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erent in & geolngical reconnelseence of asuthwestern Umnak.
Tarerlo® Islend was mevned on Septesber 1o after comvletion or
the field =merping on Lwnsgk., Turing Sevtember, 1948, the writer,
sceommenied by ¥, A, Mowers, epent seversl dsys on northeegtern
mnex Tsland checkins the geolosy of critlesl oxposures,

e writer le greetly indebted to M, ¥, L, Towen,
farmarly Tatincuished Service Professor of Petrology &t the Unie
veraity of ‘hicego, for the writer's originel interest in ne-
trolazy, Turing the “oring Juarier of 194R, whlle attending the

nivere’ ty of “hicego, the writer recelved meny nelrful sug-

seattane fpam Prof, Tom ¥, W, Terth on opticel studr and chemiesl

gnrlvelis of the lmnek levea, TRy 7. Wileox collectad yrook snecl-
meng on Umnek in 1945 while aerving in the irmy, end kindly made
theee sveilable to tha writer, Turing Hecemver, 1957, Frof,

Capdfard of Tomons Uollese, rlifornie rrovided -ucr-needed

T

affice srace for ascembling the menuseringt and 1llustratione of

the mrecent disserteilon,
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ARTTRACT

dmnel and “ogoslof Telande in the eaptern pert of the
Aleutian voleenlc ere heve contresting rock sultee, though £11
are more or leas typleal of &n orogenic pelt, The oldset rooke
on gouthwestern Umnek Include & Tertiery (7)) smilitic rulte of
folded keratovhyre tuffs end flows with !interbedded argillite.
Altered lavas {enidotized, reerpentinized, and potegh feldsna-
thlzed) rest with svparent snzulsr uncenformity on the kerato-
rhyres. £ cuertz dlorite n»luton with cesncleted zranovhyre
dlkes has 'niruded the older roczks and is vnrobebly resconsible
for the potssh feldepmthlizetion of the lsvas., Late Tertiary or
early Custernsry unsltered lavae alsc Tform pert of the oldep
terraln,

veginning sometime during the tusternary, two strsto-
voleanie cones of hypersthene andesite were bullt on & high
eroded nlatf rm of older rocks on southwestern Umnsk, while on
northeastern Umnak & low bresltic shield volesns with s centrsl
cfldera wes tullt on & nertly submergzed rlatform, Trough the
alder egfrato-voloenic cone has Leen deenly disassoted by placlieprs,
volesnle retivity has continued ur ‘nto Fecent time ¢t bhoth
cones, Two viglent eruntione occurred 'n Tecent time: &

galders-Torming eruntion of the bessltie voleano ocourred in

esrly “ecent time, snd ebout 3,000 yeers epo & pumlee-acorias

xi



erurtion issued from the younger strato-volczne of sruthwestern
Umnek, Rhyolite domes were extruded on both northeastern end
aouthwestern U=nek comelinme hefore the culmineting cruptions,
Yeryr the nsrrow nart of Umnek e vigcous guertz-henring olivine
andegite flow wes ertruded '‘n lstest Pleistocene or early Recent
time. Postecelders flows on northesstern Umnek include enar.
thite barelt, begelt, snd bessltic sndesite. “he =most recent
eruption in 194% conalsted of en enorthite haeslt flow, four

nilea long, in the oaldera of northesstorn imak,

—-

Tre Tirst recorded eruption of %ognaslef scourped in
179% £nd consisted of & hornblerde andesite dome (Cratle Zock).
Hornblende basalt rich in slkells was extruded &s & done {Fire
Igland) Auring the 18R% eruntlon. Voleanle domes were extruded
in 18007, 1907, 1010 and in 1987 of these only the 14907 dome, an
underastureted hornblende beselt, =t11l remsains,

Tetroxrerhin and cheminael snelysee were mede of 35
rocke, of which 18 were for minor elemente, Custernary levas on
nerthesstern Y=nak renge from 49 to 73 percent alliecs, wheress
routhwestern Lmnek levera range from 54 to 77 rergent silice.
“ogeslof laves renge from 47 %o 71 percent of sllles. ©f the
winor elements, ziveoniun, boron, bLerylliunm, varium, end lead
inerecee with increesing erllies, whereas chromiun end nickel
nre not detectible In laves of zndesitic or more sllicious cONNo-
gltion. “ohall rersizts in the intermediste rocks, rrooably be-

cauce 27 the aimlilerity of its i1onic redius with thet nf irmn

*ii



ané bLeoceuse of the ease with which the cobaltous lon is oridirzed
to oobeltlic, enelogous to iron,

The northeastern urmne: and the southwestern Umnek llg-
uld lines of desoent are contraated by high iron end high slumi-
n&, respectively, Alfferences expressed petrogrephically Ly
hyrersthene vhenocryets only in southwestern Umnek lsvas. Oslele
surite cryetallizes with the hypersthene, and both are rernlaced
Aurinz lste stages of conaclidation by ferrifersus cugite thet
grades commonly into ferrosuglte. Curves eptablished by ecommosi-
tiong of prhyric laves end vorphyritic lsves sroundmesses of
northeastern Umnak indicnte thet thepe curves remrecent commosi-
tione on the 1laguld line of depsent ﬁ&fiVﬁﬁ from freotiona?
oryshellization of beazlt, The curves for 1ime and mesmeats rige
to 1% an? 11 rercent, resnectively, at 47 percent =f plliees (0l%-
vine barelt groundmass); rome aolution of eusrnende’ crvetsls by
1lauid 1e inferred rs thay senk intc hotter zones, “The commosi-
tion of the waprentel beeclt megme of northesstsrn Umnsk ipg bHee
tween compositions of & pletesu bDesalt 7egrwe and & tholelltie
heerlt magme, though compositlone of wrimery beeslt ere variahle,
rarticulerly with regpect to slumine, &nd may dervend both on
depth of origin end egsimlilation of sluins-rich argillites,

The comporitlone of ousrtz-feldsvar residuel liculds of srenitic
somporitinn show & closg eoproach %o experimentslly investigated
ayatens,

nesmnlete melting of cuartz dlorite to vield en inter-
8 % 43
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etitiel liould of lsmmrophyric composition le indiceted by the
groundmens of &n enelyred hynersthene~tearing labredoriie ande-
slte, which 1# nesarly identicel in comvasition «with en snelyzed
aquertz Alorite, The guertz-Derring ollvine andesite ia 2

hrbrid leve, that resulted on mlxing oF guartz dloritie, gab-
brole, end alivine-rich Degeltle wagas. The Toporlof lzvag have
begome nrogressivel v lese slliclous with time: the lart eruntion
in 1927 wee sr ounderssturated besslt »1ith & amell smount of
rormative nepheline,

Sodiun (antlltic) metasvmaties of the oldeat rocks pre-
ceded local more intenge notesslum metasometisn of Loth the old-
est end slightly younger rocks,

The =ruthwestern (mnek voleenle sulte, which 1s closeat
to the Peelfic basin, hes rn slkelli-lime Index of €4, Voleanle
suites of Yoribeastern Jmnex, Jogoslofl, and the Fribllof Telends
sre nrogreesively frrther from the Peciflec bepagln and sleso ore
rrogresatvelr nere slksline, “he ftwo contresting volcoenic rultes
of Umnek sye snelooous to the hypersethene endeslies of the High
Teeeedes snd the Unlurkdie Blver haasltns, excert Tor the samewhel

hirher lime 'n 2leutlern levas,

xiv



genwrenhlic Features

Umnek mnd Tooaaelol Telanda ors in the eastern nert of
the fleutisn Telanda which fnrm the northern border of the
reeific Teean {Fizx, 1), 7he fleutlan ridse, whose flat tor is
within 80 fathome of the surface ranges froxm 23 e 3% miles wide
in the vicinity of umnek. 7The south <lome of the Aleutisn ridjge
rasger intc Tthe Alsutian trench, en ocesnlc deen thatl narsllels
the 2leutian ridge throughout ite length {“urray, 1845, n. 759).
Umnek Ielend 1s situsted on the Aleutlen ridge. Homosiof leland,
28 miler north of Lmnak, 1l the top of & nearly submerge? vol-
ceno thet rises Prom Aenthe of about 5,000 feet in the Tering
fee, “inge 1907, the derte of the leert orurtion, the part ol the
telsnd 2hnve see level 2 bhelns roduced eso: yeer by merine
erngion,

ti=nek %ir a Jumbbell-shaned ielend, 70 milee 1ons and 078
arquare miles in aree, and trends northeeet {71, 7)., Mikolek?
villere, neer the gouthwest end of the ieland tao tho only mersse-
nent gsettlement. Umnek Island hes three melor volosnie nountains:
Memak Volesns on northepstern lnnek end Younts Hechesghnol and
Veevidof on southwestern Umnak, Dxmok Volesns 1o 2 low shileld
vynleans with & large centrel cslders, six miles Ln dlameler,

T

wherees ¥ounts “echegchnol end Vaevido? esrs gisg-gided cones



YOUII] URIINI[Y PUB EIOUEBDTOA JO suotrirsod Furmoys oIy OTuedTop UBTINGTY }J0 3Jed usajseg--+1 anIiy

o 0GI 09l
S3UW__ TVDILNYN

T 1

002 OO0l 0
3OS

ONVOTOA AMYNY3LVYNO W

. N Y

(Gr6] "AVHHNW
43L14v) SWOHLVH NI
SYNOLNOD INIIYNSNS p»| .

© 9 I0A
40150908

o]

GG

ATAINDM

g D05
x
o YH3OTVO 9 SANYTISI
HVHOMYINY, d 15 J071di8d ¥




3
thet reach & maximum sltitude of about 7,000 feet. In the nar-
row nert of Umnek s rugged mounteincus srea eest of Inanudsk
Hey has g maximum relle? end 2ltitude of sbout 2,500 Teet.

South of ¥ounte Hecheschno! and Veevidaf = prolling, lake-studded

2t

Y

T 3 x oo 3 - i & he ] o 1 r
Reoglimate of the sres s Lyclcal of the fAleulisn
.
- b -~ o F 5 &, - Ty e, 4
Telands with coneldepable wind, reiln, ¢ 0 Uo7y, Temmeraiures

: e <
range from about ar? g 7%, Auring asun=ey mantheg on Umek end

gre withir £ Tew derreeg of freezing “urine the winter, =salnfsll

Trayious Vory and Matoricsl Tummary

"’ "'-"‘*!-n

Ruestan Period; 1743
Vemsy Telesnd wes firet sizhted in 1741 by Cart, Alexel

N

Chirtiaf of the "9%, Paul,” a ghinp ol Vieet-feptain Vitus Yer-

inge! exredition to lierth Ameritce {(Collins, 1245, n. 8}, The
ngme  Umnek, wss the native name (leker, 1208, v, AB0), Nn Rus-
gizn investiretiosne or eetilements were mede on Umnek “uring the

1etter nart o7 the elghteenth century, slihough, Dtephen Hlottol

and other Fygaish fur traders vialted Umnek Jduring thic neriod

P

{Zakxer, 1007, =», 3, W:llism Zove {1777, pr. 14147 &nd 177~

1Y wives Intevesting sceounte of the early Hueslan traders snd
the netives thet inhabitesd Ummak,
catl “nek {8ler erlled Thip Rook by some navigelors) &%

afte o arnalo? wez Filret eichted by ths fussisne in 1768

¥
....
4]

g

tre reme Nngoslof wsg not srnllied until 1739, when CGsetle



4
“ack ar 14 Topaglofl was eviraded atove the ses in the form of
g viscous lava dome. The new lsland was nenmed Joanna Rogoslovs
by *he Hussiane after 7%, John, the enostle, [Marplanm, 18072,
™, 201-045,

Turing the first helf of the ninetegnth sentury mnek was
mentioned '‘n & few publicetlone of Huraglen sclentiets ond exolor-
ers, 2%io von Hotzebus with the sclentists, l.schecholtz snd
Thamisso lended om UmneX in 1816 or 1717, They were roported %o

1, LY

reve Tound tree trunks in the bottom of & laeke, which was Tormed
durin: en earthgueke {(Urewingkz, 1850, n, 208), but this remorted
pceurrence 1o believed to be in errpor., Father John Venlamine?, a
PFusslon migalonery end athnoloxist, nade trips %0 the ‘lout vil-
leges on Umnsk durlag hiie stay &% Uneleske villsve from 1824 ¢o

17%4,  Venlaminof hes meny references to Uvnek ‘n his “otes on

the “mlands 57 the Unalesks Distriet, Bosk I, (°t. Tetersburg,

1240}, Unfortunately for most readers, this nubllestion ie i

Tuselar., Chservatlone on both Umnsk and Taroelafl Ielands wers
ayrmariged, by Oonstantin OGrewingk In hle compilation, Telirage

zur Cemntnig Jder orogrsmhischen und zensnoastlechen Tfescheffenhell

dgr ord-vest Ylante fmerikss mlt den snleizeden ineeln, mubllsherd

tn T4, Tetersburg in 1850, Thiswork ls 35111 signifieant for
tre record of wvolesnle arurtione an the igisnis nriar $0 1547,
“robably the first commlete mar ol onek eérneared In Tsebenkof{'s
Atlas {17527 =85 an inzet to vlste V., The mem wae sketched by
sull-r1lat Juritzien snd pesars the yarr 1948, *ogt of fthe zeg-

+

gpevhic names now on dmpak Tlret evmenred on thils mem in =1ightly



&
gartent Sleut srelling or as Huesien exulvelenta of the “nxlish

names now used {e,g,, C, Kolelnol: Feltle Jape; C. fhornol:

“Ieck Cepe;eto.].
Yo gisnificant Ruesisn inveebisstione ere known to have
taken nlace during the period 1050-1867, juet prior to the time

when Lmnek and Doxoslof [alands slong with the rest of Alssks

changed from ‘mssien to United Ttates territory,

Lrited %tetes Territorisgl Period Since 1837
s aurvey or scientific work wee done under inited “tates’

*r

tepure until 1893, when the birth of & new volesno on Dogcalonf

Telend ettrected outside ‘nterest, Dall (1784 end 1795} »nd
"11ler {1284 gnd 1895) arnlied the nemes Grewingk snd Mew “pd-
e1o7, resvectively to the new dome, the remnant of whlch 1s now
knnwn ng Fire Islend (P, T). &, ¥, Merr:tll {1685, pr, 31-37%)
contributed netrogrephic descriptions ané two snalyses of epecl-
mens from Yew fogoslof, Members of the Herrimen flaska ypedl-
tion atorped &t Doroalofl in 1792% snd collected specimens fron
~gatle Hock or 014 Pognslof, G, Hart Merrism {1902}, & member
of thet swpedition, published the first comrlete psver 1ln Tng-
1teh nn the history of Bomgoslof during the nerlod 1I7E8-180G,
Yepoun Spker'e Geographlic Dieticnsry of fleekae, sesond edlitlon,
peblished np Geoloricel “urvey fulletin 29% {(190%), 18 e Lressure-
trove of inTormetion, not only eboul origin of nemes tul aled

about earlier workers and theilyr rublications, especleily mans
] J

snd erarta,



“enewed voleanic aotivity st Togoslof during 1207 end
1007 brought forth not only papers on “ogoalof but elss the
fipat account n mzlisgh of “kwok voleenn, T, A, Jagger'e
{1907} merey hses g hietory of Togorlaf snd &n sccount of his
1snding on Tagselol on fupust 7, 1807, Pogoslof st thls time
also attracted en edventurer, Zobert Tunn, to whom we owe iLhne
firat account of Ckmek Volceno snd its caldera, Tunn'a account
of his viglt to Fogoslof sdded nothing thet Jeggsr did not de-
seribe, but his peper (1907 geve Ckmok Volcane (The greet ‘kmok
erater"] ite nreeent name, survosedly the native nane for tre
calders, Tunn 2183 made the first recorded mscent of ¥, Veevl-
dnf.

noO¥, Umergon's contribution (1901, ». 0} on the geo-
lozic settinz snd retrogranhy of the Harpimen ilaske 'xoeditlions'
tngoslo? smecimen later snalyzed Ly Fenner (1927, p, 708) wag ep—
nentisl to nin down Fenner’'s snelyrie g8 to execl locele, Fldney

" e ] Nl e . A . | . . .~ I LR ¥ [ -
Ceware’ {1817 naver an Vnpuelal gave ¢n sooount of the 1007

x

pruntion end the unraieins of Tehawe Deck,

made ercavatiane

‘Elfomape Jogheloon

gt snoient villiere altes or Omned nogonnectior wlth hip siudies

arn L he awnigin af the Lleuts, The resnlita of BEla aroheslasiog]l
studiza In the coutiansg, wth deserintisne of Ummel wers pab-
Tinked ‘n two Carnesie Inetltutlion monogrerhs; numper "7 {1025)
snd rumhey 432 (10332}, Hpedlieke [194%) elss viglted Tansk 'n
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on changes of Bogoslof Islend, 7. A, Jeggar inthe Voleesns Let~
ter (19%0) gsve en e ccount of the 1826-27 Bogoslofl sotivity, and
two years later (1932} renorted the 1931 eruntion of cone 4,
rortheastern Umnsk Lelend, Lukens {(1832) geve & degerintion of
Bognelof Telend as it waes In 1835, whan Doegosloefl snd the surround-
ing wvdrogrsrly was manped by the Ooeet and Seodetle “urvey. 2180
besed on this maoming, & peper by Taul A, “nlth (1937) described
the submarine cenyone nesr Loganlofl, The megter canyon or sub-
merine drgainege described by “mith arpeere on Plate 7, Just north
af Bngoslof Iaisnd,

During Yorld Yar 10 from 1942 to 1945 Jkmok celdera beoanme
penerally Xnown to militery versonnel staticned st Unnek sflrbase,
Tesn “reldey {1545, vp., 453-54) deseribed ‘kmok eslders by mesns
of 11lustrations send apeculated on 1ts origin, =ay %, +lilonx
(1945 and 1942 while egerving ‘n the Army st Umnsk Alrbaze pre-
nered flle rerorts on the 1845 eretlivity of cone &, Howel willians
{1945) 8lan observed the 1645 erurntion of cone & during July snd
advieed the -leakan Tefenege Tuommeand thet Urmek Alrbere wes nod
thres tenead,

Byers, lHopkins, YWier, &nd Filsher prepared part 3 of sles-
kan Volesno Tnverstlzatione Temort Ho, 7 {1847) & nrogress renort

4

on volesns ‘aveptlgetions on northesatern Unnak Legun ‘n 1848,
This rerort wee for limited Silatributlon nnly within the U, %,
Government, Dyvers and Frannock (1048) deseribed volesnic activity

on Ummak Telarnd Suring the wneriad 1240..48,



ARNTRAL GROLAGIC SETTING

Urmek and Zoposlef Talands are & gmell segment of the
fleutian volenrnio are, which riges above the ’leutlsn ridge
feae Fig. 1)}. 7The fleutlan ridge {(“ftuddsg, 1950, »., 797) 1=
reanticlinal snd le bordered on the ssut:h by & Jownbuckle or
tectogene (Hesn, 1048, prp. 417-417), known a8 the ileutian
trenech (Murrey, 1845, »l, 3}, The 2leutlan ridge is expressed
ne » double ilslend arc neearer the Horth fmericen continent {Umb-
grove, 1947, p. 186), where older, Tolded sediments squeezed out
of earlier tectomenes have been Incorporeted into the nregent
gesntlclinal ridge, Umnak gnd Sogoslo? Islsnda, however, mre
situeted where the Aleutian voleenlc sre ir essentlally s single

sre, nerallel to the Aleutian trench snd where sediment from ad-
tnaent i1alande of the arc ig nsufficlent to £ill the trench
[Vensrd and Tlety, 1951, »n, 12€3-1287),

Lmnzk and Boposlsf Islende sre geologleelly dlvieible into
three contrasting parts; namely, northesstern Umnak Tslsnd, socuth-
western Usnek Teland, snd Dogoslof Island, Only scuthwestern ym-
nek {F1. 7) conteains the oldeat rocke, an &lbltlzed sedimenisry
#nd lgneocur comrler of Aiverse geologlc spes renging from nosgl~
Ply 1ste Teleozolce %o middle Tertisry, £ middls or late Terti-

ary{?) beaement volesnin comnlex underlies many of the Cuaternary

voleenoes on both northeacstern and southwestern Umnaek., Dloritice
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rlutonie rocks were found only on southwestern Uanekx. North-
enstern Umnek g arblitrarily seprarated from southwestern Umnek
st the nerrowest rpart of the island where only the basement
volesnlc eommlex 18 pregent. Differences in the pebrogranhy,
sommogltion, rnd vhysiogrephlic evvresalon of the Gusternery vol-
senic rocks are evident between northeepstern Umnek md southwest-
ern Umnek, The historic voloesnie recke of Hogoelof Iglend differ
in ege and commoeltion from thoce of both northeagtern or scuth-

western Umnsk,

"

“opke of Hortheastern Umnsk ‘eland

=,

Pra-galdera Fooks

The mr jor episodes in the volosnic history of north-
shatern Umnek sre recorded nt Tkmok Voleesno, whnse celdern-forming
eruntlon mskes 1% convenlent o subdivide the voleanle rocks into
three major categories; namely, pre-cmlderé rocks, vyroclastie
rocks of the calders-~forming eruption, snd post-celdera rocks,
The oldest rocks, whlch entedate Tkmok Voleeno, sye the Tertiary
basement voleentc comnlex (unit 1, Fig., 2), largely hydrothermal-
1y sltered end notash Teldspathized, sillcirfled voleanlc rocks
thet neeury the rugmed terrasne in the narrow nart of Jonek gnd
tenlated smell aress slone the southern eshore, The aldest Lueter-
nery nre-celdersz rocke are the beseltle roche cormrising the bulk
of Tkmok Voloeno {unit 7, ¥ig, 2) &nd the Idsk Platesu. They
aoneint of mafie baselt flows, pelegonitized nryroclzetic rocke,

ephyrie besslt flows, end nlesioclase bapelt flowe, rich in
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snorthite vhenoerysta, A% lesst 35 cuble mliles of these bessl-
1y pocks are inferred above see level, The mejor frsction is
eornoced of svhyric end rlagloclese baselt flowe; mafic baselt
flows, ‘noluding snorthite~rich =afle flows, &nad nelegonitlized
wyroeleatic roeks comnose & minor fraoction,

Vitreour sndeslte dikes, nipes, pluge, and ehort stubdby
#lows {untt %, Tiz. ?) intrude or overlie the older basaltlce
rocke of ¥ount Okmok end ¥Wount idek aress and are exposed espe-
eially well in the wells of Okmok caldera and in Crater fireek
zorge, Sperse nhenocrysts of lebradorlite-sndesine &néd iron-rich
olivine {hralosiderite to ferrohortonolite] are distributed in
hyslopilitic groundmesses thet sre msgnetite-cherged in the less
r3llcic rerresentatives of the eulte.

The rhvollite doeme {unit 4, Fig. 2) on the northwest eide
of “kmok cealdere rests on older besaltic levas of Mount Jkmok
end containe both obeidisn and Telsitic nheees. Cllvine-besring
bearltic sndeslte venoliths esasociated with the rhyolite obsidien
&#re nrobebly the sourse of many xenoerystis of calcle lsbradorite
gnd oliving ‘n the rhyolite,

The baralt flows crpoged in Orater Creek gorge {unlt 5,
T, 2} evtend around the north wall of Jkmok erldera, They rsre
at=11er metrographicslly to the sphyrle snd porphyritic beaslt
Pinwe of the nlier hessltic rocks of ount Skmok, The maxi=un
eyrored thickness, romprising about 15 flows, is 500 feet. They
pest on relegonitized nyroelaatie rocks, sand thelr younrter age

te slxe tnferred frow their low toporraphic positlon with respect
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ro the older besaltlc rocks, The basslie et Urater Ureck gorge
srpeer to heve [lowed through an erosicnel gar or sector graben
invelving the older beseltlic rocks and 22 not arpear %o have
heen glactated, bence these flowa are rrobably latest wisconsin
or esrly “ecent in spe,

™e wnlsarioclese-olivine basgalt flows of Mounty Fullk {unit
a, Tig, 2} form s leve nile on the southeastern slcpe’nr Ckmok
Volesno, The flows rest on older bsssltic rocks of Mount Tkmok
and sre in turn overlsin by ssh of the Tkrnok formetion, Mount
muli¥ heg been but =1ightly eroded gnd hes not been evtensively
xleciated; hence a Late Ileliegtocene or serly lecent ege seens
nrobable,

vypoclaetic Rocks Derosited by the
reldere-forming Truntion of Okmok Volesana

e Tkmok formetion {untt 7, Fig, 2), the nroduct of the

’
epldere~-forming eruption of Jkmok Volesno, forme & widespread
blenket of hedded and unbedded ryroclsstic debris over moat of
the nuter slovee of Okmok Voleeno and the leve platesu north of
Yount Tdak. & few thin baselt flows are interbedded with the
pyroclestle rocks. A meximum thicknssa of <00 feet leg exposed
in the type section of the formation in the north wall of <XmoX
pslders, ~Sbout 7 subie miles of Skmok formatlon is present on
northesstern Ummek. The formetion rests on ell the errliler
rocks end ig overlain only by a few besalilc lave Tlows and al-

Tuvium. “wo velded beds of endesltic rgilomerate are found in

the lower half =f the formation, thoush the urper welded bed of
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the celders wall sppears correlative with the lower welded bed
n? the arcuste rldge north of Ukmok calders, The upper welded
ned of thie srouste ridge is baseltic in composition, in most
eynrosures only one welded bed cen be recognized., & thin rhyods-
citie ssh bed is nresent bensath the lower welded bed of the
srouate ridge north of Cknok cslders end haes been eyrosed In a
feow miacas on the flenke of Okmok Volceno, “he two welded bedrn
srade laterslly and vertloelly into derk endesltilic socoriaceous
sxglomerate and bomb beds, The nartly relagonitized agglomerale
hed on the outer flanks of Tkmok Voleeno m&f be gredationsl with
one of the welded agglomerate, though exposurea ere by no means
eontinuous, The upper pert of the Uk-ok formeticn thet le above
the welded sgwlomerate snd pelagonlitlized heds consists of loosely
eonsolidated ssh, scorir, bombs, &nd lithlc Tragrents and reaches
& mawlwum thlckness of 230 Teet in the nerth wall of Ukmok cal-
dere,

The wolded sndesitic beds of the Ukmok formation contaln
energe endesine-lebradorite and suglte micronhenocrysts with
feivrly common bassltle xenoliths and aganciated bytownlle,
nlivine, and dlonaldic auglte venocrysts, Tome besaltlic weno-
11ths cen be seen that were srperently in the process of diginte-
gration vhen the welded bed was cnilled, The nertly nalegoni-~
$ized beds contain 1light gless sherds with urmelagonitized cores
el nz with many enzular xenollithe =nd broken crystel fragments
tn e dense eelluler cryntocryetelline ageregelte of nelagonitized

slerp gnd grominuted orystal fragments, ¥oat of the unpalsgonl-
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tized glass has & refractive inder of 1,585, but one epecimen
contained vumieceous fragments havineg an index of 1,825,

7he myroclastle deponits comnrising the Okmok formastion
originated during the asldersa-forming eruption o Okmak Yolesno,
becsuse these devoeita heave not been regognized within the cal-
lers, The welded sagglomerate beds nrobsbly origineted g molten
leve rhowers neer erource vents in the vieinity of Okmok celiera,
Tor the welded rgglomersates can be seen to zrade ‘nto bomb beds.
‘he partly relogonitized beds end the massive spoaris beda Tferther
out sn the flanks 9¢ the volesno nre-snt more of s rroblern; nrobe

ably they were dennelited by nuées ardentes. “he sire of the Tkmok

formation and Thmok celdera iz nlmost certainly fecent zs the

Cheok fortmetion 1e¢ inelped br anly nerraw Y—-sheped zullies, sngd

Tkmok caldere itaelf o & very youthful Teature,

Posi-cplders lincks

Tast-celdere volosnic rocks {un't 8a, Fig. 2) sre con-
fined larzely t» Ckmok caldere. The esrly eruptives within Ok-ok%
eeldere after the calders-forning erurtiocn include (1) early
most-celdere nyroclastic rocks, In pert nelegonitic, /2) bercded
voleenic cediments thet sre gradations] «ith the ryroclaatlic
rocke, snd {3} nlagioclese besalt flows of asnes © and & (¥1, I).
“he early nost-cslders wyrocleetic rocks sre rrobably in vart
the irreguler surfece of the (kmok furwstion rroduced upon enl-

large of the celders, becsune rlegloclieae beeslt Flows of ennes

v end T rest nn these pyroclestic rocks, yvel were extruded while
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the newly formed celdere wesz stll) £illiny with water, n»nrlor
to overflow, Fart of the early rost-celders nyroclastle rocke
were sruptad unfer s eerlders lske, which lef$ wave-cut terrscee
snd derositlionel surfaces ef &n &ltitude of 1,570 feet. Thin
level marks the maxirum s8tillastand of the leke snd wse meintained
by the -utlet on the reslztant urvner surface »f the beeslt Tlowse

e

et Orater Treek porge.

The volcanin neéiments (unit Pb, Tir, 2} include l=ke
gilts, gende, snd minor bedded, cosrse slluvium that wes graded
to the eurfece o7 the lake, Yolesnie rediments becoms finer
towerd the northesst pert of the cslders, farther from the cen-
ters of eruntinr, Lerge snwzular blocke, wrobsbly in nert ice-
refted, ere not uncommon 'n the leke beda, The wolconle sedl-
=mente aontinued to scoumulzte 1n the northesat nart of Tkrok
calders urtll the Tingl disapmesrance of the lgke, only e few
centuries ago,

iater Plowe from cones in Ckmok esldera {pert of unit fa,
Ftg, 2) were evitruded on & dry surface efter the caldera lske hed
receded from the immediate sres of wvolcanism, Theee flowe include
the beaslt low from cone © (Fl, 1}, basall flows from cone Ve
some of which gre vwrobably contemmoranecus with the celders lake,
benaltlio andeatte {lows from cone B, nre-1945 besslt flows fronm
eone &, 1945 srnorthite beerlt Tlowe from cone A, snd ~inor beerl-
tic flowe from wall vents in Ukmnk csldders, 4217 thesge bessltlie

rocke sre retrocrephically similer to vre-calders rocks, Yeny

af the leter nost-celders vents sre locelized slong fhe crldere
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ring flseure, The later voet-aelders flows, with the excertlon
of older beeel’ Tlowe from coneg ¥, hsve probebly been extruded
within the last severrl hundred yearas; those flows from cones
2 and 7t mmy hrve been extruded during hictoric time in the
eertern fleutlans, or aince the middle of the eighteenth century.

Tost-paldera baselt flowe outelde krmok calders cormricee
enhyria flowe on the leve nlateau north of Yount Idsk and eancr-
thite basrlt flows ‘n the rugged mountsinnue arez essat of ‘nanuy-
dak ey {1, ), The anorthite beaslt flows esst of ‘nenudsk
“py sre of sreelsl interest becsuse they oonisin sa much se 30
ner cent of snorthite rhenoorysts,

Turficiel devosite ‘not subdivided on Plate ) include
pleelsl 117, telus #nd salluvium, snd beach and dune sznd. Small
natches of zleclel 111 within Jkmok c¢rlders nrobasbly were de-
nogited by ollff gleclers, A small glecler stlll ocouplies the

southern pert of Jk=ok cslderse (21, T},

Locke of Uhuthwestern Umnsk . gland

i‘neement Rocks
“nuthweetern Umnek felsnd (P1. I} conteins & grester
veriety of rocke than northensiemn lsnek., The nldest pockse
{untt 7ve, Tir. 7} rre sn anclent serles of alblitized sedimentary
end iomeous rocks, '‘neluding folded tuff end argillite bedn,
zeretonhyres, slblte Alabese, and alblite dlorite., Pert of the
xerniomhyres rre nearly horirzontel and may be msuch ysunser than

the folded bede, Thlis rook acommlex Porms the bedrock sver gl
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the gouthern part of aouthessbern Usnek rnd eytends under
younger rocks to the north, These rocke esre intyeuded hr the
guertz Alorite and sve averlein by kyiratherelly rlteres vo1.
canie rocks, whoce nlterstion wee caueasd f311owing the emmilsce-
ment of the plutenie rocka, The =1b°'t)zed sedimentery snd ipne~
2us eomeler hes been folded along northwest ares, Tarsveree to
the trend of the fleutisn sre. The svatlable evidence surgeaste
thet the rlbitized sedlmentary 2nd ignesus gomrlex wee rlbitized
soreline efter the originel ewnlacement of the praoks but belfore
the hydratherral elterstion rna nrobably before the ernlsce ent of
tre niutonic rocks, The epe of the bedded ergillite end turf may
be en 014 re lete Psleozoln (Coste, 10B0Y, n, 4€) or pm younr e
Tertisry, 1f Tertlary foseils rerorted from rnesr Fikolsk! (Ce-ns,
1974, ». 144} actually ceme from this secuence.

The vlutonlic rocks (unit Tap, ¥iz, 3) are largely 3iorite
end quertz dlorite with minor cuertz monzonite and aranophyre
Aikes, The nlutonic rocks cror out benesth younser volernic
rocks elong the northern cosat of southwertern Lmnsl end south
of Yount Fecheschnol (P, I}, 7The quertz 4iorite hes been notegh
feldsmathized snd epidatized sdircent %o the grenophyre dikea,
The plutonic rocke 'ntrude the albitized gedimentery rockes eng
rrobebly the hydrothermally sltered wolesnic rocke,which #«re un-
undated, They rre overlaln by uncltered lnte vertiery or esply
eternery laves, Intrusive rocks that heve similar geslogioc re-
letions on ¥odter Igland, . lasks {Cavos, 1877, ». 111}, heve been

dated rne very lete ‘retsceoue op very esrly Tertisry; nosgibly
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the nlutonle rocks obeerved not only on Usnek but elsewhere in
the emstern 'leutisn ielsnig mey be correlative with the rplu-
tonte racke of Kodisk. ‘wever, viutconic rosks in the Oregon-
¥eehington C&gé&&es tntrude mid-"ertiery chloritized, eridotized
volcenle rocks and sre overlain by unsliered, undeformed leves,
tncluding thoee of the High Jesceds voloenic cones, The Camerde
nlutnonie rocke ere commonly regerded as Yiocens (Callesphan and
Sudlington, 12%2, », 21; Toonbs, 1837, ». 170), I the albitized
srzillite~tulf sequence of Umnak should prove to be Tertiary
{Terns, 1034, n, 144), the rlutonlc assemblage of Unnez must elss

Le Tertlery, inesmuch s 11 coul? hardly be 2o young sa urter-
§ . H

nery.
“1der wnleanic racks {unit Ty, Yiz. 3} of the baserent
yoleente anmsley, ‘neluding hydrothermally aeltered rocks and n-

tensely alterad notesh feldspsthized, silicified rocks simller to
thoee on northeastern imnek, ere also exnosed in the northearst
part of eouthwestern Umnak, The older voleanic rocks were vrob-
ebly intruded by the quartz diorite Judging from intrusive rele~
tionahing between dlorite and simllar sltered voleanic rocks on
neerby Unelasks Leland, Ineluded with the aliered volosnic rocks
2f the bagemsnt volesnic commlex sre unsltered bsslic leves, whieh
eoult not be marped seperstely in the time avallable but which
ere definitely nlder then the laves of the Tusternary volcanle
cone of Mount Recheschnsi, These unsltered laves of ihe basge-

ment volesnic enmmler could be as young ae early lusternary,



20

‘usternary volcanlc ~OoRR
Ane ersded mountain oF maflc basalt Tlows (unit Obm,

Fta, 3} te on the northwest slope af fount hecheschnol and forms

oAy e

{1, 1), whether these lavas are older,

L e

Teneliuk Point hesdland

younger, or nasslbly intertonrue with leaves of ount Beereschnol

]

eould not be determined in the field, tuil they are nrobeuly

ruggernary in age, These flowe sre the snly vesslis Enown on
southwenterr LUmnek &nd 13 may be signifiecsnt thet thay are on
the northwest side, farthest removed Irom the Aleutlisn trench,
Tre alder hypersthens-bearing sndesite ol lount Heshench-
not (unit “re, Fig. 3) includes ieve Clows, which are dominant,

14% winoy vyroclestic flows.  About 17 auble miles o hynersthene-

reepinT snffealte have heen aytruded from {cunt Hecheschnol yenta,

"he pone hee been deenly incleed by Tleclers {#). I} end rests oM

erronirmsl supface carved soroas the albitized rocxs, plutonic

ksl
tR3

mooks end the older volesnle rocke. ‘“he dpmirant petrographic

B O A

fore e g hyrsreihene-nerring nlspioclane-prich andeslte with

nesylr 3 rerceni of eoarroded sndesine~laopedorite rnenocerysis

e

encloned oy & thell of ~hgg, ecuivelent Ln composition Lo the

EroundTE L nisgloclase, Hynerathiene~vesring {neariv} anhyric

M

A

rndeslte with snerse vhencerysis mimiler in eomresition Lo the

high'y por~hyritic hyperﬁzharaubeariﬁ; sndesites and bypersthene—-
heewing grissitie tuff-sreccis &re tntevlevered with Lne more

norrhyritlie ~inws., “re ertensive gleaalztlion s She cone of Gount

Sechaschnat indleates thet 1t is older then lhe mosl recent creel-
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gtion of the Plelstocene. Though the dating »f tha oldest flows
te gomewhet in doubt, It ssems reasonable Lo &esume that the
hecheschnol cone is largely Pleistocens in age.

The lateat flower of ¥ount Recheschnol (unit orf, Flg. 3}
conslets of three lave flows snd an errlier muiflow{?} that came
down earlier glacial velleys cut in older hymersthene-~bearing
endesite of Jount Recheachnol, The =udflow(?) srpears to heve
been gleolsted and underlies glsetal ti1l. The lava flows cone
gl8t of hypersthene-beering nlagloclsase andegite alnmiler to the
underlying older andesite., The wiflow (7} contaline thin clayey
opange-pink seema thet ere isotrople (index, 1,54) in thin sec-
tion, Tlirmage hae ocourred along meny of the sesme 85 that
they elmort certainly originated et & lrte stage in the oconsoli-
3stinn of the rock. The muiflow{?' &lso contelns larges snguler
1ithic blocks un to 1T Teet in diameter, Both the mud flow! ?)
end the sndesite Tlow on the southern side of ¥ount Pecleachnol
heve been oliffed by & recent high stand af the ser, noselbly
the high stend sssocisted with the rost-Wiscongin thermal mexl-
mam, If thie dsting is correct, the younger hypersthene-berring
endeaite flows of Fount Recheschno't are prethermal maximum: nod-
sibly leteet “leletocene ar eerly Reecent in sge, £ vecullar
debris ridge, resembling ¢ gleolal morsine, borders one of the
andesite Tlowe snd may heve resulted by contact of the lave flow
with »n glecler.

The quertz-bearing ollvine andesite flow {unit Qqoa, Fig,

%) sovere sbout £ aousre mile 1n northessternmost acuthwestern
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Umnex {eee D1, 1. The flow containg lerge concentric ripnles,
indleating thet the flow wee highly viscous when erxtruded, The
thickness of the flow rengees from 200 to 300 feet, The front of
the Tlow hes been ernded back by ss much ag 00 feet, sa indl-
cnted by breeching of the rirnles, The flow rests on the zlrol-
sted rurfree nf nlder hyrerethens-bearinzg andesilte flows of Mount
Recheechnol, The cusrtz-bearing olivine zndesite contsine sboul
1 ner gent o7 enhedrerl quertz grains up $o 2.5 mm encesed by
slinomyroxene laths sriented redlelly to the ausrtz, 91ivine
rhenoerysts (?saﬁ§ commrliae ﬁé percent of the rock &nd &re lecket-
ed by aimiler clinopyroxene lathe., The plsgloclese phenoorysts
are largely corroded andesine rhenncryste ecncaeed by s thin shell
of ENgy, ertlvelent in comosition $5 the groundmase plagloclese,
*naree srexs charged with clinopyrovene an? opegue arides are
rrobably hornblende relicte, fugite, ferrceuglte, snd bytownite
rhenoerysts and glomerophenocrysts are elso present, The e oF
the guartz-bearing olivine cndesite Tlow is probsbly leteat Yleie-
togene or osrly Secent in sge,

Thres gnell rhyolite domes (unit Cr, Flg, 3) heve been
avtpuded nn the esuthwest side of the glacisted valley thel heads
Beek ~® Ruselan Tey (1, 1), The Jomes rest on slaelsted rurfrees
of the basement comnmlex and the older hyperstheng-besring sniexite
nf Msunt Techesehnoi, The rhyolite conteins vhenocrysts of snde~
aine, some with lebradorite cores, Lictlte, quertz, hornblende,
oneaue oxidee, sand hypersthene in order of decresaing rbundence,

Vere enldote(?) is rt the center of quartz-nctesh Teldsper



23
svherulites in £ glesay groundnees,

The woleanle rocke of Ynunt Veevidof comordae the cone
of Mount Veevidof (PFl., 1) &nd zonsizt of nesrly 10 cuble nilen
of voleeniec rock. The cone of ¥ount Vaevidofl with ite sesocl-
sted andesitic Tlows rests on the glsclieted westward-dlipning
fiznk of Yount Hecheschnol and to less extent oh the dloritic
rlutonic rocks, The voleenic rocks of Hount Vesevidof are sub-
Alvided into older wolcanic rocks {unit v, Fig, 3) and younger
voleanie rocks {unit wvf, Fig, 3), depending on whether they sre
nlder or younger, respectively, than the pyroclastlice beds of the
1ret mofor suwnit eruption. Lsva flows of Hount Vaevidofl range
from beseltic andesite to latite in composltion, The bassltic
andesite an? latite flows sre hymersthene~besring, Andeglite and
1atites heve been wecopnized anly in the younger flows of Hount
Veaevidsf fun't Ovf, Flz. %) but doubtless exiet emong the older
flows,

The nyrocleatic hede of the last msjor su=mit eruption

af en unlerlying 40-font bed of rhyodecite numice thai 1ls grada-
tional with an overlying 30-foot bed of dark andesitle meoorin
sonteining clotas of andealtic glres. “imllser xenoorysts both 1in
the endeaitic scorie and zglesgs ere srnerently derived from
1imonite~-stained dloritic lnclusions, Pumice zgh beds in the
gntY profile at Fikolekt (P1. I} zre sinilar petrographically to
the rhyodsciie mumice in the cone of Mount Veevidef end nay be

correlative. The reletionshin of rhyodecite nunlee, which 18
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graedaticnal with and overlaln by andeaitlic sgorle, indlcates
thaet the rhyodacitic magme wes erupted first, followed by
endaegltlic megme,

The beginninz of the uphullding of Hount Vaevido! hegen
in leteat “imconesin or emrly Reeent., The pge of the pumlce sah
vedr et Wikaolski 1o about 73,000 years, eoccoriing to carbon 14
dating (Arnold and Libby, 1951, v». 118), If these asgh lenses
and the rhyodecite vrumice at Mount Ysevidof ere correlative,
the dste of the last sumit aruntion of Mount Vsevidof is like-
wiee sbout 3,000 years, The nost-numlce flows hsve bexn exiruded
since that time up Lo possibly ss 1lste sz 1880, when the last
volcenle sctivity wes aﬁserve& 8% Yount Vsevidof, socomilng to

the loeel inhaebitents,

ylecisl Deposlite

sarfletal derosits of southwestern Umnek include Two or
roasibly three dlfferent upges of ¥iaconsin{?) and Reocent tillse,
in »ert interbedded with beach depoeits, The oldest t11l, mrob-
ebly Wisnconeln in sge occurs 28 scattered patches on the roiling,
glaetsted nlaln of =outhern Umnak, Hecessional moreines of thils
£111 or & younzer till, poreibly lete Wisconeln 1In sge, oJoour 2
to ® milea beyond the fronte of the modern gleaclers, 24111
gounrer till 1s confined to morsines within & mile of the present
glacier fronts (P1, T} end probably recovris the most recent
glecis? sdvanee 1NN=00 years &0 [vetthew, 107%0; Thorerinsaon,
1029 Akimsnn, 194P8; Layrence, 1950; “harm, 1051 ; snd Yathews,

1681},
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%or&inaé of the older till sre covered in vpert by old
beeoh ridges, Similer besch ridges ‘nland but parsllel to the
nresent coeset have been ohaerved in =many places in the Aleutian
Telends snd sre interpreted =g the result of & retresat of ses
level from & pland siy to ten feet higher then at present, At
two widely serarsted nlecer In the Lleutlan Islends bedrock
benchees ere npreserved nine fo ten fest above the present tide~
weter bench (Bredley, 1948, n, 228}, Various investigators hsve
arnoribed this high etand of the ses o the nost-Wisconsin thermal
maximum, 4, 0008 000 yesars ago. {Yee chlefly Flint end Deevay,
1881, rp, 2756-278; also Fairbridge, 1948, pn, #2-€3; iden, 1850,
pr, 181-184; ¥eelell, 1950, pn, 1307-130%; Yewell et al,, 1951,
=, 11; TIves, 1831, pn, 227=221; Upeon, 1851, v, 425-427; end
otherr), The oldest, fertheet i1aland beach ridge must thersfore
be sbout £,000 vesrs »ld, Ag the oldeat beesch rldge covers older
$111, 4t murt be 2lder then 8,007 yesrs, Thiz 1111 1s romaibly
correlative with the 111 »f the "Later dlseiation® in the Volf
fireek sres of the "%, Tlles Peange [("harp, 1851, w», 10n),

“ine large zlaciers and severel ammll ones hesd on the
glones of “ounte “echeschnol end Vaevicof (P1. T}, *he risciers
2f the north slore ere long snd nerrow and ertend within 200
feet sbove =sa level, The gleelers of the south slops are
broader and shorter than the glaclers of the north slope an’d ew-
tend down to within nearly 1,000 feet of ges~level., The differ~
gances in the behsvior of the glaclere on the nopth end south

slones ere probably due Lo & wormer, wocister cllmele on the

+

eruthiern slmpe in eontrest to that of the northern alope,

S U PPV U
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“ocks of Tomoelol Island, 1647

"he rocke eyposed on “oraslof Telsnd in 1847 sre 811 7
historle sze, with one posgibla eveertion, The oldest rook,
which mey be of oprehistorle #pe, 1 an sndesitlc vent agglomer-
ete(?) {Tig, 4} in contect with the hornblende andesite of
“gatle Fock, Like 811 other Pognslor rocke, this vent agglomer-
ste 1¢ hopnblende-besring, The sndesine-hornblende sndeslte done
aof Cpatle Rnck (Fiz, 4) was extruded in 1796, Porphyritlc rlaglo-
eclese consists of snorthite-bytownlte cores {Anvg_gé} jeoketed by
andesine {Anzs_ao}. Oxyhornblende with extreme blrefringence
nrobebly contalns iron thet ie entirely in the lerrice state, Yer-
rosallite, masnetite, apstite, and sphene, in order of decressing
abundance sre &leo present. The groundmess is & fine-grained am-
rpegete of oliroclase-elbite, orthoclaee, enelcite end glese,
t1vite of the groundmses veine ¢ few o7 the andenine nshenccryats,

“he leva oome of Tire Islend iz, 4] wes extruded In
1787 following & violent eruptlon, The rock, » hornblende besalt
with & alirht amount of normative nervheline, was described by
G, 7. Terptll (1885, »n, 33).

“sanltic ertrusives erunted during the most recent sctliv-
1ty of Pogorlof during 1827 contain rhenocrysta of anorthite-
brtownite, selilte hornblende, and opacue orides, The Jome erunt-
ed ir esrly 1087 {(Fix, 4} 1s ¢ bLytowrnite-selite-hornblende braalt
pRR 17 similer petrosrephicslly 60 the s&sh, ercent thet the horn-

blende hae largely decommosed, The cutermset zone of rsny of the
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nlepioclase nhenoerynrts 1o & votegele Teldeprr, which 1s aslao
mrrercent in the groundmasa, “The hornblende basslyt dome of 1927,
1ike %the 1883 dome, containe a small emount of nerhellne in

the noro,

Volernle Activity on brmekx feland, 194€-.1048
enifeatationn of valoenie sctivity in 18047 and 1848 come

nrigsed fumaroles of conee £ and € an? thermal epringe of cone D

an northeasstorn Umnak end themmal springs, seysers, and fumaroles
auth of ‘nenudsk Pey on scuthwestern Umnek, The following drte
rre suwmsrized from Byers and Brennock (194%, pu, 718-734) and
sre includted here beoaune they contribute to certsain Inferences
resched in the theoreticel sectlion on nefrology., Lfeid fumeroles
aasnglate’ with the sumnmit crater o7 cone 7 wher ssarmled during
the su-mers oF 1947 end 1947 contained Gﬁe and 57, ‘n & ratio of

r

grnrorimetely 201 in e2dditicn to water vanor snd atrosvherle

waaes {Pyers end Prennock, 1040, wp, 722.723), Meny fumaroles &8

gnotated with the summit creter of cone O hed hed sn odor of hydro-

man sulfide Jupring the veriod 18491847, Therral aprings o7 cone
Toin 1847 end 1947 hed lerge dlacharge, low tewperatures, and low
conegentretione of only & few hundred rparts per million of total
rolids, The ~ulfate rsdlcal wredominetes (Mg, 3}, Thermsl
roringe south of (nenudekx Bey were charactorized by low dlecharge,
high temmerature and high concentrati n un To over 2,000 paris

2

ner million, Horon snd chloride predoninsted in these springs

(Fiz, B}, #n? the eracnste 'on resched seven nerts per mililion
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in one of the springs, ~Lout 100 Tons 2f 6?

being contriuted to the sea by the srrings of siuthwestern

0, ner ¥year wers
nA

Umnek £+ the 1845-1047 discherse rabees, The fouthwestern limnax

not esmrinre heve peen in eristence for many yesre nrobably for
E E 1 B &

canturlies,



PUTRIGHAPRY

fn tne preceding seotion the reologic relstionshipe end
netrography of the rock units have been cummArlzed., In this
geotinn the wveristione of the minerszls 1n the rocke are corre-
leted with vartistione in chemicel composition, in ac far 88
noseible, <o mlete chemlcal enelyres of 35 rock epecimens fron
Iimnek end Soposlof Tslands /re presented ss Table 7 in the AP~
PENDIX. Petrozrephic enelyses of these seme 35 rocks falls ae
Table © in the APPENDIX, These two tables constituts most of
the basic metrochemipal data, on which the theoretlical conslder-
atlons end the secomrsnying grsphs sre baged, The number st the
need of eseh colu-n {iebles 7 snd 8) contelning chemiesl or opii-
cel dnte identifles the rock deseribed in the footnotes beneath
Teble 7. Theee numbers, ldentifylnz the individusl eneciwens,

sre umed in £11 the tableg end graphe of thia parer,

Petrogrenhic Yethods

™he poek speeimens were studlied by thin section snd by
nowder in immersion oile., 7The volume wercentijes of the minepels
aa egen in thin eection {the modse} was determined with sn sdspled
meehenicrl stege se suzzested by Cheyes (164%), ° four-s¥ie uni-
verssl stare wee uged for 2V deteorminstlione and Tor messuring the
antle orlentetion in the anslyzed mineresis, o godiun venor lamy

weg used Tor the refractive indev determinstlons, using lmmerslon

31
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otls, celibrated at 25°

G, the sversse room tespernture, f8 an
pdaitional check 2 thermoneter was kent on the —icroscope teble

and 1f the temperature dersrted more than o0 & gorrection in

’
the indey feterminetion wes mede, It is bLelleved that in gen-
arel the refrective indlces are correct Lo the nesrest O, 007

end that the mniority of Asterminations, nerticulerly on the
mineresla of the anelyzed srecimensg are within 0,001, 3 few of
the refrsctive index determinstione by the writer were checked
tn ithin 0,001 by Richerd ¢, réd in the Geochemletry and Fe-
trology Tranch of the U. ©, Geclogiesl “urvey, IHxeceplt in ths
ceae of the two enslyzed enecimens, no ettempt 1s made To ¢ he
trthute new minerslosicel data, Only thoss optleel properi . eg
were determined which were disgnostic for inferring chemlesgl
commesition, using previously determined curves, chlefly those
releting ©V and refractive indlces to chemicsl compoeition (¥en-
nedy, 1747, nn, BAP-5A7: iless, 1949, Pl., 7).

The modes of nearly all lave groundmanses could not be
socuretely Astermined by integreting sterpe Lecause the smaller
groundmese microlites were less than 0,03 m», the thlckness of
tre thin esection, 1% wee found that the finer the graln, the
sreater the nronortinn of the migrclites of high rellel such rg
elinnmmyrovene sn? onague nvides, This 1g due to the tendancy to
anunt thoee micrnliten $ret ere easlly seen, regardless of
whether they are nesr the bose or neer the tor of the thicknesse
n? the rock =lise, Hence, the blasg in Fevor of the =zinerels of

high relief at the exnensge of feldspar and 7lsps necessltated
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dimpearding s811 the reaulis outeined in miecrometric analyses of
groundmasres lere thean 0,07 = in averese zrain aize. The com=
mon thin egetlon methode fov estimeting comnosition of wleglo-
clage, ohlefiy the =methos bLeeed on cowmbined Usrlsbed-slbite
twinnine, zre bellieved insdemuste for nrecise work, This 41fei-
culty ia nerbars due Lo the frot thet the rlegloclase of the Ume
nek baeslte ere hizh ftemmersture mlezioclase, whereas the Trrle.

-

bed Slilte twinnline curves ere tesed on the low Sermersture
nlagioelerse of rlutnnic rocke re surgented by Uohler (1542 o,
89F). Tarth end Oftedahl 11047 1n. 107 have found thet not
only do nlagiocclaaes fal) on elther the hick or low temrersture
curves, but may have intermedlsale orientetions, Jdepensing on the
temperaturs of crystellizs%tion rn? the rate of cooling.

With respect to refractive intex determinations, Chayes's

{1980, Fig, 1) Y-inder curve through the nolnts from An50_106

dlffers Tron thsat ecomniled by Tzlkine 2nd Pess {in Lernedy. 1947
N 2 LE »

3

Tig., 1} by only to ® pareent An content. Le & check | an oun-

zoned anorthite nhenoeryast found by Lelkins-iieas refrsstive §ne

g

der curves, o hsve sn zversce v nontent of 9% contrined on

¥

%

anelysle, poout 1.1 vnercent of slkelin—eculvelent to en Iin con
tent of £hout S1,

The estinetlion 2 sversase comporition in zoned ~lepio-
nlane vhenacryests in the 1s drednritesbyvtomite AN WER TOFE
troublesoma, (0t 2 reasohebly sccurate oatimete was nede in the
following =encor,  The rhencerysts were rouged syt of the posk

snecimen, witn & needle or ather shern tonl, The rrsine were
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erushed to minus A0 plus 120 mesh (U, 5. "tanderd “leve Teries)
end nleeed in suscesslve index lmmersion oile covering the
renge 1,550 o 1,597 In 0,008 intervsls, The lowest o and the
hizheny T’ were thus determlined and notes wers taken on relstive
freaquencies of X and Y . nu thie =anner the effect of & thir
outer shell of rore sedie vlavioclase, corresronding to the com-
nealtion of the groundmass nlsglocleaes wee mininized, T4 wea
found in the cese of ell nlszloclase nhenooryets whose aversya
comnoeltlion wee used in vetrogrerhic celoulstiona thet the in
enntents oorregnonding to the meen & erdt meen ’Y'ﬁi?fera& |=h's
only ¢ Tew neraent of An, usinz either the Cslkine-iese surves oy
those based on cleaveze framments nrewsved by Tesubo! {1825, 3. [},
detually, 1t —makes 11ttlz Aifference which cet of curves ‘e yaed
g9 the in eontent Astermined by elthar sef agree in the mesn in
eontent Lo within 1 wmercent of An,  Ancther methss of srriving ot
g7 BVEYsis An eontent of nlavioclesae vhennerysts fe Ly & methad
suggeeted by S, L. Ceats {reraonsel communicetion, 18803, The
index Immeralon o1l In whinoh helf the nlewicolese wrains hove
en index hisher and the other helf lower then the oil 1s zon-
sldered arvroximetely ecuivelent to the meen @A lindex,  “he
garreananting An content 1o resd frow (he Jelking-Eegs curves
The two Ln contenta urusally @ vee within 5 nerosnt An, The

syersre Ln aontents nreeasntel o Table 8 (AP sre helleved

tn he nat mere then 5 mercent ovoin error sp? oare wrobebly otthe

in % nepcernt In mont negesg, o 28d1%innsl zoures of erpor In

arriviny &% the averaze An gontent ol the »lesisclere nhenc.
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ervate mey srise from the tenrndeney to gouge out more of the
centrel portiorn of the erystal then the outer rhells, ™n seversl
anecimens in which vhenoeryate conteined & thick cuter jacket of

nlagloclsee dAifferiny redl celly ‘n ~n content from the core, &
i 3 ¥

w

gamnle of the rock was powdered &nd ~ieved, and the ratios of

the two wlﬁgigclaaeﬁ were determined by orein count on two diffar-
ent sleve sizes, L@z mizht be expected Tfrom the simller cleavage
of &1l feldansr, the ratlics of two mlezloclsages from the sams

rocx were esgentlielly the game on the two Alfferent sgleve alzes,

n thin eectlion the relatlve in content of the varlcous
rlagloclese sones in & nhenooryst wes determined by meanz of ax-
tinetion engles on M0 "mmong, 19473, Tix, 51; Dupare end Feln-
kard 1n ‘inchell, 1033, Flg, 275}, with the knowladze of the
renges in in content from the irmmersion work and by observatlon
of the relief of the vrlarsioclese with resnect %0 balsaim, 1t wae
nogaidble to determine whers the 21fferent compositions of rlizgio-
clege were ‘n the pctusl rock ss shown In thin zectlon,

The Aeterminatiosn of refrective ‘ndlces by immerslon
technigue on “he groundnass mlasgloelese weg 1imited to mleoraiitesn
lergzer than 2,00 mm,  Thus In some of the rocka only the larger
mioraliter could be determined, The sverege index (aaiﬁ?) wa
wpnrosched from both directions, 1.e,, high and low lwmeraion
pila, thersby an average velue could be determined., The scouracy
5 the index determinatiosneg on the groundmase nlazloclese 1s
nrobrbly only «ithin 4+ 0,002, or within € percent of fn content,

Harge, the aommoelitlon of the groundmase vlaglocloae s piven
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nnly $o the nearest 5 percent o9f 4n in “able & (APPFYDIX), The
Eversye An aontente of the groundmars nlaglocleser glven in Table
8 egre probebly slizhtly $oo high rether then too low, due o the
fact thet meny of the mepsurenents were made on the larger micro-
iiter, which would fend to sconteln sYightly more encrthitic
nlazloclsae than the gmaller mierolifes,

Correlation of Speeific Gravities and

“efractive "ndloes of lesses
with “1]1ieca Commosition

£ genersl correlatlon exlstas betweon gnecific gravity and
#illea eontent of rocks an? alaso between refractive index of
glaassea end thelr compoelitlon, ©Hulk snecifle gravities have heen
mepsured on non-veatoular, aphyric an? glassy Umnek lavas to the
spoond decimsl nlece by & simple trinle beam bslance, sccurate to
0,01 gren, & rock chip, weighing ur to 111 gramsa {abrut the size
nf en ordinary thin-geatlon chip) is weighed both in elr and 1in
& besker of dtatilled water:; from thenre weighte the bulk specifio
grevity ls esally computed, DBulk specific gravity can be de-
termined by this nethod in & few minutes, Specific gravity of
arhyric and glesgy rocks messured by thls method nre rrobably
mope eccurate then those messured by pycnometer, Porphyritlic and
highly eryetalline rocks, even though non-vesicular, do not give
conginrtent resulte, Nefractive indlces of glasay rocke ere de-
termined in the ususl munner, but in order for the messurement
to be of signiricance the rock or et leset the groundmsas must be

eYmoat ertirely zlessy so thet the silica commeoeition of the
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#lars can be anslyzed or coumputed by subtraoting composition
of vhenocrysts from the bulk enalysla.
From deteralnations o0 refrociive indlces and sneclfic
zreavities on rocks of known ailies cowmaslition, the Iwo curves

it

shown in Figure © have bLeen zonatructed., “eversl dsrk, non-
veslculsr lesvee in sddition to the snalvzed sreaimens (Table 7)
were enzlyzed for gillles only and hence sre unnumbered on 7izure
£, Two of the refrasctive index nointa, 3g and 8Bg, are srhyric
nalogoniten, Thelr weter«free silica contents are plotted on the
abpclinaa, and the corresnonding refrsctive ‘ndlees were determined
on unnelsgonized cores of shards, The sllleca commorition »f the
chllled a2lispomelane groundmags of the vorprhyritlic baselt of cones
C and T hes peen computsd from The bulkx anglysig of the enelyzed
specimen (see columm 7, Teble 7, APPTUDIX), which hes the seme
nronortlione of rhenocrysis er the chilled lave, “he svrecific
gravities show more of & sgatter, owing rrobably to the effect of
hesvier elements such &e iron and tltenium on specific gravity,
For exemnle, the least silicious vitreous sndesite {column 15,
Teble 7, APFUMDIX) contaling sabout 11% nercent iron ovide end 2%
reroent titanium sxide, which are acmewhat more then the content
of these ovides in other andesites or baseltlic esndesgites of aimi-
lar «*1ics content.

Fpmm the curves thus conatructed it has been mrossible to
infer the silice content of unanalyzed laves nrobably to within

e few percent, £ resannsable degree of correlation in roecks of

one megmatic nrovince ia to be expectied, sa nointed ocut recently

oy

by “athews {1951r, »n, 02-03),
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1 650 EXPLANATION 300
® O Northeastern Ummak volcanic rocks
. 4 & Southwestern Umnak volcanic rocks
-2.90
e o° 94 groundmass gloss, SiOz content computed
: np nonpalogonitized glass, SiOs content computed
1,600 ! -2 80
-2 T0
1.5804 -2 60
}-2.50
1,500~ 2.40
t #5850 T T T T
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Weight percent $iQz2
Figure =, - Variation of silica cortent with refractive indices of glasses and with tulk
specific gravitics of non-vesicolar, apbvric lavas, Nombers refer te analvzed specimens, table 7,
Appendix.

Bulk specific gravity {solid circles and friangles)
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guarts, ~-Guartz slong with orthoclese 1la the latesi
minerel to orystallize in the plutonic rocks of g outhwestern
Cmnek {columns ©4 &nd 33, 7Teble 7, APPINDIX). In the granophyre
guartz end orthoolese are in gravhle intergrowth thet forms moet
of the rock {column 33, Table 8).

Tn the extrusive rocke guartz ocours ap & primery phase
only in the silicious eouthwestern Umnak rhyolite {eolumn 32,
Table f, APPFNDIX), in which quertz occurs &8 Sparse anhedral
phenocrysts with rounded equidimenaional cutlines, The guartz
rhenoorysts in the rhyolite are colorlees tc bluish gray and
sleer to slightly translucent within the ssme crystal. The Dblu-
igh zray quartz is serarated from the colorless varlisety, spnarent-
1y by frectures rather than eryatel facee. Pecause of the Bluish
gray coler, ecui-dimensionel sutlines and frecturing, the cryetale
mey once have been‘6 -quartz, suggesting that they may have
eormed sbove 573°C (Wright end Larsen, 1809, p. 438).

“mertz ocours in anhedral crystels up to 2 mm in the
auerti-besring olivine andesite (column 22, Table 8, ATPENDIX),
but beoceuse of its rounded outlinee and clinopyroxene resction
rims 1% is certainly & xenceryet in thls rock, ihe decomposed
hornblende rellce in this rock indicete & temperature nrobably
s1tohtly above 100090 (7illtess, 1929, p. 185).

“oteph=rich feldsper.-——inhedral orthoclase 1 present in
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inereasing provordioneg froxw dlerite to zranophyre in the nlutonie

rorve,  Felash feldspar, probably adulerisa, has been introduced
in the olisr pyarothermally sltered greenstons lavas of the
bagament vola 12 complew, Amnedpel orthoclsace oosure an Xeno.

eryeats In tro andsel leo glassg of thy nyreclesntle roeks of “ount
Veevidof,

“ateah feldarar, noaszibly anorthoclase, le most comnmonly
found in the groundmzsser o7 the cosrser-prained baselis and ande

* Umnek and Ylogoels? Talands snd fe in the fing-grslned

]

*
et
[t)
=
"3

groundmeass 27 the Fegent zlesgy latlite flow of ¥4, Vsasevidof, In
the coares-rreined basslits and andesites anhedral snorthocleas(?)
1 crymonlivy found in the mesostasie with bLrowunlan plesa,  The eXw
pot eomponition of this anorthoclase(?) sannot be determined but
its refractive indlices Buggeest that 1t is richer in potash then
anda, “n the historic!?) latise flow of ¥t. Veevidaf {ocolunn 28,
Tahle B, SVPTUDIX), zroundaesa orthoclase(?) euhedrs rolkiliti-
cally include clinomyroxens, onsoue oxlde, snd plaglosirsse nlors-
lites, us pobegherich feldepar 1s & late minersl to erystal-
lize 7 1% oryatellizes ot &11, snd in many sxhanitle ov Zladsy
basgie rocks of Umnak and Sogoelof it har not oryrtalllized,

"Magicslege, ~~Dlestioolonee ds by far the meet cundent

minere? conebituent of &17 ervgent the more elilelorus rocks,
Plagtonirne Ting, ne) forme €8 neresnt of the qurrtz diorite
{oolumn 74, Tebls R, LPPTNDING,  The ensrihite basslt {oolumm §,

Tahle &, ATTTITY acnteine ehout 7 vercant of enorthite vheno-

arvate 1n s431tion 1o the nlsgloclase of the Zroundmmaes.  Albite
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formas over 70 ner cent of the quartz Xeratophyre (column 28,
rable 8, APPTMTIN). A dlsgrem summarlizing the compositions of
the plagioclases with respect to ﬂiﬁz content of the rocks 1a
given in Figure 7, £11 ths compositione ehown on Figure 7 are
pased on the optical determinetione (¥. C. Calkine, unpubllished
charts; Kennedy, 1947, Fig. 1} in order that all plagloclase
compositions may Dbe comparable,

e wmost calcic plagloclsae phenoorysts in the north-
eaatern Umnak bagic lavas sgre commonly about Angg though in & few
rooks, which sre not anelyzed and therefnre not nlotted on Flgure

7 gores of phenocryets epprosch pure snorthite., The plsgloclese

’
phenocryste nf the basalie, particulerly the porphyritic hesalts
with fine-grained groundmagse, are commonly 8lightly zoned sodie
anorthite or celete bytownite cores, which comprige the bulk of
the phenocrysts, The cores are comonly enclosed by thin ocuter
ghells of sodlc bytownite or calcle lsbradorite of the same compo-~
fitinn a8 the groundmass plegioclare, This relationshin of the
rlegioclete rlso holde in the case of basaltic andeaites such as
the analyzed specimen (no. £, Fig., 7) of the c¢one B lava Tlow.
Kuna's statement (1950, p. 9688)}: *Andeslites with flne-gralned
sroundmags sometlimes carry phenoceryste of snorthlte surrounded

by nerrow rime, which are &s chlolc asg bytownite,” ie true for
many of the Umnek rocks clagsed ag bareltic andeslte, In those
rorphyritic baselte with & microgranular groundnses, ‘ndiecstive

of slower cnolling, the vlepgloclase phenoeryets are zoned through

& wider renge of composition., The inner core of bytownlie-
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enorthite 1= rimmed by & thick Jacket commonly ranging from by-
townite ints lebradorite, less commonly into andesine. The by-
tawnlte-salite-hornblende besclt dome {(no, 34, Pig, 7) of Eogo~-
slof Island contains aome nhenocprysis whose outler 20nes Dass
through labredorite, andesine, oligoclese {(potazesioc?}, and
£finslly into 2 npotssh~rich feldspar {enorthoclsse?).

The ancrthlte vhenseryets in the snorthite beealt flow
near Tnsnudsk “sy {no, 5, ¥Vig. 7} were amenable to speclal =tudy.
Tnough meterial (0D,2g) was assembled for determinstion of slkelig
by flame vhotometer. These determinatlons with celculated values
for the osther nmalor oxides {see Table 4, n, 95} Indierte 2 comno-
eition of Angy, which agrees well with the determination o7 Ange
by omtice) determinetion. The orientstlions of optlc elements, as
determined by measurements of eiy snorthlte vhenocrysts on the
universal stage sre given in Figure 8., The optiz orlentation and
other dets indicste thst five of the six phenocrysta measursd on
the unlversal atsge sre ﬁiatinctly'anorthitic. Messurement on
phenoeryst number 2 indicates celele bytownite, The anorthite
in twinned most commonly according %o the Carlabad law, but al-
bite end pericline twinning sre slso comden, The ancrthite nheno-
erysis occur chiefly as stubby euhedral crystsls and less commonly
ss snhedral crystals, “ome of the anhedrsl crystals are lrregu-
lerly embeyed by the groundmass, Both the euhedral snd anhedral
anorthite phenoecryats contain & thin rinm or shell of plagloclase
that arproaches the proundmees plegloclese {Angs) in composition,

trperently, the snorthite wes not in eoullibrium with the liquld,
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now groundmass, just prior to solldifiecation,

7oned labradorlte vhenocrysts, in most rocks extending
into andesine sre most tynloal of the andesltes, whether they
ere in the form of flows, plug-domes, or welded sgglomerate
beda, Almost &1l the intermedlate nlagloclese in the phenocrysts
of the sndegine-hornblende endesite dome of Dogoalof Ialand {no,
3%, Fig. 7) form armored jeckels eround esrlier anhedrel bytown-
i{te-anorthite cores, which srparently scted =g seed crystels in
the melt., The plagioclase vhenocrysta ln the rhyodscitic pumicee
{noe, 13 &nd 30, Fig. 7) show strong oscillatory zoning in thin
geation, tut the range in compositlon igpg rather narrow &nd cen-
ters close to ARge. In another esmple of rhyodacitioc ash from
the Okmok formation the nlecionclese phenocrysts ere unzoned Anse.
Plextoclere phenooryets in the siliclous rhyollite dome {no. 32,
Fig, 7) of southwestern Urnak Ielend renge fron An33_4e, slthough
g Tew heve mottled cores of lebredorite. In the etrongly zoned
vlagioclese vhenoncryate of extrusive rocks, the more celceic
nlegioclese formeg the cores or esrly precipltated corystals, In
some laves the break in commosition between the more oslcla eerly
plegioclege and more sodic late vnlagloelase ic marked, suggeating
s radlenl chence in the composition and nosalbly the environment,

"egioclese xenocrysts (marked by “x* on Figure 7] asso-
~clated with vhenocryste in two-nlagloclese rocks are found in
walded sgglomerate beds {nos. 13 and 18, Fig. 7), volcanlc pipes,
&nd voleenic domesg (noe. 15 and 32, Fig, 7). The calcle pleglo-

clese xenceryate in the welded agzlomerates are probably derived
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from nlegloclase phenocrysts left over from the melting or ag-
similation of the groundmsse of porphyritic bssalt xencliths
which ocan be recognized mioroscoploslly in all stages of dlisinte-
gretion, The two-plaglocluse plug~domes suggest lack of equi-
1ibrium conditions owing to high viscosity., The basslt flows,
basaltic endesite flows, s2nd the (volatile-rioch) rhyodacitic
rumices contein only one range of composlitlon in the nlegloclase
phenoerysts, perhaps owing to thelr lower viscosity end greater
sonroasch to 1desl crystal-liquid rhese equilibrium,

The ebundent intermediste nlezloclese xenoeryste in the
hypersthenebearing andesrites precsent & speeclial problem, Plaglo-
clsfe xenooryste in the hypersthene-besring andeaites of socuth-
weatern Urmak {(nos, 22, 23, and 27, Fig., 7} commonly show reverse
zoning end are agsocisted in the esme rook with normally zoned
vhenoeryats (Fig. 7). In the same rock andesine or sodlic labre-
darite slao occurs in separste anhedrel crystals, Theee commonly
contein & zone of dust inclusions, like those described by Fenner
{1928, v, €83) in Katmel sndesites and more recently by funo
{1950, Fig. 5) in Hekone andesites, Cther aenhedral sodlc plaglo-
¢lsge oryestels show mottled extinctlon, These cryctele or xeno-
ery=ts sre more sodic than the -utermost zone of plagloclass,
which ig eculvelent in compoaition tc the groundness plegloclese,
The dlctinetion between xennerysts and phenocrysts ln the rlagio-
clegee cmnnot z2lveys be mode s'nee sucn a8 Aletinctiion rests on
genesls,

ey

The rlagioclese of the nlutonle rocks (nos.24 and 33, Fig.
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7) of Umnak Tslen? is mueh less calelc then the plexioclase
ohenoeryats in the laves snd neer surfece intrusives, Although
the nlegloclase ls normally zoned through & moderate range in
compoaition, there sre no breske or hilsiuses in cempoealtion,
such as those in the volesnic roeks, The gusrtz dlorite {(no,
24, ¥Pig. 7}, which 1s cheriorlly siwilar to the hyrersthene-
bearing labradorite andesite flows (e.g., no. 23, Fig. 7) con-
telns ﬁl&gioblnﬁe that everages sndesine in compoeition, A
quertz monzonlie fazclies {not analyzed) of the querte dlorite
conteine normelly zoned nlsgloclese through andegine, oligoclase,
and even calcic elblte, Granophyre dikes (no, 33, Fig. 7) in the
quartz dlorite contaln scdic rlsgloclase thet renges fron Anﬁ to
ﬁnle.

The axroundaass rlaglocless in slmoet #11 laves where such
determinetion could be mede hed & comwposlticn nore sodic, in aome
rocks considersbly more sodle then the nlsagiosclame nhenscrysts,
In most rocks atudied nlagioclase of the sutermost zone of the
nhenoerysts wee easentislly the seme composition es the nlaglo-
clese microllites of the mroundrmess. Cosrcenses of groundmess
(1.e,, derres of erystallinity’ srneare t5 be = feetor in detepr-
mining the composition of the groundmaes nlagioclase, The ground-
mans plagloclese is generally alightly lower in the snorthite
molecule in the microgranuler {(i,e,, more slowly cooled)! gzround-
maases then mlierolitic nlarioclese in hyslonilitic or pilotaxitic
faulekly chilled) groundpeeses, becaure of the grestar time

evelleble for resctlion in the more slowly cooled rocks, The
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rlagioclase microlites ere generrlly elther simple coryatale or
sinple albite twins,

Alblte, wrobably close to nure albite in composition
has been extensively introduced in the albitized mete-sedimentery
and igneous complex of southweetern Umnsk Islend (unlt Tvs, Fig,
3). In the albitized sedimentary end igneous rocks (nos. 25, 29,
and 31, Fig. 7) the albite hes largely renlaced the groundmass
feldspar, gless, &nd the plagloclaee phenooryste with little
veining or other evidence of subseouent slteretion,

Jlotite.~-~Blotlte 1a elmoet enfirely confined Lo rooks
of southwestern Umnak Island., ‘'he vproportions in the rock snd &
indicer of = few blotites are given in Table 8 (ses APPHNDIX),
The blotites of the alblite dlorite snd the keratophyre resemble
the chlorite groun in having & birefringence of »nly ghout 0,0N2
rnd week pleocchrolsm yellowlisgh green to green, but the optie nrie-
entation and ‘ndices Aare iynicel of Liotite. From their relation-
ghin to the generel texture of the rocks 1% arvperrs nrobable thet
& tynlecal blotite corystellized from these rocke during the origi-
nsl eonsolidation and was subsequently sltered to & green biotite
with lower birefringence durlng the albitizetion of the plagio-
cleae, The blot'te of the plutonic rocks !s & derk brown bio-
tite, The sbaorntion s nesrly commlete in thin section persllel
to the cleevage. ‘The 2V is neerly zers and the A indlces range
Trom 1,650 to 1.667 (Tsble 8, APPENDIX), The blotite vhencerysts
of the rhyelite domes contslin higher indices, optic angles, snd

greater sbsorntion then those of the Umnak »lutonic blotitea.
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These snomelous ontical »nroverties suzzest & meximum terverature
of 850%C for the temnerature of extrusion, by comparlson of the
dnta obtained by Xozu and Yoehiki (1827, np. 182 and 178) on
artificially heated blotites., Actually, the temperature of ev-
truaibn mey have been elightly lower, for the naturslly heated
blotite of the rhyolite might have sachieved the same nrovertles
on heving been hested during a much longer time end at & lowsr
termereture than the laboratory-heated biotites. The temperature
of extrugion could scarcely have been much lower than 65000, in-
aamuch a8 the rhyollte would be commletely crystslline and in-
carable of extrusion,

£mmhibole. ~~The occurrence cof amphibole on Umnek lgland
closely narsllels the occurrence of blotite, In the extrusives
of Jneoalafl Iealand, however, amphibole without biotite is & com-
mon songtituent, The /9 indicer of amphiboles in rocks of Umnek
and Togoslof Islends 1z given in Teble 8 {(mee APPENTIYY,

The smvhibole in the eslbitized inirusive rocks of south-
wegtern Umnak {(¥1, I, Pig, 3]} is slightly more greenlish and has
slightly lese distinct vnleoccehroism then the hornblende in the un-
altered plutonie rocks, lowever, the & index {1,674} ir the
amphibole of the elbite dlorite {no, 25, Teble 8) 1s alightly
higher then thoee of the hornblendes in the quartz diorite, in
contyrsst Lo the relatlonshiy between f? indices of the metasonatic
plotite and the nlutonlc blotite, An emphibole with the ontical
rroverties of sctinnlite ocecure &s sparse aggrezates 1n the grano-

phyre,
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Harnblende osccurs speringly in the rhyclite dome of south-
weatern Umnak Teland (no, 32, Table 8, APPENDIX}. Thls horn-
blende, 1ike the biotite is of significance in that ite indices
end absorntinn are slightly greater than that of the dlorite
hornblende {(see no. 24, Table 8), porsibly owing to heating at
etmoephere nressure, Again srolylng the ewperlmental data of
Yozu and Voshlki (1927, v. 179), a mexlimnum temperature of about
7n0°C 1s indlcomted as the tempersature to which the hornblende in
the aouthweatern Umnak rhyolite wa- heated, This estlimete com-
neree with the meximum of A50°C obtained in the cese of the blo-
tite,

“he nresence sf osyyhornblende and decommoeed hornblende
in the extruai§e Aomep of Hopnerlof slan gives & clue to voselble
ranzes of temperature of extrusion by commarison with experimental
date., According to Rarnes (1970, n, 418) common green hornblende
chenzes to oxyhornblende at o00°C and etmosvheric pressure, Hence,
the andeaine-hnrnblende endesite must have been heated above
80n?0, slthough movement as & viﬁﬁaus'nlug mey heve continued be-
1ow thet temmerature, since the reactlon

hornblende ——» oxyvhornblende &nd hydrogen

i« irreversible (larnes, 1930, 1. 41£). williams {1829, p. 195)
found thaet green hornblende of the ¥erysville (Callfornis} ande-
gite changed to oryhornblende in the range 810° to 85a°c, and
decompoged in the range 920% to 960°C 8t stmospheric pressure.
If wWilliams' exmerimente heve genersl application under surface

environments, the naximur temperature of the Bogoslofl andesine-
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hornblende sndeesite (no. 75, Table 8, APPENDIX) probably 4id
not excesd 950°C, The marimum temperature at the beginning of
extrusion at the surfece may have been sllghtly above 900°C,
heecaure the orvhornblende has close to the maximum birefringence
{ca, 0.09) rnd gemme index (1,795) of eny known oxyhornblende,

The hornblende in the bytownite-ealite-hornblende beaalt
dome (no, 34, Teble 8, APPENDIY]}, has largely decomposed, and,
1f Williema' exverimental data (192%, pr, 195-197) mey be ap-
rlied to this fome, s minimum extrusion temperature ahove o20%¢
cen be inferred. The upper linit of temperature, however, can-
not be 28 precisely inferred, becsuse Willisms {1929, pn., 195~
197} obesarved cores of undecommosed hornblende orystals surround-
ed by magnetite ms high s 110098, glthough such crystels were
rere at thet te-mersture, Fven at 1060°7, Willisms found that
#lmost 211 the hornblende hes turned jJet black {oneque oxldes)
under oxidizing conditions at one atmosphere., However, 1f the
slow rate of cosnling of the besslt dome ig taken into considera-
tior it would appear probable thet the maximum temperature of
the dome wes below 1080°C,

Clinowyroxene.--The clinonyroxenes are common constitu-

entas of the raocke of Umnsk snd Dogoslofl Islands and show certain
glight differences derending on the sres, geologlc environment,
and parageneais ‘n the rock, The nomenclature of the clinony-
rovenes ir taken from Polderveert and Hess (1951, n. 474)., The
gomnosgition of elinopyrovenes with respect to Os, Mgz, and Fe

etome ie given in Figure 9, The nlot, representing sn =analyzed
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Figure 9.--Composition of pyroxenes in Umnak-Bogoslof igneous rocks plotted according
to Hess (1949, pl. 1). Circles, northeastern Umnak sugites; squares, Bogoslof ealite and
ferragalite; triangles, southwestern Umnak ferrifercus augitas; diagensl cross, southwestern
Umnak auglte im albite diorite; cross, augite in quarty dicrite. MNumbars correspond to
analyzed rocks in table 7 (Appendix). Solid line indicates extent of zoming.
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After li, H, Hesns, 1949, pon, 624-26,

sugite, 1s based directly on chewicesl snelyais (Psble 1), but
511 other ruglte compositlions &re inferred from thex¢5 index and

2V determinetlons (Hesg, 1949, plete "}, £ feirly large dls-
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arerancy existz between the sotusl comoesltion of the anslyzed
sugite &n? 1tes inferred commosltlon besed on 1te /9 index and
2y, The optiesl rroperties indlcste an ¥g content of about 12
percent too low whereas the 08 end Fe contents ere esch % ner-
cent too high. Or ateted conversely, the analyzed sugite should
have hed & @ index of about 1.884 end & 2V of about 47°C 1in or-
der to fit the Hees dlegrar (194G, Tlate 1), Hess (1948, »n,
£35-832) nolinte oul, however, thet the «ffect of an ineresee of
e with incressing Vg would relge the optlioeal wromerties above
ttnee indicrted In his disgrsm,  The northesatern Umnskx suglte
rap N,2 mereent Or (ses Table 4, n, 95) end slso £,00 percent
of 2105 and 1.9% nereent nf Feg0p (Teble 1), which sre 3.0
nercent end 0, 4% nercent hizher, reepectively, then the 21,0~
TesCa
gram {Heas, 1240, Plate 1), Thus, with the evcentlon of the

rnercentages, which Fess segumed in conetructing the dla-
A " »

anelyzed su-ite  the pyrovene rlsta shown on Figure § have only
relstive sipnificence, and the more Alonnidle auxltes ere nrobe-
bly 88 "mch es 12 percent too low Iin iz snd ebout © nercent too
high in Ce &né Fe,

The epugite mhenocryst compositions {clircles, Fig., &) of
northesasters Umnek loves tend Lo oluster in e small aree., Thess
suglites zre dilopeidic, mediun derk green, &nd occur &a gperase Lo
gtundsnt nhencceryate along with olivine ond snorthite-bylownite.
Zeprely, augite phenocryeia ur o & few percent of The TOCK Qc-
cur with:ut olivine snd nlsgioclisee ohenoerysis Lut are more com-

monly aasocisted with these minersls #3 vhenccrysts, Jne mlero-



55

zranuler sugite baselt (nn, 2, Fig, ¢}, rossibly & near-surfece
8111, conteinsg zoned suglte nhenceryete that become yoorer in
1ime (more pigeonitle) in the ocuter zones ar Indiceted optlcelly
by decreasinz 2V, Thire trend is dDelleved continued into the
clinopyrovene of the groundmase, i‘nasmuch sg the clinonyrorene of
en analyzed aphyric basalt (oslumn no, 11, ¥ig, 7} hea & 2V of
350, indlcating 2 vigeonitic sugite., Thus, the groundness ny-
rovene of &t least one snd norglbly sll the northeestern Lmnak
lanvag tends towerd & vigeonitic composlition, &a has been gensrally
observed by Barth (1931, oppn. 1056-208) in other Peeific lavas,
Nonaldic suglte phenoerysts aleo occur in the reletively few
mafic bapalts of southwestern lmmak snd occur &g rare Lo sparse
xenocerysts(?) in the hyrarsthene andesites (@eeo no, 22, Mg, 92).

The dominent clinonyroxene of the siuthwestern Umnsk laves
1s & smell, greenlish black augite or ferrosugite with elightly
lower 2V end sligﬁtly higher/9 indices, corresponding to en in-
ereage in irson content {triasngles, Filg. 9). %¥No plgeonlte hes
bean foun? in the eiuthwestern Umnek rocks, even after & srecisl
search, slthough the rocks are chemloslly and minereloglioslly
gimiler to hypersthene-berring endesltes, in which niceonlte hes
been found {¥uno, 1950, n. 1003;.

Tre surites of the z2l1bitized ipneous rocks (no. 26, Fig.
G) are slirhtly =ore Alomaidle than the ferrosugltes of the
hyrersthene andesites, “hether or not the original compoaltlon
of these surltes was chenzed during elbitization ie oren To con-

\ rw
jecture, but they srpesr very freenr In thin sectlon, The suglte
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of the cusrtz diorite {no. 24, Fig., ©) hre an inner core that
falle among the Adlopeidic euglites of the rornhyritic basalta.
The outer zoneg of the nlutonic augite become richer in iron
{increasing /3 index) £p indicated on Figure 9, Thus the change
in comrosition of the quertz dloritic riutonic rock tends during
eanrolldetion toward ferriferous sugite, like the auglte phenn-
eryate of the porphyritlc andesites, whereas the sugite of the
beagalte of northeasstern Umnek becomes more nigeonltie.

“he Togoelof clinopyrowencs {(nns, 34 snd 35, Fig, @) ere
nearly the seme {n compoasition 2e indlcated by the/g inder and
2V, althougk the elinomyrovene of the sndesine-hornblende ande-
ette (ns3, 38) ig¢ alightly richer in Fe with resmect &2 Mg then
the clinsmyroveng of the byviownite-sslite~-hsrnblende basalt {no,
%4}, The Toapoelol clinonvrovenes are clopre 1o the selite~ferro.
selite line »nf divieton (50 Alopalde-50 hedenbergite} sp deduced
from thelr ontiesl nronmertles (Hesg, 1949, »vla. T an? V7)), Yope~
over, the Pogorslof ellnonyrorenes are weskly nleschrole In green
en? yellow, & nroperty tyrlesl of the aelites end Terroesliten
studled by Feas (18490, nn. £57=£37),

it 1z noteworthy thst no true nigeonite hasg been vosi-
tively identified in Umnek or Togoslof rocks, desnlie the faet
that ¥uno (1850, n. 1003} hae identlified nlgeonite nhenoerysts
in rocks thet heve closely netrograevhle resemblence to certaln
gouthwesteorn Umnek rocke &nd deegnlte the resertion of Folder-
veart and Heps {1951, n. 473} thet plreonite hee vprobably been

averiooked in meny besglc rocks. £ speclisl senrch wee made for
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nigeonite In all rocks exemined snd thls much oan be gaid: ir
rigeonite does indeed exiat irn Umnek rocks, it scours as ground-
maan clinopyroxene that is ton emall for =messurement of ontie
angles, Unly one guestioneble oV messurement of e groundmeasg
clinopyroxene gave & 2V sprrosching zers degreen; more reliable
megsuremnents indloate a 2V ranging from 35 to 40 degrees,

iyversthene, -~-Hynersthens occurs &lmost entirely 1n the

rocks of southwestern Umnak, chiefly in the hypersthene-~bearing
andesitea, snd rerely in the nyroclastic effusives of the (kmnk
formation of northeastern Ymnek, £11 the hynersthene shows the
tynleel Taint rore to frint rreen nlgochroliam, A few hynepsthens
rhenoerysts ehow inslined extinetion ur %o 10 legrees, &e wee obe
served by Verhoomen {197%e, wn, €6-£8) "n Ceccede levas, Ap far
84 the nrecent writer could determine the other optlerl rroper-
tiles oF the Umnek "clinohyperathene® weres gimilar 4o ihanse of

the “orthshynerathene.” From the nresent sbeervetions, the
"elinohynerathene? observed in southwestern Umnek rocks oould be
ernleined by sn obligque section ‘n whick only one rlane of the
rrismetic clesvage wag develored (Johannsen, 1837, ¥ol. 3, po.
212-213), ‘The ennt&tite {¥n} content of the hymerethene {7zbhle

a

A, APPINDIX) 1n bemed on curves correlating opticel properties

with chemical comoeition (Hess end Phillipe, 1540, 21, I: Ken-
nedy, 1847, Fig. 3}, The veristion in “n content of the hyrers-
thene with rilice content of the rocks 15 shown dlegramaticslly
in Tlzure 7, The enstatlte (¥n} content of the hyverathene of

the ismeous rocks of southwestern Urnsk ehows & 2light thourh
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dietinet deererne from erdeaite (nos, 22, 23 end 27, Fig, 7)

to rhyslite {no, %2, ¥tg, 7}, In which hynersthene ia rare. The
hynersthene 2 the rhyelite Tome, like the labredorits eoores of
the nlegloelese wes vrobebly not in equilibrium vith the rhyo-
1itie mepmetice liculd st the time of evtrusion. Zare hyrersthene
wen Dbseryed in thin seotlon “n the welded sirplomerates snd

rhyosdraitlic aah bede of northesstern Umnek but aould

;]

b e 1 g0

loted fTor smilesl study in erush gra'n =maunts, This hynersthene

ig rrobelbly xenocrystlc n origin,

h;;

Hyrerathene is rere ‘n the guertz diorite (nz, 24, Fig,
7} and occurs snly as irregular cores srvored with eugite, o
hyreratnene crystals could be sepregeted from the qusrtz diorite
for artlical deterwminatiocn, but the 2V, determined in thin rec-
tlon, is 4P degrees, Uy slight evtrapolsation of the 2V curve
of twa hypersthenes whose sverage ndiceg esre known, the nost
1likely commosltlon of the »lutonle hyrerstnene ls sbout En55.
Thls eomrorition e ghout A per ognt richer in iron than tre
eorresponding aurves nresented by Hess and Mhillire {1940, nl.
1) and Yennedy {1947, Flz, %) but isg not & unicue aolution
~inae the 2¥ cupve masces through & mayimum ‘n the vieinity of
4% dezrees, The hyneprsthene rhenncrystz in the southweszlern
imnek andesites ere enclosed by recotion rims of Terr!fercus

eucl te,

Alvine,--01ivine le common &5 nmhenocryste In the »sflco

barelta o7 Umnek Telsnd end i1¢ rere to snerse in the ephyric

brealte, &ndesites, s nd hynersthene andesites, n which rock
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types 1t commonly shows & resction reletionshin to suglite, It
8lan occure 2s xenoorysts in the rhyolite and in the welded
endesltic agglomerete beds of northeastern Umek, Jllivine le
absent in the rocke of Fogoelof Ielend, where hormmblende snd
selite are the =mafic nhenceryste,

The umnek olivines, &nelogous to nlapioclase, have &

N
wide ré&nge in the retlo of the nure end memberzs {gee Figm, 7) en
one might expect from the olivine dlsgrem (Dowen and “cheirer,
1935, ». 197}, The most maigneslasn olivine found in Fo,. in the
cores of sbundant nhenncryste in the olivine baselt a8t Cane

idex (no, 1, Flg., 7)., The moet ferrifersus olivine, Fo,., 1

¥
n rere, broken slivine erystsls 'n s northesetern Ummnsk welded
sgzlomerste {no, 18, Fig. 7}, in which it ia nrobably venocrys-

tie. Veger end TNeer (1830, w»_, 75) sre followed in the clarsifi-

aertion of the olivine series:

foraterite 9502100
Chryeolite Fomn 00
Hyalosiderite Foen mg
iortonclite 702050
Ferrohortonlite 94 0.20
Fayalite E0n.10

This clegsification containg the same numnerieal dlviszions ssg
thore of the plagioclane cleseificetion and, indeed, snalogous
members 27 the plaglocleare and olivine serles sre sssociated in
many of the rocke of northeastern Unnsek,

ﬂarnemiaﬁ chryanllte ie gommon ae phenoseryste In olivine
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nhenoeryste but the ferrcan olivine in the unper welded ande-
ettlie agmlomerate bed of the “kmok formatilon s rnrobably derived
Trom the nartlal aseinilation or =elting of vitreous sndesite
or latits renaliths.' erproan olivines in leven ze gililelous ne
dnoltee (Mswkes, 1924) have been recorded 'n lecelsnd, 1% s in-
teresting to note that Sogue and Hodge (1940, v, 833) record s
bresk ‘n the enmmoglitlon o zoned Ceresde nl'vines at ?aﬁﬁ' Like
the ollvine vhenoeryats ‘n “ascede rﬁckﬁ, tie more Terpoen Umnek
nlivine nhencoryate sre gnell--l2se then 0,5% mm.  The nrecence
al’ Terroen olivine in thess silinisus laves instead of ortho-
nyrovene ‘e foubtleas due Yo the inetablility of fTerrosn ortho-
nyrovene (Towen and “chalrer, 1935, =, 152) ‘n 2ilicate meltls,
the stable crystal rheses belingm elther elinomyrorene, or zollivine
and tridymite, which commanly refuser to crystelllze sut of
zleesy leves bheemuwe of high visgoeifty at time of extrunion,

cllvine is nreesent In rare anwsunte ‘n the proundrsances
of =mefic beealtsz conteininy more than stout 5 percent of oslivin
phenceryats. ‘luch of the geoundmens 21llvine in the Uwmnsk mefie
baselts ermeare to be unrecorbsd remnants rather then cuhedyal
ervetele thet ervatelllzed vith the other minersls nf the

sroundmans,

feceapory ‘lnersis

regque iron~titenlum oxldes.-~The =ast common sceessory
~inerales sre magnetite, mpobably titen'fersus, #nd ilmenite, Re-

ceuse of thelr cloge saesc'stisn ‘n the pocek snd the inherent
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giffieculties in <istinguishing between tl. .se onaque greyish
bleck nminerels, by ordinary petrogrevhic methods, they sre
grovped torether sgf speaque oxides in the rock déseriptions
and tabulated modes (Table 8, APPENDIN), Magnetite is probably
more ebundant than llmanite,

The opaque oviderm ocour as cuhedral microphenoseryats n
the two mnelyzed roecks of Bogoslof Ialsnd (nos, 34 and 36,
Table 8, APPENDIN), ‘hese mierophenoerysts have rhomble erocag-
sectlons, indicating ootshedrs, and ere strongly megnetic. indi-
catiny that =magnetite 1s nrobably the sole minersl, Fuhedrsl
maznetite(?) also occurs sparsely in the rhyodecite vumice nf
. Vsevidor (mo, 30, Teble B, APPFNDIX}, Fare to sperse aegre-
zatlons of enhadrel opaque oxldes, which commonly renlsce mafic
vhennoryets, scour in the vitreous andesite, latite and rhyo-
11te nlup-domes (no, 15, 17, and 18, Teble 8) and in the welded
endesitlic ezglomerate beds of northesstern Umnsek {nos, 13 snd
17, Table B). Closely related to these nceurrences ere the
spaque oxide rneeudomorphe safter amphibole in the quartz-bearing
olivine endealte of southwestern Umnek {no, 22, Table 8) and *
the brtownlte-suglte-hornblende basalt dome of Hogoglol Islend
{no. 34, Table 9)., 7The snhedrel end certeinly the peendomorphic
searegation of opadgue ovides sre the lateat minersls to eryotal-
lize; in some rooka they srmeer to have crystellized sfter the
rock hed become essentislly solld, vossibly cwing to aetion of

& geseous nheae, In rerts of the lithic rvheee of the rhyolite

dome of northeastern Urnak Ialend (no, 20, Teble 8) vuggy magne-
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tite crystsles in thin veilnlete cut the rock,

The groundmean of the basalts conteline in renersal
ondcue oxide cuhedrs, larzely megnetite ranging fron sbout
0.005 to 2,08 mm in averese Alsmeter. in the supite besalt
flow {no, ©, Table 8) the ones-7 oxide euhedrn ayprogch 0.1 mm
in dlemeter., Many evhyric bsaslt snd andesite flows tneluding
the welded sndesitlc azglomerstes of northeastern iimnek contalin
very fine-grained ovsgue owides, chich irpart s dark, nearly
oneque 2loudy snhnesrancg o the rroundnang, the so-celled
“oneque oxlide-~charged groundmsss® of many retrographers,

The oneque oxides In the nluionlc racke of s uthwestern
UmnakX {nos. 24 and 33, Table 7, APPENDIX) ape enhedrel snd oo
monly renlsce the mafle minerels, verticularly bilotite end amphi-
bole., Thusz the opeque oxides, llke quarts end orthoclase, are
emony Tthe latsst winerels to eryrtallize in the vlutonic rocks
but renlsce maflc minerels and wosalbly 'n rert crystellize with
the later mafic orystals, such &5 &mhibole and biotite,

fnetite end sphene,-~"he nlutonlie roeks {(nos. 24 an? 33,

Teble 8, £PPTNIIY) and slbitized intrusives (no, 25, Tsble 8)
contein sgnerse euhedrel enstite, menerally in the form_nf nioers-.
acopic rneediee, but in e Tew wlutsnie racks {(not anslyzed),
stutrby erystale apnroaching 0.1 mm geross end N mm in length
are not uncommon,  “imilsr stubby anetite cryetals oeour ararﬂe»
1y =2 mierovhenaeryste in the andesine~hornblende sndesite nf

Sognelol Telerd {zolumn 25, Teble 8), the plbitized rocke of

sauthweatern U-mek contatn needle-li¥e, arstite cryatels up to
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O0.% mn In length, They spoesr t5 Lo an originel econstituent
of the rook rs they are found as inclurlione in sndesine oore
remnante of the slbite diaritge,

Pphene hes been recornlzed "Mly as sparse micropheno-
ery s ur to £,% mm long in the andeglne-hornblende andeestte of
inroslof Talend. Tiny euhedral cryetals of avhene 8lso sre
found aroun? the borders nf the (titan!rferous?) mepnetite mioro-

rhenceryste of thin rock,

Secondery Yinerale

7epllites.~—"nerals of the zeolite groun sre almost en-
tirely secondary. Actuslly, the zeollten, largely shabazlte, in
the younrer voloznic rocke were vrobably introduced Auring the
late stsces o7 coollng, Thebazite(?) was ~robably deronited
aring the cooling stage n? the valesnice rocke, inmsruch 82 many
of the leves mnd sgplomerates containing ohebezite{?) sre very
young rocks forming the rresent constructionsl gurfece., 2 near-
primary zeolite, snaleite, wes confirmed by Wlchard O, Urd of
the U, 7, geclogicesl ‘urvey, £nd ocours ss & groundmses minepel
Enfd 435 cavity-Cilling in the 1708 sndeslne-hornblende sndeplte
{no, 35, Table 8) of Fogorlof leclend., Hare vtilolite(?) was obe
gerved in velegonitized andesitlic seorie (eslu=n R, Teble #)
from & gequence of nelegonitized nyroclastic rocke that Torn
pert of Tkmok Volesns {unlt £, Tiz. 2).

~e0llte =inerele vein and rerlece the rlegicolese pheno-

cryste and groundrgases af hyirothermally eltared nornhyritice
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sndesites snd beealts {(no, 12, Teble 8) of the besement vol-
canle commlex, The zeolites sre In nlrcer found in veinlete
rsacclated with gusrtz, calelte, end eridote. ‘ne of the zeo-
11tes occure as &n smypdaloldsl T911inz of vesicles with cusrtsz,
From their orosscutting relstionchiy $o the primery conetituents

a3 the rook snd thelr ssaoglation with osther secondary minersls

¢
e
o
e

not I ‘n the vrimery basslis and andesites, 1t Tollows that
these zeolltes were produced during the hydrothersel alteretion
of the rock. The zeolitee tentatively ldentified ineclude
heularndite, natrollite, snd less conwonly chabszite. In Teneral,
the oclelic nlezilocleae phennerysts have broken down into & goda-

rieh zeollite, calelte, and epidoge.

Chlorite-sernentine minerslg.--inerals of the chlorite-

gsernentine roun are coweon 1n the older rocks of Umnsk Talend.
These ninerals are not found in vary young 1&?&% that form the
present conatructional eurfece, although they scour %o & limited
extent in the rather recent w»alegonitized nyroclestic rosks of
novrthepetern Umnel,

The chlorite-serventine minerals mre most common in the
hydrothaermelly altered pooks 3T the beasement volesnie comnlex.
Jormer olivine and to less evient, eugite vhenooryets in the
bagalte and haraltlic andesites sare altered to st leest two miner—
alg; mernninite and antigorite!{?). The birefringence of tre anti-
goritel?} 1s N, 15-0.20, end the 'nidices range from about 1,573 to
1.58 in different specimens, lesentlally the ssme minersl sasool-

etlon Is found in the older bessltic flowe end necke o kmok
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“olesno, but much of the olivine 2t:11 remains,
% pleochroic chlorite with rather high indices velns
and replaces auglite and aldite in certzin s1blte dtorite 8ills
of aouthwestern Umnek. The indlgea and nleschroien are

A. . . . . . 1.812 (solorlens)
Y. - o« . . 1,818 (light green)

These opllesl vroperties euggeat & chlorite with = nigh iron cone
tent, such ae wrochlorite or ripidolite (vinchell, 1903, nart
i1, m. 2841, “imilar chlorites ere rroduesd in the rartinl
elteration of the blotite in the rlutontie rocks of anuthwestern
Umnek, although some of this ehlorlte shows %the tyriecal "Heriin
blue” pnomalous interference colors cheracterietlie of nenninite,
“till sifferent chlorites ere found in the relegonitized
pyrosleastle rocke of Jimok Volesno »nn northesstern Umnak frland
{untt 2, Ft=z, 23, The chlorifes consiet »f thrae varieties: (1)
minute esncentric Tibers that line reolite-filled vegiolen, (0}
radial Tiberes that have erverently revlaced the naleronite sround
geollte~fi1led cavities, This reeond Lyme susmeste the “fibro-
nelagonite’ or "ehloronhselte” desaribed by Peacoeck (1922} and
Yoe-Myzaard (1840}, (3] A third unueual chloritic(?) miners]
thaet 1= yellowish to reddish brown and cormrletely £f11ls the vesgti.
cles., Thls =mineral has the fopm of erudely spherulitic apgre-
zates with ~urved csnaoentric fibers reciating from more then one
asenter within %the vesiole, “hie fibers heve o tirvefringerce of

about 0O.N1I", #nd ¢ vositive 2lopgatloen, snd indicee renging fror

1.5 to 1,87,
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Inidote,--Fridote (o co 1.73%5) is nrobably late primery
in 1te ocourrences in nlutonie rocks thaet ere otherwlize unalterved.
The granonhyre of southwestern Umnak {n:, 23, Table B) contalne
sparae enidote that sppesrs to heve been s vrimery constituvent
nf the rock, HRare enldotel?) enclosed in white cloudy evheru-
liter was also nofed in the rhyolite of scuthwestern Umnakr Ieland
{no. 32, Teble 8). In general, however, epidote is formed as one
of the salteration products of calels nlazioclase snd augite in
the moderstely hydrothermelly eltsred basaltic rocks of the buse-
mwent voleanic complex,

Tourmaline,--igre to sparse tourmaline is found in the

older hydrsthernslly aliered voleanic rocks of the hesemant vol-
eanle commlex, Two verleties were noted: (1) in the moderately
sltered lavar and tuffs, a greenish blue tour-aline thet rre-
ferved nlezioclere ap Ue hoss minersl hep the following optioal
nropertiag:

€. . . . . 1.83 {eolorlens)
We » » » . 1.655 (1ight preenish blue)

The optlerl mromerties of the tourweline are suek that 1t fits

either the drsvite-schorlite or the elbslite-schorlite rertes.

{2) “narse, smell rogettes of black tnurmeline (sshorlite) that

nreferred former ferromsgnesisn phendseryate as host mineral sre

scettered throuzh the moat Iintsneely altered notash-foldansth’ zed

fillciried rocks of the berement voleeniae comnles,
gleite.~-lelelte ln £ rsre T common constitient ‘n both

the wlbitlzed rocks of eouthweestern Umnsk Islend and the nydro-
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theroally sltered roeks of the besement volcesnic commlex, It
peeurs meinly sz veinlete and sggregates renlacing rlagioclsse
and sugite, Part or £11 of he lime yvrobably wes furnicghed by
the breskdown of theee minersls, Tslolite sluo neours asn
rerphyroblasts In sone of the kerstavhyres end glves the rock
g meeudo~rorohyritice smmerrance,

Zyrite,—--"inute, rare Lo snarsz cubes of ~yrite are sont-
tered through the moderately to Intenasely hydrothermelly sltered
rooks of the basement volcenlc comlex, Pyrite &lazo ocours in
gome of the elb!tlzed torecus rocks where they have haev - Ppat-
ed by later hyirothernal sltsretion,

“erteite end rrohnite(?).~-"ericite 'r nrecent rerely as

an nlterstisn of nlazinclase 'n the nlbitized rocks, the mlutonic
rocks, an? more eocnmonly ‘n the hydrothermelly alterad rocks of
the basement valecanic complex. TFere nrehnife(7?), which has the
form of radisting sheeflike sgeregetes, sccurs in the feldanar
end bBlotite o7 eome vlutontc racks thet have Leen pertly sltered
elong & contsot surecle &dlacent to urancphyre,

fdularie(?) . --> feldsner with low indlees tyrical of the

votash feldenars cceurs commonly &e veinletae in the rlsgiosclsase
end in the groundmess of the nydrothermslly sltered rooks of the
basgment volesnlic complex, This =inersl is most shundant in the
potesh feldsvethlzed, silicifled rocks of the hasement voleoenio
enmnlex. DHecause ol !%e optiesl character end aseocistion with
other minerels tynles) of low ternerature hvirothermel slters~

tion, thia notear fellgrar 1o nregumed to e sdularie.
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Cerpholite{?).~-in unususl pleochrsic minersl lg snar-

inrly renresented among the alteration producste of hornblende

in the dbytownite~guglte-hornblenie beesalt dome of Tinpagler
Teland, The mineral, seen only n thin eecgtion, hsd the fllow-
ing nleochrolsm

L. . . . . 11ght yellowlsh orange
Y. o v . . . CQOlorlens

The =lnersl lr In rod-like crystels with nerellel extinetion,
rogitive elongation, =oderste bilrefringence, and relief. This
eombination of ontiosl vrorertles {(liinchell, 12%, vol, 3, de-
terminative tables) fits ~nly carrholite {Eéﬁnklgﬁignlo), e
correctly ldentifled, this =may be & new geolozic occurrence for

carpholite.

Voleasntic Yinerel Inerustations

Hinersle thaet sre Tormed mY the surfecs 2%t or nea» the

~ite of nresent o~ recent voleaniec activity are groured as vol-
]

[ I

eanic ‘nerustatlong., Thene have bheen desoriled in nart
rrevicus rublicsilon (Syers sand Frennock, 194G, oo, 710.734)
but sre inoluled hare for sommleteness.

covper-benrines ‘nerustetions.--~ lerge natch of brizht

green eteln een De ceen on en @vnosed Jolnt aurface of the top-~
aat flow of the hmaelt flows an the southesst side of Tretsyr

Oreek Gorse, Thls winopal le ehrysoeolls, s hwirous eopner

%

ailicete and weas 1dent fled by Miee Jeowell 7, Hlesz n? the

~ -

U, 7L Gealnslesd Curwey., Aomrevates oo

L g L

winute yellow gesles

on eome of the ¢chryrocolls are tenteatively i1dentifled ss meta-
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voltine, a hydrous iron-poteasiuw sulrhate, scoording to ¥ies
lesa. Theee ninerels were »robshly “devonited along the loint
surfaces durling the lete stares of coaling of the lave Tlow,

Tarateoanite, ﬁuﬂiﬁaﬁcuf“ﬁ)g, snd caledonite,
?f?h,ﬂu}@.ﬁﬁg.%ﬁo, scour ae greenish nlerobotryoidal inerusta-
Siome cogpting fTresments In thin zsh beds srunted in 18278 on
Hogoslof Irlend, Thess minernls were ldentified by Richard ¢,
Trd of the U, 3., deolasglesl Turver, fGyraur end botryvogen se-
eomnany the cooner ainerals in the inerustations of the Hogoslof
s.¢h, These nccurrences have not been previously deseribsd in
the 1litersture,

-

Jnerustatione of active cones.--Gones 4 end € of north-

esstern Umnek (11, 1) conteln r~ulfate incrustations on the ash,

where voleenic gases sre prenently escening. Cone 4, whieh is
getlively Alecherging F%E-bearing garer, l=a covered with bright-
colored yellow &nd green ineruststions, These were found by
Yias Jewell J, Llaae of the U, %, Zeolsglcel ‘“urvey to be ecn-
centilelly veri-colored srecimenes of the arme minerel, halo-

trichiste (Fen, ! ElpNe. 450, P2H,0) ;) whieh srmerantly chenges color,

%-
der-nding on The relative hualdity o7 the atmorrhere., Minor
gynaun ot osode kmlum were elaso 1dentifled by Yiss lasgse.

Sone U oda metlvelv dlacherglng F,0, 6,7 &nd 0y grees
throuzh ¢ aley-1lke sgoregate. An inner zone of spparently more
intenee rlbersation had nroduesd & ereerm-ocolor, which 15 surround-
ed by ¢ dar: bhluish gray cloyey masg, Orthorhosble sulfur, e

ferric eulfeie miners) and aragonite ere 'n the crea~-oolored
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mass, snd & clayey, srmare~ily smoronhous meterial ocontelined
shout 15 vpercent of crystebolite and enertess {V-ray sxamina-
tlon by Joserh ¥, Awelrod of the L, 0. Jecloglcesl “urvey). The
dark-bluleh gray mess outaslde the orssr~colored sres conteins
sragonite, onullne alllces, and minute cubes of pyrite, 0.01 to
N.2 mm oon edge.  Efvperently, In tne derd Dluleah oray sres hydro-
men sulfide had wroduced the wyrits Ly resction with the osriginsl
regnetite of the baselfic zsl, 'n the cres~—caolored zres, ryrite

&

hes oxldized fo o ferroue sulfete ~inersl ond sulfur weas being

derneited,
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fethods end Relliability of inelyses

he malor orides ordinerlly determined *‘n £ rock ware
enelyzed lergely by the new repild methods develoned In the len-
chemlstry snd retrology ‘rench of the L, 7, Geologiocal “urvey
(ree Thapire and irennock, 1957). Two enelyses were made by
2, K. Cérrﬁn of the “urvey, using the conventionel "wet® methnds.
wing 4o the dl7ficulty of obteining reliesble enelysea of 211i-
cete rocke immediately following “orld Wer ii, certein north-
eestern Umnak rocks were gnalyzed outstide the Geoloziecal Turvey
laboratorles, In order for the resder to Judge for himpelf the
acoureey o thoee enslvsern obisined outside the Feolomical "urvey
laboretorieca, the following cace hlatory te ziven for those wer-
tieular reka,

7 1948 and 1947, following World wer °7, the Jenlozical

Turvey chemlcorl laboretory had sbout e three-yespy becklop of poek
anecineng for chenlies) anelysiae, Teesuse o thia Srevendous
beckloz nine pock svecimene from rorthesstern Umnek were sent by
the “urvey lesborstory to & lsrme commercisl chemisal lnbrretory.
he rerults of the anelyses, which were received in Auguet, 1947,
were oovnsidersbly below the standards of zoourecy geneprslly se-
centsble for -« good pock anslyels. Ulve anslvses totaled outslide

the 86.75-1nC,5 nercent range, commonly o un'dered ss o zaod

e
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purmmetion, and two snslyses were outside the range, 86-101 ver
cent, Tne other snslveis that had s zood summation nonetheless
had & susplcloualy high &1203 eontert, In the spring of 1948
the writer, whille on lesve from the Gecloglcal Turvey, reran
the mein rortlon {%10,, AlpC,, FegOx, FeC, ¥g0, Ca0, snd T10p)
an #iv of the nine original) rocke submitted cutside the Survey
rfor snalvstle &nd sleo mnzlyzed two additlional rocks, Laboratory
arpee wee ¥indly vrevided by the Geology Pepsrtment of the Uni-
veratty of Chiecage, The writer's new anslysee were somewhst
difrerent from the corresronding anelysee of the conmmerclal
leboretory but totsled within the range, 99.75-100,5 nercent,
Purthermore, four dunlicste runs of the writer's analyses checked
closely, Ae s finsl check, the 710, content of four speclmens
ware cheeked by the U, 9, UGeologlerl “urvey chemlesl laborstory,
The Aeternination of 50, in the first rock annlyzed hy the
writer wes 0,45 percent too low according to the determination
by the fenloziesl Turvey chamizt, but in the other three specl-
mere excellent apgreement, within 0,07 t2 0,11 percent, wes found
hetwean the writer's ﬁiﬁz faterninetions and those of the Survey
ghemlet, Hence, the writer belleves that the vercentages of
thoee oxides determined by him zre not culside the linlte of er-
ror nocessary for petrologice interpretetion,

*he chemiesl anrlysle mede by ths newly developed rapid
methode of the L. &, Geslopicel Turvey are given in Teble 7 {AP-
PINNINY oniy to the nesreat 0,1 percent r'or the more sbundant

eonetituents . For petrolozic interpretation invelving verletion
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within ¢ wock sulte, the results of the rarld snalysea are be-
Tieved suffictently sccurante. “ome “lserenenclee exiet betwean
ouentisetive sozotvogranhic detemmineilione Dy dlffarent srec-
trogreniera 'n dliicrent 1ahmrafﬁriﬂs, aa mointed out by Ahrens
end Garfinkle 1980, n. 585). Thie bims (¢ belng reduced %o
rome extent Ly comeon refsrence standsrds of granite snd dlsbase
sveilable to leborstories. Eowever, sneeirogrephic snnlyser for
vetrologlic intervretetion should Le mede ldeslly in The pazte
labore tory bLr the ssme spectrographer using the ssnme =el of
refer-nee ntandards. Unfortunately, the Lmnek snd TYogoelol rocks
were snelyzed st different times by three different srectrogre-
nhers (¥. J. “urate, ¢, 7. Tyers, ®nd A, Chodes) In two difTerent
leberstories of the Genloslesl “urvey, [lenge, some of the &n
perent varistions of the minor elements with respect to cerisin
mp Yor elements mey be Adue to verletion becsuse of different
lebhorstary oondiflons,

The =inor elewente reparted in Teble 7 {(APFINTIY) include
~mly thore nresent above the mintmum conecentration nresent for
areetrogrenhie determination {ef. Tilley et al., 1837, »n. OR-
104). Theae mini=um concentratisns have baen listed by Jlaffy
(1047, »r, 35-4R) end more recently by fhrens {1850, »n. 3148~
145}, /11 the minor elevents reroried n Lmnek rocke ere Je-
téctlble tn esncentrations as low or nesrly as low sg 0,001 rerw
cent, but r few minor elements not found or not rerorted {e.z.
11thiuyn) mey be present in canceafrrotlone sbove 101, bul ere
below the sens'tivity noeeible tn 1951 'n the UL 0. {resloglesd

“arvey lavorstories,



~3
gl

“g¥or Dxiden

ZTertaln desorintive Testures of the variztionz of the

malor ovidee ape Mlscuared in thi

i

segtion,  The netrocenetlic

¥

slanificerce of thess features lg nostnroned to the section on
retrology.

G377 the meJor oxlides in the rook, slllcas ranges fronx 45,7
In the mafic Desslts to 77 nercent in zrenonpnyre, The mefice
vagalte Because of thelr eontent of olivine or horntlende gre
unifergaturated with reaspect to silies (ree columnp 1, 2, 4, 7,
and 34; Tealble 7, AVTIDIDING., In sdditior, the bytownite-sglite-
hornblends basalt of “owselof {ne, %4} contaline 2 slight smount
of normetive nenhelline over thal ceused oy the hornltlende ir The
rock, The elllice vércentare at whlch northeestern Umnek roeke
gre just saturete’d witr recmect to sillcos la alichtly above 50N
rercent, The rhyolltes contain sbout 72 to 7° nercent of
£1ilies,

“egeure of the grester anundsnce of atlice over 8l1

other nriden g convenient method of »lottine rock snelyres ‘g

)
to nlot si1lios rercentage on the sbecises mnd the other orxldes
on the ordinzte o shown in Flgurss 10 and 11, Thie dlapgran,
gommonly eelled & slllice verletion dlesrem, wae flrnt ueed Ly
Iﬁﬁlnéa (17873, nn, 1732-174) ont has Leen uged Ly Harker (1807,
v. 125}, fowen {1927, nr, 92-101) &nd meny other netrologlists,

fome petrolomiats have vlotied oviie retlios sther then or in sde

d1tton to pllice on the sbgelese {ef. Lsrsen, 1632, nn, 507~
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590 Walker snd Toldervsert, 104%, n. £573) thoughk stiemnts in
modify the atraightforvard silles waerlation disgran have draswnm
griticis~ In some quarters (of. Yockolds snd ltchell, 1245, =,
532)Y, Tha ohlef sdvantages of the elllca vrristion dlagresr &re
1t3 si-mllicity &nd atrsighiforwardness, &s holnied out by ‘nwen
{1094, p. 82}, The silice verietlon disgrarn nerves Doth se &
graphic preaentation of the baslc enalytlosl dets snd as bentie
for theoreticel dlscusmalion, The many other dlagraqs Inr renre-
senting bulk snalyses »f rocke that have Leen rroposed {aee re-

view by lmoon, 1947, pn. 259-280) ere in the writer's ominton

bos §

mare comnlisated and abatruse and necesrlitiste grouning some of
the constltuents.

Loyaristion dlagram of avhyric lsvas and comnuted ground-
mags oomogitions based on the bulk snalyesees and the netrogrephy
of parphyritic leves Ls nresented in Flzure 10, and the disgrar
of worphyritic lavas £nd other rocks not shown in Figure 10 lg
shown in Fizure 11. These rocka whose water-free surmmstlon devi-
gtes from 100 percent by nore than 0.9 were recomnuted o 100
rercent hefore plotiing on the verietlion dlegrans.

THe trend of the wvarlous oxides with respect to elllca

i

epproach amoocth ocurves far more clowely in figure 10, in whlgh
gphyric laves and lave groundmasses sre rlotted, than in Figure
11, 1in which norphyritic laves, sltered rocks, ete., are nlotted.
The ressons for such tehevior heve been dlscusaed Dy owen

{1029 om. 95-98%; nemely, the erhyrice levas and groundmesses

renreeent cuenched wmagmatic llauids, and honce sre penerslly
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enmeletely gredrtionsl in compositlion in sny oSne magmatic
province, The trends of the varlous oxides sre sppsrent fronm
the graphe snd sre tynlcel of celoelkeline rocks, Alkeli-1lme

indices (Peacook, 1931, vn, 54-67) of Umnek-iogoslofl megmetic

racks aye ahown In Table 2,

TARLE 2

FTEALT-LIVE THDICRS 0F U¥MAK-BOGORLOY MAGWMATIC SULITLS

B ot e et ritriaret — i e
e AR A s et u

Avhyric Lavas
end Groundmess
of Porphyritie Tormhyritlils #?lutonic

Leavas leves Focke
Yortheastern Umnak, 1
ete,, rocke®’ ... 583 50 -
“huthwestern lmnsak
POCKR. it rad/ 84 19/
Bazoslol rocke....... 52 58 e

&f - T e
wj;ncluﬁﬁﬁ erhyric laves of 5W Umnax,

Q/Jhaluﬁea ground=mesfea only of 2% Umnek porphyritie
laves,

E/Although alkslli~1lime index ia the same asa that of the
porphyritic lave groundmasses, the abeolute velues of alkelle
#nd lime sre somewhst higher,
e alkeli-lime index of the northeastern Umnak snd Ht, Vaevidof
srhyric lavas gnd groundmaseea is 5&%, aimiler to thet of &
normel celeaiXealine roek sulte, iowever, the slksli-lime index
of the norphyritic lavas (see ¥Fig. 11) conteininz largely nlegio-
claase vhenocrysta ‘s slightly higher, The index of the south-

western Uwngk nornhyritic andesite-rhynlite sssorclation 1s zhout

p
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%4 which te generelly sunsidere of aaleic rocks of

fe T
et
e
%)
e
§d

the giroun-Taoiflic epulte, T4 thue Leonmee ernarent thet mont

af the exgenn lime 'n theso narpherice lavaa, trnical of the

Taeific culte, secura ln the rhe

o

acryata nf easlzle mnlsrioclsge,
The alkell-iime index of the Tapogloef =orrhyritic lsves te siout
the gar~e pa that 2f nortresstern Umnek worshyrifice laves slthough
thie srrerant almilerity 1z mieleadinz, owing %o the gresfer
shondenae of rlssiselase ~henoeryets ‘n the Jsencle? leves, The
indax of the ‘og0elsf grourndmeeres Lo lower Ly 2% than the indey
of the rnorthesastern Umnak leve groundnasses.

e oseneral, the recks of siuthwestorn Lmnek, ehnwn by
trisngles on Slgures 30 end 11, sre Yower in lron snd higher in
pluming then rocke of corresponding eilices content on northesset-~
ern Lmne¥, he strony upswing of the lize sand magrnesis rointe
&t the low silice erd ol the Hlegrem indlestes thet roat of the
groundnensea of porphyreitic (maffc) berslte of northesetern [me
nek Teland, ere conetderedly more marnecle snd celels then rny

nown snhyrto laves of U~nek, “hls Tecture of the Yirme rnd meo.

~

neele surves e slaso courled with ¢ #24sht Jdownewing »f the nlks-

- "

e, Tron avide end flternia prises o Lrosd mevimg 8t BRL nerp-

-

gent of a¥lies {hpaeltic sndzeites), Thoeshorls meases threough
£ very urnpd eavious An the andesite renre (5750 rercent of
#i1%os; ., The iron oxide snd wmomesie ourver of northesstern Ume
ngk Yeves erncs 5t 4D mercert of gllter, or, otrted in snother

wey  lrveae mt ogpoyndneeres eontalning leer thern esbout A€ ner-

gant o7 allies contaln more megnesis then 1pron ayides,  Atunine



Al

I more errstic in Alstribution and tends not to Pell olome %o
anaoth curves (Fly, 10}, narticulsrly in the vorchyritic lsvas
(Fye, 113,

“ertsin of the rack #nd groundness compositlons do not
111 on the smonth curves deter-ined by most of the ~videa or
aphyric laves end norphyritic leve groundmasses, The ovldes of
the vorrhyritic sndenite groundmasses of southwestern Uwmmek (nos,
P2% end 23w, ¥ig. 10) largely fz11 some Aistance off the curves
in contraet to Lhe rerrose’ to smooth curves of the northeestern
Umnak porehyritlc basslt zroundmesses {noa. g, 42, g, fg, end

T

Z, “ix, 10}, The oxider of the logoerlor norphyritic baeslt

zroundnass {no. 34g) slsoc £2ll off the smooth curves like thooe
of the norerhyritie sndestite eround wesce, The water-fres nxide
nlots o the northesstern Umnek relegonltes {wf gnd Tuf, ¥im,
1r} &len 211 off the smooth cupves. Certiel anslyses of three
rrogrescively eltered rocks {Teble 3) were mede to ¢ emonstrate
the tren? of potreaium metasomatien in "hydrothernelly eltereds
zonee of the bsaement volcenlc comnlex (mee Flg, 2). “he num-

hera of theee three snecimeng sre sonsistent with thoee of

Tables 7, B sn? G of the APPT
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TARLY 3

PART LAL Aﬂ&bfﬁﬁﬂgl LB POTASH FRELDSPATHIZLD ROSES
GF TRY BASEMENT VOLCANWIG .

i, 12 1s: 2R
Tovel Fe e Fel, .. .... 7.5 5.5 3.2
e ittt reena S 3.0 0,21
L & A 8.5 5.0 C.45
BB, i errena 2.8 2.% 1.9
L P 1.4 28 5.8
2ulk specific gravity, 2.87 2,473 2,25

gjfar comnlete analysis 2f ¥o, 12, a=2e column 12, Taile
7, &FPTMDIN, Alkells of 124 and 12B, anslyzed by T. J. tenton,
Petrogranhilc Leborstory, U, ©. Turesu of Feclsmetion: totel
iron, lime, end magnesis of 124 and 127, enslyzed by Herbert ¥,
Oche, Tenver, Onlorsd-,

12~-"11ohtly sltered norvhyritic basalt (47A7y44) or
bageltic andeelte flow collectsd near Insnudek “ay [lat,
5%017,1'%¥, Long., 1ARP1g 7%,

12A--¥oderstely altered (urslitized, nartly zeolitized)
porchyritio Laslc leva {47ABy474) from south side of "sttleneck
Pass (lat. B391F . 7'H  Long, 1AR919.3'E) sbout 0,7 mile SW. of
Ho. 12, uterop sress oceur zeg *Ilslende® in 198

17-~"ompletely altered (silicified, feldspathized,
zeollvized, tournelinized) rock (47ABy472) collected about 80
feet from i?ﬁ, Predominent rock of ares,

~inor Slemenite

£ compreliensive trestise on geochenliatry by Fenkems end
“ahema was published in 1950 by the University of Chieazo Prsss,
Yort of the comparisons mede in the following dlscussion of
minor elements sre tsken from RNerkems and Tchems'e book, which
summarizes 11 recent literature svailable to the VWestern so'en-
tifle world ur to esrly 19049, Seversl more recent referencaos

have elao bes=n rorsulted,
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£ osillea varietion Aleagrsm of most of the =minor elements
hes been vnrerared (Tilg. 12} si=iler %o the werlation diegrem of
the =mejor ovides, “his Alegren showe rough enprorimation to
meachemliesl variation of the slemente with respect to silies
content of the different rock tymes, ilthourh 1t would heve
been more coneletent to rlot the rercertages of minor elements
sgeinat elemental esilicon, f2llowing Nockolds and ¥iteohell
(1947, Fig., 1}, it is probebly less confuaing if nercentape of
rillice 18 retsined se & fremework of reference for exrressing
comnosition of rocks, Mangenese le eonsidered &g & minor element
becsuse of ltn low concentretion in Umnak rocks &nd becsuse of
its tendency to diadochleslly renlace ferrous iron, & mejor ele-
ment., Concentrations of the different elements Bre shown by dif-
ferent symbtols, corresronding to loocrlity end genetic tyne ae in

Flogures 10 and 13.

Fluorine, Chlorine, and “ulfur

The voletlle slemente, fluerine, chlorine, end sulfur were
determined »m only & Tew of the more sllicisous extrus've rocka gnd
the nusrtz diorite (nos, 24, 30, 32, and 35, Teble 7). ¥: nyrite
ar nther eylfides were observed in any of the rocks gnolyred for
sulfur; the Pore of the oglfur in the roeks i1s not knowen, fhout
the seme qurntlities of thene elements are wresent in the gouth-
western mnak aziliclous extrusives {nos, 30 and 32, meble 7).
The cusntities ol esch o7 the halomens in the gquasrtz dlorite

specimen {no, 24} and in the andesine-hornblende andeslte speci-
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men (no, ), sre slightly greater then the sulfur. The nre-
dominance of the helogens in therse two epecimena e doubtless
due 1o the presence of hornblende, and other minerals which re-
taln the helogens, nartlceolerly Tluorine, in thelr crystsl
structures,

vapt of the slightly higher chlorine in the sndesine-
hornblende sndesite specimen (735) of Fogoslol mey be due in part
to godium chloride contaminstion from e’ water., Fenner (1926,
n. 708) rerorta 0,31 and .20 {0,07) percent of chlorine end
aulfur trioxide {sulfur), resvectively, 'n & epecimen from the
sndesine-hornblende endesite dome {Herpiman flagks expedition,
sneciren 14F, 179G}, or about three times the cusntitles of thege
conatituents rerorted in the more recent enelyals by 2. 0, V1ip-
i1e of the . 7. Geologicsl “vrvey, The higher chlorine snd
sulfur found by Fenner might well be due leargely Yo contamina-

- Fmyt

tinn by ses weter 1T, as seermg likely, & rlichtly vesleulsr srecl-
men wag onllected near ses level, The fGeologlesal Turvey apecimen
wee eollected from an sliitude of epvrovimately 100 feet snd
henee ='ght be evnected to contsin less chlorine and sulfur then
the srecimern Fenner snslyzed, 1f ses weter contaninasion 1e

lerzely the =s-curce of the chlorine in the apecimen that Fenner

(YIS

enalyzed, _

e gontent of fluorine, =blorine, snd sulfur, in the
four Uonek-liogoelof rock epecinens are not fer from the averepges
reported fnr gimiler rocke (Renkema end “sheme, 1000, o, 748

end 780: dsts on P after Troger, 1934; date on 01 effer “ellva—~
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nov, 1940}, but much more data are needed with respest to sulfur

and halogen content of extruslve rocks,

Zirconlun

*he mexiqun zireoniur content of about 0.2 percent 1a
found in the more sillcious rocks of Umnak, although the south-
western Umnek rhyslite specimen {no, 32, Table 7) contalns only
n.00% nmepcent, The everage Ir content of gabbroe, dlorites, and
grenites iz 0,014, 0,088, and 0,045 percent, resnectively
(levesny and uretlin in Renkenms end Zshame, 1850, p. 5F8), fhrens
end Torfinkle {1950, n. 585) rerort sbout ¢,01 percent in the
atendard diabsse, ¥o zirponium minerals were abserved in eny of

the Umnak-Tognalof rocks in which zireconiu— ls renorted,

Selillunm

28 in moast magmetic nrovinces, gallium 1s rather evenly
At atributed throughout the rocks of Umnsk end Bogoslol lelands
(¥1g. 12), doubtless owing to 1ts disdochie substiiutlon for
pluminum in rock minersels !Fsnkams end Tahame, 1880, ©, 720;
Shwene end dorfinkle, 1660, p. 565}, There ie, however, & zllght
tneresse 'n the Ga/:) yatio in the more silicious roche as Tound
in gen-re) for 1) igneous rocks by Tandell {1848, pr, 40457,
Txecent for two specirena, the galliun content of Umnek rocks is
within the narrov range of 0.C007-0,001 percent. In the two ev-
geptions, quertz dlorite of southwestern LUnnek (no. 24, Tig, 12)
and hornblende sndesite of Rogoslof (no, 38}, €.002 percent of

garlitum 1is renorted, The everage gallium content of ignecus
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rocks revorted by Goldechwidt {in Fenksma and “eheme, 1850, p.
119) is 0,0n15 percent. Ahrens and Gorfinkle (1950, p. B5FS)
revort & slightly higher velue in the standard diabasge, namely,

about 0,002 vercent,

cerndlium, Yttrium, and lare Farths

Begause of the aimiler geochemicel behavior of scandlum
and yttrium to the rare earths (lanthanides}, these elements are
all classed together, following Hankeme snd Sshame (1950, chev,
12). Of the rere esrthse, only lenthanum end ytterblum heve been
identified in svectrographic analyses of the Umnak rocks,

%gendlum was identified in four Umnask-Dogoaslof snecimens
(noa. 4, 24, 33, and 35, Table 7, APPENDIX) and in both augite
and ollvine nhenoorysts of the enorthite-olivine-auglte basalt
specimen {no. 4) of northeasstern Umnak, Scandium 1a taken Into
the lattice of auglte in prefsrence to olivine {see Teble 4),
The acsndium ion has the ssme radlus (0.878) ee the ferrous ion
but 18 trivelent. TRecause of the triple nositive cherge, the
trivelent scandium ton iea centured, revnlecing the ferrous lon in
sugite end other cowplex silliceates that can balance the extra
electron cherge by substituting trivalent aluminun for quadriva-
l1ent gilicon, In clivine, however, there are no trivalent lons
to bealance the evxcess charge of scandium snd hence thls replace-
ment oecurs sparingly {Sockolds snd ¥itchell, 1948, ». 541). The
suglte conteins C.C1 percent of acandium, which 1s comparable

to 0.015 percent of scandlum found in pyroxenes of baslc igneous



rocka by Tvear “ftedshl {in

The higher concentration of acendly
likewisae rellects The nresgnoe of
sle containine sluminum, sush o8 rnyrorsne, soshlinle, and bio-

tite, ant la the guwe za renoprled Ly Goldsshaidt in zeburee ond

Ry fsahene in the geubros and oolerliss 58 o athern Yoo lmnd Mena

kame snd Dabsmn, 1980 v, 214, The lower scendiun emmtent re-
rarted In the grenonhyre enecimen fno. 27 and in the snderine.

norntlende sndecits srecimen {na, 35, Talls 7' ‘s of Lhe anme

order 27 msgnitude renorted Ly eollscheldt Jip Dankewns ond
Sahams 1257, n, B17) in grenites and sndeeslier, respectivoly,

YEtrlur avmeses to e ooncentrate’t in the rrwnlite ol

gldlan {no, 12, Tlg, 12 of nartheanterr mek =igk pgevant o

< By

the lens sllinious pooius Therg gywears 1o e no sinle

ler oonos=atretiorn in the aouthveatern Lonel and in

zenerel the asyubhvestern whether valesnls, »lutonle,

or mebeanmetic, contalin only enout one-held = wmeh stiriur,

Yetrium 1o sooul four Bimes se cbundent in the hybownite-suri fe.

-

hornhlende basels no, B34 zs in the andecine-hornblends andeslise
{rnz, 357 of Togoplef Talsnd, The goneentretion oF yiteluy~ in the

AT roacke, partlcoularly the northescioren Umnsk rocka,

te five 4 %em times that revoried 10 gommon Tnalous vo ny
g
~ - - PO - - T ET T & U L B LA
Tphig e f wmma oand Unhane o 1080, L BET) Irom oeoatlorn Lame
L T - » [ S P S e it v = 5 .
1end . Guldsehsldt and eters (Ao Csndsms B , L0070, 7w

5270 Ulkewles Pound less then 0,00008 rarcent f witrius in ltre.

rites, rhyslites, #nd dunites, On The othoy hand, the sversgs
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gonaentration of yitetrium in igneocus rocks of the Dutch Faat
Indies revorted by van Tongeren {in lRanZems and Sehame, 1950,
n., B10) is about 0,.0017 nercent, There 1s the nogelbility thet
Aleutian rocks end moesidly other hlgh lime rocke of the circum-
Faciflie belt may contain sllghtly more yiirium than other netro-
spsnhic nrovinces,

Lanthanur was found in only one roek, namely, the north-
sastern Umnak rhyolite obsidlan (no, 18, Table 7, APFENDIY), This
element ogcurs in a concentrstion comnarable to that found by
Goldsehmidd in grenite (Hankama and Sehams, 1950, n, 528),

Teterbivum wae found in three of the Umnakx rookas. The
same quentity, ©,.0003 rercent, was found in bath the quertz dlo-
rite (no, 24, Teble 7) &nd the granovhyre {nc. 33, Table 7; of
gouthwestern Umnek islsnd. The andesine-hornblende sandesite (no.
38) containa D.O000% vercent, equlvalent to the quentity found
by ven Tonzeren {1832, v, 171) in ignecus rocks of the Dutch
Last Indies,

Horon

0f 211 the mlinor elementis detected in Umnek-Dozosiof
rocka, boron may be The moet sipgnificent, chielly becsuse of
the fact thet 1t 1z fairly common--—sg high as 4 percent of toisl
diarolved solida——in the thermal springe end gevsers of south-
waatern imnesk, “he samples of quartz 4lorite {no, 24, Table 7,
APDEYDRIVY and of the sndeniiliz an? declitic extrusives o aouth.-
wveatern Umnak all oontalin 0,002 nercent of boron, whereas the

anslyzed armnle of ths rhyolite dome {(no, 32, Teble 7, ASPENDIN)
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of aouthwestern Umnsk eomtsine 0,007 nercent of boron, The
northesstern Usnak rhyolite samrle {no. 12, Table 7, AVPENDIX)
conteins almost as much boron {0,008 percent’ ss the south-
western Umnaek rhvolite dome, but no detectibie quantities of
boron {leas than 2.001 percent) were found in the lese sillclous
rocke of northesstern Umnak,., Hence, horon arpears %o be enriched
in the lste differentiates of both northeastern and southwestern
Umnek. However, no detectible gusntity of boron was found in the
grenovhyre sssocisnted with the cusriz dlorite, Hockolds end
¥itehell (1347, vp. 541-542; likewise found little or no detectl-
ble boren '‘r the Celedonisn snlites but found as much as N NOR
pereent 1n & nyroxene-mics dlorite (1947, n, %), 4n estinated
averege of sbout 0.5 percent of tourreline-wenuivelent to slight-
1y more than 7,01 percent »f boron--i3 prasent in larze volumes
of hyérothermally altered rock esssociated with the quartz disritle,
suggeating'that boron wag enriched in the hydrothermel solutlions
that escered on crystallization of the quartz Alorite, 7This msey
sceount for the lmck of boron in the grenophyre, which mey heve
1net moet of ite volatller on crystellizetion, The detectlible
nresence of boron In water-rich megmatlic rocks of southwestern
mnek end 1te non-detectible presence (leas than 0,001 nercent)
grcept in the rhyolite dome in the water-poor northeasterr Umnsak
magmatic rocke ‘» worthy of note., It seems likely that the
emount of boron a the rock may be closely releted to the
quentity of volatiles, chiefly water (hydroxyl) retsined in the

rock {ef. Vockolde and Hitchell, 1948, », B42),
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Galdachmidt end Petere (in Sankasg and Sakems, 1950, n,
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488) perort &n asverage of only CLO000 nereent of woron in Gersen
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arenites and gabiroe wheress Lunlegardh (n Lhenkene snd Sehane,

1950, w. 483} report O.007 nercent o Govon In igneosurn rocre of

aweder, Sp Farkame snd Telwes TI0E0, o, 488 point out, con-
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ciderable vorls

2. This verietion s proteably due to the extent
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nrobebly the v

to whiech horon. 1lks woter, ia retainad in the maguetic flulds

and wouli be expected, considering the a2mell lonle radius

{ﬂ,?ﬁ?} 0P noran,

Heryl)lum
zppvilium wes found in only one roeke-the rhynllte ob-
gict&n ‘no. 12, Table 7, AFPINDIY) northeastern Urmek, which con-
fina 0,0NMH mercent. This quantity is spnroximstely the srue

#8 renoried by verious investligeters fir Yerksmae &nd Mahame

E
1850, v, 444} in siliclous ignecus racke,
Serontium and Herlum
Nrpantiua end bDariem were found in deteetidle nuantities

in precticelly &1l rocke snd minersls englyzed for trese elemente,

o
A
<

Le cen De seen in Figure 12, strontliam, 1lke oslolium, tends to

¥

h

decresre with ‘neresaing sillee content of the rocks, although
trere tr nome wveristion among the less siliclous racka,  -sarbum,
an the other hand, tends %o incresse with Incr: =2ing »illcs con-

-

tent. & slizhtly hisher concentration of terium iz precent in

’:?l

the two “ogoelof rocks {nos, 34 and 35, Fig, 19} thea 'n Lmnek
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raoeke of almiler commosition en? is perelleled by the hlgher
noteegium content of the owsslo? rocks {eee Teble 7, APPIVMIIN,
The grenorhyre of esuthwestern umnak {(no, 33, Fig, 12) has

elightly leres etrontium end barium then either of the rhyclltes,

&

rlthoush t4a notaselum cuntent Se hlgher,
“1ate of strontium sgeinst eslelum and berlum ageinst

Il

motagsium ‘n She rocke sre shown in Flgurees 17 snd 14, respactive-

ly. &n smprovimete nosiflive correlstion Letween these grouns is

>

3

indteeted, althourh there ir inereasiny snresd as the amdunt nf
the meYor elemsn 1nereaaes; The Sr/Ce retic of the northesstern
Umnak healce roocze ermesra 1o e about twice that of the o yth-
weptern Umne¥ teele racka, The Bs/E retiecs of tomoslof rocke ere
eliprtiv hirher then those of Umnek rocka, 7The mlutonie rocke
have ebhout one-helf the Ps/X rstio of the lsvas, “enkeme snd
nabena (1037, v, 478) note # almilar reletionship with respect ©5
totel strontium, Hence, strontium and berium sre probsbly noor
criteris for correlating & nlutonic rock with en effuclve that is
chenleally similsr with respect to msjor uxides,

2livine phenseryrste in the enelyzed snorthlte-slivine-
suzite otasalt specimen {nu. 4, Teble 7} of northeaatern Umnak
gontain n.002 pereent of varium ul no detectinle strontiun
{ratle 4). This concentration of verium, 1f esctuelly rresent in
the oryetel structure, cennot be readily ewrlalned; these olivine
rhenceryats 8lao comtealn 0.1 to 0.3 pereent of asclelum.  The
Alosidle sugite vhenseryste (Table 4} contein slightly lese

gtrontium #nd barium then the vock 1teelf (no, 4, ¥l 127,
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Henece, etrontium and barium were wrobably not enrliched Iln the
early vrecinsted mafic phencerysts of northesstern Umnsk besaltic
magras, Lnorthite phenocrysts from one of the anorthite basalt
flowe of northeastern Umnek {Tebls 4) contaln, surprisingly
enough, no more strontium and conelderebly less barium than the

northeastern iimnak aphyric baselte {(nes. 10 &nd 11, Filg., 12).

T&BLE 4
LAHTITATIVE “pRCTROGRAPHIC ANALYCIR FOR WINGH RLIVENTS
W PHENOCRYSTS FROM TWO PORPHYRITIC BABALTE OF
RORTHREASTERM UMNAK

{Tsnet D. Fletcher, spectrogranher)

1 2 2
. 3 2y et N Y gt ﬁf
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rvo-toceo- ,mﬁé 0'2 ‘{\M
Vlloal-o-.n PRCIE S .{";'7.? LR )
!.?1..6..,,.. nﬂl a?f .{'}1
Zrﬁo.lv-aa- "o ¥ D ® E & v o8 ogloll
ﬂraom.-sugc o}. -ﬂg " e b 4D
i - SO L 008 L0F LONE
gc.tt‘tua-l “an s ;ﬁl ..nﬁ'r\é
{}&'.b-oncoon .000@ LI - e aw

iooked for but not found: Be, Ag, Mo, ¥, Ce, %n, Pp, in
U, DL, im, G4, T, Y, L&, Th, Wb, Te, U

¥ L L]

&' ="
—/ﬁ.l to 0.3 percent of & 12 &lgo present,

1. fnorikite phenoerysts in a&northite bezalt flow (no,
5 Table 7, iIPENDIVY,
2%, fuglte and olivine phenocrysts In anorthite-suglifte~
olivine bearlt flow (ro, 4, Table 7, APPENDIXN),
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“trontium and barius sre rresent In Umnsk-"a2z0slof rocks
in concentrations generslly exceedingz average concentretions
found in meny celeslkeline rocke tebuleted Ly Henkanme snd “ahonma
(1250, », 47¢). Thelr averazyes, however, are based on snalyses
of rocks from shleld arers and stable continentel nlatforssa,
Joncentrations of these elewents, similer to those in Umnek-
“axoelo? rocks, ere also found in the rocks of fdek and Fansga
Talande {Coete, 19582, op. BOR-508). Strontium snd berium, like
celeium, may Le present in slightly greater concentirstions in
recocks of the Afleutian Islend are than in older mountaln chaine,
and thle relstionship mey hold for circum-Fagifice rocks in gen-

eral,

Lead

Lesd was detected in only the aphyric andesite (no. 15,
Table 7, APPEMDIX) and the rhyolite obsidisn (no, 18, Teble 7)
of northesstern Umnak, In viewing the ecanty dets with geologlce
gecurrence, 1t seems posalble thal lezd 1s nrogressively enriched
in megmatio liouids, indlested by the lave pecuenoce sphyric
hagalt-anhyric sndesite-vitrecus latite-rhyollite nbaldian,
Ttranzely encugh, no lead wes dstected in the ailicloun rocks of
gouthweetern Umnsk, though N,0001 nercent of lezd wee detected
in dried aslta from & boriferous soring of southwestern Umnake
equivalent to two rerts per Lillion in the spring water {yers
and “rennock, 1949, n. 732). “he content of leed in the north-

eaptern Umnek rhyolite obeidizn is nmomewhat higher than thst
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frund by Sendell and Goldlceh {1943, »n. 11n, 170} in most
ar-nltic rocke of central United Ttetes, Yockalde snd “itchell
(1042, », §71) renort sza much &8 0,01 nercent of lesd in notash
feldepay, The enrichment of lesd in the silinloue vocke follows
thet of roteasgiumn ‘n rotegh felderar, owing to the similearity in

fize of their lonie radtl (1,338} {“sndell snd Goldiek, 1943, o,

189} .

Folyndenum

“olybdenum wees found In only two rocks: the ouartz dlo-
rite sevrle (no, 24, Talle 7, APPLNLINY from southwestarr mnek
ard the logoelof andesine-bornblende srndeslte samrle (no, 35,
Teble 7), in which the mresernce 7 mclyidenunm may be due $2 the
rresence o7 erhenes {Uocholds snd “¥itchell, 194%, p., B43),
Tetrevelent molybdenum {G.ﬁaﬁ) anperently substltutes for
tetravelent titaniun (ﬁ‘ﬁéﬁ}. n two semmles of dried serlte
from $wo therwal senrings of couthwestern Umnak, 0,002 ond
0,004 pergent of molybdenu~ were detected, respectively, cor-
reervonding o 5 nests ner Lilllon in each soring [ Tyers end
Ppennock, 1949, n, 7?32}, The noncentretions of molyhdenunm Tound
i the twn Urmnek pracke are with'n the reange of melybdenum oon-
tenta found bty “sendell and Goldich (1943, », 182} n =1licisus

rocke 6f canlrasl United Tteisge, fooording to the drts of Tandel}

.

and Saldich (10843, Piz, 11}, molybdenuz hecomee enpiched fn st
lictous rocka,  ut “oskol?s and Pitohel) (1948, rn, B7R, 753

deteatad this metsl only in the most subrilllsioue rocke,
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sopner

Tonmer ln wmost sbundent in the two srhyrie beealis
fnos, 10 and 17, ¥la, 12} =nd & norphyritic beaslt of “krok
Voleano, reachiny & mevi=um of 2,04 nercent in the unrer sne-
1vzed ephyrio baselt flowe of Ckmok Volesno, 2L sinllar flow of
Tkmok Voleeno hes & consricuous, bright grszen aurface etaln of
shryaascolliz,  Other basic rocke of Umns¥ an® Sogoglel Telends
{nee Pz, 17) contrin 0,01 rergent or slightly less of commer,
end the correr ¢ontent decrzases markedly with inereesing sillces
content, “he rhyslite obaldien of northeastern Umnak {no, 14,
Y, 12) with 0,008 nercent copper ¢ontelins ten times the emount
found 1n the southwestern LUmnek rhyclite end grencvhyre. Thus,
thers raemp 0 be considerably wore covrer in the volesnic rocks
af Ukmok Voleans than n igneous rocks of southwestern Umnek,
thoush the conteest 1s lese 7erked 1n the sndeslte range. The
eulfur-rich volcenic ensnations of Tkmok Voloano ere conslistent
with the high covrer content of the begelts, becesuse it le re-
rorted that the conver in ignecus rocks, msinly beeslts, lerpgely
exiete se sulphldes {(Mewhouse, Dsmdchy in Psnkems end Tabems,
18580, n., AR7: Zendell snd TGoldich, 1047, =, 1755 Jeger and
¥1tchell, 1851, pp. 180-1813,

Trhet aomner slnn enters the =maflo minerales of the beaslte
to & 1imited evtont 1o “emonatrsted by corper oontents {9,008 ner-
cent) of the suxite sn? olivine vhenoerysts of the enorihite-
suglte-nlivine basslt {(see Teble 4). The corper reported in the

enorthise nhenoeryeta {Tabls 4} =ay be from rinute inclusions
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of ongque oxifdes as was auggested by YVockolds snd Mitchell
(1242, vn. BAB.HPO),

“re pcorver content of the two sammles of svhyric breslits
from Memok Volesno ‘ros. 10 and 11) is conelderably above the
sversze content o7 eonper (0 0146 nercent) in sulinllicle rocks
(canfell end OGnldleh, 1847, v, 175) an? is# s1ightly above the
cormer conbent of Yeweenswsn dlsbrses anslyzed by Grout {in Sen-

dell snd nsldieh, 1943, p. 174).

Venadlum

La gen ve asen fyom Flgure 12, vansdlum ghows & gouneslatent
degrease with ineressing slliice content of the rocks. A maxisunm
of 0.05 pereent venadium wes found in one o the anolyzed sphyrie
begelt flows {no. 11, Flz. 127 of Okmok Volceno, fThrere iz no &p-
nerent geographic distrimulivn of the venadium in Uimek-'ogoslol
rooks, on she cugite vhenoorysta of the anorthlte-nlivine-
suzite beselt flow {(no. 4}, 0.03 percent of vancdium wes found
{Tevle 4, eseentislly ecquivalent to the vansdliuan aonfent of the
beaalte. vager snd Jitehell (1941, v. 189, likewlase Tount 003
nergent of vanaiium in the early formed nyvorxenes of the Tkeoy--
prepd intrusion, Zaest Greenland, |

‘n Pirure 15, 2 nlot of vansdlun egainst totel iron (ss
Ten) showa thet 1n zenersl vensdtun tende to Inereese in the
racke with increasing iron, 7¥nie is »robacly Sue to the frel
that vensdium cocurs nrincinally witk the oraque oxidesg {(“ank&na
end “pheme, 1850, n». BGA). The vensdium content o2f the vonak-

fognelnf beaplte is aboul the sewe zs thet rerorted by Lunde-



.

Weight percent ¥

Weight percent Mn

100

O.m-l 1]
0004 ~
0 003 ‘. .- .!0
oooe- “-nx'"o x"o. P o
0 oo P
o
" &
o Lo
pr
'3
J
.I?
.'. .ll
»&
00 ¢ &
d o e
& & ¢
e Fa o
it P
‘R
0.0 <
&° a2
xa
:‘: " P
0054
u.’u
e - !‘lo “‘-0 ofo .LO ;
Weight percent Fs

Symbols and numbers are same as those used in figure 12,

Figure 15.--Plots of vanadium and manganese against total iren.



101
garah in the baslie lgneous rocks of esnirsl “oglsgen, Sweden

{Tenkxams and “shems, 1950, n», 58F),

Chromium

n the gillcious rocks of Umek snd Bogoslol chromlum
g in very low concentratione (Fig, 12}, In the besalte and
snderiters of Unnek the digtribution and econcentretion of chromi-
uT anneare somewhat errsatic. 7The maximum percentage of 0,01 ie
contained in one of the anslyred aphyric baselts (no, 11, Fig.
12} of Okmok ¥olceno snd in the guartz dtorite (no, 24} of south-
wegstern Ummak, The basaltic andesgite of i, Vasevidof Ino, 21},
however, containg barely detectible auantities of chronium, and
the anslyzed, northesstern Umnak vitrenus endesite {(ns, 15) con-
t2ines no “etectible guantity of chromium [lene than 00,0001 ner
cent)., this vitrecus andeelie acontaine relstively high iron and
titanis like the “kaergasrd intermediate rocks, whlch likevise
do not contain detectible quantities of chromlum {Vager end
¥itohell, 1951, =»n, 1R3-94)},

Tha Alstribution »f zshroatun 1n the Umnek-DUooeglof sub-
eiliclous rocke nmrobably raflects seversl dirfferent gecchemical
laws, According to Renkeme end Zshame {1950, pn. £21-22) chromi-
um entere the structure »f =any ferronagnesisan minersls of peiro-
loglic iwrortsnce, the smount denending on the temperature, nres-
sure, snd degree of conscllidetlon of the magme, The early mag-
reatan olivinesg sre gererally rich in chromium, but the leter-

formed, iron-rich olivines contain barely 2eleetible amounta,
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Aecording to Renkama and Sahema (1950, pp. £21-822) diedoochic
replacement of aluanlnum by chronium (snd ferric iron) seems to
be poseible only if 21 forms {Alcﬂ} rroups in the ferromagnesian
structure and dces not occur In (Aloé) groupa, in whieh fluminum
replaces ailicon., This yprineinle is belleved demonstrated by
the hilzh chromium content {0.29) of the enslyzed suglite pheno-
cryste of the snorthite-auglte-clivine basalt (see Table 4).
The 6 percent of slumina in this suglte {ree Table 2) must
therefore contain the 0.2 percent of chromium, which 1e¢ equiva-
lent %o spproximately 5% "atomas® in the 49% “atomas® regarded as
glumins in the WYY group (see Table 2). Xockolds snd Mitchell
(1948, n. 572) and Weger and ¥itchell (1851, p., 1£3) report
gimiler hich roncentrations of chromium in the early-forned py-
roxenes, The olivine rhenocrygts from the seéme suglite-olivine-
beaslt containa significently less chromlum, namnely 0.08 per-
cent {see Table 4), owing to the fact thet trivalent tons are
not reedily adnitted or cantured by the ollvine lattice. The
Alatribution of chromium between the suglte and the olivine in
this anorthite-auzite-olivine besalt is in scoordance wlth the
observetion of BEenkeme and Tshema (1950, v, 822) that chromliunm
tendg to be enriched in the colinopyroxene when magnealum~-rich
olivine &nd elinopyroxene ocour together,

The chromium content of the Umnak-logoelof esubsiliclours
rocks 1s one-eighth $o one-half the averages reported in lgneous
roecka by seversel invegtigators clted by hankamea and Ssh&nme

(1850, . £18).
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Tenzanege

Yangeneae, slthough ordinerily determined In the snaly-
etg of msjor oxides, is here treated so & minor element, because
of itn amall concentration in Umnek rocks and its tendency to
éiadochic&lly replace iron in ferromegneglsn silicetes, In
Figure 12 mangenese, like iron, tsnds to decrease with lncreas-
ing silice content of the rocks, In Figure 15 totel mengenese
1e plotted ageinst total iron, Mengenese appesra to lncreage
roughly with incrsasing iron, The presence of manganese Iin the
plegioclare felsenar (gee Table 1), like covmner, 1s belleved due
tn pert to opeque oxide incluelons snd perhens eleo due to &
elizht tendency for bivalent mangsnese (0.912) to substitute for
sodium (n,9%8) #nd celetum (1,082} ae supzested by Nockolds end
Mitchell (1042, vo, §RG-B70),

“aveaver, the curve ias not oulte & etreight line, for the
un/Pe retio inereases pllphtly from sbout 0,019 in the subsl-
1ietous Urnek-Somoslof rocks to sbout C.07 in the ellicloun
rocke. “imiler behavior snd concentrstlona of menganese in lghe-

oun rocks sre renorted by Pankame sn? Ssheme (1250, p. ©43),

“ickel and Tobalt
te elnewhere, nickel and cobelt ocour in greater concen~
tration in the subsillelous rocks of Umnek and Bogoslof lelands,
These elementa resch mexinum concentrations of 0.004 and 0,002,
resmactively, In the beasltic rooks (Fig. 12). The Coi¥i retio

ranges from one-half in those bassltes snd sndesltes rich in
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nickel to grester then 20 in the anslyzed vitreous andeslite
fno, 15, Fiao. 12}, which contains nesrly »# much cobald ne eny
subsilicious rock but, strengely enough, no Jetsotible nickel
{aee no, 16, Teble 7, APPENDIN}.  In the intermediste to el-
licious pocke {andesine-rornblende andesite, no. 35, snd rhyoda-
site, no, 20} cobalt is present in ore order of nagnitude over
niekel (7o/¥ retic = 10}, Tausl amounts of nickel and codelt
Surt gt the 1imits of detection were found In the granonhyre
fno. %%, Table 7}, but neither element weo found in the Urmak
rhyolizes fnos, 10 snd 72, 7Teble 7., Thua, while both tend to
Aecreace in menersl with inecressing alllcs, cobeit wpresrs Lo de-
eresre lass ranidly ir the =sillclous endesite to rhyoseclite
range, like the behsvior of 1ron with respect o magnesiun. Thale
trend in the SoiMl retio is 2leo aimllar to that found by Heger
end #itekhell (1981, ». 179} in successlve layered rocke of the
“kaeprgererd Intruslon,

in efforte thet heve beon made 1o gisplify the zeothemlis-
try of nickel and cobslt, =any oonflicting ststenments have ap-
rerred in the litersture {(Ranksms snd Sshame, 19530, prp. B8E-833),
n order to exnlore more Fully the ocourrences of nickel and co-
helt with resnset $0 iron and magnesinm four plots ere shown in
Ttrure 1F: nickel-marnesiun, nickel-totel iron, cobelf-mwgnesium,
sn? cobalt~Ltotal iron.

zond inesar cormelation eviats hetween cobalt and =wg-

nealym, rn’ fein linssy correlationae are indicaete? for cobalt-

1rorm and nickel-mgrmenium,  She linesr» correlztion Indicaied
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between cobelt and magnesiun agrees Teirly well with that found
by Ssndell and CGoldlch (1243, n. 177 for igneous rocka (United
States) investigaled by them,

™
1

“As can be zeen in Flgure 16, nickel La much more er-
ratic in its dlastributlion with resnect to iron then ls sodall,
The wide seattering of polnts In the nlckel-iron plot indicatee

‘searc:=ly sny eimule reletionahip between nickel and iron other
then the tron-roor rocks conteln the lovest amounta of nickel,
nrobeoly necsuse thease rocke contain 1ittle magnesium,  The com-
nlete shgerce of detectible amounis of nizkel (£.0001%) in the
enalvzed vitreous andesite (no, 1%, Table 7} which contalnrs
11,52 nercent of totsl lron ss Ted and 2,48 nercent of Ti0, le,
gg wltis chromium, snalogous to the berely detectlible mmount of
niokel found in intermediste rooxe of the “ksergeerd intruslon
{vpger und ¥itchell, 1881, n. 188,

tddition informetion on the Atastribution € nizkel £nd
eobalt *n the Umnek ronke tg geined by the presence of both thege
elements tn the euglte and olivine phenoorysts of the enorihite-
suglte-ciivine beselt (cee TabLle 4], MNlekel and cobelt are en-
riekad in the olivine phencerysts 'n concentretions en order of
megnitude greater than those Tn Umnek-~logoslol pubsllizlious rocks
%ickel is &lzo 1n somewhat greater concentratlion In the suglte
then 1n.an3 Umnak-Tiogsalof roek, but cobalt is in about the aznme
concentration ns in the subsilicloun Umnek rocke, That nickel

ta anriched with regpact to conelt in the early Terromagneslan

eryatrllates of the Urnek wocke s indiceted by the low CoiNl
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ration of G.7 &nd 0.5 in the olivine #nd suslie, respectively.

To eunmsrize, nickel end, Lo mueh less extent, cobalt
tend to be soncentrsted in the Unnak-Foyoslol basslts, &nd nrobé-
bly in the low-iron sndesites of couthwestern Umnak Ifslend,
Ninkel, however, reridly Tells off to 0.0001 per cent or less in
the 'ron-titanium-rich andesites snd more ellicloue rocks, where~
r8 ecobelt felle of? less renidly, resulting in CoiVl retlos of
sreater then 20 in the iron-rich andeeltes, Gobalt showe & Ffalr-
1+ regulsr lneresse with increasing megnesgium enpd iron, bt
niekel is more aporadic, perticulerly with respect %o iron in

2

the andeaite range. Tthe cloerer geochemicel essoclisation of oo-
belt end imon then of nickel s2nd iron Lo belleved due %o the Tol-
1nwing weochemlicel laws!

1. rerhners the mast itwortent sre (&) the canse wlth which
the eobsltous lor is oxidized to robeltic ion, like iron bul un-
1ike nickel and mazneelum, and {b) the similarity in size of the
resulting cobeltie ion (0,652} with the ferrie ioun {ﬂ.ﬁ?ﬁ} 80
thet the cobrltic lon would continue to disdochieslly rerlece
twon &8 ferpric lon in crysiel structures.

o 7he radiue of both the cobeltous and ferrous lon is

O.&Si, whereea that of nlckel 1s ﬂ.?éﬁ,,but this aiffersnce nroba-

bly Aoces not ceure much zeochemical Aifferentiation of nickel and

ecobhelt.

viabhivm (Jolumblun)

“n “he szmmle o7 cusrtz dtorite (no, 24, Table 7, AV~
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PENDIX), 0.002 percent of niobium {eolumbiun) was detected.
Thie ip the enme concentration renorisd by Goldschmldt {in
Rankeme e&nd Scheme, 1950, p. 608} in the sverage dlorite, end
a8lightly more than twlce the aversge given by van Tongeren
(194%, p. 178) for the Feat Indlan rocks, As pointed out by
Banksma and fansma, nioblum {colunbium) occure in some blo-
tites, and 1t seews plauslble that the nlodlun {eolumbium) in
the quartz dlorite is probably in the B vercent of blotite {no,

24, Table 7, APPENDIXY contained thereln,



CLADOIFICATION AND NMAMING UF TH ROCKS

The nroblew of naming extruslivs rocks, particularly those
from the clreum-?secific belt, ia all the more commlex, when thelir
netrocheniatry 1s compered with thelr retrography. Whereesa many
of the claseiflicetione nronosed nre conelrtently logics) in
the~eelves {e,m., Johsnneen, 1879, mo, 141-1f1) end mey afford
8 convenlent =means for naning rocks in the Tleld, wet most fail
to 2letinguler between dintinet wenetic tyrer in any one sres snd
commonly les? to An ebecurd srrsneerent when the chemier) charen-
ter n” the rocks Locoomes known. Petrogrevhic clsasificrtinns
slone sre nol epnlieceble to s volessnic sulte, such £g the Umnak-~
fogoealol roecke, weny of which zre zlasay &snd incommletely Cryg-
talline, Chemical olsssificetions thet heve been nrorosed fell
short in thet they teke no account whetsosver of %the netrogrerhy
0f the rock snd commonly 4o not lead to & fenmlliler rock nenme.

The 1deel clsreifficailon 19 verheps & comblned minep-
2logierl ent chemloel clmagification thet oen be mrmlisd with
nesrly censistent reanlta to both the cryetelline intrucive roeke
rnd the ineswmletely cryetalline volcesnic rocke, An zttornt =1
such & elsasification, nraznented in Table 5, is besed on eperlier
cleeslficetlione by “hend (1927, we. 157 end 185, and 1847, wm,
MPaZ45),  This cleesificatisr ir 5 further refinemsnt of the

hend elreetfication tn tiet 41t more eivietly definers Thendtg

106G
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TARLE B

CLASSIFICATION (MODIFIED AFTFRR SUAND, 1924 ,AND 1547)
OF UMMAR-ROGISLOT CALC-ALXALINT Iaunnya®/ nncrs

1 2 3
fenrovimete
“1liee Hogk Yame Suggeated
qaturetionh/ FelﬁsnarEI by Shsndﬁ

ruartz () or

Mivine (n1), volesnie
Yerheline {(%e) Tr, th, #nd An rlutonic
- > AD rotssh rhyolite

potash granite
_ . sode rhyolite
Jvergifggated IrPAn o Qr>3An 20da grgn%te
oo Sl BAnSOr rhyodacite
o0t - _ e granodiorite
2205 L tboAn aode decite
AP e _sode tonallte
ESsr ot g lime dacite

~ lime tonalite
a/

(quertz) potash trachyte

Transitionel ST7ED gqu&rtgg potash syenite
or ot g quartz) sode trachyte
Intermediate or2an 2 r>2A0 tquartz) soda syenite
Rocks T aapsor {quaertz) trachyanderite
N i {quertz) monzonite
*5° 7 to #2070 0 SE>ER {ousriz) soda andesite
PO e tousrtz) sode dlorite

*n>ph (guaertz) 1ime andeelite
e {guartz) lime diorite
trachyte latite rere tynes
ﬁFEnige.manzanite.rare tymes
2 aoda basalt
N7 thto 587 o Fb7An sods pabbro
lime besgalt

"stursted Tincksa

ErDAL 1ime gabbrg
Underssturated AbPAn :gg: g%g:zggig
Hocks EA 5> 205 TN
- (=AY o+ Y AnPAb lime gubbasalt

1ime subgabbro

e s
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Footnotes to Talle B!

af. \ _ N .
w/?alﬁgonittzed, elbitized, and hyirothermally altersed
rocks are excluded from this claesificstlon.

E/Accorﬁlng o moleculer rercentege of qusrtz or ollivine
rlus nevheline in molscular norm {(¥iggl:, 193%, o»p, 205-%17:
Certh, 1945, pp. 11-13). Ir sbsence of chemiocel annlysis, nodal
quartz AT nrﬁrant or modal olivine osn be uged, Fome flexl.
hility ip taken 1n tre use of ollivineg a8 & means or separating
seturated from underssturated racka, oswing to tendency c¢f ollivine
ir eome pocke to aeparate in excens "of ite stoichiometric ratio
{ Howen-2inderaen effect).

Qfﬁawﬁuteﬂ from mnoleguler norm in ctse of flne-greined
yoleoanic rooks and from mpde '‘n onge of coarse-grsined intruelve
rocks,

T .
~ *onerte® would be added ma modlfler of trsnglilion:s}
rocks, where 1n excess of 5 vercent In the =ode.

gi?inﬁral modiflerse sre used for rocks in which pheno-
eryste or slznificent minersls {(e.g. quartz or oilvine; exceed
5 percent by volume (of. Johanncen, 1939, pr. 141-181), ©Sig-
niflecent or unususl minersels in auswtitlas lepg than 5 rercernt
apre hyphensted with “bearing.”

/ .
r'“@lecu)ur persent of heavy minerals (inel. € and &n)

in moleculsr norm, or volude nercant of heavy minerrls {yreﬂte“
then & speclfic gravity of 2,8; Thand, 1947, v, 233) in mode of
coeree-sreined intruelve rocke,

ﬁfﬁTGJ includes the andesine-~-hornblende andeslte dome of
tngoalnl,

ngncludea the s&nslyzed hypersthene-bearing labradorite
andeatte of “sunt Hecheschnn! snd the cusrtz bearing ollvine
andeaite,

éfﬁ few of the Umnsk rocks—-probably not eypogsed--may bHe-
long here. Tor Alscugsion of this groun, nee terxt,

a

il?ncluﬁes 21lvine baselt, rleazioclsese ~ »livine Lres'l,
snarihite - sugite -~ oliving besslt, and bLytownlifte - asilte -
hornblende beaslt,

E/ﬁn&a not include slight emount (1%} of model olivine
in groundeagees 0f Umnsk olivine baaslts,
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transitionsl or 1nter&edi&te rook groun with lower snd urner
1imite nf 5 #nd 70 nercent of evecess quert: (~odsl or norme-
tive!, resnectively, “uch & clegeliflicatlion haeed on exgeoss
ouertz ar siliea ¢ontent s best suwite Lo an ignecus rock
rulte of &n srogenle Lelt, such &g the Llesutisn volesnie are.
Tre rock nemes augmeated Ly “rMand, Indicealed tn the third column
af Tanle B, are Inrluded ss & genersl Irec-e o7 reference; mosi
netrozrenhers favor the use of mineral mo’lifliere to chenlesl
modifiera ‘n deseribing rocks {of. Wenk, 1R45, p, 288). The
arbitrery 2ivigione between the differant coleyories are Lesed
orn the woleculer norn of igeli {1538, vn. 295-317) in the case
of the inerrmletely erystelline roeke or or %he mode in the case
of the erysielline rocks. #s emrhastzed by Zarth (1945, vr, 11~
1%} the moleculsr norm of fHiegl!l wenerally sgress closely with
the {(volumetric) mode mre Astermined in thin gection. Tapentisl-
1y #1) retrozrachers are sgreed that volunmetric rpronortiona of
minerals, rather than welght rercent, should be used ln clsssl-

fyiny & vook {of. Shand, 184%, n», 235; Johanngen, 1%3%1, m. 151}.

TIREE

Matinetion oetwapn Andeplte am

?@

“any workers have found 8iffieulty in clageifying slirecun-
Pacific or other rooke of kigh Iime content, rarticularly if &
f

clanaificetion baged on virgioclane feldersr ir used lof, Venk,

1948 . 2R4}, LAr early ee 1607 Joelah “rurr, e nioneer Alsskan

n

meclowiat, el the necesgity of makinz & new classification to

-
f

1800w, 210} wrote:

¥

14 LAlerekan rocks, Cvupr
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The necesslty for writing cleerly an? intelligently
sbout the 2lagken rocks mede him 2reft ¢ eolsnsificetiion
Tfor those collected in 198, fThe idea in thls was simply
to elucidate the nature and relstions of these :flesken
rocike, £nd no ides weg entertalined of vroposing & classifi-
cation whieh should find genersl Tevaor,

Le wes evperently troubled, llke many later workers, by
the elumive andeslte-besslt boundary, for he propossd the name
"eleutite, ® after e Hetmel norrhyrlitic lave that was trensitionasl
between snderlite snd beaslt, Trurrte “&leutité“ le arororximetely
gavivelent T the hynersthene~besring laursdorite sndesite af
southweatern Ummek {nn, 23, Table 7, APTFHNNIE), IT theee mmier-
stely sllicisus vorrhyritic laves, conteinine ap to 17 neycent
normative cusrtz, ere cleasif’ed sceordineg to the 0lder {Uitkelw
“orcenbusch) clessificrtlions hesed on »lsoicslese feldsper thay
sre of course beeslts, he controversisl endesite-Lss=lt houndspy
hawe Sroubled =eny wvorkere in desling with rockas of the Pacific
{hish lime: sulte, Tor exsmmle, in the Jencade vrovince of went-
ern inlted “tetes, Duddinaton and Celleghan (18932, », 474},
Toowbs {1837, »p, 174-75), and vheyer {1937, pr., 104-25) hsve
conagldered thie prodler,  Juddinzton and Jellrghsn aupsested the
term "lebredorite snlderite” or *"hesalt sndesite” for sllicicus
leves slviler $2 sndesite but contelinling en eversge nlagioclase
feldsver richer in enorthite content than ﬁnﬁo. ¥1illiame (1950,
nwn, PR4«235), feced with slmiler orovlems in dercribine the rocks
of the YNes-vynlasnic rzone of Herleo, defined "baseltlc endesife?

on the begls of ite saturetion with resrect to sillce (g2 vslue

Trom 0 Lo 900, slthoush the rocres 80 defined slso heve calele
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feldenar and hence are elmilar to the beasltico andesite of Mud-
A ngton end Celleghan,

The nresent writer, more or lers following V1lllews' ex-
smmle in Verien, conslders thet s nore Tundaments) separstion of
Umnak-Togorlof endesites and baeelts leo nchieved by drewing the
ltne at aboult 8§ percent cusrtz {Table 5) rnr deterainss by the
=3l edular norm, Only one excenption mey be noted &nd 1t ie eg-
sentially & borderline case, /4 welded mandesitlc sgglomerete bed
Gf the Ukmok formetion conteins only 4.4 normetive qusrtz but is
2lstinctly endesitlic In cherscter on the basis of genesis {(e,g.
*welded tuff“}, everege mnlagioclase (Anéﬁi, color indey {28) sna
overell sillcs content (34.357), Sreept in the exsmvle just
mentlioned, the drewing of the boundary ¢t 5 vnercent {moleculsr)
normative duartz correenonds to & divielon on the besis of sllies
eontent a8t ebaut 53 percent,

Tolor tnder (¥erbzahl) vroved unsstlafezctory sa & meens
of gepareting snderlte from dasslt, unless many exceptlons zre

18 Aifficulty 1a that &8 the pormhyritic berslts

T

il

mede. The chi
beeome more enriched In bytownite or znorthite phenceryets, the
color inder (and slan the sillce content) Jecreases, I & color
inder of 47 {¥1lls, 1948, n. 470) or even 3¢ {Thangd, 1847, r,

235} were used, ¢ rock puch &8 en anorthite besalt {e.g., no. B,
Table 7, APFUVDIN) with & 2ilice content of 50 vercent and &
color indey of 27, wonld be classed rs &ndesite, wheress sctuslly,

such £ rock ie the eviruslive eculvelent of an snorthoxitic zeb-

bro end should therefore bLe celled basell,. The effect of Lncress—
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ins nercentage of calelie rlaglisclsse rhenoseryets on the color

indey of the herslts la also reflectel in the hilzgher everage
color inder {34) of the anhyric basalis Sthan that (71} of the
norphyritic beeslta {(see iable §).

Tre term "beasaltlc andeslite’ le not prigidly deflined se~
cordine to the clessifieriion glven in Teble B, but Lle smniled
to certain sphyriec sndesitens of beneltic cheracter, Thege rocke
contein only alishtly more then & nercent normative nusrtz end
g celeic rnleginclaae,

"xoentlisn Lo the present clacenificatlon would nrobably
heve to be mpde Tar 2 deer sested Intruelve esculvelent in chemlesl
comrorition %o the arhyrle beealt (nos. 10 snd 11, Teble 7, iP-
FEMDTYY,  Mecsnusme of the evoess of normative alblite over anorthite
tn such s mazme, &8 chenlerlly enulvslent rlutonie rock that hed
coole? very plowly under conditions ermrosching equllibriur would
contsin sndecine en the sverare mnds?l Seldarer {ef, enk, 1048,

L

:

. EREY and ogome interetitlisl cusrtT.  Yuck ¢ orook wnuld e

2lenced s 8 lilorite by ot netrogravhere Tollowing the Liprkel-

Hneenbuaeh clecedflentlion, net under the slaseliflertlon ziven In

Takle 5 the rock would have to be classed sg an sndesine zebbro,

nmy & converlent freaqe o f

]

et

i

-

Fowever, claselficrilions while nprovi

#y

reference should not be Inflexible. As Turner &nd Verhoogen
11981, n. A2) 1in thelr recent tevi have rolnted out, "pebbro
{vietonic) =nd bLeeselt {voloenice) are not axectly equlvelent
glther in minersl eowmerlition or in range of chensles] comrosi-

tion." Frovw thelr staterent, 1t would follow thet dlestinetiosn
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between sndeeplte and basslt cannot be ds¥ined in exaectly the
seme manner, chemlcally or mlnersloglonlly, a&s the distinetion
between Ilorite and gebbro, The guelltatlive Zirkel-Toeenbusch
niners) cleaeiflcation mey be spplicable $o wost sultes of lu-
tonle roeks but dAifferent guentitetive lisits are commonly neoeg-
gary In clesrlfying rock of & voleconle sulite,

“eparation of “atursted from
Underssturated Rocke

"ne theoreticel Alvision between sstursated ‘wiih resrect
to elltes) anl undersstursied rocks £t € mercent normetive cusrhy
or ollvine eorresnonds generally to sbout 2 nercent modal olivine
beeauge of the tendency of nlilvine Lo gepsrete In excess of ita
stolchlometrie retis {inwen-Andersen effect), The aqunrtz-beering
olivine andesite, e hybrid raek| 1e of aourse sn evosntion o
this generel rule. lowever, the must ollvine-rich basalt (no. 1
Table 7, ATPPRTDIX) contelns less olivine as vhenocryats than
normative olivine; voenlbly more olivwine irm nresent in the ground.
meae of this lava then ip evrerent In thin seation.

iatinetlion between uUverssturated
snd Frenaltionns] Hocks

Tre overssturated rocke, l.e. those with & considersble
exceas 0f ailles, inelude thore rocks with more then sbout 20
[moleculer’ vercent of normstive ouartz. Unlike the boundsrv he-
tween sndecsite and baselt, ths division betuween the Iintermedinte
rocke and the overssiurrted rocks ie more of n Sistinet che=xinzl

bregk., “heves (1952, v, 2172101 in his stetistics atudy of
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¥ew Tnzland "granites® {including grenoilorites) llkewlse Tound
thst the 148 grenltoild rocks that he studlied contalned st leaet
o0 percent of excess silice. The trensitional rocka revresent-
ed by sndesites, letltes and suertzoee plutonic rocke of Unmnsak
do not contein more then about 17 percent of normatlve quartz
(zee Table 5}, whereas the overretursted rock with the next
hizher gontent of yormative cusrtz containe goout 20 rereent
{weter-Tree): nsmely, the rhyodeclite nu=nlces,
the rock neme, "rhyodscite,” Tor the extruslve eculve-
1ent of crenciiorite, hes not beon widely accepted by retrogra-
nrhers, thouzh the need for such & neme ie shown °n the follow-
ing ststement by Charles A, Anderseon {1941, », 399} in hle atudy
of the leves »f the Yedlcine Leke Highlend, Celifornis:
"n chemigel commoeiiion . . . the Hedicine Lake Mighlenc
Apeltes depart from the everage dscite in heving s higher
not=gh content, and corresmond more clesely to the sverage
grenotiorite, “ince there 1z no term ‘n current uge for the
voleents enuivelent of s grsnodliorite, petfrologiets my
shonre bhetween dacite or quartr letlte,
uartz latite would be ruled out for meny extrueives un-
less they sctuelly contein guertz. The writer, followlnz “hend,
would mrefer to restrict sdseclite’ $o thoee extrusives thet ars
chenlcelly eculvalent to tonslite, although 1% 1e reglized that
many Dascede lavee described ps declies would fall in Chand's
rhyodsecite zroun,
Obhlections sgelinet using 7gilice vnercentaze” 25 & hesis

for igneous rock oleselficetion have been made reaently by #, K,

vells (184%, vn, A2282), Feeing hie ergumant on & rlot of
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model cuartz sgeinat sllica npercentage of nearly 200 Intrusive
rocks he found that the silicse nercentsage boundary that would
innlude &1l rocke with more than 10 vrercent modal quertr hed to
he mlaced £t 52 peprcent of sllles. Converaely, he found that in
opder to exclude all those rocke with less than 10 rercent of
model quertr would necesasltete vplecing the boundary at 69 percent
of silice. He thus concluded thst silick mercentage wes unssatia-
fectory on s means of separating grenite end oversstursted rocks
from the intermedliate rocks,

Welle, however, did not consider using & nercentage of
excess silica higher than 10 percent eas 2 lower limit for the
quartz-rich rocks: gﬁanite, granodliorite and tonellte, In taking
10 percent model gquartz es & boundery between intermediste and
gllicous rocrsa, wélla nrobably war nesr the freguency dietribu-~
tion —erk of the intermedleste rocks (e, . cuartz Alorites, auartz
monzonites, eote,) with respect to model quartz so that the grest
range in eillce vercentege would not only be expected but wee
sctuslly found, Haed Welle {1942, Flg, 1) coneldered using 70
neraent model cuartz {cf., Cheyes, 1952, n. 219}, »only onhe of the
rooke withk more then 20 mercent modal quertz would fell bhelow 82
herpent nf eilies and, convargely, only one of tho rocks w'th
leas than 20 rercent modal guertz conteins over 70 nercent e£1li-
ea, Thue, hed Uellr used 20 naraent modsl aquartz es the lower
11mit of the grenite-grenoldiorite~tonslite rocks, the sillce per-
centemes of these rocks, with only 2 erceptions, would range fron

RO.TO percent acecording o Wells's dlagren, Slmllerly, had wells



120
used 15 percent modal cuartz ss his lower 1imit, again with
only two exceptlions, rocks above the range £0-68 peroent of
81lics would de included in the granite-grancdiorite-tonallte
clan, Hence, the writer would conclude from sells's plot that
15 or 20 vercent =modrl quartz is & more naturel bresk between
the overestursted rocks snd the intermediate rockr in most srees

of calcalkaline rocks,



. o
B g S R

Plepremmetle epresentstion

The vetrologle relationshlps of the Umnex-Fogoalo? rocke
and maxeas can bHe visuelired princinelly on the chemlesl fer-
ences betweer the rocks, orystals (phenocryete and venosryets),
end groundteaesen, slded By conventlional triangular disurewe.
The wvarletion Alagranas {aee Flen. 10 and 1)) &re of anme &id n
vieuslizing the varlations of the = lor ovldes with respect to

11%es, but winor verigtlions among mojor orvider wlth reenect to

esch other may not Dbe resd!ly aprsrent in fthe verietion dlapgrame,

Heloht rvercenta and norns of Unnsi-"oeoelof rocka hsve been con-

3
2]
(%
o
et
foud
[
{3

verte? To moleaular narcente reduced o one atom ner

nxide following the method of Migell {1838, we, 2G5-717; see also

r4

sartihn, 1545, po. 11-1%; Vuagnet, 1848, »p, 1R52180), 4in eynisns-

tilon of HBiszli'a method of molsculer norms 1s given in larth's

Theoreticsl Fetrology (1252, nn, VE-8R).  Vne molesular retios

of oxldes reduocsd o one metelllc aton per oxlde are nroperilon-
£1 te the rasiss of the metel sloma in any cryatal.
nolecular ratloe aAre used to compute moleduler norms of the
rocke., The moleculer percents of oxides and normetive mineresls
of Urnsk-2agoelof rocke including computed compoaltione of erve-
tale =2rd orourdranges are glven in Table @ of the APPEERIX snd

gye thr ro uced o plotting wolnta in the triansulsr dlagrams,

Ttk Foliocdine dlrousgions normetive minersls based on molecu-

121



122
lar percent are capltallized to distinzuish them from the som-
monly used welght percent norm, ollowing the convenilicon es-
tablished by Migzll (1634,

Althousn the trienguler dlsgrems used in the present
diecuselon show only the pergentages of the chenlesl components,
the setusl minersls present mre not entirely neglected iag plot-
ting the rock snalyses on these dlegramsa. Uhe conpuled composl-
tions of the phenoeryrts {erystals] &nd groundmassse are baged
on retrogravhic work {Table R, APPEILIY) snt ocre shown sepcrately
an the Alagrams. 2Plote of tulk compositions of repidly chilled
{cuenched! northeastern Umnek wornhyriilc lavas, whish sre mrob-
ably zoosd evemmles of erﬁat&? fragticnation, have been omlitied
from the trienpular diagrenms in order Lo avold ennfusion of
nointe, The bulk compositlons o the rpormhyrivice lavas of south-
western Umrek and Cogoslel, however, are shown on the dlagrong
s gA285ion 1o thelr erystal and groundsmsass commositiong beocsuse
other factors 1a sdditlon to #lwmle crystsl fraoctionstion appesr
to have mlared & nart in vrroducing there rocks,

“he triengulisr dlagrens with ferrcus oxlde as one of the

e

pormonents generally require assme &d fustwent of the errocus o

ferric retio, Decsuss oxidatlon of Terrcus lren In surflelsl voul-
canlae rooks takes nlaos st or ner s The surfece under nesrly &%mo8-
vheris condliione, Hennedy (1845 hap shiown thet the et /ret!

retio in magmes 1s controlled Dy the martisl oregeurs of oxygen,

whioh fe dAstermined lergely by the disgocistion of weter., n

¢

this neper » r&iic of the ferrous %o total lron ~yide fefoms) 1is
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ured An ocongidering the o-isin of wooke larrely orvebellize?
fram =eereae, The Tollow'ns mfin
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subtreeted from the nopnhyritic pocks,
three-ourtng or seven-olighths been sslsoted the »eletioneg . ira
hetween moke, crystels and groundaazees would be Alomisees

alightly, but not Tundasentslly chanred SEI iron oot heye

been ruscomeuted ag Pervoug, Bt sush an extrame sifuation geritsln.

Ty te nat true of naturel ~womes, &4 indtested by the wmenitlvy

cuenched vonleernle 2laases 7 Urnak,

strongly slsotrorysitive monn- 2n? bivalaent matels,
soteasiun, sodlum, calefum, wesmesium, &nd Terrous itron {op
their ovides reduced to ane metallle stom wer oxide) sre helleved
to be the most fundzmentel somronents thel eosn be uged to denlct
chemleal chenges in megmes &3 well 2o chemicsl dlfferences be-
tween rocks, Fangenese 1z included with iron becsuse mengenese

repleces lron n & felrly constant retic, 211 these msisle com-

bine with other lese active metals end owxygmen, which rlsy & more
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raseive role in the orystel structures. Thus, the {%KEG -

-%uaeo - Ca0) ternary disgren eroroximstely renresents the pote 2
tential feldesvars in the magma, slthough, demending on the
amount of elumine rresent, some ealeiur enters the clinonyroxene
molecule, Likewise, the ternary diegren with Ca0d, Vg0, end im0
rlug five-sivthe total iron orides es el 11lustretes the nronor—
tlons of nyroxene commonents. Alkslls snd ¥nO plus filve-glixths
t2tel iron oxides mey occuny two corners with elither llme or mag-
neels oscounying the third and show =mainly the trends of 41ffer-
entliating magmetic ligulide with respect to iron, S'imiler dlegrans
have been used by Wager snd leer {1879, »p, 31331}, walker and
Polderveart {1949, pp, €67-%751), snd others to show the trend of
magratlio differentiation with resnect to enrichment of iron,
Megrene based on normative minersle zre apt to be mig-
lesding, because the srbitrery rules used in the ocsleulstion ey
result in normetive mlnerale bearing 1ittle resemblance tn the
=odal minersls, either in comosition o7 in name, Tespite this
limitation, the norw 1= a2 useful etandard for comparing chemlesl
eommositions of rocks, rnartisulsrly geturetion with respent to
#iliece end slumins, £ trianmulse diegrem 5t normative (usrtz-
£1blte-Trthoclere ls useful 'n {1luetraeting the trend Lowsrd o
reaidusl mazme &t the grenite cotectle. & Sismond-ghsred disgremn
formed by comblning two equileterel trizngles slonz & common side
e useful in demonstrating seturation with resrect to slunine.
rn thia Hagrem nermative 2northite~£1blte are orn the common side

and Tonelde or Wollaetonite ie opposite Corurndunm st the far
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cornere, Diovslde and Corundum are muiuslly exelus!ve reirs
in the norm ealeulations e that this disgren shows the satura-
tlon with resmect tno slumina.

‘he slgnificance of the tyne 7 dlapgrems used in this
study is Dest suwmarized by Dwrard (1948, w, 212), who used &
molecular ?e@-?agoﬁwTioz irlangular dlagren to show the trend of
enrichment of titenilum in megmetie titenifercus orea, Hig atate-
ment follows {Vvrerd, 1849, », 217).

The disgren does not represent 2 priori® the dlfferentiation
#r

of & magme And one opn neither spesk of 1t in the gense of

the chenmlcel evolution related to the crysirlilzation sequence

nor of the relative age of sll thege rocks, es field inveeti-

getiona heve not effurded evidence to verify these gqueations.

However, 1t is interesting to note that the relations bstween

the thres oxides TiOp, Fepls, end Fel sre not of rendom kind

et etages of the sclidificefion, On the contrary,  there in

2 "solution de continuité. *

it should egein be ermhsarized thet no eingle frisrguler
Alegren 18 adegusrte to ewnress 21l the chenges that take nlece
in the mepme, Thesge dlsaprems sre best regerded as ternary rro-
Jectiona of comenents £rorm tolveomnonent mazmas or rocks, Aa
alresdy nolnted osut, the triengular dlagremg {1lustrated in this
gsection not onliy serve to show changes oF idesl nagmatic liquids,
bt elsc ere used te commare compositions of roeks with these
idesl magmatic liguide, The cluster of noints &boub £ curve rev-
resenting changes in idesl megmetic liloulds serves ss & reference
stendard for compering comnosltions of rocks thet derpert notsbly
In compositlon, These disgre=s =ey sssinst in Zeining en insizht
28 o why certeln pocks end msgmetieo llguids 4o indeed devary

Trom the curve renresenting ideal meagmstic 1laulds derived by

almmle ervetal Trectionation.
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Hurmatic Hocks

¥oleenic rocks yleld excellent samples of naturally
quenched magmes, nrovided thet chilling has been suTficiently
rapld, These naturslly cuenched megmes, now crystals in e
glegsy or evhanitlc groundmese, yield information on the proba-
tle composition of =meonetic ligulds 1f these erystals, now
phenoerysts are subtracted frem the uulk composition of the rock,
Thie enrroach wes used by ¥, L. Powen (1928, :p, 114-132) in his
diecussions of the liguid line of deecent in megmatic rocks.
The nresent writer hag attempted to continue Bowen's fundamental

apnroagh in the peirologlie analysis of the Umnsk-BRoposlof sulte,

“ffects of Fraotlonsl Cryetsllizetion

Yortheastern Umnak and southwestern Umnek liqulé jlnes

of Aescent. A2 nointed ocut esrliter, the anhyrie laves and

groundmgsees 27 rorphyritic lavas, especislly those of northeast-
ern Umnek, fall closest to amcoth curves indieated by solld lines
on the varistion dlegrams {see Figs, 1€ and 11). The tendency of
the nointe revresenting these sphyric leves and groundmesses Lo
fall alonz swmooth curves i¢ further sbown in $he eccompenying
triangular dlegrans (Vige, 17 to 21). The aphyrie volesnle
rocks of snuthwesbtern Umnek, Ifell ¢long the northsestern Umnak
curves, excepl for iron snd slumines (see Figs, 17, 17, 20, end
21). Two llquid lines of descent &re suggested: one, represent-
ed by the rocks of northesstern Umnak s slightly richer in iron,

end the other, represented by the schyric lsves of z.uthwestern

Umnek, is slightly richer in alumina,
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MgO,MnO, s/6 tgtal Fe as Fe O

Blivine]
[Hypersthene]

1/2¢Na, O/t K

Yaioird [Orf_;ocloui “Tanorthitd °°

Figure 17.--Tarnary piotes of rock, crystal (phenocryst)}, saad growndmss compositiocns
with raspect to lime-femic-alkali moleculsr percentages reduced to ons mataliic ztom per
oxide. Wembers and letters correspond to those in table 9 (Appendix); symbols as {a fig-
ures 10 and 11, Bolid curva and dashed curve with arrows show trends of northesstern Umnak
and southwestars Umnak maguatic liquids, respectively. Poiante used in plotting curves are
sams as peints wsed in plotting northaastern and southwestern Umnak curves in the variation
diagram {(figure 10). Shert daahad lines coomect plots of crystals (phenocrysts and xeno-
crysta} with corrssponding groundmass compositions.
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Figure 18 --Ternury plota of rock, crystal (phenocryst). and groundmass
compositions with respect to soda-potash-1lme molecular percenragas reduced
to one watallic atom per oxide Por further explanation see figure 17
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Figure 19.--Ternary plots of rock, crystal (phenccryst), and groundmass compositions
with respect to magnesia-lime-ferrous plus mangansese oxide molecular percenteges raduced
te ona metsllic atom per oxide.

Pive-sinths of the total iron is represanted as ferrous
(soe text), snd wanganass is included with che ferrous iron. For further explanation ses
figure 17.
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Figure 20 --Ternary plocs of rock, erystal {phenccryst), and groundmass compositions
with respact to alkalis-farrous oxide-magnesis wolecular percentages ceduced o one matal-
lic arom par oxide. Five-sixths of the Lotal irom is reprasanted as ferrous (see taxc),
and mangacess s iocludad with the farrcus iron. Por further explanation ses figure 17.



O)

) 31

MnO 54 totalFe os FeO

33 2_-—-’//’ ' el i \
g 35c . ‘65Cc \
112 Nuao,ml(!c [ﬂlbi?q pM] 5 : i Al " V] ”[Anonh', CoQ
[Diopside]

. Figurs 21.--Ternary plots of rock, crystal (phanocryst), snd groundmass compositions
with respect to alkalis-ferrous oxide-megneslas molecular percentagss reduced to one watal-
11c atom per oxids. Five-sixchs of the total iron is reprasented as farrous (sae text),
and mangeness is included with the farrous firon. For further explanation see figure 17.
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(me reaotion series of ferromsgnesian minerels ls asgocl-
gted with the iron-rich liquid line of descent and enother with
the slumine-rich 1liguid 1ine of descent so that rocks derived
from the two liguid lines of descent &re resdily detected
petrogrsephically. The reaction gseries, olivine-diopeldls
sugite-subcalcic auglte of northeast Umnak lavas, contrests with
the {olivine-) hyperathens plus cxlelc sugite-ferriferous
suglte-rerrosugite ceries of southwesti Umnsk lsvas {Flg, 22). In
the plutonic rocke the place of ferrosuglite 1g in part taken by
hornblende and biotite, Olivine snd hynerathene were not ob-
served to have a resction reletionship in eny roeck, but sparse
plivine with suglte reaction rims commonly occurs without
hyperathene in slumine-rich, sphyric bsesltic sndesites {(cf. no.
21), &nd hypersthene phenocryets with ferrifercus sugite reac-
tion rims are found in the slumins-rich arhyrie andeattes and
1stites {cf. noa. 27 and 28). The sddltion of alumine in the
magme uses up moat of the lime in plagiocolease with the result
thet olivine or hypersthens in the more ellicioue rocks forms
&8 @ asoperate phase, and the augite thset spperently preciplitates
with the hypersthene is & lime-rich augite thet spprosches sa-
1ite in composition {eee Fig. 22). Hypersthene and probebly
ealele augite are unsteble during the later part of corystalli-
zation, when ferriferous augite or ferroauglite becomes the
stable phase (Fig. 28). These pyroxeme reactions in southweet-

ern Umnek msgmes differ from those ocutlined by Poldervasrt &nd
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EXPLANATION

NE. Umnok trends

SW. Umnak trends:

Bogostof trends: vl

{hwersfhene Z
i » M. ] AL ¥ Fg

En ‘
crystals

Pigurs 22.--Idealized trisngular disgram showing crystellisstion of pyroxenes
from Ummak-Bogoalof rocks. Arrows show lofarred trend of 4ifferantiation. Light
lines indicate approximste squilibriue betwesn phases.
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“eag (1051, v. 479) for a saiursted basslile magme in that
pigeonite ir not formed in southvestern Umnsk megmes, posglbly
owing %0 their high lime content,

The mrecipltation o7 hypersthene ceaused Ly sddition of
elumins from argillscesus rocks has been noted by lowen {1022,
on. B55N-B6RY, T1lley (1923, », 417), Resd (1924, op. 404410,
end others. Tifferences betwean the northeagtsrn and southwesb-
arr Usmek liauld lines of descent with respect %o the majnr com-
nonents o7 nyroxene sre shown in Flgures 17, 18, 20, and 21; the
unawing of the southwestern Umnak {Asshed} curve towerd the llme
porrer in Tigure 17 ir belleved due to 1mroverishrent of lron
and mernesie relative to lime 'n the magmatic lioulde, owing to
nreeinitation of ferrcaugite, 7Tn ¥atma® lavas, vhieh are simi-
lar in composition to southwestern Umnaek lsves, hynersthene sn-
resra ag & nreimery vheee ‘n rether siliclous rocks, bub then he~
comes unstable end le rimmed with sugite (Tenner, 1928, p, 692},
Thet precinitetion of hypersthene might be «{fected Ly verying
amounte o5f elumine n megzose ie not comsidered by Folderveart
and Heas (185615,

“he tws liguid lines o7 descent are sghown ln grestest
eantrest on the slumine seturstion diagrsm (¥ig, 23). ‘the
acuthweetern Lrnak curve {Asehed) lies cloger %o the corundunm
{2iumine} ecorner. &snd nesrly &1l of the scuthwestern rocks
{triangles) contaln hypevsthene vhenserysts (i or h). The nlot
of tre srxiilite (dtamond) te closest to the corundum corner nf

ery eouthweetern Tirmek rock, Fonselbly ssslmilsatlon n? slmilar
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h - kypersthene lessthan 2% in rock

H - hypersthene greater thar 2% 1n rock
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compesitisns with respect te netmative
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arglilleceous sediments by baseltle megns may have vproduced a

parentsl qusrtz dioritie megme conteining kish zlumlina., The
nrobsble resotlon hes been suggested by Towen {1822, n, 20A):

Floflfg + Ca¥pti o0 = Letl Rl 4 B0,

i

farzillite ‘elinonyraovens) {snanrthite} fhyﬁﬁr;ﬁhene

Aluming—gnrichment »f more silinious rocks ond megmes may nog-
8ibly be ernmhaglzed by Praciionsl eryatelliratlon, onee = maprns
hag heen nontaminated with 2rgilizgenus zedinmente, 7F such o
magma Alffersntintes by oryetel Practionstion with remowval of
the eaply.formed, alumine-noor ~yroxene tvhenoerysts, £ residusl
magme cen srrarently evolve thet contelns not only ervcess silies,
but also excess alumins over 1ine and alkelie (fix, 23)., Sy~
nort of this hyrotherls 15 afforded Ly hoth the s nuthwestern Un-
nak rhyolite dome and granophyre (nos, %2 and 23), whizh eontein
nornetive corundum,

Gurves (pn114 Iines, see ¥Fig., 10) renresenting the liquid
1ine of desgent of northesast Umnak msgzmes strongly suzgest thet
eryetrl frentionsiion ie the =mrlor feetor in dlfferentistion,

thourh #lizht contamination of negmss by rluminous sedimentsa TRY

heve nlaye? & miner role. ! noteworthy festurs of the curves of

gheracter of the lime snd nagnesia surves £t the low rilice end
of the varistion disgrem (zee Tiz, 17}, There curvea Fin very
atesenly, rrobebly owing to renild vemovsl of lime ernd mernegis
from the 1izul? In erystele of highly celele nlagloclsee

] ~14 " {fafr . e
{Ange au! #nd megnerian olivine f?aﬁﬂ_gﬁ) {ef, Dowen, 1328 np,
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of-110). fonstderable scstter of the slumina noints &% the

1ow atlics end of the disgrsm may reflect differences in the
gquentities of slumine-pich argilliles ‘neorvorated in the
primery bassltic magms. The slunine content may apprrently very
tn & cooling magmetic liquid (erhsnitic leva) within wider limits
than the lime content without ceuging earlier precivitetion of
rlaglioclase, although the composition of the nlagloclase thet
eventually cryetslllzes would have & higher aporthite content,

crystal accumuletes.-~Yost of the northeastern umnak

norphyritic rocks whose groundmass comrosltions fell near the in-
roarred liauid line of descent sre grestly sanriched In olivine or
celete mlegiosclase rhenocryets--nresunably the recult of rro-
nounced ervstzl sorting effected by gravity settling. The daghed
1inee connectinz comporitions of these crystals {Vos, le, Be, o,
7e, 1%a, snd 17¢, Fige. 17-21) with correenonding groundnaares
tntersect the inferred curves of liquid line of descent st high
sugles in 811 dlagrsme in which both the mafic minersl components
and »lemloclese sre renresented {Fige, 17, 19, 20, end 21, “rav-
1ty settling of esrly-formed euagite and olivine frowm the upper
nortlon of magme chambers nas probably vlsyed an importent role
in the crystsl fractionetlon of northeastern Urmner maghAs.  Large
euglte vhencerysts un @0 1 om {the anelyzed suglte of Table 1}
are concentrated in th: lower nart of the snorthite-suglte-
olivine besslt flow (no. 4, Tsble 7)., Une might expect that th
mefte orvetel scoumulstees would contain & feir proportion of

laree phenoeryets un %o 1 om, like ihe gugite nhenocerysts of the
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snorthite-sugite~olivine beselt, tut most ol th rlagiocclsse-
noor mePlc bseslis, of which the olivine Lasell {no, 1) et
tene Idsx iz en evcellent exswple, contaln snly s#mell preno-
aryate eveprsging ebout 0.5 mm and generally not gexceeding 2 mm,
Toaplbly the settled mafic vhenceryels msey hsve been martly re-
gorbed in the hotter zonee bto which they settled. later cool-
tni induced repreciritstion of smeller crvatale, Tha oleglo-
sleae-plch basslts, such ms the anorthite basalts (nos. § end
£, Tahle 7, ANTENDTYY may heve resulted by gravity settling of
mefie chencepyate with pegeive enrlehzent in rlegloclece rheno-—
eryste, These would likely remaln sucevended in the mazmatie
1iquid, becmuaze of the smell Jensity dillerences betwean the
rlagloclase crystels and bessltlc 1llguld,

Frimary basaltic magnme,--~ihe dominantly beseltic north-

geotern Umnek leves suggest & primary Dasalllc megme such 83
Dely (1033, op, 186-2r4), Lennedy {1937, »n. 238} end many others
heve nostuleted, The sversge silles content of the fwo anslyzed
aphyric basalte {nos. 17 snd 11, Table 7, PIOTENTINY 1s ebout

2.5 wercent, The silice content [not tabulated] was determined
an nins interbedded avhyric besrltlc leves of the Okrmok formstlon
and wes found to be within the relatively nerrow range fron 51,3
tn 53,7 percent, 45 slpeady noted, however, the groundness
cormegitions of the povrrhyritic brerlis are gulte veyrliable in
comosition, end the sueation irmredlately ariges ps to which
sormmogl tion mipht pepresent the nrimary beasltlc nagma, “ortu-

netely & 1ittle iisht on thie wroblen ir Porthecoming from

etuydlaes '‘n onther sreas.
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Yuno {1249, vp. 1003-1008) comnuted the groundmees
commositiong of norphyritic beeslte of Hskone Volesno, Javen
and stated fr., 1703): ¥7The mast striking faet reen . . . 1& thei
the enloulated composltinna of the grounimasses agree closely
with the snsalyres of the arvhvyrle rocka,” YWnile thls te more or
less true of the porphyritic andesite groundmascea of ilakone
Voleano, the groundmasses of the Mskone pornhyritic baerlts are
811zhtly higher in lime and megnests then those of the aphyrie
bagelts {Func, 1950, p. 1004). HKuno'e verlation dlagra=n (7,
10073 of the enhyrlc laves end groundmasses of rorphyritic laves
likewlee indlcater & pronounced upweard swing of llme and megnesle
st the low sfilica end of the geries eimilar to the northeastern
Umnak dlegran (see Fig. 10}, In feet, the low siilea end or
Kuna'a curve at 42.5 percent of sillies Indicaten about 12 percent
af lime end 7 pergent of Tegneple as comrared wlih 15 pergent of
1ime end @ nercent of magnesls at the low silice end of the
northepstern Uonekx curves {(Fiw 10). Iron oxide ghowsg slmllsr
ehevior excent that the groundmsss of the northesastern Lmnsk
olivine-riech hamalt indicetes a more definite downward trend for
the iron surve {¥ig, 10} then thet eshown for the ilron oxlde
curve »f Fskone Voleano (Funo, 1850, n, 1007},

2AR%4innal informetion on the behevlor of lime, magnsala,
iron oride, anc alkell curves at the low slllicos end of the verle-
tion dlegrema ig vrovided by . &, Anderson’s study of lavas of
the “edtoine l.eke KFighland, Californis {(inderson, 1941, v. 402],

iAme and mazneeie rise sharply at the low silics end [47-30 ner-



140
gent), but here in the “edleine lake dlagrss we are desling
with essentlsally nonrorphyritic baseltic lsveas that sorroach
the compositions of the northesatern lnnek vorphyritie basslt
groundmeases. Lt the extress low sllice end of the Yedlclne

3

(38 £ 18

;...f
Y
R

Lake Alezre:= the magnesls snd llme curves resch ne -

oof

Togll, dlro fro

B
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cent, resensctively, whereas Lotel iron o8 10

x4

nercent £t B2 vercent of sllies to & nercent &% 47 percent of
atlior, Alunine te higher, then In Unnek Jevse, possibly pe-

ceuse more argillsgecus sedimente have been Incorporsted in the

£y

Yedtoine lLeke lavas, Alkslt cumvews sre alnilar 1o £1kall curves
tn the northesstern UYmmek dlegram, svoert that potesl is nesrly
zero in the “ollcine Lake Aisoram &% 47 nercent of aglline, The
Yedloine La¥e basslts of low saillce oontent are slightly porrhy-
ritic, bub in svonthing the carves Endevson (1041, Fig, 14} hee
elineted alisht dlzare-s scles ‘ntpnduced by commaosliiiora of
the morrhyritic leves., dhere bupslle are cotually subophltie

ta onhitle vith minor ollvine phenserysts (v, 378} &nd nust have
vaen 1lgui? &% %he %i=e of eviruslon evesnt rfor the »lnar oll-
vine crystals, Anderson (1643, w», 407) obeerven:

1t ey e mdded that the ~edicine lLeke Dasalis may have deé-
veloned by the concentretion of ylsgloclase and ollvine, Tor
they sre rieh in 1lwe, wmagsneals end alusina., However, the
“edileine lake baslc beeelts are not norvhyritle, with the
excention of the Teke beasit, mnd only this lave hees = mep-
nagie content aommersble to the ull porehyritic cenirsl
tyne bLeeslt,  ut the subophliic end intersertel bmaslts
nirht well penresent cryetel secunulations of eserly sepe-
rabet alivine es well sas plezioclese. thus aceounting for
the enrichment of =wznesie. Hemelting of this crystsl *1T-
rerentiote would be negesssry fop exirsvssation ee lsva
Flows, for the supornitic &no intersertel 1&ves heve 811
the feptures of f£iuld lavae with no sign of orysts] rupture
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auch 28 would be preasent 1f they were extruded na n orystal

meal,  (Italice surnlied by wresent writen. S

The wrogressive chanzs in groundmess comrositions of
the northesstern Umnsk nornhyritic bearlts een nrobebly he ex.
mleined by simmle oryetel enrichment fra= o nrimary hrenltic
negne 1T one essumes subsenuent resclution of the nhenoeryste in
% hotter zone, If ths anelyzed arhyrie baselts of Okmok Voleoozno
{nos. 10 #nd 11, veble 7, AVF . "IX) are regerdes sa rroducts of
& vrimary mezma, they ere sorewhet richer ‘n alkslie thean the
sverege nrimary tholelltle mngme {Kennedy, 1933, n. 230). 7he
Umnek erhyric ossalts more 1ikely sre differentiates of & leenm
#ilielous magme, although their high content of heavy metels
{Teble 7} indicetes they rre nrobebly not too far reroved Prom
8 nrimery meoms,  The sugite besslt (no, 2, Table 7) srmroschop
the commositian of an idesl thnleiitic primery meoms, wlthough
1t te glightly enriched in nlagtoclese {(Ligh 1ime eps plumineg},
not unlike the rost a1lintous ull norohyritic centrel tyne
(“alley et el,, 1924, n, 29},

rom the evidence avsilable depth of oricin msy he &n im-
vorient feetor an the eommositlon of the BEEME-=1n senarel the
greater the derth the less silicious end more cafemie the ME TR,
‘oe-Yyzeerd Y1%4P) ceme to the eonslusion se & result of hia
geolozle work on the “vertenhuk Fenineule of fdreenlend Lhat bath
nlivine beeslt and tholelitie maame s were slmultanesuely oreaent,

TRlker end Volderveart (19249, n, FBO) antly rensrk: “Ir apite nf

Rennedy's {1047, BUNCEDELON of two world Lyres, 1Y tuset be recog-
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nized thet there iz an overlsw between them.” The compositlion
of the northesstern Umnek ryimery megma 12 n general of vseriable
bapeltlc composition with rather high lime end sluminz aontent
tynicel of the clroum=Pecific rrovince. Trreaugh & felrly long
neriod of geologie time, wnever:l pericis of fusion, erystal
aettling, other relative movements of liguld and eryrtels, con-
hined with soms resolution of scoumulsted corystela in holter
zones, mey have vroduced the groundmecses rich *n llme ard mag-
nesis, Crvetal settling of mefle eryastals may heve resulted in
s lower depth layer of magnesis-rich olivine and suglte overlain
by e layer richer in snorthite {ef. Duddington, 1943, pr. 118~
140) under most of northeastern Lmnsk, The dominantly tensionsl
frectures mnd block faulte sssocliated with northeastern Umnek
peseltic lavas suggesis that terplng of veriour lsvels in an al-
ready hested nrogenic belt may be lergely responsible for the
veristion obrserved in the basalts,

Guertz-alksll feldspar cotectic.-~leeving the nproblem of

the nrimery beesltlic napme, let us conslier the nrobele commogi-~
*1an of ths residusl grenitic =egma, which mey in nert heve heen
Aerived from frectionel erystalliration of baszlilc meyme, he
narthenstern Umnek cequence of anhyric zndesite, latite, and
rhyoltite {rnoe. 18, 17, and 18, Fige, 17-2%F, which ocour a: amall
rluere, necks, domes and short, stubby flows, are interpreted mg
residusl llaulde resulting from erystel frectionstion of Dasaltic
magne In locsl magms ehambere beneath Ckmok Volcano, Thst the

reletively small cusntitles of rhyolilite cen be Tenersted by
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crystal frectionstion of northeastern Lmna¥ besalt lo confirmed
by the fect thet the i‘nterstitiel glees of meny northesstern
imnek besalts have indlees of sbout 1,500 {ef. no. 11, Table B,
APFENDIRY, only elightly more than the index (1.487%) of the
northesstern imnek rhyslifie obeldlan {n>. 1%, Table B},

~jota of the oversstureted Umnex rocks, crystals, and
groundmagres on & normetive A1bite-Orthoclare-uartz Alpgrem
(Fiz, 24) supment » trend toward @ cuarti-feldepsr coteotic for

gouthweateyr Umnsk rocks &% gbout 36 percent of Lusrtz 2a nercent
*

o’

of Orthoclese, and 34 percent of Albite, Tohis cmmpagitiuﬁ i=
slightly on the quartz eide of the quaertz (trldymite}-fﬁlﬁspar co-
tectlc curve [Fig., £4) sccording to the cuertz-feldapsr Jdiagran
{achairer and “owen, 1935, Tr, %25-32%), resently revised by
ceheiper (1050, . 514), The svuthwestern Lomer rhyolite {no., 32,
nogever, contalne rounded, enbeyed cquerdz venoeryats
{aee nu., 22, Table 8), which ob lesst in nert may sccount for the
evaesr silics sbove the suartz-feldaper cotectlc curve ex de-
termined by Schelrer. The sbundant cusrti-feldensr srvherulltee
in the zroundmess of the aapthwestern lLimnek rhyolite indloste
trpt the vhyolltiec megme ves close o the cotectic during finel
consnlidetlion,

Tre rhyslite —manics Aeronited by the 1912 eruption of
Yetmat Yoloemo ia oaimllsr chemionlly %o the s~uthrestern Vrenak
rhyolite, Tenner (1926, on. B04-808) found .5 nergent (b

welrht) of nor=setive ausriz in the ¥atmel rvhyoliitie rurice, Fen-

ner remarks (. £95) that “the rs 19" [nresumably mesning the
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Flgure 24.--Tarnary plots of overssturatad rocks, crystsls {phenocrysts), and
groundmasses on the normative Quarrz-Albite-Orthoclase diagram. Wormative mineral
plots recomputed to 100 parceat, Dotted lines show quarts-feldspar cotectlc cutve
and fgotherms as determined {n laboratory dry melt (Schairar, 1950, p. 514}, Ochar
sysbols and numbers within diagram are sams as in figure 17.



145
hizgh guartz to low Teldspar ratio}, d4iffers froa that commonly
held by some writers, presumably Vogt {1904, p. 18}, neceseary

.
1

to form the cuartz-feldsner eutectlic in grerhic granites, he
tatmel rhyolite like the snuthwestern Umnek rhyollite contelns =
1ittile medel quartz sa rounded xencerysbs, woth rhyolites con-
tein high normstive guarsz, owing in nert to the presence of
yenoeryetic modal quertz, but alsc it seens poarible that theo
nresence of volstiles may move ihe suertz=slkal’ feldeper bounds-
vy curve of dry melte closer tn nuartiz,

whe grenophyre (no, 33, Fig, 24) with about 35 percent
nnrmative cusrte irs probebly & clorer spproack to the setusl
cuartz-felignar cotectic curve. The granorhyre eontaine 76 per-
gent of rillics, which secording to Mowen (1907, n. 171} 1s nenr
the mpyimum e2illca content sttainsble by e true magmailc rock,
"hle noprweitive Lusetz content in the Umnek grenovhyre ls only
sli7htly sbove “chairer's qusrtz-feldspar cotectlc {Fig. 27).
“he sgreement »I the grencphyre cormoelilon with the oqusrti-
feldsgpar boundery curve of the artifically determined aysiem ls
cansidered rood &nd puproris the thesis thet the grenophyre wes
probebly derived by frectionel crystellization of & leas ssllc
megms, vresunebly & MRENE stmilsr in comnosition to the cusartz
<ior’te with which the grenophyre la sasoclated.

Teeapts of Other Progcesseg In Eddition
to Fregtional Uryetellization

Loerintence of two mermatic liogulds.-~The intimete con-

teet reletionehina of certeln spndesitlc end dgelitic or rhyolitic
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ertrualves on Lmnzk indlorte thet two magmatlic liguids, & aslle
and s fenls, mey hive coeriasted in the magme chomber Lenasth the
eruntins vent, Glassy beesltic andeslte yennlithe in the rhyo-
11%e ohaisisn of northerabern Umnex frno, 183, Tebvle R, APPRERIL
avmesr from teviurzl reletionshins 1o reve Deen ¢hilled from once
130uid menges 1n £ ViRoOousR rhynlitic megme. The rhyodecite
cumiges (nos, 12 and %0, Table 71 of both Tkmok ¥oleano end Mb,
Yaeyidof are early, 1T not the flrpal, grfurives of the culminel-
inz erurtions of these Lwo volesnoes, They were arrarently hipghly

T

mrerged w1th volstiles ss indliceted by high #,0 end {0y oF nizh
1anitlon velues. “hey were later rollowe’ &t both vol-enoes by
shern Lrensitions to welled endesitlo arxlomerste and andesitle
ccorie (nos. 13, 17, snd 28}, ¥rom the penuence of eruntion 1%
would arpeer that the rhysdscitic magwe evlsied £x ¢ feminet e
eharged whese above & more femic megma just wrlor to eruntion, &l-
ghousk the curntity of rhyoiscitlc megme wes much lees then the
sndenitin meowe evtruded Juring the esldere=-torning eryntion of
Capnt Tkmak,

“imilsr geolozic relationshipe of & famic levs on ¢ 88llc
1evs heye peon oboerved in meny volesnic replone and nrobably wee

-

fipet peasrded in 1744 by Charles Derwin (1380, », 245y, ¥1llians

»

(1042, rn. 145147} found baslc ecor:é on daglte ~umice nt “rster
Leke, Oregon, Cherles A, rndavenn (1041, »r, 394-%00) hee de-
cerited two “edtetne Lske (Celifornls! Tlows ‘n which woselibly
trree magaetic liguids-~baszltlce, dagitic, snd rhyolltie--may

heve ooeviated, although snderaon regerds the now solidified
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breslt fresmente es s0lid lncluslons thet werce disintegrated by
the dselste liouid., T=nlated olivine renocrysts are rresent in

o Apeite Tlows of Yedicine leke s in tne northesstern Lbnnsk

i)

rhyslite oheidlern, fHowel 17llems (1635, pp, 276-277) likewire
hpa Aeperibed o cormoslte bLeaslt-rhyollte flow In the ge.lders of
»ewberry Yolesno, Oregon, He favored intruslon of the besalt by
olatMpr #4 or near the surface, =lthoush he coneidered that cer-
*piy Pantura- oo the commlex could e aynlpined hetter by miving
nf tun mermettco lioulds, 00 Loox £1044, vn, 1080-108Q) alac nuls
fapth convine'ng evidence of roerxlstence of rhyolitic and beosl-
tile 1louife in the Serdiner flver Tesin, Yellowatone Ysrk, A%
sny Tete tt saema 1ikely thed two megmetin Tiouilda, & =ialle une
aren p Teviec ome rre not o uncommonly renersted in megme ghembers
Ly melhing of Lun ov more evtreme rock types within ihe crurt,
Tt eepms not unliksly thel these Lwo liculde may coerxlad with &
neeyly horizontal interface in much the sems manner asg fresh

weter asn exiel for & conaiderable time over sgawsaler,

innommlete fusion of vruetel rocks and hybrid mepgmes. -

The generstlion of megmatic rocks DY pertial ent lncomlete fuslon

slder oructel rocks, voth slelle and elmstlle, snd ithe later
miying of these megmes o produce hybrid rocke are closely inter-
ralesed, £ rocy tyne thet iz belleved to exernlify incomplete
ruaton of =apmar 1z the hyversthene-besring lebradorite endealte

{no, 23, Flxas, 17-92) which mekes ur the bulk of the south catern

Umnek pooks, The susrti~besriny olivine sndeslite {na, OF, Tigs.

17-573% e heiieved to be the result of nertiel fusion of e queriz
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Ainrite thet lster mived with an ollivine beaslt or peridotitic
magma, The porphyritic lave agmerm of “ozosrlof ere of complex
orizin, probably tnvolving sevarel veriods of incomplete fusion
snd moeslbly mixing of megmas,

The hypersthene~bearing labradorite andesite {lowe of
?t. necheschno! ere believed to be the result of incamnlete
fuston of qusrtz dlorite st the time of extrevaszatlon sand solidi-
Flestion. This hypothesis differas from the concent of partlsl
fusion =nd leter sgueezing out of #n interatitial liauld in thst
the incomnletely fuped quartz dlorite became £ magma thet wes
canable of mobllity en mense, tncluding both lilguid and suspend-
ed cryctels, Teversl lines of evidence voint to such & mechanlsam,

“afore conslderinz more direct evidence, ronme nezetive or
1niirect evidsnce will nlece these nypersthene-besring lebrado-
rite andesitesg in thelr nroner frevework. As slresdy chown, the
chemical &n” petrogrevhic dlssimilerity of the southwestern Unnsk
hynergthene-bearing 1sbredorite andesite with nearly enhyrle
endesltes of northeastern Uanak is atriking (ef. no, 23 &nd nos,
13-1%, Tebles 7 and B, APPEHDIVY, I, ee seems nrobeble, the
northesatern Umnek aphyric entealtes were derived by strong crys-
t:z1 frectionation o basaltic magms, 1t aeems highly unlikely
et erectly the seme nroness alone could vroduce & vastly 417~
fepent vock such me the hyversthene-besring labradorite andesite,

Tipeatlv berring on origin, however, 1s the feot thet the
hynersthene~nearing labredorite sndesite {(no, 23, Table 7, is

clorely slmiler to the cusertz dlorite {ni;, 24) in chemiesl compo-
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altion, ercert for hizher 1ime &nd slunine and lower &lkalis In
the labredorite sndesite~-dtf erences gvorecee? petrogrechlicelly
oy tre eomewhet more celelc »leglioclers of the andesite., Clertalr
minor elomentg-——atronting, Lerlun, snd sowme sther lightwelsht
=inor elementa—-aiffer s1lghtly i1n thewe two rocks, »oeslbly ow-

a

ing ta thelr Aifferent anvironments o cervetellizetlion, the
aurntitier of heevy metals, however, including corper, vensdlurm,
shrominm, an? nickel end cohelt, apree closely,The aignificantly
higher nickel and chromium 'n both the southwestern Umnak Alorite
lebradorite andesite snd the sbeence or low values of theae

lewertes In two northesstern U-=mak srhyric sandeeites {nos, 15

5]

snd 17, Teble 7, APPEVTIXY further sussests that the southweastern
LUmnek labrazdorlite andesltes and guertz dlorite were nrobably not

Aerived by frectlionsl cryetalllzation af baanrltic megmes becsause

;
nickel and chroaiun s8re neerlyr or comnletely rewoved frow ande-
gitic licutds derived by frectionsl cryvstallization throush sene~
ratlion snd removal of esprly meflic nhenooryets (Wager and ¥itchell,
1851, n, 201;.
Tupther suonort of the theory that the hyversthene.

heering labradorite andesite io inaomlelely Tused currtz dlorile
steme fron acnelderstion of the verletion Jlegren {(Fizx, 10} snd

the triargulsr Alegranz (Tige, 17-71), in which the groundmass
comeosition (23 Peliz coneiderably off the ~urvea of 1liouild
line of Aercent setabliched not only or northeastern Umnex rocks,

put wlan for s=rhyrie lsveaz of southwestern Umnak, The oround=ses

1 eoneiderstly more rich in femln constitusnts, alllce, and



150

i3
<
3.4
™
1
re
=¥
ey
™
.
u

ker groundmesses and anhyrle laves {(gee especlal-
Y. The spoundmaze (2%g) la 19w 'n osoda and lime, It
£d thet sods-1ime faldener {~lssioclace) Hlesolved
lesr rendily in the regensrsfed llould then hydrous femic winer-
£ls and noteah foldpmar, flmoet 30 nergent of the hyparealhene-
nasping lobredorites andesite 1a commosed of npalele lsbradorite

phenooryets (Aneo ool armored Wy £ rin of dust incluslons [of.
TR e

"’U

fndersen, 1241, Fiz. 1l and ., 38%; Yuno, 1950, p. $48),  Out-
gids the prir {Angn)_gonﬁainimg duast tncluslons & shel) enquive
lent in comrasltion fo the groundmass nlegloclese {£n 5} hes
neer deponited., The oores sre Lellevad fo rem szend int
lurte mirrtonlese thencoryate that wera seeled of! Trom resotion

-

wit® the mazmebic 1iaquisd Just nrior to ertruslion, oF the prmor
af duat inelurione. Consequently soda end llme thet =might other-

wine Mave bacr furnished to the tnterstitisl regenerated llquld

-
Th

were witrheld in the celcic rlestoclase, =nd a ferle-, notegh-
rich ltcui” wes forwmed thet wes conalderably aft the line of 1la-
gld deegent of other Umnak mszmas, The minersle of the griginal
guartz Aloritsz thet most likely as2lved 1O form the inter.
t1tipl 11outd eare currtz, orthoclese, blotite, sand hornblende,
a1l fairly icuetemraprsture {late! minerrls in fowen'e Teaction

rerises, The% blotite wraz vrous

r'g

b1y one of the minerels to dls-
gnive te comfirmed by the precence of normeltive copandun in the
comruted zroundmeez (no, 2737, Tsble T Tig. 231,

o

e pelatively winor snorthite-nytoonite vhenosrysls

v

Iy
i
£
.l
i

cppathene-beorihy labradorite anderlite [no. 23, Tsble 8,
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APPRNDIYY were probably nol nrecipiieated by en andesitic nag-
metle liguid, for & few of these rhenocrysis Bre armored Ly &
thick zone of calelce labradorite, feadbrole inelueslons contain-
ing hyrerethene, augite {fiopaidic?}, end bytownlte-labradorite
#re helleved 4o have contriouted the Llsolsted vhenoeryets of
nore eglele nlagloclaee end some of the suzlte end hynersthene
in the snuthwestern Umnak lsvas, Thus z minor ouantity of #ab~
broic roek or magms may heve been apsinmilsfisd or ednivzed with
the cquertz Aloritic megra, This raiges the lmmortant dquestlon
88 to whether most intratellurlc vhenocryste in the labradorite
sndeeite, with the nrobeble evcention of smell ollvine nheno-
eryete, ere merely remnanis of incompletely fused rplutonic rook.
Verhoogen (1977, n, 291} likewire found sbundent gabbro and
noritic ineluelone intect in the Usrerde-tyrpe hyrersthene snde-
sites of ¥t, =t, Helene,

The gquertz-besring s=livine andesite flow {(no, 22, Figse.
17-21), in eddition to being possiily the produet of =mixing of
two nmagmas contains further, perhans even better petrogranhils
evilenea, that incomplete fusion of & ouertz dlorite nas oc-
surred, The three nmutually-perpendicular thin sections cut of
the analyzed hﬁnﬁspecimen 811 show smnell, rounded, unifornaly dia-
trituted blebs of cuartz, never larger than 1 =, Lersen (19372,
n, T&AB3Y likewilee found thet guertz erystele ore aleo svernly 41g-
tributed in cusrtz-bearing leves of the fan Jusn reglon, <olo-
reds, Veny mlagioclsse vhennerysts in the ausrtz-pesring olivine

andeasits Plow of Unnek conbaln Auet inntuelona similar 4o thoee
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in the hyvpersthene-besring lebre’orite andenite, & few of the
onresn rre even s gsodic '‘n compositlon se sodle anderine, HoTN-
Hlende rellios, now en onsdue sride-clinonyroxene egrregate,
gleo ere presens, These festures surzest that the nusrtz-besring
olivine sndenrite origineted in pert by fuslion of quartz dlorlte,
Tut that the time between Tusion a&nd exirualon wee 60 ghort that
susion was even lees complete than in the hypersthene-bearing
jebredorite epdesite flows. Glomerophenoerysts of endesine~
1abredorite, ferrosugite with hypersihens cores, ani interastitial
zlsse containing spatite needles =&y represent coherent remnants
A the inrcompletely fuszed ausarts diorite,

It hee been shown thet & certein stsge of partisl or in-~
complete fualon of e nlutsanie rock apch ex auertz lorite doen
not necesserilyv vield & liculd thet falle on the liculd line of
deagent of =marsr but mey vield a more femie licuid rich in
nntaad. “uch & liould hes the apororimate composlilon of &
la~nrovkyre, Thus, pertisl fusion cover verving reriods of %ime
with incomnlete reaction 1 cameble of genersting aegmatlco 116~
sids that sre off the linuid line of descent chearecierized by
Ppeetionsl ervetallization end, henece mey zive riee tn & alffer-
ent serles of llouids than were prerent when the rock eryatel-
1ized, leomrovhyre dlkee snd sther rock meases riech bLoth in
remic &nd slkalle constituente may have arigen Ly periiel or in-
cormlete Tusion of snother rock., & somewhat simller concent has
been suzgested by Lowen (1888, wp, 288-377%), who snowed that {rag-

e

tlonel rescrption oF horptlende sand Lictite would give rize 1o
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slksli=-renle~rich liquids, which would erystalllze as lampro-

vhyres,
In sddition to & cuartz dlorite syurece & minor emount of
mefic magme srmesrs $0 hrve bheen added to £ queriz dloritic magme

to proiuce the quertz-bearing ollvine andealte. “mall glomero-
phenoeryets of bytownite and dlovallle suglte sugzest that gsb-
broic roek slen 1r ineluded, Ulivine rhenocryste in the gusrtz-
besrinz andeelte occur sengreiely end sre corproded ant embayed

by the groundmase, “he composlition of the olivine, Fops, fug-
ceets 5 maflc magme such &8 an ollvine beeslt or rospibly even 8
nerldotite arurce, A1l the oxides evcert slumina in the comruted
chemlesl comnoaltion of the groundmass of the quartz-bearing oll-
vine sndesite Tall off the curves of liculd line of descent, In
every case on the concave slde (see ¥ig, 10}, Ihle effect may be
s closer erprosch to & straight llne or rectilinear variation as
would be expected in 2 mizture of two llaulds in the varistion
dtazren (Fig. 11) ehowinz composition orf norohyritic rocke, the
commuted chonlcal composition of the olivine-free portion o7 the
roct has hoen vlotted and 1s eimiler chexleally to the quertsz
Ainrlte, Hence, the aquertz-beering olivine sndeglte eouls hrve
heen mroduced hy r mizture of sbout 90 varte of gusriz dioritlce
mggme, stmilar in commositlion to the enslysed quartz drorite,

end abrut 10 rerts peridotic magma. This, of course, le not &
unicue solution; if the quartz dlorlte nmagae were only slizhily
lees siliniours than the snalyzed quartz diorite the guartz-

tearing olivine endeaite could #lso heve hesn mroduced by admixe-
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ture of olivine baselt meome siniler in comnogition %o the sna-
lyzed olivine hegalt of northesctern Lrnek (no, 1, Table 7,
EREVHDIYY,  T% tr vosaible thet this magzne mixture wae genersted
2% the bage of quartz Aloritic alal where quartz “loritice snd
allivine Haselt or peridoiitlic mapgmes could e formed send lster
find ermmle oprortunity for mixing on the way o the ~urface,
®he hest =wey have besn Aderived In parl frosm oregenle forces--at

o

lesst ‘ndirectly Dy denressging guartz dloritiec siel deerer into
the olivine hessltic or neridotie layer.

The two gnslyzed vnorvhyritic lsave domes of Lozoslof

¥

Talernd (noe, 74 snd 35, Tehle 7, AVFPIIDIX) present & more compli-
cated hlgtory of seversl ntagee of incommlete or rnartiel fuslon
followed by cooling {eryetalitzetlon), It ie nerhers =ignificant
thet the esrllest Zrnown doams eyiroded in 1796 1e 2 ellliclous
endesits ‘no, 35 #nd the most recent come ertradoed in 1627 ie @
aunatliotane haac it no, 24Y.  fn snalysie of the hornblende ba-
ealt o Fire [=land, vhlcoh wee extrnded in 1793, wae rmade Dy

N

T, ¥, Chetaprd for Yerpeill (3995 r, 33}, Chatard's snalvels,
revroduce? sa Table f eugpeets thet the 1823 dome wee Inter-
medlste 'n comrositlon bhetween the 1798 snd the 1627 Zames {nosa,

A5 gnd %4, respectively, Table 7), even though this 014 analyals

#
{7akle £ 1 probebly of & low opder of scoureey. From the
megaper eviderce svatllatls 1% would spoesar that betwesn the yeers
17948 ang 1027 the srtrusive products of Logoslofl heve becone

desressirzly noorer In sillee snd ineressingly richer In cafenmle

anmmangnta,
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The eomputed groundmass composltlone of the two anselyred
fopoetaf leve Aomes {columns 34 snd 35, Teble 7 fel off the
1tanid 1inee of descent indicated for Ummsk magmee [Tips, 10, 17-
21y, The Tmeooslaf groundmacees oontelin much higher lime =nd

notsah than the Umnek aroundmesses (Vige. 12 &nd 247, The high
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Time in the “omaslof hornblende sndesite groundmess {magmatic
1iouid) le seancisted with Jow iron and titanie in contrest to
Gmnek sroundmasses {Flg, 258). Thia assoclstion 1o helleved to
aceount Tor the develcepment of smhene 'n the Hogoelol andesite
{no. 35} pether than 1lmenite. The comruted groundmass compoel-
tion of the 1827 brtownite-sslite-hornblende hasslt turne ocut to
be elmost se eubsiliclous &8 the rock itself (ef. nu. %4 and 34g,
Table ©, APPTHDIX), ARlthough there ic s conslderabls enrichment
1n elkalile {(no. 34g, Fig. 10}, perticulsrly vpotash. The ground-
=oa8 orthoclszae or snorthoclese that rime rnlagicclare pheno-
cryste reflects this potash enrichment. I[f water and other volsa-
tilen were added to the groundmsse 1t would alsgo heve the compo-
gition »f certsln lemnrophyre dikes, like the groundmeenes of
the hypersthene-besring labreadorite endersites of asuthweatern
Umnek.,

fesimiletion or melting of esolid rocii--in a youthful

voleenlic mountein belt where there ir nesarly &n inevhaustille
gurrly of hest znd £11 the rocks are chemleslly slmilzer, 11 mey
be Aiffienlt to dlatinguish between rocks orlginsting by ssgeinl-
I1atinn snt poske sriginating by fusion with miving of mesmetic
11auita, The twn nrocesses probably would nroduce very sinmller
rooka, Urli=ited Yzeainiiction® could ococur 17 heat were elowly
s3%ed to the syater thourh the megne 7lght not e culflelently
hested to ellminate £17 suspended crystalian, bDecause groundmagsesn
of sndesiflc nnd besaltic wallwrocks o7 & mapme cheénber would al-

et paptealnly Le dlsaclvesd before the skpenoorvets nf aspevended
T+ . L3 A
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Figwre 15.--Ternary plots of rock, crystal (phenceryst), and groundmass compositions
with respect to titania, lime, and farrous oxide in molecular percencages. Five-sixths
of tbe tetal irom is rapresented s#a farrous (ses text), and manganese is included with
tha forrows irom. Symbols and numbers within diagram are sams as in figure 17.
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olivine or anorthite ocrystsls alresdy in the magms. The bulk
commoaltion of the megme might be 1ittle affected elther by so-
gimilsetion or miving of mezrmee of chemleslly similer well rocks
snd hoth nreoesses would be difficult 12 demnnetrste, That
rether ailieinue laver, euch se nordaerkite, =may contain coneld-
erable suncrhesat has bren Jdemanstirseted rf one intrusive baly in
the Orlo reglon hy Yefulloh (1852, vp. 44-47},

“snv northeastern Uanek avhyrie beeclt domer, which con-
tein rere to snarse phenoeryets of anorthite and olivine, 2lao
econtein irregulsr, corroded rhennerystas I andesine. The snde-
aine, whatever ite source, wts In Trocans of direnliving In the
melt #n? nrobably owes ita r»artisl rressrvetion %o the viscoslty
end srnarert low temmerature of the levs at the &tinme the ardesine.
heerine posk wees Inclused, “uch rndepitin msterial mevy hrys Leen
gomnletely zraimilated by bassllic meome, eurnllied wiih hert
throuch conveetisn snd from & eontinuing source {depdnl), without
sny netrozrephla evidence of zasimilatlion, The bLeds of welded
andesltic rozlomerete in the CkmoX formation conteln Lagelilo
renalitt-e in 211 steges of {dlaintegration, The bDeaseltlic xeno-
Tithe vary In terture from micorclitic to intergeanulsr and vary
in compoattion, indiesting thet they 414 nol originelte by ohill-
int of & berpltic magms hy an sndecitic megme, The welded snde-
attie agelomeratas conteln et least two rangers of comosltion of
olivine, mumite, r2* rnlagincleee vhenseryebts; some of the vheno-

ars

et

eryeta sre rrabebly remnante of arainlleted xenolithae end oth

wpy heve hean Aspived Trom g repmntie Liculd somewbet difTerent
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in cownoeltion from the rock in which they sre now embedded,
Asatmiletion of well rock by s vrimery wwgma enc minzling of

two or more paRlingenetic megras By nrosuce the sgame end reauld,

Palsrontte wuffe,~~1he nalegonitized rockse of LDmnal 8re€

hydrated sende=itle and basaltle ryroclsels, whose polegonitize-
tiar smpenrs to heve resulie? from hydrailon and pridetlon &t
the aurfree Auring or imeedistely Tollowling eamlegement, The

-

welep-freg comroeitinne of the imnalk melgsonites 9o nat TaRll on
the 1lautd line of Aeccent Tor other nocthesstern Umnsk magmetice
procks (Filze. 10, 17, 17, and 71}, The waloronites ohiy SNO™ME-

1ies in che~ieal commosition that cannot ve grnlained merely Ly

¥
o}

sdattion of water snd by ovidstion of the iron. Toesibly tf

3 c
sriginal cherlesnl conetituents of the nalagonttes were sonewvhal
reshursled during velagonitizaiion, naseltly invalving releetlve
trenafer Ly volstiles, Ferth (1980) found that the water-fres

gowmonltiong of leslandic palegonites pgres felrly wall witd the

eommonttlons of the susocisted pletesu Leaslls, Tyen 1w Adefinite

1y not the sese with Lmnek oelegunifes s fex es can e lerrned

from $un ohenleel snslyses,

~atesomatic Hogka

Hydpothermally iltered {(Potssh
veldennthized) Focke

fithouph Airect fleld evidence i« lecking, the hy’ro-
thermally =ltered rocks are probably meles ometlzed by ¢ volatile

#1u1A whree that escaned during the lete stages of noneold otion
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of the Umnsk guartz diorite or ¢ almlilsr nlutonie rock, 4
pimiler slterstion of the currtz Alorite bDordars the grenorhyre

dke (no, 2% Teble 71, Tve tyricel hiydratherrel alteration was

the intraduction of notersium, Lorom, gvt ellicon to forw
sdulerisl?) four-sline, =nd nusriz, reaveciively
ple sre chloritized, sercantinized or ursiltized, yrical
hydrothersmel alteretion minerele include —yrite, calelte, &nd
two btourmelines thet heve so ecptively rerlsced rliagloclase and
forromarnesisn winersls, resrectively., Tha presence of the twoe
tournmelines indlcates thel coron wee In the minerslizing fluld,
which muet heve been volatile,

Tre chemicsl changes involving some lmmortent orlides &re
shown 1n the secuence af specinens 12 to 124, Flgures 18 end 15,
The oomletely aliered rock, no. 1849, eontsins the highest poles—
sium eontant snd nrobhably the highest boron and gslllics of wny
roek on ‘itnek Taland, though no chemicel annlyees ere ryeilnols
enr theme lztter constituentes, Snodium, iren, ecslelum, end amyg-
nestum reve been remove? from the roeck {ree Tekle 3. The nrocess
1o similerr to grenitizetion, Orenillc tertures were of course not
formed, bacsure the metraowmatiar vrobebly took rlsce sl relatlvely
plteht denth: vorellly within & few milee of the surfece, as sug-
gested Ly mary ouertz-lined vugs,

vnrd Percus alksling chloride thermsl springe of south-
weatern Umnsk {“vers and ‘rarmock, 1949, table 7) &re belleved
to e romewhat contarinated rernents of fluid emanations sinil

to thoae thet csuses the hydrothermel alteration., The high
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sadiun-potessiun retic of the springe ie what =mizght be evpectod
1f gdulerie were being rrecipitated st Jepth &t the expense of
rlegloclese (cf, Fenner, 183F, v, 300-301). ‘tke sllica gontent
of the springs indlcate thei ellilcon 1a Leliny trensported slao,
2lthouth waine and logeen of this eslement cannct ve commuted
without edditionsl anelyces,

& 7luid pheeea rieh Iin weter, Loron and other volstlles
waul? mensrete from the =megme sa & result oF resurgent bolling,
awiny te high concentration of weter in ihe residusel vhage, se

4

anown by Towen and Tuttle (1950, n, B11) end ¥, fGordon Uaith

|

(1947, vr. 57%9-541). The lack of detectible bhoron in the south
weatern Urnelr prenophyre (ne. 3%, Teble 7, APPUTDINY suzweats
tret it msy Rove been derived from o grenitie resi®u:’ 1llouid
from which vater, boron and aother volstlies hed eslresdy lergely
caganred. The hizh voror [0.007% vercent) snd weter (2.2% by 1g-
pitton gontent of the soulhwertern L-onek »hyollts swrresbs that

i

1t waeg eviruded prior to enlisiing into & silloiour THeGE ENd A&

weter-rich nhase,

P bttized {Todium gteeometized} Zocks

.

“hagey oligoclsse-andesine cores enclozed Ly elulte in

rhe plbite Alorite [(ns, 25, Teble |, APTINDIX] indicete thet the
endtum {end sllicon) wee metermometically introduced into the
plbitlze? rocke (noe. 25, 28, snd 71, Fle, 18], The oodluw
meteanmatisr of the Unnsk rocks rpobehly %00l nlece &% consider-

ebly lower tewnerefure then the rolrasius metrpaomatias,  Tekole,
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Vuorliats, an? Toekers {1077 nn, 71-27] heve ahown evperimenislly

]

thaet snorthite reacts resdily with aodlum carbonets aslution &nd

O« and 8t atout 200

giiica p% Sewvepctures hetveer 764° apd 330
atm, io mrodues elblte snd eosleits, the 2inersls commonly obe
ceyved In the #1077 41zed rocks, “1lice, elther in the fors of

auprtz ar sn crthozilicste, rezcted with eods end snorthite to

2o

nraduce sluite, Thus, the ermerimental evidence suzzeste that
tine rodlur redegomatisn nrocably toor wlzge &t & lower temners-
ture then the notsesium metepomatlian,  The ssilum-silicen acta-
sometlam mey heve bgen '‘ntroiuced by in esrly ferenenetrating
sedium-ailicon aquenus Tluid, which cszueed low-grade zetanorvhisy
8% the tire of emlacerert of the quartz dlorite,
Lowever, 1% seews equally noreible thet the neriod of el-

Witlzatinn weoe much esrlier then the e~rlscement of ousrtz Jio-

rite pluton =nd lts acencisted notensiun-boron mefaseomatisgn, On

the encythern ahore neer the narrow rert of Umak (D71, 1), rotas-

tur matraometine? yoleanic rocks of low Lo modersate iy rest

o

w1th pronounced anpular uncenformity on steenly Jlvving geimente
and allle thet hegve Deen Soth albitlzed ent rotzaek feldapsthized
If the field end netrogrearhlce intormredtziion cre correct, the
"flzation muet heve preceded the rolzeslum meteeometiom Uy 8
contfiesnt geoloazle time interval, Leecsuse ¢Tfter the sodlux
retagomailer o7 the older pocka, there was erosion en! evtrusion
of Lthe volezntc rocks nrior Lo potaaaiuﬁ meterometlien,  Lnfortue-

netely, without further detalled mecning on routhwestern Limnak

and eonllecting of -wore arecimens for netrogranhic snd chemiesnl
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Lo

study thi= relstionchip cennoy be verlfied,

The eproillite and tuf? beds of southwestern Umnsk heve
pla0 baen tized and velined with cslelte so thet the soda,
1ime snd mosaloly the silles contents of thepe rocks has Deen
redicelily echengzed aince devopition, The chemical gnelyets {no,

=1

Rk |

Tele T oaf sn argllilite a3 gran?i pelly ehown in Figures
17-24, end of g1l the rocks, the analyzed rrglllite fell

feptheat from roske of normsl feneocue compogltion,

The problem of the origin of sodluv-cllicon matenomatlan

hae heen reviewed by 5:111luly (1935, v, 206-882; 338-352), vho
uggests & hydrothermal {luld depives through differentlation of
8 sods-rich {trondhjemitic) megme to account for kKeratovhyres of

Tpatern Tregon. Sodlum—rich beealtlc rocks {enilites) of the

“lympie Peninsule in northwest Yeashinzton ere clone to the Pecifie

beeln like the Lmnek rocke snd ere belleved by Terk (1948, pr.

31R-320) to have resulted by repid, repeated extrusion of thick
heselt flows on the see fleoor, followed Ly reaction Leilween D&-
salt «nd entranped seawater. o Fealures, such &8 pilloy lavegs,
ruZiectlve of cubggueous demosition were noted on soutbwestern

Umneis., Tho meager evidence presently svellsuls allaghtly fevore
e neprvesive sodlum-ailleon metapometien of unknown origin; pos-
s1hly 1% oerurred mometime nrior %o the emlsacemsnt of the main

quartr Jiortte pluton end 1ts senaeliated noteesium~allicon

motanomatligs,
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inon with ‘ther
ckea

Teectanic fSetting and (ommer
Circum-~-raelific o

e dar ”tructurp‘ T*rnmeﬁtﬂ uﬁfﬁﬂteﬂ

by the “'1crﬂ sente
L ohplef examination of Flate I revesls thet mont of e

Tement vente of Umnek Ixlrnd are sroured alons three nearly

werellel slilmments $rending »lizhtly north of east, ihese

tihree melor a2lisrmente are Lhe ! QEQ

., the Insnudekx Twy grourn, £lac X, “eY L, end the Southweatern
Ymrek groun, trending ¥, 777 U, the ventg of Togeels? Island

o

heve & 7, 15Y 7, ellymment, which ney e ome end of sn arocusnte

)
ftasure, convex to the east gnd extending norsherly from Dsre
Tanak on ¥arinheastern Umnek,

The Jitmok Volceene ollomment, which fo most northerly of
the three slignments on Urmak {elsnd, hee the smell 2one roulh
af 4, TAsk st 1te eastern ent =nf ertends westerly through sev-
ersl vents, srvproximately visecting Tknok csldern, The western
evtremity 12 the cinder cone and lave flow of Jane Lsllk, "hils
tyend 1a simewhet obeeured end 1o verhers debrtable on account
of the zreet -dilspersion of vente around Ukmok eslders, The
Tnsnudak Cev &8lichment e 7 wiles acuth of the Tkmok ¥olesro
alignment &nd ta meried by four hegent vents extendling Tour
miler epst of the Toot westerly vent st Ulnder Ppint in Insnudek
ter, The cuspbzebearing ollvine sndesite vent, £ riles enutn of

the Jinder Uoint wvent, srperently fa not asgoclsled with s mejor

slignment, but i lntermedlete in geongrsmhlc nositlon vetween
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the Tranudsk "ev snd southwestern Umnek slichmente, The south-
veastern Umnek nlignment, the most eoutherly, 1s clorest to the
Aleutien trersh, This aliomment ie merked st ltp esebern end
by the grourn of three rhyolite domes, west of the head of Yus-
atan “ry {71, I}, ens extends weoterly throush Tecent vents se-
encieted witn Mounte Recheschnol snd Vaevidor,

Ore nosaible exnlenstion for theese three en eghslon

easterly slirnmenta i1« that they &re underlaln by lsree gash
fractures, developed between two sheér zones within the Aflsutisn
geantielinnl ridge, the southernmost (oesenic) block heving
waatward aomonent of movenent snd the rorthermost {fering Tes
Block) hevine en esatward commonent, The melor trernd of the
eagtern ‘leutiene in the vicinity of Urmnek ls enmorovinmately ™|

0 .-

0 9

., wharess the veul slignments trend sroraximately Y, B0
Tonogrenh’n exnreaglones of extensive shesr rzones, aroroximstely
rpersiiel to the melor trend of the lsisnde, have heen noted on

the ~laln ssuth of #¥t, vaevidof, Theee nurticular feulte {see
Piate 1) mey not ne active £L the present time, Lul are proumbly
rerellel to northeasterly trending fsulbe south of Lwmmak, In

fzet the straight, anuthwest-trending ecuthern atgatline of imnsk
srrgaite Timul Telend southwerstward to Gere Sagak snd the southern

aeetline of Semelge Ialand sey De Frult controlled.,  In two niher

TR

vy

te of the ALlesutisn sre, throush-soing faulte perallel to (he

i

P
mafor trend of sleutien are &nd heaving lerge horizontal dlsnlece-
nente hsve bheen recosnized, Ln Loth »leces the Hlock on the

k]

hes moved zast with vesrest to the olock on the
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weatern Unnek 1s 84 in contraet to 50 in the basalt-rhynllte

‘
sulte of northesatern Umnex, The groundmasses ol ogosliofl
leves, 95 niles north of Umnek, hsve sen slkell-llwe index of
only 5% {#ee Table 3) and, sccording to terth (ranuscrint in
preperation, Yovember, 1951}, the lavas 5T the Pribillof
Islends, about 150 miles north of Umnak, &re highly slksline,
nredarminently nerheline basanites, hue s bend of enle-alkalle
end cepleie rocke of Umnsk end “oporels? Inlenfs of the "aatern

tleptisn Lre ere bordered on glther side by more baslc, rlkslle

¥
rooka of the Peoiflic besin nnd the Pribilof sree %o %the north,
The predominantly besslilc rocks of northeastern Urmak
are sseocisted with tenslonal fractures end cayldron subslidence
in contesst to hyrersthene andesite velesnic nesks of “authweat-
grn lUmnsk. Two gesocisilons of the hyrersthene andeslte vol-
gonaps, however, are belleved elgnificsnt; nenely, they rest on
£ vigible eroslion surfacc underlein by sedimentes &nd plutonic
intrueiver, snd are & ligned along & zone thet le ebcut 16 wmiles
closer to the edge of the Pecific Leein then the besaltie vol-
ernoes of northeastern Umnak (Ilete IV, The netrochemleal, feo-

1oole, #nd peogrephic asssciatliong of these southwestern Unnsk

»
gioncl forees sobing et Aifferent ftimes on & allphtly thicker
s1alle crest. Townbuckling of the beee of thle corunst Into &
hotter zone wounld ceure furinn of the bese of the crust, The
=aemptie 1lautd thus formed would be eruntinle during freciuring

uron rellef of the compressional stresses, Tonslbly such &
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andesite-dscite sssociation of the more westerly lHigh Csecades.
The 2lkeli-lime indlces of the basslt-rhyolite sasoclailon of
the esstern Uascade ranges from SR«EO% {Anderson, 1941, p. 401},
whereas the slksli-lime indices of the norphyritlie sndesite-
Aselte mssocietion of the High Cascade ranges from £1.5-83.9,
tageltic shield voleanoes, such &8 Newherry Voleeno of central
Oregon (¥illisms, 1235, n. £64) and the Yedielne lLake Highland
{Anderson, 1041, pp. 35°=360), sre further distinguished by
large central cslderas in contrast to the steen-gided andesite
neeks of the Caacedes, Thus, the basslt-rhyolite assocletion
of the esstern Cascades snd the norphyritic andesite~daclite sa-
soeistion of the High-Cascades =re anslogous to the northeastern
Umnek besslt-rhyolite asscelation sznd the southwestern Umnak
1abradorite andeslte-daclte-~rhyolite ssuzcclation with reapect to
compogition, land forms, geégr&phlc roaition, snd posalbly tec-
tonies. Tension fractures have probably been operabtive in de-
veloping the Yewberry snd Medicine Lake Himhland calderas,

vwidenee ia alsn forthooming that the laves of Ht.
nanler of the High Cegeades were formed by pertlal fuslon of
underlyinz dloritic rockes, The smogualmie grenodiorite, which
srades into gqusrtz dlorite and Ilovite, forma 8 part of the vase-
ment unon whilch the Plelstocens Mi. venler hypersthene-bearing
nlagioclase andasites were extruded {foombs, 1936, pn, 189-180),
The lavas contein sn earlier gensratlion of lsrge sadle nlaglio-
¢leae ~henoaryete {én37_52) wlth legzed sutlines and rounded, re-

sorbed corrers [ Uoomba, 1938, Tn, 175-180}, The “ount Tanlier
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laves, Judging from Zoombs' desoplptlon, closely resemble those
of “ount Racheschnol on asuthweetern Umnak, The vresent wriiler,
on the baels of the Urmsk stuly, would interpret the corroeded
rleglonlese phenseryats 'n the ¥t, “rnler lavas as vestiges of
nleglonlsace derived from the nartisl Tusion of an underlying
dlorite or quardtz dlorite,

If hipghk Csscade hypersthene~besring labradorite sndesites
are sotually derlved fron incommletely fused siel, & rlausible
wey to renerate Lhoge megmas 1s by loeel downbuckling of the asilsel
during en sroehi of compreselon, The thicknees of the sialie
cruet {geosynoline?) may Love posasilbly heen grester benesth the
High Ceeesde nesks than benesth the ghield volesnoes of the
eantern, interior Cescades sdlacent to the Tolunmble “lsteaus,
Verhoogen (19737, p. 292} has expresced & elmllsr view in mccount-
ing for the high slumline laves:

Tuilte typical of theme tw: velaorroes [¥ount 9t. Eeleng and
Jount Theata] 1s the high slumins content; 1t 1s virturlly
indenendent of the silica content whereas in other lavas
the elumine ocurve falls off ranlﬁiy with increseing &cld*ty
Yuch silgnificance may Lo atteched to this faet, . . .
Another roaaibilitg 1« thet the alumine content wRE in.-
cresned ty the asslmilation of argillacecus mediments. In
this ecnnection 1t mey be of mome interest to recall thst
noth Yount fheste snd Yount 3%, Helens rrobably rest on &
baggment of mudetones and shales,

The slumine gsturstion of lascade rocks {except thore of
Leagen nesk and & few small cones) is shown by ploteg of these
rocks on & vortion of %he dlamond-shered (normetive) diopside~
enorthite~elolte~corundun Alegram (Fig. 20}, slready used to

11lustrate similar relstlionship of the Lmnek rocks, The aymbols
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ured sre £lso sneloegous o alnllar Usmnsk rocks. The rlot of
the sverage Coluwmpla nlstesu bessll es computed by A, O. Yetors

e teken Trom Indereon {1541 . 404} . The vrasence or shsence

o

¥
kypersthens an? hornblends in the Cazcade rocks plotted in

Ploure 26 1= ahown on PVigure 27, Where hypersthene end Roprn—

g

blende ere sheend, &« aepitel “C7 Indleetes Slinopyrovene s the

chief malie minernl, slthough clinonyroxene 1~ ublgultous 1n 213

4

Ctgeceade rocks. The pressncee of horntlende 1s indigeted orn Figure

27, Leesure ‘n & few ran.dly extruded Caccsde evirusives, horn-

®

3

blende, which ie Time-poor, formed in the intrets1luric environ- .

&

ment errerently inetead of hypersthene.  Thie dlegrem il7ustrates
the terdency of hyverathone o cecur 1n Grscerde voleante rozks
whore vlotes Tell olone tn the wnorthite-slolte Join 1ike thoge af
the Umnek rocka, The bigh alumine in the High Usscade volcanio

rocka, es In many of the scublwastern Umnmek rocks, la probebly

the prineiresl faetor in the sepsrailom ~f hypesrethene. accordln;

o4

to “awen's reaction (1522, pr, 350-558),
Tre 2latinetlon belween rocka of the emstern ingterior

Craosdes {(=digine Lake Hishland and 'lewberry Voleozno) and rocke
af the Figh Cgacedes {Fig. 28) 13 not &s5 resdily spnerent es
frow & constidsration of the verlrtion dlezrems (111lleme, 1638,
o, 285-707)  beecpuse ot the Medicine lske and MNewberry rocks
aﬁﬂtain hyrergthene-beering intermedlate rocke with hizgh slunine,
end converzely the basel laves of the Hizh Usscedes contein

hyrernthene~Tree besaltlice andecites of modersie slumine content.

Tert of the overlan of these two Cegonde nultes s belleved duye
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unestisfactory Aeterminations of elumine in the chemicel snaly-
ses. lore likely, however, the dlatinetly continental environ-
ment of the Cagesde Nange would presuprose & thick slslle root,
whish mey be nearly as thick unier Yewverry and “adiecine lLake

o

Valeopnoes ae beneath the High Cascaden, FProbebly depth o orig'n

af the megws iz & grester factor in deternining gomporition of

AR |

ranmesde lavag then geographic locatiion, The average Columble
Riyer hessli, however, 1s distinctly lower in slumina gaturstlon
than £l1 Cerasade levas (Flg, 29) and furthernare, feron O,
vaters (peraonsl cowwniestion, 10525 Cemobel), 1850, =, P8} hen
never obheorved hyrersthene 1n any leve fhet e pegards arn & trae
malumble “iver hesalt. Thers ls evliderce that the glalic orusi
benesth the (olumhis Pistesu iz not thin; snolent folded =nountain
ranges with mlutonie msseea trend inito the wentern edze »f Lhe
fiolumbis “lntesn /Yatewa, 1937, r. £80), denos, the asource of
the Cnlumble “iver basalts, noasibly like besslts of northesstern
=nsk, sre probebly derive? from & deeyer ajurce end thersfore
gre “uncontaxineted® by slumina-picr nedlwvente.

The Ttavton baselts, sz noted LY Theyer {1037, n. 1847),
elosely resenbls the typlesl low z2lumine nlatesu Le galt of the

Ualumbla Hiver besalts, but, strangely encugh, they are found on

“tayton bagalis are

1;

the western slope of the lascede Hesnge, The
atmiler to the Uolumbis Siver beselfe in sge and roselbly were
evtpuded unier the same tectonle environment,

samewhat aimiler anszlogy %o the fwo tynss of Umnek

- -~

1evea to dsanribad by Yuno, 1950, v, 960-995, et Meakane and Isu
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voleenoes, Jenen, Xuno distinsulshed z "plgeonitie rock aerles®
and 5 “hypersthenic rock series® thet sre somewhat anelogous to
the northeantern Umnék end southwsetern Umnek lavas respectively.
The norphyritic hynersthene-deering andesiters of the "hyrer-
sthenic rock seriee’ very c¢logsely recenble thoge of esouthwestern
Umnek snd ere believed by Tuno (18560, v, 9956} to represent an-
aimilation 0f vaoletile-rich granitliec and releted rocks, The Hwo
roock serles, however, sre not senareted as dletinetly Ln spece
gs the two Ummsk rock tyrnes,

There sre meny festures that geenmingly contraedlict the oon-
cent of two ldeslized rock types. For exarmle, Theyer (1937, »n,
1242-45) hag shown by marping & nert of the Uregon Cenoesdes thet
many of the High Tsecade vesks of porrhyritic andesite sres under-
1sin by =much more voluminoue baeslts, slthough meny of Thaver's
gso=called "paerlta” would he regsarded by the prersent writer ss
"baseltic endepite’ beceuse of thelr high slumines (ee. 13 per-
gent) end sillice (ca, 54 nercent)., £leao & eeldere~forming erun~
tien hee occourred not only &t the basaltic chield volesno of
northeastern Umnek, but &lgo & somewhat sinller tyne of eruntion
nes oceurred in the High Caacade norphyritic andesite~dacite vol-
esno, Yt. ¥egams (W11llema, 1942, »~, 998-101)., Furthermore, the
rhyolite flows and Adomes &round Newberry Yolesno {(Willlems, 1975,
N, 280) sre -ueh more voluminoues then the single known rhyslite
Aome of northeaatern Umnak, Tould #1311 thess domes have seen im-
mediately derived b frectionsl cryetallirzation 'n nn underliying

baseltlic magme chamber? The slliclouz rhyolite dome flenking
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the hypersthene-besring lsbrsdorite andeslite of southwestern
simna¥ le evperently & more silieclous differentliate then any
vat vesopgn'zed from the High Csacads norphyritic endesites.
Finelly, the plegioclase in the Umnsx besle rocks is in general
mach more ealete (An,, op) then nlaglcclase in Cepcade Rocks of
gimilar composition and epvroaches the high lime rlagioclsases
5f Japanese baslc rocks,

qeme of these enlgmas een rerhave be etiributed to the
mopre cafewmic, lesa siliclous composition of the siellic crust be-
neath Umnsk. Poesibly, the hynothesls outlined by “ucher (1950,
n. 504) snd nthers that the siellc crust of nontinents hae zrown
through asdimentetion snd orogeny out from & centrel core finde
soma support in the more cafemle slelle erust of the continental

horder et the esshern Aleutien Ialsnds,
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