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OF fHE EYJIruOU VOICANIC SYSTEU

g!9d!mEtt!
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sludy ol ldnolal conPosltbns, mineEl tdluBs dd l|ruclulss In 'lh

s€clion, as dos$od In dorall In th. la6r daptor, su!€€sts ihat m!ln! ol

ph€ndysrs 8nd rh€lr hod naona! plsF a msior rc16 h tile 0en6ls ol

Eyjsioll rocl(s. N€afly all phenocrysls show dis€quilib um l.xlur€s and

mic6p6be analysls shows rhar rh€re e6 multiplo populallons and

omposldons whhln slnole 5ample6, ll b InLrgd hal lho pn.nodysE pro..nl

in ftoso rocks ar€ de ved lom multplo masm6 (o, cryslal mlshed. Thls

ldea is coroboraled by rhe rcft oI M€yor €r al. (190s), ehbn used

plrogEghic daa lom H6kla dd Kada io suggesl thal mixino ol n!0m6 ol

exlsms ompositions (such as Fe-Tl basalts od lholsiilos) occurs ior th6e

syEt€ms in pericular, ed podEps lor lhe sE\z as a whole. A m€chEnism musl

exist, lhon, {hlch rcdd allow lor $6 maomas ca4ing phonocrysls io chang€

.ompos on or lor lhs phonocrysts io sopaEio t@m ue maomas wilh whlch

rh.y d€ in eqllllbijum, and a@umllale h o&eG.

Maqna muno i6 on6 posslbl. mecnanhm lor c@alino mu[ipl€

ph€nocrysr populollons. When ma€Fas ol lwo ditl€oil @mP6itions mlx.lhe

fosultlng now @mposi on wil l€av€ the droady tomed phenocrysls in

dls€quilibium. Durinq reequillbrallon, zonin! can Gsu[ as rollows,

Rwe6€d &nh9 wlll o@ur lor fi€ phsn@rysis lDm the moG €vorv.d maqma

ot lhe origlnal two, 6 a mo€ pnmiiv€ m cry$alll2es aDund an €rclvod
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6ro. Nomal zoning wlrl r€sull lor rtu ph6n6rysrB of |h€ moro pthnlv€

maoma of rhe odoiml l{o 6 an 4otu.d /un btms aound a pnmftivo cofe.

FlnaUy, tr4 plronodysb loh.d In €qulllbrlum wilh tho n€w maoma

composldon wlll lhow li{s ro rc rcnlt. Ohis ls, ol @u6e, a simplifi€d

d€sdlNon. I ch.ng6 ln omposltlon ar€ hoh .nouoh, Ih6 moB €vdlvod

ph.nocrysrs oold m.h rarher rhan cbw m). A di€ct @s!ll ol lhis

$en4lo ls €xl5l€nc6 s(hin ono rul! of Phonocrysts wllh lhr€€ dltl€rgnl @re

6nposlrion6, Tho orivines llom sampb Ey"17 show this vsry w6ll (Flqur€

5,01), where ihroe dflorcnl coro @mposilbns and co(€spondlnq zoning lypos

4e lound. (Nomal uoning tor fi€ mo6t p mlilve ollvlne @G., rev€rsEd lor

rha most Mlv6d oltlno @res, and no zoning lor lh€ inbm€dlaty

@mposhlotr,) lr ls lmporranr ro nors l@m thls flou€ lhai lhe oF

@mposhlon6 46 dittoront, bul nol drahalcolt e. ll mlxlng h used lo

sxplaln hls, th€n the @mpositlonal dilt€t€rcas ln maqmas reed rcl b€ lars6.

P€daps €von mirno ol dillefent &nes wlhln a maoma chsmb€r Mdd b6

Fo. malna mixinq ro b€ us m€chanism rosponsible fo.lhs obs€ryed

loliure and &nlnq, rh6 olivhG must b. mainrgin€d, sospended wilhln lh6

m6rt fiey cannot sepaEre (oravltalonally 5.[r.). ,s ortuin€ is donser than

any o, &e obsryed m€t compoeitons, th. only Mys lor seunnq nol b oeur

aB br rhe crysrars lo b. ioo small, lof rh€ vl$oslry ol rho masha ro b€ roo

ldco to allow th€ ssllino, lor ntrng and orupllon lo o@r b6lor6 $. crysials

hav€ had time lo sepa€l€, or lor he crystals lo b€ dynamlcally .nmh€d In ho

Ano$sr m€chanism whlch can oxplaln lhe ob5€N6d muluPle Phenocrysl

composilions ls s€pamlion ol lh€ orysrals lon $e m€r and accumolallon ln

dlstlnct zon6s wheE lhey can laler be incorpo6ted inlo dillsrenl magmas. ll
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Equldbrant polnb rnl n €adi ph€mr, @sslno dm lo m

Fl!!r. 6.01: R€pr€s6nrarta olMn6 ph.mdFls tom Eyn7, showhc
rhEe dtlbEnr @r€ comoo€nbm. ost! !r. Lom mboorcb€ t€n..cl5 0t
Indlvldu.l qy.rlb tum dn to rlm, Phomdysls wln mor€ Finis u$dly
Indlcat3 l6roor DhonodyErs. Mlsslno dft tiqnifi$ d em. (usualt hhin!
an incluslon) dldnc nbllpbbo enalysls.
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rh€.o *or€ a zone undor Eyjat6[ {hsro nells @dd.€sid€ and undeEo cryslal

l€ctloMlbn, n would be possiblo aor tho mineals io sopaEl€ Tho ondruons

!nd6r whLh rhls would bo po$iblo a€ doP€ndent upon crvslar and naoma

d€n5ity, megma vlssliy, crys€t size ed resldoncs fim€ Ollvlno dd olnor

hbh ddshy minsrals rlll slnk, whll6 plagbdqs. wft noal ro $0 lop ol lh.

maoma, a5 dFtalizqlion @ndnuss, u. magm6 wlll b@fis mor€ dolv€d, e

wlll th€ daslsllirinq 6lne6ls. A rcn6 ol comulal€ mal€ 61 c8n develop which

wlll bo fllled wi l min6als spannlng a larg€ dnqe ol.ompotilions ll a new

maoma ls lnleclgd, eithor mixino wilh he older, now more ewlved maoma, or

plshlng $e old€r magma upwards lor eruptlon, Lhe cumolale zones en chanoe

a6 lollows- (A) Cryslals ton ths zones @ b6@ns enmln€d lnto lh€ €ruptng

maOma dd lhus b€ oul ol equlllb um uPon sruPtlon. (B) Cry3l6ls tom th€

zonEs @n be padally r€ituo@o€lod Into lh€ nry magma and at6mpt

equlllb.ailod b€lor€ r€tunlng (slnvlloat lo lhslr a€umulation zonss- Thee

crystals wlll show multipid disoqulLlbrlum l€xtures. (c) cryslals lom fi6

zon€s can 6maln untouched, but crysials t6m th€ n6w magma €n be add€d.

Th€ plaglocls. clmposltions lrcm lho Eyjam|| sdples suss€st rhd a|| ol

lhose lypos ol m€.hdlsms e o@uring. This is besl sson in somple Ev_10

(Flqu.€ 5.02), wh.rg mulllple @re @mpositions exlsl tor plaoioclas€ a'vslals

and all types ot zoning occur. nomal, Ev€Bed {enlEinmont of ctvslal Inio

moro pdmitivo maoma), and oscillalory (mu[lpl€ €Pisod.s ot

Mlcop@b€ daia ?om iho Eylatoll 6ysl€m, 6 shown in d€lail in

Appendk D, suogosl lhat bolh ot lhee rn€chanisms, magma mlling (on a small

scalo), and cryslal s€paa on sjlh lalor eni.alnm€nl, ar6 impoltanl in the

genesls ol the rocks tom fiis sysl€m, Tho tomer m*hanism, megma mixinq,

ls b€sr ovidonc.d by olMne, whlls lhg latlor m€danism, cryslal !6paralion,
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EouldlEu polnts wl$in €sch ph6nox, cb$lnq

Ficur. 5.02: Fop6s6rtariv6 plaEiocles Ph€nocryBl6 fom Ey-10,
showlno mul d€ 60 @mposldons snd zonlno ryp6, Dala aE irom
micoorobe ransocrs ol Indlvldugl qyst ls lom dF b dm, Phgnodysls
rith riors polnts usu6lt Inddto l.Off ph€nocrysls, Ml$in! dall 3iOnfies
an omr (usu8lly hlung 3n In lu6ion) dunno nlcoPrcba aBlysis.
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by pla9lo.la6e, T€xtu€l evrdenoo, 6 d$u$8d in lhs l6t cnapt€r, suppons

plsqlodse sopmtion, as h46 cryslth show sbondanl dl$qulfibdlm

textur.s, ard va od zoninq gsmelrl.s. slmlany, ihs microrsbe dall

troqu.ntly show Gclllabry hnlno sllh malor chdgos In @mPositlon

oltuine, on lh€ orhor hond, show6 vory liil6 dlsoquilib um igxllro,

doninantly @untns ss 6uh€dEl, cl€an ph€nocrysts Mic@P6be data ol lh60

ollvlne crysldls, however, @nsjtlan y sh@ nlrcr dd lradual zonhs Tho

olivlnos apped io romain wilh lhe maqmas (suspond€d dynsnLallv), whil. lh€

plaoloclGo crystals lloal io tE roP and elmulalo This wlll be dlscuss€d

ch.mlcrl Data - cryst.lll4llon Modols

M4or dd tacs €l€m€ dara aE ploted in va aion diagBms {Fiqure

5.03, a-m) ro!.d6r wilh mod.l5 u36d lo d€leminglho oenolb Blaiiohship

dono seples. Th€ progM M|!0{FFAC (Niels6n. 1990) wa. tun io mod€l

slmple closed-systom lracllonal cry6lalliation wllh no rechaqe, asslmila&rn

or eruptlo. (0-0-0). lhis mod6l wa6 run lot E sladin! maoma compostlion al

1 am pFssure, under anhyd@ls condilions and therclore @pt€s€nts onlv a

@mpa &n model, as the maloridl lom Eyial6ll was mosl llkely crysiallizino

In the p,€s€nco ol Mter and al mod€€te presst€s Tho poqEm hclud€s

dlsr burlo. coonbbnis lor lhs crysralhlng assenblalos whlch are d6wn

lrom oxpe m€ntal dal6. Phase assemblaO€s ar€ delemined bv a ombinalion ol

mss balan@ and rh€dodynamlc €quatbns, fte lomet dst€mined bv sladln!

6mFo5i on, lhe Laner by €xp€rim€nhl dala, and oxyO€n tuqacily (Ni6lsen,

l99o), The lhuid odpositions de wd troh lhis rcdel a@ shown alonqsrde

rho Eyjaljorr dala in all ol the oxid€ variation dlaq6ms.

Each rcdglbeqlns wi$ a Par€nt @mposllion, for whldn Ev'49 was

chosEn. An ideal par€nt @mFosil'bn would bo ono wilh no phenocrysB and



Fl.uro !.03 (a.m): Malor (a.h) and lt&6 {l_m) €l.msrl vananon
.r.;.G. lnclueino iaia loi tha Evl.li6lt volcanlc svst.m ed |Fnds ror
;ft4 i;cnonal ;vstgltlz.llon moi eL (Ml)o{FMc} ar lho NNo builor and
biu rifu. cumuiates hrdt"lo th6loui 3and6 r€lored b In he lo{ a5
rnk Emhs snd olo'h*. arows rEDr.6€d eddrbn ol Pn6nodt$5 Eno aE
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rsptss€nnnq s composltion iust abovo th6 liqlldus ior plaglocla.€ {wilh only

olvlns iractlona on hqving o@tEO. Afi4 obs6ft4nq lho tends prce in

h6 roal deia dd @mparinq ih€ss wnh modoled pr€dictlons a hvpolholcal

par€fl @mposllion wes creal€d acco.dlnq to lh€ sbov6 crii€dr Tha MIXNFRAC

(o-o-o) modol was lh.n run badwEds (adduon ol ollvln€) trom thls

@mpo6nbn and lound to rorm a @opo:itlon slmihr ro thal ol Ev'19 (a

cumulatg rock wlh moslt ollvln€ ph€nocrysls) Ey'49 was used as the

paron omPoslllon in all sub$qu€nl modols Tho MIXNFFAC (0 0'0) mod€L is

shown in all plols tor $e nick€l-lick.l oxide (NNo) dnd quarlz_lavalil€

maono l€ (oFM) oryoen lugacily bulleG. whai is mo.t Impottanl io not€ in

th€ diagms ls thal in lom the mod€l€d liquids s€€m quil4 slmllar lo $6 rgal

da&. me InslancsB wh.re the hod€l iB difi€onl lbm lhe real dala €n b0

e&lainod by dfleren@s in rh. condlllons undor which lhe nodel wos run, such

os hiqhe! p@$u@s and presen@ ol @l€r. Tn€se de di$uss6d b6low.

A lid qlanc€, tho EyjaljdlL dala s€em lo li€ along or within mosl ol fio

modorsd nEnds. Mosr ol lh6 s€tt6r can be 64laln€d by minno ol €volved

magmas wi$ mor6 P.imhlve on€s lbm along lhe simpls lractional

crysrallidjon t€nd, in combination wi$ varylng amounts ol phenocrysl

addition. Tabl6 5,01 shows this quaniltalvely, wh€re Ey-20 and Ey_2S

{rocls wlth litl6 b no Phenocrysls which lie along the prcj€ct€d 0 0 0

rond) ar€ mlxed in h€ ratio of 1,s to 1, and rhan aeumulalo l5% plaobclaso

(An8O), 5% cpx (d66se pheno.ryst @mPosifon) and 2% llt$omagne to in

an al1€mpl ro g6n6raia Ey-11 (a @ck wilh 20% phenocrvsls,

prao>cpboxldes). Th6 r€sulting @mposllion jB shown In compari6oi l0 Evr 1

snd a t!&tlonalercr is Oiven as well. For lhis padrcu ar exampie,lh€

carculallons llr well. Anolh€r exampl€ qlv€n is for 1 ovo plagiocLass
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sdmuhrbn b explain $e ditr€ronc€s In oohposhion b8rrvo€n Ey-20 {no

ph€nocrFb) and Ey-13 (10% pbol@|asB phonodysis). Aqaln lh€ fll is good

Somo ol ho scat€r h $e TlO2 pbl6an bo €xplain€d by lli.mmqne te

acqlmulatlon, 1.6, smpl6, Eyr {whLh Plots al 8.00 st% MgO) has hlgher

Tio2 @nto ftan b $€ mod€|. Thls rc.* ls a cumulat€ 6nd mnlalns a

rEladvoly laoe numle. ol tll4omagn€tit€ phenocrysts. Th€s. Phenoclysls

wlll olevate the amount ol Tio2 ii rh6 sdde above lhal lor porl6d lraclloMl

crysalllzatlon, ad yd @nt eff6d 3ny ol lhe oh€r .l€m6nt abundanc6 ercopl

F€o whbh shds h€ er€ incr€as€. Thls can b€ seen on bolh tho nO2 and Foo

draoams, The P2o5 plot shows nostly high.i valoos lor lho teal data lhan tor

$e nod€lod pBdLrion6. Thi. could indi4te hither amounr6 ol aparits in lhg

@ks rhan the mod€l suocests (or jusl a accumulalion ol apaiile, inslead oI lhe

romovar inh€renl in rhe detlnlllon ol lracrional cry$alllzatlon), anolher

dpldallor @uld b€ hat rh€ sstima!$ ol P2O5 ,o. pare hagnas aro sllghtly

l€$ rhan th€y should bs. How€v€r, @€tol study ol the plot sho$ tat lhE

mod.l€d l@us ol lhuld @mposlllons run6 ght along lhe boiiom ot lne t€al

dara, and scau€r li€s juEr above lhis fi€nd (hioher in P2os ). This 8€€ms

indic.livg ol addltlon of cryslals.

som6 or lhe *8n€r on rho Al2o3 plot is Indlcaivo ol plaoioclase

qccumulafion. An 3r6w on lhls plol Indlcalos addi[on of 20% plaqioclGe.

Thls same an@ ls shoM tor ine CaO plot a3 w€ll. No olhor elemenls @uld

show derecbbl€ chanogr lom rhis addilion, (Plaoloclaso accumulation is aleo

wid€nr l@m the p€lrosnphy which shows iho domlnance ol phoioclas€ as a

phon@rysl In nea y 6v€ry sample). Ev€n wnh Pl3gloclaso addllion, howovor,

horo are stlll major dlfi€rcnco. botw€€n rhs 661 dala and lho modeled dala on

borh rh6 cso and Ar2o3 plors, This wlll be dhcussod ludhsr bslow.
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h o.dor lor plsoloclaso to fosl In th6 ma0mas mu$ nstnbin 3 lowor

donsiry lhan th€ surcundlng mat. al and lunl Oe ohe' puamei'rs

ne@s5rryblslok€slaw:

v -  2 ' !+ ' (p(x l ) -p(m)y{ l '1}

wh€.6: v - souling velodty, g - crellv, | - cry$al.adlus'

p(xl) - cryst l d€nslly, plF) - macma &nsllv' 1 = naoma vlsslly'

The dsnsnbs ol Plaql@146 and lhe surcundins mell' as bo$ cna03

conposlrlon du ng cryltalliallon, ar6 shown in Flqu@ 5.04 lor varyho

wgl.r @nlenl, lt se€EE possble iF n th€$ data alone lhql pbolocla$ wlll

iod h lho Eylsljoll melG as long as lhs mter cont€nl ol |he st ilng mal€ al

ls not much moro lhan 2%, and crystalllzatlon coas€s aound 1100 "C C/0%

dysrallizatlon), Any mells which p6@od Pasl lhis polnt wlll not be dens6

Enouqh b allow plaqiocl6o io tloal Th€ wal€r conient of lh. Evlaidll ssmpros

ls unkrcwn, but tho vesiculariy ol many ol lho samPles suog€sls $al volalilss

do play s ole h al l.ssl lhe oruptuE echani6. For lho svsleft ol

v€5msn6yar just io lho sourh, wlatll€ @nbnls a@ 0 30 wt% (lo€5 on

ionltlon analF€s) Jor plimitiv€ (466 wt% so2) bastrts {Thv 1991a). To

,|o nonh, in H6lda, Ml€r onlont is odimat€d !c bo b€lwoen 2-5 to 6 wf,l

depending uPon how difierontaled h6 mabnal is (as dlscusssd in chapier 2

Baldddoo 6r al,, 1973), Il lhls ls a t€nd, as Mever ot 3l (1935) 5u09osl'

wlh waw @nr€ni Inc6aslng nonhw.r(h alonq lh€ sEvz lh€n Eyia06[ snould

llo b€lw€sn fts€ two 6ndmomb€8, and thus b€ In a p6mi$lble zons tor

plaqlocla$ adumulaUon. Thls ls lunh€t slPponod bv pravious rcrk

sugqodinE thal plaoioclase admulation is qullo c.mmon th.oughoul l@land

PBsonco ol wat€r doing cry5rallizaion lor lhs Evjalldll svst€m rs

dfte.€nt tbm ihe @ndifons unde. which the 0_0_0 modsL w€ro run' and
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rhsr€rofo 6n oglaln th6 difi€r€n@ b€Mssn lh6 €d dara End lhs modol€d dat'

ror h6 al2o3 dlaoEms. Thls h b@u6€, *tth addiion ol waiar, $e lhuldus

l€np€rsluc b. plsoioclaso d€cr6s.s, ad lher€loB i oniets lh'

crysrallizstlon soqu€nco latd than tnhydrcus models pr€dlci (Hess 1939)

Thls Can h6lp Explain lho cao plol as se!, ihough rcl €nft€lv. Aqah lh€r€

appsaB io be a dln Gnce botwos fie @ndldone unde. wh-Fh th6 md€15 *ere

4n 3nd rho r€al condldons ol th€ syslem. Tho model was tun a 1 aLT wn€foas

ovidonc€ lrom lno surcundlnq vtltanic sysloms tithln the SE\z suggssc nuch

hbher p.€ssuos ol cryslallizafon- Hekla, to lho nonh, has evldem ol

cryslallizailon at 3-5 kbar, whereaB voslmannayar, io $e south shows 5_8

kba. cryslallizatlon, Mosl lik6ly Eyjaljoll is somewh€@ in between (3 3

Kba0, A hlOhe. p@ssure rcdd all.cl lh. cqslallizaton soquenco bv havinq

crinopyoxEne ent€r €arller (Pr€snall €t al., 1973i stolPer, 1930i Thv

19Sla, 1991b1 As pro6su@ lncraas€s. cllnopy@xen€ be6m€s lh€ lirst

ph6o io o'yBlalliz6- |n lhe modeled t€nd clinopyrox€ne 6nEa the sequenco at

abour 20% cry$aLhanon, Bul lho data sugqesl entancd Mrler lhan lhal,

hosr likely indicstno increased prcssuros (hiohe! than I atm) lor the

cry$alllzatlon ol lheso maomas. (Fudh€r eviden@ lor lhls wlLl bo dl$uss€d

ory!€n Fugecily, crysrdllizdiion S.qusncs, dnd Pr€33ub

MIXNFBAC@ run al bolh lho NNO and OFM bufiers, bul il is thelo.mer

thal p@dues lhe b€st malch io the dala, in panicular tegading lhs point at

whlq\ oxidgs Enw $o cryslalll4tion s€quonc€ (lf lt l. assum€d ftal lracilonal

cry6rslliza on is the domlnanl Pbdss o@unlno to lh€ daomos ol Eyjatoll)-

In odsr ro @me up wlrh anolh€r ind.Pondonl m€lhod ol d.lemhhg ory06n

ilqacly, ordes lrom Ey'1 were analyz€d by micmProbe and these @mP6illo6

weE used ii oxcALc (ve6ion 1.2 {1991}: J.C. Stom€r, Rice Univereilv), a
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pogfm whlch usos th€modynamlc Fh{onshhs lo debmins orygon luqacnv

and @,i65poIding systalllzallod.quilibollon tomp€ratures. The v.lu€s

d€dv€d lom lhls tros€m ranoe fton OFl, to NNO snd lrcm 500€ lo 1100'C.

ody ths hiohosl loDp€aturo data aB oood rep.66e atv6s ol ho magmalic

condltions, 6 th€ loMr lsmpo6luro vsluos r€prosont lal€r, subsolldus

oqullibrauon foactbns. Th€ hlgh lsnp6ralu€ dala, lrom Ev-1' lie dong !16

NNO bufior (Tabl€ 4.03), Thls bu,l€r hss nev€r bson assoclated wilh o@anic

bBslts beiorc aid $eretorc necassiiaios lunh4 dalvsis lo dobmlne lf lhls

ls Fal, unlorluialoly this @nclusiotr wasnt pursuod anv luilhor du hg this

poj€.t, However, oxyqen lugacitl.s dois,mjn€d lor b6alc l6m

vestmnryar ar6lound just abov6 th€ QFM buf$ {Thv, 1991b) Wllhh

sample Ey-1 th€r€ 4e a numb€r ol lihnomaqnedlo phenocry6l6 which all

show Eelutlon {shown h Flgure 4.18). h ode.lo us€ lhs OXCALC p@s€m,

sepearo composldons w6€ nssd€d to, maonelit€ and llmenil€ wh€n probhg

rh6$ phasss, ilmonlles werc 6asy to flnd, havin! €xso ved lo lom laros roqlons

wfthln [16 cryslals. Maonelite, howev€r, li pr€tent s a disilnd pna56, w6s

v6ry small and hard lo locate, Th6 @nposllion lor ihe maon€lit€ pob€d ,or he

NNO value ol Eyr @mes lom wid€ boam aalys€5 (bulk) &ross lhe tin€

larneliao which surcond lhe ilmenile s€.{ions. one sample Ph€n@rysl was

elso stldi€d l.oE EynlB bur il shows equlllbElion iamporalu.ss low |han

hagmatic vslu€s, and lsn l rep.o$nlalvg of lho oxyqen luoac y ondftions ot

Fud6. suppon lor Eylafdll dals lollowino lh6 NNo butl* @nes lom

th€ @relatlon ot h€ r€al data wlth the mo&ls on iho oxlde va aton plols.

The enlanco ot difiorenl phasss (6spocialLy ttanomaon€lil€) inlo lhe

crystalllzarion s6qu6n6 is sensllve io orysen lugaclly, and lh€ whol€ rock dala

(XBF dals) aEee besr wilh lhs NNo modols. For lhe NNo buil€r, du ng the



.voru on ol rhe pareni malotial, Ey-49, (d 1 alm wlth no wal64 lh6 flrsl

nin€ral ro qyslalll2e i5 ollvin€ {Fosg), at 1311!C Mq dch chomne b60ins

b crygtellizo, alonq with olMn€ at 1254'C (61% crvslallizalion), Al

11s7'c (12.2% crysiallizaton) Plagbclals (Anm b€oins io sy3lalllz€ At

1173"C 118.2% crystalliza on) 3pinsl siop6 crysiallizino and onlv olivinE

and plagbclas€ r€maln, cryslallizlnc In lhe 6do 1:2 cunopyox€ne 6n106

th6 soquence al 1171'C (202% cryslallizaion) whsn orivln€ rs Fo34 1 and

plagioclsse is An75.4, Magn€llte enters al1155'C (622% crvslallizafion)

and ar 1109'C (64,2% cry$alllzailon) olivine dbps oul Apalile enlels al

1o3l'c (34,5% cryslallizs on). As F€nron€d oa l€r' hilhet pr€ssur€s will

Incfeaso tho liqlldus iempeEluro ol cllnopyd€ns unlil h b€comss $o iirsl

phase lo crysrallize, Addition ol MiE. wiu d€cr€aso lhe liquidus l6mpe,alut6s

ol allphases, mosl espeially plagiodase

whar iE paniculany inl€Eslino r€gardlng ft€ mod€rod crvstallizaton

sequ€rco, is li6 dill.r6rc6 bolwesn NNo ard QFM mod6ls Again, lhe

pEtrogEphy supporc NNO b€ttor lhan OFM. Majo! difiorenceB a@ hat tho

oFM, O'O-O mod€lshows no edt splml crydallizaion, Maonslilo @m6s in

largr, ar lloo'C and vdry lale srale (>s6.5% crystalll2alon) piqenile and

onhopyrox6n€ ar€ prcs6n1. The petioqr3phy shoks no plleonil€ or

odopy@x.ne, and does show €a y EPinol crystallizalion {inclusions rn

olMne, dlnopyoxon€, .nd plaolocl6e). But 8v€n more no @abl€ is lho Pohl

al whlch oxidos .nw lhe cryslallla on $qu€nce (al lat$ 5la06s ol

tracrronaion), which @respond6 quit€ wellwiih NNo mod€ls, bul not wlth tho

The pElography also Prcvldos lunh€r suppon br hlgh pr€ssur€

c,.yslallizallon durlnq which clinopyor€n€ enlers Ihe $qu€ncs oafllsr, and

hydou6 crystalllalion during whlch plagloclaso snl€6 laler than 1 stm
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anhydrcu6 rcdols, Thls com6lrom clin pyorens inclusbns In plagiodsse.

Ther€ do.a.e plaoloclase inclutions In ollvlno which ca b€ oebjn€d bt onE

of rh€ lollowlnq m@hanisms: €drarnmont oi crysbls whhin a shultanoousry

crystallizing ph*e; or €nrapmonl ol s prdloust tom€d cry.lal inio a

p nidv. m€l! dudno 6ystallEall!. (6rysrals @mino lron a@mulauotr

zon6s). lrls und€r lavo.abl€ @ndiions (ld sstd @nl€nts) hi0h-pres6ure

crystallcailon will 6ose plaoloclaso !o p,€codo olivine lor a verv sman

IncBment- whlch n€chdism ls actually oce/dng in h*e rcd<6 can os

d€rsmlned by pDbing $e Indusions lo tlnd out lhen @mpositions and

@npa ns lhese wllh $€ mod€l€d pBdictiorc. ohls was rct dono In lhis slodv

du6 ro rh. scefty ot lh€so incluslons and lhe consequ€fl dlfiicullv ol lindhg

lhon ln Plob€ secllons,)
'lh€ titanilm concentGlons r€laiive lo the aluminum conc€nlralions in

cltnopyroxono havo bean ddoimlned lor varyin! cosiallizino pressure6

(FiOur€ 5.0s, Thy, 1991a) lor the V66mann€yar svst€m 8nd ara {otrnd lo

danqo @nsld€rally. These rela onahips 8re calculalad lor lhe Evlatoll oc!6

and shdn in FIO!!€S 5.06 and 5.07. h 6 b€ so€n lom lhese plol5 tat tho

clinopyoxenes tom EyjdJj6n reprosent crydalliza on ln a lalg€ ranoe ol

pro$u.€6lom 1 atm io po$ibly a3 hioh Es 10 Kbar' B€€use lhe crust unosr

lhls rcqlon is so lhlc*, these hiqh* pr€ssur€s ssem quil€ €asonable

ftore appeaElo bs no difiorence In composi on or slruclur€ anono

dillErenr qssEphical sampllng s€crlon. within lhe lyla'idll vol€nic svslem.

Thl6 is parly du€ ic lhe lacl lhal ssctions are all @diaLly dlstrlbuled,

@mbhing centlal and llank volcsnism. The lack ol a qeooEphld pansn

sugg6slB $al the source to. all Eyja'ioll malgnal i5 d€€p seal6d and do.B

c$ange lor dlfier€ €ruptive conreF on lho vol€no, The only €xc.flion i0 fiis
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ls $d all ol ti€ mst hcibnaisd $mdes oom. lom lhe confal Podions or

$6 oomplex, Thls ls indi€livE (.s wih Helda io he nonnl ol a maoFa

chambd whlch ls 6!pe encinq s€lrocadon dunno naclionallon. The @sult ol

$b would bo oruPtion ot tho ioPmost zon€s ol iho ohamb€f lorclved volauls

d.h nsoMs) in th. @nt6r or th€ 6nDl€x. The tePh6 otploslon of 1325,

odcrnatlno lbm $. @nlral c8ld€€, ls tdlcadv€ ot tti6 pt@$

llaqma mkinq. moll.€gGgaion, plaobclaso admulgllon and tlllho

olhd m€chanl6ms which have be€n pt€viou6ly discussed ludh.r indlcale

snst€n* ol a Egion where mets can a@umulal€, evolve and mlx- Tho

clinopyoreno evidencs suggosts cry$alllzatbn occuc as deep as 10 Kbar'

lNs ouqht cod.sponds to a dspth ol30 krn lhs base ol lhs crust b€row

Eylgi6u h 6hoM lo bo arcund 15 km, or about 5 Kbar pE$ur. (BFISP 77'

l93O). ll m6ll lomsd b6los lhis deplh, il sould presundblv se (l@n

brcysncy lorc€s) !n!l I r6ached tho crust. ll would rcmain thore (at 15 km'

s Kbd pro$ur6) and f.&lionato unfil erupllon oeuB-

REE D.t. - Dlscu6.ion

Raro dnh ebm6 (AEq abundaEo data lof $E s€vsn samplEs analvad

show simihr trends (Fiqur€ 5.og); tltet ls, llqhl Erc oadh Elomenl 1LFEEJ

€n ch€d, wirh paEllolslops, Thls suqqosc tal they allm€led und€r

unform @nditions as dinerences In por@nlaeo ol m€ll wlll chan!€ lhe slopes

ol the rrends (€sp€cially at small po@nlaq€s). lt is InleBsling i0 nol6 that

6rrlhr posiriv. .uroplum a@malis €nd 6r n@ y all s.mplgs 6 w€ll (Ey_

49 's rh. only erceptlon). Ons Po$l6o expllnalon lor thls is 6mall amounls

ol plsOl@las€ a@umula on. Plaolocl4€ syda|jLa on rculd bo sxpet€d

(undor the nqht oxidizinq @ndltlons) lo pr€rercnllaly exlEct €ufopium

(Eu+2) l6m ft6 melt Th€ amountor ouroplum wilh a +2 cha4e is dep€nd€nt

upon th€ oxrdatlon slate (luoacily) oi tho syslom. Ths morc rcducad Ug
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oNlo.msn! |he mo@ Eu+2 exi$s and tho@for€ lhe mor€ ottlous t6nd6 sill

bo @n dus ro plaql@1a56 adivlty, Tho QFM buto. ls mor€ roducod lhan lne

NNO md lhorelo@ @dd rcsul in nbro Eu+2 For onmple lo. alk3ll basartr

ar orycon lugacldos ot oFM or abovo, al i.mP.du.$ ol 1200'c or b€low,

EulZEu+3 ol ho llquid 16 less th.n 209d. flrls *lll maks m6n hador lo

seo €rbplum amnsllos lhan ll lh6 ox!!o. tucellv buller weE lowff (moo

rgduc€d) and with hlghe! lug&itios it g€rs even mo€ diltlcull {Ddke 1975)

It app€ars difilcut inen b consl€ln quanliraliv€ly whal lhos€ anomalLes m€en;

th€y aG v€ry sfghl and €uld suqqesl addilion ol plaoloclase.

ll lhls is t u€ $en lhe plagi@lass musl bo comln! fom olh€r sour€s

(and hot€by brlncln! 6xlra suroplum lo 016 molt) sTF3, Ev_1 Eyrl, and

Ey.la a[ havo plaolocl66 phonosysls suqqa.liv. oI thls How6ver, lhis do€s

nol .xplain the sliohl posltive anomaligs s6on to. sampl€s lor STF 1 and Ey_

20 whlch hav6 no ph€nocrysls. why would thess samples hav€ positve

€urcplum anomali€s? lt @uld be due to dsimilatlon ol cruslal mat6 al

6nn h€d In ouroplum tod pas Pleoiocle a@umuh on. This seems

unlik€ly, hooov€,, b€cause ot lh. unilom slop€s ol h6 sahPles, Addllion ol

panbl melts ol a qahetnch anphiborits Muld hav€ an €il6cl on lhs REE

lrends, mosr nolicesbry by chanllno lh€ slopes d€psndino upon how much crust

in melted and eimilated {small melts - hlqhly LREE €nich€d sloPes, la]!e

nolt6 = flall LFEE ondchmenl). The6o diii€r6n@s a€ nol seon; Eyjatdll

icnds a@ all unllom. wilh a pboblaso ch crust {lypi€lly ol mlddlo crusl

as dosbod by stdntMrc$n el al., 1985) tat doesn t @mpletoly m€lt, a

n€sariv. Eu domaly rculd b€ expecled {8gein rci seen), becau.€ th€ m€rc

would b6 pLaoloclase poor. wlh a kae€ufiic amphibolil€ (Lowor ctu$ as

de&nbed by Srsihrh6rs$n et al., 1935) th€ro is no sginei so latqo mell6 or

this rone would be expeclsd lo llatten oul tho Eyajlidll @rues Altsnaljv€ly,



and noG llk€ly, lh. positv€ gu domal€s ior Fat6dal wilh rc plaqjoclaso

ph€mrystg could be a r€sult ol asslmlhtion ol Plagioclad6 crysl.ls {tlom

oher maoms) rhlcb hsh.d od hon$oonE.d wlih th€ meh p.b. to eruplon

IhE dltl€@c65 in sbsolub anbunts ot REE abundmc6 s€€n in $o

Eyialioll data 6n bo erPlaln€d by dirbdng arcunts ol cryslal ftactionanon

As $€ magma c4sialll"es, lho @ oarh €l€m.n$ wlll all b66mo

p@l€rEmially on ch€d in fte llquld, @ |hal lftile cryslalllz€d maomas will bo

lowsr in BEE lhan la€ely cryshlli2€d maoruB. Thls was modol€d wll,h th€

same MIXNFRAC prcgam dlscuBE€d oa lar, al lho NNo b!fior, wilh psrtecl

closod'syslom tractional cryslalllzatlon, .nd wilh FEE abun&nces slnilar ro

tho6€ ldm STF-3 (tho low€sl ol te goup). The rcsulls ol lhe model as6e

v6ry well wnh to r€al dala a@dhg to Flguro 5 03 and 5 09, wh.ro tonds

s@ shown u9 lo 30% crysralli4rion. Th€ samples arc List€d ln lhe l€c6nd in

decEasing MoO contenl and @n66qu€nt ircreEslno dounl ol l€cilonallon

{most pdmifte ls lasl), and Ehow lhal ilo BEE ltactlonaiion de sqreos wnh

compa en ol rhe BEE wirh olhor lracs e ohenls (e.9., Nb and zr) shos

aqain lnar all rano€s can be €xplain€d by {ractional cryslallizalion (Foure

5,1 O), !n lact, a conbinaton ol all lncompallblo rt6 .lomenls trom lh€so

$m€ Eyja0dll samples (Flour€ 5.11) @mPafod lo nomal MORB valugs {dtra

lrom Sun and McDonouqh, 1936) displays conslsl€D! €n chment ror lhe

Eyjatldll syslom. This is lunhd suppon lo. a hotspol (und€plded manlle)

ompon€nt ,n lh€ 6ourc€ compos'liol lor EylailolL volcanics

M€l nO models we.e run ueino pamtion co€fiiclenis for lh€ ra6 .anh

erom€nis presont€d In Fuman er al. (1991). usinq a Fayleloh lr&!'oml

m€tlnO equatlon dd a 3 x chonddto man!€ abundanco. FEE composilons wer€

dolsminod lor low parcenlas€s ol m6ll (1-6Yd. These @mposilions
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undoqoing varyln! amounls oi l€dbnal crys€lllzation ar€ abl6 lo prcduc€ all

the obs€Md 8EE rends shown in Flgurs 5 oB and 5 09 Usln! z snd Nb

abund.nces tDm e slmiler, und€plat€d medo (data tom sun ard Mcllorcuch'

19SO), melt modgls wero ru., dd aglln lh6y glducsd l€li malo paronl

magms @mposi om lor melE ol1_6%. {A leoltlmat€ paBnt magma is ons

which aftor small amounls ol crydalllailo! muld pbduco ths ltwesl r€nd

ob'€dod in lh€ Eylaft|| da€) lr's impo.tanl lo locosnize lh€ limi€d uss ol

thoso models, b€causo p@iso Iniorms on abod padtlon @elfio€nls and

sou@ @mposllion (Ph666) isnl krcwn. Sln ls models dono tor t's svstem

ol v€dmanneyd lo thE eulh show mol$ lrcm 1-6% ircm a source qh€r5

!4nor is < 5 volumg % (Fumd ol a|. 1991).

hord€rlo prcdue a LREE €nrichod tr€nd' therc dustbo smallamoun6

ol meh lrom a sourc€ Nnlalnho mhor amounrs oi a Phase withwhich HREE

aB @hpalible (p€ftaps ganet) B€cace lh€ slops ars all pa,all€land fte

pe@nra4s of me[ ls quil6 low lhs anorlnt ol gan.l nust b€ quno small Thls

is b€causo any small dili€.€nce h p€rcgntaoe oi m€I (1'2'l.) would char€ u6

slop.s ot lh6 rends i{ fie sourc€ l! gamei dch. Al$,lh€ mor.galn€l in $e

eurcs, fte sleeper lhe slopes lor !m8ll amounls ol mell Evja'idll samplog

<ion't show slopes as sleep a6 lhos.6socjalod with !am6H.h soures

{@mpanson wilh REE dlasrams prcdu*d lom gmel lh.tullld mdlls l6m

M6y$ or al,, 1935). This sms !o .uggesl a sPin€l lh€Eolll€ $ute lot

Eyjaidu with minor amounts ot Oanet, and smsll percen€ges ol men-

Hellum D!1. - crusl.l asslnllalion?

Th€ REE llende {LBEE enich€d) ao indldtiv€ or a hotspol source (as

dlscusssd In chaplor 1) Hlgh helium isoiop€ alios (13-19 x amospne c)

also slPPon a nore P modial souce matodal wlth values indl@tlvo ot an

undogassed sourca- Thers b a llmhauon ol lhe uss ol h€llum valus3 lor
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ddemlna on ot souae comgos ion. nrls @mos nlm P6vous \ork in

l@hnd which shos th€ d6couplino ot h€lium lrcm olh€r isoioplc l.dl€1o6.

wnor€as sr, Pb and Nd all shM shnnt3d chang€s lhsn nrovlE lrEn lc€land

ro sunoundlng Mld-alanllc Rldqs. ho[um dEps ofi much moro sbslv wiln

vsluos whkh .6 stlll qlllo hiOh (enomalously e) alono tte Mld'And c Ridge

Ertr dd euth or b€rsnd (Pocda .r .1 , 1936). This h6 b€€n.xplalned bv

lh6 g€ar4 €liocr ol plun6 malg al on lhe hollum isolops slgnature lhan MoFs

eurce naiend (as a Bsult ol lho hisher amounls of h€Llum prssent In lhe

plumes iha in lhe d6plebd man!6), Thls ls qudtllativet disssgd in Kut €t

al. (1935) showlng lhal even 6mall anounts oi plum6 mal€ al pr€snt h &o

slrc€ will csu$ plume hslium slonatu@s ro domlnal€ For thls re6on it is

diffidlt ro us€ h€lilm to del€min€ prcponions ol plume mal. al lo MoRs

eurc6 male al{unloss hellumvaLues and contents ol both endm6mb6ts @n be

EyFqoll samples show @markabls uilomilv ln holium values lot

mulrlpl€ ock ompositons 6nd a ldo€ a!6 nngo. Knowing th6 strcno tfi€ct of

plums mai€flal on lhe h€lirJm slgnalut€ ol lhe Egion this prcbablv impLios

lhat plum6 mar€ sl has rcmaingd a sleady sourco hr Evialjoll alwavs pr6s0nt

at a high .nouqh p@ponion lo doninalo. In KuE €l al {193s) it is sugqoslod

(d6pend6n ol @!6o on helium @ntonb ol both polo iaL eur6 and anv

posslbl€ asBinilant) hal 10% Plume mal6 sl is Enough lo domlmlo hellum

isolope signaturos. lfs possibl€ that ll @ndi ons ate ghi only l 7% euld

b6 n6eded, (orher isolope daia would b€ necossary to d€temlne mo6 coltalnlv

whal the 5ource @mposlion roally ls tor Evialjdll)

For fils sme r€6on cruslal assimilailon €llects will show onlv small

clano€s in hellum isotope ratlos For 10% assimilaton {ol maleial simllar lo

th€ oldesr - 16 Ma - rccks tound ln lc.land),lhe hsllum ielopic |alo will



chango only 1o% (Kuz €l al., 1965). This wlll bing ralios sta'dng st 20 x

arnosphorlc to 1 3 x al,trospturic. Fot lno d(lerence ln Eraqdll samples fls

onv Gslmilatlon posEiblo usi'6 thgs. ma{hum wlues $ould b' < 10%

(movlng ,.om 19,4 io 17.4 x ahosphoric _ lh€ |otal po$ibl€ rangg In

EylatOll smd.B). Ol du$ mG undoloct€d assimilaion csn o@ur il fie

dllmibnl ls young€. crusl Thouih d6td asslnila on cannol b€ comploiolv

dlsmiss.d, ft6r€ is no 6vjden@ it's o@.1n9 h anv sGai p@Fodlon (h lact

FEE lronds suggsst thal il I 0@16 at .ll lt's a vory small' und'loclabls

mount unEblo lo chdge lJre REE fonds of the @ks)

Hsllum lsolopes alone ar6 not €rcugh !o d€bmine whsthor shall 3munrs

ol o'!st.l dsimllatlon are odring in lno Eyjalloll svstem. Howev€r' th'

qugstlon ol crustal assimilatlon causing $o alkallc.hara6t€r ol Evlaioll has a

morg dollniuvo answel This Is du€ 10 rclk &n€ lor olher srsloms in lie sEVz

(ss disss€d In doiail In chapl$ 2), and de iioh $e helDm rclk in

Eyjstdll, comPann! a tholei[lc bck Ev'92 {19.4 x ahosphenc] wllh an

6rksll4 rcck, Ey-39 i19.4 t almosph€ic) h can bs seen lhat iho holium rauos

ar€ €hclly lhs same whsreas ll lh€ alkallnllv ls du€ lo assimilatlon Ev_39

should havo low€r holium lsotoPe €tlos. Funhermo@ lh6 6!e lor lh6 whol€

syst€m ls v€ry narcw, alluithin <10% difior€n@B ol $ch olh6r' lt seems

quit€ unllkEly lot a$imllalion ro @dr In $e alkaLlc rccks and nol ir th€

uoloines ed y€r |sd io no dill€r.nce ln h€ helrum i$L,P€s

An sven mor€ @nvlnclng srgument agalnsl dslal assimilallon s lh€

causo of rho akalic ch9€cler ot lhis rcglon was discussed in chaple! 2'

Mgninq ol amphibolile crusl (melamolphos€d basall) wilh or withod add€d

wat€r, lorms vondhjomiti. mots, low In K and olhor €lemonls (Board and

Lolor6n, 1991). Thls ls tho lir$ exps m€nral sludv ol lho prevlouslv onrv

qualitative a4umen $d cruslal 6slmllalioi cr€alos alkallc mell6 Flnauv



fi€€ ls amtn€r, wBll-studlod fiolhod oI lomlng alk8lic magmas whlch i3

*ithoul doubl occuinnq bsneab th€ SEVZ. Thls is djsds$d tldhe' b€low' bul

Ir seem6 reasonablE 1o @nclud€ lhd crudalasslmlla on Is rcl $E pt@"s

whicn b prcduclnq alkalrc maqmss

Forrufion ot alkallc M.gma.

Sampt€s,Dm Eylalioll span ih€ wholo Enge oi @mpchions rrcm

$or.ltric to .lkallc an allenalvo motDd fo. !6n.6tn9 this v4l€lv ol

composiions (6 opposed lo cruslal a$im[ation) is chansinq ln lio deplh and

p€rcenEq€ of metino ol man € Tholejites @ bo lormed by m€liing d shalbw

dedhs and felauvely laEe dslr€€s ol partlal m€ltnq whil€ alkalin€ ocks bm

tom mellng ol the 6am€ man{e maieial at great€, dsplhs ed low$ d€gr6es

ol parilal m€liino (Jaquds and Gr€an,1930: Siolp€r' 1930). Th' crusral

nhlclnos snlbuled lo the sEVz in gororal and Evjatdll ln padlcul4' are all

nuch oGatar than elsryhoro In lcgldd, wh€re tholelites Er€ lh6 dominanl

malo allomlno. The sEvz rogion @nsists ol old€r.rusl, whlch has alrsadv

soon a numbo, ol provious episodes ol rlftino and buildup theiebv lhic*ening

$e crust gnd d€oponhs $e melzon€ (Hehason ol a| 1934,1935) rhe

impl€rbn6 ol thls anomalous dopft snd th€ p€tsnt tllnq in thls olde. ctlst

will b€ dl$uss€d ln lhe lasl sec on or $is chaPlat

Uslnq oquanons and €xpedmenlal d8ta lbm Langmuk d al. (1991) a

modoling p.oq.an w6 wi on !t delomin€ Moo Foo, Na2o and K2o %

conconlGlone ol partlal mslts ol mantLe mal6nal This is bas€d on lh€ ideas

prosomod by Kl€in trd Lanomuir (1937) who lugoesled lhal chanles In Ms and

F€ €n be duo io dEnqes in susral ihicknoss€s. wiLh chdolng lnltial

pressuBs (olrospondino lo .lepths snd ciustal lhlcknosses) 4d chschq

daning Nnpoeilons (dlttero surce mate al)' a soiss 6l mells aG

produc€d as lradion ol mell increases, and pr€ssure d€creases. (This occuls as
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ths !@rhem Int€lscts and erc€.4 $€ mdlt€ soldus) Th6 B6!t! ol thls

model se shdn h FIOU,€ 512. Ii.€e dlliocnl eur@ @mp6itons a@

.hown,lor 12 and 15 Kb4 danhq progsuGs. linaquillo lheEotiig, and

Pyollto lourc€.omposi ons 6n6 tom Gr€€n (1973) Tho splnel lh€Eol 6

@mposltlon (salt Lako luf, Hawaii) @m€6 loF Kushlro sr al (196') end 16

de clbd and dleuss6d In Gr€€n (1973). Fd.acx stadlno @mFB on and

hitlal prcssuo the m.lt @mposiijon wul chanqe a5 doplclod h $ls figuro'

Elch dsla polnr r€l.rs to a doP In pr€3suG ol 1 Kbar' whLh ls ap9oxhat€ly

equarlo 1% n€]t- Also inclrrdad In thls llqu@ at€ polnls lobolled Evjaljoll

uhlch corespotrd to composhions ol lho paronl masma (Evn19) as n

und€rqoes ottuine Lactionafion Any o! these @mposllions (up lo Plagiocl4'

cry{alllzatlon) @n Epcs€ni lhe po3slble p mary melts {pa.onl ma9m6}

lof lhe Eyla0lll Vobanic system.

A 3% m.lt ol lhe spinol lhezone @mposltlon at 12 Kbar, or 1% al 15

Kbd ls qu E slmll& to lhe @npotnbn oi lho mosl 4olv€d ot th€ possibre

par€nl hagmss ld Eyjalioll. Tho mors p mlivo pared @mposllons

@r6spond to slighlly nloh€r pr6ssures dd qr€ate! deg!€ss ol Panjal me nq

blt a.€ @6 llk€ly only o rosull ot olMno addl on |o $e magmas iomed al 12

and 15 Kbsr, Throo @mposhlon6, ti€ splnol lh€zolile' and lh€ most pdmlrlv'

snd ovolvod ol the Posslble pars malme ar€ oiven In T6b!6 5 02 This modol

ol3% nell ol a sPinel lhoaolits sourcs malchos wellwilh that dol€mined by

th€ REE l@n& .alid In lhls ch.pt€.

Thls @ncluslon also coresponds v€ry woll wilh ths M€v€r d al (1985)

pr€dlct€d nodel lor manlio b€noalh lh€ sEvz shoM in Flqur€ 513 (oxcopl lhst

they dst€rhlnod oan€t lheEolile as lh€ eur* maleilaD ln Ihls mod€l

Eyjatoll ovo les a roglon whet€ mslts a@ c!€aled al prccisely thoso

condltlons (sPlnel lhor2ollte sourc€ and 12_15 Kbat prsssute' or 30_'15 kn
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r Eyjatl6ll o 15 lGar ' 12 Kbar
o_o'o PYF ToL

o 15 Kbar . 12 Kbar sL ^ 15 Kbar sL
TOL

FtdsF 5.r2: Comlosillons lor man E m€lts sl dl(oF sl.ninC
6;osuoE and D@ssut€. (d.olhs ol moltlno. TOL - Tlnaqulllo Lh€6lrl6
PYi - PvD[r6 lGF.n, 19?3], SL . Spln€l Lh€EolI€ {Kushlro ol al
r96s, 19i2), sr;ltm p@ssuroa s€ 12 6nd 15 Kbar' Esh dat pohl
norelems i Osnoe in p,esure ol 1 Kber' admPanod bv appoxlndolv 1
9a mh. EviaflOll data t€Dr€!.nl .dnposllon5 ol all Fs.ibE pa@nl msCmts
lor th€ sysGn: rn€se 6m6 lron n|6lledoml dvstdlEa on ilodoh and
r6o.€6€ni 6ll naoms omposltion! In whLh ont ollvlne L lradlonstn!

F3
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T.bl€ 5.02: Compoeltlons ol r 3plml lh.Eollt' (Kuento st 'l-
ieot. r-t cuor".a poo.ttt. par.nr |rtcni trcm l|ullFBAc
r ci;nd crylt.tttzaiton mod.l 0lquld lutt b.lor. Pl'elocla'
cn€r.tlz.tlo; b.glN, lls?'c), and no.l Drlmltwe po.dbl'

D.r.nt n!!gnr, aon .!rn. m.d€! (Ev_ae).

SPlnol

49.02
0.22

1.04
8 , 1 5

32.35
2.97

0,07
0.26
1 . 1 1

100.76

slo2
Tto2

Fo2q3

lrc
ro
l{fo
K20
c1203
H20
P205

t t 6 ? . c

2,439

2.731
9,069
0.156
8.344
12.86
2.126
0.3136

0.1882
09,8568

El-49
46.05
2.109
12.54
1.76
1 o

0.167

11,52
1 . 9
0.28

0-168
99.984
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SOUTHEAST VOLCANIC

Fbu..5.13: irod.l ol m.0n !.mtbn.tld .dmulalio alono th' sEvz.
Cfutd t d.n€ar b bas€d 6n setetlc de. Th€ lon. o, mdsm sumuldon 13
bea.d on marmlol.lu& data and condB ro_2094 m€rL lslh.ms de
b6.d on oerh.rnal oBdl6nts (lom M.v€r .r al. 193q.



d6pth). PEEunBbly this small amoud ot mslt dsB ro $€ b6e ot lhe cfusl

shoE itacioMdon loolino) @ur6 Fbt to €ruptbn Cllnopybxdn' dala

sho thar l€ctionaribn odulE l6m n€at $ds.. p.€sutes io aE hbh as 10

Kbd (30 ldn). As the crusl Is ont 15lo thlck (s Kbai, th€ hlshesl

pressuF c[nopyrox€n€s musl b. lom6d l'om iracliona$on dudnq sscenl ol

a9 fi€B l. mu.h suPpoit ad €vlde.co lor hioh pGssuB m€ls lormho In

srnell porc6ntaq€s, and lh€s6 arc kwr tom e)ps mental mlk io prcdqco

alkslL rBlmas, thi6 s€6ms aU thsl ls necoss3ry io explaln lh6 alkallc

cndador ol lhls rcoion, ousul ssslmuaton ls not n@€ssalv and ln lact

evldene .66ms b be aoalnsl il s a malor pt@ss.

GlldtoDdoly

Stra l l t raphy

Ihe slrallgrs9hy of Eyialldll, 6 F€nion€d in |he lasl ohsPlEr' shows

some ac6 g.ps, beireon 1 73 Ka and 271 Ka, ad 435 (a and ss2 Ka Th66

oaps €n bo qplsinod ln a numb€roiways. {1) Slnc6 no samplins has b€en

dono lom llt€ norfEstom or o6lsm €dS€s ol lh€ volcano' ths lomor b€caus

oi Ina@ossiblllly and maPPed hyaloclasUtos, 6nd ho later b€cdss ol |ng

lnalllhy ro difio€nlale b€fteon Eylsljdll lavd and Kaua lryas' It ls Posslde

that th€ gs!6 c4 b6 €rplalned bv a ch3ngo in lho locus of tho orupibns dlnng

th. missinq p€ ods lsad lho easl.m t€qlons ol the vol€no (2) ll is

possibb $al thes€ s€ls exisl du€ lo .6lon oI lhe male al by qlaciers donng

lalge transs6sslve 6v€nls (lco agos) Evldon€ ror lour major l€ aoos has

boen tound 66rdod in rho s€dlmonls ol lhe Tjdm6 reolon oi norlhen l€14d.

doposlt.d durlno th€ &unhes maqnotlc p€riod (< 0 73 Ma). Thes€ samE tc€ a463

als slso lound recoded in Ue madn€ sodimenls solnd lcehnd bva13O and%



CaCO3 vslls iom d.€P sea @res (Eitlksson and Gd6d6ft 1991) Th€

yoonqssl Ic6 aq€ @urcd at sr2 Ka (d.potdho uFon lodlion wilhln lc'land)

The dal€s of tho6€ oH€, ry€nts ab ositnat€d al loo lG, /too Ka' and 610 Ka'

Thor€ ls ds on. .l€sib€d as @uding lusl al h. Brunh€s'Maluvama

boundary. lh€ 160 Ka and 4OO Ka 146 aoos 6uld b€ feponsible lor lho

obseto€d dala osp6, dd il e lhev @h are rcqunod io Bmov6 a mLnmlm or

120 Ka a@umulaion ol volcdnic mal€ aL. (3) Sine no $dimenlary or

tryabcldllle b€ds woro BamPl6d, n b posslble he o€p6 @n be explain€d 6 lonq

ll&ial Prlods du ng whLh all€ruptbnd o@ur€d undor ico cr'atho 16phra

and hyelocldtlto6. Thls seems lik6t, d loasl ln pan in $e Hvtmmsmdll and

stelnaljall *cllon6 whore hyaloclastites have b€En mapp€d in lh€ r€gions

dryoid ol lava llows. Ln panicular, 6 larg€ hyaloclaslil€ r€gion ls maPPod

bdw€on 412 and 7oo Ka in lhe S$inatall sedon, Two laroe hvaloclastto

bsds wlih em€ inl€denlno (unsampled) llos ar€ mapp€d lor lhe

Hvamm.mlll s€cllon f@m 350 to 600 Ka

The exirt6@ ol thes€ bdds sugC€sb trequeni clag€s in cllmale d 9€vgn

dfioront hyaloclasll€ episodes ar€ mapped wihln a 400 Ka im€ pedod at $e

Sl6inai6ll section (Chspter 4, Fqur€ 4.03). The s'r€cis ot lhese climate

chanoos aro mo6i Gedit seen ln changss in erupltu€ cha€cle., when

hyabclasrnos domlnale over llows,

ch.hic.l Evotullon ot rhe EyJalioll volcanlc svsl€m Throulh

The evolu on ol$e EylaqdllVolcanic Syslem thouqh llmo can b6 s.on

most dest bt th€ changes in @mposiion. ll app€a6 ual lh€ oldesl rcdG

d€llne a v€ry sP*ific roqion wi0in lhe alkallc and subalkallc zon€s FOUre

5.14. Flguro 5,15 also shows lhat ho old€51ock! aro lh€ mosl p mi$ve

(hloh MgO). Thls plot shows lwo ankaramilss, sTF-s and Ev_49' and a
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r<  r50tG D 100-415Ka '  1575Ka

FlCur. 5.14: A 3.gmnl ol the !esa[ rdEh.don slh Eviafl6! rlsta sn€d



K2O + NdO

Flolr. 5.15: Allrall vs. 6ilLa dlasrgm *lth Evlaflall
bfo., Un. lndbal€d MscdoMld .nd Kr$ua (1964)
rhoLlhlc and altrllno mal.ri.l.

9to2
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ph.r€, Ey-17, ploilnq in lh€ thol€iiigllold on lh€ olhor hsnd the youngesl

ro.ks ol Eyiatjolt span $e lull lanoo ot composl ons lrom tlk8ll' lo lhoreln€'

and show a much hioh4 numb€f ot dilLrond.lod lw6. In lei no !h silts

rc.ks 4e lound that ar€ older than 3oo Ka EoloB cxplalnlno Ns ft is

inpoddr ro rem4ber posslbl€ sandln! biases. all high sili€ rocks lound

thal arc older than to la6t glaclal po od wero lound In th€ @n161 Ggions ol

rh6 volc€no, ll lhls b s rend for lho stst€m, then rh€ oldd silicic bcks wolrd

bo b{.lsd and unablo lo bo samPl€d Howver, slnc6 volcanisn in n'o rccsnt

pasl h6 orupred b4a1te n€* lh€ iop ol lhe system 4d and€snes along $6

llankE, p.rhaps tho sampllno i5 repro$nlsltuo.

Th€r6 must€xid some lypo ot mechanism whbn can prcduc€ a lreaBr

€noe oi maoma @nposiions in lho laier pe ods oi vol€nlc aclivlv lt, lor

Insianco, lh. vai€ly l3 due lo dlltor€ dop$s dd percontdgo ol n€llino

(difiefoni alksll @nt€nls), then I mld bs explaln€d ,hv lhs$ seB moro

lnllom lor tho old€r lavas, ad mor. vad€d h lhe voung€r on€s. It mgltnO

odrod at dillerenl dsplhs and pEponons, fien |he pared m€gmas

{p mary mets) should be diltsr€ni and @nsdquenllv lhe lrends or tho oride

dala should show pa€ll€l trends oriqina nq irch dillerenl staning

@mposit-@ns, Thls euld b€ padlcuhry reoqnlzabls on the MoO vs FoO

va aUon diao€m, 4 MsO snd FoO wi! cnengo onsid.ablv tot dilisront doplhs

ol mEtlnq. Hos6ver, thls i6 not soen, and sll ot lho oxido va a on diaqrds

@n bo eplain€d by lradionEl cryslalLlza on lDh a siigle sour6 dmposlilon

and sub*que minnq amons maqmd wlth di(otent amounrs ol

crydallizailon, aB m€ntion6d €a i6r, ll i6 unneessary lo Invoke dirl€ ng

eu@ @mposlllons io explaln lhb PIot ln lacr if murllpl€ source

@mposjtions wer€ presonl lh6n mulipl€ {paEllsD lrends would bo evld€nl

tum $ls dlalram and lhes€ at€ nol s€on.



An alsmatlv€ mschanism lor lhls varldy and one more likolv lbm me

polnt ol vi6w oI lh€ pgtrog,aphio data is slmplv verylnq arcunls ol cryslal

l€ctlonauon. Grdr.r .mounts ol tEctbmlld in lhe near Pas1 qn €plajn lh€

greal€r vaioiy ol @mposltlons. shll€ In li€ dlsia Past liactionalion w6

.ev€r allo*ed to !o vEry lar. ll thls ls he Esponslbl€ mecnanism' n is mosr

llGly due !o a chanOe ln @olino aio6 as magmas spend do6llh€ whhh

chdb€6 o. mol a@umuiallon zonos b€n.srh Eviali6ll,

It a magda chambor were abl6 to lom withln lhe .rusl ad allowed lo

l€cllonat€ ovs lonq ps ods ol liho (mudr [k€ Hekla as m€nioned ln Chapi€r

2), lhod €ruPttu6s would be mo.€ sjlLlc. As Ih€ onlv hislo c €ruplion lrctn

Eyjali6ll was a l€ph€ expLosion, a maoma chambor in whlch a lluid phase

sop4als and moves lo rho icp ol ths dsnbE! would ba a oood otplanation nb

wouu rocus all siucic volcdlsm in lhe c€nt al Ponbns ot lh6 svdom and mal(o

t $6 pr€domlnad volcanlc p@duc;i !ftor lonq F€dods ot quie$enco h soems'

wnh the r€cent Holocene (p$Elaclal) tlows, $at the silicic vol€nism ls

Indea6l.s, Perhap6 indicatnq floro tme wllhln magma chsmb6rs so thel

€xr€m€ lractionaton can oeur, who.e6 in lhe pasl lhs baLanca was tipp€d

roMd minimal lacllonalion. Thls oxplains whv te oldesl malerlol on

Eyjaiidll shows lh€ ledl amounl ol lradionallon' (similaf ld th6

Voshann€yar syslom which d$ shoes liltlo It anv tracllonation) The

lmpllcallons ol this willb€ discuss€d ln he ngxl s€cton.

How lhe volum€ oi malo al qltudod al Evjalidll has varied ihouoh limo

has been odimat€d, 6 actumulatlon cias (Flguro 5 16). These dsla weE

estlmalgd lrom s€ctlon lhicknesses (Fiquro 4,03, 4 04), geological and

lopoqEphical maps or th6 Eyla0oll syBlem, and K_Ar ales Tho dora show a

laidy @nsia a@umulalion dl6, lh€ lma span belw€€i 325 dd 700 Ka h6

a lower accumulalion lalo and yel can b€ explainsd 6 a rssult oi removalot
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matonsr drhg lcs s!€s. Eflp{o En.6 do mt a!?6ar io be changlnq v n ilme'

h as muct .5 lh. p.6ont smplhg c.n doiarmlrB Young (<1@ Ka) lava6 hao

b€s EtuB€d sll dor $. rclce rom .a5t to wesl' tho most re6nl

(posrolaciE0 alono e6rwesl lissure dd in lho conlral c6l€r' Tho old€r

lavs (>3oo Ks) cDpout only whor. ghdal eoslon hasnr Gmovod lh€m or

yo!n!6r ldas covecd $€mi h i5 unrealsd. b use th€s€ ouicropGlc' doline he

.nonl ol past vol€nirm.

r..t6nrc rmPri..non.

Tbnd. Along lh€ SEY2

Th€ @l@nic syslem ol Eyjaljdll ln !€lslion io lh€ rost ot lh€ SEvz was

prcpo6ed in chap!6r 2 io be tho 'ni$ing Inr lo lhe avallabl€ dara. wilh .

rhol€llilc rln zon6 (E4led Rtn zono) lradino Inb a piopacatlns rifi 8p

(v$hannayar - alkallc), ft mdd s€.m llk6lv tiat all intomodlary volcanlc

sysroms should show g€dalbnal @nposlbN so $al combined iog€lher $0

snllre sp€ctrum, lom aLkalino to tholelilic is @prc6enl€d. Prior lo lhls

Invesligaton, however, lhis was nol th€ 6E. Vostmannayar' lh€ very lip o,

tho Fopaqaror, ls solely alkslL, uhlls lh6 Hskla Kaua r€gions behlnd $e ilp

ar€ sololy tansidonallo lhol€iitlc, Thor6 w.r€ no dab Bpr€sonllnq a

cradadon b€rw€€n the alkalino comPoslib$ and $o t@sitonal ones

Geoo€phlcally, Eyjaljoll is lho liBl system nonh ol Veshannevar slong

sr k€ (lyino belw€en and lhe Holda-Kslla reoion), ad ihus propo.€d lo b6

ihe bsEt c€ndldat€ to spdn ft6 nvo dlil€r€nl composl[ons- ftb hvsiha on hs

dF.dored thi6 to bE truo.

Trc psdcul4 chans aro us€d to domondato lhe lap and how Evialioll

nlb il. lh.so a@ shown in FlluEB 5.17 and 518. Tne lome! gtaph is a

va arlon diaoran ol SiO2 {r'l%) vs. iolal alkall6 enl {Na2O + K2O wr,!)'



6

K20+Na20 s
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r  Evrar idl l  I  
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Flaure 5.17: Alksli v3. silica dlaor6m
cor..sDondino to dete lbm H€lda, lG a,
liscdoosld end (alsu6 {1964) dtulsion

lo. data lrom Eylafl6ll, wllh il€ld!
and v$rn.nnay4. un6 Indel€3
bdws.n lhol€lluc 4d alkalhs
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Frcur. 5.r8: A s€sm€ni or rh€ ba$h r€sah€don sih dars lrcm Eyjaloll
&d ti€lds @despondino b data lbh HoUa. Ka&, and veshannayat,

EiH

.  r*ial l .rr I "."*-*. S h*ra E |a:ra
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slnil b $s ono snom in chspt$ 4. on $ls g€ph' lhe vedmann€yar rcno

lis in a hlchly alkslho nald, $mo disl.erca sbovo lhs Macdontld and (atsura

119d4) rhol.ltic-slkallc lino. lhg H€kle sv$€m (tD onlv svstem fof whlch

data on hlgh-dlllcs malo al ls avallabl€ In h€ lt€Etur4 lles lst sbove and

abng that sm. tine, Nono ol th3 data lom th$E trc sFr.ms ov€deP l' lhls

hlgh sro2 @Ce and in lel a osP 6s €rbt ln thi. oap' and hcludlno Fohts

which 116 w[ni. bolh ol the pr€viously medionsd tFnds, lie lh€ samPres ftom

Eylalj6ll.

Slmil4ly, tn Fiqur€ 513 lho basalt brahedron is shown and on lha

diaoreh H€kla and Kalla both plot rowade snd aDund lhs diop6ld''hvpoGineno

joln, with da|a s@tloEd drcund both sides Th6 v6snnann6Fr data plol arcund

th€ dlrrpsldo-olivino loln wilh scdtl€r Fostly on th€ n€phellne sld€ ol lhls lln€.

Belsoen he t^o Eglons tere 4e no daia, and again no ovo ap. Eylaqdll is

rho systom which br'ldoes lhis gal, with &ra r.Proentinglh€ whors 6p0ctrum

ol composlllons lrcn nephellno-nomatve lo quanz-normallv€- {lt ls

impodant ro noro h€r€, howev€., hat gll of lh6 H6kla and Kada dala 3r€ lor

rcc6m bosl'olaclal) basdhs and ihet€bro tepresEnl onlv iho lal€sl episod6

ol volcanlsm. h is Posslbls and lik€ly lhat eaii€r volcanlsm wlll show slmlrar

rends lo Eyja[dll, a dn6cl lmplicauon of lhls sludv)

Th. oncluslon ot lhis 4alualon b $at fie ieclonism of th6 !€9ion

(prcpala n! nn) and ih€ resurfng comPo.itional varlatlon. a

p@sr6*tu6 and ooos€phi€lly cBdaton.l. all qBds6 or whrch ale

repFs€nt€d by pEsenlly sclivg syslems. and mosl llkelv in p*t volcanlsm 4

w€ll. Eyjafoll seeFs to have dev€lop€d lhrough maomallciedond

moo\anisms 6mmon lo bolh lh€ srstem ot ln€ tp ot tho propaoator and lhose

sysr€ms lunh€r behlnd il. This will b€ di5cu5sod iurlhei b6low.



on€ other compa son donq rystoG h thg sE\z ls shown In Fiqurs

5.19, vhorc BEE t€nds a@ shown lor all sysloms The 5loP6 arc conslsiontlv

LREE-onrlched, Indlcetlng small peE€ntales or m€[' and €llhsr surPdsmqly

un(orm molt @ndl ons (sdo molt p€rcontaqe ov€rvlvherc) or a sourc€ whbh

le qulre l@ In oarne! a5 m€ntlon€d €.rller. ln tacl' ll is prodicl€d lh6t sEvz

ar6 belnc pFdu@d iiom a splnol lh.aolllo &ur@ Hokla'Katla snd Evla$||

show laQ€r rsges lor REE abundsn$ than V6dmanevar' This ts mtl

rlkgly duo lo groalor arcunls ol ln4llo.al cryslallizallon In lh' nonh€n

Propllatln! Ritb and rh€ sEvz

wo* don6 by ch ste and slnlon (1991) addrssses vtious

ch.ncte stL6 s€6n ln volcanism odufiin! alon! popaoalino tb Th€s€

chsr$t6rlsll6 sr€ @mpai€d b6low to th€ voLsnism o@udnO along ihe SEVZ

in th€ hop€s ol lurlhd dlstlnoutshin! thls .€!bn as a propagalor dd

sp€cllicrlly .xphlnlns th€ o16 ol Eylqiidll whal tollows ls a 8lmmary or now

vol€nism (volumes and procosses) chano.s rsLalivs to poslton along thg

Galapagos popaoaior, shotn as ooling cutoos In Floure 5,20' &d a b €l

oxplanarion ol io which pon ol $o sEVz fies6 cury€s @nespond.

coollno cude A shM mslnno ol nantl€ maiEnal and d66p intrusbns lu.l

stiqhrly ah€ad ol fis r'rp ol tho ptopacaior aT(lomporatufeya( m€) is loo

hlgh tor erupuons lo @cur. Fo! cooling cuto€ B, al the !€ry tlp' lsolhsms

hde sen io ih6 poinl whBB lh€ li6t untadionaGd magmas aro erupled (not

enough tim€ ior tacllonation lo @cuD. This 6respond5lo $e veslmannevar

systom wh6ro mostly untracliohabd maqm6 of small deoF. m.ns tr6

oruptlnq, Beyond lhls rjit lip, heat cle6sd bv coollna dnd dvslallizalon ot

e6ndino magFa Is sutfici€nt io @us6 lhe dsvolopmsnl ol a shallow rellon h

which iampealures excsod the basall solidus and €phsmelal bodigs oi magna
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Flsur. 5.20: ld.alizsd @lln! Pah3 lor cruslal mEOm. bodios Sel€cl€d
rJtm curu se snom ua diacuss.d In lo{: a - @llt{ t E ioo hlgh lor
.rud6n: b - oruglbn ol unthctlonat.d ldaq c - opdmum lor F+Tl
b$ah: d - oDthirm lor hloh sldlff.6nd.b3: o - Inc@6lnc aupplv llvd
tncreaioo pooomy ot m'itnc; t - sl@dv d.E mld{@sn ddg. (ftom
Chndi€ and Slnlon, 1981),

F9



1 6 6

may i.sldo. Ths5. wlll und64o Egld ts.lbnation alonq.ooling cuws c'

podudng F€-n bsalls. Thls cuN6 r6Pl.*nl6 what lhe vdstmannFyar

sysr€m Is pros€niy evolvino toMds ilhv 1991b) dd doscrlbes fie dlsianl

past ol Eylalioll @nslrudion Th€ most lntodan 6re€qu6nco ol lhis dractam

h thar h ih6 hi€m€dlalo 6l€3 ol mae|n. s!9lv and @ollns €r's. dlvo6ilv ol

oxtudsd lea 15 mdlmizod

Funh€r ris. ol ihe isolh€ms b€hind tho llp causes $€ m.lt zon6 lo

6nlaee. Tho prcbabllily ol small lsolat€d magma chambers rssidin! and

lEdionsiing wllhin lh€ crusl incEei cooling curye D Thls cutu€

r€F6enr6 th€ majo ty ot Eyialoll volcanlsm, wnib moro Bd @l@6m

is swosdvo (in Parl) ot lh€ dJde dls.tib€d nexl. Ar som€ point b€hlnd th6

ip lhor6 sill b€ a tresllon iom .phdoral maoFa bodies io an Inc€aslnC

nunb€r o, Inb,@nnected on€6. At lhis staO€, a bdd@ is md beiween magms

supply rat6 and @lino de so lhat a brc6d 6nge ol mesma mmpositions ls

lomod. Composllionaldive.slty ls mai ain€d by i&laton ot lhes€ magma

chflb66, bul elfoct9 such as don6l9 soPdalon ol F€_Tibasans dd nomal

bsslls may b€coms lmpodanl6 naqm. vollm€s and sopplv El€s ind.a$

Ev€ntually Inler@nn€ction ol thes€ bodl6 incroas€s until a $4dy slale sysbm

H€kla and Karla reglons behind Eyjalioll aB sugoeslive ol cud€ D wiln a

laoo diveGhy oi @mposltlon and co6!5t€n@ oi bolh F€'Tl basalls and

thol€iit€s, Totaldkun, wilh its la,Ca magmo chdbor and enreme

lEdronation ls most likoly $e reClon whoro tis @o[nq B16 vs magma

6upply r€achos a mdimum. FudhEr nodn lom ihis systm tle dvnamiG

a@rcach st€.dy slat€, cuw6 E, and rcmd ridoe lholoiilos dro 6ruplsd

The und€ ylng rcLalonshlp qoveninq these va ous cudos ls lho

balan@ b€M€En malma supPly and @lino raL. Bo€use th€ slpplv 6te 10 tle



sEvz 16 60 shall thsr€ ls nol onough olponunity tor h€al lo build up A5a

r€sult coollno rares arc high This is suppon€d bv lh€ low q@uEmar

cFdl.nts ot rhl3 toolon & m€nllonod o.dler In lr s chader and Chspt'6 1 and

2. Wilh hilh @ollnq lales, maomas wlll fadronato quicklv ln lho Hskla

rogbn c@linq El6 d€ quiio lasl, 6 d€5cnb€d In ohepler 4 hlghlv sllrdc

maom$ {60"65 wr % S1O2 ) can tEcdonal. In $6 magma dramb€r on ll'e

od€r ol so year6. Fodher nonh slon! hs sEvz lhss6 @olino 6ies wi$

d6cr@€ as th€ magma supply indoass.

Ii€B ats som. @ndilons F{os€nl in lh€ SE\rZ zono Ihd ars dilleronl

nom $€ Galapagos propagaloi Thos€ @ndnions ond up maknq th€ dstdM ol

obcoF€d chances g@6ler lbl l@ldd $an h€ Golapaqos. Th66 arc llstod bdd

(A) The pr6$n@ ol rh€ Souh lcoland SolsFlc zon6 wlll lnc@aso lhe @olino

610 by the proximily ol @olcrus|al malo al (Langmu and Bsnd€r' 1964;

Mey$ €r al., 19sg) and as thls &ne iE ol such qEal l€noih 4d widlh lt wlll

Iunho. tE€asg coollno dt6s by maldnq porimal such a la]!g reolon oI cool

ma|6 al, (B) The llow spr@dlno 6l€ ol tho Mid-A enlic Ridq€ and E6len

Fift zon6 ln panicular will p@lde an wsn lower maona suppt El€ (C) A

Fosslblo lag in propssetlon Ele ot $€ nfi rchlive lo lhe unde ving manre

sou@ rogion wlllprcduco a conspondjng lao ln supplv €ls whelh4 or nol

lhls ls happ€ninO in tho SE\z i5 unknown. M€y€r et al (1985) susssted lhal

It sss s&onslon ol a holspot Uob at 2-3 Ma, 8nd lal.6l dilluslon of lhls blob

thd insllqal€d th€ pbpaqalor. ll lhis 16 ru€, hen poftaps lho sourco iB

dlmlnlshlng, snd wiih ll lhe magm6 supply Ele allomallvely lh€ blob @uld

b6 movinq laslor han lhe oveiylnq lilhosPhEie h whicn case maqma supprv rs

lncredlng. Fi6ld evid€nco, howd€r, as d&wEsd pr4lousLy in lhis chapiEr

sulqesl3 lh€ lomer ve6ion, wlth a hlch coollno de and low mgma suppry
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Th6 GalaPalos p@paOaior shots Mo a&alic lavas Gco!€rcd in drsdge

hel6 (chrlsli€ .nd sinlon, 19sl). rho lact $at th€,€ are t6w€t kDwn alkalic

ro.k tron |ns Galspasos dle lhan lEm Lshnd suc06sls lhat nerllng ls

odnhO undor lh€ Galapalos Pop€Cabl at low.r Pr€ssuBs lhls El€r. b'd<

io rh. so* discusod In ChEptor 2 by Jaquos and Grc6n 0930)' whsre alkali

oltulne b6sa[5 ar€ shown lo lorm onlv in 6 vEry r€srrided li€Ld al hbh

p,6stss dd low p€rc€ntages ol n.[in!. P€thaps bmauso lhE GalaPogos

prcpacaior ovorll€s thinner dusl than lh€ sE\z lo km tor lh€ Galapaoos (Hev

ot al,, 19s6. lggo) and 10_30 km lc{ tF SEVZ' ihl6 silnilies a low'f d€plh

and pr€Bsus ol F€ltino lor the lorm€r' c€rlainlv he lava composltlonB

compositional lrends in Eyjalloll dala show lhal lh€ balanco oi magma

eupply and @olino dte h6 ch4osd der dm€, mo$ llkely du€ b movem€nl ol

rho popaoaro. to rho sollh. E/aq6n hss moved iiom 3 past balanco slmllar io

rhe pr.ssnl shlatlon ln vdsIlndnayar, io a balance lodav whlch app6a6lo bs

approachin! lh. balanc6 ol H€kla. Posibl€ ral€s lor lhis propagallon can be

del€mlned only in aPPoxlmale l€ms. Th. bost melhod ior dsleminaton

sdd b6 by @hpar1son afionq 8lL lho systoms ol nle sEVz ol cheno€s in @ollr0

ales- untdunately non€ of th6 olhor sysl€ms h6ve been exl€nElvolv sludlod

inl! thoir p6r. As diBcuss€d ln chapt€r 2, d ll @Es ol lhs v€stnanEvar

Syst.m show emeesn@ ol lho alkallc pr€s€ day charader (130 m thlck

E€dron) ovoddlnq 560 m ol man.€ sedim€nls, lndoublsdlv lhis transliion

ma*s $€ movomenl ol lhs pEPslator loruad lr fio rccks lound just above

rhls chan!€ @dd b6 daled uen lalss clold bs apP@ximaled The Evja[6lL

.ysl6m, lor whlch 780 Ka ol data arc 4aihbls, has lhe mGl compreh€nsF€

nmesnposition dala sel. h odsr io appolmato €tos ol propaoalon, n b

odhaled thai EyjaEoll was rhe p ol tho Popagaw ar 7s0 Ka. ovsr 600 r€



i 1oo Ka (up to the ch4os in dolin9 €l€s ar qboul 150 Ka 1 100 Ka) |n6

popaoator iip h6 mioaiod loMrd 50 krn t 10 krn (dlslanc' belwo€n |n€

€.ror ol th€ Eylaijoll volcanh gystem .nd the €nior ol ihe v€stnann€yar

volcanlc sFism) This sets ths poPaodion €le v€ry sulhlv 410.33 cnvvr

r 0.22 crvyr. The Galapaqos ptoPloEior, h compsison' has been o$imalod lo

move at a veloclty ol5 cn/r (Hsy et al., 1983)i ono reen Il ls lasld llan

rho sEvz ls probably du€ to rh€ d(leBnr ftlckno*.s oi.rud drouqh uhbn

T€ctonlc Mod.b tor lh. sE\z

Models lor lhe enfis SE\Z r€glon have b€6n prcvlouslv poPosed Fhv

199rb; Mey.r €t al., 193s), and on€ in Psdlcul4 w6 dlscuss€d at l€nolh in

cheprer 2 and €a le, ln lhit chapler {Ficure s.13, M€ver et a| 1935). This

model !€€ms to hold w6ll lor Eylatdll, and shoss ln crcs6_s€ctbn now varous

asp@ts ol volcanls and sltoctuE chanOe Tho mo6t strlklno clunles soon

along h6 sEvz a@ ch€noos In cGtal thlci<nsss 0hin.6r asav lom lh6 !p)

and a codespodins chanqe in @mposnbn (alkalic al lhe llp thol€illlc along

rh6 dft). M€ltlnq oi Ihe $ur@ @qlon lor v€sltnan!€vor rocks has bo6n

odinat€d at 15 Kbar (4s lo 60 kin d€Pth) h Eylalldll 0his invEsngauon)'

melrs ar€ €stimded ro lom al12lo 15 Kber (361o 45 km d€plh) Th6s€

nells nigraio upwad6 lhrough lho UFP$ mnilo and .rusl and d€ab magma

chambeG al 1s km depih whic! mnesponds to about 3 Kbar p.e$ut€ Hskla,

bohlnd Eyja!6ll shows lomalion ot maoma chamb.6 at 10 km dEplh, 1 lo 3

Kbd. li abo shos exlenstug malma mhlng,lndlcalive ol larg€

inle@nneclng magma chamb€E lomln! m6I a@umulation zones. (Thouoh

no dldonce was a@umulalod lom ttft srudy, ll s6oms likely lhal wal€r @nlent

de chanoss, inc!€aslns lunh€r non fto tip ol he pEPaoatot
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& !!3 orud5l tlickn€68 ch6rlc.s, so bo &€5 lta comp.Glbn ol !l.

exrrdv€ maled.! wheG matsdal mdb qt he hlgh€s| p.€s8 {deoPEl)

aid DarStl mofl! aB tho lM.l (maons llDplv ls lhg low$0 p4€ magm'

ar€ hllhAt lr slkdl @nbnt snd aB 3illoa_undo6tt)|atsd. Th. volum€g afo

qln€ smdl (!€rcooisoo o, Fanlal h.uie) and t@lrx. th6 h.ompsllt'

6bEi! ara anlchad. Aa dePh d..r.$€3 atxi nagma 6uppt !lot€s.. lt't

slkalhly rdlld.c.6aEs. vadaion In alqlhllv at ryFlolt 3u!qes!6 thsl ln

te D66t (>5oo Ka), Eyjatdll w Eolauv ma o. P ol lh6 pfopasator.

lo<by ft ha6 b€en replaed by v.sltnannevs but sdll shows !'adatlN 4av

nom G 6.n|d hbiory. lt has w m.neo.d lo loln Mgma chembeb wrc€

hlghly Elllclc malodalhas a cnlncolo lor& 8rd @m0kt6 crytlalzoms ar€


