
OIAEIEBI

GEOIOGY, PETFOIOGY AND TEOIOIIIC SETNNG OF TfiE

sOUIHEASIEBN VOLCANIC ZONS

l-ollll|lrclion

Tho south€ston vol4anlc zone 0€|6aior E,6md lo a3 hs sE\z) is

didincr $s olh€l adiv6 voLanb lonos In lc6land, msr nok€ably b€caus€ tne

roc*6 or to SE\az aB alkalic lo subi<8lb (ras|nonal), Ths SEvz {tho

$urhonmGl ononslon o,lh€ E4sl€m Flll zon6, Flgur€ 1.03) ls made up ol

s6van dilrorg vorcanic syslems. Thes. aB Holda, vahat0ll, To.lajdkull,

llndljoll, Katla, Eyjatdll, and Vesttnann6y (Flou.o 1.18), E&h syslom ha6

hs oM unrque q.ochemi@l dd isclonrc chaGcror 6 bneiy 6ummadz€d

tlrlla

The lollouing gsnoEl slrucluEl dd chgmbal lnlorMlion lor H€kla

@hos lom a @mpllallon ol prevlous Invesllqalions, disss€d In d€lail by

Jskob€son (1979)- The HEkh Vorc6nic tsl€m is 40 km rong and 7 km wldo.

All major eruplions o@ur ih He(u!je, a 5.5 kh l0n0 summit iissuro 6n.nding

$urhresr b nonhos! only high slllca rcck6 a€ srup!€d in |his c€nrsl

feClon. Erupllons alonq lh€ lldks ol lho sysiEm show eloly lranshlonal alkall

b€sdft and and€sirlc sl@b p$ducrs, the€ is no @ ral 6ld€ra, and rc

hlgh-rofrpor.rur€ ftgmd .crlvlry. FEm lhl. inforn. on, combin€d wirh rhE

posiltue @relallon bolween lenOih ol qulesnce and volume ot su@eodlnq

oruplions, h ls b€llw€d lhal H€kla hd a laEe, doeFseatod malmachamber,

P6Elelal Extruslv€ wlumos tr€: 7.7 kn3 b6ah,13,s km3 basaltlc

andoslio, 9.7 km3 and€6it6, 7.2 kn3 deleihyollro, qi$ a rola| voluno ot



.ruptivoE ol 32.4 kn3 {6,6 kh3 ol shhh ss erupl€d In hlslo& line < A,D,

9 0 0 ) .

Beldidce €r 31. 11973) popos€ rhsr ovolu0on ol p mrry .Egnas |o $6

hroh snic. composilbns @ be €pl.hod by crysralllza&n ffd orautatlongr

s€Fralion ol olivine,lfi.nohaqnollte, plaqloclaE€ snd possibly auqlto whh no

@ntamlmdon by slallc @5r n€c$sery. Wsror pro$uG wa6 delormin€d using

lqn@us plaqlocl4e rhormm€rry, sy qo$i€t€rscho walo. prassuro (|ara

wlth i.mp.6tuE dat , war6r @nrdl! @ bo $dmd€d. Uslng lhk

rolatofthip, I h6 b.6n esdmated har rh6 basauc m.lb would be 6lp@led lo

iavo waier @nlonls botwsn 2.5 lo 6 wf*, With such hhh amunts or wal€r,

difioGnllatlon ol maomas wlll caus€ a@umulation or hioht ovolved mells and a

!€paa!. Mr€l phas€ in ft6 lPpsl Pads ot he magma charb€r, As fie waler

Fr€lsuro oaood6 trs 96ngh dd w€lghr ol overyh! rc.|€ an o9lo€iv€

€ruprlon oI hbhly lEcrionarod narodll ,.lulrs {Gudmun.h6on, 1936). This

4n be $on In tho plot ol slo2 M% v6, rlm€ ol €ruption (Fisur. 2.01) whe€,

atis rono porrods ol qulsscence, exploslvo pllnld-slyl€ €ruPtrons o@r wilh

hiol y sjric'c mal€ al (willbms and McBlm€y, 1979),

lhrnrll l

Tho ,olbwln! Inlomatiq @m.s r@m @* don. by Jglobsson (1 979).

tho VErnefpll VdcdL Syslom ls 40 km long, I l<m wid6. Thiny-on€

IndMdual orupnve unft6 he6 be€n identilied. all ol rsnsltional alk€ll basalt

@mposlrion €rud6d rrcm ftsurs 1 .8 ro 4.4 km long. ThEE havo be6n no

hlsrorlc €rup0on6 f@n thls EFbm, and th6 iolrl wlum ol postllelal b.sli



. $or 9t ,ta

Fhur. 2.0r: ]b€ 3ll6a ooii. s ol ih€ h al c3s'rioi Prodrcb ol hl.lodc
-rcorE b|n lL*h tond io b€ hbh.r $an $o€€ ot ho mah ba6snic magmr
tlei louos6, ad ine amuil ol lhl6 dfier€E ls dL€dt proco.donal b u.
|ln. ol rso@ b€lr€on eru@i6. Th..a dladoB Indlcaro $al sllLa ed
blr L 6hd.nts a@ @nuFnod ar 'lo bD ol th€ msma @luM dutlio
ln! ht6 sb lsl|.an aruDloni (lori wuarr|8 ald ucBlhar, 1979)
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,t



rshit&dl
Unlo$ oih.Ris. srabd. rc dono by Mc6aftio (198.{) on lh.

TorlEj6kull vol€nic system povidos all ol lh6 lollowino inlomsllon.

To,faloklrl i3 . c€.tBl vobalc @mpLx which coNGts ot an €lonoals rhyoliL

plaroau 450 kn2 h ar6i, qith a 30 kn lono woBl-rcrlhr€sl, .astsulhoael

ais dd an 18 km lono ndthesl-su0lmd an.. I1E sy6l6m 16 Gtt siluc

and ls rh€ lar!€6t silidc c.ntd In l6land, Po.al*slin€ lhtlllios a.o ho

dominafl entus&e @mposhion in rhe comor ol lhe @mpl6x, wilh subalksllc

ftyolltgs €ruptlnq d! nc rhe postqlacial p€nod. The erudjon ralo hors hes

b€€n hlqh, wlth ler eruptlons du no th6 poslolaclal p6dod, lh6 lad on€

@udin! 500 yoa6 aoo, A lEroe hlqh.r€mpoaturo gelh€.m.|ff.rd ls

Magm. mixins sppoe ro hes play€d a slOn(lcant Dle in lho va oly ot

ob6or6d @Fposirions as indicaiad by incLusions oi basalls in rhyolil€

€rutrtu€B and by chemi€l r€nds. ihls lits In wl|h oil€r wo'k showino lhal

magmE m&no ls Indbartuo ol a hich nElma supPt ,srs (lmsland, 1933). ln

ceneBrion ot hichly silicjc rocl6 ft 16 beliavod lhal bssal hagmas ar€ rrappod

wirhln tE crusr and @tuo, in sltu, b il6v€lop t. moo slLlc ompos ons

{Mactlonsld ol al., 1990). & lh$o clmposllons hav€ @nsld€.ably l s.

denslg han lhd beqluc ruOmas, lhoy @umula|. at lh€ lrcP or fi€ maqma

chambs, and domlnalo ihe malo al orupied In lhs @lor ol lh€ .flplel For

lofalokull, In parrlcuhr. ii 15 b€llev€d rhar rhol€iiric maoha i. lal.rally

rransportsd lbm sysroms ro ho nonn, ablg Ih€ &ufiwaftIs mioratno adrvo

.(1. dd ls hen mlx€d wi0r 0D 6llblc, wotuod maomas iopping lhE Mgma

chamb€rc undor lhe @mplex, The o qlnal source male alror lh€so silicb

@mposhlons, rEnsirional basalt. aho plays a rol€ in to miring, bul it sg6ms



Total volum€ ol po.tlelal exttuslvos ls aPporimaretv: o 8 lo3

basald6laE.0.12 kn3 inbm.dltt omposltlon lsv6,6nd 087 kn3 addic

hvas: blal - 1,8 kn3 {J.hbsson, 1979).

IlD. EX

All Inforrutlon lound on te nndfpll Volcanlc Sysism 6me6 iion wolk

6n6 by Jakobsson (1979). Tho lop ot Tindqdll ls @v€.€d b! a smallgl.cl€,,

wlh lhe sunmhat 1462 m. Th6low6r Pdts ol ho @mplsx aro domhaled Dy

r@snioMr barsrrrc eks, whlo hlqho, h rhe @nprsx the$ ars hl6 ay.@d

wnh hism€date ed addic lock5 . The oaldoE b 5 kn In dand€i No

hlslotlc 6ruFrbn5 ars knc{n l|cm lhls syslen, and th. btal €stimalEd volune

ol lato gl@lal to posrolacial omu€ive6 is aboul 0.1 kh3'

rdlA
Iniormtlon on rh€ l€th Vobanic syslsm sas compiLd by J.kob€$n

(1979) dd ls slmma z€d b€low, Karla is rhe volc€nic aysl€m dif€clly eest ol

Eyja4oll; lt €,\iands nodh p€Et ell he ohd SEVZ sy6isnB. h |h€ ,6ri0n

berw..n EyFljdll and Katla lhere ls a pllo o, lnroBt a li6d tlows ori{inatino

F$unabry frofr borh ol tho .y3rsne. Atop tB Karh vorcanb sysiom llos a

slbsrandsl qlader, Myrdalsjdkull, wllh .6umnlr ar 1450 h- Th. syd.n iB

30 km wido (at lls brcad€sl polnl), and 73 th long. Volum€ €lculatoft ol

ld€ntrFd l*ss Indi€r. 14.3 kn3 lrom lho l€-t€. porllons ol ih€ vol@no,

n@dy all ol which a.€ b6alrlc, plus 30 km3 6simaLd beh oruptod undor

ths gtsclor, Tht6 glvos a toial ol 45 |'I3. Ths volumo ol silidc €ruplv€s is

un*iown, bul pr€sunod b be quil€ low. All b@! omposluons e

tnmnbnal alkall basslls.



Tho €ylalt6ll volcslc syst€n ll€3 at $6 no ol lho propaoatinq tn

3somed or lB sE\rz, ju.t behlnd dlo vostnanruev4 volcanL svElsm and nsar

rhe lnloG€dion ol th. Elsloh Fh z.no witn tha south k l.nd s.lsmlc zon€

Eylaljdll i5 a ldCo cornlostl. volcano @nBistlng ol bolh a nsu6 swam 5 km

wd6 dd 30 kn long, and a ental vdcarc (Fioure 2.02) (Ja*obsson 1979)

Tn. sumnit ol Eyla!611, al 1668 m, h @vscd bv a chpler' Eyialollokll,

whlch is prMtt r€tro6lln!. An hler€d cental eldo@ lholghl lo bo

ro@t€d b.nel0l lh6 ol.cler, ls 2.ss km wld€ {Jako6sn 1€79). Unlike lh€

resr ol th€ syst€ns alono hE sE\z whlch show rlnear foatur€s paGu€l or

subeaEll€l lo tio rIt dls, lh€ fistur.s ol lh€ Evja!6ll sysrem are

D.Dendbular to tho dis, alonq sn e6l-w€st lrcnd. Btis sulE€{s a unhu€

tetoni. onvionmed lor thls svsron rolawo to th€ resl oI lh6 sEvz.

Th€ rcLano ts @nF6.d ol . pll6 ol lava ds and hFloclslii.s tomod

dlrlnq subaerlal snd subllaclelot $baqu€ols 6idibns' Gpscltudv

Pr€vbus rclk 6uso6sis al l€*l nine cyclos o{ fiansltlon boMeen th€s€

@ndltions G@rdod in lhe sludl€d crcss'sectlonal s€quences (Kns!6n$on ol

sl.,19ss), Tho old€sl ocks sr€ axlosed on ths soulhern sida ol lhe vol€no h

clitl walls cut duino te ransgr€.sivo sta!6 ol li€ Pr6enr gla.lE , and bv

w@ acrivirv whon 6oa l6v.l @ hloh.r. lh6s€ a6 @E6dy maon.dzod lwa

lld6 ol th€ Matuyama moomtlc ps od, std aB lnbn.vet€d wllh

hyal@lasdto.. They aE viBiblo al the bas€ ol lhe Slelnaliall sedlon and have

been darsd ind6pend€n y by lan McDouo6n dd itoben DuMn uBino K'Ar

darlno ar o.7ato3o and o.31to.5o Ma rEsp€cltuolv (KGtl6cen 6l al,

19SS: pr€sont Invo6ticatron). Thos lowsmosl, rcve€€d llos ar6 ov€dah

by nomdt maonotizsd 6cl's ol ths Brunh€s maonetlc p€nod. Known

poslcla* actlvly oi Eyistoll consisb ol lwo ssparale llolocon€ lava flows,
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Parago^itlc tucks hyardcEslt.

Basall hv.s a0d/0r Inbusbisot lnknowtrage

my Hlghlvaltered, .utbvdrk.s

!racrar or hlerqradal

Flcur. 2,02: Eyisidll vol@nlc Syd€m . Goology (modill€d llom
J.iob6en, 1979. and Jon Jon$on, 1933 ) Summi is 1663 m.i€ts;



borh Irom nssure .ruprion€, and ono hlsbrlc phr€allc 6ruptlon,1821'182i1

a,D., tom lhe @td cald€ta, pod{cing loPhE ot intemodialo composlton

(Jakob!6on,1979). Total volume ol postglschl extrusiv€s js $lhd€d al 0 6

km3, which in lud6s: 0.4 kn3 b.6elt, 024 kn3 bats(rc and6slt., and o.o1

km3 &ldic nalgdsl (lbld).

y!!rm DEJll

Th€ Vssunannayar Volcanlc Syslom @nsisls ot aboul 18 islands and a 14

sbma n€ El€nic {uflions. Submdhe dala con l6m d.€dgo haul5 ol lour

subhsnne hlls on th.5h.fi ar.und Vestnd6yar {Jskobsn, 1979). This

shell @nsiste ol d€plhs lM 5n b 14 m, ard lLs lusl of $€ co8sl lM

Eyi.|l61t. H.lmay (19.,r kn2) end sun66y (2.5 k#} ate th. ta.q6sl

lsl&ds, ho laiiEr q€arod du nO a phr€alomaomailc (n@ €ll6d Slnseyd)

oruprion tom 190310 1965 (Williams and McBlrney, 1979). Thi5 is lh6

surhom rip oI te sEvz, and the prcpagadn! n. J.kobsn {1 979)

dleu$os uo qon€El svucrure and composlilon ol lhis dyd€m, and hls ls

summan2od b€low. A 1565 n hor6 wss ddllod o Holmay alalno .rqlb

baslts and tutE ol lh. Fesnt vetnanneyar syslem (bwn b 130 n. Bdq

thls aB ma ne rutl&sous sedim€nts to 740 m dsP0, lollowed by ah€Ed basal

lavas, lGnsitional In @mposilon, slmiar Io Hoklq. No publlsh€d data have

bes lound lurlh€r do$ bin! the alorcd bs5als al depm, 4d lbr puDoses ot

thl6 the6is th€y e€ conskl.red bsomenl

Ihe aEa ol Vgsfndayar VoLalc Sy6tom h.5 b€6n outlln€d at 33 kF

bno, 29 km wid.. Th. man c€nr€r ol volcEnlc @rlvlty ls In rh6 Helnr€y

r€gion, wlrich ii'.lr loms rhg iopog€phlc hloh to. the r6sion. The only known

occud€n€s ol lnrelmediare ocks (no high sillcs rocG are tound) ar6 on

Helmay, suqg€slin9 lhal $ls lsland ls ddolopino inlo s conlal lolcano,



sw6nben po3oladal en+llons h4€ b66n ldsntflsd abovo surhc€ $oughoul

lhe rysl€n, |n.oo ol whlch aro on HdnEy (lndudho lh€ Eldr€ll orupllon ot

1973). No hyd@lliomal adivily ls bund anyrvhor. in ul8 atea, and lh6

g@rhemd c.adl6nr 16 qulo Iow, 60 'crln ar th. 1565 m d€ep d ll holo.

$qg€6lng no hbh-lgvsl m€gma chenb€E. Es|lma$d rolum€s lo. lhe

posrgrlDrar exr.lstuG d.: > s.7 kh3 all(Atlolivlno b4all6, 0.25 km3

hawalho to nuo€artto (on€ 6rup on), rotalllno 3.9 kn3. Much work hEs boon

don€ on rh€ vosmEnn@yar volcanlc s)6rom,€conuy by Thy (1991a,b), and

Fuman €l al. (1991) InvoLvlng high-prsEsur€ cryslslllzallon modollnq, ll

will b6 discussed In Chapigr S.

@

l.otopic Conposillons

3l€/4He%lus lo! the sEVz a€ hlohsr rhd antrh.6 6lss in l4land

(FlOuro 2,0s, Klrz 6i 31., 1935), Thoy aE In lhe rale ol 18-26 x

slrnsphed.. Th€ value ol 26.2 x aunosPharic, lor e ssdo lrom lhe weslom

€doe ol th€ Thdljoll volcanic Syst€m, ls lhe hbhosl lound lhrcughout leland,

Hlgh valuos o,3H€,4Hs are at bur€d ro hotspor signaru.€s, whils low valuos

<3 x atmosph€ c, a,o mo@ lypiql ot MOFB, s d€*ilxd in chaplgr L Ths

ono €rcEpLlon lo he sEvz Enqs ls a Mde irom lh€ Hekla r€gion which talls

wihin h6 rango ot values 0r rho w€$sm Fri zone, ar 13.9 r aimosphodc,

wo* dono by M€yor er al- (1935), also shos rhat wsm vaLu63 d.

hiohgr Jor rh€ sElIz {Hokra - Ka s) rhan anywh.r6 .ls. in lcoland (Flqur€

2,04), Thls h de whe@ lhe highe$ €7s/86sr 6lios, hiohesl 207Pb ahd

206Pb valuoe od th€ low€sl143Nd/144Nd drg tound (Figuros 2,05, 2,06,

2,097). ln Vstrnann6y4 lho lrsm, Sr and Pb l$lope 6lios d*.€4€,



;bun t.o!r lHsFH. d[.. h. d6.!.nt l.obni $!u lolrd'
Eilob rnd|c.t. a!|"*l tang€o h 3H./'tb. Th. .unb.6 ctE *Ud
;r$ ot aH.y'H. (h unh! ol R/Rstn). Hollor rynbh ltdlcdt dda |iM
-&dr- .r d. ill.!D, d.!. e b! kr|E c d. orq.
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tlsu|l 2.0E: F!41 dalrlrn ibr Focsnt and T€dsy volcadcs lrom
b€la.d. Dara pbtlod 6r b€s .l lo*.r dlrlBm @ u ellade duo ro olbar.d
.!*dod r..lr4r.. (t o M3r.. .t sl., 1!65).

l||r 2.07: Nd rado8 v€riur I €l!€ ror bolJl Boco and T€rdgry
||baElc6 lom lcsl€nd Itln M.ye' d C., 1905).



wior€as Nd b.rop ralloB incrcas.. 3H6/4H6 also &crc6s. In v€stmdryar

b a valu€ ol 11,0 x slmosphe'lc.

M6yef et 61, (1s85) did rq* on tho pelololv of lel4d ba*lts and

dlsvsr€d Oe bllowint inlomsdon. EEringdon ol dagodE$ m'pholoqv

and zonlng lor ph€nocysts In lranshlonal basalE lDm $e Hokla_Ka a srea

6how. skolelal ad r€.otPlion loxluros whll€ Phonocrysls in lh. lholellles or

th6 actlv€ dft zons a6 mor€ labul$ dd ouh€dEl ThE ph€n@ryBt

moQhology ol ths sEvz is sulq€sttu€ ol mixhc ol nal6 als ol dlfier€nl

composilions. Furrh6mor., ,orsbnt€ @niEnt in oltuln€ and anonhib 6nl6nl

In plaobctas6 bolh show !r@!ar composlilonal vadov in lhe sEvz rcclG tan

h nare altdm fi€ pdallElW.6lon Rifi zono, (Flour€ 2.03). Ihis ce bo

.xplalnod by lhe €xisbnce ol a larqs @Ce ol maoms 6mposi0ons (suog6$ive

ol provalenr t acrional cryslalli2atlon),

Moyor d ar. 0935) @ll€ct€d th€ loll@ing g@ciremical dala lor all

neovoballc Bgions of lc€land. Al2q shows ondchm€nt lor wholo rcck daia,

indi@lns prdoiodssE @umulatlon, €6p6cjally wher€ $mo ol lh6 rcck6 contain

op to 45% plaqioclass ph€rco'ysrs. Fracilonal crystalllzalio! models w€ro run

tor 66v€ral sgparale volcanlc reqlons, in ordo. io compar€ wlth major oromgnl

vdlatlons; all va.larlons a@ lound accounl€blo lhough 55-75% Ladional

crystalllzarion of v.ri6ble proponions ot chronian +in.l, olivinE.

plaoiodas., clinopyox€no and llanom@netil€.

0!,e ng t om rh€ rost ol lc6ldd, b6 sEvz hd a hhh€r alkalins (Na +

K) @nt€ni g€dinq lbm lhe tholelil€s oi the Easl€rn Rift zone lo lhe alkalic

bdalts ol V€slrnann€yar, p$sing thouOh a tansjlional tuno in lns Hokla-

Karla rcgion, ljsing ih€ alor€m€nuoned lEclonal c,yslalll2atlon modols, lh6
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Flcur. 2nt: Mno€bclosl vdbtbn€ sldlc dl€ soothm n.orclc.nk
:46. Fo v5d.nco and Ar vlrbrEa rols t€Eo6ctwlv !o n. v6'lafts n
LF $d Crcloda.e Ph€no.ryd dr|Fdlbn. obcox€d In hdlvldual
t*lB. Cprd(Cpx+Ol) b hs no&l talb ot clnopvtlren. b d|nopvtot6||e
* ritne otdno&iss. Samd€ locatbns hiv. be.n Pol..r.d nomslt to t'6
3 ol ft€ voldnb 4€. F€. fbu.201), {lrom M6vd €l31.' 1935)



all€lL basals ol vosimannavar show gr€sl€r proportions ol olivin'

lEdlrnailon ulth ollvin€: pkolo.lEs : cltmpyDFno = 34 'r : 34 3 : 30 0

oDparod to rh€ tholoiiuc ba$1t6, 15.0 : 49.6 : 35.4.

Fab 6qrth olgment patbns lor th€ SEVZ ar€ Ell lnilo'nlv LFEE

En drsd as oppos€d lo tho lt zonos wh€@ it ls vatisble Thjs onliomily €n

only o@!r rl mollnO @ndi ons ol ttE undo ving mantl€ 8re unilom or rh€

maomas homog€nizo In m6rl s@umula on zonos prlor b erupton Mq numboF

aro sllghlly bw€r lor $e sE\z lhsn ohstt€te ln lc.land dsspho lto hiqh l\&o

valu.s. ftb 4ggsts F6 .nrlohnEnt. A@mP8nl€d bt hhh Tl' lh€s

tansiional @cks are teled€d lo 6 Fs_Tl basalts

Tho geolhemal Oadlen! is low.r ln ih€ SEVZ than elsewh€G sLono ft

zones {Fllur€ 2.09. 2.10, lrcm Pahason 4d semundsson 1979). lhls

.€glon also has tir6 thicko$ crusl 1o lo 30 km,lh€ bner number €lgning t)

tho crud undd Ve mannaya. (RFISP z, 1980i M6ver €l31,, 1985). Th€

mel aeumula on zone benoab lho 4$ has b€€n dia4ussed bv M€vd et al'

119s5J and iound (by maqnololellu c dara) io d€deas€ in rhido€ss

&u|hwads along lh€ zone.

Kue ot al. {193s) made lh€ torlowlnq concluslons lrcm lh€ isolopo dats

A.€as whh hish sHo/H€ €lios are youns {duo lo ab66ne olGdloconic 4Ho

lormed dudno oranlum dscay) and supplled bv holsFot denv€d mag.nas (duo io

hlgh valuss lor p modial3He,lrcm an undega$od sour@) . The high

3H€4h valuos 0l rho sEvz, whLh a3 tho dp ol s PoF4alino rifi G a v€ry

young roglon oI volcanism, hdicato that hlB rcolon muEl gol much ot ii5 mgma

supply lrom tho hoispol. Tho Elios drcp sEnincantlv al lh€ tlp oi lhs sEvz
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FIC!i. 2.09: Th6 lodtlon of dduhol.s u$d b &t rmhe rh€mal lEdLrb
ln lc€l€nd, Th6 m6h c€nrors ot g€.rhomar a.{!lt @ shdn d rh. mp
(iom P6lna6on and s€.mund$on, 1979).

: *liingl-



ile||f. a,to: g€ou*|nd oradi.otB In rcoland a.d thslr rolalorEhlp ro tho
Eolll dlduE Shad.d sr€ss Indcab bnes ot ptdal n€ldng. G€o0emd
crd..!8 d .hall4 Lsb ar. b.r.d on Lmp€.ab6 cBd.nr6 h &lI hoh.
Ct|'. 2.r1), fEm M6y6r .r 6r, 1s65).



veslnsnnayar, accomPanled by a d€cr€ase In 87sia6$ vslu€s' radiog€nio Pb

valu.s, ed Lalsm Eiios, and an incleaso h Nd lsotod. ralios Thls chanoE E

tndbartuo ol lnd@od hnuoncs ol MoRE c.mFnsnl h eu@ @mpoon|on

Ud.plebd (Flum€ sltcs) mer€daldomlMros al lhe rcdhoh 6nd ol lho SEVZ

whlle dspl€l€d {MoAB sourco) mat€dil domlnalos the eulh€ln Fnion An

alt.rotve p.@ss whlch @uld lowsr $e 3Hs/4Ho vtluos ls clusial

assimilarion (b€cause 4H€ ie ereaier in oldor crust lhe In voung basalls) sul

in odor b podlco $€ rango s€€n tblqhoul lc.land (l6m 26 x atrcsphtrc

io 10 x atmosph.rlc) ovor 66i4 crudal slm atlon husr b. takinq plac6

This doosn\ co(esPond wilh maior, tace and olher lsolopic dala and lherelo'g

@nnol b€ th€ €use lor lowe ng ol mo 3He,r'lHo valuos Therelo@ it musl bo

vE able anounrs oi depl€ted dd undePlol€d souG @mpon'ds ihal cGalE lhe

ironds s€en ln lc.land. Thls has bEen mod€lod (M€vsr €t al, 1985; Kurz el al

1985) ss blobs ol plume malErisl (!ans oi km in ddo|€d nslng dd mLho

wllh MoBB eurc6 - d.plelod, uPp€r manll.. In lho nonhen pans o, lh. sEvz

plune nai€ri.l is ol lhe sroaiest pbporibn whlle in Vostmann€var the

combinint the iniomalion lor posiglacial volcanism lrdm lndividual

volcanlc sy6toms wllhln th€ SEVZ, ll ls apparent rhal lh€ volume ot €xlrusivos

is basr h $€ solth 6nd incr€asss rowar6 $€ nonh h padlcular' H€kla

vaflaljdll, and Kdla als fie la4e6l wlumo svsloms In lhe sEVz and also th€

lunhoEl nod!. Todajdkull lles bols..n lhess lh6. and hat siqnllcanllv loss

volume blr is doninanily sili.tr. ll lho silicic magmalism is a resur ol

tracllonal cry$alllzallon as monllon€d €arli€r ln this chapler' lh€n thai would

suCqost an een ldogl volume ol mafc male.ial involed al deplh (posslbl€

intrud€d habnrD. The towost wlume 6vstoms ars Tindldll and Evjsljdll h

rh6 south. Vsstmannay has only slightlv moG volum€ fian lheso lso The



systsns tu her nonh along lho Easlsn Fll zono ars Mn lar!€r $an Ka a

(the lao€6t In lh6 sE\r4, w n rctum06 ol54 krns lol tho svd6m iusl rcrtt ol

Thet€ ls a poq@ssiv€ @npositional t€nd lom lE t[dic prDvinc€ ol

v$lmanryar h he south 10 th. tansltional svsiam ol |he mlddl' r€o|ds and

tuslly lD the thololilos ol lho Esst€m Rift zon. (ulrhd nonh) Sillclc

naOMtl.m, indldtiv€ ol lont r6ld€nco limo In maqma chambe6 {so |hat

iEctional eysrsltl2.tlor cEn odr) also lncrease6 nodnwad wlth

lodal6ku[ 6 ln6 maxlmum. rrlb s[cb maorutbm Ls always l@allz€d ln lh'

c€nlral o. summh r€gions ol lh6 indivldual volcanrc .vsrens'

It6 .rist€ne ot slllctc and alkalic lavaB in th€ SE\z hd caus€d provDus

Invosloaiorc io ProPos€ ln€ oc.ur€nc. ol cruslal ssslmllatbn Tho bqsis lor

h€ss pasl aQumonls @h€s lom the id€a lhd if anphlboft€ leles rcks al h6

b.!€ ot tno sus! @ mdr€d,lhen a nsph€lin€ nomatlvo @mponenl,ill resull

aft.r snphlbolo br..t\dos. (oska$n 6t al, 1932, 1983; Sl.lnrh66en el

al., 19S5; Co.domlnes d ql., 19&,i H6mnd ol al. 19a3). Howeor' mors

rccsm wok has bo6n done by Board and LolgGn (1991) ahlcn shows $at

dehydratbn-hellho ol 4phlbolit6s octuallv crgEt€s gEnodlodtlc 1o

lrondhj€ni c n€ll6 which aro low in K Wat€F$tuai€d m.hs ar6 slrcnsrv

Poralumhous, idr ln Ca and Poor In F€, MO, n, ad K t{ond ot lhs.

6ntllrlon6 podu@d n.Phgllne nohauvo conPonents or akallc tna|e el. Thls

ls by lar he most @mP€llinq sason io look lor an aliemdtua mEchdtsm to

.&lal. prdudion ol alkalic basals

How6vgf, h ls 6lill possibb inar du$al assimilaton mav bo oeu(lnc ln

r5gbls ol lc6led, p€dlsps evo. alon! lh€ sEVz sui whal seuv sould lhe

€fi@rs b. ol thk dsinilaiion? Fuman 6l El, (1901) $e l$top6 and lr@

olonr€d data to d€Gdlbo tho chemicalchag€t €rPociEd llom crustal



5 8

sssimllatlon, and ho{ lhls aPpsarc lo bs n€gllgiblo lor lho v€sinannayai

Eyslem h pank{h and n|o sEvz aE a shole. lhls is slmmdrLod e lollows

c.usrar mabnal suld be hlohsr tn 87s/869 (0.70370 ' 070432lom

sllldc xino rh tolnd In a Slrts€v basl0 lhah that i3 iound h the lh' SE\Z

(0.70312) and should vary wlh dlllercnt amounls ol assinllalion as il tuns

oul, all ths slstems ol tho SEVZ a@ inlehallv unllbm in lsobpe @nisnt ior

Sr, Nd, Pb ed H€ (rcllrcludino fie hhhlv siliclc ock8 ol h6 lorl46kull

vok€no), ll crusial sslmllauon od6 th.a h nust bo oc'urlnq lo lh6 6an6

d€qroe h all melts wl0 n a slngls svsisn O,yqen lsoloP€ ralL6 tr€ +5 5 1o

+57 tor all v€stmsnnEyar la€s. whil. lc€landlc natoial which has s€sn

lnbr.ctlon wih motootlc walers {hvdrothemallv alt€6d crusl) has valuss

belw€gn +4.6 dd lo.o, Fin.lly, ga ab, La and Nb, whl4h 4o mobile

€romonts dudnq hyd@thomal alelatiol, would bo va ablo i' ctoslal

ma!.nal and upo. addit'on to melb sn4ld imPan difisrent slgnaturos Thss€

.t6mEnts show utrllbm slgnatures, howov€r, fof the sEVz, slFuar lo

undodeled mdlo slonatures None ol tho q€@heml€l daia @vlew€d bv theso

althoB lFuman €l al., 1935) Indicsl€s cruslal osslmlla on is o@uring in

dy dsb.iabl6 amounl In lh€ SE\lz, most €sp.cisllv In vssimenavar' t' msl

slkalic .'€tom ol tE SE\rz

Tho !€o.h.nldl 6ronail6s dsc!$.d.bovo ale ail Indlca[vo ot a hobpol

(bml@l6d &urc€. A h.t.roo.nools euae, such s a mtlur€ ot plumo mal€risl

od MoBB eu6 mdonal d m€nfonod In chaaof 1 4d modeled bv Kuz ot al'

{19Ss), Mey*.t al,, (198s) and Hilbn 6i al. (19s0)' would €xplah whv

th€ Isobpos arc unitorn tlthln volcanic sv$6ms and whv t nds aE p!6ssm

along lh.m {mor€ d€pl€t€d Fsn € @mpon.nl ln iho euth) Wh60r€r crust l

asslmtadon b heppenino tn mall dolnls aFong tE sv$eru in ih€ sEVz

must bo srudied ln mor€ d€tall lo d€cida, bul ii is apPa€nl thst $e andhe
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nalurs ol ft6 sEVz ls mt a r€Eult ol (fuslal aimildlon. h b€com€6 n€o€$ary

rhsrebfe ro lomulal. amlher m60Fd.

Albllne magma! can bs q.ngBred by molino ol nadle mEisd.l at

gFar.r dsFrh. sd ld€r p€'lontao€s lhsn vhal lypically @uB alono tho Mld'

abnnc Fldoe dd rh€ Fin zones wlhln lc.land (Jaqoes ad Greon, 1930;

srotpsr, r98o: Klshlo d ar., 1963, 1974 Gro€n 1973; rhy, 1991a).

HIgh pffisur€ wolk by Jaquos dd Groon (1980) shM ftal slksll otuho

basalb and alkali picnbs ce lom l. a v6ry naro{ P-l llold, al high

pEsures and low pansl m.lls (Fioufo 2,11). 46 montioned €a ler. lh6

crusr undor rhe sEvz ld quit€ rhlck {10 !o 30 km @mPaGd lo 4-3 km alono

|ll€ in zones). As Uo trLkl€ss deEaE€s (mnhwards alono lho SEV4, .o

do€€ th€ nelt deprh, ed hus tho alkal'nity (M.yfl €t al., 1935. Thy, l99lb).

Tho rclume ol €rup|tu€s d€d..ses lo lhg edh a6 do.s ihe q@lhermal oEdlonl,

-60 ool(r| lor v€slmlnn6yaf,6 oppossd lo -200 !O'kn alonq lh€ dlt &n€s

(Hllron .r al., 1990; slsp, 1990; PAlmason and s6murdsson, 1979). wrh

lower perc€nrago m€lts ot sourc€ malenal a! hlghor ff€ssuE, alkaline maohar

@uld lonn alont |lls SEuz shil€ rholellles dohlnalg lho rlft &nos.

conbinino m4or r€nd inlornarion nom te SEVZ Ir b seen lhat movlnc

nodhwads lrcm he llp ol lh€ propaoaLr lhe@ ls a der6as. in @srd

rhlcknos, an Ineoaso In Fagha supply, a chanq€ in omposirion (lrcm .lkalic

male al In tho souh lo lho hol€llos ol lhe nonh), 4d an incrotss in rcrE

.llLlc .rupttu€6- Thls h6 b€€n alriburod lo nlE r4ionb cnaEcl€r ol hls

roglon 6 a popagatlng n, Fqure 2,12 shorc a sdrema[c compafton ol

malmd Cenoal€d alons ths SE\z {alkalic dd tes ioMl basai.) ad lhoe

o€n€raLd along rho p8rallel wesreh Rift zon6 lliol€iiros) (M0y0r or al.,

1985), As monlionod In lhe lasl chapl€r reoardlng popaqatlng fts, lho

magM swply ol rh. old€r, dyin! I (w.stem Flfi zon6) li hyFDrhsized b b6



Fls!!. 2ltr F.f dhgrsm lor P6rual m€ihr ol Pyofi.' hdlc€tnc
aDmto€ltbc ol lquld! e.n€rat€d, Long.&3hed Ih$ hdlcals dLsPP€sr.it
it &uud ois.;: EEd{slh€d llns xdlcst p@€nieos hohltror solli}
dad|.d lh€,5lrdhab osl!3nl nomsdv. otlvlne In th. msll (tom Jaqu€6 alY
roi6€n. 1980).
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st & sE vlllcAlllc 201{Es
tcEtAl{D

Flcur. ?.12: &henalb dlagrsn ol soltheh rclodlc
llustErins msoma O.n6BlE ad ovolutbn (lom Moyoror al., 1935),
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dtvenod b the Pbp6qaror {sEvz)

on th. basis ol lh€ rosod€d and 5k6l€tal |.nur6 and tld€ €nle ol

onposhlons lor iho Phon@rydts tln th. sEVz lavas Mev6l €l aI 11935)

sugc€siad thal lh.y 6uld b€ prldu.€d bv mking ot Pnml v€ ard €6lvod

ba6alts, Th.y tunh6, corclud. thal h6rs are lundm€nrol dm€tEMs h

maqma dotution and suPPlv ct€ b€M66n lh€ sEvz ed lhs ft bn's Tl€ sE\z

maomas have lonqer @siden@ lime ln malma chomb€B Oiealfl degreos of

lEdiona on, and lonoer ilme Inleruals b€rw€en ma€ma chembet

rodonbhm The lniiomt LFEE €ndchod chaEcr€r ol th€ sEVz susoests

unilom moltinc @ndltions or hodooenlation ol manle melG h rars€ macma

re6€@16, Modellnq was dono lor babn m€linq or Possibls man{e soorces

(Moyor et al., 19ss) In $s atempl lo trcdu@ th€ obssoed LREE onichsd

r€nds ol lhE sEVz. The rcsulls show hat il is ony posslbLe if mellng is don€

al a o.€al6noloh d6plh {ral gamet r€dds spln€L3s tho srdbLe aluminum-ncn

phas6. ln his cqsE, wirh a qan€l lhodollt€ min€rEloqv' 1_3% baldr hoftng

w[l yl6ld tne H€kla-Kala basalG. Thls ls d€pgndent uPon lood kndledos ol

paditlon coslfElents lor lho REE relalivo io t€mperalure and @mposr$on

More willbe di$ussed on lhis in chapl€r5

all oi lhe obsoryatons of M€y6r el al (193s) arc shown in Figu'e 213'

a $h€mallc cos5-s€ction lhouoh the sEVz. lt is poposed lhat th€ tomatlon

oI lho SEVZ prcpasalinq ft b€sd bv as.gnslon ol a mEnil€ blob at abou! 23

Ma whlci 6pEad oll lalsdlly beneath lho €ad€m lcoland lilh6ph€@ and

tiqoor€d tho southwad popaoauon ol th6 E€slen Rifi zon6- Th6 blob com6

d a pulse ol maledal IDm lhe manlle plum6, Eviddn@ ior an unde!43ed

und€plei€d man!€ bonealh lhs sEvz is suPPorled bv isolopo dala dd La/sm

€lios. v.stmann6yar laps Inio man 6lusl b€vond th€ tiP oi lhe undoploled

manrls blob, and ft€rolo@ has a signaturo closer to MoFB malenal Thls ls
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I

' . :+1;- - - *,-- - - -::+*l;; ;1-,:.=**

lbo,. 2.r!: M.d.r or m.cm g.|mdcr .nil sccrnuls|bn eloic !r SEva
qrtll hldru6s lr bassd on G.lsnL dtb. Th. l€tr6 ol n6cnra &Jmulatoo b
ta.d or men.!oL!u& rh|' .d contrlB 10-20* n€|. lsolsn. ar€
bl €d or c.othffnal lradonts {lroh Moyor .r al., 1985).



a@mpaniod bt lFosEad d€pth or melihq and snaller PE@ntag€s ol molt ed

h.n@ no6 alkallc lavs.

Pnor to rhb lNe$igation tlo only wallabl6 dda lor lh€ sEvz consht€d

ol alkallc rccl(5 lfom vo3lme6ys, snd tr46llbna! and lhololtic rocks lbm

rh€ F6r ot lho re51oJ th. rclcanb Eslems lf ln lad' t6 d€pth ot mol0lc i6

b@nlrl! g€dually d€€pe. (euttsE (h) alons s!&6 oi lho dt' h€n $6

loochemldl charges should n6ke a @oular l@ddon. ln olh€r @ids' lh6r0

should be hlsrory in 6eh ot lho lysr.ms ol inltlal alkalic volcdism followod bv

fianshlonal and nnaly &oloiilic maqnai In let l€w alkallc @cks aro known

lom any ot lno olhef volcanic systoms Eyja06ll, howsver, whi.h liEs

!€ocraphbally along stdk€ b€lleon vostmannByar (wh€r€ all sampl€s are

alkllb) and lh. rest ol lhe SEVZ (uho@ all s.mPles aE ldnshlonal or

rholeitdc), @nsl$s malnly ol alksllc and t@nsitlonal rccks. Thls G th.

6ubi.cr ol rh€ .€6t o{ rho lh€sis.

Bt!9!rcLA!&clir99

ft6 major objodjve ol my Fs€dch is io use q€och€mlcal and

q@hronologidl dab to.ha€cleiz€ ih€ nagmslic &d tedonic p@$es ot $0

Eylaioll vor€nlc syslam, and |o ulilm.lely r€br€ ihls lnlomation to ih6

pGirion ot Eyjalldll r€lalivo lo lho r€s! ol lho SEVZ. The maior pfoblems ee:

1) What G the dm*€l€ ot volBnic &lMly 3t ihe soulhem end ol lh€

sEvz propagaun! ft (m*imom lo mlnlnum a4o6)?

2) How have he @mposifons ed orudion leles ol masme at fio p ot

the pbpagator va sd lh@ush tms?

3) 15 lhere €vldenc€ lor muhlplg cycl€s ol r€cha46 tiaciionalbn'

asslmllatlon and eoptlon, and if 3o on whal llm€scalg?

4) How dosely Glal€d are malma slPPlv and t&tonlsm?



5) Ho* does lh€ q€odBmlstry ol Eylalloll m.gmats diff6r lom lhe

maomafsm ols€wh€E along fi6 sEVz, .nd Eastom Fifi zone, and how can ihas

The appllcdions ol my rssseh a6.lgnlli@nt lor lhE lolloslng r66ons:

1) li ls rh€ li6r, tocu$od dppllcsllon ol K_ar eo€ dot€mlnaibn ro young

(< 1 Ma) bqsslb hom $e n€owlcanb 2on.s In lcelard.

2) This voLano-Ldonic ano can bs usod as a .uba6 al analog lor a

maturc 6Pr€adlnC do€, in padlcllar a ridge seqm€nt _ fianslom lsull

lnroEeclion. Thh €n povld€ tno @n6t€hts io prsviouslv sludisd

porblolic and recionlc procsssss ol hld.@an lrs.

3) ll wlll b ns a cl€ard undo6tqndhg ol lho n€ovolcanb enos ol

lcelsnd, In pa,tlcul4 r€q6rding the ell€cb ol crusial a$imila on, magma

mlxlnt, snd l@lonalon, wlth th€ Polondal ol addlng m€ conslEhi6 lo lhE

mdd& ot maoma prc@ssg6.


