n mass rxrras l~niltls up or1 t,I~r i1111t-r (concavr) sidr* of the R ~ P .  

Obviously strong t n n p n t  in1 forcrs nrc r hus produced, rclrnsing tllrrn- 
selves in liorixo~jt a1 mass movrm~nts of largo dimensions. Crcat, 
crustal instability ~ v i l l  ensur, ant1 liprenrl far into the hintcrlanda of the 
arogenir: arms. 

The t,wtonic rtlvimnrnr~lt is now mcop~ized ns an arrtivc factor in 
the cvolultion of magmas. Vertical fnulting of nonorogenic areas are 
the accepted prereqrrisit~s ror tlrr fomntion of alkalic rock enit.cs. 
Tomk~idT (1949) hns point (rl or~t t hat, ign~ons rorks with marked, or 
wen strong alknlic chnmrtrr, hnvr rlrvelopcrl in the J~interlnnd of 
man7 rirrum-Pacific nrca: for rsllmple, t h ~  Austmlittn Cainosni~. 
igneous rocks in the tlintrrlt~ntl nf t \I(* XPW Guinea-Sew Zealland arc; 
the m k s  of the innrr side of Zhv Jnvn-Sumatra arc; the <'Trans- 
Japanese alknlirlr provinc.~" rompr'isiug 111r Sea nf Japan, Koran, 
pastern China a~irE AIonpIin.  TI) all t lrrsc p lnc~a  tht* nlkalic rocks are 
also associated wjt,Ii vcrt ivn 1 fnt11 king. 

Consequently , it scems to l)r! n rule t hrt t alkalic rock ssllit,es devrlop 
in the hinterlands of thr folrlctl nrcuatr! mountains, probably alway~ 
nssocint,ed wit\h vertical movcm~n  ts. TIlr! nlkrclia rorks of t,ho Pribilof 
mound were, therefore, to br cxprctcrl, nntl Iiilrl  f h ~ i r  rounf ,~ . rp~~. r t s  in 
other regions of ~irnilnr geologic rclnt iatls. 

The visible amount of alknlir: rorlrs on tlic itlnrr (conrav~) side of the 
Alaskan-Aleutian arc is small hrrausr thr nrra is  mosr lp l ~ n d ~ r  the spa. 
Rut i t  is quite possjble that t t ~ r  wlrolr Pribilof awn. bet~vccn (3,000 and 
4,000 squnrc rnil~s), being n. r~giori of vmst nl instability, lr~s producetl 
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extensive flows of markedly aIkalic lavas now at t,he floor of tho shallow 
Bering Sea,. 
To tcs t this we should try to find out what is undern~ath the Pri biIof 

Islands. The geographic position on the contincnlal shelf indicates a 
continental basement. However, no obvious t r ~ c c s  of contin~ntsl 
rocks exist, and no interaction (a~lsimilntion rclat,iona) hotwccn lava, 
and sialic rocks can be inferred. Quite bo tho contmry, tho alkalic, 
strongly bmie character 01 the lavas is indicative of primary basaltic. 
subatmtum thrat reached the sl~rfnce witho~t t nn y contaminmtion 
(Barth, 1940). The e~istcnce of a peridotitt! hasomtr~t in St. George 
Jsland, although quite possibIy of locaI ~xcstt-n t ,  is  s similar indication. 
The  only evidence in favor of 'kontincntnE" rocks underneath is an 
aplite stock of granitic cornposi tion in St. George TshncI (p. 12 1) and thc 
presence of a small amoant of rhyoli tic glass in St. Paul Tsfand (p. 137). 
Also, large loose crystals of anorthocla~r in Chc! tuff dpposits west of 
Staraya Artil in St. George Idand similtnrlg jndicntivr of a rontinental 
basement (p. 139). TT'Iencr came! tlwse crystnls? They nrc voIcanir 
ejectamenta, but cert~inlp not ~lerivcd from any or the lavns h o w n  
in tho Pribilof nrea. TIIR only magma ccimp~tible with the composi- 
tion of the anorthocl~c wo~rItl br sycnit.ir+ or granitic (gmnodioritic) 
in composition. They ms,y 1wiva bht. s ~ m c  oripn as the rhyolite glass. 

The Bering Sea is a triangular hrtsin between hluska and Siberia 
boundcd to the 8ouCh by i the Alcutian Island arc (pl. 21). The 
greater depths are in thC ~out~hwcstcrn part, where a maximum of 
2,240 fathoms (4,070 m) is at,dair~ocI 43 milcs northeast of Abtu. The  
northoastern part of tho basin is conspicuously flal ~ n d  shallow. I t  is 
commonly referred t,o ns t h o  Horirig 8ca shelf nnd is nowhere deeper 
than 100 fnt,Iioms. Sny l3uffington, Camoln and Dictz (1950): 
Strai~ht linr travrrw ovrr distar~~rs as p u t  as 6' of latitude (343 nantiml 

mITce) have resi~lted in tracrs which are almo~t  complelelg anlooth at relatively 
w n s b n t  dcpth. Slight stl~rprhr~~wars which occur ocm~lionnlty in an othcrwiw 
prrfrctly smooth trarr art- attributed to Iocullp stony bottom. Over long dis- 
taricrs the bottom ~ r a d i ~ a t ~  arts typically IPR* than 1 foot p ~ r  mile (a stope angle nf 
consirIersblp ICRR than 1 rniriuto). Thr utraight l i n ~  traveraa between the Pribilot 
J~Iands arid St. I~wrmcr.  IsEsnd showed a net  rise of 25 fathoms in 343 nautical 
mi l~r .  Thia padirnt of 0,43 fwt per mile is not to kr found on any land ar~rlacc! 
of comparablr extt.nt and is  mom nearly approached by the gradients of very  old 
and slow-flnwin~ rirpw. The break-in-slop at  the m11tll~r11 e d ~ e  of the Bering 
&a shclf OCPIIW at a drptlt of ahout RS fathoms, a depth which is  constant a-ithin 
a few fathorri~ at lrast 150 t n i l ~ ~  of the lpogth of t h ~  break. This depth is about 
20 fathomR ~ B W F  than the 65fsthom depth typical of continental shelf breaks 
throu~hotrt thr world. I t  is believed that    he M n g  Sea break, like other 
hr~aku on ro~lt.inpntal margins, marks an old ahomline of a lowerpd sea-level or, 
morr exactly, that i l  iq a wavr-abraded I~attrre cut within the breaker zone of the 
lowcr~d pea lrvrhl. 



GEOLOaY A N D  PETROLOGY OF THE PRIBILOF ISLANDS, ALASKA 153 

Close to the edge of this remarkably fiat and monotonous shelf lie 
the Pribilof Islands (pl. 21). St. Paul Island rests on a broad sub- 
marine mound ; St. George Islrtnrl rises mom abruptsly from the ma, 
but east and northeast of it is another broad platform wit11 broken 
water shoaling from 3 to 8 fathoms. It is believed that these con- 
spicuous variances in the monotony of the shelf call for a apecia1 
explanation. They represcn t aiccompnnim~n t s  to the igneous activity 
that is manifest in the extensive fragments of Recent lava flows now 
dominating the brdk of the islands. Consequently, these marginal 
parts of the shelf, cavering an area of almost 4,000 square miles, 
must haye been subject to crustal movements, faulting, and block 
elevation attendant on the Recent l n v ~  effusions. The oldest lava, 
flowed over a glaciated surface on which marine shells are found in 
their original position (Smicawc, Mya, Astarte, and othem, see p. 117) 
thus proving that the area was close to  sea levd at tho beginning ot 
tho volcanic activity. During tho latcr stages of the lava formation 
the intercalatetl fossiliferous sedimentary beds, in places conspicu- 
ously crossbedded, indicate. shallow water. Thcro can bo no doubt, 
theroforc, that during all this time the area oscillated amund srn 
level, and that the crater fissures as well as the extensive, flat-lying, 
lava Rows were formod close to sea level. On the other hand, the 
p a l  thickness, of soma of tlie scdirnents (p. 1 18) stroqly indicates 
l igh local rclicf prohn l.)lp v a ~ ~ s o d  by fa111 Ling nnil block filov~tian. 

This urea of rruskal i~uisbilitp will hc r~fcwrd to ns the I'ribilof 
mound. It is now mostIy suhrnor.gc.d, only tlir! islarlrls thnmselvm, 
or 2 percent, being abovc sca lcvel. 

Most geologists agrctl that n ~ m i a t i r  lowering of sea lcvel occurrcd 
during bhe Pleistocenr. Tho drop is variously estimated from 300 
to ,792 feet (50 to ti6 fathoms}. This range is supposod to be related 
ta thr present dcpth of t,llo break in slopo between t'he continental 
shelf and tho conhinant~l slope, which in the Bering Soa happens to 
ba 85 fathoms. In any cvcnt; n drop of only 50 fntl~oms would bo 
enough to mmlre dry lnrtd of most of the Rering shclf, with the Pribilnf 
area emerging as ail rlcvated plateau. (Ssc pl. 21 .) 

Tho building up of  the Pribilof Rrea can ccxt~tinly bo dated as 
PIeistocene. It dev~loped as a raised tableland with the highost 
parts attaining, and, at that time locally exceeding an altitude of 
1,300 feet, abrrlptIy plur~gitlg into t,lw ocean t,o thc southwest, gontly 
sloping into the r~rnarlrnbly flab nr~d low-lying hinterland of $he north 
and east. 

OLACUTTON 

No traces of glaciation are evident on Chc present surface, but, as 
stntrd in the description of St. Geo~gc Island (p. 110), the:bascmcnt 
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prr'iodotih was m i e d  and leveled hy glaciation bcforo tho offusioo 
of the basaltic Irsvasl. Vtlrious t-ypps of glacial sndirncnh were also 
deposited, partly dire~tlg on top of thp p~rirlotit~r, pert,ly in alternation 
with lavas. These sediments nrp. vcw thick. 'rht gotloral impression 
is that the glaciation lvns ~ x t . : f . ~ n ~ i v ~  in hot11 rzpnrbe a ud time and a ready 
inference is that it rorrpsponds to R ~ o n t i n ~ n t n l  glnciation in Alnska. 
However, according t,o t,hc brsL inlorrnrttion (A. J,. Horberg, persorial 
communication, and Capps, 1931), it i s  hardly possiblc t.bat Alaska 
at any timc during t,hr Y l r i ~ t ~ c ~ n o  wus glncinted to such an extent 
that tphe ice could sprrad wrsbward over tho present Bering Sea and 
reach the PribiIof Ts la~~d~,  Rnthe~,  it seems that in the west-ern 
part& nl Alaska ordy t ,Iw Iligllrr rnount,aia ranges were glaciated. E n  
the lowlat~rle no pwrnnnntit r:ovrr of snow or ice cxistes. Or, is it 
possihlr that a chovtr~ of i c r ~  re~ ted  motionless over the Bering shelf 
unrl ev~r~trtally rndbrd willtout leaving any vestiges? 

How is it  poasibls, then, to amount for tha glaciation of the ppri- 
tlotitc of St,. George Island? High elevation might seem to be thc 
anaww. 'I'his is nontradicted, hownvar, by the fact t,hhat fossil marine 
sheF'IIs lic tlircctly on tho glacitlted surface; the first lava outpours 
~ v i t l ~ n t l y  rode over IowIands nnd the shallow sea floor. Tho prpsencc! 
of similar fossil shells in the intercdated sediments high~r up in  lh(b 
b ~ a l t  pmfilc indicet~s t l l ~ t  tho area was close to s c ~  I~vr l  (luring 
most of t l~c!  suhscqr~ent v01i:anic activity. This conclusion ll~rtIs 
some modification: prsrts of the area must h ~ v o  roached higllc~. 
alt itudm, for only in this wmy is it possible tO explain the pent thicbk- 
nlms of mmc of the sdlments ,  for rxtlrnple at Ottor Jalanrl. Con- 
sqnently, high local reli~f existed, whicbh in all probability wan pro- 
rlzlrotl by fatilting and block dcvation. 

Tbis sapports the view that the Pribilof arm during tho Ploi~tocrno 
mas  subject to large vertical morcmp.nls. It may hnvo mt~intainrd a 
high average elevation in mrly I'leistocruc for rxamplc-in Gilnx arlrl 
hlir~lel, s~ibdivisions in Erlropran t~sage-anrl during this tirno it br- 
Vnmp Ireavily glaciatrd. '1'Etc.rc*aftrl. n gen~rnl fountlcrit~g of the awn, 
look plrtct! in romhinnlinlt wit11 fissuring nlrtl. otitpotrrit~g of lt~va. 
Utvirig all the subseqnc~rt v o l ~ t ~ ~ l i c  1 1 i s t 0 ~  it nrmuintul iu IL low 
position, oscillatitig nmund s m  lrvrl," 

Tho only ot,hhor way ta account for t , h ~  glnriation of thn peridotite 
would be by pwk ice. This moans that 1 he glaciation took plnce in 
Iate Plri~thor.rne, aft,rr t,lw ousbnt irnlly lowrrt1<l srm l ~ v r l  spin had risen 
nr~tI i t ~ u t  ~tlt~,(,etl i,ltr? sliullow Br*~ . i l l~  Srrr or1 wlhirll t11e park ice woulcl 
Ituvt! to Iltrza(,. 'Ihr! s l  i l l  yl,iinprlP lava HPI~lIL'llV(n nncl the deposition V T  
( Itirk sccl im~~~bs l)r~t,wrc~t i l,llc It~.vn, Ilrnv~; \\~cl~~ltl I l l ~ ~ s  Ilc just n Ie\v 

a A suhmnrlnc uruptlrku In thlu ntna Is. reurtdod na h ~ ~ l n p  t ~ k m  p l m  in 18th (Rim, 1951) and lanaphe 
(ra55) stntw that lla~i~cp. hav!' IXUI*II JP*I to TIP lrom t h ~  urn nllrlhm~t of the Z'rlbllniIstnntla. Horwm, In 
ppltp 01 thmc nwrtlons nnp pwufnt vo lmlc  !Iclirvlty must hab rcp~rdwl us doubtful. 
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thousand ?PAW old. In  v i ~ w  of the. stroug erosion of the peridotite 
surface and the great bhickn~sse3 of some of t.he subsequent sediment's 
inrluding ~lacial  till, indicating local high reliefs in very recent time, 
this ~xplnnntion does not upem probable. 

LITERATURF: CITED 

Andrrrtnn, C)I;il, 1 !I 15, Thrr syst(ltil :inorthit P-forstmit~-~.ilicn: Am. Jour.  Eiri., I t  11 
nor., v. :+!I, p.  4H7-164. 

Bnrth, T. F. W., I!):! 1,  A.linrhr:\lugirnl pvl rogr:iphy ai Pacific Invns: Am. ,701lr. 
Rri,, .St h srr., v. 21, p. 377-405, 491-530. 

III40, Psi~titlc and contaminated rock 1nnKrnn and thermal wat,~r: Bull. 
volc#nolo~iq~w,  scr. 2, tome 4, p. R:+87. 

1052, T ~ I P  diflertlntiation of n contposit~ a p l i t ~  from the Prihtlof T~lands,  
Alwkn; Am, Jolir. Svi. ( R o w ~ n  volnrn~),  pt. I, p. 27-56. 

~ r ~ w r i i ,  N. J.., 19 l ~ t ,  Tlic t,rrnnry sy.rtcnln diopwit2i.-to~torit~ilics: An). Jnrir. 
Sri,, 4th wr., u. 38, p, 207-2fi1. 

IIll5, TIIP rr,vsti~ll ixatio~~ t)f l ~ ~ ~ ~ ~ l ~ ~ l ~ t i s ~ ~ ~ t i ~ ,  l ~ : ~ ~ ~ l o d i n r i i ~ i c  ; ~ ~ i t l  rvl:it(~d 
fnrigrrlrin: A I ~ .  , l t~~ i r .  Sthi., 4th stmr., v. -40, 11. ltil-1% 

I4ilffltip;t oti, K. C., Cnwolit, 12. J., ~ u i d  I>iet,x, I t .  S., 1!)50, ( 1rr:aikogupllir cruise t,o 
1 I I 1 1 1 1 i  I ,  t i  I ! :  S n v y  Rlrctronirs T ~ I .  rr.pt,. 
204, Htli~ Ilitbgo, 1!150. 

C s p p ~ ,  S. It., 1!)3 1 ,  CI~~ciltt,ion in Aln~kri: U. S. GPO!. 8urvvy Prof. Paper 170-A, 
p. 1-8. 

Chudobtl, I\', F., find Frechen, J., 1941, Dir FrBhn~agmatische Bildung der 
Olivinf iuwnel~~id~~i~g~n vom F i t t k r m h ~ r a  (Sirh~n~rbbirgr) und Drriscr Wciher 
(F;if~l):  Grol. I l u n d r c h a ~ ~ ,  Hltrld 32, H ~ f t ,  p. 257-278. 

Clooa, ITnil~,  Ifl-ll, [ E ; I ~ I  utitl Tl i t , i~kr i (  rot1 Ti~IFrchlot cn: Crol,  Rnndschau, nand 
32, I l ( b l t *  p. 701-Rfl0. 

Clo i~ ls ,  It, It., 1!),5rl, Yolmnir nrticity i r l  tlw Alr~itinn arc: (I. S. Oml. Sl~rvry 
Thili. 074-11, 13, 35-4!1* 

10.52, Ma~rtlrtt ir d i f f r r ~ t ~ l  i tat  inii in Tertiary :ti)tl Qii:tf rrrtary volrn~lic rocks 
frotn AtIak niiil I i n t ~ n ~ n  Islnrlclq, l\lriif i ~ t t  Islands, A l n s k ~ :  GPoI. ROC. 
A r t i ~ r i r ~ ~  1\11ll., v. t;:i, 1). 4%-514. 

Drill, IT. El ., 18!IH, lirpnrt otl ronl : ~ n d  lignite of ATxskn: U. S. Geol. Survry 17th 
Aan. Ikpt., pt. 2, p. iG%(H)H. 

-- IR!)!), Thin rnulli~se f~t11~2t  of f h~ Pribilof Istnndn, in Fur sen1.j and fur weal 
ia l~r ids  of i llr north I'arific ocran, p, J:39-5 16, IT. S. Twlrsurr, S ~ c i a l  h g ~ n t s  
l>iv, ,  pt. : I .  

lfll9, 01) uomr T r ~ r t  i n y  forsils from tllc Pribitof Islands: Wmshington 
A c R ~ .  SP~ .  J o t ~ r . ,  V. 9, p, 1-3. 

-- If i l ! ) ,  t'liocenr nnd Plrintorftlc! fossils fmm t h ~  arctic coz3t for A1wkn 
~ i l d  t h r  R I I ~ ~ ~ P ~ O I I A  beaches of S o r n ~ ,  Sorton Sot~nd, Alaska: G. 8. GPO]. 
Hiir\ ,~y I'tnf. Pnprr 125-C', p. 22-37. 

Dall, IT. 11.. arid Hnrris, G .  n., 1R!12, Corrclnt ion PAWN: Scorrne: 1'. S. (;ml. 
S ~ ~ r v r y  nl~ll. 8.1. 

I):iw~on, C:. hi., IS!)-I, C:rolo~ic:~l !lot- 011 horrir of t IIP L.oK*~,~ nilti islli~irlr r h  
Ttrr in~ SPIL nrid r i r i r~i fy  : C:c.ul. Sor. A m c r i r ~  Bd l . ,  r. 5, p. I 17-llli. 

Rlliot t, H. \V., 1875, A t rpor i  of 4 h~ rendition of nf f~ ir s  in the Territory OF A1mk.l: 
If. S. T ~ ~ u r p  Ihpt .  

1887, 011r Arcrir Province: S e w  York, p. 1W253. 
EFI!IS, SPR Inlnnd of A l ~ f i k , ~ ~  i n  Seal and salmon fisheria srrd g ~ r ~ e r n l  

m r l r r P %  of Alnrka, v. 3, (;overnme~tt Print.ing Ofice. 



156 mESTIUATIONS OF ALASKAN VOLCAVOES 

TSrn~t, Theodor, 1935, OlivinknoIfen der B ~ s d t e  a l ~  I3rttch~i ick~ alter Olivinlcls~: 
Gwdl. Wiss I:cit,tingen, Nachr., hhth.-phys. T i l . ,  Gml, u, Miner. S. F.  
nand 1, Heft 13, 11. 147-154, 

Ffiwtner, H. ,  1884, t b r  kunstlirhe phpnikdiachtb Y ~ r i l ~ r d c r o t ~ ~ e n  der Feldspiithe 
von Pantrlleria: Z. 5. Krist, Rttnd 9, p. 335352. 

Gilmor~, C. R-., 1908, Smithsonian e~ploration in Alttskn in 1907 in ~eareh of 
PEeistocene fossil vertebrates: Smithgonian W A C .  Coll. 5 1,  no. 3. 

Grcwingk, C., 1850, B e i t s z ~ ~  zur K P T I I ~ ~ I I ~ H H  CIM oropaphi~chen und g ~ o ~ n o s t  is- 
chcn Beschaffenbeit d ~ r  Sord-\VR*t-K(iRtr hmcrikas: Rusn,. I<. Min. Gc~ell.. 
St. Petemburg, Verk., p. Cti-342. 

Hall, J. S., 1892, Geolow of thr Prit,ilof Islnndr: Grol. h c .  America Bull., v. 3, 
p. 486-500. 

Hauna, G. D., 1919, Geolo~ical notm on thr Prihilof Tuland~, Almka, with arl 
account of the fossil dinloms: Anl. Jour. Sci., 4th per., v. 48, p. 216224. 

Jordan, D. S., 1898, Fur smls nnd Fur Hpul Islands OF the Worth Pacific Ocean: 
U. S. Tremurp, Sp~cinl A ~ ~ n t s  Div., pf.. 1. 

Lacroix, A,, 1893, Les t,nrlavm ~ P R  rorl~rw volcaniqum: %lacon. 
- 1928, LR ~ornpo~ i t i o t~  rni~lCrulogique et chemique dm raehes eruptiven et 

particulierement d r ~  lavw ~ P S O Z O ~ I I U M  ef plus rwmt de la Chine orientxl~: 
Chitla Gcol. Survvj- GPO(. I<ull., v.  I, pl 1:3-59. 

Idarm, Fritz, 1852, Pl~nnr rrln1.iom of the alkali feldspars: Your. G e o l o ~ y ,  1.. tin, 
p. 549-574. 

I , n n d m ~ h ~ ,  G., 1865, S n t i l r ~ ~ s c h i ~ h t r  dcr V~~lkane ,  Qot,hn. 
t,chtnann, Eht-d, 1!,.72, chcr Miktit hildr~ng: I T ~ i d t l h ~ r ~ .  Hritr. Miilrr. ~ t .  I'rt rnE. 

H~t ld  :I, H ~ f t  1, p. 11-36. 
I,roullnrtl, C. C. von, E 821, Hmldhttrh drr Orykt,omtmic: Jlr.irlrlllt.ru, 1,. 122, 
Mrtrdor~r\lrl, G. h., 1!I-14, rn~wuttl ftvttur~s in rjvctrd blocks J<ilnn~.ti l 7~~F t~ t t~~o :  

Am. .Joiir. Pci., v. 242, p. 322-:-126. 
lladdmn, A.  CJ., 1015, Sntit hsoninn exploration in Alask:~ in 1004: S ~ n i l , h s a t ~ i ~ ~ n  

Mist .  <:oil. 49, no. 1581, p. 20-21. 
Xlnhonv, D. J., 1926, Fclspnrs indicatin~ alkaline affi~~itim of talw Twtinry basnll~ 

of V ~ C ~ O T ~ R :  Australian Assoc. Adv. Sci., v. 18, p. 88-40. 
hlurrsy, H. IT., 1013, PmfiPm of the Alelltian t r~nc l i :  Geol. 800. Ainsricn null., 

v. Btl, p. 757-782. 
Kig~Li, I'aul, 1036, Dir 3lagmentppen: Schweizer min~rdopl. P ~ t r o ~ .  Mitt.. 

Hand 1 R, IIeft 2, p. 33j-399. 
- 19:18, uber Molekulatoormen zur Gmttrinxhcr~shnu n ~ :  S C ~ W P ~ X P ~  minor- 

a l o ~ .  l'etrog. Mitt. Band 16, 1 I d t  2, p. 295-327. 
CInbornc., F. F. and T~it., D. B., 1952, The s s t e m  rliop*id~fo~~t~rit~-nnorthit~*: 

Am. Jour. Sci., Bowen Volume, pt. 11, p. ll:4-4:tB. 
Powem, H. A,, 1932, The lrtvas of the >lodoc 1:rvn-htd qundr~ng!~,  Califon~iz~: 

Am. Mineralogist,, v. 17, p. 275, 286, 2%). 
Prphla, E. A. and M c A t e ,  IT. L., 11)2:<, A binlogiral silrveg of the Pribilof 

Islands, Alaska, in North America11 Pnuna, no. hi(;, 1:. R. Dcpt. of Apiculture. 
narnber~, Hans, 1952, Chpmicnl ~ O I I C ~ S  and diatrihution of cat iann in silicat cs: 

,lour. Geology, v. 60, p. 381-355. 
Ramberg, Hfins, and Dt! VOFP, Grnrgv, I!lTrl, Thr diatrih~ttiott of Fe nnd %Ig iu 

coexisting divines and pproxrner: ,Tour. Cmlo~y ,  v. 50, p. 193-2 10. 
Rom, C. S., 1951, Provenance of pyroclmtio rnntcri~tl-: G ~ e l .  Soc. America Bult., 

v.  62, no. 12, pt. 2, p. 1473. 
Ram, C. 5. Foster, M.  D., and Myrm, A. T., 1851, OriRin of dunite4 and af 

olivinerich inclr~rriona in hasalEic  rock^: Am. Mfn~ralogist, v. 39, p. 693-737. 
Sapper, K., 1917, KaZalog der Vulkanau~brtliche: Stut,tgart. 



Smith, P. S., 1930, Areal Geology of Alaska: U. S. Gd. Survey Prof. Paper 192. 
Stanley-Brown, Joseph, 1892, Geology of Lthe Pribilof Islnnh: Ged. Soc. America 

Bull., v. 3, p. 496-5430, 
Thomas, H.  H., 1922, On certain xenolithic Tertiary minor intrusions io the Island 

of hlull: Gml, Sor. London Quart. Jour., v, 78, p. 228. 
Thorarinason, $., 1051, Laxrtrgljuiur and Lanarhraun: Geog. Annaler, p. 61-73. 
Tomkeieff, 8. I., 1940, The  volcano^ of Kamchatke: Bull. volcanolog., ser. 2, 

tome 8, p. 87-112. 
1852, h'epheline-baranite of Southdean, Roxburgshire: Edinburgh Geol. 

Soc. Trans., v. 14, p. 349-359. 
Turner, F. J. ,  1942, Prt~ferrud oric~~tation of olivine crystals in peridotites: Nuw 

Zealand Royal %c. Trans., v. 72. pt. 3, p. 280-300. 
Vt%r~illg hleillesz, F. A,, 1834, Grfivity enp~dit ions a t  sea: Ketherlarldr: Geodetic 

Corntnissio~~, Y. 2. 
Yeniaminov, Iva~l ,  1840, Zapixki ob ontrovn~i T'ndaskinskago otdule: St. l'etcm- 

burg, 
Wahl, W., 1!146, Thermal difrusion-cur~v~ctior~ nn cause of maginatic differentis 

tion: Am. Jour. Hci., V. 244, p. 417-441. 
Washingtan, H .  Ci., 1902, Igneotta rocka from Eitst~rt) Siberia: Am. Jour, Sci. 4th 

wr., v. 13, p. 175-1864. 
Wltqhi~~H~on, r[. S., u11d Kuyrn, M. G., 1'326, I'ctrology of tire Aawsiiar~ lsliind~, 

Y. Thv kcm-ttrd lslit~rdn: Am. Jour. Sri., v. 12, 1). 336352. - 1!)30, Rocks of the l'rik~ilof lull~l~ds: Am.  ,rour. Sci., v. 20, p. 321-338. 





INDEX 

P!ebtmnf  dkmrnta  nt  . . . . . . . .  Im . I lM 
Bngos~o~ H111 ................... ~~u.rrn\ . i i ? h ,  iz; 
R N U ~ ,  B .. i ta lysls hy ....... T21 . 151 . 140, 191 . 148 
Bnhgtoo, E . C., Carralh A . J .. nntl 1 1 1 ~ 1 ~  . 

R . S  .. qmtd ...................... 152 

Pale 
~ h t m t  .................................... 1n1-102 
A c h o k l e n p m f n t ~  ............................ 103 
Alkallc m k  susrp . origlnor ................. I S l M  
A l l t l ~ b l  &tmcnts . on St . P R I I ~  Islnnd ........ llH\ 
Apl i l r .ch~m l a 1  rorn~wrsltlonfll dlkr or .. 123-124, 147 

, tfsrrlptlon .... ......................... r21-121 
on st . c m r y  Is3,,1nq1 .................... 112, 14: 

, 1 ............................ 147 
. hnailt , lJ, I x 5 ,  ...... .................... 

.................. llirt~+ R . 3.. qtwtml IS? 
G~wmde Point ............................... 1111 
Crater HI11 ................................ IM, It% 
Crust&$ movemmts . geologlc analysls o l  ..... 153 
Crystnrs, in peridotfte ...................... tlR-121 

In tu f f  ......................... 117, 1-140, 152 

Page 
............. ................ Fwtls ,.... f17.11%118 

F"claslt1len~ua wdtll~rnla, 131 .. nmr~c I~lmd... ni-118 
. .................... You t ' a s t l ~  ....,.. ...,. El5.135 

.................................... Trox 11111 IM-Inl 

( :~ IPR Cuvr.. $12, 113.1lR. IIC . 121 . In, 125,13(1- 132 
~ M I . I ~ ~ ~ ~ ~ Y ,  3111Y~l~ll. ---. .................... 
(ihlt.h~flotl, e r i ~ l c ~ r w $  OK ........ Il0.112.I1P. 159-1% 

................................. . i:I"m 1% I:lrrl:cs 

DMZ. R . S., with Uulllngtan. E . C., a i d  
Cnrsoln. A . J.. quoted ............ ...... .... 152 

Dlk~s.on St . Ctcnrec Islnnd. .................. 115 . 

?rmnlb ........................... LP I W ~ l a n  . \ll;~lpws 01 l ~ ~ f f i l t f ,  k1~11 t  . 
hnvlcrllkm ......................... l3flclXn 1 llwlOwll'ft'~ $'Id llmhurg'tr* 

cllemjml, rhyolltlc ,ins ..............- 3. I + ~  1 0 ~ 1 1  Hill ................................. 115, 125 
I ' 1  

~ l l k r v  ................................. 147 . 14% . . . ................. rrlrlsl#lr mtalfl.... ..................... lao Hrnloh%%anltc 123 1%.1lt; IP-133 

hyrllnhnmnltr ...................... 127 . I S  . 132 r n t d u c t h  l o ~ - i ~ : $  ............................. 
luv~r I l~ lwn ................................ 14' 1 Iwstaiiccnmpwwt  mi. n 6irtor 111 ~~Vrthklbm or 
I l i i~hurgl  LR ............................... luw mngm3s ................................... 151 
prrlrlol.ltr ............................... 121 . 14i 1 IIIR .................................. 1x4 . 147 Jnrnmtl . 0 .. wl:hlysis b y  ..................... 1411 1 

MmcNeIl. F . P., ldeotiflcniion 01 i m l l s  hr.. IlE-118 
.............. M m M .  f~LCtm In evolt~t lon o! 151 

I lnrrirrlotl~, r r m ~ l n s  of ........................ 111 
hl~ynalul lllll ................................ 115 
1 m t l  ...................... 132 
3Ty.1k. $1 . Iimm I<lnnrl ................... 115.117 



WRITCRY OF ALASKA 

DEFARTMENT OF MIMES 
STAfiON AND ASSAY OFR& 

BaX 6s7, NOKE . A L A C K 4  

Pam 
krlc3otite . descrlptlon ...................... 11!+121 

t l ep l t s  on 8t . flmrge Islnnd ............ 110 . 
112.113. Ili .  121.122. 162 

rllstrlbntlon d ........................ 122, p1.W 
mlnemlngic mmpoaltlw of ............... If1 
chemlmI wmpmition 01. ................. 121 

Petrography ................................ llP136 
P I m  nmng, vllriank noL .................. 1m. 10D 

sour- of ................................. 1 M 
~ a e l & w  .................................. 121; 
Plelsz.mne medlmentnry dewits, on St . Paul 

I~lnnd ............................ It78 
I'olnvtaaHill, rhyo l l t lag l~on  ............ 117. 1WI 
P~'roclaStic dspnslts, description ............ I%\% 

on 8 t  . Gwrpe hland .................... 115.117 
on flt . Palll I~l*nd .............. I OP. 1%. 187-338 

Pyroxene ..................... ... ............. 12A 

Ray, t . L., quvted- .......................... 15fl 
Red lllalT$, St . oenrge Island ................ 129 
Rush IIIII .................................. S W,. IM 

............. Hhyolllle K~IW, chemical n n d ~ r s  137 

.. St . 0- Wand, nvldenoes of gI~flInfl oa.. 110, 
112. 1IR 

f0FdllS .................................... 
Java flows on................. .. 11% 11% 14G14R 
1ocablon ................................. 1(8 
wctlon ................................... 114 

tuff deptdts nn .................... 139-141. 162 
II . PRUI 111nnd . losslh fmm ................ llb31Q 

page 
lava flow m... ............. 1lWlM. 125. iue-148 

S e t  nlw Layap . annlym of . 
ImClon ............... ....-.... ......... I@ 
mlninrurs ~ ~ ~ f m i n l c  Iorms ............... 11U-la1 
pyrmh?9tlc dellnslts on ......... 1M.FM. 197-13 
sectinn ................................... 115 
din~entnry dayoslts ..................... lm 
sources ot lava flow ...................... I(M 

Bnmhlogh R l d ~ e  ............................. 115 
Ma T, iou Poinl ............................. llZ+ 1 l U  
Sem Lion Rock, loentha ...................... 102 
Ssr@ntlne ................................... 131 
8111s. nna1yw.d ........................... i s 1 3 2  
Irrn~rh Fen Lim Hi! .......................... 115 
R1)lnd .................................... 1451.46 
Etaram Art11 Rook- ...................... 1 1 5  117 
Rusketalwh PoInt ..-......... .............. 115.13CI 

, envtmnment. w"lotlrm 
01 m e m q  ........................ 151 

T~lstoi Potnt . . c3Rnrffa Island ... lB0. 118 
......................... . st Paul Irrlnnd 1116. I r d  

Tuff. malysk of ............................ 1RH 
.......................... m t a h  In 117.13U-140 

................................ 171~1klyla Hll-  I15 

\Valna*: Island, location I~P ....................... 

Z a p d n l R n y  ................... 117-11R.129.1~.183 
............. 7;nlwlnl Point. .a Imentary beds 

Zpolrtr crydrrls ............................... 132 



MAP OF BERJNG SEA REGION S A O ~ N G  DISTRIB~ION OF T ~ T U L R Y  AM) RECENT VOLCANIC ROCKS 
377634 0 - 56 (Jn PoCkdl) 


	B1028F0000001.tif
	B1028F0000002.tif
	B1028F0000003.tif
	B1028F0000004.tif
	B1028F0000005.tif
	B1028F0000006.tif
	B1028F0000007.tif
	B1028F0000008.tif
	B1028F0000009.tif
	B1028F0000010.tif
	B1028F0000011.tif
	B1028F0000012.tif
	B1028F0000013.tif
	B1028F0000014.tif
	B1028F0000015.tif
	B1028F0000016.tif
	B1028F0000017.tif
	B1028F0000018.tif
	B1028F0000019.tif
	B1028F0000020.tif
	B1028F0000021.tif
	B1028F0000022.tif
	B1028F0000023.tif
	B1028F0000024.tif
	B1028F0000025.tif
	B1028F0000026.tif
	B1028F0000027.tif
	B1028F0000028.tif
	B1028F0000029.tif
	B1028F0000030.tif
	B1028F0000031.tif
	B1028F0000032.tif
	B1028F0000033.tif
	B1028F0000034.tif
	B1028F0000035.tif
	B1028F0000036.tif
	B1028F0000037.tif
	B1028F0000038.tif
	B1028F0000039.tif
	B1028F0000040.tif
	B1028F0000041.tif
	B1028F0000042.tif
	B1028F0000043.tif
	B1028F0000044.tif
	B1028F0000045.tif
	B1028F0000046.tif
	B1028F0000047.tif
	B1028F0000048.tif
	B1028F0000049.tif
	B1028F0000050.tif
	B1028F0000051.tif
	B1028F0000052.tif
	B1028F0000053.tif
	B1028F0000054.tif
	B1028F0000055.tif
	B1028F0000056.tif
	B1028F0000057.tif
	B1028F0000058.tif
	B1028F0000059.tif
	B1028F0000060.tif
	B1028F0000061.tif
	B1028F0000062.tif
	B1028F0000063.tif
	B1028F0000064.tif
	B1028F0000065.tif

