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rrpnrcr

ttr volcnlc rochr ol Edgecmbrr fltrlr lrkad, lttlte lrlend rad

f,rncrab. rrf udmltrr end drcttmr rhlcb rrr ecllretlvcly tcrord thr

fry of Plcaty tblcslce., fd3cunbr tr I corprrrClvrlt tosog volcm,

bcln3 rctt\rc betrrra lt00 rld t000 yerrr 1.P.1 llhrlr lrlrnd her

probebly bcrn larctlvr trr rt hmt Eb. lut 361000 t rrrt ftttr trtrnd

hrr probably brm rcttve for rnuch of cb. lrgr tlrl,rtocl!.r rrd tr tttll
la r rtr3t of rotfrtertc ratlvlty rttb lEtenaLtt.Dt trphn ernpClmrl

ud, Uencnrhr tr prebrbly of thr crdrr of 7tOf0O0 ytrrr old ([-tr dete

by J.J.8ttpp).

tt geelott of tdgrcnubr, ULrfr lrlnd lod fhttr lrlend l,r

dtrcnrrcdr rd tbr prtrogrrpby rd shcrrtogy of tbr try of Plrety

volcealee 1r dlrcurmd nd cqtted. lh. rochr of fdgrcruuh red

Ttrlr ttlrad rrr utsorty rtallrr p.trotrqLtcrllyl bnt th. trchr ef

Itlte I rlrad rld rrerrrht .r. ulftckntlt dtff*rnf tbrt they cen

b. dtrtl,ngrrtrbod botb frm oar rrGbc itd fra ldgrcuabr end frrle

Lrlnd roekf, ltctt c! tbr fry rt Plust uolculer rrc plrgloclur

udrdtrr or plrjtoclrr drclto.

Itrr totrl mclt rarlytm for lt rknc,r tn l* rqler of th. frt

ct tluty volcrattl rrr prrrretrdl tctf,tbr rrltb nelyrlr for I rqlm
tm rlrrrbrrr tn the trutc tlblcrdr toan' Ilru rupler trrl nrlynd
tor rn rddttLeael f? rhnltSr.

Itr ley of lluty vrlculcr rrr crlc'.elhrllr rd rrlr prrHr$3lt

drcltm (> 6If SfOd bf trtlor rt ll.rr (1969) ddtnttlo'rr bug thort tr

chaterl colttrrnltt ftun r4lu rltl rbert 6l|l tf0t to mopltr rttb

rbct 00? !tor. Urlor rld trrcr rlmot vutrtlrl trr dr ermt br

xl-1



.rplrlr.d rntlrrly by I etltrtrl f,rrcttotetloa bypotbrlttr rad

rrlnllatton ef upprr ertrtrl crtrrtrl of, rbyolltle cqorttlor bcrt

rrplrtnr Gbc verteBto,a Brcadr for Edgrcubr end tlhrh lrlend,

fha verlttton trrldr rnd ccrtrta rlrnrat ebuadenctr ta tfhtlr Lrlrnd

roehr ruggcrt thr mrlnllrtlol of nrrlnr rtdtucntt, rnd latroduc3ton of

tefirtcr lnto tt o{plo

Teken at e rbetr, th. Ety of Phaty voleenter ltt tha ehrnled

trcndr rH,ah hrvr bma utebllrbrd for tte teupo Zeor by terltsr rothen

(c.t. Strlncr, t9181 Cterk, f960)' tbl tPterrnt Sochoteel tgept or

dtrconttnrtty brnnrn ebsut 6til rld tl.5[ tt02 notrd by Strin a (f9!6)

lr furtbrr nbttrnttrted by tbc nrn gcocbrmtcel drte prerutrd hrn.

It ll eenrldrrrd ltkcly tblt brtrlt, andrettr ud rtyoltt. lte elt

prlurery oqgnrr la thr taupo Yolcealc lcm. fhrlr poulblc orlglell

ead thr orlglnl of falpo Zem drcltlr rr. dtrcnrled.
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ACll|qrugosxtn18

lhr euthor puttcslrrly rlrhrr tc tbrnh Profrrrorl l.H. Glrrk ard

I'8. Trylor. Pmfruor Clrrt ruggcrtrd thc thmtr to'pte rrd bu pror'ldcd

;uldrm md ldt'lct oE 6rqt rtp.Gtr of thr *orl. Profmrtr !.1-. tcylor
prouldrd 3hr fbtlttlu of htr lrborrtetl/ .t ttrtrellen Nrttcpl
Untr,rrrtty; Graberrrj tartnrctrd Ehe ru3hor tn vgtont trchatqucr of

trac. rnd neJor rlsrrat enrlyrtrl rad hm rprnt arrat hcurr dtrcutrta3

tnGC elercet tEtrrprctrtlon la grlrrel erd cb. foturtloe of endolttr
ta patlculrr. Prefruor H.lf . ltrllnen rrd Drr LD. Obcnt ead R.O. Eurar

hru'r rdvl,rld tbr rotbor or vrrloul rrpectr of Cha rrleuch, rrd hrvr

rlrryr blrn rlllfrt to dl,rcum problrru tbet hrve rrllonr Profmterr

ll.E. Brllurrl B.H. Glrrh rld l.B. trylor hevr orttl,crlly rced prrrtlocr

of chr neourculpt, eud thrtr colrtracGlvc crletclrm hm bcra vtql hrlpful.

th. rutbor rchoahdgu ftamctrl roptort fra thc Udvrrrlty &ntr
Gsftt.e ln th forr of r porCtfrdsetr rholrrthtp, rhleh tht rnrthcr

brld for thrcr |rrtte .rdflttoml ftreutrl sppcrt, botb tor tlrldrort
rnd for rlr trevrl to Inrtrrllr od brcb hrr bmr provldrd by thr

htrtlrl lrltereb Cutttrr ol Vl,etortr UdwrrlEt of lrllla3rnr
Ihrrtag flrlfiork Eb. rutlor hrd rccrnmofi3lol prevfdrd for bl,n by

efllrtrryl oC tlr Trnrl Palp rrd Prptr Go' Ltd rt l(rnrrrrrre tE J.A. *,rby

lrd Er J. Hltcbdl' betb of trur, rlrf trttlerlrrly hrlpful to tb.
.utlot rld tbrlr ertrtrnc,r l,r 3rrtrftlly rchaonh{pd. ttrff of tb.
ll.t. OrloSlcrl tunny rG tbr lo:otrrr Dt rtrlet Ottlcrr p.rtteulrrly
Irllrl J. Blrly, D. Hrhvortb ud !. Lloydp hrw rheyr brer rtlllag
Cc dlrcur fhld problcf ul,th thr rlthor, rd hrvr glva nlcrblr
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tsft.ftlonr sd rdvlcr oE n6t ocGrd,otlr Brtn3 ftcld tatrrprrtetlol

of Gepbrr ffcctoor thr tutbor ru gttdrd by bertf G.O. ttcrttcb rnd

A.Prllrr, cad rer rtlrtcd by Ur l. tfrllnra. Srmph collettoa on

Edgecunbe rrl rtdrd by nebrrr of Ehc 1967 l.tcr (!ionr.) eorrre [n

0colegy frorn VLctorle UntvorrtBtr rbe rnlrtrd th. rrtbor for I dey.

fhreLr m. dre to ?rofrtlor J-.G. Jmgrrr Gbelrnra of thc Dcpertrmtt

ef Ocopbyrter rnd Orachmrtrtqt rt A.l{.U. for rcc.Pctrg tbr ro3hcr r!

I tqorrr? r.r.rrch lcud.oB tu blr drprrturlt drrlnj Eb rlr nathr

tbet thr rsthoa rp.DC rt A.t.U. thr eo-opcrrtloa of Ftsf,rlror D.A.

!rcl, Gbrlrnra of thl Drprrmat of 0eology.t A.X.U'; uho ellwrd

tbr ertbor ure of rnrlytlcel rgtpornt tn hlr r@rrtnrnt tr grrtcfully

relawlrdgrd. Mvlct oe enrlytlerl Srchlqrer rnd nrtly hourr of ehmrfsl

errlslrul3t rer. glvcn thc ruthor by Hrr H.J. frtt, md ber brlp ru roeh

rpprccletrd. In eddltloa, lrr lryr rardr nrtor rlaeent rnrtyttr of forr

rqlcrr ild tprrlc-roue. rnrrt rp.Gtatlrephlc mrlyrer of tbl.. rqlrt.

Dr !.I. Cbrppcll Lmtnretrd tbr ruthor 1r r'rey fluorrrccer mrlytterl

trchatqrg, end prtutttrd cho ctbor to arlr nrJor rhnmt anrlyrcr

urtng equlpmlt tl htr cbrr3r. Advlcr ol tb. t.chalqtm of 8frnr-r.t
rp.ctrol,rrpby rar 3lvrn by Dr f,. Elltr'

?h. rrtbor tbr*t tbr Dlnator, H.t. Orolegterl 8rnry, lor rllrtn3

tbr urc of r-rrl flrormc.rcr rld rlrccror alcroprobr egtpnmt.

lnrlyttcrl rdvtcr trc rn mbftr of Orolqlcrl 8mrr7r tn prrttculrr

Drl A' 3rtrrtl O.A. 0brttlr, t. Tood, t. tlettmr Gd f,r J. 8ca! tr

rahnclrdgrd.

Urnruertpt coplrr of prparr uen rrdr rvtllebk to Ch. rutlor

prlor to tLtr pbltcrtlm by emtcry cf G,br foltovf[ nthoru

I

I

{
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Drr l.l. trflorl A. lnrtr ?r letlrrCoel J,J. tClpp, lblllppt tsr llrckl
J. thlrtol J.l. Otllt rnd fr ttr tttrtrt.

tprrG frr cqrE.r pregrnrnrr rrttt.a b1l th. .utloa,

trl,ttrr bt th fcllorlal p.oph rrrr rrrd lr drtr rrftctlon

rtrtlrtlcrl rrelyrtrr Dr l. Arrkalr f,tr D.J. fryrl llrl J.

Itrrr U. gcol,, D. Ilanrburtt, !. Gochfine sd Jr lc{jtffr

prolteilnCr

rrd

Flddarroal

Dlreumtoar ;ltl r lergr Ehr of peoph lrtr artpoattblr fcr

rlrrlftcrttor rol drvrlopmt of ror cf th. tdrrr .rprilrrrd tr tht r

tlmlrl ih rrthor rorld ltb to chrrL Gb. foltorfa3 p.oph ln

prrtl,crlrrr trsfrrrcrr R.ll. Glrrh, t.l. Trylerl f.f ' Irllnun J. trrdlcy;

Drt A' Errrtl l.D. Cbatp l.O. tsntl A.J.l. Fhlttl J.f, Coh, J'J. Eatpg,

t. f,rthrrtolt J. f,rlrtn, l. fcad; f,tnrr G.0. hcrttcb, fu ?rllrr,

J. llrrlyr J.D. f,tlnrr ?. lcllsrar l.l. Iohr .rd P. lrorm.

Trurgcrt to rblcr lclud hm btm provl,drd by Gorrt ry oC Ch.

l.l.EJ. r0d thA E.I.t'l.,t.

lh. thmlr hrr Dtrn ttp.d bt ry rlfrr ad hrr uflrtcc tl thlr
rr$.Gtr tct.tber rtth tbr corld.srblr hrlp rhr bar dule tr ftr
praDmGtoa of omrtcrlpt blr bra trrlrrblr.

fe;odssttrrl cf llrr drrllgrr f,ra A. Adrr

t4rofi3tlm of trDhrr V.!ir. IrlHUtL dqrr$rnt

borta prlrtr nd pbtorGrtlt 0ffdor lle lrEC +{.
ttdt4r lo*btrdlq tp*,rrllrrr Lrd.
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rrrBoDmnof

QuetcrnrtT crlo-rlltllnr volcrntrm tE grurel, erd rndcrlttc

volcrnlre tn prrtlcul,er, lr clorely uroctrBtd ;lth rettrn

coattrcntrl mrrglar rrd trlrad lrGtr Acttvr coltlncatrl mrrglnr

rEd radrrlttc vOlcrnln bcrdtr nott of thr Prclftcl foraring ra elnort

csttlll|out eletn of volcrmcr frm tbc Aldre of tcth Amclea tbsooth

Grntrrl Amrrlcr Eo th. Crrcrdrr of North lnrrlcal tron thrro through th.
Alrrkea prnlnrllr ud Alrotlra rnd f,urtle lrer to Jeprar rDd Ghract

tbrangh tht Eonla-lerlrnu fTGr tbr Setmm lrlrndrr .rd tb. flj[,
tcagr rad Brrrnadrc lrlrndr to !{rr Zreknd. tbl,r remertrbh vslernlc

ebrtl lbtch lc slrrt-Goottmour for rcrr thrn t0r000 ntlu hct bacl

trtnrd thr FiLrdla of llrrr rousd tho ?rclftc' It bouadetT brwmo

clrcm-prclfle rrdrrlttc volcenlsr end tbc tholctttlc .rd rlkellc
volernlta'rttbte thr ?rctflc brrll hrr bro tcrnrd thr srndrrltc llacir
rrd hu plryrd rl laportstt prrt, ta nrry prtrrcaenrtte throrter lor Bht

ortg(a of tb. Gelc-rlkrttc volcrstc enoctetff,o

In thr erntrc of lletth lrhod, f,rr fuelrnd, tlolocrnr vslcrnlur

hu occurrrd prtntprlly tn Eh. trrpe goleenle ?oro (f4. l.)r shlch

.rtrdr frm otshu. to Tbtt lilerd. ttc ltlrctrrt o! thr flrpo
tfiolerElc !onr. 3hc dtrtrttutton of .trptlut roekr rrttbtr tt end thr
volcrnlc rrcbenl,rnf cortrrllfiq rrytloe hrvc b..D dtrarrrd bt

tlult (1961, r9c4), tbrylro (rt64) nd rodrrd* r Errdt (tg5e).

6trtt (rrco Ir b.) rosed tbr3 rqrtrer rn!3ropr of rhr rocl tt?ff
prr'.at 

'ltr'; 
ra rpprrrilt ryr.tr r }ttb .d.|rtlc aupGtv|r brtry

lccatrd rt tbr rosthrrteaE endErtbcrrtrrr cdt of Bh. roo.r

rrprrrted It rtyollttc rrytlvq md ulua rrl oaGr o! dctttc Grruptlvet

UCTORIA UNIVERSTT? O'
WELLTHGTON LtBBAlYl
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for th. lntrrucdleto cele-rlkrllno volerll,cr, IGrr of rhl,ch rr. chr

nrbtrct of thlr thrrlrr th. dtrtrtbutloa tr rl tollmr. 9olcrDorr

trrnrd 'louagt err ehocabt to havc bceu rGBlvo rlthtn ths lerg

t{lrOgl frlr3e

ty frr Bb. lsri3.rt volunrr of erdrrttc cnptrd tr thr trspo 8mr

har betn fror thr volerno.. sf toagerlro Natloarl Park; turpebul

Xgrtrnrhor asd torgrrlro; ard frs Ptbrnge rld tl,blr Jlrt to tho oorth'

of thr perk. thr cerCrrl prrt of, tho ror. cottrllf gbrrt lnell drcltr
volcmoorl trshare, Ueua3adg,roqr rnd tsaungrhakeramel aad tbrrc old

ardrrttc volcraocrS Purcorr, tlttrrupmgt ead tcllor Pcrl. thc

Dath.rft.rl postlm of, thr !cn. coatal.le Ehr tount rrclcrnorr Bdgrcrmbe;

Shelc lelrnd ead lthttr lrhnd tojrthrr rtth thr old velerno xelrrhrS

tll four of thom volcanocr hrvr bcrn dcrcrtbtd lf redarttie by llrrlyl
$choftrld & ttqror (tg6t). lfor.vrr thc lrver of thr four yolaenou

trr rhorn hcrc to be corc reldte thrn tb. rndrrltec of th foag*lro

f,rttoorl Perk, volemootr rnd recld bc bcttcr dmartbd rr Grrartttonal

Ln corycrl:ton fronr raderttr to drette.

Tbr youag volcauocr Bdgrcubr, Ybrh trlrnd rld ttttr lrlred lto
rpprortnetrly {O kn rpert or tb. flrakr of tb. Ifbdrtrnr Orrbu,

de*rfb.d bt llrcphrrroa (f944), md ttr properrd offrhon ertrnrloo

the TbtG. Itlend tlroeh (flrnlet, 1952). tbc dlrrtctrd roosarr ot

thr old volcrao f,rrcrbe otro llr sr tbe floh of thr gbrhetrrr Orrbea,

lmt lt klr rorth of fQrcrmbr. thil- tbr portttoe! of th. rndrrttts rnd

drctClc vulcrrco rt thr eorrhmrC rnd of lhr terpo Volcrnlc Sonr .pp.ir
to br nletrd to tbr perlttol of thr Strkr3.n Grebro.

4



/ T/b. fhehetur Orebrn lr e coqlu dcprrton, borrndrd oa cho

rorthwcrt by rcmrl fultr rad bmdrd oa tbr rcuth.rat b;

tetcrrctla8 Eorth-loutb trradtr5 Srrorcsrreat frtltt end aorthcert

trrtdllg rorerl fruttr (Hmlt, Scbsftcld & ttmproe3 196a). ffbuo thc

gnbcn caolt l thr corrt tbr buanut (urrerolc grryraehr) lt.cr rt lcert

tl00 u bclry tbc rurfec,r, lbrllortq Eo ebout lffX'-t8(D n rt Kerr.rarr

lrur trnplu rrcovrred fro drtllholor for rtaen prodori,oe at le;rrru1

the grrbca fppfrrr to br ftllcd rtth rtgollttc ltver, tuffr rrd tlor
brrcctrtj lgntebrttrt eadmitrS ead volcrsl3crle r{ltrtoncr.

For sonvtulcwt of darerlptton thr rocln cf td3rcnnbr, lhrh
lrlrndr thttr trl,eld, end f,mryrbr uolcrnocr rrr collrettvrly tesrr.d

tb. Hlry of Plcnty vplcertclfft rnd etthougb otbcr rn&tltct rad drcl.to

crop cBt tl thr Dry of Ptettt rrjter (r,3. tfetlgl rrtand) tbrn rr. mt
lrlndrd ta thr prtr.ot lmgr of thtrr collcctlvl tlrrr.
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tBrxlcratEtc .ilqEncL.A8rtE

tockr gn br nlied rccotdla3 to p.trq3rrphtc or chrnleel crltrrtr,
bat ln 3orrrl fcr rcekr fro uy prrtlcrlrr rltr rsr rnrltmd, thur

mecrrltellq r durt clurtftcettoo uttr3 rlgb.r crltcleil. greb

cletdlteetlorrr oa. chmtcrl cd om p.Bnoarrphtc, rfll ofero nnrlt
lr dtffrrmt Dtiltt tor tbe trnlr roch. 81ro :Lo lutornedlrtr c,rlc-elheltne

rplcnter en prtrograpblceLly clurttted eccordhl tc tbrtr ph.oocrtrt

rrrnbhfrr lblah ofto rrprrt.rtr 6lt 2O-!OI by volut of chl roeh,

dtffrrt*.r belrern ehrnlerl eld prttugrrphls elurltlcrttea are quttr

frcgrnnt. thror4hct tha mctloan ot tb. jcotqyl petlotrfptf ad
ulunlo3y of tbc try of Plrrty rnlcntcr . potto3rrphtc clemtflceBloal

dtreerrrd Drlsr, lt llld'
t r,llerrlo3toel ctltrrlm ;htch clorly corrcrpoldr Go IL. cld,cel

dl,vl,dfq llat brtrctn rndertte md drctBrr cblrr .t 6tt 8fO1 [n

rc,cordatrGr rlc,b fu;lor rt rl.tr (1969) rlcsnrldrtto'rr lr the prrrc,.
( drcitr) or rbtrmr ( mdcrltr) of mdrt graGr. lll naglcr froo

Edgreubr, lfhrlt lrlud, Ihltr Itelt red Hror6r rrc ehotcelly rtther

radutCtc ct dcttlc. All cheotcrlly nelyrrd roclr p.trotrephlcrlly
l;

clurt,ftrd re dntccr rrr rh drslctc la clntrtrry (;rOn, Etoi).

ll*rnrrrt e mbrr of rchalcrl dretterF do lct ccntrh rodrl qrcrBrl

?hu tbr prrrogrrghlc clrutltcrtlor tdoptcd plrovldrt rl rndtnrtlnrt.
of tlr proporttm of Rcht rftl drctttc :bolraqt ln ehr rrolcrrt4

rr4hd. I Eoar-utorlur .eco{rt cf Gbr rrlrtl,oublpt brwrrt
atnrnlojy rrd chslrtqT tr tb rechf orlyrd k jtrrl la tbr mctlor

a Oecc,Lalrtrto



?ctrogrrphf tr rlro urod for nrb-dl,vlrtoa sf tb. aEdorltrr and

drcl tct . gt Ch onl uodt f tcatl,on, tbr nlarrrloglcel rub-dlvt rtoar *doptcd

.r. lftrattally th rrur.r thorc of Glark (tg60 b.). A. tbr plagtoclrm

frsn thc ley of Dloty ander{tu rad drcttu te morr rodtc Bben tbat ln
thr rockr of toagartro ilattoarl ParL, Glarlrt lrbradorttc and lrbradorltl-

Ptaorr'n preflx|r bevc brce eltrrrd to plr3toelert ald ple;1ocl3s3-pyl1'oprlr

fltt'h thtr eltrrrtton Glrrlttr prtrogrephtc el6rlllcetlon o€ thc radlltrr
ll applterblr Eo botb mdarltu ard deeltrr; ellwtng rtryle coryglror
of thrtr mlnrratogf,

thr prtregrrphle mbdtvtrlolr urcd La thtt thcttr rrc drtel,l,rd

brlat '
( t) Pl,agtoclare endrrlte/dreltr - porahryrf tlc plr3toclgc

d*rlnut ovor ptrorGm phcnoerTrtr.

( 2) Plegtoclem-pyrorGn. eldmlt./dec{tr - proportlou of

ltForlse to plrgtoclen pbcmcqTttr rubrGmttrel, Qurntttrtlue
dlrtlrctloa f,ron ( l) nrdc eccordln3 to tho valur er, the rrtto
(porph'rtttc pliroreof r to0)/(po$btrlttc plegloclrr * pyrorcac),

jqlrr rlth I trtlo l,err thm !t.t rr. clrctl,fhd er plrgtrclart
rdrllCm/drcltlrr

Stncr aonr of thr Dry of ?tott volc,mtcr rrphd brvt 6brt,rn3lel
ce.rtr.tfonr of ollvtnr or hcrnblodrr €trrlrr robdlvlrtenr rrqulrhg
rfsrfftcsC taDrlatr of thrrr rlnrrlr fr. Et rrrd ln thtr tflrlr.
8lntl$lyr plntora. lr nevrt thr dmtant plrroeqtrt ln Bhr try of
tfory relcerl'el rnpkdr rtd I plnern. erdrtttr/drcltr drflalttu.
tr pt a.Str.d.
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EDEBCUXIE

Edgecumbr 1r t tount volcaao 3 lcn touth.rtt of tbr twa of Kancrrtr

ln the lry of Plcnty rcglon. Itr rrsmlt lr 821 ur rbovc ftr-lrval, md

Ltl bmo abost 70 n abovc fet-lcvcl. the rochr of rhtch tt tr corrporod

bavc bccn cnptrd oDto thr tcphrr-covmtd rurfecr of tho rrodrd

!{rtehlar lgntmbrt Ec.

Edgrcuurbc uit drtcrlbrd cr a touot-lookleg hyprrrthrnc-andcrltc

volceno by t{ecFhcnoa (f944)r rnd rer rlallerly dercrlbcd by Hcrly,

Schoflald a Thoarpton ( ff64) rrho, ln eddtttoal lnfrrrrd on thc blrle of

tcpbrechrorology .n iltG for Edgccrnrbr of ltttlc morc then 11000 tlrrrr
A ruorc oxtrnrlvr gcologleel dorerlpBl.oa hrl bctn glvrn rrc.rtly bl

Hcly (1967)g but no rtrttnrtl.c amlogtcel, prtrologtcrl oa

prtrochc'rntcel rtudy of thr volctno her beal madc prevtulrly.
gCr& ( f95E) nrdc I B.ophtrLcrl lrvmtt3rtton of tbe Lenrrsr rtrGa

uhteh rhqrd thet tdgccunbc hea v.rt ltttlr efftct on thr ta@lto.ttc
cilCorrt and beceum of tbo rorrked turc.pttbflttf dlffrrmcr brtrrcco

thr ndcrltc and thc undcrlytng tgntubrtte hr thrmforr tnfrrrod thrt

tbr rldrrltr docr aot .rtcnd frr brlr Cbr furflcl.

gq{.sgr

ldgocuabe rllm abruptly frorn gb. ttphre-cowrtd turfecr of th.

UrtdtEt lgntnbrltr end tc ulrturlly uadtrncd,ed. tt lack of

dlrrcctlon 1r &rr both to lc,r toothfslncrr nd Eo e lrrgr proportlon

ot tbc dralnr;a brtrj nb-rurfrcrl rntr;lng lr eprlagt rt thr berr of

tha lorort teve flar. tlu ofltcr borndrty of lrve flove eG thr berc of

thr rlolceno t r wrll iilrftrrd rnd ca the mrtrla tgtelf fcrGrrte ruch a.
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florr end grqr of flcr cea br dctrrulard frua etr photogrephr end

dcteLlcd eoltclt nrapfr

lhr grologt lr dcptrctrd oo trro r{nglr-fretor rrplo Flg. 21r r
dttallrd contorr aap of ld3rcrnbc end the rurroundhj lrorr !tj. ! te

ln latrrprttrttrn map rharln3 atl rrcogul,eeble lndtvtdrrel flar rnd tbc

vcatt fru rhtch thry sr. thorght to hrvr csn o Rrlrtlvc rg. of the

flar f,rou rny olt vcnt 1r elro lndlcetod rhrr.v.r lt cer br drducrd

from topogrrphl atr photogrephr or ground lnrpcctloo. In neu; cale!

tc te hardar to obrcrvr flon bouadrrtct aad soatrct rrletto'nrblpr

or tbr ironad tben la etr photographlr arLuly brcanrr sf, tbr cheotlc

and brokrn rurfrcr of, tbr florr end thr brrvT btrh GovGrr trth I
llttr tbr grtd eo-ordtnetet of thr vrntl rad gro$pr thc vrntrread flonr

froo thcn eeeordLag to localtt;r.

Itrrr flcr cll be rf,Bstbed to e putlcslrr v3nt thcy fo glvrn

thr vrnt nrnbrr, rad r ;qbcr rf flonr egprrratly frm Bbe lrmc vrrtt

rtl Grrrmrd . flor tltlrl. ttr relrElrar rg. of tbr florr Ln rreh

rrflrr lr ladtcetrd la Ftj. 3r thr lcttrrr tel r tbr eld f Gl rfttr
v.trt mrnbrr tadleet!.ng tnsrmrtl3 rgr rlth rrt brtrj thr yorn3ot

tla

thr

rrfcXnfrcd fla froa thr! vrnt. In Grl.f utrrc r flet r.rlar oen br

relotmd buuthr vllt frqr rhtcb lt rrl rnrptrd tr Brc rrcogrlreblr,

th rll 3hr f lorrr ln ray or. mrltr rr. tdrnttftrd by e4ttrl l,rctrrrr
lfff flor rtrlrt A eonteiae thrm flcr Ael Ab rod Aer tr ordrr of-t

ttl|rrrring rgc o

lt her not bcn prrlblo to drtrrnlnr Gbr loerrloo cl dtr vrltl
t,

frco rb{ch 3Lr lonrc flrr rroeild thr bere of the velrm+ rrr. tnptcd,
rrt do thr flom lon clruty drflmd flor mrtrb. they hvr thrrcforc

i.

brn 3rorptd rccordlrt to rhil,r locre{m tato tto loathrnr Scrtbern

nd lrrtrrn Drrc ?lcr.
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A rtrlklrj f,mrrn of ttr rltatm ec lftmdr tr tlr nerlrd

llnaer dtrtrltrttm of sr$lt rlt thr vortr. fsn ouB of tb. rlrvra

ncogatrd vrrtt fall tnrldc r bead 300 n vtdc ead 3 h log Brrodl,ag

85o, lllr trad lt noG perrllcl to th.5Oo trond of thr tuerrcre rtft

or ltr portulrtrd Grt.r.lor .t l concrelad feult dora Ehc terrrarrr

Blvsr valtct to tht rerc of ldgrcrrnbr, aor lr tt perellcl Eo thc nrln

eorthrrarth or tortbcrrt-louthrut frclt trondr ll Eh. ttcrr therc Lr

!(r topcgrrphtc lndtcrttan of rrcut frrrlttu3 dtrplrctag C,b. nrrf,rcc of

thc liatehtar lgptnbrltr l,a tbr lrar turdlrtcly .srrorndtlg Edgrcumbc.

thc vcnt Errnd lr latrrrrd Go br coetrolhd by r nrJor fsecture roac,

but vlrttcel or borlroatrl dirplrcgntt,r oo tb{f rffi. brvr not b.GE

oblervrd.

u.ftcrn Flwr

fbr rrrtrrn luc Flar rtc v.rt rtnllrr la Sopsgrephtc orprr.flon.

ts Cbr northera nd raoChen lur tlate ud ell ilma rFG-ttobrbly rbout, i

tbr rrilr lgfr tte rrlrttvr rtrr of vtrttr lr ?t tr rnd { elt rec errtaln

lr f,larr fron thcrc vlnti rrr roprmted by rr.rl of rmtrrn lur llrr.

Flerrr 11, lb, 2b nd 3e T *a hlvc rny relf-prlrenrrd flc fmBr.rr

ead rt. tbostht to br rrtb.t oldcr tbn flm tr, trr end !b.

tt lrCt.r florr bevc rrll-p8truvrd rldjcr penllel Bc 8ho flc trootl

GoSrtb.t rttb elrrrlt dcflnod kv6r. Thr mrlMor froc vllt 4 tr

crrtridt tmler thrl Xetr Do. (rrtndrd frsr vmt 5) rlrr lt hm

brra onrgrrlrrd to thr vrllry brF.il lrtr ltmr rrd lrltltn tlcrt lc
,'l

lr rbo prebeblt toqfu Gbr tL tlcr trea vmtr t .dl l.

It $mf prcbrblr tbrt early rrupttonr frm v.ntr 1r 8r rnd I ulr.

ryprcd,netrlt ciltqotrl.orrrr bnt tLrt .tupttnr sottttrlrd fro vletf

2 ua t rft,or vllt I bed bocur toreltwe ttr levr flcr frm vrrt I)



!!!!L!1. - Altgmrnt of v.!t. emprtrlng thr
ldgrcrnbr volcenol w.ftara vritt la thr for.-
grouad vLth thr lleln Domt, end Hala Goar v.ntr
brhtnd Chrm.

rGr t. - f,ela Dmrl td3rcubl.

13



probeblt porrlrlrr tlerr I". r*r t ad f{F A|r lrdtcrH:Ig .
prtt.tT of t florty lrlrer&nl,gntlot focrr of cnpttoo. '?

Stoep rtdrr and froacr (up to 40e) on nolt of thc flrc, ead

reratr of rrtnrttvr rptncr rt vantr 2 rnd 3 ero LadtceClmr of,

rcletlvrly hf3b ilgrr vlrcottty.

ltala Dsr

l4eln DoGl lilng betrrra setu Cone rnd thr lttGrrn tlcr t I onr

of thc raort Gorplenorrr fretlror on tdgecumbr. It lr cr3rmelt rt.Gp-

rtdtd (up to tlc) rnd;rr rrtsrrd.a rrr r rlnglr ulG, tot feve prorauslmr

brole ebrougb tbr eoollng-aurfacr rt trlo potrtr to fon rasll rplnot.

A noabrr of blckr sf as6rvctlculer lrw otr top of Ehc Donr arc ceppcd

bt a rrldrd brrecta of rathsr vcrlsulrr lrvl. Ar thc eoltscG brtrrem

thc raldcd brrcete rld the uudrrty'ag lavl lr gradrBl,oorlr th. brtccla tr
probebly tbc rnto-brreetrgrd top of th. lerra dolif rrthrr thtn etr-fa[t

rPPffctlt

l"' +- 

,

.1

torry.r thra flr 6r, onr of If,r torngcft

foot of flor 6a tr covrwd Q tbr cutcrr
tr probrbly tolnf.r thra rll thr florr ea

Halr Corr rtth thc porttblr lnqctoa of lla 8rr Ir, tr cldrr thm tbc

tlor f,ru vot 4, batt ary Uo thc ler rlr tr er. or nslr of tbr othrt
rlrrtrtr ?lrt.

Donm of tbtr typc d rlre rrr ecurm l,r wlrsrr of rntirrtdtrte
erlc-tllrltar cdryorLttrc (Itlltsrr 1932) cil tLrtr tuntrm tr sfto
rcaqrd,cd bt r$rptlcrr of gbr rfi *fretr t'gl. D[f lrrth
rsBonp.nLd bt n& rrd.rc. eryElmr tr rrll llh*rrtrf bt rh.

rrytlott cf It Lral,r1tn lr f95l ( tr7lc, tgtt). Xrln DEG, banvrrl

rltcrl Go trrr. lrr n qffltly rtEh no rccqrryfq qlcr(vr ecttrrl,ttr

egglarrllGr

Hr(n D6r It

flar oa Hetn Goarl rlacr th.

netata of tbc llmrr tte Daror

'/



l{rherr eround lbr bere of tlr Drl rrc tbrn ut rr3ettve talur frnr,

eod no brrce{.r dcporttr of nsie rr&ntr E p. ar. tound cltbcr cn thr

volc,rto or on the rurroundln3 trphra-sovrrrd tgntebrftr.

thc epprorlvartG volunc of tbr llaln Dma togrthcr $ttb thc

epproxlgrrte volunrr of thc ochrr voleaalc ualtr naktag up thG

ldgrcunbr vslcrno ar. glvcu lr Tabh 2.

Uett Gonc

Hetn Coae lacludr. bt fer th. lergcrt volrnr of 'volcralc mrtcrtal

1l thr tsdgocurfir voleuo (trblr 2.). Flsrg'forutrg tbc bur of f,rln
Goac t.rr rfrpt.d frm vatl rtlch .r. Do leagrr vlrtblc, rod *.
probrbly eoulSrr froa ycotr rbteh rrr no'r cowrrd both by tbo barel

ftm tharnl'.'rr ead by rubrqrat florr.
ltr nodr of grorth l,r heLn Gonr

Gruptton of nerllvt coulitr o! ht3hly

certrf ol tbr Cocrr lblanrr flqrr of

thc lrtc rGrgcr of rctlvltyo

rpp..aa to brvc brea by lsccltsivc

vt tceur I evr frsn \rcntt ne tr tha

?r..n gfpc rttrr rnptrd urtaly tn

Oa thr srtb rtdr of Uetn Conr tbrrc rt thmr rrll drftnrd rt dgo,

crcb f,ormd by ruisc.utvr eorf&r rd florr tollorteg rurly Bb. lsur

Ptcb bu? for progtrrrlvrly rLortrr dtrc,mcrr f,ron thrtr coruor vcatr

?ltrr 6e, 6b rnd 6c folland tl. .s. prthr rrhl,ch rftrr flon 6e mrt
brrn ba.trt r rtdlro tlatlerly flat Ar ead lb follorrd tb. rtdlc forrtd

tf fla Ac; .nd flcr le follorrd thr rld3r fornd by fld S, r rtdgr to

tbr rett o! tbr orr tornrd b7 tla frll.r A. Ia flr rrrlrl A, I rd G

3tr6 vofncrf ttdtvtfirl ftsrr drcrmru rtth drcrurlag r3rr Ghe lar
trnd rhon by florr frp vot 6. lt vcntl fro rbtch tlor rrttr A,

Ir nd C r.rl rrtrpt.d G.mct br td.rtlllrd, bet frn thr dtrtrtbattee of

th tlovr thr levrr trt brw brrr rnrptrd ln vutr 9 rnd 10, or fro

v.Etl clom to chor locslltlrt.
-15



TAtt[ 2

AP?RCnIIX+Iq VoLLUE Or S,CASIC UHrT!

cc{PRrslt{c f,DcEcurtE vu.cANo

Ifgtrrn Florr

!{rla Donr

trcrth Don

f,rlr Gone

totrl volunrr

lot *3.

to? t3.

106 *3.

ro9 13.

6.58 r

2.98 x

l.tE x

l.5l r

' 1.61 kt3 - 0.39 atle3
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Thr rrrtcrrr flrnk of tela Gonrl brnrrm Ehr aorthrertora llorr
from velt 6 (6r, 0b rd 6c) rnd thr flcr frsn vcnt I (Ee rnd 8b), tr
fitb-lrcurt. rtth thr rrc ccatrrrd apprortartcly on tf*tn Don . Thlr

urgt.rtt that thr rutrrn rldr of Ueln Cone rat rculpturcd rtthrr bf

cplotloa or eol[epre rcletrd to ecttvlty frc vrDt t. A rolJor crplotloa

lu tblr tro. rpprrat Gt br nrlrd ost by thr leck of fjrgnmtrrJr

rndtrltla neBrtel or derltic rrh oo or rltbt,l thr tqhre drporltr

couerlag tbr tatahlrr l;nfuubrttr rt thc foog of tbr nountaln. Horrlvcrr

ra rhoru ln Ftg. 3r rrElarlve lcrcr rloprr on thc rrrtrrn flrah of

tiata Coar ntght hrvr brre forrrd by collrprf alcn1 rD rrssrG. frrctur.
elroeiated rl.th vrlt 5. A flc fron vtat 6 rppu.ntly portdrB.r thtr
lcr.. fotuettoa but prrdrtee the cxtnrlsa of Hrlr Dquc frm vlst 5.

on tbr routh rldr of ttelr Conr therr rrc fonr neJor coulSrr,

wblch hew bma eerlgnd to flor rcrttl D !t tt tr l,tlcrly thet thr

vcrt! frn rhleb cfgl r.r. rrupt.d (porrlbly I o4or fO) utr. clem

,togethrr ot collctdfiC. ?lor 8e portd.t.f flwt De and Dd rad f,rm, ltr
,burfecr appmr.ncr tr probably tb. tornlrrt of tha flerr or Haln GoDf.

flm 8b, rbtch lr lrrgrly eovcrod by florr Ce, uey br coaBopoalneour rrith

toBG of fla rortu D.

A ruootb rurfer,rd fsa-rheprd lehrr depodt, r13h ttr rpcr rt tb.

.rttttl rldc of Uets Conc.prrroc nuntt of t{rcmbcr Govlrt th.

Itr qppet narglnr llr rt thr rln c[ eD

rhleb r rcll thcloill e vcar phg rer

cooBrlnl rll rLrrr ct lolcenla nretrlrl
rlr p*Clclm, ead Gndr fcr rbont I
follerrl.ng tb. lloor of, r vrlht tr tbr

old brcechrd crrt.r, rtthta

rrtrudrd frur vrnt 11. It
ftu ll n btocl,r d1;'r to rrd
hn rorthmrt of th. volcanol

fptdrlSor lrrt of thr leher

-18



dcbrlr conrtrtr of blochr rh{ch rrr chetcdly lndtttlngutrhebh
(rr| P.3od fron rqlrr trha frm ch. srll plEg tholold la vcnt 11,

tnd thlr th. plug rry h Ehr rreurrlt of a lrrgrr lxtnrelvc rpla., rhoeo

eollryn provlded ruah of tbr nrtcrlrl teoqporetrd tn tbr lrhrr.
tb. Bro rnrll crrtcr. et thr top of, Hrte coar lrr uplotton pltr

(vrntr 9 rld 10)r rnd rlth tbe potrl,blr.lccptloo ef, flry 8r rre
probebty thc yom3ot tmtnnr oa th. ronrr tb srat of rlrctr
Pro&rcrd bt Bh. explulsno mrt brvr b.Gn rlrell rl ndcrltle r'h md
leptllt rrre only foad rt tno rttrr oD thr rouortdc ef the xela Gonor

[o mdcrttlc elh or lrplllt rrrr tound ln th tephre rbtet eovrrrDg th.
Uetehlne lgltrnbrttr rt tho ber of th. rrolcreor

nor:b Dos

--I-

f,orth Donr tr roteblr rlrcr lt rrr ertrudrd f,ron tbr oaly vent o,11

ldgrcrnbc rhlch doo not ltr rtthtn ch. toO a rldc bend rrclottrrg Ebc

otbcr vGrtrr It tr rvla nrllrr Sben thr plq trlalotd Ln vrnt ll ild lr
toPpod tt a mrll 25 o h13b rrtnrrlw epler utlsh bre rttertly r1bbtd

rldcrp probeblt drrl to rcorln3 by thr rldm of tlr vert drrtq rrtrultoa.
Tlrr rrleBlvr rgr of nctb Dcr l,r rnkmra rr lt lr rcprptrd trg|! othGr

flsr by rcrm drbrtg fnor flwr htghrr ca :br ocutrln.
IFufnbrltt foot Ugpr.

9r thr rorEb|rrt rtdr tf l{rcubr volorulr $0 n beyond th. loct
cf the lcile flor fro urla Gcrar thrrr 1r e Gopelrryhtc dmr conporcd

ol Ertrlilm rgdnbrltt rbl,ch rrr dmertbed by lmly ( 1g6t] r. r nroot

arncllil. trely Gfi{f.nd Sbet tt hrd rbro Gtnut rrd llfttd u,prrlr,
prlmrblf bl |r lnttrrlm rf, lrvr brrmth tt, rntll tB rtmdr 4ff1 tc

-19
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It cra br lre! froa lt3. 4 thet, tbe i3ntuDritr trt mc ncrtly

purbrd rrp vr*lcrlly frsr brlnr brt rrr alro tllt.d dorwardr to the

aortbrarg la thr procmlr thr I rhrrtb of tbr umldrd top of th.

tgetnbrltr bmrdr th. Roof Dosrr on thc nortb rnd .rlt flnh,r.

tn rrsfrtG vrltrt eo tbr top of tb. Eoot Dmrr Sogrtbrr rlth collrpm

pltr eloa3 Ebr ftoor of, thlr vrlloyp rlrgl.rt thrt prrt oC th. DoE

eollrpmd brch loto tbr uaderfflaf Yfol eloog I dlg-frlGturt.

Btrrq kydrothrrnel tlBrrettol of rrldrd ttrlubrttr tr rrpord on th.

rorthrrn, E rth.rrt.rl erd nsrthmtcrr flrdc of Bh. htgbmt perttc

cf tbr bot Dmar lrrtdr Bh. lnferrrd rreuatr trrtraro

Xo rndultr tr rrporcd rltber or or rnorad tb. brr of tht neof

Dmr fu Hrrly ( 1967) trldr rlt tqrt.roar ra tmtptrat nolcmo,

thr levr of rhtch dld not rrrch th. .urfurn. lbr elr of tha EDof

Dfl. rclattvc to th. vclcrrtc rctLvltt oo ldgrcrmbG Grtoot bc

dr3.rrlrd dlrrstly rr tht hro rrr sot ln cotrstt tG tt hcrevrr

dfucumd frrthrr 1r ttr rettol on trpbr rtrrtl3rrpfil md

cbroooloflf o

llpHrA ttrrfilarlPnr rrD cnrfi4,og

th ertlrtrrr of lr C.O. tbc.tlch .Dd Xr fl.I. lrllra rrf

lrmluebh ts tdntl!y'ag ud ncrurtr3 tbr thro dtrtt*ttrt erh

lrynrrr rreordrd oa fdjrcuh vsleroo. Il ordrr tc drtrtrlm tLr

trphrr rcarttgrrpby tlrttlrb rltm ?c. crntrlly relect.d or tl. v.qt

ra;b frfer o! ttr bloch llcrr lrd c*b rlGr rrl drj, frt h sbr

totu of I rrrrr trrl lrr orftr to amnrr th rerrrqt tbtctrrrr ol

mch lryrtl rnd 1r ordrr Cr rvold eorlcl brrhr msclrerd rlth 3tf

rcab topcgrqby. $rrr u,b lryrrrl rblcb ur brtrfly {$3rfbrd brlrp



,e!,
trfr

200 F
tsr,
EI

=

F{
H
t4
Fs.

SCAL.E

600

r000

Fig. 1+' - Map of ignir,nbri.re R.oof l)orne. ConEour intervaL, tg 1O0 f E.

Sf*bols: a denoEes trydrotherrnal alterat,ion area; ,}G collapse
st,ruct,ure with ptt at ground surfacei l+ 30,indicaEes dip of
lenEicular eones in ignimbrite.

*oo

2t :.



;.r. lonnd at ell thr rrhctrd rttrl
rad ilelr Golc; the tblckncrrf forad

tebh t.

tbc llertrrn tlovr, llrta lloet

rceh tttc rrl glvre l,a

( 1) trrarrr Arhr Crrtr-brsr to bl ec!1 gleetyl f1aa lepf ll{,
ud arer-rhttc recrlrory rhyoltte rcrvcogcd frm thr vrtB rrllr,

( 2) f,rberoa Arhr crpprd by I v.qf blrsk pelrorol eontrefttng

rl,th thr saderlytug prlr-brcrn to rhttr, lhsrlr-bedd.d, denrt flm orb.

(3) ?mpo Lrprlllr lhtlt-beddrd courf erh rt thr brrc, evrrlrlr
bt r brorrt pelcorol contrlalrt eoft; hl3bly vrrlculer puler fregraettl.

Torrrde tbr top of, Hein Core thr colotn ud thr ueaChrrtnj

cxprcrrLoa ef tbc uh leyrrr cbragr fu. Go htghrr relnfrll, Ia

prrtlcul.r thr trupo Lrprlll 1r rtflned drrlc-brefa rnd rllophnle

coltotd Grt.ldr througbmt' Ilouavrt tb. Goulo-crh brrel leycrt of

t,hr lrupo Lepflll .r. rttll rroqatreble.

Ag rLtr 6r on tbe nenl,t of Heta Gonr, e lrll-rertbrrrd llre erhr

about 5 cu thtchr uadrrtlo thr burl lelnr of tbr trupo Lrptlll.
It lt l,ll-dcfterd md th. lorn of Ebe pmtcc rad tbr rce.frory olnrrrlt
ttc hrrd to dttrrutar. Th. rrt lt nert utfhrly to br thr fbrt.trn.
Aeh vbtth Lr urully 100 cn tblch ll ghtt rru, ud 1r trntrrtvrly
corrllrtrd r{tb Ehr leluthlt Afb, At rlBr E of th. rotrtharrD rldr
of the xrtr Colr thr burl ftrr rrh lryrr 1r rlro p8.r.rtr rod r3rtt

tant 5 cn tblcl'. Ic srrrrllrr rbat t-10 cn of, adulttc hgl,tlf trd

mh rtlcb tt cbilSlt t t ?tfmrt rJetr frm thr rrylorlol pLGr t?

,vutr 9 rnd 10. tt l,r ltlrly thrt nrrrr rl. oTbrta pltl tbf

rtrctrd {rbrlr lr eoerru rod hrrder to dtrth3ltrh frr th turfret

of thr udrrly'ng ft,rr.

on

IC

22



TABLf, T

t.
2.
3.
4.
5.
6.
7.

E.

9.

8t Cr

N77 I 160070

w7l'?fr'tt
d?r I 17 r0t5
w7 | 1t307e

n77 I 11497.

N7t/ 1 t9073

N77 I 189068

a77 | 1s9064

Lahrr tlor
(nrer of ,
t todt.rtrr

WlSt.ttr

EsBtctDlr lt?Etr sllAtxcBrDilY

tTICf,TEET OT TEPETA I"AY8T8 TN CU.

trrsrra leharoe trryo
Ath ArL t+tllr Othr

t
{t

I
25

30

t3
t3
t3
t6

lt
I
,
{t
t6
4t
tl
56

,7

t
I
I
3

30

3t5
3fl
t5 15

l6
rttlr)
pr'rrer!. of prrGl,cultr BTbrr, brt Gbtchnort

93tr tdrnttflcrtton

1. Plil 1|.
2. ttell tholotd.
!. lierthrrn lajr ?lert.
4. Florr Ae.

5. Irln Cora, Iert Preh 
:.

6. ?lr 11r.
l. Fla Db.

0. ?lr Dc. i

9. Lrbrr Flo:, trtd r.farmc.r
lirt rtcm u brlorr lnh t0!0t2f
ltttoE3, tol083, togotO, fit6o0t,
t0t0t9, l0tt09l.

23



tb. llto cbomn on thr foof D@ (grfd rrfr 877119709t) 1r ovlr

r prat of thr tgalnbrltc rhlc,h tr oodrntrly rrl&dr lot on thc

upa[drd upprr prrc of, thG Lgrlabrltr, thsr tbr tcphrr rccelon

BtrnNnrd pottdeeu the fornrtlon of thc doilfr furlaC rhLeb thr updo4d

prrt of thr tgnl'nbrftr rer ttltrd to rrpore lonr rtrtttgrrghlc horlsoarr

ulgbtr Lt. tb. fol,latag rrb lrsBtoa rrl fourdr

Trtmrre Arb

fahrror Arb

?rupo Lrpflll
tfbehateac Arh

25 cn

36 en

nll

06 cc

A crtSleel rGGttoR la r rord cut,tlng !{Xl m ronthu.t of thr
neof DG. (grtd refr r77lf0OOS6) thorr I boddrr cf Bdgrcrubr endrrtEc

tcrttlS on tbr peleorol cTptnt Ela lotcnr Aahf nd rurroundod rd
eovorcd by the ltb*,etrtr lrh.

rbr trphrr Govj3 sra th. lrhrr flc oa th rlrB.rl 3td. of

trte Conr ;rr ftrdtod rt rfv.tr rlto srd Ghr nrea thtclarrr of rrch

trrpc

rev.nSh

rrh lryrr gtvrn l,n Trbh t. Trtrmrr Arb, f,lherer tth rad Ghr

Lrpllll rm parrmt rt rlr ort cl tbr l.v(n rttrrl bnrt rt ths

sh. Irb.ao. Arh lr otrrttg.
Obrcl orlerl- Geac lualgn?

Thr nl,atm|r rg. of thr lrur floe oa ld3tenate acd of, Ghr lrhrr
!l,c fra thr tlrlr Ceao, rt Ehr tltrr rrrolerd, tr lrOO tGrrr !.t., the

r3r of rhl ftupo trpllltr tf the brul fln rrh lryc rt rlGrt 6 d 8

1l tbr rrinth{e Alb (u l.rir prcbrth), tber tbr utrtru r3r fot thr
flor rrderlytq ther tro rtGm rr !t0O trrnl !.0.r tbr rgr of th.
frldbtr Ath. ?br rjr el th. rglftt rhlch fcard Eh. tgn6brltr foof

-24



Door 1r brt*rrn 5O0O torrr tad 0{X}0 yorrr !.F. (tlhrkrtenr Arhl 5fi}0 8.p.3

&otonre Arhr BoO0 l.p.) tUr bbk of Edtreurbc aoduttc rertlnt on Ghe

pehorol ctpptqg thr totoor rrh blr prebebly rolled dfiahflf froo tbr
frcat of flr Gbr t dlrtrrcc sf 6O ry lndtcatlng thrt thcrc re.
effurlve volcantrn on thr aorthceet flesh of llale Gocc bruecl !ff}0

,lrrtf ed EOOO tGarr t.P.

thtr conclurton dlffrre frwr thet rcrcbod by Hrely, tehofl,el,d,

fr tlroryroa ( 1964) rbo focnd ollt tho tarmre rad f,,rbraoe erbrr or

ld3rcunber rnd thue hfcrrrd rn rg,. for tbc voleu of ttttlr raerc

then lfir0 /oircr
PETBfi}NAPiIY

l3 chta ttetlonr of remglrr trm Sdgecrrnbr volcrrc ;GrG rtudted

std 50 reprrt.rtatlvr rqler rcr;lr chorta for mdel nrlyme. Al,l th.
raplerr tPirt fron rrnoltthr, er. porphyrf tle plegtoclrrc aadrrltu
or plrgtoclert drcltu. thry ell conteln ptr.Boe{trtr of roncd

pkgtoclrro ( rnr'-5) r clLaopyror.ro ( rugrtr), ortbepyroxcnc

( hyp|rrthrnr-brorrf tr) r rld cpr{u. oxtdra (nagnrtttrr Gltenmqnatlte ) .

tbc groudnrn lnverlrbly coatrtrt mrll lrtlr of plr;loelegp end

crTrtalr cf orthopytor.n r oprqf. oridees ryrtlto end nrtlhl ln
tddtc,lsn rbott belf tb. rmplrt hrvr recotrrlrrblr crlttobalttr tn gb.

3runrfu$rr tlotttrr qrraGt rad bnbltrdr rar prertrt rr pbrEocrtrtt

tE !ffir ror rl{ 2!il rcrplctlvrll of rhr rqlerr
0lanropoqphyrtttc rtttrt.Crr ct vrr7lq p$portLcrr of plqloclrarr

Pt:rolc.r nd opSqef fd,dtr ccerr ln rrt raplrt. Xort grouedne1la

ttr3utr| rtl plloS:rtttc, lHt rollr err hyeloptlttte, ulrdly rtrh the



sl8!f prrctelly drvltrtftod. lbo of the thln 3ectlone crratncd brvr
anygdlloldal tGxture utth crlreobelltc aryrgdrlcr.

Erarplr locrtt.ont for thc 50 nlcctrd rrmpler end th.rr model

mrlymr rnd phlno€t?rt proportlonr rrr glvcn [n teblc 4. At kar.
1500 potntrrr.r. countrd oa rach thtn mctton. In ordor eo cvahate
thr prlcl'rton of e rnodal rnclyrtt end thr drgr6 to rh{ch lt t.r

tcPrcttn3stlvrl ltr n odet anelyrrr of thr railtc! tbtn ractton rfrc mldal

follmd by rtr sodal melymr ef dtffercnt thtn r.ctlou frm tbc fe
rernplc and t furthrr rtx rrcdrl enrlyree of onr tbtr rrctlon f,roar *ch of
rlx rauiplcr from dlt'n Doo.. tb. rcraltr of tbl r trtt sr. glvrn ln
Trblr 5 {n tbr fsrc oi th. mlrttvc drvlrttos for rrch nlarrrl vtthtn
on' thln rGcctor, brtrrcea thtn teGttonr rnd betrru rmpler. teblc s
rboil thet Ehr rrlettvr dcrtetton lr rnrch lcrr for nrJor eo'rc,1tuontr
t'han for mtoor coerEtturattr rr rrould bc rrpeetrd. thcrr tr elro r
grnrrrt tradrmy tmrdr htgher rrlrttve drvrrtlor for uy ntra*el
betrrcra Ebta rccttrort tbrn rltbl,a r thtn rctlolr rod r tradcae, tfirrda
btghr rclrcLvr dcvtrttoa brtrrca rqlor thea b.trr..tr thta *c.tool.
Thur I elaglr rrnplc ctr bc coartdorrd ntarralcgtcrltt rcpr.lrntettrrl
of thc volcrale unlt fron rhlch lt nr trlcea oely er aa epproxtretl,onl
ad enelyrtr of I smber of renplm frm thr ara. ftu vlll grertly
herrerr tbr pralrtor of tbr ncdrr lrd tb. dqr.. to rbleh Lt lr
aaP8aaarltettvlr

lhr follwtrg dtrcurloa ot ccry.ntlw prtrog|Ptrt lr brrd on

lrm trcb nlt, plrtotrd ta feblr 6,

fron e rnltr d rtnrrr3.f coeld mt
utrrlth tr TrDh 6 ro Lndtertr thc

Che rvrrrg; nrlynr ef tqlrr
Fhorr thrrc rrr onlt on trryle

bc trlrq, lt tr nretrd rlBh .l
lccr rrlt eblllty.
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tbe rorthrn rnd rtrtrra Errc Flrrr hln eluort idtrt{crl
proPortlonr of grouBdurur plrjtoclmr md totrl pyrorelrr Thrtr
orthopyrsxrnr/cltlopyror.nG rrglo. trc ldcrttcsl e;d tha cnty

dlffcrrsco brtrcea thsr lt tbrt I trecc of bornblradr aad btotltr 1r

prcrcnt [a thc trorth.ra tero Fleue but not tn thc rcrtorn lrre Flour.
Thc rsnthrtr Dr|. Florr dtffgl frqr tbr northrrn end rrttrrr tr. Flar
ta bevtnE e soorldrrebly lonrr propcrtloa of groundnrlrl rrog totel
Ptrox.Br rad e mrch hlgbrr Pyrc*.ne/plrgtoclrn rrtlcg thry rlro brvt
I trecc of guertt, rhlcb tt aot prcrrnt la thc other tere llort.

Ihc lfcrtcro Florr tr. p.trogrrpbtcrlty ytrt ttnller Eo on!

rnothlr end rlt rlro vart rlnllar to thr ncrEbcra and rertrre lerl
?lorr. thc grrll dtfferrnco beErcca d{ffcrrnt tl* lcrlcc ln tbr
lfclt.rn Florr tr thr nuch htgber ortbopyrorrnr/cllnopyror.lc rNtlo la
fla lcrlrr 3 conperrd to tbet l,n llqr rcrler I end 4. Othrr dtfforrnc.t
brnr..n thct rr. 3hr prrrcncr of l trrcr cf $rrrgr tn flw gcrlcr 3 end

I ttre. of blotltc tn flq rrrlrr 4.

Ueh Dom. lr thr nort dtttlacttvr petrotrrptrtc untG oa gdgccunbo;

beirtng I tor grouofuerr coatrnt, htgh qr*tr G€rt.trt eod rtgalfrcrat
rsouCl of hornblcadr and btottBr (prrtteul*ly ebr latttr). It Lt thr
onlt volcentc untt ol :$rcumbc rlom petrogrrgby 1r dtrttncttw .noogh

for lt to bo trco3nl,red rolrly oa th. bulr of ttt uedet anelyrlr.
A cqrrtroa rtth thr flr frm ylnt 4 tr of lntrrrrG rtrr thk v.o3

lr vrrlr clom to vlrB 5r sd flc 4r rrl grobrbly enrptrd dhortly af,t*
tbo rrtturlcu of rteln Dor. fro rnroG 5. tlr {r hrr r vfrl nreh btgbcr

trf,il&rrr centldt thrl Hrtn Drn r lrctr qirrtr rnd honbladr end hrr
only e tr.er of btotltr. tvrn cmrldrrtn; thr ecryurttvrl, mcll rrgr

30
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ef vertrttm 1r thr teruptror (tebh 6)t tb. diffcrrncrl brtrrron flor 4r

and lirtn Do,ror ob..'lo[lly rrprGi.rt r rt3ntflcaat dtfftrmr l,n thr
p.trotrsPht of lt"a cruptrd frm tb. tro orerly eoLncldcot vreat! Ln

th{r rtfto

tr'blr 6 rbqrr thrt tho pearogrrpby of flory rrrlrr on Haln Cear ir
Gta.o.ly vartrbkr vltb chr rntnrrelr rhrfag thr sort vrrl,etton brtng

qurattr hornblendc rod blotltr. The orth€ptrorcm/eltmpytnmnr r.tio
for rll florr lrrtrr or l{eta Gom l,r grrrt.r tlra l. Etnc th. rrletlvr Nt.

of th'| fla rarlu on uoll Couo 1r not rufftcltntlt rell kso'r!, tE tr
trrporel'blr to dctcrtrtnr Lf ghrn lr rtrtcnrctc p.trogrephte vcrletim
rl,th rirr gtthdf, flor rculcr 6, lrsrurr, thrrr tt I rrrt.ortle dccrtstc

te thc proportloa of grmdnrrr utth &enettql rlq fre 6t.6I grorndrnar

tn flmr 6c, tbrougb 58.5il tr flw 6b to 5l.ol ln flor 6a. letag berrd

or urodel rnrlyrcr of lt'qle raplrr lrm geh tlov thr vrlldttt cf thtr
trrod tl rrncrrtrln| bEG rrrcl r Gsmd of tncrrulrg eqt13rll11lty rtch
tlc rculd b. rqprctrd tl arccorfl.'r frar (ron an bodt of cocltag

rc4$lilco Flor mrtr| 6 rlrc rbrl t rtallu .trtrrtttc drcpelr tl tbr
ertbeffoxelr/ct tacpyna*m retloo

n€rtb Dmr tr rlntlrr tl rodrl eoryortttor Gc ttrtr Ean blt thr

$rrtl ecltrat lr dt3htly lonrr rrd tt, lrsh bmb6ndr. fhc rr."p !

lld|| rrd 3arrrl trpclrrpHc ferrr of trtl Dfr. Ed llo"th D33n rufgG*f
tbrt tbrtr rrFr rer plrtleulrrly vlrmnr rt thr tlte of ttr crtrulioa.
ilr.lb qriltr rod lcr ;rcnnfunr Ff3cfrGrtrt rr3tlt tb*t ttcy r.rr m,..,

GrtG,rlHrr prtor to .rtrrrlc tlrn rry o! thr othrr vplcrllc snlGrr

Itr rodrl emporlt,lor o! th. lllrr flr, brv{4 rtgatflernt
proPrtEtmr cf, (pr?Gtr huabl*dr ud btotlte, |rllrfG tbrt tG lr

,l

_l

I
l

+
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larrcly eoryofrd ol nutrrtrl frm r tbolotd or Fllr rftnl,lar ln

cocryorltla te llela end lderth Domnrr Ia thr rcGBloo on Bdgtcmbr

Srclogy tt rm colctrd.d thet r rplac lr ltkcly te brvr forned pirt
of thr plug thotold rrtrndcd trca vrtt tt,

A| r rrhckl tbrrr dorr rot rpp.u to br rry .trtml.tlc vrrlrtton
ta mdrl canporltl,cn vlth e3r fol thr ldlcrnbe volcm, but thcrr

trc tullrrttou ef r cycllc verlrttoa of lrrrulnl Gtltrtrlltnlty
rld gertr emt.rtr eld drermrtag orthsrpyronnr/elleopfiosm rrttc
rrttb drcrrarlag rge ta r flt rG{ErDaee ttr ovrrrll rtnllrrtty of

nadrl alncrelolt on Bd3ccdrr cad the clcr ttallrlty bttrr1n roa.

flcr of dtfferrnt rt.f and tron dtflrrct, rnntr (e.3. ncrth.r! lerr
?lar Gd flc ltrltr f ) rng3ert r perrntrl Erlnr rt dqth ;Lep
cqorlsto hrr vertrd llttlr durtrg ldgrembe rr prrl,od of retlvltyr
tbl nodrl vrrtrtl,car cbnnrrd raf Golddorrd te bc dua to pnD{etflr.

rtg'hln irlur b.ld rE lhrlls drytbl benmgh thr vulcrno turrdletrly
prlor to rryt{@tr ttr nodrl ntnrrelo3y of lrvr .rrngted tru 1geb e

Fnr3nr cbrlbr$ rrsuld drgrad oa tbr rnomt el nqm h thr ichmbeF

prtor ce r Pratlculer rttp3lon, thr rrtr cf cocltg rrd tbr lerd ud
vrpoES Pr.ratrtt ofi tho nrjmr
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t ittL3 I gLAt{D

Utrh lrlead 1g Bhc uppcr porGlon of Ehs arodcd rcmrrenGl of {r

'.'olclno fffng lt kna north of thc tcrrn of ttbrhatem, fid 8 ltn off t,ho

coert, la thc tey of PleaBy.' It her a ecaGnl'peak 347 e high, rbtch

!.e chr routhern portlon of en erodcd voleanlc eonc, eud lorrer peakr

to thd rert rnd rrrt rhlcb are npareccd frour thc Ccntrel Cone by short

vellcyr. The north eoert of thc trlard lr preelptLour rfth eonEiaoous

ctlffr brtrren t0 and 300 m bl;h' fho grology of Hhalc letrand ras

dcrcrtbrd by lfrcPhc.rron (1944), who rtrt€d tbrt rfprectterlly the wbole

trlrnd tr cccnphd by andtrlGlc reclc, orcrptlag.nlnor rr.ts of l{ttrr,

beddcd rhyolttc Euff, grrlrechr coaglomntfr rnd dunr rrnd.tf Hccly

( 1967) drrcrlbrd tbc northcrn cltffr as a oeaperettvrly rectnt feult

r€rrp. Huttoa tn {tn apprndtx to }lrcPhortonr e ( 1944) prp.r dcscrlbcd

I tbln rrcBton of e earylc colhctrd frm Eb. routh corrt of the Lstrand

il rn $glGl-blpGrrth.lr andcrttr vGrt rlnller to ldgeeunbr eenrplet'

0Ef,,mt

Ttr 3rologt ef Wbrk lrtrnd lr drptstrd on tru rlnglc-factor inaps

rrlth $9. 5 an rpprcxl,matr eortonr Etp drra by rrdtrl ltno ploet{ng frsr

elr phrtoStepbr rttb hrtlhtr by perellu eB1rnrrencntsl rnd Flg. 6 s nrrp

ehorlng nrrfect gcology aad lnferrcd ircilt foeetLoas.
f

Gmtrtl Conr roch en rcll cxporql pa thr lrlradfr prrclpltesr

north.rt f acr ald arr rlra crrpord ln lr cCartel elt f f r on the rcuth

rtdc of thr trlead. Eee?bcrroo (tfAo1 **ftD.d lryrra of andcrlte

lrveregjlwrrtrtc, rnd breccfe, wltb ntrol lrtrcr of rbyoltttc tuf f

rryomd ln thc nortb etlff rctlon.

-33



a
rAl
olrtlr€!to'|t,5rro 3o!too(, I

"aal|!Jt,grot(j,r,
.!AOur}. Iffao\ra
oo
EAeE
r|t,IttIl. t;tafLl. rl
tFfE

'Euat
Egq't
ESrI
Fat
Flo Aar,dt|l0
Aiftl.
fv

tr I.rl Ialldlo
llD

': .l l

34



,llalrlvo hcrrogoncoue aadcrl te crop s out at thc bage of sentra I
Conc {n tbr roftb eltff ro€tlon and te thorght to be pert of c rlnglc

' tbclotC or oorl&r vhte,b hrr bsea aannd for conveaieace rr che frCone

thololff. tbe Gcnc tholotd 1l covcrcd by ln ei,en laycr, l n tblck, of
volcrnlc notcrtrl thought to bc of il& rrdcnto orl.gta. fhc bull of

3h. ilrGrrtrl rbovc rhe nufe ardentr degortt 1r volcanlc brccclr,
conrtrtlag of u poorly gortcd ulErt of, ragular snd aub-sngular blocke

of lrvr tn a nratrtr of srel ler bouldrtr of I s,ra and f 1ncr, rirednly

erh gildrr volcralc roeterlel. fhe voleralc breccte her rudkrtncary

beddig vltb thr ttrttlflcrtton nearly penllct to thc prcrent cone

alrfaatr it tr aot portlbh, hcreverr to plrce boundertee otr a

putl'crtar brdr A seeond nujr rrdcntt drporlt, vcrr sl,rirltrr La

rpperrmc€ red rhlekncra to th. lourr oool occuro rithln thc volcan{.c

breecla about 70 r' rtrstlgraphtcrlly abovr the Coao Tholotd. It ie'

confonueblr YISh the rtratlflcrtton tn thr voleantc brocct.a end h.rg

mooth upPrt ild lorrr conEactlr A nrlelvr end hornogcn€oul drctte

'rtth r!!rr-;*tlcrl rlder ebout so m hlghl crepE out tn thr Epp€r

centrel Port{cn of thc north cllff r.ctlotr rtrd tt gurrqr1dcd or ell
vtrlblr atdca by volcealc brlccl a. tfbrtr tbry ar€ expoerd thr contects

brtrron thf r dacitil nnd tbr volamlc breala are ebruptr rtrd thcre 1r

m cvldcnsr thet thr decttr latnrdcrtbe brrcc{e,

?hr nfe erdtatt deporltr cac poorly rortcd mrtrrtal corrlrtlng
of lrptlll-rlrc fnguertr of ardorltr rud drclte tn a pals-colourcd

rn Erltr of dactttc conpor{tlon. Thtckngt lr conrtent aloag ehr

outcroP (about tOO n) end th. drpoelt f.ailr thilrer-bcddLa3. Tb3 poor

rorttn3 and lal of bcddtng rutt.rt thrt thr rmrcr lr logalr bsr rhe
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cotrrtfit thtc*artr

frm r locrl .orftrg.

lad,crccr thet Ghr dcportt Lr ultkely to bc rcphra

Bhttr ltlad Brptn

deorttr ecre forard

oo tle Gratral Cone.

( ece p - r3t tor thl,el.nrls ea.rurc",.rtr aa atccnE

ctuptlonr) o rt l,r therctorr corrldrnd thet thr
by tro rurll nfc erdrntc ctrpttoar frm r vrat

th. orlgln oE thluoleenl,e brrcc,tr rrtrncd to abovr (p.3f )
1r problrmettcel. tf, it 1t rlr-frll eggtcerrGrr thca Lt lr rraronable

3o alraet thet rnpttonr rhtch producrd g3loncart. 01 jgeh I lrrgc
lorlt1 nnrrt allo hrva pro&rccd lerlr amrtr of flisi-gridt Erphre.

Horrcvcr thcrc llG m dtporttr of andcrttle or drcl,ttc tcpbra

loterbcddrd rlth tha ','olctnte brrcalr or thelo lrlerxl, nor rtra erTr

srch dlporltr found lu a Loncr PlrtrGoc.ac-trcccnt fGcttoo (Uhafc Irlend
tl probably latc Plctrtoecno)l drrcrlb.d by Hcrly & Errurt (1963), tn
tbr lelnlrnd ellffr tolt of HrtrBrl lqf t0 h trm ftelc lrgnd.
Icncr tbr volcralc brraclr tr rltlrltrl td !o ril,rfell tg3logtr.,
elthcugh lr reo ort3tnelt.y drrcrlbrd rr ncb by lracpbrrror (tg++).

A sccond porrlbllty lr thrt thr volcrnlc brcccLe Lr emgortd

of cenplrtcly rtto brcccLetrd levr florr. lhG prcctre tron trteel
rhepc of tbc Ccltral Conr tnpllo tbrt IC tt.te ecqordd rlncrt
lntltrlt of atrto-breccteErd lrvr flolr, thm thre flotn wrG beul

b.m thtn rnd rvrnly drrtrtbrtrd. Srrrsh of tb. lttenturc h.r frltrd
to provtdc erenphr of I coqenblr Ecclaften of totrll; rrEo-brrccl,attd

thla declrtc levrl. rf thc yolcente brrcctr rrp8,rrsatr I ttl
ruecortoa tb.il Chr nerrLve dectte' cropptrg out Ln tht north cltff
rctt.n (p.3f ) nult br latrtprrtrd lr . vc, llst, rnd rod.{ be

elPct.d to lbc rn trtnrlv. coatrct rl,ttr lolr ct tbc br6l flct,
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borrvrr thr cootrct roa. obrrrrcd tn thr outcroD tr not of tbtl type.

!b. -rclceclc brrccla tr tbr rrrllkrlt co btvr becn fonrd by I

rtrct.tllc o! ruto-brtcstrtod levr flar.

lbe ruthcrf r prefrrrrd bpoahutr lr tbrt tbr qearlvt decltr 1r

thr rsrgnt of r lrrlr rgtm of lr'rr rtor rpprr portlou hevr oollrpred

frrtq ertrutlfl to fcrn e conleel trn of drbrlr nrrronndtq3 thr rpln.

It ryl!. eoattmrd so colkpm er br Lroho dflr by rrorlm uostl Lt

trar Eo hlghrl tben thc fra of drbrtr nurcndle3 lt. Tbr Gratrrl Conr

lrlf en3lc lr !io-!to, rbct tbr rnd rnglc of r.ft for poorly rortod

drbrtr. Ibr. bneh ta rlopr or tbe mrt.a! flmh ef Grntrtl Coso tt pt

tnttrarrt.d er r prarrtttc wnCr but rr t rrcodrrT leve rplne

protrrdtat rllghtly abovr tb. hrnl of collrpr. drbrlr. ttr3u h tbr

grorth of Grntrel 6olr, rsBordtq to thtc f,etrrpr.trtloDr ar. rhsra

dte3rrnrtfgrlly ta Flg. 7.

tAe lc fytf puG o! Cbr trlnd rrrt o! Gntrrl Corr lr ro lgfr

flet-topprd hvr &., ben emcd illrrt Dcrerr ft Donr tr rrll

porrd tn !O n bt3h ree-cllffr or lEr lortbrrl rtdr rd lr cmpomd

of nrrlvlr Gol$rr-tolnsel levr. tll rr.B.ta nrtlta of lrlt Dunl

1r rryortd tt th .orth cltffr rrd rlu3 tbr crrt.tn rtdr of lchnr
Yrlhy; rlrlcb nru dar6 brtrero cb. Docr roi €rtrrl Golc tc ltctrnr

lry o thr rctb rorlSr tr tbr lortl cltft .Fortrrr tto rerg3tr

ucttr ber a Gofplcuorr prlr gtrt cclorrrd flrr-gn{ned bordrr som

3il3rtrll. ilnt leltrfphrrlcrlr drtt, gFQ rrncltthr rlout l-t cil trt

flnrBurr tttr eoarplccnr tcrdrr !6o lt not pttrct a tb. rtde ct

f,clmrr Yrllrtr rbat, tlio r trr tbr rcrth corrtr but tr lchrrr Valley

tb rrt!.rr nqlr brr bcu atmd,"?ly rltrtrd b7 tytrotbimrl rccivl3yc
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I!E-l. - (tct rrrt prsr). lrrtrrpretrtton of, rtrgu of 3rarl of

cmtrel conr, Fhelr rrlrnd, drtellr of rrcb rtttr rtlf llvrn bclq.

( 1) Extrutlol of Conc tbslol,d.

( t) $tut of Grtruttoa of Gcrtrrl rplne r rccmpmtrd by r rnrll
nuir erdmtr rroptloor

(3) Brtrnrlol ef, ccnt,rrl rptlr aoltls.fl rGGolrpratrd by r@1-

conttnnut collrpn ol portton of tbe rptnr rrtleh nlrltr
ln a eoar of, volcrnlc brcccle brlng tarlt p roaud thc

brrl o,[ tha rpl,lr. Stut of .rtrorlca of, nrBrar rplr.
(probrbty rrt doar-rhrprd elm GGrtrrl rptur).

( {) Ssrll g,it rrdrBrr .nDttoo fra errtern !lr* cr rb.

ectrrl rplifr ccrtts.d rpirt pcrth md collrplt.

( 5) loGb cmttrl rld rrrt.ar rptrrr frd Gc thetr nrrtro
hrltlt. peobrblt rccngrnlcd by cotlnnt lptr.
eollrpr. Afttr rptrrt 3..r. grrlaj thrlr bflht
lr rrftcrd b; rrortrr nttl tbrt; to?f rr\l lwrl ttth
th. co'ru of cellrpm &trtr rrnrdltl rhr
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At thr Ertb rnd of, [cErrlr Vrllry rrr vrthy-floor drporltr
coutotl,ng of karca of lour rnd drcttle tuff ( rm of tt rub-

aguconslr whtch owrltr Cretral Goor volcealc brrcel,e, md rhteh havc

brcn ttltrd re tbrt thry mr dtp {Oe turrdr tbc conc. tllttrg of

tbrrr bcdr dlctearu reptdly rrrrt fron tht lrerg1r of Errt Doa. snd tr
tharcfore thou;h: to be dr. to ltr rrtrrlllog. ilrecr lut Do,n lr
conrldlrcd to b. yolraltr thrn GraBrrl Geor. Excnrrlc of tb. Do*
caurrd crrtTrrd atgretten of 3h. cilrof urrlruu drporltloa la tic3rranr

Vallry d a lcnlr of loerr ard rhyellttc trphra rcr drporl3ed !O rn

rtrt of tbr ttlt.d dcpodtrl eftrr th. .rtrurlot o! th. Donrr

fhc Prak rt thr rsrB rad of tb. trlud 1r formd by r nrrrlrrt
mtgrop of leve rlG,h botb aolunrt oad onton rhla Jotettng thil! ln
.xpestlrcr eround tbl coelt. thr rerth.rn hrlf of thte rerftcrn pettlm
oc the lrtsad apprarf from jrouad, ru rnd errlrl obmrrrettoil[ to
cmrtrt of I rtn3lr daer hrrr rmrd rtlrr3 Eooa|rr ?h. ro*therr hlf
of tblr r|tE.r[ porttor et tb. trlad tr coryored of pmtG.cuf srnlnr
srndrtmr. ead llltrtoo.fr .rnl of rltcL rrr Gsr&Ert beddrd, aad ihfcb
eE th. ]rthrr rad of thr ct13t crpesrr dtp toe 1jreh bat rbtcb gr
ovcrtstr.d eld dtp 80o trrtl rG thclr GollrGt ;tth rerG Dil.. A roar
of redilrhr brlrdl ftatoGf.rnelly-alc,end rtltrtotu forrr r bmd

ebaat 5 a rtdr rlca tbe cntrGto trro rtrElr tn tho up-dml,n3 hrvr
bmo rrcogrtlrd. AlGrr thr ftrrt prrr rt the rp-hil,ry r J n eltff
trr coe W tbf rrr re :hf recth d d th. mcGto, r lrher fau 1art
Do'nr th6 ffFrd cvrr Ellt cltff, toalry r n{gr ct leb13 drbrl,r g3

tb..rrqrrd rldr. ta tle, ftut rGr3e, of up-dmtq rffil of Bbe

upl,tttrf rdhrrtr rtqrd tcthrr{f clra Bh. lrlrr drbrtr, erd rrre



tbra csded to f,oru rtothar 6r-cllff to tbr rsth ef tbr prrvtqa ottr
A mcoud leher ttom lort lt6 thrm ff lled 1r rmthrr rltdfr cf dcbr{r

oa thr mersrd ltde of thr nrr cltff . Fberqrlpbr of the r:rtcrn rod of

CbG ldrnd rborl,q tbmr loturm trr gtvu' e: Ftrtu 1 , I , rnd a 1

end e mrth-routb erorrractloa fr jLvce rr Ft3. E.

fh. pfrfc..ft aerl,ar tardrtoau rnd riltrtoam ml lftbologteell,y

vcry rlullrr to th. fortltfrrrrr Gattlcel,tftfrn rdfunrntr drrerlb.d

by Herly & Errtt ( ff6S) h tb. frctten m thc mrlalend corrt betrern

$atrCr ed Otanrakm, t0 hnt fron ftrh lrlend. CertlrcltGtlen

crdlmntr rlro otcur en Eh. Rurturr bchr, t b rrrt of fhalr ltlend,
Tb. nduttr eDd drcttr toruln3 tbr rtdrt end floor of ttrlphr

vrlkl th. t'elhl lmrdtetcly to tbr rrrt of Gcotrel Cmrr hrr

eulfrard crS.ntlst htGotbrrrnrl altrtrcton rnd frtrly thlck drpotttr

of elllcrar llnter GrrpGt thr vrllry floor. str rnall frsrerelcr ar.

.etll drrehrrgtag l3.tm, +rx| rGra tr alttrd fru thr bc*h uadr lr
BrLartonl try l! ln ttdrr borovrr ody rm mrll bollf,q pool rsraltu.
thr toeel rrra of th. rtnter dcporltt tr abour 0.0t6 h2l tbry fcra

| frilb-bolf rl4t rf th tl. tro !,rrprt ptrtf belng rpprodnetrly

eLrcrler rnd 80-166 or [r dlmrtrtr lrtrrsr thr tre lrla
dcportGtre Ln tlt vrllry Shtrr errirurrtr of rrtor-l.ld
ub bedrr rftlcb rr prrlrbll t.phlr uhtoh her brrn rerhrd

celtrel colo nd Sorrard tl e pool tl tha tl.ilrf rlrlfe

rPPSr.I| Cb rr-Jroorltrd grgllr lr probrllt Bhr lots

rrtu of rlntar

rbtol I Ete

off Ehr

?rm ter

Arl drtrd
ec rbrnrg'c1000 twr lJrl cd rter the vree?-lrl{. hdr oyrrlh thrcr
dcporler cf ,rtatrr lt rcld
rctlv|^tt ln Enlphnr Vellty

r.c thrt tlc nrJor prrB of ?b btdroth.tteal

took plrsr prlor Cc Er00O t.rt. l.l.
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.,#i

llat,r E. - C ttf f r.etloa on rrft cotft of ffrrt Dmc.

Pmtcrsur mdtmratr la foreground, drcttlc lrvr ta
brckground; rtth cotrtrct dlpplng rboat 00o aTrt fron
vl.orpotnt ( rrdtnratr rr. locrlly ov.rturnrd). Dl,rrctlon
of vltr ls epprortnrtrly nornrl to rtrihr of eontect.

llltr 9o - tfrrc D@. rtBb Crngrel Goar eld lut l).om

tn baekgrouad.



lhr ntrtcn rall of Sulpbr grllrt lr fomd by r lrvr llwt

?lc A, rhlcl ttftd Bo Gt rcuth fro I rG sn Gh. uffi.rn rLde of
t

rbc GrnErel C*{ uhteb hm a brr urdrd dril. lt -fh r.FEb tllffc

llor A te confficd ?I rbrt l0 m of nrrll,vt llr, erp?.d bf'rbeet
P

3 m of bleety ltvt*'

Tt drftr of rlrrytq bm urdr tt dtffterlt to lilrrfrlt clltf

.xpoerrcf on :h,lrrtb cout bewlen Gratrel Conc erd lrrB ilEf .

Ib lurrr prrt cf tfir ellff r.stlca rdJrcnt Bo IrrB Dm rFprstntlt

eontrhr prntcrrr undreofr uJ rtltrtllrr rtrtlrr 30 Elcrr c;pcrrd

iu g-nc rerl olfltr nrl cf 'Jrrt 3n. ttr grr prr3 of gh rosElor

ta cqomd ol lehrr dcbrtr frm IrrG Don., eovrrtd by r fc'rrBr.s
of locm ud rtgoltttc trphn. On th. rdr of tulptur Valhy, rcrrr

drbrtr frm Cratnl Gonr lr lnfrrrrd to br faultrd rgatnrt thc

puntetour redtrotr, but tb. frult plror 1r oDrcrrrd by rlrmpr,

I hf3b-mgle knlt h ettr poatttcn nr elro port$litrd by u*,Pherron

(ftt4)r rbo rrdrBrd tbr hydroehrnd rtctvlty fr Sdphnr Vrlloy Eo chf

rmthrrrd rr3rrl|la'of rucb r fmfS lFre
-f_

ilerly (ItfU rtrtm tbet rtbr rtol,r frtrd frr bm ?rltca alolg
I

th. lotth.tr tctpt dth th. fonrtloi of rterp clttfr r,ttlf, rrt rcaorl

th. tbnr clcvf,trld drc,r rr rrf I u Bhr brrdr el Bhr Hu-velhyrr.
, r-.- 

:-

A rturplrt rrpl,Stln tr thrt ur,m.oltdettd vrlcrctc bnetr on thc

DorGL rtdr el G*trrl Corr hrr bern rre&il , Ly Ghr rer, .ilpo.trg th.
' i,.

rrorlcl lrtrdr frrrc,brn mnatd thrn tbr rengtr of Grntnl Goar,

sGr cllfta E0 r h[b oa thr rorSb rtdr of Cmsnl Cor tlir thr

46
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!l!!L!9. - leddrd volcmtc brrcctr on lorth cltff
..ctloo tlrurjb Gntrrl Gill. ?rh coloumd bead

(rbcut I n thtch) tr r probrblr u6 rrdotr drpcrlt.

llrtr lt. - lhrlr l:rlmd trr 3le rmC rl:L lrrt
Dca tr fon3rcnd rrd Gctnl Coar lr brch3rcerl.
lo3. ellltl,g rrl rrurtn or rrchrrn rldr.



rnlount of frorton rGletlva to parr.ot fca lavrl rchtevcd fa rn rrGa

rhcre Ehr rat stv.l hrd N fctch of only 6 lcu. ttc ro:ount ef erorlon

thet hrr occurrrd oa tbr north rtdr of Glnttat Com lu thc lJFc Etnc

lr t,hercf,orc qrrltc rraronebh ln vLor of ltr mrch gruttt crporurG to

rcat and rcllr ro lt fecm !h" oprn oGCtrlr itmty alto coqtntt on

whrt he eonr{d*r thr lrck of r! ryprrcteblc $sv!-Gut pletfotrn on thr

aortt rldc of tbr lrlrrd. ilcrevcr, thr prGr.at ruthor conrtdrrt tbet

Eherc tr Laeufflclrnt bathyrnetrtc detr to &ctdr rhrehrr or noB tbc

rlrc of tbr revr-GUt pletfore la coprreblr utth the brre rrra of th.

rroCcd porttoE of, tbr lrld.

Eert Domr conrlrtc of nnlrtvr teva eld tr thougbt to hrvc bccn

only rlfghtly rrodrd Eo fona Bbr cltffc oa ttr mrth md calr rtdmr

IfrrB Il@. tr al ro thought to br clorc to I tr orlgtnal rtseg but, tE to

";er? ltkely thet tb. DoNtr would brvr btrn rnestlcd oa ttr rrcrE,ertr and

nortb.m eldrr bt sp-dorrd rdhutr, rtnLler Eo Ch'orc pr.rcrvrd on

ltc .trtcrb rnd rorthrru rldlrr frt tof nentllfj rrdlnrner hevr btra

sln€rt corylatrly trdrd r.l frr th mrtbrra rnd mrfrrl rldor of

thc Dcrrt rtCb |lrC e fa rGBrrntf prGmtr'.cd aborrt ltO rn rbovc La

lcvel on lt. rcalbrrn flank.

ilPHBA SIE{IICEAIII.I Sp CSnONfl.fitT

In ordrr to drtrrttnr 3bG tqhre tcartttrrphtr gcctlocr throu3h

rtr-fall Gov.r b.$ or tL ror:L od u.lt cltffr rf tt trlrd rctr

errefully umlr+ rrl f * rt Fltr rrr. dr3 Ec ptrl|tr lrlrad
f '-'''E ,t--lllf i {

mctlonr ore Srrt nd Trrt Dsr rrd Gntrrl Conr. lcphrr l;r rfr.
Ld.ntlltrd by Ur C.O. lfrcrtteL.

Alr-frll cov.tr brir tn rll r.c!foe. tnclu& e rlfnl.ftctrc propcrttoa

of, loctr od hr laad. thr lorrr brdr havr .trr{ eohctton rad e

t+8



thrrllvrr rppftrtncr rhrn rcaChctldo Hrlcd emr iandl, on thG otbrr

handt ted to br treohtrtvr erd rrt frtrblo rhen rcathtrcd. Ao

tatttel proportlon of g1s6-grelsnd nmtclal la thc lour hsg b.en

eonvertld to collotdr by aotl procerrcr, aad epett fm thl,e eollctd

thcre tr no clcar dlffrrclce tn the grlla-rlrc of Bhr metcrlal

ccnprtrlng locu ald dale tlndl.

lhc uott carplrtr roetlol of ett-frll covcr brdr on lftralr ltland

Lr t lenrold ileporlt tn thc cltff facc at thc tnracltrd aorth cnd of

UcBraor Vellcy. fhr bare of thc rectton lr rBrrttftrd volcrate brrccle

trar Ccrtrrl Conc, o':lrllla bt r bod of ycllor-brca cley cortrlntng

abundrnt chlpt of andrrtt: end decttc. tht o.rlrtytag prrt of tbr

mstlol coallrtr of rtr rbyelttte trpba layort, lntrrbrddrd rtth
locre rnd burled duld rmdr. thr tophre lryrrt ar. corrtletcdl ln
ordcr of drcreatlqg tgor vleh tbr fotorh Arh, Ietohau Arh, Botorna rlrhr

taryo LrptlltD X,rbaroe trb rnd tertnrra Arh (ltg. I tr a rtrettgrtphtc

colum for thtr rectlon). Etact thr coves bfdt rrrG drport,Erd eftrr
thr rretrrrtd dlrplecuilat of tha vallcy rrlr durleg tb. trtnretoa of

f,rtt Domir ghcy rrc clrerly Fungrr chan botb Ceatnl Goaj rad Bret

Donl rhtch tbr hrvr e alalmrn rgr cf 36rql0 yetrr !.P., thc egr e!

th. f,otocbn Afh.

Srctlour tr plEr &r| oo Errt D@n md tbr rflth.ta rLdr of Cutrrl
Gonr .tt tmorylotlr In nort o! th. plt rrctlcr no volcrnlc ubrr corld

bc srcotntredr qnlf vrrl,rblr Eltchrmrri r! feot brrng pr;rrotr

thr st{113 erh f*nd ta eoy of thc ptr nettot lr thr lstmr Arhr

drtrd rt 8r(X)0 t rrr l.P.
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,5CAtE
(netres)

0

darlc bror+n, IritEy loamy sarrd (lsees)
t,' black ash - TARAIIERA SCORIA

dark brown B,fi.fty stlty-sand ( loeos-) + Purnice fragment'e

oltve silry-sand - Kl\llAROA ASlf

brov.n gri tEy si I t y- sand ( loess)

uesieular puinlce up to l-lfft - tAU'PO LAPILLI

yellorn-b'rown,cqarse sandy-loao, frlabl'e, ('toegs)
tf!th srnallI f ra,gments o[ andesi te

br'o'ln s.and$r frfa-ble and loose

shor*er-bedded sch - RO OHA d$H

yel[ow- ro$tn cearse sandt-loam (l'oegs)

yeltow sand,

rnedlurn& flne asht

:dark yellon-btottr.t
f Lne r.rlr.ite sands
dafk yell.o'.t-brown

yel low-brown s,a$d s

shower-beclded . WALAHOU

pa eosol

pat eo,sol

AStl

whice coarae &
ue s{ cul ar

shover-bcdded

,Fi,q.. 9. - SecElon through

beds aE Ehe nort,nL end of
Whale T sland.

yellow-brown stlchy clay * andestEe chip*

volcantc brecela

medium ash, wl tfr
purnice tapilli

- BOtO€flU A6]t

lorfiq t'l fine I y

airfall cover-

McEr.rans Vai I"y,
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the lotone Arb tr alro thr oldret erh nc4llrd lr eovrr bcdr

ovcrly'nS hbarr frm trrt DcG tr r eltfl sccttco rt ths routh.tt
coraff of, tbt lrland. Thlr tbr ralslrm lgc of tbr Hr* Domr tr
61000 tretr t,1., but al tb. tectloa tt vc{I porttbly trurrylcte the

D@. nsay br mrcb oldrr.

PBf,RMN,ADHY

Ftftf thln rcctlotl of tracplar frou Uhelc lrlrad lruea r.rG

rtrdlrd rnd 25 rcpr.t.ntrthr"r racBteof r.re e,honu for mdrl rnrlyrll
(tablr 7). All roorrerrltthtc c.rgicr .rc.pt ot cr. perpb;rttrc

plqtoclrr drelt.. or plqloclrr rnderltml the rrcrptloa brtq r
rta3h plegtoelrre-pyrcrror dGtt frsa thr Cutrrl Coa.. Al,l

Eotl-rcooltebtc rqlcr Gontrio phroocqTrtr of latrmdfrte-crlcte
plagloclrtr,r rn3ttr, byp*tthcnc-brearltc .nd BltrrlmrSnctl,trr

Slrrtrr horrbleadr rrd btotlGr .rr prerot er pbcncrtrtr tn ?Otr,, jm
taf 4Ol rcrprcttvclt of lbe rrnglrt. Crosdaeir colrt{E$.otf erl
plegloclr.rr olthoptrqrrc.r tttroqaoBltrl rpattur, nrttlc rnd

crlrtoDrltte. Grouadmua t.rGrrcr ere ptlctrrttlc oa hyaloptllttc
rad tl rmt sclrf tbrrr tr nrrtrd fls rltg r ilrlot of ptejteclrn lrcbt
f.n the gmondarrt.

lh. lrvrr of, lfhah Irlmd cortrla l l.rgr reDrr of roltthr,
rhlch cD. Ft?Stculerll retl tryomd ln thr rbredrd rod rornrdrd lrrn
bcrb torldrar ferrd rrmd Gbe ecut of tb trtod. tn rh. bercb

billdcr ruIltl. Grop ff? rrl rl rwrtle ot,.n mnttft tcr rvrqy

r$r|la lrt8. o! lnrr nrl*r qcrdr otr rmthrrrd jrrfrcja cf h.-'r

illll lr pl*rl ncf rr fi tb. tllffr on tbt ttdcr o! Trrr 1fuo'

trstltff iltr ro3 ildl7 sroFlrd r[rnr thr rrsfecr T.rthorart
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obrqrrcr th. dlffcrracm tl eoloor rod Certanl brtrcn thr rrnoltchr

end thr bort llva. It tr ulthrly thrt tbe kvar of, Fhrh trknd lar

rlt morc rtErllehle tben tbon of Edgrcenbtr it tbe proporEl,on of

randoo rrylre cotErltrg rcnolttbr 1r ebout tho LE for oach nolcrao.

thc mrJortty of thr rrnollthr .r. endrelBte, and ptrorrnc ead pyror.[c,

honblrndl nlcrodlorltcll rhor prEroga+ht rnd pctrogrngtr rrr
dlrcurrcd tn e I etcr rctlon.

All cxccpt om of, thc 1! uredelly enelyr;d rqhr fno Goatrgl

Coao contlla quorttr but th. prtfrlc. oE honrbhadr nd btottta lr
nor| verleblcr rlth r grnerel trrd.Et lor renplrr rttb bfgb lgrrtr
contcntr to coatelu eora botrblmdr erd blotttc. Thc Conc tholold

ec the berc of Grntral Colr Lar cb. lorcat phcnocrTtt cotrtraG of rsy

crntrrl Coar rryle, brrt 1r rrrt rtabty dtffrrrag {a rny othrr rGfpeG3r

fhr leJor verlrttou brtroa rrrplu frm dtffrrmt loerlltto oD

Ccatrrl Gorr lr in thrtr plrgloclrr rad pyrorfn. contrltrr A .rt
of rrrylm frm th. rtrettftrd voleralc brrccLr r4orrd on thc mrth
fecs of Grntrrl Conr rbar m lnnrnc relrtlcrblp brtrrcrn th.
plrgloclr[ rnd totrl ptrormr ecltentlr Thrrc 1r no rtrtrortte
prrt.oa. ca rblrer ef rF.r3tr hctrblm& ud blotltr rlthtl Bqt

prrtlcrlrr rtlr tf CLr Crntrrl Sonrg tllr 1r eoutdrred to br fl. Ec

th lnhrreat |,lrccurrctrl it tbf rqlrrt tecbatge rrd potgt-Gsuttlg

rhrn eppltrd co ltnt Goerclts.atr, rr dtror1rd cr pra6 I rrd r.
Itm tn trDtr 5. If. sdrl drrrfl5l of tbr crnsnl rplrr (re+h
ltltl) rf,d thr volcrf,lc btr:rlr (rrrylu ll1t{*11139) rrrr vGtlt ttnllar
.rd gltr coarlrtilt $tth tlr voltnle brrcctr bevlng forcrd by

I

-.,"J
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oellryrc of tbr qprr prrt of Eb. rplr" thc ntrGlvcly blgh ptrlr.trr

coatd, of Cbr plrgloctrre-ptttor.trf decl,tr rqkd ot Chr eoutbrtt

flrnLr ef thr Grn3nl Coar ney be dug to drrlvrttcn frm Bhr rcrterD

rytr rrtb.r thrn Bhe crntrel tptnr. llcrvrrr rcfrcr rqler trou

the vrrtrtl rplre rra tec eLtcrd blz rerthrtfog for mdel rorlyrlr.

flor A tt vrqt rtrotlrr to tbr €entrrl Golr brt ber lerr gsrrtt rrd r

dlrtt*aly lcrr orthopyrorcnr/cltropyrorrltr rlSlor

ttr ntrrrlogy of the ettrrrd trvrr eld lcrrr drpcrtEr oo ehc

fleolr cf Eulphr Yrlhy rr drtctutard optleelly rd by r-ttl

dltfrreglcn, tht rnd-Brodrrat of thtr hydrothrtnel eltrrSloa conrlrtr

rlaorc rnttrrl, of rtltcr nlnerrlrl brfrf urlnly oprltn elltcr rrl

erlrtobrlltr rlth lrtrtr uontl of llrrtlr Il n rqlm r ta.c.

of plegloclen tttll rrretm but trrture;rdn tlrerelr ur

rpprs.rtlT rltrrcd rnd lorcbrd rt u rerly rtrf. ta tblr eltrrrtlon
-ot ch roch. fucadrry olrmlf toC frlnd tr q of Gbo rmplm

trhdr cleytl nlce, frlprr rld rrolltuo
tour el tbr Eut Door rlnplrr coltetr $rrtt or bcrnblcndr, rnd

thlr clerrly rqrer.Em rochr of 3hlr rrtt fra rcclr ct thr othrr

voleralc rrrtBr oe tb. trlnd. Gopulroa of the rrnrrtg. redrl rlrlyrrl

ol, tb roltt glvrn ta lrbh 0 elro rbrt cbet thr lert Dru tr dlr:t*tly

tcrr tr phmocstrt sfrGrrt tlrl ry other nltr thrrr tr tbr cvtd-e

fru th. Fdrl nrlyrrt los mridrriq ttr trrt Dil to br thr proArt

of I dtftrrrnt ulrrttc trat lrn 3ht rtfch ?rodEcrd tbr rrrE of tbr

trlri. LllStctt clatrrl, d,urtogtert af rootlthtc evthr
lr dl*rrnd 1r lrtrt lretlosr
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. lrrt D6. rqhe herr tbr ht3hmt ff.lrtr qurrtr end horablrndr

Gortlnt of rny rrnlt, buG er cthrrrtrr rlery rlsller Go Gracrel Ccer

rockr. lodrt rnelynr of rrnplcr fron Trrt T*. rhfr nch rsor.

verlrEioo la Ebrtr grcldrrrr md ple3toclcr cortoiltr thre rqll
ft',ur ray cttrr nnltr. thlr verlrtton, rlrer lt rpplt6 Go Errglr

GmrcltBeltrr tr eonrldrrrd to bc rul rad not urrcly I 41qrl3 o!

rqllrg rd po1n!-Goootll' trchrlqurr fteb a vartrEta cald br

dr rlthrr to th. r*tnrrlol of E?tFr rbor pbercryrt df rtd,buttoo

rtf fl'bttBOalr.oer or to nrccmrtvt .r3rlrlm of s;jpr prlnr fr6r I
bodt ol nrgnr rtotr phroccrtrt cmtrat rrl cbqgllg rtGh tl le

Ar tbr eff,{ctrry of 'ilgar nvrrrG md rrtnrtor er I horog.ill.lng

Psocrlf 1r act hlortr 1c 1r lot porrtble to drctdr Drnroa thmc tro
rlSrrnrcl,v.l. Jotltlaj PrttrrDf vrry lr dlffrrat perSr o! tbr g.|t
Dun. brt therr ll. no chetly tderetflrbh tndtrrterl cooltqf ualtrr

Ia Strrrrlr tbe vrrlrcln h mdrl r,rrlyrrt brtrma rrrylrr frqr
th. lolf volcralc nalCt tt copr*rblt to thrt tn rmlcrotc snttr on

t€reuEe' fhr Yrrirttom brtroo Trrt Doa roclr rr. es,rrperrble tc
vrrirttoat bra;ru Eh. unltr Gsprttlaj lhe frln Goar of, ldgcrnDr.

th. illy volctrle ntg o ttrlo lrlud rttblt rltel ltnttlrephtc
!.(p.r. c.n bo $trbll,rtrd tr rtr Gctrrl Ccr. ltorlvtr, 6thorfb tbr
volerdc btrcc(r rhleh lcnr ch. btrlh d tbe mec6d ?rrG of tbe emr
1l bcldrd, lt tr lot pcmtblr tr Srll tf tb. ertrr ln rftlcb tl. bedr.

t ra drporttrd cortrqral. 3. tL otac tr rflch tb. lrvr rrrrr ctrrdrd

lrrn tle vrnt to fcnr tbr sognl rplnr It tt tbr tqotdblo te
trtenlr Ebr rrcsrfftvr vrrlrtlonr tl nedel alnrrlegl &tlq I rl,aflr
e*'ndw pLrm oa tbrlr lrlrnd. If olr Gonrldrn alr Cmtrrl €oor
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|nd thc gr|t Donr co brrlr b.eo foud lron thr r@. htgh-lcvel rqgnr

bedtr .! L.rnr v.qt polrlblc fro Ebrlr prtsoiSrphie rhtlrrlty, tlcr
r llreoltfnour teqrGlet 1r rrgrbll$rd rhlch cra be plaeod Ln erdrr
o! ag. frm thr ttrld rvldence. conrldertng thr srqr.Ean frm thr
tholotd et tb. bem ol tbe Gr*rrl ccnrr to thr Grntrrl c6ar brrect*
rsd thra to tb. {rrt Domc tbuc lr r trrrd of {ncrcerlrg q[frt, end

horobhado eoattrt rnd derorlag 3roln&rr rnd totel ptror*
sootcnt ;lth deerrrrltS e$lo Tbtr eonpoelttoarl Srmd tr Bb. lr' ll
th|t lnforrrd fm nodrl rtelymr of l4;ecrnbe rerplet. At Fdgeedr
tbtr trud rrr rPp.nratly eyotlc| rnd tb{r ery alro bc th. Grlr rt
Phrh lrlrnd. Srtnrrlm of tbr lrrt Dcnr Drt repr16et thr rtrat o!
t lccond c;rk.
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rHI.?q I-SLrrD vrs.ctf,rlcfltt fi

fblte I rhnd Ls eD .stlvr wlcrlo ta thr lry of phottr rbout

4E lm northurt of lfhetetrsr It ltlr Lrmrdtrtely to thr rcrt of tbo

llhttr lrland ?rrnch (Plortng, t952) rrd 1r pert of I lrrgr volcentc

cdl'ftec, berr nrnod thr tthttr lrtrnd iierrlf , thom othor prrer ebovo

lra-lrvrl .r. Bh. VolcLnrr end Club lochr. A hob.r of daeltlc end

eldilltte ftetuntt drrertbrd by Pantln (tn pre.) and Drncrn (ta prlr)
Ite bltrrmn 6 rad 44 hn frm flhttr lrlrd, and rm nelaly to th: rge
rnd nosthrrt of tb. lrlend. thr lrensgag3 togrthrr rl.th thr Fhltr
lrlrnd tsurlt eomprlr thr rlfblt. Itlrnd Volernte Corrylrr"r Ehc

grolojgr rnd pctrogrrpht of ;hlch tr drrcrlbrd bolor.

IIUITE ISLAIID

lfhtto lrlmd (ltg. t0) lr epprodnrtrly e,4 tqln frorn carr to rcrt
rld 1.0 le lrolr nerch to .orth, tGr hLgbtrt polatl BB OlrboraG, bc1jl
,2t ur ebovl rrl-ln'el. lh. Ilbttr trlrad Eerelf ertrndr do;a to brtrmo
th. 300 rnd 4O0 o teobatbr, bot oal; hrlf ef tGr httglt end r vrqf ra,rll
portler of ltr volurt lrc ebovr lo.-level. ttf, fsoqr cf 6s'11qmtr to ehG

ErEhttt of, th. lrlud bevt coqrrrblc vollne to tb. filtr lelrnd Eatrlf
tbrrcr the tsrhtnr rrmrt (penttn, h prcpr)l hrg r forrr

th|t of lbttr lrlrndr betn3 r brreehed conr rtth GrrSla ralh
tfil-300 u hl,3h. ttc rpprortsetr vohnr of vrlcnle ttctr la thr Ubttr

rrknd tblcute Goaplrr lr udnrerd to br tt bt, csrprs.d rttb
rrohpr of Sm lnt (Chrk, pfro coc.) f,er tb rrd.t{ttc volcraorr

fld oa.

rlnt I rr

tor;rrlro f,rtloarl Prrtr

Ibttc lrlell lrr bmu tr r rtrtc
rtth tntrrmltt.DE erl rnrptlcol, .vtr

of cm3loo(rur rolfrtrrle dtpttcrr
rlncr 1t16, rbrr tE rar flrtt

of

CO

rt

of
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.rrnl!.d bt luroplrnr. A eoryrrhenrl.rn rcvll7 9g tbe ltterrturr
concerrlng th. volcaltc end cconontc blrtor7 of thc rhttc rrlend
eretcr fron 1826-1940 nr glven by Luhc ( t95g). glncc thc 1920f r
th' lrlrnd brr bern rtudl.d rt tacervrrr br rclutlrtl lra tbr N,t.
D'8'r'&'1 ta prrtterler thorc (ror tho Srolagterl Nrrrrry rad GhrnLrtrl
Dtvtllonn D.g.I .1,. Irllrtl,e l2T (195g) truuertrcd rqre6 of tbtr r,ork
rlth PrP.rt ol thr gccrrel phyrtogrrpby ead grolol, (amrfg a
Erurngert) I phyrtcal rnd ehmlcrl l,avrrrl3atlot| tgSg-ttgt (r1[roa) I
.rottr (Errtlrrt, 8Gout, Jobnrtou & vrrnon)t g.g.Grtror (urntltorll
aad blrdr (folrtstt & BobGttoa). Hore rrc.nt prprn en G|* grology
eud volcrrtogy rf Bbc trrard *. thor by rhpron (tg65), Hcrry (tgez)
and llEck (1970). rrpbrr rnpt.onr bc'*c rg66 srd rg6g, togcthrr rtth
re laecd lnflrtloa ||d drflrttoa of tbr ground rsrfecr la the erat.r,
brvr bert ducrtbrd by Cluh ([a pror) md Drncrn & tfumtleh (ln prcu).

orolqtcrl nrpPtq rad tevrrtt3rtlonr of tflrttr rrkad heur beu
nedc by tsr J' ll'ly (N't'61'E.) rnd the rrRltr *r tn prrprrettoa for
r|bltcatlcar collcqrttrtlt tlc prerrnt rrGhsr hrr lergrly cmftnrd bir
tnvgjllSrtlcof Eo tb. c'.trrr rnd te r racou.l..nar prt$Dfrapble
rad geocbrntcel tnvuttfrttcr of thre pcrtton of tbr lrtrnd rrrt of
Ht Glrbornir rt' dltetlr cf Bbttr rrtead prtrotr.pht ret gecch**rtr!
d'crttid lt tlrck (rrre) ta. lrqrly coryrmertrry .' rh pr.,.n.
tawrtrsrttCl rtaar tlrehrr rort rar altdy ccnerrnrd r{at 3he 

!

Iru lortl lrd utrt of tt Otrbcnrr

ftrsr trrnd ro ti*rrrrr br Frnrrtoo *d lrst Er ( trsg) andrI-thqrcn ( rg6s) * colat*tq cf Grs' cvrrlrypt.rr rnd pr*ly *odcd,
con f of dtffer.Dt igrrr tho ftrrc csr, thr oldmtr lernr tbr rrrtrn
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portlon of thc trlesd tn Bh. tft lfgetoro-lo f,rtwlwt trGr (ffg. l0),
end rat thou3ht by llemtlton eld tawrgarr ( 1959) od ttryrca ( fg65)

to lncludr Volchncr f,ocke aud Clrb Rockr. fh. mcoad Goao rrr

coaet dcre d by the r rrtbon to lnclrdr trerrp Hred and ptfretr Hred.

t-be thtrd Gon eeartrt,r ef tha crerrl portlc of thr prct.nt Lrlend

end tt brr ronnoanttd both thr old* Gonfrr

Thr rttltudr of lrvrl rnd egglourrrrt.l forntn3 Bbl rcrt.rn portl,or

of tfbttl lrlod tadlcrtr I lu-lcvcl dl.anrter of lrrr tb.n 4 lo! for
th. coa. of rLteh llt llgsBoro tr prrt. lhl preroat rnehlr tbrreforr
eonrtdcrr tt rnlthcly tbet thr Volckacr lockr (1flng j.5 lE trorth.lt
of thc rmt.rn cad of lbtte lehnd) r.r. prrt oC th. tlrrt Gotrco

tb. bethyrnrtqT (Duncea, lu pr.ttt Flg. 1) tndl.eegcr Glat ?olc,hner goclta

rrrt thc rGrl|rtr of I r.prnt. volcrm vhom nrrun{E rrf p*obrbty

100-20O n ebovr prGmot rlr-lrucl. A rrrboarllr rtdgc tl1t ltnkr
Volckerr locl,r rtth Ih{tr Ielrld

frac e mb|r of vlntrr

rr. probebly forned by trupttoar

Hilty (fg6f) eonrldrrr thet tb. c.rtr. of Gh. te of thr eldcrt
caaG rould brvr bere lttuatrd on thc r.rth.mt part oC tlt pr6crt
trlendr Porllbly mar North lrrcb. llornrrl brerurc tlr lrvr f lorr
ta thr cllffr ot thr northrcrB ttdr o! tb. ttlrad dtp l0o ct 20o, Lt

lr uprl l'lkrlt ebrt tht erntrr of tbc oldcrt GooG uNl to thr rortbrart,
rnd probrbly ao nor. thrn !00 u (ron Ec, Rgrtoroo

Ct|t lrc'h., eolrtdrnd tt Henfltcn NDd teunjrrt{rlttlt to be

prrt sf 6r tlrrt Gfrr l|{r Etr lllrly Eo srt{e rhr |ll* lf, a perrrtttc
- 1 ', t.

vrat r||sl rl :tr corr lrgtliit3 lLtte lrlud, bd fbt6 rjr rrlrctvs
to mt pm of ttttr rrlrnd crnr be rerlly {nfrrrod.



lhr youngut cotG fornr thr rertrra rnd cottrrl portlonr of Eb.

lrlrnd. ftr crrttr lr dlvldrd lEGo tro r.Gttolr bt r fpur at Ehr oirtorn
cnd of $outh Cret,cr hlch and by a fprr oa thc north cntrr rrll.
Tbe creter Sbrrrforr app..rf to b. tpo coilrrecst crrtrtl vhtcb arr

nqned for coarf.nlGDcc ll thc arrt rtd rcrt rob-cretcrr. ?hG oDGG-

coottauout .rtt.rD cratGt rgll tr nc brrachrd .t thrcc polntr on thc

eoartr lt Crltor, Ftlron, ead lhrrk !ayr.

Leval Nt the brrc of ?rorp l{ced oa tb. certrre ttdr of Grctrr ley
clorly rcrrable lavrr rt thc bem of Gh. crrtGr rall et tbr rrtt.ra
rtde of GrrCrr ley end pelr-colonred, poorly-tortad prroelerglet o!
troup Hred tr. [dratlcel rttl tbom ta tbr crrtrr rell bclor gosth

Cretrr lrc,h. In ulcr of thm corrrlrttonr bchrmn Trorrp lled end

Gentrel Goor rguanc.!, ruigcrttoar bt prc.rtqrr ruthorlr (Earngert

& llrntltm, 19591 ttorrytot, 19691 lnd Berlyl tg6t) rhet troup Haed

aad Plolrelr Hsrd rrl rmotr of .n .rtll,rr colr ferm uollkrly.
Horcvctr I rrelrtve rndcrlGr (probebty I thol otd or corlSe) rt thG

bele of trcrp terd rlf probeblt frtnrded froo e p.rrrLttc vent ffi the

Grrt flrak of Ehr Grntrrl Cou.

Itr pnLot rutber thrrefcr. corclrdrr r,hrt rlbltr lrlead eoanlrgr

ct !ilor ead lot thrrc Goa.. er hrr prrvloorly bern rrlgrrttdr
ttr rrodrd oldrr coo.r foralrg tlr rnrtran portloa ol ebr trlmd,
tr .onilorltrd b7 Gb. totll|.r cratrel Gor. rhtch fotu thr brlh of tl.

.j

prcrut lrlod. Gllb rochr attt th. rtGr sf r prrcrtttc vrrEr brrt

thrts r;r rrlrttvr tc Gta tuo Gor.r tr uatrcrur A rcood prrtr{elc
vectl eo thr rrrt flrrb rt tlr Gotnl Corl; tr ladl,Grt.d tt tbr
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nattlve rndrrter rt thr brrr of tree ll; ldr Uot3kr.r loclcr err

corlducd to br thr rmratt ef a mprrrlr rclom l;Arf ie th.
nsrtbrtt o? fhltc lrlad.

lotb corat rrr eqrpored of lave flar, rftlorrrtrf r roleole

brecctrr ( trludln3 lrherr) r prrGlartlcrr rrd dJ*rr. tkclr ( tg70)

brr rlro trtottrd n tjll,c,brtBlc flor ca thr norGbmrt flrah of thc

Cratral 6onr. tborr aae unraeor rra4lrr of erodrd julllo rrtlc,h

hl"'. b..D tlllcd rlth volcrnlc artrFtrl rrd rebmqumtly. rl-rrodtdl
tadtcrtlag thet th volcc hrr brd e cqler jcologtcrl bttror1r rlth
eltrrnrttlg pctodr of rctlvtty .nd glr*crr
Dlr"rloonert-of Ehr XhlEr. Irlrnd Crrter

llmllto rod lsnngrt ( 1950) nggtrtrd thet thr pref.at lhttr
Irlred Garter rar ptoducrd by collepr of

ehtrd col.t. Hscvlrl thrrc app!*t tc bc It tt,le ev{,drne: to rfpport

thrt cf. cnt.r rrttblr vtrr rnd lt.tr ctrrldrrrd Eorr lthety

rrglotluelt ucrvrttd.

the ltrt.f of formrttm of thr crrtrr era br tafrrrod frm tbr
ptloclertlcr rxpord tn thc Epp.r prr3r cf Ghc cretrr rrll lrctloor.
tho r.Gtton errr tb pr.rrt etrtrr rtrr abovr gofth GrtGrn t re,h

eonrlrtr of tlr.. ptroclmtle rrttr. th. lwrrt rtrlt, & ronrfrtr cf
tO-4O n rf t ll-lilr:d brdr; rpprortrrtrly 1-2 n gblek, cuporrd

prrdrd,rntty of rilulttc blockr lr r rrddhh blcrr nrtrll.
ttr ntddh nLtl l, crrtrEt of tO I rt ddolttr Lbchr (panrfdrrrbly

rnrllrr Ghrr *lr. tr mt: ll rrd hprtlf rot tr e t dd.d rrtrtr of

crrtrb€olct|lrd rltrrttlc rrl rhlch eoatrlar apprratrblr gprrn rd
nrtphr. Udt i dlffrrr frop mtt I 1r lrt colsr, ovrnll tlner

grda tfrr, GmgrrrGlvr nrcfty o! bloclrr, rd gorrrlly tbtUr

perCr of thelr ncold and



!!!E-!!1. - Pyroclutlc untt
lfbtte lrltud'

I oe troup llcrd;

*c- .-

tlrtr 14. - lyroclrrttc Urlcr A ud t orgotrd tl
thr rrllr of th.
Creter trnch'

cart.r, red on thr flrlhr of South



bcdr (lcn - I Er) rlEh raorr clcrrly deftnrd brddtng plencr. UrdBr A

rnd E lrG ovrrltta by 1-3 n of p;roelmttrcrr n*t G1 eoarlrttng of

bcddcd eandy erh rld leptllt cappd bl thr f,trrr rrlrr proArcrd by

bt rtorle rrrpclola'r

Urlt A oecmr lr merry pleerr oa thr out.r rloprr ef tbe trlrad

eDd tt rryot-d te c'l.tffr ou thc northrrn end routhrrr thorcrl rlCh ltr

!rc.t.rt thtckrrcrr o! tbc routb.n rtdr of thr trlmd. Itatt D hcr

bron lrrgrly crodcd off tbr ootc8 rlopre of thc conr but tr prrnrvod

ta eorrtrl roeGlcle, prrttcilllf:-P Lrr ehruon Polat ri el t{ortb hach.

Untt A nst rrnLt I ttr tot lruJ co th. ptcfrit Grlter flccr, Dor rcrG

thry obrcrvri ta pttr &rt lrlto tbr Crrtrt floor.

Pyroct asGlc ualtr A and I r.pr..Gnt Ghe aort feclDt mrlor errgBtoar

oa llhltc lrland, and ero tbrrrlorc tbou3ht to bc the pyroG,ltttte

dcporttr tbet rccord thc f,onrrtlon of, thr prercnt Grttcro Ic ber bern

ruggutrd ebor'r Slfa the ereCrr rcgrdlt genrktr of Fo earlr*lag
trnrb-errttrlng rnli' A 1r eoartdrrrd Go brvu 6r.o rnrptcd drrfag Ghe

foturttot of oB. rrb errtrr, rad uelt t durtn3 tha foturttoo of tbr

otbrro It rottnr to dctetulur rhicb untt csnr frm rblch rnrb-errBcrr

Crt3lc,rt rccGlor rr. rrporcd on tbr aerth rad rrrt d|lr of

?reup Brr{ (Plrtm t5 rad 16 )r od thry rr. tatetprrgrd tl l Glotr-
t

rrGttor (113, tt). lh. bere of thc nral frcr lrctloo tr l ralrrtr'r

endrrtS. ttclotf cl, corlir, crpped by I n of rbeelergrdl brdrd,

rdcrt,tte ar|'; llwt ttr rrl tryrr ftrff flf I ftr trrvr Clcrr rsr.
_#

of rblch rrt nerrlvt mf otfijrr rrl lrreelrtrd' ttrrr fr r r.G
vertl+at utcrtCtc dptr rt thr rrfttrn rad of Bhc ratlarr 3lr rertrra

elde of rLtcb 1r conrtdrnd co b. tba ortgl,rrl ear3ta of th. ralt

nlb-crrtetr tbc dcporltr tn tbe rrrt fecr rrttlil rt. thrr fatrrarctcd
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!!$!$. - lccttol ot loathrrtera conrr of tlorp
ftrdl cf . llrtr 15 ud tl3. ll.
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rf erstcr floor dcporttr forracd rftrr thr celt rub-orrter had bcra

crplorlvelt rreru.rrted. ?br rmt frcr rctloa coartrtr of bloeka of

eodcrlto rrt, lu I rnly rndorltlc nrtrtx, ovsrlrlr bt eboue !O n of

tblely-brddd, lfrtrrBrl, Itprlo md nilpbnt drperlCrg rhl,eb rro tn

turil o.;.rlrtl ty fil n cf erdrrlClc blockr (probrbly rc,rm gf lrhrr

dcbrtr). tbr spgcrrcrt pert of tbo rGctloD eenrlrtr of ebout ilt o

of pyroctartte ul8 l.
Thc prcl&r of uttt I ct cbr top of c rtctlon oa rbnt rr thc

floor of Chc tr|l mb-cretrr lndlertil ehtt thc orrt flb-cretr" ral
fcrnrd prlor to th. t tt tob-ctrter, uatt A brlag rnrptrd durtUg thc

forrareLoa of ttr rert nrb-cretrr rnd sdt I durtrg tho fomaelor of

tbt rert lnb-cfrtrfr

Aftor ttr fornrtton th. mlt lub-ctetrr te. lergrly tf ll.a rlth

hortloatrlly brddad filtDrltr! end rulphrr drporttr; r.ornnEtr cf rLtch ere

pr.rchrrd m tb aatb rtll of tbc ctrtrr, ln thc rert fecr tcrtlon oo

troup Hrede enl to r helgbtr of 70-80 ar above tho prercnt Bntaa floor

oa tb. Eorth enSar rall. tho drpotttr.are rrtrm,rly rtraltrr to thorc

thrt fornrd ta I lebr uhtch occuplcd noch of tha cretrr floor rt Ehc

rnd of ehe lrrt GcaGtrrt, ead tG tr lthely thrt thry rfr. rho forncd

h r ldcr.

th. bvet of thr kko 1r unlLlcrly to hrvr bcrn norr thea l0 r
rbovr or brlor tll-lrvrl brcrtfr tbf trrtfr rallr rre rrt rlfttetcatly
tryrrncrDlr. It ulf Gbr rar tbrt rlcrr.hvd rrt ror -ilD.t0 tr

.,' t

bl,jttrr rE tl. ctnr tbri tbf brd&d rnlphr rrd jtrrprro C.r"iiir oa

thr tcrtb crrGrr rrll ur. tornod. Slecr tt lr 3rncrrlly recrptrd

thrt Plrtrtec.Da lrr-lovelr brvr mE bma r,erhrdly htghrr tber chcy
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llrtr l7r - Olpru nd lrlphr btdr pa.r.rvrd ln
-rrrr-I r.ctto! oa thr lorth trll of tlhttr lrlrnd Grrtur
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ra. ot pBrrGttr lltttr Irleod tr lrfcrrrd to hvr l.t tillltrd ebout

70-EO n rtnee ltt tcrurtloa CI th|rr dcporltrr

It tbo celrt tn Bretrr lrt end tltlroa tay th*c lr I clrrrly
drftncd ltolocenr plrrfr rurfecr cut lnto old lrhrr debrlr,' Thlr

ruttrcc probrbll fomd clorc te lra-lovelr bst tt nor eiende aboct

3 a rbovr prrrat atl-llvll. Brrtrttc rre-lrvll eurvfa fot tb. laat

10r0O0 t.ttr lr. tot rufftctratly rceuratoi for r rcllrblc upltft rrtG

to bt lnfrrred for I fffrcr re clerr Bo prcfenl ler-tlvrl. Ilorrtvrr,

tt tr vGtr lLkrly lhet tli ffrft r*,. lr lem rbrr I e p.. fcrar
An elttrneBlvr nrtbod of drrlvtnl thr nplfft r.tc tr to nakr rre of

thc ltnilB lnrxtum hctght f,or Gbe asrtb rell rlphor end Stprurn
I

drporltr. In vtrr of thc probrblr pltft rrtr of lrrr thrn.t arrn por

yurr thcm drporttr etnoet e.rtrhlt fotrrddurta3 rn tntrrglrclel,
hoaer a nrrlnim upllf3 rrtr for TbtCr lrlnd !.r drtcnnlnrd by arnmfulg

thtr letrr3lrchl tc b. 3b. lmt tatrrllrclrl. tl3 rrrrrrrr rptitt reto

!o dertvrd tr 0.7 E p.t tG8rr

tb. ralphur etd gypnrr brdr oo th. rert tsb-cretrr brvt bcrn

lrrgrly rrnovrd by rrcrlm, probrbly rerlnr crorfor foltrlq EL

bnaehtn3 of thc crrcfa. fh. brrechtn3 ttnlf rrr v.qf ltkcly r
rrailt of nrrlar crottol rlrr thrrc tr rc rutdoacr of rplorlvr
ret,lvlty tr tbr trlt lub-cretrr afirr tBr fonurtlor. Ar fhql ot

3ho srrt, Clrrr. rec:t.a a IHI Lrrl; plneelmtlc trts t rrr
drporltfd rt n lr|f,anrilf,Br *rtr lr tlr,rrcrlor rt ib.r*rctrl

,F,l

fl.lllag th rrrt rnrE-crrGorr rld tbr rrlG trrb-crrtrr tr t|rrrtrre
rpprotlrbl,y tqrr thn Eh. .lrt rnb-errtlrr

f,br rrll,-beddrd ehrrestrt ef ptrcglrrtlc rnlt t lndlcrtrr thrt

thr rlrB nb-crrtar rrl Dot torurd by N rtugh'proltrarl rrupttm,

7t



hq rrtbca bt r trrtrl of mellrr rruptloer tprrrd oear rot tlnrt
ahr cbrrrcr of rut rlgnltlcr* r.ttbratr3 brrekr rtthlr th. rqLc.
lndl,catu tlat gh. Lrlrrvel brtrnrs truptlont tc nnllkdy to br

gtrrtcr thrn e ft huudrrd tmrlo
AfGtr thr rrortol and roovrl of 3tprm rnd eulphr bcdr ln th.

e8.t llb-Grl?rr, rad rrplorlo'r dcbrtr.&porttrd on both, lrhcr sd
Pyroclertlcr oC ualt C uerr dcporltod ovrr thr rbelt crrBes to foru

ltr prcfcat f lcor. tooc brddrd tlrprtn end rulphur drycrt,tr TrrO

elto fonrtrd tr lldtrlntr lo I lahr rbout 11 n abcvr pr.lcE rrr-llvol.
f,o leva florr uhlcb epprrrntly pott-drtr th fotretlm of th.

rCrt tub-cEtEfr Levr ben obrrr,'ld cn thr cfatfr floOr. !Io*!,;arr

tlrck (1970) csrd,drrr rhr touqfft lrva f,la oa tbr lrleld to b,

rB thr nml,t of llt Otrbornt, evrrlrta by cllt I tblo lryrr of bedded

tcpbrr' tb. e3r of thtr flc Lt rrelmcrn but fron ttr rltsrGtoa tt
Ir.lsf uort rnltLrlt te pott-drt. srrtfi forurtlol.
PBTNSBAPNT

tortt thtl tctlcar ef unpler trm Tbtte l,rlmd rrF. rtudt.d end

tbtrtmn r.prar.rtrtlvr lrc3lml e.at elcmn tor codrl nelpl r.
A lrrgr Pscperttor cf tb. rrpht collectrd rbrrd rtlu rt rltrrettoal
both by rrrthrrtnl rrd b; lyirothrrnrl plroGrlrrlo Ucathrrtrj pmc.lrGr

rpp.f,r tr br prrtllrlrrly rryld c llhl,tr lrlud (tby rral drnrlb.d
.r nllar.rd t7 lr3rrp ft5tlp prcbrbly ftr Bo rh. 8l+ frm rrd

to tb. lor pE (l:f.'l) d t|r f61e r13trr 8191.4 cnllrclpd lprrdrd
ln'rl, q3lnrrC1j, JtLrrr vclerd,s brrccto, pyrodrrttir rd
Yolc,|rl.!d.c lldl63l. tpbre errgtrf drrtrg thr prrfod fg0a-f969

'I
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r8l rlrc lqlcd rod ltr petro3rrpby, grrt,r rt4 dlrtrtbrtlon 
'd

ularrrlott rm drrcrl,brd bt hroern & lluerttcb ( la prrr) .

rbc lrvrfr dyltil rnd erlsnrrrt.r collcctcd conprtec plrgtocleg
endlrltcrr pl4l,oclele-plror.l. eadarltlr, plrgtoclem drcltu and

plrgtoclrrc'pFqr.a. drctt.r. ttatr mlncrelogy lr etmtlrr to that
of ldgrcunbr rad rhale lrlrad rauplcr ln thrt tbey coatrtg tntrnacdlett

-c'aletc plrgloelrrrr rugltol byprrrtbroo-broarl.3c 6d tl,teamrgnetl,Br

ll thl nrJor eocrtl.tutatt. Horlvtr borrblodc rnd btotltc rtrtch
cftra ocGur tn thr Ed3rcrnDr ed uhrlr rrlrnd levu.a. rbrcnt frm
th. flhrt. rrtrad lrvu unplrd (llrch, 1970, r.portrd btotl3r r! l
conrtltutat ta r$Dr rmplrr), lhe oolt o€currc$er of ollr.,lne obrervrd
by tL tutbor ln tlr lry of Pknty voleentcr lr ln rqlr ttt6t, r6Lch

we! eollrctrd rcrt sf Peropoao on thr routh eorrG of FbtEr ltleodr
Gcac8rtly epcrk{rg tb. tthltr rrlud rrnplor co,ltr1a Eor. pyro.ne ud
lcre srstt thrl tb. oth.r lry of plmty volcoler.

rblcrfilgootc rldturaGr rqlrd frm the crrtrr conrtrt of I
nLttlrr of rlr3h|rrd eadcrlttc frbrtr, rulpbnrr .trd gip.umr to3rGhrr

rlth nlnor nhydrttr. EortroaGrl bedr of elmrt psr. t pru crop

firt f,n I lr ellff norr 3he cecrt ts Gntrr lry rnd prrr 6lphr tr
drperLtcd et thr uouthr of nely fusrrrohr.

thr grour&rtt ?.rtrn ct Shltr lrlnd volcrote rochr lr
glnsrlly hyeloptltttc or pllctrrttlGo ftf u4sntc al6r rhtch

cc4rtrrr loft of tbr hyrbprlttte ;rcgfur11 lr prlr.bronr to
dr* brrl l,r tolcrlr rad Sumrlly ccrtrtrr fer cryrt.lltc.r (artrtly .

frkprs). lbr propottlot of rtc},r rtlb hyrl;tllttc lrooud..fr lt
bt3hrr Ll ulttr Irlrrd nolcreter thrn tn eny cf tL c:fer lry o!
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llmtt volcrnlor rrcrpt Srnrrtbrr ?flotrrltle groua&rrlrr of Utlto

Irlead rockr ottrn cottrln prle coloeted potehup eouporrd lrrgcly

aC crlftobrllttr rsr of rhtch hrvc rtcoroft of SrrBr. lronntrh

prBchrr la l uunbrr of plloterlttc grouadamrel lr. Gclrtdcrrd to br

frc to foruatlm of hydratrd lrol orldrr rnd bydrorLdll.

Accrrrory nlncrelr eeprl,r rpaSttrr rutllc md I ltctlr lLrcol.

Cqrerrttvj htrcarqby lf fhtB. Itlrld Yolceatc Ualtl

uodrl enrlyru of tlbttr lrland rmglu rnd rrnph locrtloar

era Slvcn la lrblr 9.

Trroty rrrrylu rrro eollrctrd frw thr torCh corrC, rnd dlr
of tbem r.r. ruf,ftctratly srrltrrrd C,o r:rrrilt mdel anrlyrlr.

Thore rel D ryrCGD.tlG prtrogrrpblc vrrl.tttoa obrcrvrd rlthrr
brtrrcrn flwr froar r parttculer cltff trcttonr or brtrrrtr florr
fru dlftrrrnt cltff reGtlolrr telrt{vr r3rt of florr ln dlffrrent
elLff rctloar eould not br otrbltrbrd rnd tt tr tbnr tqontbb Eo

rey rhrthcr thert ?c. rDt petro3rtgH.e grcodrrd,th tl,q frrtq3 thc

fomrttsa et thr €ra!,rel Cilr.
A uttlvr lrve (rraph tU46) rt tbt brrc of trql Hud brr

thr lcnrtt trouadmrr cooer*, oC ray Ubttr ltlud rmpl,r rtudtrd,

end tt her thr blghott phgtoc llrlltlgyttx.r rrGtor thlr rmplr brt
dtttlnctly dlftcrcnt pelrogrrpbt tror ray Gengnt Gone raplr.
A r4lt (tDt0) ftos. dtb ta trrorp thed tr vrlrt rfuallu

pctrettryhtcrlly to Grntnl Corr rrqlor, cntpC thrt t3 Gortrht

l.4l chrlcrlmy.
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lrrnrilal

tb. .tod.d r.mtriatr of thr heunrhr volcrno ltt rbout 8 kdr

lorthrerC of tbo torr of Hrarrahr, ori thc rut flenls of the tlbrlreten

Grrbra. It ;rr ccnrclrtrd rltb Docronrr Lrhnd voloenlcr of

porrl,blc lllocrnr rgr bt tlutyl Schof lrld {od thonprca ( fg64), but,

her brca nrc.Dtlt drtrd by the f-Ar nctbod (J.J. 8ttppl porre em.)
rt +prortnatrly 750r0OO t rr. t.P. He dctetlrd jrologtcel ttudy of,

thc uolcral ber ber oradr. 
'

Drtrolrrphy of lenrrrbr

Etghtrro moglctr eolhct.d bctb oa tbc rnrfecr rnd from drlllbolcr
( drlllholc reorplcr ampl Lrd by D, &t rbortb, N,2.0.8.) nrc rrhctrd
for thln-trcttomlrg, rad 13 cf thm r.r. rodally rarlyrcd (ttblr l0).
Phnocryrt eolrtlturnBr fwnd la ell rqtrr rrG tntcrurdtrtr plagl,ocletr,

eu;lCc1 brrarltr-byprretbcnr rnd ttttmrf,trttte. ODO rnplr coatrtlr
phoeryr3tc crlrtebrllte lld blocltr, rnd Fcler lqh eootrtu
phroocryrttc quertrr

lll rropl.ct I t rtrd tl trblr l0 .re.pc for 11!Sl bevr hyelept tlttc
t.rtaa.r rlth tbr 3roundnur 31ur ln vrrytr3 drgror of drvttrl,flerttm.
llmph ftttt Ler thc larrt, grannduuf Gst.rt of, rnt rqlc eld hrr a

ptlotetltlc anmdmem tertrrf. Crotadn.f. nla*rrlt rrr mlcrolltc cf
felrprr ml orthopyror.!.r nd 3ntrr of oprguft. Crtttrbalttr ir
r c|rrErl jraodn|.r nlertrl ln nrry rnghrr tt uil|lLy eccrrr lr
prtcber lr the ttora&.rr rhtch ere oltrr F?oNred.d bt . rta of

grcundurr Jlrrr'th!,eh tr dr*rr tho thr rrrG of tlr frmfrrr flatrr
lh|toclrre pbmm,rytgt eftrn rls prtcly lotrttor rlth rrtcanlve

fotlretlal cf 3lrrr h :hrtr olr.r, ral li fs. er.rt tbr corrt 1je
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rlturd to eley ntnorrlr. Cley slnrrrlr slr. roc, obrrvcd ar neJor

rttrretlm prodlctr sf plegloelrr lr tht rut of Cho tay of Plrety

volerrlct, bat ralaor rmuDtl of clry em probebly prGrGnB lE thc

otbrr voleralcl. tho cley elttratlon prod[et rrt tdeattffcd by

I-trY dtffrrcttor er bydrrt.d helloyrttt (rndrllttt) oo tb. bertr

cf ttr 9.9 I prrb, rhtch trcreerr to lO.E i on glyeollatlon, rld

dtcr.rr.t lrttvtrrtbly to 7,0 I ro drylng et ll0o c for 14 hourr.

EndclllCrl chlorttr ud her'uatttrllnonttr vllor rr. Gonreoo ln

*ltrrod drtllhrh urylrr.

lrtrojrrphlcrllyr r11 of th. rrnplu umlnrd rrc v.rt rtnllnrl
rtth 13 ort of t5 brfrg plr3loelmr rrderttrrr and thr rrmrlnlng tre
rruplil botag plr3toclrr decltu. Tlrrc reoplcr rGae ebratcrlly

rarlyrcd ead ell rrrr fouad to br cbcrrlcrl deettct, but onr of tbc

thrre lt r p.trotrephlc eldrrtte (tqlr f 1248). Sroglrr tehon fron

borsholo do rot rh* cet qtrtorttc p.Gro3r*hle vrrlrEtm rtth
drptb, rnd tegrthtr tlth rurfrcc rmplrr do lct rhr grorplngr of

P.trogrrphtc ttpcr rccordtag Co rrrtl dtrtrlbtlon rlthln tht

tsrnrrebr vclcroo.
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ptTtoerApnr6 .c(IrpAtrr$t8 tDilEln Eruclnq[r
mrtB I$Lf,lIDr siltts rtl'.rilD tltD xrtatfAnt

l! - -l

tht lrran end ttrndrrd dr.ntatl.on for the nodel coryorttlonr'of

rrqlu trm rrsh of Edgrcunbr, llhrlo lrlrod, flhitr lrlend rnd

Xenaahe arr glvcn la teblr ll.
th. nott obvlour dltfrrtasor brtrrrrn thr ncdel retlyrer o! th.

fonr volcraoll rt for thcrc clnrrelr rbteh erc pa.rat ln th. rockr

frm rclc voleaurr btt Dot Ln thr roclre tro otbrrr. Thut nodrl

ollvl'at Ir fonnd oaly lr Yhtte lrlsad nnplrt rnd nodrl erlr3obelttr
(phrEocrttttc) oolt tn lreerehc renplcr. Honblrade lr fornd, l,n

rockr frm Ed3ocube rnd Ftelc lrlrnd bst rct lr rockr frod flbttt
Irlend ard Hmerrbe. llottto lt aot found tn flbttr Itlrnd rcckt

(c.f. llachr 1970) blt lt foued tn rocln frm thr otbcr thrcr volemocr.

Coryrrtroor of Chr verlraor end thr srm of Chr rtr nbtqultout

nodal colrtltumtr ( grcrndrem, plgteclrrr orthoByror.o., cltryyror.lt,
gEarttr rnd tttoaegnrtttr) La rrrch of thr fqrr voleraoor err nrde

urlag tbo ltrtlrttcel prrrnrtrrr oFr erd nl3ud1atlr rtr i. thc permet.r
nril tl thr ratlo of tbr .qsrrGr of tht rteaderd devlrttcrr for tilo
dtrtrtbutloar, rnd lr umd ?o trrt rl.th.r tbrrr tr rst rl3dftcant
dlffrmcr brtrro tbe vrrlrrrr of tha tno dlrtrlbuttorto gtudlntrr

ttr 1r r prf.trr.c.r n.fd to cert fcr d3ntflerEt dlf,frrc,r brtrro th.
E.ao| of hto dtrtrtblttorr. Il crdrr Go coaperr rll porrlble prlrr o!

dlr:rl,brntlonl for thr fcrr volcrnocr r 4 r * rrG,rlr cf I Ea t vrlnct
tol ilcb of 3h dr rbiqrttmr ndrl GolrtltretGf rlt ooagrG,rd end f r

Btvrn rr trbt r lt.
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"hE 

Foflor{il{C FLqfi}ER$

J = Edgecrmb.c Volrans 2 - Thale Island V(rlcano
3 . llhtte ldlind Volcano 4 " Urnaeettr Volrsno
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t'lulr, (t) Flgu.rte In braakr'tE deqqtg rhc nufihpr 6t dsBt.c(r ol Jr*rdsm lur c rr.rti\ulrf
9.dlud of F or t.

(3) 9aluq,s Df F end t rirtk€d rirh an qrt.rtdh arq sr,rrtst,lcally slBf,rLi(ant Bt
thra U .lr'v€1. !3. the dljo rrarlsncrs rlF !trr. iwo.mrrsrt, bFlnF tcELril h6,!!t
l!1ss thrn ohc chancr. iI e hurdr+d.r! bsl,nA drasrr fror ttit. €.rriri. drstFibu!i}inr
end ert' thorgforQ <onsiderld Lo reptca{nt tso Etat I sllcdl I y di f,t trcnr dL st rl hui r.rr,c.
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Drtrllrd trfer.BGt t. 3o rl3rlftceot, dtftrrcncm lr r

praEterlrr cdrl corrilGr.nt bcermn ptlrr rf volcrrnrt Grn bt ardr

!m Teble lt rtd rlll roB L ltrtrd hrrc. ThG grlnetprl eonclurlonr

rrcf (t) for rll rodrl con.tltr.ntr tdgrcrobe etd lhrlr ltlrnd rochr

.rr tndtrttngutrhrDtcl (2) flhtGr lrtead roebr cld Henrrchr reckr

cer bc rtrttrttcdly dlrttqgtrbrd fro'n rech othor rld lra Ed3reurbr

rrd fhrle lrlud rcche by thrtr orthcpyror.!. rcd cll.tropyror.nr eoatcnt;

(3) f,errrlr rochr hcvc rlril,flcretly htgher trorn&rr conttntr

t,Lm rny cf thr othr lry ol ltrlty volemlcr3 (4) tbr verlel of

glrrtr tr rtgrtftc$rtlt dlffrrmt tr tbr dlrtrltctlcr for ltltt
ItlrEd rad fer Berrrrho ntra cqarcd Go erch oBb.t, or Go ldgrcunbc

aod lfbrh trlrnd dl,rtrlbtlmrr
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HITIT'l,GYta---r-!-

lLSlSLrgr

tlqlcclmr lr prrm* ll rll thr lry cf Ploty rlolcenlctl md

tr Ghr aort ehndrnt phrnrqt.t ln ell raglrr. ?h. nodrl perccatata

of plrgloclur ltrr ln thr rrngt 15'71 - Sl.Ol rnd plrgloclrrc

rrprortrd er I progortlon of tb. tctrl pbrnocryft cort.lrt ltrt la th.

rs3. 49.11 rl 86.!f. Dtff.rc.B.l ln thr plegt,oclrr ebmducc

dtrertbrttoar brmu rcchr fra ld3rcnbtr ||teh lrlud, llhltc

lrlead rad tlnanrhr rrl lborl ta lrblu fl eld 12.

Utthl.r rtt cL tpch thrrc lr I lrrgr rrDg. tt thr atrc of

plrgtoeler pbncryltrt frm ebqrt 6 nn tc lor ther 0.1 rq fe"

thr rarrlsrs dlnartor. lberr tr n rppeaot eorrrlrtlm h rochr

fron thr lrnl volcmor brtreeo tlrr aodrl rl4 of plqloclerr phmocryrtt

rad thr toGrl crtrBolll,atty of ch,r telrr b'rt ghlr craor uruelly br

ebrrrvrd urlur tbr d{ffrruct lr eryrttlllaltt tr nertrd (lre. rreeedr

101). ftr dlrtttbutton of, thr irrtm d,sr.trrtoa of plrgloclrtt

pbrmctTrtr tr tdgcsrbr lrvrl rer drter.loird by n rflr'rn 6tt oe ljtO

rra&nly rrhetrd crTrtrlrp , t6 crTrtrlt brtog nlrctrd frc crch of

t5 roch pplrr ct coryrrrblr cryttrllldty. tbr dltttttilGtoa obtrtmd

(tfg. tt) 1r bLrc&l rlth mdrl dnr rt 016 m ud lr0 ng tr tt
rtrurryly rlrrd, ttGb e lrrjrr ntl*er of arll phaocry*t tbn lrrgo

orotr ltr celttntty of *. dlrtrtletlm rqpttr glrt plqtoelur

rnsler;tot brr cortlu.d throcaborrt lEr Gstttrtltr3tfr.lfaeott sd th.

bhodrt trUr. of tbr dlrCrlttftlor l,rtrrr Guc prrlcdr of trsrrlrrd

relertloa (drpciuc at the .r.lnp:lcn Ghrt nrdm dlil.Etlor rt
plr3toelrr e*Trtrll ta th. rnt rucl rqlr tr n trdtertleo ef
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"/" Frequency of Occurrence

Eig-:_l?' - ;ltrisEograrn showi.ng size dl stribution of

pXAg.ioclase phenoCrysts in 25 Edgecumbe rock sailples'
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rrletlvr r3e r thlt errqttoa tr dtrcrrm.d bcl,w). Stnco th.

dtrtrtboBlon Lt obEalncd bl cmblntng drtr frm 25 dtrcrctr roch

raaplu of dtf f,rnrt rg.r ( rfr of utnrrLoa) thr tro prrlodr of

qlclratlon cmLd bG duc Bo eheryr tn pbyrlcrl eud ehrnlcel ehrngrr

rlthta e rtrglc rnrtne bodt, or could bo duc to BhG ramplrr bc{qg tekan

frm tro wrrgne [rodLu of dtffrrent rter rnd erTrtalllratton hlrDor].

Altrrnrtl';jty, tb. bfmodelttt of th. dtrtrtbstloo tr r nrult of

rarylleg Grrofo

llrgtocltr lr elro e ubtqnltonr grourdmrr. Gonrtlts.nt rnd

oeslrl t3 mrll (2-10 ril,erol) lrtb.lLhc eryrtllr tl both ptlotgl3tc
rad hyrlopt lttl,c granedntflfr r

Cor9631tloo
.-----r

Plagtoclero eaporttloar rrr. drtrtrlnrd by nnrnrtag thr

.rtlactloc aaglr xr I (OtO) Ln rccE{orl orllntrd I.er urhg th. chrrt
glvcn by ?obt (196tp Ftg. 6l). In order thet r rreroarblr alobrr of

dctermtnrBtotr fsr pla;loclete tn ereh rcletcd tbln-rccttor Gould bc

nldr; e ualucrrrl rtrg. rrr orod Go retrtr rthctod plegl.oclrtr ctt.trlf
lnto rn otleltr3lon -t- itr Urto3 thl,1 trchntqrc tlr coro comporl.ttota ot

rt lurt 10 pleglocler phrnoeryttr tr mch of 50 trlretrd ELlu ..cttonr
fro Ed3raunbe, Ifhelc lrlrrd, tfbltr lrlrld ud reelnhr rrn detcruil,rd.

tbr corc cqoltElolr 'tol. chomn becrrlr tb. couplcr rotrtlol prt3.ru
rhan by vtr:urlly ell tb. pl{loclrm phrwrfrGe Hcrttltrtrd
E.aterGlrrt of r prrtlculrt tm witbtr ell cryrtrlr tf rrd.qfrt
tntrrprrtrtlEr r.rG to br sldc. rh. 8rt of plqLoclut cor.

ccrporlttoer drtrrntncd tor phaocryrtr lr a rtglo renple rrr
frcqeiltly cclpffrbh rtth tbc rrnt. of co,qorittom fiao by rll th.

85



plrgtoelam pb.ioGqfrtr tlrtrrutnrd. IE tr tbereferr lnporrtblt to

dlrtlngulrh e putlculrr rrnf. of plegtoclelr eorr co'ryorltlonr ln

rrnplcr frsa e prrtlcsler :;olcralc nnlt lroa thr rea3c ef coryorltloas

ta rqlrr frm rnotlrr volcrnlc raltr nor 1r tbr reagr of plegloclar

eor. emporttl,oEr dtrttrctivr f,or rmrplrr frcr ut plrttcular nclcero

eonprlrtng tbc ley of Plrnty rrolcrd.et. Ia gonrrrl, plrgloelerc eor.

ccryorlttoaf for thr ley of ?hnty votcmlet r.ag. frm egl C,e AnS3

rlth thr nort frrgurutlt obrcrvrd uelolr ta thc rftgc h5S-h6S.

thc noat rodtc rtn caaportElol drtrrnlard rel h'l.
lhrrc tr a tcrlolllblr corrcletlon bttrecn thc corc cryerltlos

cf a plrgtoclem pbrtocryrt end ttr rtrr (rryrterd rl If uhcrr

x and y rar 3hr mr:lms end elnlmum dtumrtoar of I mcttoa J- a.)t

rtth enrllrr phrnocryrtr hrvln3 nroa. albtGr-rtch GorGl thrn lrrgrr
phcuoctyrtr (ftf. t3). It 1r ccortderrd Ebet volcrnlc ptagLoclrm

tr ta dtrrqrlllbrlm rLtb tbr nrgor ettrr ttr ctyrtelltmttn (et

tedlcrtrd by ertr.lrG ranetlm prtterlr) r rrd thrt thr corr currporttlonr

of plrgtocler crTrtelr .r. th*tforr deprednt on 3hr conporlttoo of

Ehc rorldrrl ltquld lu tbr negne et Bh. tlme of thrlr eryrtelltntloa.

thnr lt ceo bc lefrrrrd gbrt Bb. rlrt of r plaglocter pbmoar7ft rttbl,r

r prrtlcrlt roolr rrnplr oC th hy of ?lraty nolcentcr tr lr4ely
dcptndolt ra ttr rrlrttnr rtor

D.ta*rnl,rrB{orr of tbe r-rry dtttrcElor ?rrrllotGrr 'T'

(tVrrr+2vnO - tVfff for Gr rrdlrttor) .nd B (t"tTf - fbf
tor Gr ndlrt{ol) rnr. Brdr (trbh t!} for plr#6trl6 r?.rrted
frm l! roct llphr of, tt lry o[ PtrEty nolcnlcr. ttr vrlmr cf

chr prrmclat .rrt dtpondat m Ehr plrjtoclrrr cmporlGtoa 1ad oo
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Fig' 13' - Graphs oI plagioclase phenocryst size aeairist core
comi)osiriorl for fivcr rock sarnples from Ccntral Cone, 14iralc Tslarrrl.
rn Lhe graph for cacli sanplc, pl'rcncrcryst sizc is cxpresscci as
/-X-f ( incrcasi ng to the righr) , ,.vhere X ancl y fire tire rr;txirrurn
and nrinimum dimensj orrs oI phenocrysI sectrort:; I a (X ,:tncl y \.rere
measui-ecl in arLritrary rrnils). Lines arc Rd.\ r,: grcssion I r-nes
FitIc.:.-l to the clata ltlcrttecl.
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ttr rtrrreturrl rcrtr (Srrtth e Gey, t9t8). A plot of f egrlnrt B

for tho plrgloclen enrlyrtd (Ftg. 14) rhcr oo rtgntflcert dtfforeracr

betrccn rraphr froae raeh of thc four volemoofr

Xort plrjtclue pbrnocsyrtt'rr. trtm.d,rnd rtnalEg of crrlrbed,

rlbttrl cmblat{ etrlrbed-elbltr, esd pctelttr ttp.r .,rrar rccegntrad.

Zolsr

-

\:
|l

' futly ell plrgtocler pbrnoctyrtr rre ronrdl thr mrt como

foErtioo prtt.nt brlry retnrl orclllrtoryr or oratllemrly rtth
dtfferrnt coryorlttonrl Bao$p. but m ovtrelt ec'rryortttonel lrcadr

In rll Gat.t rtrre tt rer cr*nlnrd to drtrll tho prttrrr of orctllgtot?

lortrg tr of groupr of ton r rlth rtceeallvr torr h rrcb groqp heviag

thc r{Ea.r lv.tsge corryorttloar bot rtth abqt cqortBl.onal chrlgrr

brtrrcrn groupr of Gorlfe Ia plagtcelrm phrnocrT.tf ta rqltr of thr
try of PtrntT volcantcl thc o'rrgell chrngr tr Bha ncao c@porltlon of

SrorPt of orctlletotT tooef bttrrcra Gor. erd rtn of tbr pbrnocrtrt nrt
rhor r loml Srcd ( drtrurtnf lAn ortnrrdt) r I rcvGr.. trcnd, or no

trcad et rll. Dotrtled corportctoarl Grofl-l.cGtorr (obtalnrd by

Eerturelulrlt of .xttncetm rglrr Ir A(010) tr rcatlonr crlerted r a.)

of tro pl4loclrm phoocrtrtr rtth caplrr rmlq prtt.rlt tac rbsr
trl Fl3r. t5 nd 16, Srrrt (1963) ta htr dcrcrLprtoa of plqtoehco

pbraoeryrtr fron teBhrt ta tbr trupc trb-Orcp i.t.d Bbrt pla3toclrn
phrnocr;rtr frm pcrttouler mL rDrrr otgc thmrl I cberecarrl,rBtc

urbrr cf rtrye and dlrcordut brrrrhr lr Glrtr rca{a: prttcarrr

Hr corrtlrtrJ tbter rcrtng brulr rrltb prrvtcut frytloor la the
.

tmpc ro$prter Slatllr dlrcerfuG brrrlr rlr obrrrrrri tl thr

rontr3 grtturr of plr3loelrrc pb.$Grt*r fron thr try of ll:nty
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rrolerntcr. lut htrc th.tnr tr n urcctrttn lf r Drtlcrlrr nrsrbrr of

dtrcordrot brrrkr rlth r pratlculrr volcrntc rnlt" rnd eorclrttroa of

ldns brrakr vlth prrvl,ouf rrfpttoar tr E t staurqf,, r

fhrrato rr th. or{3tr c! orclllrtotT roalag ; s'ecsrred by

vcr (Itat!, utf, GrEluri rbrr orctlletort rodg{lat in rerpotrlc

to itfcrt.nt ||tp€rt.trrrttos of 
-thr arlt tu fifBhlc., edJaernt to

thc lr$vf &ml cryrtelrrt (e bypotbcrtr orl,gtnrlly edvrrccd by Herloff

ln t9tl)' lottlqgr, Kudo {' rrtll ( f966) dcroolrtrctrd thr rr{rrc,r
of lrttr eoscenGrrtton gredl,rltr fsr a unbrr of rloratr ln Ehr bouadery

rqil (tf t glarr nrtrk) ludtrtely rurronndtaf plr3locler cryrtelr.
thrl ;.t thut rblr Eo tdrr thrt plrgloclrrc jrcG! arEft ar. dtfftrton
co*tulhdr rhlch tr I rcqutr.cnrnt of Harloff rr Gb*y for th. orl,gla of

eretllrEert roohg. thry lnfrrrod frour .lrctron rl,eroprobe dr3crrolnetloar

of, bmderT-tor€ Slara thet Ghr eoatrolHng dl,ffrrter rete lu orcLlletory

tont tornrtlon lr thct of, Alr aot thet of Ge end/or tr 11 btd prcvtoryly

b.rn portlleted (Herloff r ll2?j Yocr, 1962). thr clnlc of oretltatcry
pteglcclrlr ctTelrlllmtl.on rrt conrldcrcd by tortlajrs Indo e lctlt
to be &r Go the tyrtcrartlc cberge lr ebrrectcr of tlr eryrtrl-lL$td
tntcrfror fffag dtf furls-Gertrollrd cryttelltrrtlr (lottlaga, frd.
& Trtllr 1966, pr 8{lt).

I
l

lperptton of plaglocfrr phnecryrtr, prrttcul4|t thr ccror of

phmactfntrl rerultle3 ln t*lutolr of celeorlgf .f lrL-brcna glrrr
-(or ocerrtenrlly rodile plagtrlen) rr . snoa lmfilil tn reqlrr of

J'r
th. fry"d DlreSt vcleenlcr. l.nrr+rrt! fr ll0,tl#ilnem phmcqtfcs

la 25 reunlc rhorr I rtrill comtril; )rrmr * oprrr.rcf of

plagroolrtr raror?tton rnd phmcrtlt rl,rr, srl lrt3r ptmccryttr
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Dletr 21. - Glrll t.Frptton roarr tl phglocl,rre
phrnocryrtlr Photontcrogrrphl : !2.

.@!!!!.'
plegtocl etr

Olrrr rrrorpttco ronr ln corr of
pbrnceryrt. ?hotootero3rrph, r 70,

!!93!1. - luhrdnl prtchrr of gletr fotnrd by

plrgtoel$o rrrorptLo!, lhctmtcro3rrph, r 46O.
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rhc sfsorpttoe tbaa do -"f l phroocryrtr (ll,j. lt), plrgteclerc

rrreaptton of thtr ttp. tr clorcly rnrlogoof to prtchy tottag l,r
plegtoclur rt dorcrtbcd by Trncr (1965). llcl.rlr, h Vucrrl

r*qler th. rr.r. rbtcl rrr. r.rorp.d rrrc rubrcquratly flllcd rtth
r Plrgtoclrtc Eor. rodlc tlrr thrtr ortjlarl conpctlGicnr ?bc formretloa

of t rodlc pl,egtoclem ln prtcbT roart 1r rclfrn f,oued h ptegtoclaror

of rqlrr frm the ley of pluty volelll,cfr

Altbough rlrotAtton toa.f rrr prrtlculrrly com,og ln tbr erorGr of
phraocryrtl froqs thc ley of, tlcaty volcenlce, thry arc elgo f,ourrd rf
dtrcreto bendl la tbr outtr t B.t of plejtoclrrc phrEocrt.tr. Eour.

phrnocqrrtr htvc bra obrrtwrd rttt thrtr or lour dlrerrte brndr of
rrrotatl'on loanr, but tt hrr lot brrn pocrlblr to dcteruhr rhrthor

tbore brndr forrard rlnrltnntortly or mqncatlrlly. lrrcr?tton petcber

tcnd eo br aubhrdral, utth rtroof eryrtellogrephtc cortrrrl evaa tbrtr
fornr chr nore uhedrel prtclh Eerng borned by (0Ol), (0f0) .nd ( fOO)

and chrrlry tpart-reeteo3ulrr outltrrr tl roctton, Follstlltlc laslurlmr
tn plr;loelen eorct .tG foand Ecr. frrgultly ta tbr phcnoerJZ.G cor.r
rltch rr. t.fotprd, than ln the corrr rblcb rr. aocl $pportl,ag Vuccrr
(t965) coat.ott3n Shat thr armrp.d prtcbu rrlr rt lertt perttrlly fllhd
wl,th mejnettc G$terlal. ?oLltlltle tnclsttoar la ptrgtoclgr fronr tbo

ley of llrntt trelcenlcf eoatlrt prrdoslanatly of oprqr.rr cltaopt3or.n ,

rEd orthopyrcrfn r utth cl.nol rprgltcr vrrcr (1965) conlldrrr Ghrt

rcrlrPtln of plejlccler l,n lLr fsrnrttm of prtchf roelaj lr probebly

due to frll le bydnrsrctc r|l$.d te qnrerd dtrplrerrrrot of,

the urgnr rrd thl.r hypotbmil.r lt trcrtrtfic ;t3t ttr rrrillebtr detr fran

th. try of Fleaty velorntcl.
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0.20 0.29

0.30 - 0.39

0.40 0 .49

0.50 - 0.59

0.60 0.69

0.70 - 0,79

0.80 - 0.89.

0,90 0.gg

1 .00 t.0g

1.10 - 1.19

I.2O !.! 1.39

1. .4'0 1 .69
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PYRffiENE

Pyrorrne [t tht rtcond nrt rtnrdaot phenocrttt nlBcrel tn the

tey of Plenr,y volarnier rad betb orGhop5rror.tre rnd ellDoplr5orj;u ocGur

la all rmPlcr uenlntd. bodrl ptsorcn !,t la eb. rrnEo l.3t - ltt,
uttb totrl Ptnrox.E tr r proportton of thc pbrnoertr3tr ln thr rrogr

!il '!t lEI. f,l'r Pytor.a. ttpGr bavr beea recognlrcd tn arnrylrl of tho

ley of Pknty vulcralerl bronrltc, hyperrtbene, frrro-htpfrrtbro.,
mgttr end rnb-crlclc eugttro ptgrorttr, ropertcd by clerL, (ff6o b)

tn thr toqrrl.ro t{rttmel Prlt radrrltur rrr not folnd tn tbr Drt

of Plenty mdcrttrs rad declGcr. thc orBhopyrorore r GllaoptForcac

rrEto tr GrtrGtrrfly vrrleblcr bnt rnodrl ortlpptro!6. genurlly ere,redr

nodrl cltnopyfitrto. md tbr evcrttr vrlrre ef tb. rrtlo roold bo ebost

2 t t.

?yro;rnr la tht Dry of Plrlty velcrlLcl ccra both rr dtrerotc

phrnocrTrtr rnd rr Gapoa.fcr rr 3lanroporph(Fltle eBgr.grtllr
C ltnopyrorrm.. lrr DoEt lrrqrratly found rr Gcpm.1rtr of tlom6o-
phaoeryrtr tben rrG orthopyroxrotro

A ler3r proportt,oa of ptrorln pb.ecartrtf rrr rgardr rcrt rbrtag
nornral aorl,eg (1.o. dlctrtrrtq lt3/fe rrtlo frou ebr eoao ouiltr,dr) bft
rrmr rhollng tt"'crl. tonfrgr lhctrsa ol,croprcbr arlytrl of q0

pbeaccrTrtr frc 5 reryler rhq thrt rbqrt tgt of ronrd ?t11aj;e
ptunocrTttr rrr arufrr :end, rrd Bblt i frgrrr proporttoa of

cltncpyr.lr.Drr tbu osthcptrtrent rr. revqrrc mrd.
Opttarl lrGr tsr orthcttlorcf. ud sltmptecrrril tl roch gnrypr

lrm tdgrcu$r, lfteh lrlrud.rd rbttc ldrad 1r gtvu tu trbb 14.
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tbt uun ortboptrorlta conporltla {,n nsrt roclef rpp.rn troar the

o'gElcrl drta to br r broarlttr elthough thr nrJortty of, orthcAtroroa..

rnelyccd by rlrctrn rleroprobc proi:.d go'br bypcrrthrsel. th. optlcel

propcrttrr of tbr ortho- rnd clttrqtrorcnc rlrcr no rlfdffesnt
dtfforc*u brErln tbr thret volcroo.l. E;porrthrlm eld bronlltrr

frqr th Dry of ?lmty volcrnlcr arc ruhly plcochrole rl,th I r peh

ptnk{rb-bronr Y r Dlotrrl yrll*lth-brorn eolour, rf,d i r prlc trrot
A totel ef forty pyrerro,r pbrlocryrtr frm 5 roclr rmglrr rrrl

enrlyrd by eticrou nlcroprobe (A.l.I. ndd C.E.U.!) for thr elmrntt
ts3, tr rrd Cr. Anrlt..r ur!. uedr rLth rn Eeerlrrattng voltrgc of

30 hY end I brrn surrcnt of 0.2nA' tbo prrvtourly uelylld ru3ttct

rcr. umd l8 rteududr. Stnsr only tro .tead.rdl rcro urdl md llacr
m orthopyrorcnc rCrndrrdr rrrc rvallrblr to tba eoBbor, Ghf eaelynr

rrt not emrldrrrd to be rcerlrt. (trrorr coufd b. et bigh rr t t0-2(If

rcletl';e ). torrr"rrrr prtctrl,m tr arttlrccd Go b. t 5n (rrtrGlvr

drulstlra) r rlrteh tllwr rraroorblr eo,ryrrlroa of vrlrrt to bc nrd..

For rl,l pbruocrTrtr rborlq mnlag rt lcert tro mrlyler rrae rnedrr

oa. of tb. corr of th. pbrreryrt, md olr of ttt rtn. thf full, .Gt

of anrlym rt. gl';ra tn Appndlr lr eed r r.G of rverrg. rmlyrt for

3b. core ro'd rtc ef, both osthoptsoru rad ellnoptrer.rnf cqTrtrlr tn

rll rrrlyrrd rqlel lr glucr tr trth lt. tlrurtT dlrgrmr thrlng
Bhc totrl rrltr of pyrorGr rnrlyllrl rll tlr.ltrtr totrlq eoulrttng

ottho- .nd oh.mp;rorm.r rrr ll,vat tn ?13. 16, lll rnrlyrr for

ptsorolf 1l tch of tb. fl,?r nrlymd ragkr lrr gt,.on rt tetr$?

dtrjrar fr ll3. 19.

tbr rqp cC Ejl7t ratlor In rcmd pbncortrtr vrrtar c,oartdcrrblt

bu? tridr to be rtullrr tn phcncryrtr tra tb 'rc. roch lqlc.
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Ca

Ca

?p

lt

JI

Fig. 18. - ElecLron nricroprobe anillyses of pyr:oxcne phcnocrysts in
tlre Ray of PIenty volc;rnics, sirc'rrvn as atornic pcrcent Ca, Mg, Fe.
(A) all att:tli'ses oI pyroxcnc plrcnocrysts froin lhe B;ry of plclty
rrolcanics, ltralyses of pyroxenes in each of J:iv'e rocl< sair'l.es are
gi..,en separate ly irr Fig. 19. ( B) average pyro)(cne anal yscs in
Ii-r'e r,:cl< sitrnplcs of the Bay oI Plcnty volcanics, tie-lines joi-n
co-exisIirrg pyroxL?nc pairs fronr thrs.c oI i_he samples.
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il 209

221 |223

n224 n252

Fig. 19. -

in each,rf
plotted as

are listecl

Electron rnicroprobe analyses
fi,.re rock sarnltles of the Bay

atoinic percerrt Ca, Mg, Fe.
in lable 37 (Appcndix 1).

of pyt:oxene pheni:cr ;.,sts
oI Plenfy''-,olcanics,

Analyses pl.ottect here
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thr arerfurn rtrte tr tty'Fr rrClo nfrpr.d for I rlajlr ptmocryrs tr
l.l4-0.591 ln rrr or?bepttrrn rhon Gorr crryefttloa trr lf,70.,

|.21.1 C.l.! rnd rhcm rtlr oorycdBlon rer ltg*5.g tarl.. Clt.l,
Fren tbr rlietror probr crlymr lt nould Lrm thrt pporrorf tn

th. iry of Plrnty voleutcr rre pr.dmtoutly rglte rnd hyprrlEbor,.
rlBh frrro-htp.tfGh.t drvrlcprd rr I lltrtr nrl rtr rrnnd Errt
hyperltheae pbematyftr. fbr rtn of onr o3ltr eryrGel rrr tbe ody

a6-crlctc rojttc mrlyrrd.

Elctror probr melyrr r.r! urdr o! Grrr3rlr fra Elo fr
leophl to rllou nmnhgfrl ccgrrlrcr of tbc pyrerrnr coryorlttorr

ln rochs frm ldgrcuh rnd flrlr lrlrr& notrutrr tt c4 br rrro
thrB tho corr eqorttloar of crthopform pbrmctTrtt ta clcrodlorltc
rrnoltthr frs both volcrnou rre of hlghrr lt/fr rrelo thu cora

coryoritlou of pyroxrnr ln lcr.remlltbtc tqlm.
tltlc.l 4rlrrt!
fiertr '.r

- Qrrrtr tr tb. co.3 ebrndreG phyrlc r{ltcr ul,rrrl ta thr try of

llcnty vrlcrnlcr, cocrrrtn3 cl . ucdrl Gotrtltfct tr tboq$ j0l ct 
'r

It*rnbc rrd rlbrh lrlnd rqlrr, brt lty ta t0t ol fhtte ldrnd
cnd lunrrbr r:pler, Itr rtrln xdrf Gma3!.tl$ tt l.!ll l,a r
rqh lra Hrtn ht cu B{1|c1;-tr r

([|rl?| phmocryrtt vrqT Nf rtr_t trr O.l'rr io t.0 u cd vlrunlly
. -'r.'

ell of thr rar rtrcrjlt 
-nTrd rd rhc drqfy dryrl'6rrllrur

3om. rrr lErtnudrd Ey Errril rtestloo rfnr r! pyraut. ltoet qa;rEr

pbroorryrtr rrr crrcltrd, d tbr porttlo of rbrpfitf 1r cctrollrd
bt Eb {r *rf hclm drf f,rra ef r}c crrcla
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!!!!!-3!. - lreorpcd
by rugttr eryttrlr.

quartr phcmeryrt rtsrrd
Photomtcrograph, x 25.

Plrtr 25. - lrrotpcd qtrutrt crolrcd polerl.lGrto

Phocootcro3rrpb, r 2E.

?lrtr 26. - hrot?rd $rrrtt rhatlg orbeyntltr'
Ebototcrogrrpb, r 37.crortrd polerlrerrr
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It 1r portl,bh tbtt thc rtron3 rererptton of quertr pheaocrT.Gr.

lndtertrr I rrnocryrtl.c ortgln for tho' Hsrcvrtr th. arrthor coarldue

lt more ltkcly thlt quertl cryrtelll,md frorn thr andreLttc aad dactttc

n'if,mrt rt drpth, and hu brcn rubmglontly rceorprd due to tbr drop

lr hydrottrtlc pr.trure G.sr.d by uprard $orrorncat of tbc nagrae oE tts
t rt 3o the rurfrcr.

Qrartt elro occutr er poll,lll,tlc petchtr ta thr grotrafur6 of

tauc rrnrplcrr rsd lr nch tertrrcer tt le unrrlly clorcly arroclrt.d

utth crtrtobrlttr eggrcg.trl.

9rl ?qobtl I tc

crl,rtoballtr her bcra rrctilrld cpeterlty 1l thr grffidaem of

rE lrerc 6UL of rrnplrr frm tlr ley of plrnat volcml,er, rnd tt
probably occur. ln rll ptlotaltttc end prrt{slly-drvttrtftcd

byalopr ltttc aroundnrrlmo Crtrtobalttt gonrrelly forut rorll
(t-5 nlcron) lrrrgulrr peEchm tl tbr grorndnrrrl rnd lt era cerlly

br rrcogatnd frcr plqtoclrr rr* volGrril,c alrlr tt ttr lw B.t.
(- 1.4t5)' It ptubrbly comtltuto 20-{{lf of holocrtrtelller
jroondurtGlr Oroundertr crtrGobatttr of thtr ttpr lr crartdrrtd

to be of prtnrry orlgtE.

Crtttoballtr t!3rrg.Bcr ry tr t r tl dtsCrr hrvr br.D

obmwrd froa ptloterttLe grruqirfr.. lr rrrylg tron Uhttr lrtrnd
asd Mentrrhc. Th. crLrtobdltr tlgryrttr 3lnr tbt lrcen&art r
rpetchyrf rpp.rsalclr ud rrr ottu nrrcmd.d bt e dettrr tolourrd

rtn (forald by rtthc I drrh brra r.r!. tn wlealc alrrrl cr by r
tlng of atrEtr tprcht oC i cfrqr| ntrrrl). trrf rl|rq1j31 r!
erlttobrlltr .cr prrtlcslerlt erffi ta th. boloeryrtrlltm
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frf,!furtr of nl,crodlorlGr raoll,Gb!, rlthorfb thr CoEal concrnGrttloo

of crirtobrltte tn rrch roollthr lr 3racrrlly lmr thrl tlrt tn thc

rrdclto ead dacttrl.

thr prrrcace of crlrtobelltr Ln rs!. grolndorrcrf rrr coeflnnrrd

bt r-trf dtffrretloa. Hon.ilrr 1t tr of,trn lnpontblr to conflru

crtrtobrlttr by thtr t.cbdqu. rllcr rort sf tb. grom&uelLr coatlla

abnadrnt rnrll (l-3 ntcron) lethe of plegloelrrcr rbteb lrf roC ord,ly

rcprrrtrd from th rrrt of tho groua&atr. Ytrtuel eolactdrer of the

naJor crittobeltte pcek (d- 4,05 $ vltb I rtFoaf pta3tocluc pmtr

(d - 4.03 b mr,lm tt dtftlcslt to be crrtrlr of crlrtobrlttr idrnEtfLertlor

unhrl thr crlrtobrllce/plrtLoclarc a6tto Lr btgho

Crlrtobeltto ta alro fsrud ar rt rmygdelotdel rdn rrl ln tro tamplcr

from Bdgccucbc ead ln tbtr hrtancc lt tr lfkely Eo bc of mcoadery

orlgln.

Trtdrultrr-A-

Trl.dynltr hrr enly bocn rreogotrd la em rr4le (11!9O), e

alcrodlorftle xeaoltth tn e lhElc lrlrnd endrlltt' It oGctrr e!

rmall rcubby ctlyrtrle Ln tb groua&eu sad 1r clortly nreoelrtrd

rttb ertrtolrllCr.

Oprltac $l.ltcr end Gbrlcrdoln

0paltrr ttll,ce tr fourd la rrcplu trm tlbsh trlrnd rnd gbttr

Ielrtd thet, hrvr uudtrgorr frterrlvt bydrrthrrrnrl eltcrttoo.

Ghrlcrdolt oserrl rE prtohg lr r Bhttr lrlrld drttr (f ft70),

tt dorr mG rppru to bc rnyglrtotdel rnd ttr mdo of fcrrrttor lr

DoE chrr.
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H}UELluDT

Honblmdr tr r phytts nl,arrel ln rbor! lOt of rrnphr lron

ldtrotnh rnd lhrh lthnd, but tt, tr pt forrrd tr rlttr lrtnd rad

tsolrcbr raplrr. Orl;rrrlly tG flrt hevr occurrrd tn rrny er1:r

Bd;rcubr ad Yhah Irlrad rrnpht tban tbort ln rblch l,t tr aa
fondr rlacr t lrrge propcrtlor c! rqlrr ltorl Ghmr volcrrou

cootrl.n prandmor?hr rftrr borrbleldr, thr highmt mdel

conc.nerrtlon of bornblodc h rqlct of tbr lry of Pl.$t vulern{,er,

4.Olr Lt fosld 1r e rqk (1f359) lrm rrrG D@r cn ybrlr lrlrld.
tho avrtrg. uodrt Go*.ntrrtton cf hurabhndc tn thore rqlj;
c'oncrlllnt tt [r rbst 0'51. Xo rqlrl lrvt rrrfltctant botrblodc

to rrnlt ln tbelr clurtflertlon .f horrblad. erdcrttrl or

horubtrndr drettrr (G.f r Clrrk, lg60 b).

tv'o bornbltadc typ.t rn pr.rer3 Le tbe try of plrnty volcenlctl

lseft honblndr md lqrobolttr. lotl gpl grmnlly 16fi
oprcltlrrd rlnr rrd ar. frrgutly ln vtrler rtrgn cf dcrrrGlon

to Pttolllc.oPr$. prudmrDh. th. wo btrblede typrl rrr aot

rertly dtrtln3ulilrd la r ubrr of rqhr md ft rppeerr tbetr rr
lort la rae GtJl.r tt..t trnbhudt tr grrdnrlly rltrrrd to

lryrobell.tr vlr rrr trGrtlretrtr typrr. of b.rrbhd., lle opG,lcrl

PtoPlstl|r of tb jrrs brdlordr d lqocbolttr rn 3lvra tr
rebl0 L6.

Yrry tc lcnbtrode phrcryrcr .rrr frrr frn dtrrrtlor nd
vlrtmlly rll of tb.r lrvr .p.attlnd rLrr. Ar Erltlcmd mrltrr
pr${oorpLr rltrr bostbldr ur G@[ tr tray rqll. fLry

rpornlly ocutrt lt r rixtrrr et ptatrrt nd cprqrr rtrrrrh,
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rAr["B 16
-IrI--

OIrICAL DATA trOR A$PuITO[.B8

t. Grma HornblrndGt

X r v.ry pelc ycllw X< t< t
Y r yrllorrt 3[-grletr
Z - blulah-grcGn

2V - 650- 7Oo

.8nC r 20o

?. La,ryrobollto

X r ltrfr-Fllow X<I<Z
Y r rcddleb-brovn
?' r vet? derk brOrr

2V - - Ego

tnG - Ite

- 110



Plrtr 27. - Prudomorph rftrr horablcndr.
Gorryord nrlnlt of ptrox.D. ud opretrrte

?botontcrogrrph, r 30.

!l!L!!I.- ?mldoaorpb eftrr botrbhadr
sonrlrth3 netaly of dradrlttc tatrrjrortbr
cf ptror.r., togrthu rtth rcc.rlory oprqu.ft
crormd polrrtltrre lbotmtcrogrrpb, r t0.
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rf th th.

dcndrtttc

IIOIlTE

ptrorrB.t oftc uttblttn3 l ttfrlc,rdft t.rtnr. rtth cooplu

lrtrrgrrpthr of r runbcr of pFor3u ctyrtrlr.

Dtotl te ocesrt rr t ph;rle ctrnertl lr ebort !0t of rrylrr fro
Edgccumbr ead lfhelr I rlmd, but rtrnlr bor*lcndc rm ror. rhradrnt tE

tfhelc lgletd rqhr thrn la ldjcunbc rmphr, Eh. r.v.alr tr tnr
for bl,otttr, ll.otltr rtto rlorr rubrtrntl,sl eltrntla la nrry rmrplrr,

and rnrny of tborc rophr tlrt do mt coateln nodrl blotlgo do coaCrtn

pmrdomorpbr rfter btotttr. llrt.lCr 1r tst 3rnrrtlly rr ebnndrnt rr
horrblrnde tn thorc r4tcr tr rhleh both ntnerrlr rt. foand, rd Ltr

ivaraga ruodel csncrotretlot lr rbout 0.9f . I3l pertnna npdel

conc.atrrttm tr 2.tI tn I rmplr (ft2l0) fron urle Dffi. m ldgcrrbl.

llotl,tr hrr not bree tound ta Fhltr Irlend rroplcr collectcd by

Eb. euthr, brrt har brcn rrporCrd ln rolnl flbltr lrland rocht by

lllet ( 1970). 8ou. Hanryehr mrylrr ccttell l frr rarll (- 20 rnteron)

flakrr of r yrller-brsr phocrrd* darcFrr :lnnl rbteh lr
tcntrtlvrlt ldrnttftrd al J'vrrtre! cf ltCtlgr,

thrrc rppfrrf to Lr orly oE vrrlrGt of btottb tr rqht of,

thl lry of Plraty rrolentctz eltholgb Lt rhar I vrrlrty of phschrotc

reborrl

X r pelr-yrllrtrb, affid.eolnr.
Y r prh brwilrh.orrnge, prtr rr&brm, prk yrllrirb-gnrn.
I r vjry drrl rcddttbbrwr, vart drsl ollvr lr*rro
tte plrochsoic rchmrr eortd br dtlrtded trto tlorr Gcttl3 tcrrdt
t r derh grtrl td tbom trndtl; Cf,rrdr t r drrt btu!. lgh I
dtvtrtorr hornvrrr rould rct hrvr .gt Frarrl nred,ag rlrer both

tL2



plrocbrote rchorri bevc bcrn obnrvrd ll dlffrrent r.ettonr of tb.
leuc cryrtel. typlcrl btot,ttu frqr the try of PlrnEy volcralcr hevr

B r 1.680-1.691 end 2Y - 5o-10o.

Vl'rturlly ell tb blotttc phnocrTrte tbr eprcttt4d rtmt end mray

are empletrly prcrdoarotphcd, rtth pnodonotThr eoErtrElag of rD
oPtqu. ttnr and typtcelly r eore of pyrorrnof, nrtnctttr end fclrprr.
Goqarlroe of prttrl prcu&morphr rfter blotltt rd horablcndt

lndlcetrr tbrt fclrper lr unrlly prrltst ta pmrdcoolbbr after bl,otltel

but tr gcntrrlly rbtcnt ln prrudffiryhr rftcr hotrbtudr. thlr dtfferrnce

mekcl tt porrtblc to dreldr on proudmorph perc[trga ln oeny crtGt nt*c
thr prrcat cryttel foru tt noG qfftctotly rrll-prel*urd to tadlcatr

rtrtch nlnrnl hat brea rcplle.d.

rrrAl|sfllmrltt

lLtrmrfn.tlt. 1r e ubtqpl3osr coartlturnt ln rrrylcr of th.
try of Plentt nslcrntcr red occurr both u phrmcr?tt,r (0.1-O.5 um)

rnd .t raalt grrtnr ln thg grouadnru. Itr rvcalg. model coasotratlol

ls ebout t?r bct tt cra bo rr hlgb m 5-6t ln nrylrr rrhteh hrve b6n

rffrctrd by turfrcc orldetloa (tltrmrg!.tttc tr lotud lr rn eltrrrtlqr
prodnet ta rucb teophc). I

ttteaocegrrgtic lr rlro fonnd er rsall ( 1-lO nlsloa) pothrtltle

tnelurloor ta vlrrurlly rll ?trorc. cryprlr lr the try ef ?lcntt

rrcleealcl. Ln nrny tertraecr lrrgr potltlttlc tnct$rroilt of

ttcmqrio.tt3r (up to 0.3 m) !t. lrnrDd 1r pyror.n, bomblod. end

plrglocl rm phuceryrtr r

tt 3ontFer brvo blrn drtrfntnel by cnlrtien fprctrossrpttt

(Dursra & trylcr, 1969) rnd crr tl thr rrr3c 5-Cf ft.

HCTONIA UNIVERSITY AI
'ff ELL iF{fift;;s Llgft,A&ff
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!!9!!!. - lLotttr ( hft) rnd r prtudmrotpb rftor
btotl,C. (rt3ht) ' tbr prodmorph conrlrtr of
ptrcr.lr, frlrprr rad oplqofr. lbtotcrogr.phr r !5.

!!!E!9,. - lradmorpb rftrr btotltr e,outrtlnt
rf rrltec blotttr (crntrr) rrtlcrdrd bt fehper,
pttor.oe rad oprtpfr. tbotootcro3r.pbr r 75.
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Snall crtttrlf of apetlte rnd rutlle itr prcrcat rr .Gcertorlet

tn uort of th. rock rrnplo. tlrcoal burevcr, brr oaly bcen Ldcatlflgd

l.n Grro or thrm rernplrr |ld lr srsorsnon la thc try of Elfty volcrnler.

qlEnATroil PRoRrGrs

ft. rnlorrelr ml.aly nrbJcct to rltrrrGloo ln thr fry of Phaty

volcrnler rr. pyronarr horflleadl, .rnd blotltc. uorrLlrr{c aod

blotltc trt prrttculer rbr oprctttrtd rilf rod rrr fqqdlt,ly totnlly
rltercdr vltb onty plrudornorphr reotlalB (*r rbovr). tucb prgrsmorphr

uroatly cocrprlt. oprqu.f r ptrox.n rad nLaor frlrprr (plegl,oelt6

drftnttcly t,drattflrdr l( - frlrprr oey alm bo pnrcnt). ?yror.t r
ururtly altrr to I btcutrh artcrlel rhtch probebly con3rlnr e

combtnrtl.on of lddtagrttrr ltrroultc, gorthl,tc, aed negDrttter

Ghlorltr lt rtr occrrtoatl rltrretlon profrc't of bioeltc.

A drtrtlrd rtudf of hydrotbrturl elgrrrtlo ol lttrb lrtend rnd

lfhttr lrlrd her nst brla nrdrl Dt! tbr flrx rltcrtlor lrcduct tn
)

tbor rrtal rppGrrr to bf rrcmfrrT rlltcrl lr tbr forn rd opellre

rtltcr erd erlrtobrlthl rtteh bar bro titrodrrcrd dutftr3 tbr lceeblng

of the roclr by hydrothrrnrl tol$tlorg.
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pErBoLocy of R6K gr$plEs rnolr gtAuottilfir

NBAB rAITE IgLAtrD, tAY OF PLBllrr

lccepttd for publlcatton Ln l{.2. Journel
of Grolo3y and Oropbyttcr. tlrc prprr tr
glveu hcrc ln nretrurcrlpt fsrn.
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PB?Bfi.CY ff Xr.r s|ItrE ?Hr ruqpl,rlr
rErt rf,ttE ItLlrD. tAt o? PLE|fr

A.l. Dtrtcen,

Gcology Dcprrtacnt, vtetorlr uelu?ErtGt of Tclltngton

Al3TBr?

Dorcrl'ptloer of rndrtlttc eld drctttc rscl renplrr, dred3cd

ftu De.t thG emltr of tlvo rcf,imrDtr te tbr ylctaltt of rhttr
rrleldr rrc prcrcntcd. xl,ncrrlogy end tGrGurG ef th. rrryler
suggcltt thrt chlr 83o€P of t.srounrte mry hevc bccn thc murcc of
tb. endcrtttc l€ltclr rod Lctgb prnlGrl

r,i?romrlc

roch lnplrr drrcr{bod tl thtr p.pcs r.re collcted by Ghc B.g.

Ocecnogrrpbtc InlttErtr (ctrrtrc ntrgstotlr) ta Chr Dry of plcnty durfn3

octobet 1966 frm 3oeuatr br$rrcn 6 end 44 hn frn rbttr lrlrad,
nelaly nortbctt rad rtrt cf th. ltlnd. ttc rnoratr togcthcr rrlth
ILttc lrl|rd rrc reforrd 30 rf thc rbrSr hlrrd hlcdc capla.
?tg, t ehcrr traph loertlo, .od b-rthprtrl (frthyretty by tt.l.intln).

Eqh lecrltttu rtlr. rmtgrrd rtrtto dccr r (acAo, t.6O61

ctc') |la tocl, fuotq.itr trr grrttcrlrr rtrtlar rGBr grcuprd n tlr

lll *rttil d ruplr adsl rrl thcrc atru tr tbe r.E.o.r. rrg1rtrr
fot crutrr ;IfrGortioir

I
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bmlr ef colour ald ruterlrrtttr cech group bcrng glvrE r rmplc urnbrr

(l't.r t.l.A.r ltc.). fock rrylCt *!rG drodgcd fn @thr of t2O-500 n

rnd drcdgebrulr fro ell locellttu erccaC 8.63E contrtcrd qrrtnc

orgeattnle Ieny rocl frrgncaBr src cevcred bt I ncoaar of asngocra rad

tron otddcr md hydrorldcrg end r layer of crlc,ltrr coitrfdng orgerlc

rcnalar, prrtlelly c/Dvcrr tro turG..ff fregncltr (Frg. 2),

3..E ht ruf ftcl,cntly vcrtculer to floet rt.6 drt trc terord

pulceanrr snd thc rcrarl,ndrr lre torocd noo-pulGforrrr All tbc

punlccour nockln oa thc evtdcncc of tbc rrfrrctlvo lndl,ccr of Gbctr

coloorlcu glattl frll rttlrtl the rndetlte-drelta r[lr, dGlouth I

bt

to

Shctr phrroctyrE

Glrrlrr ( t96O)

EorG prrclr rd.otlflceEton te jccrdly tqrrrtbb (ru p*5). lll
tbc aorprmtccour rockr rrr crrrl,ftcd rr endrerttc

nhcrelogtt all er. tabredorltr rndrrltcr eccordtq

cletrtflceBlos.

?ltrsrrPHt

llodsl .nrlyscr of lt rochr rtr3 prG..ntrd tE trblr l, lotrl
grornduett soatGDt ianget frm 56.8 to 95r5f. All co,atela pbrncryrttc
plegtcelrro; nrgaatltr atd mrll Erot. of ryatttr Gd ttttlc, gtBh tbo

Grct?ttoa of rrylc 8.63t trlr ttef d,f cartil,r pfreryrtfc ptraroro

. Grordete Gc*,uru tr m.pnlc.lar rqlrr m. gudldly

pllotrrltlc sd hleryrtdlls (ttl. fh c rqlrcr rbil contplcrant

fler tarturc. Srrgh f. 6:lt l.t. hrt uurnlff grmfur.. GsEurr mt
ntnrrrlog,y *{.th coatt&rrbh t Etr ud n farrm{Ftn {acnlr,
prob$ly l,ntlerttqg d.t6rfc or poilG-crupttyr rllcgttoD. . Eqlc l.lllt
t.trA corcrlnt chr ml; rrmltth obrarvrd, r vulentc tstnrnt conrlrtlrg
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!!1f!. - lbotsfcro3rrph rhortq r crlcttr ovrrgrorth
oe rqlr l.6tt t.l eeatrlllaj orgrnlc roetntr r 70r

!I!d. - tloCooteroirrph ttlurtrrCtrl
qrra tcrtrrr of s6.pnt3eosr f.rEflrt
pcltrtmtrr r 9t.

typlcrl ground.

r41tr. Grettrd

!Ir.-!. '|'

la tqlr
lletotct{DStrph of rreor?rd qurtr phenocryrt

1.6!7 tol. Crcrrtd pchrllrtr; r 95.
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of, colourlcm 31eu1 plrgloclrral p5rrurcaer rd nr3nrttBrl rrt ln a

chlortttrcd reCrlr.

tbe optterl prep.rtttr of cbc plr3loclrfGl pytorrnGe rud rolcrntc

glecr trc glvcn ln table 2.

Pl erlocl eec

-

Plegl,oclarr occurr ta rll rllo fra cstrtdlttcr up to phrrecrTrts

rltb a orrlrm lrng$ of 4 s. Pherctlyrtr rre t r.aally ruhedret ol

rsbhcdrrl. lhe lrrgcr phoctyrtr rcldou hrnc flsr rltgncnt cnd trc

oftco grorrycd, urnrlly rlcb pyrcrrac cryttelr of rlnllrr ttlc, go foru

gl*rrophcoocryrCr. tlor 3.ilt*r., dri prGr.r$r 1r uellt dcffrcd by

thc rltgmrnt of lrll plagloclu ctTrBdr.

tonel td orclltrtory roatng rrc c,ooa l,l Bhr plqtcclsro cr?rtrl3

of rll raoplcrt srnrtly tbc coroe tre urrrl ild tlhr ttrr orlllaBo!/r
Inclurlonr of brem glur rrr thotllht cc r.Fa.rGot artrrlel rGrcrprd due

tc I ep le prurnrc, r pnDc.lr ntprtrd by Vrrcr ( tt55). Lu rh.

prGtot errt th. drop la prerrstrc crrlq nrrofptl,eo ru qrparrntly

Eceuptoled by e sfftetrotly rrptd t.ry.artaac dsop Co prGv.Dt

rGcr?rtelllertlm. thr rlcertloe thnr dtffrm to rru ertrcB frm
gclrr erqlcr, La rttch 3b. nrcrpra Ertcf,trl rc,ttr3dllrcd to I
plrgtoelen nerc rodtc Ghr 3bt rrrudfr3 lBr

thr coqporil.tlol ef, rerrrrl phoocqtrt eoa.f r.rc dctrrplltd fer

caeh rnplr by rrerurrng thr rrttnetloo m3lcr rf rlbLGr iln lnrllrr
1r ..Gttar I r. ftct qfr ttu \f b tg, rnd rrr crCly ctorc :s

&SS. tLr s6313 tnct of n lfraocql.tr at lr rdlc rr lr2g. ttr
pbilocrtrCr cmody tnlrdr mrll cryrtrlt of pFormc, ll;lt tiCrr rnd

qr3lte.
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Orgboorrotrnr

-

Outhopyrorm. oceual er pbrnocrtrtr sp Co t m 1oa3, rnd tr Gqtrtdr

of gtoeirdnrtc rllc. Emr phmcltrt. rrc rubt&rl, but nrt ar. dhrdnl
ot uhedtrl' Plcechrelra tr unelly frl,nt rlth I r prte ploh cnd

3 r pllc ftccBr toclurtonr of rnagnrcttt rnd ruttlr rra Eclluonr

2Y* rmgra frcn 54o to 8lo tut Bbr rrrl. tn rot onr tnplc tt net

fflrf ths t0o. tbr arsSG lr prrtly due 3o rontng ta roc ettrgrlr.
ttrc rrfrreBt$r tndrr for Y rrngcr fra 1.695 t 1.702 tor cryttrlr rlBh

I rrtr8r of lV, trra !0o to 74o. Acccrdf$ to lV end rrfrr:tlvr tndcr

varLrBlm dlejra glvcn by Dctr, ltovlr rnd Surtrn (ttCa, volrp.2E)

tbr orgbopyror.D.r uc bronrttr rnd hyprrrthoer

lbc clor rprttrl ertoelrEloa of orthopynilror raf cll,upyrorcnr

dcrcrlbrd by Glrrl (f96O) for the rndrrlBtr o! tmjrrfno llbdtvtrtm tr
not, rhau by thmt rqhr.
Gltnopyro*an

-

thcr cllaopyrorc!. phmaryrtr tr. tmcratlt anllrr thrn thort
of co-crtrttn3 orthopyrorcc rnd occur in rl,jatflcat ggGr oalt h
Bh HLPrr'lcrolr rqlu, rhteh rr. Irn crTrtrllt,r th1a Gbr prmtg*.'
rqtrrr lE tl l,atrrred tha cltnopyrorm. ru gn ef gb. prt nlarrelr
to grtatrll,l,n.

tV, tqrr lrm 19o Bo 5lo rd tbrr LE tbr rbrocr ef rrfnctlv.
trd.il drcrrnlrrtlco (ealy tbfr rectlol. rcrt tvrl11llr), 3br eltrao.

PlrorGr ll cle||tftrd rl nrg!3rr lrclurlcor ol rqnr31tr r&t pnrrt6
la srl phucraTrtr.

,Wfodr
ItonDln& lr prrra! ln rtfnftfGror qrm$tt to rqh t.l!E t.l.l

ud r; I t8rc. ln !.C!g T.l. to fr6!l trl.l t3 ccsrrr rl I ;rgup ol

t24



phroeryltll oort of rhtch rr. sbhedrel rnd rbouB 0.5 n l,oag.

2V, rtngcr from 6{0 to 68o, t Ac - !0o rnd thry rrc rGrongly plrocbrotc

rlth I r fmr I r brornlth-grrcn, rnd t - derh ollvr-grGGtrr It lt
ooft probeblt soona hornbkadc. lh. rbmacr ol e rorcGloa rlu
uEornrdlng eryrcalr ln clther rqh 1r I conrptcuour fcaturl.

81,[lcr ftaerel!

Qarrtr lr psarcat ln tto reopltr oaly, E'6!7 f.l. end 8.639 T.t.
tn bothr qurrtr pbmocrtttr rbout 0.3 ur loog bew roundrd outltnu rnd

raG t.tosPGd (118' 4). In t.6t? t.l. the groun&rm conGrlor rdrrdnl
petchcr ol $rrtrr rsa. of rbl,ch rrc urdr up oI r nnbrr of qurrGr

cryrtelr vlth anCurc.d Gontsetlo

Crtrtsbrlltc, prrrrnG lr rcrtB.rcd grtcber l,n tht 3ror,mdnrn of

8.636 1.1.r Bhc norC ctTrtelllnr jroun&rrr Grrptpld, probrblt reprcfcatf

I letc-cryrtrlltelug phercp or . dtvttrlfleettoa producto

cr:t!
Blur 1r rlr. ln tbr aeo-plnletout rrqlrr b'ug tr ebun&nt ll th.

pulceorrr otrt Rrf,racttvr lndLeo of thr eolourlu 3116 ln thr

fromfnrrt t of punlcoour rrylu, glv.o la ?rblr I, tmlc fro l.5O!

Co l't11. Stncr thr rrtrrctlrre tldrr o.rnrard rtr tb. larrt for th.
lqllc; thc prmlcrosr rraplm rra thorlht Bo h udmltlc or deslGtG.

Iltro g*rdm

lo opesl mlncrrl prrlraB Ll rtl th. rrqrlcr trr f d.ntlfhd er

nrFfBtt bt l-tri df ftr*Gleo. It tr ubtgutG,ar tn Gtr t;pgsdfrl cf

rU rrrylrlf lr losd rr lnalurtorr ln pyroroe md plqtoclrrcS rrd
dm .r a.rG:loo rlx so{Ed t(m ptror.D. crytcrfr la tqlcr rhrrr

- r25



dotrrtc ot port-cauptlvr rlGrrrtlon tr c,mrldrnblo. Ll$nftr tr

lrrr.ot er ra rltrrrclm produet.

Eeolttrr

Scolltcf occur only ln raplo l.6rl f.21 rbcrr thry oc3ua tr
mygdrlotdrt clurGrrr. tldlvldral cr?rtrlr la. lo rnrll thrc th.
pfftl,Grlr rcolttt nlarrrl pt r.aB eould let h ldottfhd.

cffiLUttss

On tht rholrr th. traount rryler creG br drrdagulrbcd

asl,rsrllo3lerlly ftuo thr volcule rochr of gbtGt rnd llteh lrlrndt.
llcvrrr hrlf of the lruunt ruglrr rrr pucdcodll, rhcn6 no

puatcorrr andoltr or drcttr her brc feuad on Bht tno lrkadr.
ttr Lct3h rnd l,eLmlr punlccf ;ra. dlcrtbrd by flrll-rn (f961)

rho ruggrfted thrt thttr dtrtrl,buBl,on tndtertcd e rourer ln Gh lsy cf
Plotyr thr ularrrlogy nd rltrctlur tndtcm of tt |lrucr la th.
pal,crr rrr tmcrlbrd rr ndrrl,tre by Ghrlltr tr rr qprodtr to
lfrllnnrr (ft62) plprrr A nnrry of, Ghelllrf drte lor rhr Lrtgh ead

Lslmlr prntcrrs 3ogrthar rl,tb rnll rddtttoul drtr oa tbr Lcl,plt ptnl,cr,

tl prrrrntrd {n trbh 3. Go,qrrrlron of Chr drtr rl.tb thrt for tbr
rcmsot rqhr ln trblrr t si t thtr r mftlclrntlt cfer
corr'rrFondcr,r to ttdlcrtr thrt tbr railEtr rrc r perlbh .*rG. for

tbr LdlD rrd rdrrlr p'unlclt. fo* of Gh. rbrtr ldrod Corylg ller
rlthta tbe rrm tbtl tcllon ( tg6l, ll3. I' cnrrtdrrrd Go sontrrn thr
rrocr et tfr btnlr punlcrr 

j

lrrt o! 3h. l,otrh FrtG. coarlrtr ct I rtnnlly butrd pd,crl

'rtch Dndr ct pelr lrrt lcrctue) .ra drtt grqr (ea&dttc) pntcal th.
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Crrh* brndr coatrtalag r hlghrr propor3toD cf angoctltr thrn tho prlrr

oofrr ttrongly brndrd puatcr rre not oblcrvrd ll rny of thr rGmount

rqlor. A prlc-colound, unbrndedr drclttc pulec la Bbt Lotrrlr

dcBorttr rt Ohrl hreh rrl Gouldcnd by frllnen (1t62) to bc fra thr

frnlr lourc. rnd rnrpted rtaultencou.ly rleh ghc beaded vrrtrtl rnd

n y bc Chr rguivelrnt of Ehr purtcr fr*r 8.63E. tbe ebreo of beadrd

pumlce ln rmgler fnm thtr locr'Itty ary br dur to the obmrvcd lcrtcr

trndmcy of tbe drrher prd,cr verlrt,lrr to brcon. rlterlog3rd (Irllora,
pGfh emr.).

lccrnrr of thc dlrtrthtloa of Ehl Obnt rlrb rnd th. Loltdr prnlcc

Irllncn ( 1962) ruggrrced thrt botb creE fro thr ra. .ruptlw etntrtr

tbr Otnrl Arb tr drcrlbod by Ghetltr ln Frllnm ( 196t) rf I rhyolttle

erb la rhtch 3rcrn hot'nblrnde tr . dlttlctlvc Gonrtltuontr Dmr of th.

r.eornt rerylrr rrG rhyollGte, but Gro rryler coBtrfl grG.n horabtoodr

vl,Eh v.qt rtoller optteel proprrtlc Bo tbr honblodr tu Bh. Ohlrt A*.
fu prr.nE vfrt ltuttrd rrpltng ct cb. Ihltr ttlmd Gorylcr hrt rct
ylcldrd .Dt Brtrrlel of cqorltlon r||tflcleotly rl,ctler Eo Eh Ohrl

arh to lafrr c,brt ltt srure. nt3ht ltr rtahla tbc Gonpls.

.r,snm.mEFmE

fbe rrttrr throlr thc frr trelmd Oeruo3r4bte trnrtttrtc tor
provldlag th. rerylor md thl,a retloof tor Chlt ttrd5l. thratr ar3

rlro drr to troferror [.tfr ldlarnl Dr frtr ?rntle md Dr J.tf. tnltr
for thelr belpfsl end corfG*rctlvr crtgletra of thr nrmrcrtpt.
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rry.crNlc rcfIvITr (nt rus l8tAtr{D,

IAT fi PlltftYr 1966-1969

Part 2 ?rphra Erupttone - Strrttgnphy end Pctrogrrphy

lcecpted lor publtcrtlon ln t.8. Journd
of Orologt rnd Grophyrtct. thc papcr le
llvm herr ta uranrcrlpt fonn,
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Prrt 2.

t

llf, 0? PLErtTr 1966-1969

;
fqbre Stloer - ttnttgrrpht rnd Prtrogrryhy

A.l. hracea and G.G. ftcrttcb

Oeolqy Dqrrtreat, Vtetorta Er[wrrtQT of ftlltrgto

Al8trEI

Frtag tbr pcrtod lovabcr f966 tr fpdl 1969, tilo vrDtr rltht!

thr cretcr of lLttr lrlnd brw tntcnittatly Grytcd ryprorluetcly
i

1170O;o00 n' of Bepbre, coryofcd nrtnl, oC frocly cclurted elter.rd

rndcdtr. tt Bcpbe rtrrtlgnphf, greln rtrc dlrtrlbntlon, cnd

rlrcnlcly rra dorcrtbod.

IIIHSTIil

tae rcrtrrn pcrttoa of tbr crrter of lLttr trlmd r m$rr
cf vc*,r rhl.ch hrvc bcra fcncd tr ttc lert 50 or 60 yemr tbrlr aa.r

d locrtloar rcc alvcn tn ?13. l. ttr aort ncratly forncd yrrts rrc

m th. Gop od ftdlr of Cnter ltdgr, I 7O r ttgh bc,h of andrrLtlc

bloclr cd drDrfel rhtcb ru foud ty r lddfde ftu thr nCbrttGtr

erlCrr rrll h 1914. Brtrj gh. lrt tlru t.rrr u.cr or Grrtrr ttdfr
hrrn ctrpt.d Gcpbre, sf th trtrnttt.rG rqGfcl f,ru forulrr 1966 t
Isrct 196?, cotttnrorrr c*r?tlor ftu trLtletT 

"o 
lgrtf 196t, rsd

trtcd,tt{rrt csyptta frn Iry l96t Co tbr ctno of rrftl* (lpdl, lt69].
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.th. cghra cnryttorr herr bGco ltu trc dtrGlcct rw,l, th. rncd veDG

beonf;f *tlvr odt efBrr tqhrr rtrryttc fru tto flrrt vcet hrd

cclttd. Tbr rogrottel artsa. of ct.rrpElonr frn tbcr r.oGr hm o$!rd
tbc rtrrclgrqhlc dlltlnctloo of urtrrlel rnrytd frs rhm.

ttc chlsmlogy cf tbr rlolca{c rctlrrl'tt rt nbtGc trlerd la thr
prrtod 1966-f969 lt glvrn to prrt I of, thtr nrlct of pepcn. I brtcf

,..

amry of the rort tqortent Grotr vtth rqsd tc tqhs .rttrtlonr
tr 3tvoo bclr.

Otllf vrr'C".a.. tlt forucd ln lovrnrbcr 1966 oo Grrtcr ltd;r
lcrdtetrly tc thc rrth ef ltg Joh Crrtrr (rcr llg. l)r ead cnptod

,trphrr tltrtltttcatly frm lovrnbcr f966 to xrrch llrS?. Dullqt Bld-1t67

tbr pr8t of thc cettrn flrnh sf ontcr rf{jr rhlch lorlr Gbr rcrcrrr
rrll of 19tS Crrtcr rrr rt hfgh Gcnprnurr ourr rbe,6g hilf lc,r 1r..,
rltb thr rpct $rtfrc. rG rcd-hort !.ra fuuofr nutbr. ttc lrrgct
tcdolsg firrttlrl rrod frdoll bt E.t. Frllln, Dcgo rqlttng trpbe
l,n lrtnlsrtt 196tr trpbre cryttoa frm fpelf fcc alg €oottr.r13

fru trbrrrry to lgrLl 196t, rnd hrr boer trrt.nltGoDc rlcc Gbc rttb
long pertcdr il:lr; rttch oaty wlcrelc turrf (qrrft rtrr) brvp brn
dtGod.

ttDErl, gllAE€rrtE |rD Ul3trtrruil

Ilo* of the t;hrr orrpGrd trm ILtGc ldrll ta tre lert tbs..

tertr brr frltan trrldc tbr errtrr, ut rlnrr rll trghr rbleh ftll
fitrlaa ttr erelr nr rored lr r r.ttrr of tryr by ;fnJ md srto.
l| tbc rcsret tqhn drpertcl on tlhltr ltbd,Gr cmflard Gc r uqr
lccrl rrfnr fcrrrl, *,rrt!,3rgLlc G.nrlillolt tr rt ryplled to th;n,
|[d thry uo r|lnd tor the wot fru rttch tbot r.rr rrytcd g Olllfvlr
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trpbr nd bdol,f tophre.

If f,urtbcr rytloar of rhlcc lrhnd rcrcoblc thr ccphn onrpGteru

of Bh€ lert ts yett4 ft dlt bc convcll.at to hrva detrn horkont frcr
rhtch Co ocaarrc tbr ncr dcporltr. llcc, roqr rcctloae of Gtlltvar rd
Ssdolf tcphnr hrvl becr ncerorcd lu dctrtl. Aa errllcr tqhrr crytcd
flm lLg Joh CreEcr tn 1965 rel oblcnld tn rdrc rGcGloar rnd l,rl rlro
rrcordrd.

lbe poeltlear rhcrr tccttmr rrae mrafircd rro rhiln to llg. I,
trd eho ecctloor tb@frtvcr ln Flgr. 2 nd t. Stdrrd rcctloar nla.
acrrurcd et frvmrrblc togogrrghtc rltm end et dlrtroser of 5O - t5O n

frm tbc cdge of thc rcrpcctlvo roorce vcltrr lhc to dlrtascr froo thc

tolrrc. \nErt thc rtmlrrd fetloor crontrLt fcr of thc largrr bloctr rbtch

tcac cJe'tcd tn vrrlcr rtqrr of thr rnpCloot, but rr. otbcrvl,re

rQrcrcntrtlvc. lu ftg. I C.br rtuderd r*tlm for Glltlvcr tephrr lr
CeLa t. thc rppGr FortLot of rccttor a, the rtrdrrd rcctlon fer llg
Jehn tcpbre lr t*cu ee tbo lrr,r portlou of rrctto S nd thc tcaDdfEd

nctlon of firdelf tqhrr af tbc upprr portlm of trctlol G. !lg. 4 rbrg
tbG Ctlltvrr md lt; Job trphrm ln rccttor I, Ecjei.hrr rlth el.Crr

mderly'q Cqbret.

tbr rectlnt of tlt. 3 trrc E rlfnrrd rt lltrprlr doq3 r lter
ftmn bdoll VoG to lCrttm III of the V.U,F. lrvel rnt (ref prr3 t oE

tblr rerlcr of prpcr)' Srettmr D tc E rn m thc floor of 1933 grrt.r

sd th. I'lrr pc,tttc of thrle rectioar 1r r dlGrrr of ettfrll tqtre
snd rllurd.n. tr ufpc portlo of netlmr D to I 1r r rrddtrh erh

(nrtrd Er tn ?13' !) rbrch rrr frlllng Na tbc ttg Gb. rectloar rrre
Drtll d md tr tbo'rgbt C. t otlrrly etrtrllg hmce vrrlrtlenr ln ttr
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Ghtcllstr. glvc ra l,odtcttlo of thr rutrttet lo arb thlcLnm rlCh

dlrtc,r ftf tbr vEB' tA r dil,.C.n,r of, S u fra bdelf V€13 erb brd

rlr rer lt cr r'htcf" lt rar I cr thlch rt ?00 I frtn 3h vctr ed

O.ts o tblch ct 3fl1 r fru the vrnG.

Srcttmr I Co L te llgr 3 rcro nourrld n thc arady flet .rcr to

cb. tcrfth of lloorld Furrolrrr at tltrr mt f,rc nnroff chmclr.

ttc totel thlctmr of Ehr ltg Jcb, ettlfvs d Dldolf t.phrc. rar

rrycrcd tn gch rectt6, nd vtrtrtlor Lr tbr tlfcbcrr of tbcrc

G?bnr ral DG rrlatcd dtratlt to atr3rrsa fra tlrtr rrrpctJw vutle

ttr urrnrrrd BbfclDorcr of tqhre Gtct ll ggtcr I tc L en cocddrcd

cc gtvl r ttuilrblc tadtcrtla cf thr tnr nlrGlue tbtclanrtcr of,

E?hrr eqCr{ frn thr tbre rrtrt rlF?t Chr3 rr thr r*tloilf rrr

clorcr Go bdclf UaG tbr to .tGh.r ltt Jrb cr Gl.lllvrr CreGrrrr tb.

rrlrtl,ve tilcfn r of thG fEdolf trpbr nrt b err3lGrrtrd. tb. Nvurgr

r'llrtttrc th|.clmu of bdolf teghre lr tr6 tlr.. tbrt of Ollltvr GrpEr,

.cd Bhat of llj Job tALn 0.8 cl,rr Ghrt of Ollllvtr Elhn. lLrrl

thl,cbu rrttc. r3r coutdrrd to bG rpprorfrrtc volur tr3tolo

ftr fdl, of bctt Gllllvrr ild barlf Sqhrrr rrr rqtrd qptrtlyt

rr r*,-chr8ed 3rl Glttcd r3 rodlrrt. vrloclGbr. hdrr rcb cmdttlor
rld dlrrctln d rtaqcb, rnqbrtc eclttlar ni locrl rteil rdd,er

rlthlr thr cretrr catrcltrd tbr pl*r tf trgbre d?oriltl€r Only u

rnrytlc cf, rrh-rtn r.3.ttd rf3b rfld.flGrnc trfrntd vrf*fty ber

brrr tqnrgrrl. frly ( t96t) rtrc.r tlc o Euttlr trn €Llllvrr Grttrr

I lOtf, lrrbcr 1t66 rlrl,ttelly lrt . rtfr clcd rf .$ rd ltrD

6tr1hj hcrfr*rtty rloa thr stru of rbr rttc (Grrtcr rfUfrl ad
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ftat Eo thc rert, eftcr rhtc,h thc rcnrlndrr of tht colw etccndcd

vcrtlcelly u urlrltr. Ecrly ccrldcred Eblr erytlon to bt of sall

rcrle lo6e erdcrte ttpct hrcver, hlr dcrcr{,ptton alro ruggsrtr clorc

rlratlarttlu to the baae rut1. fro rhellor volcenic crplottonr,

tlluctretcd by tsoorc (1967).

Laptllf cod blochr srrt hevc bG6 crylodv.rlt cnrptedr end tn

g-rcrel thrm npp.er to heoe becn ctctcd rtti I d.rcttoErl
horlratrl valocttt e@poo.rG :rhtch hrr bccn tho uaJor fector

csttrolltry Cbctr dl,etrtbutlmr ttro blocL, end lapfllf, cnrptlcr fren

b&lf Yctt cssurred tn JruretT erd FcbruetT 1969r ud both ercptLonr

rtrc atron3ly dl,rcctlonal rttb oott artcrtrl dlrrctcd frm &rdolf Veat

Gryerde thc leerrrt pert of touth Gre3cr fc,h (Fl,g. 1)" Tharc tto

crploelvr erytlmr usro ailg tbc mrt vt,olrnt chrt occuarcd on

Sblte lrlend ln tbc pcrtod mder rtudtf 40 hE blochr rarc fouod 150 n

ftm erdolf YenSr ead 5 $ blocht r'src foud 250 n fron thc ventr

tt trcjectorl,re of thc blocb et thnl,r lntEtr of lqeet rsrG nerrly

vrrtlcel md rcll drttrad tqrcc cnt.rr (Ftg. 5) rrnr fornrd.

YrfI s1gl8 ffp rl?rrA rul[rF

f,cel7 ( 1967) rrgorted tbrt €llltvcr Grrtra rrf rpprurtnetcly

ffl r tl dlnctcr end l2O r drq on 19th fovrnbcr, 1966. Drrfq tg67

eld ft6| thc crttrr lhorrd r r.qt grrftrl lrcrcerr 1r dlenrGrr od r
cottlnael lacrcrn ln thr hclghu,if ttc vcnt rtn durfq thc pcrted of

lGr rctl.rd.tyr ffm thr bottm of thr errtcr rar rc.nr 1r leDnrrrT 1969r

It rct et dGt r hnocf5l raf-lor{roatel rurflcc fernrd by dcbrf r :hrt
bd frltd trm tbr mt rrllr, thr naln ql,Gc of ttcu alnlor ral rt
tta berc ef Eh. mtbrcft vtoc rrtt, erd thGsc rclrr eho tbrc or four
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uteor foerolcr tn tbr d,ddlr of t'be vcoG flecr nd t rrgc clurr or

tuHk eC che brrer cf 3h. rorthurt and nortbrmt vcnt relll.
ta ?cbtlarT 1969r Otlltvur Grrtc hrd ra ettlnrted dtsctcr of 100 r
ad r dcpth rko rf l(Xl r.

rt ths begtuttng of ttr rcthrl,Et al r tqha vlotl erdol! 113

rPprorimrtcly 3 n la diactrr. hrtlg thr pcrl,od of G,otrunour tephre

.rytto,a fron bdolf tl trbnrerlr-lprrl,t 1g6S ltr dlstrr utf rlalC l0 o.
Ia l$tuery f969 ttr dcatb rm rbout 100 - 1i0 n ad ltr dtactcr rb*t
{0 - 5O t, tf th prrB of thc vrnt rrll hrvfq coll4red, ptrDebly rereltlng
ta Ebr bloch rd leprtll enrytlcor dorrLbrd rborru.

Frro caleelettfif udag G!r116'1d ttgbe rccGlcar tt lr cott&rcd
tbst thr volnr of Gtllrvsr rrphrr ir rbct 70or00o 13, rpfseatnetd,

Crlca tbc voluec of tbc urrt rheft fru tttch [t rrr enpGcd, thr
vohnrc of thc Er&lf trphn cn bc crtlutcd fro rvGrrgG rAb*
tblchoerr retlor crlcrrlrtrd fru rrctlnr I to L ln ltg. l, 3tvlq e

polw ol rbct lr00ol0llo a3. la rltrtnrtlrn nrtbed ct c,rtcrlrttq
tbl rnluar of ndolf tcpbse tr to urc velucr of Glo rrL3bc of rtL l,r e

ltr frPh eotl.GtGd fra lrdolf (A.to fttran pcrl ea.) rnl thr ro
trr wlocttt ta trdolf, .l d.ttnd fro trverrl r.rrlrFrtrGf trten el
fitl Bryr f96t (D.A. Chrtrtoffcll perro Gsurle tte rrr3ht of rrh rar
ford to h O'Ol S/l[trrJ Brfr thc dlstrr of fndoff vlrG lrr lO r
rd glr mrqled rt n tvrtrrf. nloclty cf 0t r/r*l brnc,r thr retght
of rrb cnptrd lart br crlcshGcd rr St t3lrrc. tlrnnrg:Iatr rrdo rc

rql3r of EtlllYu aJ haotf tqlrrr fil. rt rulrrgr trlt danfty rf
tl.? y'cr-, rllcrtq til,3ltr rf rrh G. b. c{rs,Et.d Co rq;ivrloG tqbre

rlwt. ttr vulur of rrh .nrpt.d trn Bdclf rrc fir|.ry ttt pcrtod
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of cont!'ruout Gruptton frm Fabnary to fprtl tg6E rrr thur celeslated

to bc 3!0rfll0 ot. In rcctla C (Flg. 2) Ehr dcptb ef tbr reb leyrr
prodrccd la thtr pharc of tbc tnptton lr t7| of thc rotel dcgrh of
Rtldolf tcphre, rnd hc,e tb. total volunc of &udolf tcrplre calculatcd

by EbI'r tecbalquc 1r 67OrmO .3. thll veluc eoqlraarr rell rtth thc

vrlrrc of 1r(X)0r000 a3 prcvlourly dcrlvcdr nbtch rtroagly fuggertr EhrB

altbough ruch crttmetcr rrc aot lfhely to be gertlerrlrrly .sguretc, thcy

rrc clcerly of thc rlght ordcr. Froo thc rver..g. bstL dortty of
t

1.7 Elcvf , thc totel Dltt of thr Gllllvrr rad hdolf tcphrrr lr absst
o

3 r 10- Lt.

lccoc topogrrphlc cheptcr 1o thr cretcr of rhltc lakod dur to
tqbtr burl'el lrc rnrll, rnd Ghe ody rnrrr rpprrctebly affcctcd rrc
clerG to thc rettvc vcatr. trphre eolcr rrcac butlt tp rrormd Dtg

Jehn rod €l'lllvrr Grrtrre' ud ltg Jobr Grrtcr rad fg33 Crrter nGrG

fllld by atrfrtl tcphn end ellrvl,nn fru ch. Ctlllvor rnd hrrblf
rrrptt onc.

cralf,-StzE qltrBltoTlu of tlPilA

Saraplll ef Otlllvcr tqbre uGrG collectcd rt threr tltcr (rcr
Ftg. 1) durtng r phrrc of erh Gruptleo oE 27tb FcbnrrrTl lg613 thcy

ucrt tal,ca frm tb. top 5 cnr ud apperrcd baaogrnrcut rt thc rerylc
sLtel. surfrcr rarylcr of bdolf trpbrr (rttcr |hon tn Ft3. t)
rtrG collrct.d b? A.t. ltlroo oo 29ttr {rtl, 196t, rh31l trrdolf r1 ta
I rtetr of Gctllsout elh ctugtloor All tb. rqlcr t.h.D rrG coatldcred

to bc rcpreratatlvc ef thc erb-jrrdr tcBhre cnryttd frcn ollllvcr rad

nudolf vcntro
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fbr rtl. dlrtrlbutlm of thc erylcr ;rr rcrlyrod by dry

rercerlng, md tbe rlrc prrrorterr end rtrtlrtlcr uc glvro la

trblc It utth btttograr of th. rlrc dtrtrlbuttar la pt3, 6,

thc ttattrttcrl prrerGtcrr tu Srbh I tcro dcrlvrd by thr 3nphte

erClodr of lolh ( t965) and cetrcepoad Bo hlr rlacluttvt grrphfcf

p3arn.Sctto Ia ell rqlcr thr bulk of thr rrtcrlal tr corrtr alb

(toeUn tln tcrrlrlogy rftcr Flrber, f95t) Cllltvrr ttghre

coltrlos r *b Eotc ftnc trb tbe hrfulf tepbrr. thr ccrrrc 6h
frrctloar of etlllvur trphrr rrc poorly ror?cd sr noderettty rortd
and plrtyhrrtlc ( trtdnology rftcr Fe[b, lg65]r nbcrcrr thc corr.c erh

fnettonr of nu6e16 tcBhrr err ced*rc. or rodcrrtrly srll rortcd od
rtG lcptoknrtlc or D.fohartl,ce ro3gctGtlg" ln atrGorot rtth vtrsal

obrcrvettoaca tbot tbc grt vclocltlor le bdolf yrnG llrr nerl,cdly

htgbcr end nore rnlfotn thrn thorc tn Ol.lllvrr Gretcr. Dmdrafts
rGrc frcgcrtly obrcnrrd rrotad tbr rlr of gllltvrr Grrtcr Dur rerc

Dot obrcru:d dur{tg rrh enptlm frm nudolf Vcrtr rhlsh Bq, crplrlr
Chr'vrrlabllttyd ger wloct ty rt Ol,lltvar.

ttlllra rrl3r4!ffir

tbo nodal a{rrrrlogl of Ghr cerrm frrctlan of rqlcr urt
dctrnlrd by 3nla eo[t! ot cb. 1.0 - !.0 I frrctlm of eech raplel
tOdt jrelnr beln3 eoutrd Ln orch tqh. ttr udrl mrlyu of the

ftvr rqler rrr 3tnr l,n teDh 2.

Orrhr crrmtoa .r .prql.r lrh|r er6r ltrrdr (ttgrnor-Eilrrtttt),

arterrlvllT rltrred Plratr.n rr nd eprcl,tlmd tlrrt nd groudnrg

nrtshl. tber Eypcl ef rulcntc ahrr rrt rGcqrrlG&- (r) lrrjrly
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oprcttl,rcd glau, probebly fru rn altrrcd endcrltlc grormfulrel vlth
l.I . la tbr nnt. 1.521 - 1.525j (b) clcrr colourlmr glerr rlth
fdrprr crtstrllltrr end l.I. tE Bhc rrngc of 1.530 - 1.5311

(e) clcrr brorn glert rtCh ctyrtrllltcr nd l.L. tn thc rrnl.

1.527 .- 1.532. All thct typcr of glarr rert rscoSntrod la Ol,lltncr

tcphrr, but crrly ttpcr (r) and (c) In ldolf tgLre.

thc pyrorcnc. d plegtoclmo ln Ollltuor ed lrdclf tcpbne

rtc v.ry elaller. Clloopytorcno rtd ortbopyrorcnG rrc prcsrot to botb

tephnr rtth thc cltlopyror.n bciqg rD eogtte (t - 1.6931 2T, - 50o)

end thc ortbopyroreec bctng bronrttc (2Y, - 75o). Plo3loclerc tn both

Bcpbrer lr ftrfigly romed ead raagcr frq radrrlnc to lebrrdorlte tn

coporttton.

ttoor cotrBttu{.atr tn thc fotl ef, lepllll rlrcd fregeootr of

Itp3tgar mhydrltrl rulpbr, crlrtobelttc, eod bellBe occur la boch

ccphrur d rtc tlnrsbt Eo br drrLvcd froo tbe old crrtGr floor

dcportBr mdorlllq Grttcr lldg,cl rrhtch rcrc brrlcd tu the 1914 landtll,dr.

Dr t. lMrt (pcrr. GG&r) notcd q to t0ll gtprtrn ln rrh renglcr collectcd

ta thc crrly rtego of thc Gtlllrac GFuptls. tsdolf grst har tnlcc

rnPC,rd m nrsrntl grrratrh-lrel ftrr rrh ( rhen ta Ft3. 3 at thr bere

of cohnD rod t) r&lch lr r llrclre oC brll,tr end ro aotahour

conPoo'rrllt rhtch ult tdeattfled r rllopbrnc or aotahmr rtltce by

lnfra-trd trchdgrer (D. ttlael pGrt eilr)r
Itr tLrntory of botb srghnr Lr ertentl,elly Bl. rtnrG, Grc.gc

fer thc plepsattora. of glrr erd llnrrrtrl sd tbr anch grcrter cmtrnt

cf opecttlstd nrCcrtrl te 0l,lllvrr Erphrr. rsdolf tqtn eoatrlg rlr
tln . tb. r?.ngr er7:trl corCrnB of 6l,lllvrr tpbr, rl,Bb 60't pforg
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nd ftl plegloelrer (mOotf earptrr) cqercd rttb 6,tf ptroxsn rnd

61 plrgtoclrrc (Clf llvcr rrrylcr).
t'brce frctorr cey hnn tnfluaccd the rlrc-dlrtrtbsttm, ctlTrtel

coDt€at rod dcgrrc of oprcltlrettoe ln €tlltvcr rnd lrdolf Gcphrets-

( e) ttc drgrae of elccretLoa la the c,ountry-1'esl, cmpoDeat ef, thc

Ccphrr.

(b) fbc proportlonr of frcrh negnettc rsetrrlel ad cormlatrtcd-.

Couotrt-foGk ln Ehc tephrr.

(c) thc vrlectty of thc ger r3aca ca.rrytag thr trphrr.

It 1r cdthely thet the dcgrcc of elterettoa of thr couatry-roct,

bclw Otlltvcr and trdolf yGlrts dlfferr rfgalftcantly. Gonrcqgocly

thr dtffcroncc ln the dcgr:c of oprcttl,rrtlca ll tbc tro tcphrarp

together rtth the prcecncc of unaltcrcd volculc glurl tr a!

lndlcetloa of I frrrh rnagtrat{c csupoa.lt ta Bhc tcphrer, rlth fudolf
cophrr havtng a lrrgcr fre* cqTorcot th1n O1lltvrr tcphrc. In vlrr
of thc reell propertton of uarltcred nrtcrtet tr Gllltvcr tcpbra, Ltr
frlrh magmettc eoryoscnt lr thought to bc oaly about tO?. fbr htghcr

crTetrl coltetrt ead thc wreltrred cmdlttea ef nneb of thrgla' rnd

Pyr(lrcre tn lu&lf cepbra trdlcrtcr r etgol,ftcutly tljbcr proporttea

of frcrh netcrlal, prrhepr m arrc,L .l 30 - 5ol of tb totel.
lbe prcporttou of ctyrGrlr to gterr rd tbr groporttmr of

dlffcrot aln nll tn Gbr tqftrr frquoc. rrG lrhry to br cortrofled
lrrgsl,y by frcmt. (b) rad (c) lbcve. It rnld bG erdrr to rrprr*r
trrtor md ctTrtrlr tLil tl rcper.te cryrtrlr tru s roltdltf cd

3rclr{naml brom I lrrgcr ar3nettc ceqlrnot rcold fevurr hrgber
etyrtel c.aatctt3, end thr hrgh erlzrtel cmtrrt cf Gbr Erdolf tcphr.
luplcr ney roll bc duc to thl,r rffcct. Htgbrr 3rl vrlocttler tr

- r47



bdolf Yrot eonpercd to thoro tl Otlllvcr Grrtcr wuld elto fevour .t
hffhct ptrsrent cmttrt la Gh. trphn rlacc tbc danlty of thc

PJllDrc. rrecedr that of endolt{c alen, pruvldrd tbrt chr rt.rc
dl.rtrLbattsa of cryrtelr eEd glr$ prrttclcr Lrthc .itre.

cffiLutllilt

turfecc tqcntutct la orcrtr of 8mo c te thc cr.t.r ef Whttc

Irlrnd g8d tatorutttttrt cttpttour of tcpbr sootde1nf frcrh volc,erle

gle|r tndlcrts thrt or!p. probrbly ht et rhrllor dethr bcl.' Ibttr
rrlnd durtag 196?. rnd 1968. lgryrorlnrGely lr7(X)r(XlO a3 (rbont 3 r togfg)
of tcphre rer cnrptod frm tro r.prart. ventf te thr Gr.tGr of $htce

tr,rlrnd durtrg th perlod f,ovcnber 1?65 Go lprtr 1969. It brrk ef the

tcPhrr conrLstr of fLuly emtnutod elttrcd endcrltcl but rhet lr
coelldcred to bc I frclh negnrttc eqorcot forat I rtgnLflcaat
proporttoa of fndolf tephrr,

Srlfiril.3pcugns

ltr mthorr grrccfulry rcbcrtoee thc enlrtee,o cf
Profc$ot l.f,. Clerl, Profclror A.t. rtlren, ttufgror D.A. €brtrEcttcl
d f,r l'1. Dtbbh I'a plcvldtal rqlu rnd rnpuDlf rbrd trfoturtlg6
regrrdlng thc tqbre trpSl,mro lrrnportrtlr tc at trlend rrr
pror'ld by hmrr t'o' rccrectcr r.c. nrrcr of ftrlrcr.fr tb.
IJ.Z.A.?. sd ttG l.I.t.l

tte mthoaa .re dn ld.btrd I proferrer l.8. Glrrr od
?rrf3rror ['l'' rtllnm lcr trlpf,rl craclcln ct tbr rrnr*'tpt.
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EVIDENCE FOR SUBMARINE GEOTHERMAL
ACTIVITY IN THE BAY OF PLENTY

A. R. DuNceN

Geology Department. Victoria University, Wellinston

and

H. M. PeNrtN*

New Zealand Oceanographic Institnte, DSIR, Wellington

(Received lor publicatiott I5 May 1969)

SuprurRv

Gas bubbles rising to the sca surfacc and unusual scattering zones on echo-
sounding rccords provide evidencc for arcas ot' submarinc geothermal aclivity
near Whale Island and White Island.

The Taupo Volcanic Zone extends off shore in the Bay of Plenty at
least as far-north as White lslancl. Several islancls in the Bav are assbci-
ated with Pleistocene or Recent volcanisnr; and White Isiand, Whale
lsland and the Rurinra Rocks (J. W Brodie, pers. comm.) have active
geothermal areas.

Two areas in which bubbles can be seen rising to the sea surface, one
north and one south of Whale lsland, ltave been brought to our attention
by i\Ir E. G. McCracken and Mr R. C. Butler, of Whakatane. The
concentration of bubbles in the sea water is low and variable: and the
bubbles can only be observed in cahn weatlter. For th:s reason the
location and size of the bubble areas described below and shown in
Fig. I are only approxinrate.

The southern bubble area is centered 2 km SSW of the eastern end of
Whale Island at 37o 52.9' S. 176"58.7'E, and is el'ongated NNE-SSW
with a length of 3 knr and a width of 1.5 km. The bubbles are generally
a few ntillimetres in dianreter and usually occur in groups with individual
bubbles a few centinretres apart. The diamcter of a bubble group is
between l0 cnr and I m. and within au area of 10 nre such a group
appears at intervals of between l0 sec<lnds and 2 nrinutes. The northern
bubble area is centered 5 knr NNE of thc eastern end of Whale Island
at 37o 48.9' S, l77o 00.9'E, and is 1.5 km in diameter. The rate of
bubble entission in the northent area is considerably less than that in
the southern area, perhaps by a factor of 10.

Because of the extremcly strroradic appearance of bubbles at any one
point within the bubble areas, tlte -uas fornring the bubbles was not
sampled. However, because the bubble areas are close to active geo-
thcrmal areas on Whale Islaud, we think the bubbles are probably
caused by submarine geothermal activity.

+Now at lnstitute of Geological Scicncc, Ring Road Halton, Leeds.

N.Z. II mar. Freshwat. Res. 3: 602-6
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Fle. l-Sketch map of the Bay of Plenty with generalised bathymetry showing the
positions of White Island, Whale Island, Rurima Rocks, the two bubble
areas, NZOI Stas E. 626, E. 628, E. 630, and track A-B for PDR record
showu in Fig. 2.
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FIc. I-PDR rccord for track from 37" 48.1'S, 177' 02.0'E to 37' 42.?'5,
177' 06.5'E as shov'n by A-B in Fig. 1.

During New Zealand Oceanographic lnstitute cruise Ngatoro in
October 1q66 bathynretrv was cleternrined by a Precision Depth
Recorder (PDR) in the area betrveen Whale Island and White Island
and in an arca to the liorth and west of White Island. PDR records from
a track (A-B in Fig. l) between -17o48.1'S. l77o 02.()' Eand 37o42.2'5,
177" 06.5'E shorv three near-vertical bands extending from the sea floor
to the snrface (Fig. 2). Since these bands do not extend below the bottom
echo. it is most unlikely that they' represent electronic noise. It is therefore
probablc that the bands represent steep-sided, possibly columnar. scat-
tering zone.s. Thc authors consider that the ntost likely explanation of
thesc "columrlar scattering zones" is the presence of ccllumns of bubbles
rising from subnrarine geothernral activrty on the sea floor: such activity
nright also be related to the prlrnounced topographic depression in the
sea floor below the two largest scattering bands.

PDR records at NZOI .Stas E. 626 and E. 628 ( I I knt SSW of White
Island) sltow a ttumber of diftuse diagonal bands ju.st below the trace
of the outgoing pulse. A good e.xaruple of these diagonal bands, from
the PDR records at Sta. E. 626. is shown in trig. 3. Diagonal bands on
echo-sounding records can represent objects rising or falling through

hr[c'rlluetres
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40-

60-

the water; since the ship was nearly stationary when the PDR record in
Fig. 3 was obtained, the horizontal axis on the record becontes a time
axis for events occurring a[ the sane position. Hence it is possible to
determine that the bands shown in Fig 3 represent objects rising through
the water. McCartney and Bary (1965) have described similar, though
much better defined. diagonal bands in echo-sounding records from
Saanich Inlet in British Columbia, which thev interpreted as being due
to rising gas bubbles. It is considered that the diagonal bands shown in
Fig. 3, an-d also seen in the PDR records from sta. 8.628. may be due to
rising gas bubbles, as the direction of short-period movement of fish or
plankton is likely to be more random. No surface bubble areas were
observed during the ship's passage over columnar or diagonal scatterin-e
zones but the sea was too rough for reliable direct observations.

A number of seamounts occur to the north and west of White Island,
and Holocene eruptions of andesitic and dacitic pumice may have taken
place at sonre of these volcanic centres (Duncan, in prep.). Submarine
geothermal activity might therefore be exprected in this area. During
the Ngcttoro cruise the seamounts were crossed several tinres. Diagonal
bands sinrilar to those observed at Sta. E. 626 (Fig. 3) were recorded at
Sta. E. 630 (on a seamount 18 km west of White Island) providing an

(,) 120
e)L-P
E 

tro

Frc. 3-PDR record from NZOI Sta. E. 625 (ship stationary).
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indication of geothermal activity. On the other hand, no columnar or
diagonal scattering bands were seen on the PDR reoords from the other
seamounts investigateci, nor were surface bubble areas observed over any
of tle seamounts.

With the exception of the seamount at Sta. E. 630 the areas of possible
submarine geotfiermal activity discussed above form a line prallel to
the trend of the Whakatane Graben, and lie very close to a line joining
Whale [sland to White Island. The postulated areas of submarine geo-
thermal activity, together with Whale Island, Wru*te Island and 

- 
the

Rurima Rocks thus form a marked volcanic-geothermal lineation, con-
tinuous over srome 50 km.
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ctsrulSrxy rHrxourclls

Pctrochalcrt hncrledp of thc volcmlc roebr of thc tlryo Volcenlc

tonc heer rnttl qultc trre.ntlt, eonolrted of eaopraatt'ucly rnell msbrrr

of, meJor ortdr rnrlyecr of rhrt r.rc colrldered to bc regrrrGatattvc

rsnplor of vartout roch, ttp.B. Aoalyr.t prbllthcd prtor to 195S,

tot.Ebcr rtth r nrmbrr of provtourly uapubltthrd enelymrl rerr colhetad

end publl.rhed by Strlncr (195t). Clrrlc @60 b) grvc rddttloorl anrlyrct

of thr endrrltte roekr of fongarlro Fetlonrl PrrLr rnd Errert ( 1963) t.ue

anelymr of tbr Trupo 8ub-Oroup Erphra dcporltr. AddLtloarl ueJor

clcarnt rnalyror r.rc publtrhrd ln ti.Z. Caologteel Srrvqr llendbook f .9.

50r rdtttd by ltoryloa, Krrurodt red Eurrt ( 1965).

ttrre rnalytu provtdrd vrlurblc drtr oe thr eomportttoa of thr

burltrr rFe of thc errdcrttrr, erd r letgr nurnbcr of rhyolltc levar

and lptnbiitcrr 0alf tbrcc nelyru of thr rlderltea et thc northo.terra

rad o! Gbr teupo Voleentc Zoan r.rc avrtleblcl Go3rthc rlth e further

tbrc rarlyrcr oaly for rll th. decltrr l,n c,b. Tetrpc 8onl.

frylor rod Uhttr ( f966) lrv. thr ftrrt trrcc olomat, eallyrar of

rockr fron thr Trupo Sonc - rratyrr of, rtr endttttrr frm tongertro

lletlonrl Prrh' tb. mount of Errce rlcmcnt deta rar rlptdly lnertard

rtth pip.rf by lnrt, ta;lor & Grpp (196E)3 trylor, Ernrt 6 Capp (ffeA1;

Ernrt & trlpp (196t)1 Lalr (f96t b) ed berc & teylor (1969).

Sufftetfirt gco€heteel drtr trr urrv evellrbh ln Chc feupo lonr 
,,

f,or rr;lomt volc,rrrlc Aroclqtrttt to br fetrly ;cll orteblLrhrdS rad ''

thr trondl,rgr rrrgril,rcttr lrEr Er obtetr dcCrllrd drta ta r rprc,ttlc

lreas 1r or&r to lrt taf ldll of hfr thtr rrletod gs tbt ovrnll
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prtternr rnd to itll [n cmrr of tbr rrnrLutn3 grpa ta ehr tonrrrl drBe,

lh. prcrrat mthor her thur $rdr r drtrllcd gcoebrmterl rtndy of thc

ardcrttrr rad decttcr at thc aorthrartrrn.rd of tbt Teupo Zone (tbc

ley of Plcnty volcrnlet), togcther rtth addtttooel tatcc and neJor

rlmnt enelymc of thrro brrrttc ard rr decttr rtgcrhrro tn Eh. Taupo

Zolct

Ier totel-rock rnrlynr for 28 rlomte ta 44 rocka rra prorcntrd,

togoth* rltb enelytm for rt addltloarl t7 rlenrotr tn 3 of tbc roehf.

Tbr orJor rlor of tbr premnt *uty havr brcnr ( l) to cory.r.

thr geoebatrtry of tbr try of PlrEty voleaalcl rltb otbrr volcrnlc

rockr tn thr frupo Yolcrrrlc tonr rnd la otber rrltt of thr cl.rcuo-

peetf,le nergl,ng (2) to rxmlar dtfforracrsbrCrcea Ehr goochendetry of,

Bdgccmrbrr lfhrlr Irlend aad tfhttc lalend aad anggcrt crylrnrtl,mr for

th:m dtffcrctrserl (3) to ueurlnr neJor rud trrco clcrrrnt verlatlon

tr$dr ead to dctrrnlnr vhet potrolaryhlc tnfrrracl! ert bc nedc frqn

thG.
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Total-rock rrnpltr of t to 3 kg rrrr crurhrd lnto phcrr of rbout

2 cn dlenet.r tn e roclt rplttcrr rl3h hrrdenrd rtml Jarr, sd ort
tPplr.Dtty rcathrrtd matrrl.rl rrl dlrerrdrd. th frcth rnctcrlel rrr
furthrr brokca dorn urtng e lrrgel thrt I narll mchreleel Jr-cnphcr,
rnd thcn tn rgtt. cotG-ttlndrr. $qLcr ucr. thca qprrtrrrd dm 1pd

a 50 F lpltt of nors renplor ret thcE ground fcr l0 mtntrr tu ra
r3ate Srtnding vcncl la r fttradr ndll, brt r Iq ranpfu rylltr rrrr
grmnd tn r rmchrnlcet eget,r mrtrr to ptrr 110-nrrh rtlh boltfry eloth.

HrJor rhnrlt,r, rl,tb thr gcrptl.or of I, .od lh, rcre drterrrlncd by

r-rry fluorerccnca rp.Gtrogrephy urtOg tbr ruothod of Norrlrb & Cbrppell

( 1967). He and L r.r. dctrtulard by f lmr photomctry urtag both ErL

rnd Pcrktn-Elor tnrtrrmcDtlr nb, 8r rnd Zr rcrc drtrrmlnrd by r-r.lt
fluorrtclncl rPrcttottr?ht ntl,l3 tbt mthodt of t{orrlrb & Gheppcll ( lg6t).

Gr ard Ll r.tl drtrrrrl.trd by opttcel rpGctr.3rrpby urtng I l6ge
Hitgrr (f .+tg) rprctrogrephl rlth Nr nrvlng re I vrrteble lntcrael
rtetdrrdt thl raphr bo{43 rrcrd lrstl tbe cEd of, th rlkrlt dtrtlll*tlen
prrl.od. Tb. chatltl Lr, y, Cu, Co, [1. Ec, v, ct, oe, te etd t r.rr
dttctulned o e Jrrrll-Arh lbur (Uodal 7l-lOO) trrrtn8 ryecraogreph,

8qle| r.rc ntrod rlth trtc. tbrtr vrlgbt of e cerboo-pelladln ntrtrrr
( thr pellrdlucr rrvlrg rr trtrlart etrndrrd) rad rrrr rrccd to cryhttoa.
Ltic tltrarltt$ ultt rlrd oD I Jrrcll-Ath ntcrqbctortrr (ll-100),
Optterl q).ctr'Dgrrpble prlettto tr rtutlrr to tbrt rf lolbc rnd frylor
(19C0, trbtr l.). lor uah uryk rll drnratt dagcretrn d bt opGtcrl

rp.cttognphy ;frf rarlyrd ta tdfltcrteo
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U md Tb urrr dttr4leed by fnrrrf{f rn.ctt6.try urlry tbr nrthod

e[ Hclor rt, rt.. (f96t]. In t}rre rmpl.r lhr rlonrttr Dbr tlr Ur llft

itr tb, Err Ho, Dfr tb, e{, lgr 8u, lldr PFr Cer Lr d fb utrc drtrntmd

by rprrk-r5ntrcG roml tpcctroartrl urtng Ghr A.l.l . f,87 larcrumgr rtth

Ls rl rr trttrnel rtrnderdr tbc nrthod undr 6d thr preclrtoo rCtrlnrd

hrrrt brea dtrcstrd tn drtrf I by teylor (fg6f r)' lsrthrr detellr of

enrlytlcet tcchntqret arc glvo ln Apprdk t.

- Ar rll rr brtr3 drtrntrd by Ebr ortbcdr furcrtbrd lbover lbr ft

8r, Cr, Zrt Tl, ttn, !r rnd Xg rrlre alro drtrrntnd b7 oCbr enrtyeleel

trchdeutro Gqrreth,c drtr erd dtretrtloa tt glvo ln Appmdlr 1.

trtu|ry rtudrrdf rtrd to cortGr|ct rp.cBtlD3tryhte rorltng eurvst

rlrrr O-l end I-1 (U.t. Orologtcrl frrvry)1 8Y-l (Grnrdter Aroetrtlm

fcr tppltrd lprcttoraopy), nd ?-t (trrreda Olologteel 8u.'rt).

Il rddttto to the pdarqt rtudrsdr, ferr cf tha Bte rt of U.3.0.S.

rtdrrilr (O-2, etP-lr IOV-lr tri-t) T.a. rnrltrd rl reooadrry

rGnderdr, md conoatCsitlan obtetted tru tbr rctthg GTtvGtr

tlmat co[c.lCrrtlonr edoptd for tbr prtnrry rtradardr .r. gtvra ltl

trblr 17, tog.tb.r tttb vrlu.r for rlomt Gorfr3trSlocr tr tbe

6c,ond*7 rtrtdrrdr er d;rtved fron tbr rcrkiaS clwtl.

lor rrtor rla6t rrrltmr Dt r-tlf fhcrrrcf,Gfl oficllBr.tlilt

rrar drtripttrd nfrtlur Ge rr rrttftcirl rtudrrd t.t.2i. llrlcr

rlgrt ccacratrrttoor tss vrrlct lntrrnrttcnrl scch rtndrtdr,

drtrntnrd rrlrtlvr Go F.t.tt bt tb. lrnl trhlqerl lr. Sftnn ty

Ghrpp1llf (tl prtrlr For lb1 !r, rd tr, raalyro by r-rry fhorrrccBat

O-1 rru srfd rr r prtarrry rGrtdrsd vlth vrtrrrt trlro rt fb-219 PFEr
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tattr.B 17A.r-l-D

Et.Hrffi coElilflAttcH8 ag8uxtD lon Il{rnLAlorArcRY

cEocllglcrtr' strnDArDs

STA.\iDARO

SAI'TFLE
T-1l.r-1G-l c-2 AG'V.I BCR,- I r;5F- 1

Mn

Ca

cu

N,i

Cqr

.5c

Cr

La

V

Ba

210

(2-1.5)

l3

r3

;*

100

l4
10'60

850

( 20, t)
48

( 2r)

1t

13.4

l4
24

9t

( 630)

( 3100)

( 23)

( zo)

450

44

r8

l4
55

( 160)

( 76)

t 342)

( 260)

( 23)

(6.1)
( r0.3)

( 3.5)

( 117)

( 4r)
( 1820)

( 7f,0)

( tnl
(55)

( 22\

( r')
( ts)
( l3)
( r 1)

(3 l)
( 120)

( l 200)

130

1b

110

26

VJ

<n

34

120

7l+5

180

I l15o) ( !25)
( 23) ( 20.5 )

( 25. 5) ( 10)

( 4A) { ?f,)

( tz.s) ( 7)

( /,1) ( 7)

( zs) ( b,)

( l3.s) ( 12)

( 20) ( r75)

(320) ( 5,4)

( i20) ( l?30)

Nore'sr: (S-I Niekel + 20ppm. Zr eorrection)
(GSP- l Nickel * 3 p6rm. Zr cor'recrtonr)

Al I f i.gr.tres in b,rackeLs are inEercep'ts re acl of f the wo:qking curt'Es

and greFe rrro.t used co con$trucL the eUtvf I e

lr[Ir rn
lLruErt cof,cBtfttaflolfE rl8r[tD Fot lrltltrt0rArow

ClcHIHtcr& glAXDAS&t - Alll&tr fLE|ttIE
ST{NDARD P r

SATIPLE 
LI- I l{- 1 T- I 5- I G,2 CR AGV. L BCR- 1 OSP- I KoS. I Ei.J- 2

Li

G5

l.i /Na

0s,/Na

( t0) tr0
1.3

24 l0 ( J2) ( 4q)

(9.6)

( 10.4) ( 17.6)

- 2..48

(3r)

- 6.5 10.3

9.76 6.49 (3.67) 44,1

0.5?

Note: Al 1 tipurep tn br'ackcts ars i nEer,cepts ruad of f thre wnrki.ng, eurves

a.rrd wero noc trs,ed tt't coh$Eruct th6 curve6.
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cl.ltrrncA?lo$r oF ttpBSrftr 
^l|p 

DrcrtEE

Ghcralcet cl errt f lcetlon of thr celc-rlhal,lnr tlrocl aGton her bora

rctcaptcd by rnsat ruthsrs. Chty.r (1965) ttrtrf tbet rttyttjrrstlrtr rnd

tcxtbook YrttGrt erc tn elmrE corylcte rgr€@.trt tbet rnodrl ef,d

notrritlvc qutrts rrr lc or lacktng tn rndcel.taeft, llorcvcrr Cheyu

(1965r ttg. 55) rberrr thrt oreay rnlcentc rochr rbtch heve barn celkd
andctltr do contrln rsbrtrnttel ffilouett of aornrrttv. qtnrtr, end that

thr nedlm velur for noarretlvr glrrtt tn nrndcrllcrn Lr 12-14il.

A chtnteel drflnlttoa of endlrltr shtch corr.rpoadr EorG clonly
to tbr rcturl ehmlrtry of ch roekr rhleh rrr emoaly cnllcd Faadrettrx

tr clorly nrelttrtlo Such r drf,tntt{on hae been propored by teylor

rt al. ( 1969) end Lr urd throujbo'ut tht r Blrrrl r. Taylor rt al . f l
clerrtflcetton rubdl,rld.r laternedtaer celc-elkaltnc golcanler

reeordtng Co Ehelr StOl rld KrO eoaEcrsf r r rbora tn ltgr 20.

Ir Eh. lry of tlott volcrnlcr tbr prtro3rryhte drftnttlsa of tb
rndrrlto/drclto beuade4T (prreuc. or ebrclcr of nodrl gnrtl)
corrofpondr rolfoE.bly rt,th Bbr ehrmtcel drftnttlon of, thr borradrry

(grcetrr or lcrr then 61t 8fO2) r Hoyevolr uodrl rnrlyter of chrnleelly

enrlyred rmpl.r (trblu 4, l) 9, t0) tqdterar rhrt rlttrogh ell

P.trrllrrPbtc drcltm tr. chslcrl drctttrr rarrf chmtcel decttu raf

pctrotrrphtc rndcrftor lt tr thnr rppercat thrt Ghr prtrogrephlc

elulflcrtlon lrd, rrnftr La rn nndrrmtloetr ct thr proportlon

of Bhr lry of Plmty vulcrolcl rbteh ere ebrlcll dreltrr.
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suor ILETEFT AgtNDAUCgq

tbr 4! ranplu frm Edgocunbcl tthrh trlrnd, tshttr lrlrnd rnd

lienrrehr rhlch br,'s bcea rarlyrod for arJor rlrmcntr lrc ell aonral

rndrrttcr or drctttf, llo Lor-81, Lw-K or Htgh'K vrrletler of rnderltc

rrrf foend. All ttr.'r rcnolltble ruplcr enrlyrcd rrt torurrl, rndelttolt

end of thr soa-rclollthte rrryler only t0? trG norual endcrltcr thr

rsnehdrr belrg dreLtct. Edgrcsbr ead ltbtto lrlrad volccmGt coatrtn

endcrl,tu rnd drctt.r, wbrrrer rll Chr non-naoltthlc rurylor eanlyrcd

for llhelr Itlead end llrnarrhr ar. drcttllo Hrtor rlrloeat enrlyrtr of

oon-trlnollthte earplrr rtc 3lvrl ln teblcr 20r tt aad 22.

All rueJor rhnentr hevl eonc.ltrrttonr typleel of rndcrttm ald

dacttcr. tbry rrc nlrttvrlt bt3b tn Alrorr rnott reryler hrvtag h

cre.tr of 158 AllO3, thore be"lag lccr than thlr muut 3oncrally

cfitrl,t !!cr. 8f0t m rould b. cpcctrd. fbrn coryer.d rtth thc

clreun-prclftc rverrto rrdrlltc erxl drstrt (trtlor, 1969) fr0 (totrl

troa), CrO erd HgO rm ht$rr tben thr avrrrsGtt rbtle tf er0 lrd tO
rrt brlsn tbc rrrtrrgeto Goryertroo of tongrrtro llettsnol Perk

(hcretftcr abbrtvtaEcd to tf,?) oderltrr (GlrrLr 1960 b) wtth tro

Bdgrcnnbr rqlrt of rtotllr SfOt cotrt.rt thore thet tbc Bdjctmbc

rqhe Goatrtr raor. llo (toc,el frm)r G.O, ller0 rnd KrOl vtth lrrr

ff0 thrn Chelr tflP eoratrt?catrr

Drettu froa EdSrGsb. rld tlhrtc lrlrad brvr rlf3htly lerr totrl

lrmi GrOr ead l1r$l rd rltghtlt rorc llar0 nd IrO shrn drcltm fror

tshrrr (Lertr, f96t r).

th. lea Tolff dl,rjru lr I cofi/ratent a.thod

vrrletl,onr 1r rutor elmnt eho{rtty ead ?13. tl

of

lr

I I lurtrettlg

ncb ! dtrgrn
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L

Fig. 21. - Enlergcd secLion of a ru on WoI If diagram strorvinq zones
enclosing thc plotted positions oI analyses of non-xenol.ithic
rocl<s f- rorn Edgecrtmbe, I'lha1e I s lancl arrcl I^/hi te I slancl. The crosses
are analvses plotrccl by Clarl< (tqOO b, Fig. 15). The line clrawn

relaIive Io tttesc crosscs is rhe ovcrall chenrical Irencl of the
Tar-rpo Zone volcanics as showr-r by clark (iqoo -h, F'ig. 16).
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TADTE 20

llf,IOB Ell[lBtlt AI{ALY|IBS - EDGECIIUIE

lsJol luratrs

stoz
r1o2

Al2o3

tF.O

CrO

urP

frlO
Ezo

lzot

lqnL

64.10 64.59 65.a2 C3.30 62.99 62.s5 6r,to 64.E6
0.5t 0.57 0.57 0.16 0.6r o.6E 0.74 0.6l

L5,t2 15.t9 15.55 16.54 15.25 15.23 16.40 15.91
4.97 4.91 1.r5 5,59 

'.70 
5.65 6.25 5.11

5.22 ,.3t' 5.03 5.6t 6.10 t.g2 G.53 5.3t
z.tr 2.t1 ?.2r t.u 2,54 2.51 2.93 2.05
3.09 3.1t 3.22 3.lt 3.lo 3.03 2.90 3.15
t.01 1.92 2.03 1.9* L.71 1.75 1.65 L.9o
0.11 0.10 0.10 0.16 0.12 0.12 0.13 0.11

95.39 98.9E 99.30 98.67 9t.3? 9E.74 9E.tt 98.99 99.25 98.84 9E,63 99.01

l.lAJol, lIllGrTS Eerlcutrtttp lor t . t00t

60.64 59.27 65,tI 59.E2

0.69 A,tt 0.6t 0.70
16.20 L7.r4 15,t9 16.67

J.52 6.50 5.19 6.36
5.15 7.52 4.t7 6.t5
1.78 3.59 1.66 3.55
3.25 2.6t 3.45 2.94
2.01 1.43 2.30 1.55

0.14 0.12 0.15 0.13

tlz05 11206 11207 11208 tt210 11211 tt2t2 lrr13 ll2I4 r1215 11216 11217

sIo2

T!.02

Al2o3
rPeO

CrO

}|sp

l|r20
fzo
P2o5

63.51 59.88

0.72 0.74

16.08 tt.32
5.79 6,57

5.41 r.60
l.,87 3.63

3 ,41 2.11

2.ll t.a
0.15 0.r2

65.97 60.53

0,6E 0.71

15,70 16.89

5,23 6,45

4.80 7.V
I .57 3.60

3.47 2.98

2.32 I .57

0.15 0.13

65,51 65.51

0.5s 0.58

15.7E 16,09

5.05 4,91

5.31 5.41

2.42 2.t7
3.14 3.22

2.U L.94

0.ll 0.10

66.16 63.95

0.5E O.77

r5.73 15,n
4.t0 5.65

5.09 5,74
2.24 1 . 65

3.26 3.2L

2.O5 1.96

0.10 0.16

63,47 63.69

0.69 0.59

16.37 t6,42
1,74 5.72

5.r5 J.99
2.56 2.54

3.r2 3,07

I .7E | .77

0.12 0.12

61.95 65.51

0.75 0.62

16.63 16.07

6.34 5.15

6.62 5.15
2.91 2,Ol

2.54 3.18

I.67 1.92
0.13 0,11

c.I. P.n. mlnTlw OoUPOSITIOI|S

1t205 11206 11207 11208 11210 11211 n212 1t213 u2l4 11215 11216 11217

a

OR

A8

AN

DI

t{Y

ld
IL
AP

18.45 L4.42

t2.47 g.5l

28.E6 22,9t
24.79 30.84

0.98 5.09

11.7r 15.56

1.20 1.20

L.37 1.41

0.33 0.26

22.A3 14.45 22.tA 22.45

13.?l 9.28 12.06 11.46

29.36 25,22 26.51 27.25

20.41 28.07 22.94 23,72

2.t2 5.O3 2.29 2,10
9.74 L5.32 r1.35 10.67

1.20 1.20 t.?0 l.2o
t,29 1.35 1.10 1.10
0,33 0.28 0.24 0,22

23.15 20.25 19,32

t2.12 11.58 10.s2

27,59 27.t6 26.40

22.23 25.40 25.41

2.o2 1.80 3.66
r0.58 11.01 12.11

1.20 1.20 1.20
I .10 r.46 l.3l
o.22 0.35 0.26

20.01 17.30 22.80

10.46 9.A7 11.35

25,98 24.88 26.91

25,80 ?7.25 23.91

2.68 4.02 1.70
L2,52 14.00 10,92

1.20 l.20 1.20
t.3l t.42 1,18
0.26 0,28 0.24

* Totrl lron ehrn re PcO.

All rnlucr rrc la p€rcen!.
Nornerlve Ectnattte (XT) celculgaed
esrunlng 0.831 FerO, tn etch raqle.
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TABLE 2I

llA,lUli El.llHl:N l':i

!{A'OR ELET{BNT ANALYSBS - WHALB ISTAIID

il.ti9 ll,rto Iti2l 112.Y

bb.5a 6b.fA

0.t+9 0.19

l). i6 14.9.i.

lt.t \ !,7 |

5.lJ 4.9e

l.t6 l. t;
j.05 :) . oc)

:.ll t-l1
0.09 il.09

0.48

15,0e

"-56
).Lt

:. -r0

I iQ

1 ,01

0. t)q

99..ii tP,1l. qi.r10

6?.76 65,9 ]

0,56 0.58

15.9i I5.56

5,17 4.b0

5.91 4. ib
i.li l.6i
2.lt 1.10

I .61 : .l:
{).11 0.10

6J,E9 62.1!+

0.55 0,5E

t5.94 15.76

t. l9 5. li
6.19 6.J l

2.80 2.81

) ?q , 9l.l

1.70 l,7t
0.ll 0.10

ril.95 b3.1.1

0.51, 0.50

tt.g5 I5.16

5.1r 4.7?

b. 01 5 .1,9

?..6L 2,.11

l.8q l.1t
t.79 2.0;
o.0q 0,0q

bt.bb 6i,c5
0.57 0.5.

l5.lr 15.60

-.J7 5.J!
n.67 6.0d
I iq ) ti,

l.l.i l.6J

) )? 1 r-,

0.10 0.10

62.tt 61,I1

n.5t 0.5r.

15.81 15.70

5,2I 1..98

B.t) f.9i

?.7L 2.48

?.dl _i.00

l.i2 l.ct7

0.09 0.10

6l . !r0

0.')i
I 5.60

t.1l
6.1i

1.75

0 . r-rc

,r;.'1,'

0. 1i

I fj.(ll

5.1/.

11 . (rrr

) . /(\

J.$,:

l. /6

n.ln

S1 . t- I .lh. 5.1 03,0rr ':r: .1,,

ItA r,,!, It.t:tfllll S

Sfu\IPLI

uh.qi r,;.ll r'0,7rr r:q.li tti.fb ht.17 t,:t.90 64.i,I
0..1q 1,.!(r o.lq A.\1 0.1!t 0.5i O.lq 0.57

I r.,n l''.[1r 15.-rF lh.::9 I5.85 1t,.06 16.Cti lfr.ll

u;1]. Il?li

5.-)1 i.(i ( \,)7 5,t); q,i5 o.l4 6.15 t,.oq

l.l/ l.'q Lil {.ll l.i? !.81 1.88 ?,67
i.i]; -'.ql .1 .95 ?.(6 1,1{' :l ,tt'l ?,qi 2.t<7

.r .Il -.1' -'.01 1.65 :.:.16 l.;l l.1q 1.Bl
r.ilcl 0.0! 0,o9 0.11 0.1(l (r.l I 0.10 0.0.i

65.99 bf,,56

0.il 0.60

lt, th lir,0i
i.7ts L.i;

5.5tr i.8i

J.{q l.hD

'!.17 t.:i
?.10 !. il
0. 0,j r). I n

5j, . 5t{ b4 .01

0.i5 0.17

1h.07 lr,.lri
i.l0 1.?i

4.ft. fr, i.r

l. ir 2 , hb

1 .0; I, rrr,

1.qi l.iil
rl,l0 rl.nq

bi.i?

0.5r

Ir).1,

i..ar.

n.l2

-1 ' :;

Lqn

l.;'r

.'ir.1i

.rr-.il

,'l.j.i,

t {}. 05

l .l0
l1)

t) . a/.

:1.{i -ro.ti
to.li I0.18

li.;s 11.iA

Itr,lr' -'5.i1

ll. tb 1.1 .09

l.l0 1.20

L rr'1 t .l:
n ),

11 .qb -'1.fi]
to.i() 1_).il

lj..19 ?6. il

15.7 i 11.,5
1,l. . . rtl

ll .7.. rr.l17

I .ln I .3rl

l.ili 0.q,
f,.:o 0.1;r

'1.20

l0.rl
: 1.0-'

l, '. )'!
.r .5t

tt.9i
I .:0
I .0..,

i)-i!

..!n t.il i.'

il,i l_.-- 1..'
i..'(t !.-.' I ,

l,ri. 1 Ir. l.l,

.lrrrnalrv, 1f,,nr t Lt, (]fi) c:-. ,.flr,r ric |-i L l

0.r \: Fr',(r, rr '.a( ttrpi.
ill r,r rr i Jr' :rr f,trr'nt
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TASLE 22

uAIOR EIEUBIIT Al{AtYstES - IIHIIE IStA}iD A}lD }tAllN{AllE

r'.\ t0tr t.:Liilt-F.N I J

:_l i 0r

frd"

:.t ,0,-)
r-, ilr

!1rlD

\.;-o

h, rl

P,o

i{il iL

l'1.r1'-, bl,l,4 rr.4 , flz+. -lf 61.J,j h2.3rl ir. /ll
(.1 .il il.?r (..7 ' 0.71 0.11 0.70 0.,-o

l4.r! 11'.; l/,.4i I).lE 14.t'J 16.17 lb.bg
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rRrcB EIUET llUBDAoEs.

Tbr trrcc rlcnrat enaly*r ert prcrrntrd ta teblrl 23, 2+ tnd t5

urtag rhr rryfu of tabulatton propomd by Taylor & tlhLEr ( 1906) .

tablc 26 coatatnr anelyrcr by tperh-rourc. reral rp.Gtrffittcr for .

aonbrr of eddttlonsl rlogrtr la thrrt rqhr. Elcncltr rrr plrced ln

mctlonr rtthtn Eh. Brbkt rccordln3 to Chttr grocbmlcrl lfftnlElu

rrhtch tr. lergoly eoatrsllcd by rlrr (tonte redtnr), velclcy (chrr|c)

eEd b6nd typr (loat,c-eovtlut-ntelll.e). flchiu trch rrcttot tht

1rrrtrgjrurnE tr ln ordrr ef dccrrerlng loatc rrdhr. tl@ntr mry

oeerr ln rprc thel onr .cctlol, rrflcettEt drel 3cochmlert brhrvtcurt

hill'cr Eh ecoraG of drpltcettoo lr mrlf. leJor rlmrmtr rr. tncltdod

tn th. rcattolr rhrrr eqerlror rttb tb. ttrar rlarrnt ebondanclr ll

dglrrbfur co[cratntlonr bclng rrprctrrd rr Prrernt rlrtrnt (ao3

pGtGuG, orl,dr).

Conprrlrcor betrrea tirsl rlcornt rbredraerr tn thr try of Flanty

voleerlca d tarc. rlernrst rbundncu la othrr tnpo loH volcrntet

ca bc nede hryl rrfrrrler to lrblr tt. Cqerltoar brctrra rhc

ttupc ioor rndtrttrt .rld de,lrer (tnelrdirg thr try of ?lcnty rrolcrotcr)

erd othm r.tte15-prct(tc rDdrdt*r |nd drctt.rl ltc nrdr urtn; enclylrr

Ln tbr fot,trtl3 prp.lff teyler e lblte (1966]l EnrrGr trylcr & C.8D

(t96t); Brnrr e Brlgp (ffOf)l Lctt (t960 r, Ulr fryler rt rl' (fl6f;t

trylor (t96t)t olll (ta ptrr). 
!

trupo tore rrdrtttg md drctGu rre ltmrrlly rhllrr to other
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rrr rmrlorply bL;h to lb;, tll thr rnd U; rnd brvr hlghr lb/Sl Ed :
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I

t67



TAILE 23

SECTION 1,

All values are in p.p,m.

n.d, = not de!i'ct€d.

LARGE CATIONS

TRTCE BIIN'BN? AT{ALY8N$ i. IIDGECU$rBE

unle'.ss otherartsr' indicact'd.

- = noc determined.

SAMPLE 11205 11206 11207 11208 r1210 11211 r 1212 1121 3 I 1214 11215 11216 11277

?
Cs

+
Rh

?+
Ba-
+

9+
5r

)+
LCa-

+
'lNa '

K /Rb

K /Cs sl0

Rb /Cs

Ba /Rb

Ba /Sr
Rb /Sr

sEc't'toN 2 .

0.7 I.l
70 50

620 455

1.57 t.t9
zit+ 254

1.69 5.37

2 .4L L .q9

') n ?o
77 54

595 455

1.91 1.29

262 248
-J,4I 4,97

2 .t6 2.18

1.0 2.5

66 6?

)25 480

1 .61 I .47

280 247

4.06 4.36

2. t6 2 .30

2.3 2.4 1 .8

70 68 72

520 600 610

| .67 1 .59 1 .69

223 231 220

3.73 ).82 1.60

2 .29 2 .16 2 .39

L./ l.) .t.)

61 58 67

t+7 O 440 580

1.45 t.l7 1.58

258 256 248

4 .2i 4.61 1.80

2 .25 7.15 ?.14

L+20?2
'l+

I

240 218 2t19

2.)9 0,92 0.96

99.6 18.5 18.4

8.90 9.08 7.75

2.26 7.79 2.27

0.254 0.197 0.29_r

RARE EART}IS

237 239

0.44 0.71

r8.8 10.4

8.16 7.t43

1 .81 2 .33

0.220 0.lt4

235 236 2/45

0.66 0. e4 I .61

28.) 19.8 6r,7

8.85 8. 51 7 .99

2 .60 2,71 i .88

0 .294 0.326 0. 2 _14

238 ?36

0.59 t.2l
?4,1 5l .2

1.77 7.65

I .94 1 .82

0.2 s0 0 .2J7

215 2)7

0.91 1.05

18.9 t+t+.5

r' .5\ 8. 68

1 .72 2 .)L
o.228 0,269

5.90 5.54 b.78

t.L5 1.J5 I.73
109 tlo ll0
0.408 0.4,11 0. i6l

4.08 4,11 t.79

SE ON J.

'fh
4+

U

t!+

7ri"'

Th/U

- 5.14

- 1.14

129 92 119 9l
0.41 I 0.418 0.408 0.4ri

4. 50

104 104

o . 142 0,340

- 6.56

- I .59

105 l!4 108

0._141 0.45:l 0.407

4.L2

- 168



fABIt 13 (contlnurd)
!Er--

All rratues are Io p,p;[rr ub.toss o.t,henr{ge tndtcg-t'ed.

n.d, = not detected. - = rQt .deEernifred,

s.ErcTIoN 4, IElrRo[i,rAeiqFsrAN,ELE!IEI{-T_E

}h2+
)+

7$Fe-

co?+

c"2*
Ni2+

Li+
!nB2*

Nn /eo

s*3+

tt3+

ffi14+

c"3'+

ctl*
?jAl1+

1+
7"Al_-

7o8i4+

83+

960 1050

4.2e 5 . 05

r,5 33,

lz l7
5.1 7,3

2t 18

I .0r 2,16

o,43 0.43

930 1020 870

4.04 4.94 3.&7

9,4 16 11+

9.5' 15 tr3

n.d. 6.4 8.4

t4 zl 2I+

i .01 3 .04 | .4tt

8s0 830

3.81 3.70

t5 14

T2 trI

1,[+ 6.5

24 27

1.29 L.33

990 940

4.14 4.43

1-3 14

rI 13

n..d. lL
24 29

I .11, t,5l

20 17

135 130

0.45J 0.407

1,i 3l
20 t5
8.75 8.60

9Zg 1050 880

4.39 4..€6 3,98

15 22 16

13 16 t2
10 7 .A 6.8
27 23 25

1 ,52 t.77 1 .24

Orlv 0:.07? 0.228 0.025 0.1230 0.214 0.20?

At/0e x10-4 0.461 q.472 0.464 0.525 0.537 0.501

SECEION 5. SMALI. CATXONS

21 23 L7 2l

145 l9o 80 150

0,.Zltrl O,{3,8 0.4,08 O.4L1

9,9 44 ,.w2 35

19 t9 18 17

8.57 9.07 8.25 8.82

8.57 9.07 6.tS 8.82

28.33 27.69 30.58 27,95

14 tS ZL 14

0.44 0.66 0.60 0j.5E

17 17 16

120 130 120

0.342 0.340 0.341

2',6 .2:l 2L

15 17 16

8.21. 8,41 8.21

0.84 O.79 0.,46 O.5r8

19 24 18

.140 165 ! ?5

0.404 0.441 0,1,63

31 33 24

x,8 17 16

8.59 9.6E E.42

sE.cfrgN 6. . e{Ai@Fttr.L-E_ EI"F!dNIS

7"*FsE+ 4 .zg 5.,05 4.04 4.g4

co2+ 15 31 9.4 16

co?* tz 1? 9,t 15

N{?+ F,x 1.1 o.rt, 6,.4

c"3+ lB l tB t7

* Total Iron shqlrn ." F*2*'

8.21 8n{rl 8.21

30.I3 I0.a2 30. t7

15 17 19

I,'7t 8r. 60

?9"57 2e,43

I8 16

3.70 4.3{ 4.43

t4 13 14

11 LI tl
6.5 rl,d. tl
16 2;g 15

1,87 3,.8!

lri 16

13 t2
8.4 1.4

15 Xi

0.17 9 0.,054 0, 2 53

0.5'24 ,Ot.4h4 0.5rI
0.221 0.197 0,r87

0.ri? 0.520 0.5r3

8.5q 8. 68 I . ri3

2e.4L 28.55 10, l0
18 16 tl

4 .19 4.86 1. e8

15 22 16

13 16 12

10 7.4 6-I
18 17 16
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Trltf 25

-

mr0! EtlHlrll AIIALTSES - llul-fE IELIND AID UAllllitAltl

SECTIOI| L. LAIGE GATIoNS 
.(

r!244 rr241SAUPLE r1243 LL244 11245 11266, rla,4t I t24rg r[249

ost
R,b'

B"2a

?*K+

s.2*
/rCt2*

+
7"Na'

K/Rb
4RlCa x10

Rb /Cs

Ba/Rb

I{a /S r
8b/5r

0,5 3.8

7L 72

950 775

1.n I,.77

18,1 176

3.9e 4.L4

2.42 2.32

250 24?

3.514 A.trl
t42 18.9

I3.4 10.8

5.2 5 4 ,t+A

0.39? 0.408

2.2 rr.d. n,.d.

74 -r8 t5
eao 910 905
'L,-tg I .95 1.89

r83 161, 172

1+.22 3.40 3.97

2 .40 2 .30 2.33

3'8 n.d.
7t+ 40

940 9t+A

l .7ds O, 9l
r.j59 -I5

1.93 5.e7

2.2I 2.00

23s 2,2:t

0"46

19. 5

12..7 2J,4

5.56 h.J]
o.43'9 0,18 7

n,d, n.d..

79 7s

620 6 35

r,92 t .9,3

zLL Z'e@

3.7? 3.13,

2,65 2.62

3,I
83

s55

t.9t
zLz

7.9.5

?.sg

7.5V - 5.33 6,45 0.Ct
L.4V - 1.50 1,35 1..71

tL4b Ul7 148 155 1,54

0.43CI ,0,441 0.44s 0.d+,36 0.428

5.Ir7 4,,23 4,75 3,18

4.1 L valucs, arc in 'pip.nr.,.

n.d. = noE deEected,

:"

L2.7

5.26

0.433

_3-3

6.f$5 3,98

I .63 0:.78

f {+8 79

0.418 0.349

3.97 5.L2

unles,s, sthe,rwi.se lndieared.
- = trrcrt determlned.

24 5 2t+4 ?3 t
- ' 0,63,

26.8

7.90 7.gg 7.gg

2 i 8'1 2. E8 3,09

0.E5S 0.360 0.391

8 ,I9 V .49

L.77 t .70 ?

157 155 t5s

0,356 0.353 0. ll3

4.62 4.4A

2!+2 251

o.8l
33.b

L2.4 1r. 7

5.03 5.5q

0./+05 0r.476

SECTION 2. R.ARE EAR,T}IS

Y3+ 22. 2t+ 3:0

SESTTON 3. LA,nCE }rrctfty GHARGED CATICI{$

30?lt

r#+
u4*

2"4*
h+

ZTi_.

Th /U

L72 .-



TAEIE 25 ( contlnucd)

S EE f IOIi /+ . F I]RRO]'1,/\CI'JES Ii\N [],E}GN'TS

SAMPLIl 11240 1 1241 1L242 LL24'J 11244 lL24': Lt246 tt247 11248 I I ?4q

Mn-

:;1.{]

L,tI
)+

L-(l

1)-+
Ni-'

L,i

'' \l(' - '

Ni i C,r

)f

St

4+-l'fi
^J+I l_

'l+
(l.r -

1+

-L,\I/Ca xl0

s[cTlr]N ;,.

8 i0 880 880

4.44 4.59 4.58

670 7t0

3.90 4.29

82 92

71 23

4\ 46

2L 28

r .88 i .88

820 1020

4.!t ).J)

o) Jt

t9 15

t: tl,
?l \ 2

2 .16 2.29

2.79 0.56

24 ?'.\

170 18 5

0.418 0.149

r20 35

L7 11

7 .60 I .82

81r) 700 700

3.93 4.01 3.67
l1 lcr l')

l0 1l 10

n.d. n.d. n.d.
?4 l0 !'J

0 .88 0.66 0.8 l

17 19

100 rlt
0.156 0.311

22
i6 16

f . ib 8.41

LI

85

0.lJl
l

[3

| .4 )

0.0:0 0.0ti 0.0?l
0.118 O.ilh 0.41/+

8. 56 8.4 t 7 .+',

10.4 I l9 .82 2!j . ) -i

9.9 9. I 11

l.91 4.0_l l.o 7

13 19 il
t0 tt t0

n.d . rr.d. n.tl .

16 16 18

+L

L9

ltL

trj

76

18

74

20

5_J 54

t8I6

2. Lb ?.96

r1 19

Iri5 tb5

0 410 0 .441

t L 5 104

I i l_\

i .i', i .7I

0.618

0.411

2.68 2.18 2.O4

'25 L4 14

2L5 t7i I 70

0.448 0.436 0.428

127 101 ll4
16 L4 14

7 .6J 8.01 7 .74

o-6?7 0.585 0.584

0. 114 0.468 0.586

0.67i 0.698 0.188

0. 538 0.419 0. 52S

.,.,]+

,,s i
"l+

fi

S [C'l- It]N ,.r .

SI[-\-LL C,\'fIONS

7 .71 7 .7t 7.61 8.01

:9.4\ 29.17 29.64 'J0,07

lt 3L \7 l0

CiIAI,COP'II LE ELE}IENTS

i .44 4 .'t9 4 . t8 3.90 4 .29

74 82 92

30 ll 2J

t4 4,i 46

16 14 l!+

7.60 8.81

39.1u t6.c,'l

3\ 20

4.27 r.l1
65 ll
lq ?\

52 L4

L7 17

?q iq

2l

?+
rU

')+
t,rl

)r
LO

)+
I\ I

'l+

{1

t9

1L

tl
LI

76

trl

5.1

t(

'\r L v.rl:rt's ,rrc in p.p.m. Lrnless orhcniisc indicatcd.
n.d. = nut delec[ed. - = nol_ dcrcrrninr:cr.
.i' I'ot:rl Iron shown 

", 
F"2*.
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rDtrtrilt rr&t qFrrltl! DtilflrrD rI t['silD truLll
lt llaHtt r||r SPtrlE|tII

rrlFtt rul. tlrtt tn*t 1124t

rbrl 3,0 tr l.t
tl+ o.to o.tn o'lo

I -O t.t 1r!
1.6 !.1 l.!

+t 2l r7

7S 15 tl
lO f .6 t.0
f,t rr tt
6.? Irl !.3

IO"fO t'! 1.5 
I1.9 f.6 516 . .' I

O.50' , l.Et f.O
2.' fu5 5.'
0.5t OrS 0.9+

l:? .rJ t.2
S'12 ert6 O.€

I'

I

'a

rtt
fftt

rJ+
cr*
pr*
IF
l*3+
r.l+
eal+
ftl+
D'I+
nrl+
trs
bl+
ft*

fts+?t:*

&ifyrt* IJ. Irr1n't
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?bc onlt prrr.ntly knaa .rcrpttoar rtrr thret rndmttrr fro Fitl,
(teylor rt r1.; 19693 Clll, fa prnr) rhtcb altbm3t thry hevr th rad

U rbsndrtcrr lorcr thrn teupo torr rndrtltll, bavs coparrblc fh/U

rat{or to thom ta frupo Zone volcentcl.

thrcc porrlble rrplrnrtlotrr for thLr rcgtotel geochrnlcrl emaely

trGt- (e) lrtcrel labgrrrlty la the Bpprr nrntl. rrrulctng la rr

prtn,rert brrelttc or rndrrlttc nr3er bcnuth ltcn lrelaad hav11g c,hemteel

chmctcrtrttcr unlthc Gbom tr oth.r putr oI tho clrcrna'prctfl,c eergtl3

(b) frmttonel cryrtelltretloa of rlth* r prtuetT bemltte or aodulttc

Ergmrr rtncr all four emelouc rhncntr art typteally corc.eta.ted bt

areh s ptocclrl (e) conterlnatlon of thc prtnery ntlpr rtth Etypieeli

npprr crurtel Batlrlrl rbteh trr bLghrr eogt rGr of thr ramoloul

ekmrntr chra Ntt grnrrrlly found ln rrdrrltrt rnd drciter. th. rceoad

ead thtrd pontbtlltirr hr'.'r bccn cmrldend for andulto tn gorral
by nen' sthorrr rcccntly trylor & Thtlr (tles, 1966), Teylor (t96S, 1969)^

rnd kylor ct al. (1969) rbo comlrdrd tbrt lrlthcr proc.rr lr ryplterblr
ll geacrrl or 3oologtcrl (bmelt-rndrrlte vulw probte, lecL of

Htyptcrl rtpet ctlllrlr 1r mgb rr.tr lr thr frtpu erd Ahutlrn frer)

or gcocblnlcel gromdt (htfb Vrb, VCr, h/Ib, Er/ed, sd v/ur trttorl
lor fb/tt; lr/3r rod Nf/go rrtLol, ler ebundr.nctt ef Crp lb, fl, lr,
ttr Uf Ir, rld Bf ln n{rrltaf ).

tb. fqrr rlnmtr rhtcb rrr marlorrfy llt! tl rhdlnc. ln trpo:
loll adrrlto rrd drclCo irr rknrntr rbor etplcdly -lgg ccrcrntrrttotr
tr nort eodrrtto rre €otrldrnd by trylor rad btr eo-mtlort to br

rvl'door rgrtnrt freattoorl cryrGrlltuttoa or errrtel conBmlBftts rf
grutlo 

. 
pFc..r.t f,er rndrrlt.f . 6c'arrglctly, ttrr tro grno3le

proc.rtar r|rt br eoortdrrrd lor tbr terpo Zou tr r rrjlorrl. coatrrt,
rad cmoot bo d{mtrrtd oa 3rnenl 3rorndr.
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GDCTSGTE 4tp rH4lrg r8r.|np €f,{tilBfrrtry

Aotltrcf of r au,bcr of rrmplcr frcrt. tba rtur ''olcrrlc tnlt
(Urtn D@e r Bdgecub.) rhorn thet f,or rort rlwtr thr verlatton

b*rrrl rqlrr lr hrr tbrn the . ltmltr of uelytlerl GrrrDr, rld for

tb. rarlatry rlrrnratr tbr rsa;f of, verletlor lr crttrrcly cmell

(re Apperdtr !). ?cr rngLcr of lnilD nlrtlvr r|e thcre lt no

o.crrll chmtcrt 'rrtettcl rlah ttn rbcn bt th rochr of dtb.r
Bd;ccub. or tfhrlr lrlnd, lmvrr r cycltc chd,crl rulatloa could

Lr.e b.c ogrrell'r' Ia vl'crr of Bb. Gonprntlnlt terye urabrr of

rlantr rmlyrcd rld tha rlgatflcrat cbrstcel dl,ffrrrrcal bcar6n

Brlt rrrylcr, roclr troa thr r&Bl volceno rtlcb brv; vat! rtnd.lrr

ebudmcrt of ell tbr ;knmtr melyeed rrr tbcght Bo bavr brl
rnrptrd rC ebolrt th rrul ttar, fhr jrochsl,crl drtr crn Ghr bt

ur.d f{,s rGntt3rqhtc corarlrGtc, but b3 to drtrrntnr rclatlur
rtrrttlrgryE rrl*.
' A cqrrtrot of 3h. groebrotrtt? of rnrlyrf rrrylu'rttb rlctr

p.crotrTbt rrd grole$.crl rtlrttomhtpr lr gl.vc rn rppodtr !.
ttr rrrr ebtrtcrl ca4ortstilr of lfbrh lrloi rld Sfircribr

re,trr rt rhcrn lr trbl t ll1 rtf Gh lrchdu ft3rrrr for relor rd
tlrcl rlorrtrl tr;etbr Ulth lr. drrnrrt reBlet trblr t7 ahc

tnlrdm rtaarrd dlrrtrtloDf rad uelutr rf Bbr rtrtkBtsrl prrgn3trr
rrF nd pCtsdntlr f 3ri. ltr prrartrt rrF tr tl. ntle of Ghf fgenrf
of tl. rt.rafff erdrtlilr thr rlar* dlrtrlhttorr tl
l{rer$r rrd flrh lrlud trcflt, red lr urrd to dctrralat ;trtl*
tberc {r ay rllltttcrrt dltfrrer tn fbr vrriewr rf tb rn
dtrtrtbrtlor' ttrdntlr ]3t tr I prrrr.Gcr tfrd cc icrt lor
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Tttl;t 27

-r

CGPTBISOI OT IDCECUITtE AND NHT&E ISLAIID AilAIYIIIS

1 Grystalllsatlon xndex ( Polderva,atr & Pa.r'keri 1964)

2 Diff"n-*r*,riAtion lndex (fhotnron & TuEELe, l?60)

All enelyses are in p.p"n. unless ocher.$[se in'C;icared.

12 ld;reunbe mrylrr
t6 tltrh ftlrnd repfrl

OXT DE or

ELEMENT

EDGEe UI\lBE

llean S "0.

w iAl,E ISLAI,ID

Ue.an S . D.

,F E

7"St02

%Tio2

%A1 
?03

ToFeU

?"GaO,

7"!lgO

%NaU0

7.KrO

wfs
lc,t 

.

2D.L

Rb

Ba

Sr

r{,/ Rb

Ba/ Rb

ga/E r
Rb/Sr

Y

Zt

I'tn

Cu

Cp

Ni

Li
Nl /Co

S,c

v

C'r

Ga

C r/V

B

trJ ,g'5 2. 18

0 ,66 0.06

16.42 4.52

5,6s 0.64

. )l 0!84

a, 1J 0 .61

3r1,.0 0r19

1.3e 0.2.2

0. lt 0:.01

10.96 4,05

5,6,43 5 .8:1

63 .2

523

246

237

4.27

2,11

0 .25

18 .01

106

7 t25

72.'.23

16.76

1.66

0.6?

0.37

0.04

2.21

10.25

934 8l,09

17,3 5.6S

t3, ? 1 .88

7.6 t.73

23,9 3 '2?
0 .5.ts 0, 11

L9.1 2.80

142 ?3,10

28,-2 9.09

1619 1.29

0.19 0.04

15 ,4 14

6,4.91 1.21

0.54 0.03

15.'93r 0,.43

5.1.6 0.36

3.95 0,,46

2 .6ii 0 .28

2.86 0,25

1"86 0,. 16

0 .;09 0,01

30.811 2.73

57.55 3.53

63..7 4. 5:6

7 12 [O7. I

225 12.75

239 8.41

ll.1 t.14
3.19 0.6i
0.28 0.o3

16.5 1.40

?9.. I 6.3 5

893 39.78

17.0 i.22
l3.O t r 18

7.3 1.82

19.5 2.66

0.16 c,14

L7 .t+ 2 .65

r30 15.70

30;0 7.2t
14.9 I . 69

0.23 0.0,5

17 .8 I .56

2.52 0.22

2.2A 4.13

1.73 3.5'1

25.59 0.81

3.37 7 .45

3.0 7 4.7 J

1.4t+ 1.66

2.63

2.60

?.60

J,l1
2.54

1.10

1.93

1.00

l.0q
2,16

1.54

1.70

1,.51

Lc7

2.0 5

1.99

1.9,9

0.15

0 .46

4,43

3 .60

o.24

1.72

1 .51

0.5 5

3.11

1.51

3 .20

1.25

3.;)
1.51

3 ,1C

3.30

4.6i
x.6F,

1.fl5

3.5'?

2.1)

2,V L

1.9d

5.?8

2.56

2.t16

0. t8

0. a-t

a Fl

0.,52

5.11

0.09

0.60
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rtg3tfleeoG dtffcrrlcr besrol thr merr of thr tro dtrtrtbntlonl.

totb fCrttrtlcel prrrurtfrr rrr only rtrtctly rpgllcabh to normrl

dtrtrlbrtloor hrt Lt vler of th. rertrtctrd rargr of cmporltim,

tbr artbor conrldrrr Ch. Irrqttos of e lororl dtrtrtbuttcn f,or

Ghreo renplrr to br Jurtl,flcd' for r let3rr umbrr of tmplcr thc

aorurlltt cf tbc dlttrtbstloa corld rcltonrbly bc Eorted.

fhc nrJss j[srat coryorltlonr of thr tro votcreocl rrc

.rtr@.lt rlullar, rlth fbrtr Itlrnd brfrU rlljhtlt nnorc rc,ldle.

tho oaly nefor :lcneet,r rhortq3 rtgrtflcrntly dtffrrlat rtradencrr

ta tbr trro r.olecloof rr. Tt rad Pr both cf rblcb rre htghcr la

Edgecrnbc Ghrn tn flhelc lrlend. The trrce rlmartl tr, Lt aad Co

rrc rtgntflertrtlt hlghcr, rld tho chnrntr !a md t rtgntftceltly

lrrr le Ed3rermbr then tl Bbah Irlrnd. tb. ehmc'at rrgtoa !e/lU
rtd tr/8r tr. rl,fntffcently hlghcr tn fhrtr lrlrad, end tbt retlo

fclCo rlgatftcrntlT bl3hrr lr Bd3tcude .

tf t coilrta p*rutrl nqlue for !{ccrrabr md tfbeh I rland tr
portrlrtcC, thrn frecttmel, cryrtelltrrtlol cmrt uplrln th.

ovrrrtl rverst. dtfferrna.r brarren thr rorlyred rrtnrllur produett

of thcre volerno.r. Ass6s4rjly tc tr lrggotrd that rlGhrr Bhr argrr

npplhd te rrch ef tbcm tno volcrrc.f tr noC of cmctr prrmG.grr

sr thet durtl3 trrnrlG to Eb. nrrlrer proc.ltm other thra cryrtal

f,nctlonrlloc (r.9. cnrttrl rtrtlllrtlotl nll reah rercElon) hevr

bem opGrrtlvto Lr vt; of, Ehlr ponlbtltty of rnlnllrtloa or rtll
took rrrctlotr lt 1r rlptfterlt chrt tbr ccrogrettrrr of lr, Ll, Gr

end lr l,n f,.!. a*;tarl !rcLrr lnrtrrchrr (trmt, Teylor & Geppr 1953)

lr ruch tbrt th. dfffrrrnc.r brCrrrn Ybrlr lrlrad erd tCarorrnbr rv.rrlo
eonporlGloel eocld br rccountrd for by cectaatlrtlrj . GN;Er sf llbelr
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ttland eonporlttoo uttb r rnrll ruorrnt ol grryrrchr, te producr r 6lgra.

o?, Edpeusbc coqorttld. Ibc cm.ntrrtton ef othrr fl.ilntr anrlynd

ln thr oetgtael fretrr grrnrect* tt coryettblr rtth thtr $rtt.rtls.
CoErrlrtl,oq cf hodrl end Gh?dc$ Inrlrru

In rler of tbr grnrtrl rtml,lertty ln both rcdNl p.trogr.phy ead

ehmtttrt brtrrren Edgrcrrrbr rad lfblle lrlmd roplrrp I blverlrtr
cotrclrtleil netrtx for nodel melytrrl nrJor elemtr rsd fo@l trtGr

olsrcatt and rlrmmt rrttor rrr cilputed. tb. leek of tGrorg

eorrrlrttoa brtwaen rry rodrl nlarrrl end ray rloont or ralto cf

rtomctr tr thc rrrort rttl,klag feeEnrt ol thlr uGrlrr ?or nlnor

nodrl coortlSurntr lt tr porfbly rrplel,nrd by tbe probrbh lrrccnreclel

of tha aodel rnelyme (atrcrrud cl po16 ), but for arJoa eorttlrueiltl
ln pertleulgr thr propor3lorr ol gronrrdneu end plqtoclem, lG erurot

bt crplrtErd tn thtr uttr thr n:rc laporten3 lrfrruor lr tbrt th.
blgh AI2OI cmBrnt of tbrrr rst r.Dt,rtturof th cele-rlhrlhc
efroclrttoa tr clrerly eot duc to th. rcaqlrGln of plqgloclrre l,a

thl oegnr, er hrr bcrn rttg.rtod by &xnr rBborr. Addlttooal rvtdmcr

rgetrrt rlfdflc.lS plqloctem recuclrttoa tr gtvo lr tbe l.ctton
6 trrc. rl.lmtC wrtettollr

rEII3 tr|.anDgssHsfirrrr

thr Lv.o rErlylrd rqler lru Ulttt lrlerd trlt lnto tno chcr

ttcopro Or 3rorp Lr rrpr.rrt.d bt r rte3lr rrlynd rryh ( lft40)
tru ftr srCrre rt tl. brn tt trery fletd rad thr othrr fforn by .ll
ctLr rurtynd tqhr *lob .ar fron vrrlcfa locrttoar or the Cutrrl
Baerl rbtcl tr thr yougrrt portta of the lrlad. th trap ttred

.

-179
; ,l



rrapl. 1r frcr rtthu e tbolold sr corl6r undrtltf$ lrvr rnd

ptroclmtlcr frsrn thr Ccntrrl Conrt eed lr Ebiltbt to bevr bro

rtrrptad trm rn mrt.n veat rtcrr rcttvtt, r,ry brrr prrardrd th

fornstloa of Crntrel Go'ne, porrlbly colnctdllg rttb rctlvlty frm thr

flutrn Coar. Tbr trsp Hrrd tqk lr sa eedcrlte vlth sfil St0lt

rtrrrer rll tbr Ccntrrl Cm rerylm rn chrotcelly fiGtCte, rvrrrglag

6fl 8102.

?rbh 2t csatrtrr tbr earlyr'rr of tbr trry thrd taderlrr, thr

l\'.rlgo ol the Gutrel Geor daeltcrr lld thr rwra3r of dl non-rmollthtc

Edgem.br eod tbrh ltlrnd rqlm co3etlrr rlth tbrtr rBadrrd drvtrtterrr

ft. troop f,rrd erdrrlCr 1r r Dorl berlr rcch rhra .f,t rnelyrd

roofrcstlthlc rrylr fron Ed3citn'b. or flhrh lrhodr bdt tt conprtcr

vf"f clomly ta both urJor rnd trrcr rlenent chmtrtry rlth nrnt

clrern-prcltle rldrrlttrr .ac.pt rlth rcaerd to Bh. rloratr lr1 3t,

thr sd U. Xn Gm vttb tbr stbs trt of PloSy volcralcr Bh.

Troq Hrrd rndmlgr tr bllh 1r ll d lor ta 8r, brrvrr lr 1r (a

hl3ber thar le rnt oEh.r l.t. radrrlct (940 pgn esprrrd to sr !50 ppu

1l !t? rndcrltm of rinller neJor rlrrcat cerycrltton). thl troup

Errd ndrrltr rlro rhorr rnntrrlly hfgh Ib md U eort.oar rnd I

htgh Tt/U srtter

ltr Centrrl Com drcltrt brvr urrrl netor rrd tnc. rlsrert

cqcrltfor nd rrr nffh mt oth.r I.t. or clrrn pectftc lrclBr

tor tLtch nrlyru r.n evrthbh 30 tho roGlor. fts Goqratd rttb

3lr rvrrrl. nrJor tlmt eoryodtloa of tdjecr*r rnd ltrlr lrlmd

d*ltmr Bh Cmmrl Gcnr drittm rre rtrbh lru tlrtr lw Nf%

rnd Lt3h UfCI *d hO contrrs. thr lr AlrO, rnd bffh f,jO ceoteotr
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TABLE 28

COHPARISON OF I{HITE ISL

WIIALB ISLA}ID AIIALYSES

I.'HI TE ISL.q.I.ID

Troup Iiead Central Cone
Andesite Daclresl

i8.tE 64.02

0,h2 0,71

17 .42 14.8 l
7,19 5,61

I .58 i .79

3.9 7 7 .47

2.82 3 . 18

1 . 15 ?.22

0.09 o.il

n,d. 1.7

a{), I 71.$

9a0 s00

0.91 1.82

215 t74
i .87 3.Cl

?,00 2,J7

227 2!,1

:'l .l t2.?
t,,)7 5,17

0, t 87 0.414

8D,JECUI{8F- N W}lAlE lSL,ND

Hc" arrs 5 . Il .

i'rAJnR ELEHENTS (:',.)

5'o2

Tiol

Al ?0jlr.'o -

Cr0

MEo

Na.O

K^0

P:05

LARCE CATIDNS

Rb+

6a

iK

Sr-

:ac i ?f

+:;!lr

K/ Rb

Its / Rb

Ba/Sr

Rl'/ 5r

RARE !:ART !5

rlF

64. 31

0.b2

lb' Il.
5.41

5.56

l.)4

l.0l

t '90
0,1I

r?

65. I

640

t q<

::] I
4.09

240

rn t

1.'t6

0 .2+:':

l6

).C

105

4.li

'lto
4. rtr)

ln
l)

2?.

I aa

0.:1
IJ

110

I {.)

r) ' l;5
Itt

r.'lf:

c.2?t

\). I li-

10.1

tl hi

17.1

I Total tron ;ho'ln

't.!1

lr.;i
0,16

0.74

0./i
0.11

tt.7)

0.o2

0.7

rl5
0.!7
?t).?

o.i0
d.lh

0,.i1
() .() /.

3.r

0.,{q

rs F.'1 .

LAkilE rlI r;rllI C iARCED C.{TIONs

?7

0.7

lt0
t .L7

800

4.lr
t2

?o

t9

20

? .o1

2 ,4t
It
183

115

0 . /.1{

lb
7,71

0,61?

0 .4d4

l.o I

29.it
'_I 

r

'th

t4-.

Zr

Th / r,l

F ERFOMA/,}IES T.4N ILEHET,TS

Mn_
7a

', Fr.-
:r+

C.:-

t. i l*
I

l.t

Ni/Co

\(
.l.l

ATi

1.
hAl

Lrlv
Al/t.d rl(l
V/fir

SI-{ ALL C ATI OI(S

".5 t 
4+

b

* Hran rf 6 analysos,

]. )9
o.78

71

i.l2

1020

'r. ilr

11

lj

1.?

?,29

'),5tll
?'l

tB5

l5

0.14?

l7
.l ..1 2

o, l Srr

0.5?8

13.?

?b.o1

l?.5

* !iu"n of 2t'r analyses.

All valucs are 1n p.p.m. unless otheroise indicaL!'d.

n.d. = no! dettrcted.
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rrletlvo to thtr Sl,0Z cortraG rbo dlrtLagnlrhcr thm lrm othcr

ctrcrrr-peetftc deelter. Trrco olcmcot cqarllotr bctucra Ccatrsl

Gonr decttet rnd drcltrr f,rm tdgccrmbc eed Uhrlr lelrad rhsr thr
foanr to be hlgbcr ln ln end nb, rnd lcer tn 8rg ulth nrrkedly hlgher

Be/Sr rnd rb/$r rsttor. fl3. 22 rhme htrtogrmr of thc h rnd

8r dtrtrlbutlor tn Edgccrmbc, Ifhtl. Irlend, rnd Utrttr trknd rockl.

Ir lr tbc only lergr htghly-cherjrd ettlon to rb6l1 rllettr-.,1 orrtchrrut
ln thc contrel Conr dacttltr xrry of cht frrronrglerlrn trrc.
olcorntr, ll prrttculnr Cu, Co, tl, V eld Cr lre rmrlourly btgh ln
thr Geatral Corc drctG,re. Gouprtattv. hlrtograr of tho Nt, co,

Gr and cu dtrErlbutlonr srl rhwl ta ?tgr. !! eod 24. Grr , Nt rnd

Cr ln Gratrel Conc deeltor erc btghrr tbao La nlly htgh-elrrnlar bleeltrr
rnd rnort rndultrr. ra rddtttm tbe NtlGo rrt{o ( 2.45) rad. tbr v/nr

trtlo (3.67) lr. gutte dtffrrrat frm Ghr vehre ururlly found tr
crlc-dtreltar .,olcaltet (]l{/Ce^O.5f V/ff -l0). Helcc rttfroqSb tb.
Crntral Ccf| draltrl rbr eooc.Bcrrttm of th. let3c crtlort rad lergr
hl'3hty-eher;rd Gttlg|rl conrlftert rtth |r drrlvrtloa by frrctlonel
cryrtrlllmtlor fron o Eor. berlc prrrnG.t mr3nrt Ghr ftroag

cq!3.rlt88tlor of nrny frrronrgrrln trrcc rlmj3tr l,r hcoryrttblc
rtth ruoh e dlrl"'ltlei. lbrrr arc ro ctbrr neJor porrlblc procrrr.rl
tbo flrrtr u aollkrly oLr thet therr drclt6 l3j dtrcct nratl nnltr,
raf thur Lrvc ururul corytclonr. lt rrcold polrlbl,tlty [r ebrt I
rcrael drclte et rndrrltc ber bern GoftmLnrt.d ;l,tb nrtctrl rhtch har

unroellr htrf Gul Gol ill, vt rad or, ht bm e mrlor rlocnt cqorltto
rpparrtaet'rly te thr redld.tr-dect tr rfifrr I!" r$thor conrldgr that
dlrrct nRGh dott'lt(a tr rrnllkely, brcrur of th. vrrt lerjr
colte*'rrtton frstorr tbrt r,culd br requtrrd for nrli, of th. lrrgr
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ertlolr or ler3r htgbly-chrtged crttor durte; thr perEtel orlelrg

pracr.r or drrtag rubraqocat rrll-tc€k rlrGttoDe

flhrt ttp. of uetertrl roold br l nttrbl. cooC]Blrrlgt fb
cabhrtlon of frlrly lcldtc rrrJor elrrorrt coryodttoa, end r

rclrtlurly btgh coat.tt of f*rwrgmrlm trrcc clrracntr Lr unurual

1o lglrour nochrr btt 1r qcl Eor. eren tr ndtnrttery roeht.

lnalymr of GrrcG rlcraratr tl !1.t. rbrlsr or rrndrlooft, llkrly ao bc

preaurt oB tbc eorthmtel .b.lf l..r ftt:r trllrd hrvc lot bor
undt. Hcrver rarlytrr of rLrlm, rrglllltu rad grtprrcher, 3sn

fr.cqu f,.Z. (lrrrtr trylor & erppr 1968) rrd othersfrm tlortb lmriea

ard Enrepr (8herr, 19541 llrbtr O illddlr3oar 19611) brvr eoryotttlmr

ubl,ch rpprorirrtrly nateb thr throrrttcrl Gontaattinto fddletael

lvtd.El thrt amrlar mdlnestr urry br lnvelvrd lr thr gentrlmttoa

of lfhtto Irlrnd rnagrelrtl obt,atncd frm urlyrtt ol, borur tn td3rcmb.,

Uhtl. Irlrcd rnd Bbltr lrtmJ rqlcr, th. rrnrltr of thleh rrr
rrpromd rt r blrtogtrq ll ftg. 25. I lr trder rt htgb lr Certrel

Gonr drcltrl ril lr ldjrcubc and llbrk l,rlud rocht; rnd lr serh,odly

blghrr tbrn thr vrf,utr tor I tn othrr fJ. volclic roelr rfpcrt.d by

fllll & Srnll ( 1963) r tbr rtlslftcrrce of hffb I coeorrrttolr lr
Crtnl Gor drslgm lr thet I tr u rlmt rblcb lt commtrrtrd la

arttrt rrdllrr3t (l.g' coqllrGton of drte bt tYrthfct & Ir$obl, lg6tg

trylorr f9t5 b) rrd bar ba.r rrd tor thr drtr*atnrtLon of prlronltalty
o! rhrlu (prfru rG rl.r lt5t, ttttl). trorlrrtt blfh E coutcGd,

crlethr rl,th tbr cthrr tvldcrcr dfuoutre'd rbovtr lrrl|rrtr :bn th.
€rntrrl conr FrSnr rrt coatnlnrtrd bt rrrrlr lrdtr.rlGlr
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-.l
tlrltte r enhydrttr ad 35prm ( rlf rnl rveprrtl.oc profrct. ot

rrutrr) cc,.rrrfd ln rlgolftcrnt qpmtltlm tr rrl rnrpcrd frm

Bhltr ltlnd ln t96t end 1969. Ortgen lrctopr drtr obtrilrd by $tcrrt

& Bulrtil (pln' Gsrre) frdfer3u thec l rljnfftcrrt prtporGtm o! tbc

.crtdr drtpst of lhtto lrhad drrte3 thc tt6t.rytlmr fro lrdolt
vct coorlrtcd ef llrrrtlrr ?br Cl- eortot of r Hhttr lrlrnd rock

raglc (nlttt c icrelll t96t) l,r nn thu trrler thrG tq rrt oth.E

tl.Z. rldmlte or drcltrl md I rrnph of Gratrrl Ooar drcttr hu

t.f, tttrrr tb. f- eontcrt o! rn Edgecunbr decftc.

It roof thrrrforr, thet tbrrr 1r r rBacrg pomtblll,ty tbat both

aerlnc trdtmtr rnd f.flrt.r hrvr eottgrtaattd Chr prrcntrl Ergpf

fot ch. Gc*rrl Csnl cf lbttr lrlud, gtu'hl rtr to drctto stBh

usrnel trrcG chocnt chcnttttT. fbr prrcctel argnr tr of rnhaorn

eqorttlon, brt lt rrr probrbly ndorttlc or dmtBtso

rrnrnAnl eHFnE|IStuf

All thrrc enrlyrd renplu lros f,rrrabr rrt dretttt of v.qt

rl.nllrr eqortttor, end thry rll rbr rlgpfflcrat dlffermsrr flo
tb. etber lry of PlrCy rnlculcr rtth rqrrd,"to r arrnbrr of rfuneo3r.

Iu prrttcdrsr Hrtrrrbr rrphr rrr L13h tt th clorEttr tl th, U,

tr rrd Lt; rra la ll tbr elmtr xtr Btr Grr I md shr Gtlv rrtic,
rrtil c4urd to th otlor ky cf flaty nolc.nlct.
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f,A.toR tLrIBl|t VArIAltq{S

BeJor ellsrnt vrrtatlear ln thr try rf Plrn:y volculcr bevc

h.- rc'udlcd trm trro rrpectrt (1) rbrtbrr tbetr chrntrtry fttr lato

tbl baralg-eEdttlSe-drel,tr-rtyolltr verl.rtton trmd for tbr volc,rd,cr

of, tb. taupo troar, ar drteatEtd by lltalarr (tef01 rrd Clrrk, (f960 b)l
erd ( l) to drtrrrular the procrlr of vrrlrtlol wttbta thr Dry of ?loty
volcmlcr.

totb ttrhrr ( tlt8, tt3. tE) red Clrrlc ( lt60 b, ttgr. f3 rd f t)
tllrrtrrtrd tbr vlrletlon prttrra of Ebt nrlor ortdu urleg Hrrkrr

dtryrnr, tn rddttton, Strll* rrad ea AFU tornrqT dlr3rro red Clrrt
. vrea Folff trnrry dlegrm to lllurtrete tbc o,,rrrll cbrnterl

trrrDd. Hrtlr|r d[rgrenr for tb try of Phnty voleulct togcthcr rtth
theLr F|A (refuerd oetor rxtr) regrurloo ltmr, rro 3lvca ta ?ljr. 161

rrd ttr .(ll{A sttrrlrtcor rrr for nrilr-rooltthlc rmplcr}. Glrrkre

( f 960 b) Hrrtrr dt rjruo crrsvef f,or th. trrpc toor vrlrol,e,r rrr
rhan ur chr Day of plcntt dtqrrllr by dottrd ltam. ?or nort

rlantr thc ky of Plmty rrclcrnl,cr lh clor Bc Glrrhtl crnrrl
thr lrrgcrt dt*rrprm,l,rt brta8 for CrO, F.O (totrl l,rcr) eld lrr0r
lr rblch th lry of thaty vrlcrolct rr. rltjhtltr btt eolrtttrntly
ht3hrr ls GrO .d F.o, rnd lcrt 1l f,erO' lnothrr fretrrr lr tb.
nrbrtrnttrllT irtetrr rpnrd of pclntr tor thr orf dtr SlOl ead UgO

1l ghr ley o( Plntt volc,nlcr tbm ln tbr rott rf tte trupo Zorr

vclcmletr ttr lry cf llmt; rrhdtthrr rcmlrtfr do aot rbct

nrrtrd dlrylrcmt fro ttr Slol rrd tro vrrletlo Grrr'r er, rucb tr
that rbra by ch. ll{F bolc (ecc,uEtrttvt) endrtlcrr lrm Clrrbf r
( fmO Ir tlg. 14, crrv.ft thsr ldcrtq tbrt 11glr.d ralthrat h
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FrE'. 26' - llarker diagrarn for the Bay of Plenty voXcani-cs. solid
lines are Rl4A regre-ssion lines fiteed ro nCIn-Neno,lithic sarnples of
the Bay of Plent'y volcanics, dottecl lines ,are the o,verall trends
for Taupo zone volcaRics taken f'roni clarlc ( t,g6o b, ,Fig, 13).
SyrnboLs ar.e tdenrthieO bel.sw:

O tsdgecumbe non-xenollthi.e samplesI Wh,ale Island n:ofi-xenolithic s"*pt",
O Wh:ig* Island sarinples
o Mana'oahe samples
A Type IA xenolirhs
a Type IB and Group II xenoLithrs.
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Fig,' 27, - Harker diagrarn for the Ba), of plenEy volcanics.
sotid lines are RMA regressiCIn Lines fitted to florl-x@oslithic
samples of Ehe Bay of plenty vox^canies, dotted Lfnes are the
overall trends for Taupo za,ne *olcanics Eaken from clark
(rg0o b, Fig. 13). $ymbols a,re the sane as those in Fig. 26.

L?t -



ptromat rrtrtlvr to frlrpar her no3 occunrd tn tbr tey of ?l'ty
rmlltht.

lorlymr of thr Dry of Pknty volceatcr frlt cloro te :ho tr.rd
llnr for tb. Tnupo lonc '.'olclnlcl rhsn l,n clrrkrr (1960 b, Ftg. 16)

vm Bolff, dlegrrn (rrr Ftg. 2E). Ar oi thr HerLor dlrgrrmr thr let
of, Plrlty volcrntcr rba trcatGt rcettrf ebst tho trad then rrr rbora
by prrvLorrly publtrbrd anrlyrcr, brrt they do mt rhor eay nrrkrd
dlwrjraec frcr thr ovcrell trGedo Thc trut rrg@rnt eppltrr to
cmprrllonr rtth ttrlacrf r ( leSt, !tgr. lt, t0) dlrgrmt, rddltlot
of l.apl.| for tbr Bey of Plrnty rnlcanler broedrnr tbr vlrt.tlor
trrndr drrr Bo trcrter tcrttrr but dorr oot otbrrrlre rffrct thclr
gearrrl velLdlty. In rnrry ef thtr rrprcG of thc reJor elarnt
verlrtl,qr lE Ll tbrl rpprrratly rglll corrrct to rry that .
prttuchgatcrl rrlettolthlp rrlrt,r betrrrn thc enrlyrcd voloutc roekr

of thc tlupo lomr ll rlf ut3.ftrd by prrvtor rrthon. llorrrv.Er

la vlcn e! thc rcrttrt cf tb. melyme frm thr tey of Dlrrty rrrylct
lt lr DC uBc.rtrta rt Go rbothtr clarlrrr (t9fft b) dr|crtpttoa of thtt
p.tsoGh.nlcrl rdlttonrh{p m itatlnltdr rttll holdr tF'oo

f,oler retlo vrrtetton dregrmr (' pro?of.d by ?mrcr, tg6s) for
thr try of Pkaty uoleulcrr urtt3 tro rl thr ref,.r.m'. orldrl
[r 31vc l,n tlj' 29. tterr dtrgrrror prrult dlroct t.ftlnt of
vrrl,fir dlffGcttrtton thrarlrlr brt lr vta of thr uc.rtrfrBl.r
!n coryerltloor rrd rquilr cf ptaor.ilffr plrltocllr ud EtBmmrgntttr
ln por|tEh ewlrGu, tbt ovrrrll cqorlttonrl vgtrtlor of cbr lry
of llraty vtlcralcl cosld reB br tutrd agrlrrt a ctlTttel frrcttemtlen
throrT. Ecr.*,'lrr tb. caly pbraccrltt ninrelt rbtcb ciltfla rpprcal,rble
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L

F1g. 29. - Enlarged section of a von Wolff di-agram on whieh are
pLotted t,he major element analyjses of the Bay of, Plenty voleanlcs
(data f ronn Table,s 20, 2!, 2?, 35, 52). Crosses represerit analyseg
f rom C1ark ( tg6O b' Flg' 16). Ocher syrnbols are derailed belorq:

I Edgecumbe flon-xBnol.iehic samples
r. Whale I sland R.on-xenolithie sampIes
O White I sland saraples
tr Manarnrahe sanrples
A Type IA, xenolithrs
A Type IB and Group II xenolic,hs
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MsO/K2O

NarO/KrO

Fig. 29. - l4olar ratio variation diagrams of Edgecumbe

whale rsland samples, vrith RMA regression lines fitted
each set of poinL.s. K2O is used as reference oxide.
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Il.t0 rnd Al2O3 tr. plqtocltm, btott8c .rd honblcadl. tb tro

lrttu ntronlr rtr verf letr cryrtelltrtq ln thrm rochrl eed rr.
nort rnl,lhrly to havr brea rlgntfteen3ly ftectlolrtcd fra thc urgner

thur tE [r poutbh ts t.8G tf th. rolrtlvr rlopu of th AIZO3/10

rad Hrr0l\O'.rrrletten trcedr rgrtnrt tlOA/KrO ra. eocflrtor rtcb

cryttel (rretlo'nrtton and rroo*al of pl agtoclrlr.

Ite rlopcr of tbc Alao3/R2o ud Nrro/\o trrndr v.rrur sto?/Klo

r.r. celcrlrtcd for plcatocltrc rubtrectlon (urlug thr crlculatloe

trcbtqpr rhom by Prrrcrl 196t) rnd rrc jtur1 la Ftgr t0 tottth.r
rlth tht obrrvrd trudr for the lry ef Ptraty volcnlsr. flrylocler
ompcrttlmr of A146 .rd \S r.rc lmd sd lt cn be leen frea

Ftg, l0 thrt althorgh ebr Alr0r/fro v, SfO2/\0 for rubtsrcttca of

\l plrgtoeler lttr thr rlopr of thr corrrrpondtq cur'/. for tbc

ley of Plctty volcrnlerl ortthrr thr \f o. thr h+g plrgioetert

nrro/\o vr t102/Io crlcrlatcd trrlrd fttt ttr rlopr ef rlr try ot

PlratT GtFrfr fhlr ec,ryrrtron of rtoprt tr velld rrgardlcr of rhaB

tnttlel co4orltfoo (ratUfn thr rtnfa of rnrlyrcd raaplcr) lr chorn

rt e rtrrtLtS colrpultlmt ttret for a nplrr artl,o vertr3toE dlagnn

oaly thr perttlon of I ltnr rld aot ltr rlope Lt rffeettd bf Ehr

rtrr3llt eonpotltleor

tolu rrtlc vrrlrtlc dlr3rurr Ght rhil Bhr tbr nrJcr rlgrmt
vrrlrtla rltbln tb lry of Pkoty vclerolcr u. Ft drl to etyetrl

frratlonrtto rlom. Addtttonrl proc.rret rrrG ?lrrrfon br tnvgkrd.

ts rrPlrlr tbr dlffrrrrtlrClol. Porttbtlittrr rr. Gmtrnlnrtlq of

thc orgurrr rlClrr by rrll,-toGh srtrttrrGtar or n{rtef ct nlgrr.t otr

volrtlh trrnrtrr of ethdl,u vltltr . srtrr rbnbrgr
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.bF'l .ht
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%An =ta$
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S:iOr/KnO

Na20/K2o

IIE:_!9, - Molar ratio variatLon diagrem. Compari6on of the slopes of

the observed trend-1i-nes for Nar0lKrO v. SiO2/K2O and AIZO3/KrO v'

S1O2/K'O in Ebe Bay of Plenty volcanics (gOpV) with the slopes of trend-

lines caleulated fon the sttbtraction of no35 and At48 plagioelase from

a Bay of Plenty andesit'e eornposition'
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IIO - EtOt Verletloar

Thr rrl.rtlocrhfp bewcrn LrO rtd tf0t ln naay elrcsn-prctttc

ndrrlter het bma drrcrtbed ry DlcktEron rod tlrthrrtoo (fo!r Dlcktnroe

& Erthrrton, 19679 Dleklaroa, 196t9 HathrrSu & Dtchturonl t9689

tlrthrrton tt6E, f969), Dtchlnroa & Hrtbrrtn eonrldcr tbet for my ooc

endrrtte rrclcrno I rtrrtgbt-ltan vrrlr3ln srlrClsrhtp .rlrGl brtrre

10 rad ttg2r pcrul,tttag tlr otlmetto of " \O I eorrmpotdhg Bo

r grrtlculer ElO, lo thry ertlnrB. thr IrO 1 rC 5S rnd S? Et0gr

dutgrrcta3 thr ertl6rt.. tS end L* rrrgrctlvrly. ttry cocltdr
(Dtclrlaroa & Hrthrrtol, 1967) thrt rpeclfte f* r{d/er IrO vrlurl em

b. obtrlrcd for .ilt prrtlcrlrr tmleener r.d that rneh vel$rr thcr I

rtftceltlc vrrfrtla rlth tbe drpth to tbo latcff mlsic lolc brmrtb

Chs velceao. Hljbrr vrlulr ef f* ald f6O rrr erroclrttd rlEh trGrEGr

drpthr to tbr rtnle r{rrt, frs tbtr corrrlrgloo tt lr lnfrrrrd
(ttrthrttm, t9S9) Ehrt tlr 3lO - 31Ol rrlrGlcrthlp ll rndmltor tr

Bov.tn d rlthrr bt p*Ctrl nrlthg procrlrrr rrhteh rnrt rltb dtpth

tr tbr rrnGtrs ot b7 paoe.tr.r rbl,ch rrr rffrctrd Yf tbr prth ln3th

Erlvrn.d by thr nqnr ftrfqf ttr prrrrjr tbroqh tlr rntll"
tu . trrt of ttlr Lypothmtrr Hrtbrrtn 6 Dttctnmn (tt60)

cqelrd Ch 160 vrlru tor Bbr ?rrge Tblerltc tor. rftb drptbr Go

C.Lr fedotf ton rt Gro prl*rr ndrr lsa3.drc lrtloerl ?rrk rld

rndrr lfbltr trlrrd. Url,a3 rlmlsrl ndyrm tra Strlnrf r cmgllrtloa
(10$) ftry erlcrlrt d th. t60 vdrrr tr br I'l!B ter tt ttt rrdtritrr
rna l.ll tcr tb ttf tr lrlud Edrllter th. dfftrtwr tr LrO rrr
lrfrnrd ( lru Dtellrrcl G Hrtlrrtc, 196t, Ft3r !) tc rrpnrr* |
dtffrrd*r of 6O b ta tbf drytb Gc tbf lototl ror. brnrrtb thr

d
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Erro volclmGtr e dtffrrerc. rhlch tr tE egrc@nt rl,th th. rrlmlc
Gforf-rccttonr cf HraLlton & oele ( l96t).

tb. prttmt illtbot her trto rprctft,c obtcettoar to thc vrlurl

derlvrd by Dtcktaroo & ttrthcrtsn ( 1968). ?lrttly, rhc greph ( Hetbrrtoo

& DLebtnron, 1968, Flg. 3) from rhteb the LaO end L* vrlucr for thf

B{P eaderlt.t r.r. Grtlnrtcd elro urrr potatt for brtrltr froo f-ttlgr
tarrnrr erd lotoatur, ra tdgcesnbc mdoal3rl rnd deeltcr frm tubrra

end lfrlotapu, to drflac thr trtad-llat fren rhtch thr Kr, *d fC'

rtttrlrt.r for I[? sln medr. If only tbo rnalyeer for Ehe tltP rndcrtttr

srr tehra tnto rccaunt tbm th. X,60 valur for tt{E lt lrcrcrtcd frm
* 1.451 ('tlrthrrtos & Dtclt{nroo, f96S) to l.7rl (rrtn3 rt R}t[ rcgrclrton

Itnr Bo crleulatc thc f* vrlrr). Furthtrorl, lf thro other

aoelymr lor S{P gt cn b't Strlnrr ( tfsa; rnd cxelrdtd bt Hrthrrton &

Dtcktnro (ro rrrton gtvrt) .rc lruludrd ll thc eelcrlettot tbcn Ghr

RCO velor for tl{P tr lnarrrrrd rtttl fnrtber to t'dn,. Sceondly, rlutc

otly cro rnalyert of tlhttc lrlerd r.ro rvrtlrble tc DtcL,tnlon & Hetbortea

l3 rrer Eot pontblr lor thcr te drttrnalm t*r tnr \0 ' 3tO2 rrrnd

fer thlr veleuo. llrry tbtnfotr fosrd lt arccrtrrt to tnfrr Ehet Gb.

\O - ttO, trodr for lfbl,tr lrlrad rad rrhctrd turpo Soar rechr fra
otbu rr.rt utte perrlhlp ln ords tc derlw.r.rtlnrh for KrO lor
llblte ltlmdl rueh rr rrCfu etr l,r clerrly urccrtetn.

A rnorr rtrtrt.nt Errt of Hetbertm 6 Dtckl.nrorr bypottrotr nrt

no bt cedr rrlng, tbr rddlttonel rnrlyrtt avrllrblr tcr th Dry of,

thcty volernlcr. Vrluer of fOO fq thc llt of Plcrty volcrnler rrfr
cllcrlrtcd tra tft rrgrgrl,on ltrrr (ftttra to Eon-ruolttH.G rrylrt)
ud 13. tt follcnr ld3eeunbl - 1.{9flr ltLrlt lrkad - l.l4l rd
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rhltr Irlrnd - 1.501 (tacludrt rmlyru frm ltdarrr lgJtlo IB lr Ehnr

rPFrroC'tbrt on tbr bettr of pr.f.rtlt rvrllebh drtr thr leg of ?lorsy

noleauoel hrvr lmr f,* vrlrrr Ehnr G,b. tNft ndmtto (f,* trkn rr
l.60?) and ta. at verlrDcr rlth ltrtbutar & Dtchlaronrt (fpog) hypothortt

rttb rcrpccE Bo thc tnpo lomr

trtlerton & Dl.ehtnron ( ft6S) elro lrfr*tcdr rl I GoofGquocr of

th. rpP.rmt velldtt, of thetr hrypothrrtr tor lbr trrpc Zsaor tbrt
rndmltrr ln tbtr crG. csrld mt hevr nrffcrcd uy crtrcel

coltf,ilnlnettm or htbrfdtrrtloar Sucb ra tnf,rr.B. lr to logrr
tretl!Lrdr

_Tllgt EI B{Il[r VAIIArI0AS

In thc fotlortry dlrctmtol th. rrlltlvt brhrvlorr o! pefrr of
rlorngl tn thr ley cf Plrnty volcanler 1r jerelly dtttrnlnrd by

rrlrrcr to tbr blvrrlrtr ecrnlrtlo mtrtc.r (trbler 19, !0, !f)
Stvrn ta tbr rrp foldrr. In jrnrrl tb dlrtrtbrtl,cu of elmtt tr
Tbelr lrlcnd ud ldircubr rochr rrl mt dsatfrcrntlt dlff,rrrnt
(trbh 21, rnd thr vrlur sf .Bh. Set.d Gorrrlrtlr cecfftcleot (r)
rrr obCrlard tru Chr tablmd deta. ler rlorlta rfitcb rbor ttjffffc.ilBtt
dLffurnt dtrtrttotlonr lr rqlrr frm fd3ecrnDr md ltrlr trlrad.
th aorrrtrtlo corfftc,t.at. fcr rreb vclcoo rr. qcoGed regenttly
rr r, md ty. Ttrltr Irterd ta.ce rlamt rblrdrcor .r. rfgdftoucly
dlffffrag f,rm rhrb lrld nd fdj.ssrh .tgadg r gd could aot

be e;bttrd rltb tt n tcr .3rGlttterl rarlyrttl tbrrc rrr rlro tco

frr ftltr lrhed rql.f to rrublr r rrnlqfrl rpr4tr rt.tlf?lerl
3teeffit to be lrdl,
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ttrc,e thc grcnd of celc-dheltnc dtffrrrnttttloa tr oE of

31.02 rnrLebrat thr hypothretr of ertrtel fracCloaittoa cen bc

tcrtcd uetrg tL02 verlrttoa cf thr mrtn reforroca pera$tGro

tho dlffrrrattstton iadcr (lboraton & tuttle, f960) lnd cryrtrtlltrtton
l,ndcr (?oldcnmrc & Prrkrr, 1964) rr. aho urcd ar frectLonNttoa

permft.rr la part of tbr follcrlrg dtrcurlon.

l. Larsc Gretoer

lbe lmr Ge* rnd nb+ nbrtltnr oaly for x* ln Gbe eorcon stltcrtr
netaereltr grf trndr to br eoac.atretrd ta lrtlr-eryrtrlltrtag K-bcerln!

nlnrralr on rccouat of th. rlrc (tonle rrdlur) dlffrrcrr bonrrcn f*

md Cr*. Iu thr ley of Ptoty volcelter f,-btrrlog pbmcr cryrtrlllrc
sly at a letc rtrg. rnd lt rorld thcrforr bc rattelpetod Ehat b 6d

Cr rould bc concratntcd ta mora ectd ncobrn of thc rutBtl thtr tr
rrpported by th. rtaoeg porltlve corr:lrtloa (r - 0.8E3) for lb
egetnrt tfL0t. Ttc Gt rbmdmrl, bcae;g, thc conrtdrrrblr reettrr,

rnd +rrtatlcll ta ebnndre. rr. thougbt to be wrll,rbly .rtrbltrhcd,

A. Go Gh. vrry arrll dtflrrncc brtrrrn tbr rurlynd ebnadarrrt of

Cr ttd th. drtecttoa ltmtt for tbtr rlorS by th. trchnlqur rmd for

Itt dt3rDninetlmr

Del} rubrtltntrr oalt for f caoaS thr cmm crtloor rnd g3norelly

coc.nttr!.. ln rrrll-forila3 f-nlaerrh, nrnlttag 1r lr dtcreerc &rtng

frectloalttor. tt opporltr trrnd Lt tton by 3h lcy of ?katt
vclclnlcr (rrlrtlve to $10gr r! - O.?47, t - 01753)r rrFpofttrg Cbe

prtrolojlcel rvl,dmi thet r lpbcrrfq rdrrrrl ber loG cryrtellld
at ta mrly ltrlr.

lr* tr trttnrdtrtr lr rlrr brtrcr f rld cr* rd rrdtbttr

eoplu lroch'arlc,el behr.rtoer. Itt rubrtttrBtot flr f end Gr ln
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yarlar nlacrrh 1r ccntrollrd uGril rtrqll W Chr ntncrel rtnetun,

ttur lt rrbrtltst.. co4rrrttvrly rerdlly for Gr erd t tl fclrprrr;

but vrr:t lltth tor Ce tr pyronam or for f, La mlcrlr In thr lry of

Ph*y velcm{er 3r rtll br prl,rc,lpelly concoErrtrd tn ple3toclerc.

thr rrlrtlve cotcrmtrrtloar oC tr tn plegloclm end ta rugltr rtc

rh*r bt elelyr.. (anrt & trylor, 1969) of m3lte rad plrgtoclrrc

frm ldgleubc rhleh emtrln f7 rad 465 ppo 3r mfpectlu'clt'

Frectloerl crtrtrlltntlon of plegtoclan rould tlur cnr.r d+lctlo

at lr tr Cb. rrnetrh3 mrfilr, rerrll3llt ln r rttlmg arjettve corrrlrtton

bcbrura tf02 rtrd 3r. Eucb e rcgrthrl 
"ottalrtlon 

lr obrer'*rrd for botb

Sdgccucbc md t&eh lrhrld (rE - -O.S7lr t - -O.t20). thr pofrlbtlfty

of plrgtoclrtr f,rrctto'artlor lr coortdrrrd futhrr lr the .fGtloo or

rlr. urcb rfcnrntl,

tprrt frm tbr vrrlrttcaf ln th. ebundrncce of thr tlernCr

tbarlvrfp thr vralrtlor 1l rloent rrtlor Lrt loca bro cotrldrnd

r p$ttcrluly urtful ladlertlo,t of cryrtrl frrctlolrttm.

T'h. Vfb rrtle tr sf rprctel trtorrrt rtlcr thrH trro rlrrncaCr rr.

conrl,dtrrd gc rtr en .rGrcrly bf3b cohrrmar ta 3rochalcrl ptoc..r.r,

tbr rny ebngm ta tbet! rrtlc rre eoutdrrrd Gc br of, v.ry hlgb

3rochnlcrt rtgltttGnGlo ?or tb. try of Dlmty rnlerater Gho L-fb

cobrrencr 1r rrCrGrly hfglr Chrtr corrrletlol eorfftctene betng

0.967 (ftir 26 rqtrr). tbr Vfb rrtlc tor th. try of Ploey

vrlouLer ac.r rrt rb; rty rt;dttrelt ecrtlrtlrl rltl lf0z

(r - O.t04), rt rtcb thr crTrtrlltrrtlc tldrr (r - -0.!5t) rd

dtfforrrttrtlor lr{rr (r - O.ttt).

201 -



tlrc lrek of I trrcttoarttng K-bcerlng phrrc tr f,urthu

nbrtratLrted by tbc lncrran ln thr ta/rb ard le/sr rrtlor rtth
tacr|rrlag Storr halvcr n:ltbrr retlo rhorr rtrorg eornrletloa vtth gto?.

t. Brrc Eertbr

Durlng eryrtrl frectloBrBlon thr rrto Grrth clcrrcntt (BEt) al

r rtolor .re gcncrally rnrl,ehed rlth eddl3tonrl concoltrrtlol of th.
lrrSrr $d llgbtrr 888 rrlrttvo tc Ebr mdlrr tIE trLtry plrcr

rlqrltenrourly (Hrrkln & Frrt, 19661 Hrrlrln et rl., 1966). Tho nort

rtrl'Llq f.rture of all tlte-Gltth dtrtrtbuttcn pr33craf tr ch.

rltcnettng bfth end lc sbtrndrncrr (ottj-3rtlr) of th. .r/.n rad odd

rtqBlc embrr 881 (conttolled by thr Oddo-f,erhlnr rulc). In ordrr Bo

ov.fGorn thlr Hrtg-s1g rffcct, tt Lr GfrBonrrt to rcrnrellrc rn IEE

dlrtrlbutlon by dlvldlng tndtvldual nEI ebnedancm by thr rbundanco

of chf lmrr rlanrt ln rnothr rrryh, trro REi dlrtrlbucLont, i
ccporttr rrnpt'r of [orcb Anrrlern thelrr (lrrttl rt rl.1 1966; Trbh lS)

tod el .vftrlr choldrltte nrtrorltr (ttrrlrta tt ll.1 1966, trtlr S) srr

3rucrally rmd er refrrrncr prttosor rnd rn rred hrrr Eo nornrllre thr
n8t dtrtrtb,utlor prtttttr for tht thrrt rerlyred rmphr froo thr try
cf Pkaty vplcenl,cr. tb. tvrtrl. cboadrlBlc prtterr Ir coarldrnd to

arPrrrrnt raf rrGttmeErd prldtlw nrtrrtel, rnd Bbr coryorltc torth

hltcrr Sbeh ( hucrftrr rbbrcvt rt.d to Hlt) lr earl.drrrd to

r.prrlGt frmtlCetrd npprt-cruftrl nrGlrlnl.

thrrc tqler (lf !tt, ll!*t, ltt{6} rlat rnelyrd tcr ttt by

ryrrt-rnrle orlf ffcttsrrtt.,:'r md Bhr rbdnrr ra. glvrn lt
trbtr 16. lh orlyao rrr rcnrltnd gordtnl to thr Breerdurr

dmerlhd ebovr rnd thr rcnrllmd rrrnrltr rrc pleGgrd r3rlnrt
loala rrdll tE tt3r. 3l' red ll.
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Fig' 31' - Rare earth variatlon paEterns for an andesiEe f rorn whit.e
rsrand (ttzt+6), a daclEe f,rom whire rsrand (rtz4z)r and a dacire
fronr Edgecunbe (ttztt), The par.tern has been construcEe by
dividing the indf,vidual, REE abundances in each sample (data frorn
Tab1e 26) by the eorresponding ele.rnent abundanees in the a\rerage
chondritlc meteorite (Haskin et al., 1966, Tabl_e g), The scales
on the Left of the diagr,arn refer Eo samples llzl1 dnd Lrz4q the
scale on the right of the diagranr refers to sample !rz4z.
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Fi-B.-.L2.. - Rar,e ea.rEh varlat.io:n patter,ns for the same samples as
shown in Fig' 31. The pettern has been consLr:ucted by rlivi.ding
the individual REE abtrndances in eacir sanrple (data f rom fable 26)
by Ehe correspcnding elernent abundances in the composite North
l\meriea,n Shale ( Haskin et ?l, n Lg6b, Table Zg) .
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totrl n3l eaBtG$t ln tbr Eay of Elrot,y ruplrr tr lntrnrdlete

brgnrn thr chsndrltl,c rvGtrEG rad th. t{At veluor brt lr mrch clorer

to thr letEer. Conpercd to ths cbondrttle lr'.rlte, rll th. Eey of

Plruty euplcr rre rtrangly frrctlonrtcd utth enrlcbcat of tho lfght

nBB (Lr-8n) re latlve te thc hcauy BEI (lu-tb). Seuplc 11146 (fhf tc

Irtsad rndrrltc) lr lcre frecttonrtcd thrn thc NAE, trrylt 11242

(nbttr Irlend decltc) 1r cmgrrrblr Bo tbe Nl8, rnd unple 11216

(Bdtrcunbc deettr) tr nsrr frectlonetrd Bbra tbr NAS.

Th. rclatlw RSE prtE.ra. of thc Bhltr leland endrrlte (ft246)

eld dscltr (t1242) rrG coantrtont elthcr rttb thc dmttc Lr.,'tng btcn

dtrtvrd frm tbt rndrrltr.bt ct.:7eC,el trrctloartlon, ot rtth thc

odcrltr hrvlng bcra cotrGrnlnatcd rttb ttptcel Epger-crrrGrl attrrlel.
Tbr Edgeembc drctto (f tetg) rhorl a eerc ecrongly frrcttosetcd BEE

Ptttcrn thra eEy endmltc orfiyolltr prcvlourly rnelytcd fruo thr

trupc volerule Soar (Errrt, rryler & crppr 196Er llg. 16). tht;
drc(tc ber otther rndrrgeac nor. criytltl frecttoeetton tbra Gh.

rLyolltm or rtdrrttrr of thr lrrlpo Zooc, or brl brrn certrntnrtcd

rlth nrtcrtel rblch hm rct rtgnlftcretly eonrrnlartrd tho rbyotttcr

or radrttCtl.

DoplrtLor la lrr ;rocnlly erprortrd rt r lrl/Od rlalo, Lr not

I'rldmt tn tbr hy of Plottt rarylu. Bntrt, taylor s Grgp ( 196t)

rad lrylor, hrrt 6 Gryp ( 1966) hrvt rhaa Eu drphaton tc bo atuor

tn thr tngc toor rhycltter rod to bt orrl,rd ln tbr Snery ltolrcrfn

lgeolrrnlter. In both Grl.r thry r*rlbrd tt Go erltrtrl lrrotlorrttoa
cf plagloclere (Bfli probrbly rubrrttrttng for r+; lrylor, rg65 b),
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It thnr iear unllhrty thrt rlgnifteert plegtoclrra frrctlonettoa brr

eortrlb'utcd to tbc copsrlBloarl vartrtlon of thr Eey of FlcnBl volclrtce.

t. Lrr:c lltrbly Cbrrrrd Grtloan

lhr rllarmtl- l,t, Tb rnd U grurelly tmd to fotr lotte eocplrrer

(tt,qgpood' 1955), rrhrch bctng lergr rrlttlvr to (sro4)4- t.d Bo br

coreatrrtcd ta rrrldrel frrctlonr firLa3 frrctloorl cryrtrlllutloo.
?,s la thr Bry of Ptety volculcr rhorr nrk corrrlrttoa rtth

ftOz (r - 0.161)r but rbotr ellgbtlt rtronger corrrlrtloa rtGh Ghr

eryrtdllrrGton ladrr (rr -0.476) aod dlffcrottrtton lndu (r - O.4l?).

A rm'chet rtroog.r sorr.lettoE tttb StOZ lr ehorn bf tb (r - 0.564)

rnd U (r - 0.965) bot thr tVU rrtfo eborr re rtgatftcrst cornletlsr
(r - 0.195) rtGh 3102.

Th rnd U tbor oo cvtdilcc of roovel by erTrtel frrct(on.tloo

rd err probrblT emcratrrBrd ln tir rertdrrl ltqrrl,d tf thtr procerr

lr operrtlrt.

4. Frr-orortar?tu lloratr

Hn* hrr r \nqf rtatler loctc rrdlur ro lc& rad rqrtd br

Gtpectcd Ee rubrtitute nedlly for lGr thr the mprreGlon of Ft-bearlnt

pharcr fto Bhr nr;ne roeld rrrrlt [a r drop cf ]ta 1r tbe rrrldrrl
ltgutd. hrnr & F tc ( 1964) brvr rhcrr tbrt by rubtrrctlor of tb.

cryrtel ftcld lt.}tltrrrlm rnt3lo (0FfB) lor trtrrbtdrrl r{tm
(ta ttr ufer) frm Gfgl tor ostrtrdrrl tltrr (la tbr cryrrel) e rnlrr
fcr tht nrlct prrtrrrm,r rtrry;li fcr u ocBrhtdnl rltr rry br obtrtnd

lor'' rry trrrrltlcl oltal. Coryulron cf thr oetehcdnl rltr prrfrrcr
oartater of !.*, lrl+r eld tr"*, rn* ricr Ghet, rr* vrll tud to

br emartrrgrd tE thr cqyrtrlltnr ph{m rrlaclvt to ur}r .rd Bb.

- 206



rcritrrc tr cp:etcd for tbr taturl.nt loal. thur I rubrtrnttel

r'*tetleo tE thr ?r/Ua rrtto tr unllltrly. ftfh FoO (totrl tren)

rhonlag . rtrooE nrgettv. corrtlattor (r - -0.964) wlth ElO2r tb.

tlntler corrrlattoa rbcn by Un* (r - -0.936) ts rt crpcGtedr

cr* lr rirtler la rtrt eo Fc&, rnd cn+ tr rlnller ln rln to

n.*t ?eylcr ( 1965) tbsr ruttcrtr thet Gu could br feund tu nrny cf th.

csrnxxn rtllcrtr mlnrrllr. llurcr'.trr rr tbr Gs-O boild tr nrrkcdly

covrlrnt tbe Ct coilt.at of sat rlltcetr rtnrrrl te $altkolt to bc htght

fsrth.twrl tht rurccpttbtllty of Cu* to Jthltrllrr dl.rGorBloa

(Orgels t9e03 ltrrnt & tyfc, 1967) rorultr la a prefrrcocG for the

norc-dcfornrbh ttter ln r Ergmr reth.r thra thr lclr-dtfernrblc rltcr

ta r cryrttl. lor Ehrr rrrronr Cs* tr groqrrtly trpoctcd to coeccntrtt.

tn rcrldcel ltqufdr rad cryrealltm l,a lete-.trgc mlcrrefrl pertleulrrly

1r rolphldrr. Ia tbr tey o! Ptentt volcntct Cu* iorl not rbr thc

eryecBrd brbrvlour, hevLug r rrtL, but dcftattrlt ngrtlvc eorroletlol

rlth EtO2 (r - -0.419) ud rtntler srrk cortrlrtlost rttb Ehc

dlffrrrotlrtloa end ctTrtelllrettoa lndtcet ( r - 0.452 end -0'410

rlrrqr.ctt.'olt), fhl de.,I.tlon fra prodlcerd brhrvlosr lndleetc Sbet

lf thr Cu* verl,rttoa prtt.rn tr to br rxpleinrd bl crtrtrl frrsttoorBloa

thrn e tulphldr ol rglnrl pbrrr coatetalng Gu qrct bevt t.prrrtcd frocr

3hr nrger.

Goz'l nd HtS rrr htrturdlrtr la rllr brtrro rr* ml u3h bat

tl 3rcrnl botb rnlrtlGst. ror. tsr trb thra (or ttg$, rho ftl+

tr grrfertlttrlly rutehrd nlrtlvr ao Co* tl rrrlt crtttrlllrtrg

Fe allrntr. thr prcdtettd ordcr of etdro la cryrtrlltnr phetrt 1r

thr .rilt rhcr thr rclatlvr octrbrdnl tttr prrfrrcncr rnuSlrr er.
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coartdcrod. 0o thlr bmir Lg lr pradtctrd thet eryetrf frlctlonetlon

ef ferrone3amtrn ur!,aereltl prrtl.eslrrlt of ollulrr rnd/or of

orthopyroxrnr rlll rcnlE ln raptd drplrtlon sf ltt aad Cc tn tb.

rrrlfurl ttgrtd, rnd r tlqrltrnrosr drop ta ghc tltlCo tttl,or lb.

Co* ab,rndrlerr ln tbe trt of tlrety volcrnlcr rha t nmonably

rtro'q nrjrttvG cortr.lrttoa stth 310, (r -{'75t)r blrt Nt and th.

Xf/Co retlo do not ihr thr cxpoctGd corrrlrClorr rlth tt0' (r - 0.121

end 0.410 r.rp.Gttvrlt), tbr sorrcletlol of lf l r3atart SfOt tr

ron-rtgntflG.Dtr rnd thet of Ht/Co r3rler3 SIOA tr rt3ntflcrat oaly

eG a 1r coafldece f,crll. tnelymr of ra rgltc ead hypcrfth.n

frur lfircwrbo (Snrt & Trylor, f969) rhm Nl ceatrrtr of tl end t3 ppa

ropcctl.vrly, cwrrcd rltl t'3 pp6 f,t tr tbr gotrl roeh (hrartr trylor

& Grpp, t96C). Ghrrly Lf r.prrrtloo of r$gttl or hlprrrthrlc hsd trhrn

pleee dtrtag Grtrt.l fncttmrttotr r nrrkrd drep tn cotrl roch nl ruld

blul r6ul.rd.

lbe lrelr of rgr..nant b.atra thr obtrrved Sl0l-nl and 8lOr-Nt/Go

trrudr md Ehe prrdleted Brerdr (prrdtctrd both frm mglrtcrl

obrlrvrttcnr rnd frm tbrorrtlcrl coantdrrrttoer) rtrorSlt .tlE.ttf

tbrt ff en3ttr rrd.los blpcrrths brvl bma tto'vld fro tbr rnr3m

to ut rfjrlflcnt r*tr*, fu. Go etyrtel frrcttoarttotr thrE u12+

urrt hevr bilr eddrd tc th. rrdftd ltgfd by rn .thrr plrcrrt

Ll+ lt vrll ruch rrnrller tbm thr ethrr dtrll tolr (toafe

ndtnr - O.ef l) rd tr gerrrrlly thnrrht to FbltltrG. tor Htt+

(trylorr ft6l b) l; trrrmrllerlu nlrrrdl. tt, trtdr to cos.Grrte

ln thr lrtr-tcrjr lrrr@r|mrlrr llnrrdr cd trll ttrrcbl tnd tc

I,nrrrm frrtry cryrtrl tnetltrrtla, ffOt drrtq frpurll,oo oi

208



letr-crtttrlltttag ferrmrgarttrr ula*elt' A trrnd of, lncrurla3

Ll+ drr1ng dtffrrrnctrttou tr rheun by cbr lry cf Dlclty rroleentcl

rhcrs tho ccmlrtton of Ll* rlth SfOt 1r pottElvo (r - 0.601), tnd

felrly ltroq corrrlagtor lr elro rbrn rlth thc eryrtelltretlon

Lldtr (r - -0.t04) rnd dtf frrutlrtlol tnder (r - 0.697). Ll+ rbare

rnrlcbcnt la Typr ID xrnoltthr rhlcb rrr thouiht to cettrln metrt

letc-rtrg,e ptror.Ba eryr3rlr tbea It othrs roclc rauplr.

Sc* rubrtttsgrr fcr fsb end ltttlc gc rnrlefrnert 1r obmr';cd

uattl Bbc ftnal rtrg.r of cryrtelttfetton rhrn ltron; 8c rnrlchrrnt

la rrtlfuel frrctioat aay oGGEr, pontbly drm to conplcr tortrrtlon ln

tbr prer.ne. o! Grs.r. eltoar ( nrng:ood, 1955). ss* tn tbr lry of

plcnty rrclcrntcr rhcr a Brgrtfvr corrrlrGte rttb SfOt (r o -0.6i1)

ald eoarcqrrent 3c dcplrttoa &rlng dtffrrcatlrttoor b*t thc rrt. of

drplrttoo lr cryurblr rl.th that thora by totrl ltron. ,|orlyrlr of

rrgtgr rud hyprnthor frm ldgrcuobr (trart & trylorl 1969) rbou

t05 end E! p'p ie, Ghur frectlsnrttoa of thrra pyrorcnrr rcld eltl.

e ureh gr6trchta3r tn thr frlSc rrtlo of Chr rmtdrrrl ltqltd tben

tr rcEsally rben by ttc vetlrtlor rrrnd of thr try of Phaty tdotnler.

t/+ rubrtltutrt nrlaly for h* rnd gmrretly rborr . rtudy

dcplrttol drrtq trrctlcnettoil provtd-cd rhrralr co!!.lntng lcS rr.

rrprnitag f,ra Ebr nrgrrr. Sucb r rtud; drerurc lr rhcra by tbr

tla7 of tlnty volcrntcr rt:b l U.SfOl corrrlrttca coefflcl,ent of

-0.E!2 md l drcrerrt frm tt! ppo v rt 6ll llot ts 1t0 pp,u v rt

60I t[O1 (vrlu Grlctrlrtri frar UA rr;rreflcn t3rrtloa]. 8sch t

decrer;r ceeld br rrylrtnrd bt erlrttl frettoertloa of ptror.a.rr

prlnl,prl,ly rr5ltr rbteb eontdtr nbrtmttrtlt uor. t'+ thrn
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eocrtrBtn! hyprrrthrcr (trert & trylor, 1969) r fbr drte ln Dulera &

Trylor ( rloa, rrblr r) o! tbr !rrc. rlcromt coraportt!.on ef tlteeonrrF.ttt.r

la tbr try of ?lenty volcanlcr rlrcr tbst Gbtr alnrrel cottltar r'G{l

htgh eolsGatratlonr of d+ (450O-t000 ppn) and tbur thr rrend of v

dcplrtton eonld br produecd by r.prrstlon of crtr@ely mrll quaotttlrr

of tttrnocqntltc. Cmvrrrtly eb. dtlfrroce brnrrn thr fdttd red

ftnal rbtldrncct of V {n tht lrry of tlenty wlcrntcr rcvrrcly llnltr
thc reount of tlteaorr3artttr rhlch ern htvc t.pra.C.d fronr thro

(Uurcrn & tr;lor, l96E; ?eylor ct ll., 1969).

cr* lr vlrtuelly tdcetlcel tn rtr to rr* rad rbarr a urch

lrrger octehcdrrl rttr prefrrroet .o.lrtt (trrnr & ?rtar 1964) rhlch

loedr to ltr profcrrrtlrl eoDc.lEratton- ln rerly-cryrtelltrtag

fcrrcnrgmrl.en nhcrclr rnd tt,r reptd drplctlca tn rrrl&rrl llrytdr.
Ihe prttGan ol Cr* r artrtloa tn tbr try of Ploty volc,mtcr tr

e.rtrtnly not . rturph on of rrpl,d drphfton fr. to etTrBrl frrattcrtlmr
cr* rhcn I r,GEl eoarldrrrbk flsctuttol tn ebudrre (rrlatlve

drvtatlon of 6tI) aad dorr Eot rbor rny arrtrd corrclrc,lon rtCh 81Ol

(r: -0.267), erTttrtlt.rGtoa tndcr (r - 0.t70)) or dLffcsttrtloa

ludrr (r - -0.1!1). Pyro'rrHr 1l Sdjrcwbe enderltr rba c*.rtrrtloa
trcsorl (rrlrtl,vr Bo th. totel rcchl d I fer Gr ln rugltrr end 2 fot
Gr tn byprrrG,b.Er Frecsloarttm of EparEr f,ro lry rf Pbuty

rxrlculc nrfnrrr rorld thn ba rrpecErd Go prcducr r reh Eoaf

rrEtrtrnl prt3.tl ef Gr vulrSlon tbrn hrl brrn olmnrrdr In vl,a of

Eh. .rtQnr vutllcl rhorn by Gr rrll Gstr o! chrmlBr rrf
porrllly brtq rddrd to o! rsornd fro tbo argurl rlthrr by frrctto*el

cryrtrlllrrttoa or by coatm.leettoor
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lhr grocbmtrtry of O"* tr corylex, tltb sbrttrtrttca for

Al*, ?.*, rnd eatry ttto la ralpbtdr (trtlorr 196t b), In ihr tcy

of Plcrty vcleentcr lt rhorr I rltght Er6rtlve @rrclatloa rlth
gtOZ (r - -0.tt4), bog tbr totrt vertetton tr mly v.rt rraell

Addtttonel lnfstrrtloa oo the rrp.ct.d trrer rlccint vrrLetLn

prttrrtr for thr Dey of, Plratt rrlcutct 1f eryrtel frrctlcnrttil lr
oprfrttvrl tr obtrtrcd frm r ruler cf Ylrlc Irhnd drcttgr rrrylrd

frm ?b. b.dd.d volcute brecele drporttr rhlch .r. e{nrldcrrd to hrvc

fonncd mttrrly fro th. ecntrrl rptm of th. trlmd (rer p. ).
tblr enl,gc of rrylrl rhar l coqhnrntely rrlrtioorhlp brtrrrc th
lodrl poaceoteg.r of plr3loelem erd pyroror (fff, 33) ftu thlcb lt
1r lrferrrd thrC all th. jrrylrr fr. fnm tb. rer utnnlvr nrgrrtlc

tnitr lE rbtcb nodrl vrrl,rttonr rr. r profict of etTrtel trecGloertloo

fr,tbln thtr rtrglr mlt. ftthlr thlr rstto thr rrttc Gr/V rhorr I
ft&t4 porttlve ecrrrlrCtol rlth ptronr ent G,, rrd tL rrtto cclf
r rtaoc3 LtrClur corrrlrtlon rttb ptfu.rr c.Ftrrc ( ro Flg. t!)'
It cm tblt b. lrfrr-rrd tht tf pyrorno tret,tolrtLor tr m tryortmt

Ptrocf.r La tlr dttfrnattrtloa of the lry of Plroty vclcml,er rt .
rtclrl tbrr ctlY rl,ll rh,a r ttrmt Dejrttvrl md 8e/y r rtroag

porlttw ccrrllrttcr u13b gt0l, tbl rberrvrd crrrrlettn aortflelrntr

let Ctlt - trQl rar B - 0.2t9 ud tcr la/r - 8lo, rrr r r -Ortf!.
1S vettattoc of, tbn rrtlcr ll thne rddl,tloml rsl,drncr rjrtar:,

tle hnrthmlg thrt GrtrGrl frc,gtnrtlrc of pyrunrt hrr phyrd s
lqcttnt pgt lr th. dcvrlo'pnr* of sbnlcrl verlat,loo trmdr tn

3hr try sf Dlrrty rrlcm{cr.
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Plagioclase

Pyroxene

Cr/Y x 1o-r

Base Top

F'ig' 33. - Var'iation patEerns of nrodatr. plagioclase and ByroNena,
and the Cq/V and Sc/Y raEios in a suite of si.x rock samples fnom

the bedded vslcanie breccia exposed in a c,liff sect,i-on on the
norEhe-rn face of Central Coner Whale Island. The salnples are
plot:Eed in stratigraphic sequenee and the boEtorn and top of, ghe

section are indicated.
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by

1n

PEtqgoErFrIc rNrEnErcBs rB(B il{or rm rqlcr ErEtrDtT vArrArro}rr

Although neny frrtrrce of thr neJor ud trecc clcmcnB vrrl.ttoa
prtttrnr for Eh. try of Plcrtt vclernLcr rat Gqnprttblc utth frectloant

cryrtalltrrtlon ( rcc prcvlour r.ctlon) r crrttln ehcElcal frrHrrcr crc

tacoryrtlble wlth thr t.prrrttoa of rtgElflcrnc quenrtthe oC eny of

the phcaocrtrttc nLarrele, thrn ir. dcterkd belc,

srperetlon of plrgloelrrc ln rtgntftcent rgpultf 1r prceluded

tbr rtr. crrth dtrtrlbutlon prtternr rhteh do not shor ray drplctls
Elr lor .r. tu/Od rrttor rt ell drprcatrd. fvtdrncc frosr thr ruolrr

tetto vcrtetlor dtrgrmr for Al2Ol nd HarO vrrtettonr rtrmgly rugggtr
tbet clthou3h plr3toelatr lr th. onlt pbcreryrGlc urlarral to eontrla

rlgdflegut qlaatltl.Gt of tber llrmcntl, freetlonetloo of, plegtoelrtr
dorr Dot rnplrtn tht ebrorvld vrrtetlon prtt.rrr Ftrm pc8rologlcal

lvtdlur lt lr norC rnltkrly thrt lorablrndr sr blstttr hrr brcn ra

ffly cryrtltllrlry plem rbl,ch eqrld brvt prrtlclprttd to rtt Gt.nG

ln eryrtel frrcttoetto., tblr brf* nrbttra;lrtrd by tbc vlrtettea

trudr of lr ud the r.Btof lelnU rad lr/gr. ttjntftclet praor.a.

frrctto'nrctn lt prccludrd by thr ',.rrlrtlot Grrndr of tlt, Be, Cr 111d

th. r.G,lor Dlt/Cor Cr/V ead 8c/t.

tbc porlbl,ltty of cholerl vrl,rtlmr lr Bb. try of ?lcary

vclc|lfol brh3 cflrrd by eortalrrtln of rhr prrcatel crgtrr rtth
r perttcrlu crtlrlrl crn br rlr.rtad Dl coryrrlr3 tb. eburdracr

trrodrl rharat Dy rlm, Tltb rbuadrhmr tr porrlblc cortrol.rrttro
lroh rr rpgrcrch lt obvlcrl; rrttrlctrd tnr to thr prrr.nr, lrch of

tr.cG rlrnr$ dr:e for rly pou{bl. eertfirllutr otbcr GLrn tL
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nnrrghal frclern trlrmtc-Jutrtule grcFrcho rnd rratllltrc (frrt,

laylor & Gepp, 1968), rrd t,hr varlour vtlcraie rock ttpu of Bh.

trlpo Zorr.

For tbc purpo..r of thtr eoryulron 3hr chatcrl vrtrlrt{oa trodr
ral a.prcfmtrd by thc rlmrlt rbradrrccr tl tbr try of Fhety volcaatst

et t1O2 eoacrutrattoof of 60! rnd 6S, celculatrd fro Chc f,UA re3rortloo

Gqortlonro th. crleulrtrd trcndr (lrblc 3t) lr. tbln Ganprs.d rlth
raellrtlcrl detr for tbr iler4tnal frtrrh grr;rrckr (oren of enelyrer for

rqlu 32 & 33r 3rert, tryler & Grppr 196E) rsd rglltttr (Erert, Teylor

& C+pr 196tt rryh 34)r rad I crlcrletrd 60140 ntt of grGlrrrekrrergfllttc

urlag tbe .e[ enslylm. It tr rppmat f,ra ?rblr 92 cb.t nrtther

greyreckc, *gtlllGrl ttt rny ulrtrre of tha cold hsvt prodrcrd th.
obglro-rd vrrlrttoa trradr, for th. rlrrcntt tt, A1, P, 8r, Y, Cr, Cr

e'd Or, El coacral.artlor of thc lry of Ptrncy parGntrl uregroe (atlmlag

Ebtt to be tlallrr tn acrperltlcc to th cort bmtc f{rcurbc

ndmltrt). Googatrrttca by grrpnchr rloar ;nld tn rddtttor frlt
to prodncr th. tr.rdf for ttl Frj f,g, X" tb, la rnd Ge.

Etrert a gttpp (196t) end Hrert' teyler & Gepp (196t) hrvr nrggctrd

thrt thr rhTolltle nltrrlrl of thr tarpo Volcute Zotr my havr brcn

pno&*d by prrtlrt nrltlq cf 3be raerltnrl feclrrt lr.tn*clte-rrjllller.
Arrunl4 ttll nltlr3r Bhe coryorttlca of tb. rrtldnrl ertrrtel hr
bcrn crlidrttd rd 1r llvm tn trblr 3!. tta rerl&d grrprrclc-

rr;tlll3r cmporlttot Grcle br rrd rr I e63rhl,E rt to pro&cr tbc

trcadr olrtvrd for tlr rtsmtt 31, tt, ll, lc, Xt, ?, lb, lrr 8r,

Y, Gu1 Gol lc, V, Gr ud 0a.
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1. ttllrS;lul trlrrF 0rq7r6!1r (Drrtr teylcl & cepp; tg6E).
2. nf,rrgllel Feclrrn trjtllttol (trrnrr, trylor & crypt tg6t).
t. errlrrmtlrlr3tllttr lr 6Ol{0 pnopcrtlotr
*r Int&rrl trttsls-rrglllL:r rft* tOt arlttnj Go pt.odsce rhtollG{r (t).
3. Aveslto trrpo terr rhyoll,tr (rrrrtl trylor & Grppg t96t).
!99!t0
( r) ilmrr rrd

rG tl0-l of
rgrtf 6rr.

( I) 'Al1 velrer

ortdr cooc.rrtntlilr tl tdjce&br rld tthrlr lrleld rocht
60 fr{ 65 rfrr crlcrlrt.d tra Gb. uA rrjrrutor

rrt Ll prgrnr rnlur othrrln l,ndlcrttd,
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If nrlnrtlc nrtrrlelt rn rlro eonrldrred rmong thr porrtblc

e€f,rttllaarClr thcn rhyoll,tlc orgtsll 1r obvlourl.y thc nort probrblcr

Itcr ttyolttlc rockr erc by frr thr mrt ebrndent tn thr topo ?onr.

Coprrl,rm of rlomnt abnradrarr [n thr evrrrtc frupo tenc rhyolttlc

rtrptlvc (Srertr teylor & Ceppr f96t) gtvrn tl trblr 3l rlth thr

vrrtetlo trodr f,or rlenatr 1r thr lry of Plrett votcrnlcr rbqrr

tretllcEt corrGrpoadcacr. If r.rGtlSr rbyolttte urtcrtel lt r
Gootrnlnmt of Chr permtrl tay of llcnty tsrtua, ell trrc€ rlannt
Erudl rr. @llltetl,vrly oqletnrd rtth tbc rrcqtton of ttl. 3lecr

Nl rbor r ',crl lorr corrclettcr tttl StOt (r - 0.111) tbe ltt verlatlon

trcrd 1r cenrldtred to be nrcllablr,
IC le eolelndrd thrt lf thr c,hrntcal vlrl.eG,lon trmdr tl thr frll

of ?l:ety volenlc. rrr. prodrcrd by Goatrnlartlon of tb. parratrl

Erlpr vtth sppar onntll nrtrrlrl thro lt corl,d rct brvt brd Ehc

ccupetltloa of, Enugtrrl frclrf jreyrrckr, rrltllttrr oa I grrtrrrckr-

rrgtlllto co$taetlon. Icr tr chr rulfurl urtcrtel lrft rfEer t.l.
prtlal nlttq of grcTrrc'hc-rrgtllttr to pruducr rtyolttr I ultrblc
cntalDrBc. Hortwt tb. tv.r.te Ttupo Zonr rtyollte lr qrrrlttrttvtly
rrltrblr tor rrglrtnlrg the trrcf rlclrut rnd neJor elcncet vrrletlonr

o! thr Dey of ?hm7 volerllcr bt r aolGGtartten pfoGftlr

Althoqb tt tt atrtetaly porlblr tbrt najnettc alrtry tehr

Plectr tlr gtbr earldrrrtt rorr protrble cbrG rrtuLrl oC Gltt

cmpedttc lr pruficrd tucdlttely t; contrcG rlgt ttr rndolCtl
l|far ra tha p[tlrl nrlttag prudrct of thr rrll-roehr nrrrondl,ag

tbe ae;nr ebrnbrtr. tB lr lllt3.rtcd thrt tbtt prrttel ntlt, rbteh hg
tht rrrt cagorlGloa er I rbyolltt, [t rtttctl*td dtrrctly tlto Bbr
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aadrttttc nqne rld lr laltkrly to hevc crlrted er I dlrcrrGr rhyollttc

Er3nr rt thlr loeelt3y. If thrm vt,sryr rre corr.Gt thre Lrycrteot

l,afrrrncar csecernl,ng thr lececton of thr errrtrl Dage. chanberl

uadrrlylag f,4grcrmbr md llbeh Irlaad volcenotl c.tr br urde. Xot oalt

-rnrrt they lte rtthla tbc leno rock fotuetlon rhlch her ruffcrcd

pertlal mrlttag oo I rrgtonrl rerl. to prodacr rhyolttle re3nrrr bu3

Bbry asrt rlro ltc la a portt,tou rtthl,a thlr body rt rhtch rhyolttle

E"egug beve rnt bma prrvfourly grauetld. flacr thr Edgrctrebr md

tfhelr lrlend volcraocr rr. torng.r thea lergr .rolum.l of rhy"ollttc

cnpttvrl ln tbc t&E locellBt, tt tr lafrrrcd thrt tbr udreltlc md

daclttc Brgnr chenbrrt fra rt e grrtt.r or lumr drpth tn thc et\lrt

tben tbr rou of perGlrl nrlttq frc rhlch rhyelttr ber bccn prodncede

Stacr tb. varirt{oa trrodr tn both lbele ltlrad rnd Edgccsmbe r$lgee

rm rrErcly rtntlrrl rnd corld botb br erpletnod by arttallaatoa of

l&nttcrl cetrrlrlr tbr o.,,lrlff dlffcrucr brHrera thr t,rrcr clmrat-

rbnndcm 1l th tro vclerno.. (teblr 27, flrt br &lr te rllgltly

dtffcrelt cqotlttcoe of thc prrentel Ergst for rrcb volemo.

tb; dlf lrrmerr ta thr rb$ndrlcrr of 3r, Lt, Orr rnd !e tr Ghc tro

vslcruotr cmld bc r*plrtrrd by eoatmlaeClon of e lltrlr lrlrnd

ptrcntrl ElfgFr coqrorttlou rttb grryrreclr to predwr tb,| QProPrtetc

prrantrl nr3nr coryorttlsa for Efilcnbr' lC tr ruggrrtcd tbrt

taltLdly tbr pumlrl n gpr ler botb rrolcrnorf tlf thr tilrr colperlttort

rlth tht fhetr lrlmd p.rrntrl nqle brtl1 qhald la thr lgp.t crlrE

rt I tqtrr|crr rcb tlrt mly prttlrl ndtl,rg r( Bhr rrlt-teclr Eok

pl*r; glvtag rtrrl tc thc oboled vrrtltlm prttrrt cDr.rt'ed.
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tb. Bdgrctmbr prtcntal nrgne lr portrlrted to brvc bora qlrced eE

rlljhtly blghrr trnprretur. rrr thrt elmrt totrl nclttg of Bhr

rrll-roskr porlblt Sr.F rckr, uodlftrd ltr cmgcrl,ttor aG en rrrly

Itllrr llubrcqrrat prrttrl erlttag rad etrLertlrtloa sf, vall-toGl3

rqatrrtel et l krmr drpth (tUc parttrl nrlt botq of rhyoltttc

coeporttlor) rosld rcrult ln cbalcel vctrtLsn trrudr Ldrntlcrl

to thom rhorn by tbc ttalr lrhnd lrtBr.

thr hypothrlr tbrt, thc ehculeal vrrlatloo of thg ld3reonbe

cld lbrh lrlmd voleenl,e rulGrr lr producrd by artlnllrtl,oa of

thc lqr nrltlat polrt co,ryolotr ef thr rell-rock elrs prur.ldrt I

ntteblr nrcbrotm for prodectq lbe elellc chodeel verl,sttonr rrtlcb

hrvc bcrn m3gotcd tn rm errllor rccttou (g.32 ). Erch pnlrr

of rndrelttc Ertnr rtrlng frs drpth rtll urtallrtr rrll-roclr

ert.f,.rl &rrfnf tGr rfholdfng ttratf tn thr sppfr etnuttr ra,{ letrr

.rtpttmr fro tLir put lr of rrr3sr rlll bt netr Goatelaetrd thtn

urly rnrpttorf frm lt. tucc.lrl"e pnlerr of nrgnr rtll rhor

rlnllrr prttatlr of upper crurtel crmttataetton, rnd prrvldcd tbry do

let oGGupt tbr rtto of prr*'lou inagna shrnbartn I cycltc pettrtt

ol r.'rrirtlcn rlll br prodncrd for tb. .,'oleam tr e rbolo.

Gbolcrl vrtl,rttm trcadr fsr tblg. Irlnd rcehr havc btro

artn lvrlt dtrcured tn e prl'lcm-iretton (pr rll ) rad thr ecnclrttor

drarr tbrt th ttltdr erc drr Fr. Go Go*ttuttoa or rtrlslletlu

tlfl to Brtrtrl ttrctlnrtloor Horrvlr tt rbonld bc rmpbretmd thrt

tbc urtrrtrl setpoortblc fer eoacsrtartloa of, tlbttr t rlnd Eetnst rrilt
br of urrt dlflrnr3 eoegod,tl,n ac that rbtch Lrr brrn errtnilhted

bt tbc tdpcrnh ild nbrh lrtro{ Erlprrr
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ttt oIIoIn 0F 
^llDElIE

the crlc-rlbeltnr rrrocletloa eocrlrtr of lmc naatl rectt ttprrl

.ach ef rhleh oet brvr e eqlrr blrtorT o[ cryetellLrrtloar rf rrll

rr brtog relrtrd ln ltr orlgtn to thrt of tb. r|toctetl,on rt r rtolr.

Scvrral dtff,rrrot hypothmrr of ort3te bevr bro ru3gretrd, rd lt 1r

rnlllccly Ghrr rlt rtnglr bTpotbrrlr r{ll uElrfy rll thr foaturrr

thcm by roclsr of thc 
"af3-rlhrltEr 

uroetrtton tn dlftrrrnt lllrrr

ttr bypoth6rt that hrvc brrn propsfcd to rrplrtn tb. orlgla of

rudgLtcr frll tnto ftvl mlla frfiPrr tbrr,r gof

( 1) lrrctlonel cryrt,elllretton of, bgrltlc tn.ggt.

( 2) uolttng of lorrr anmtel rutrrlrl '
(I) ltxlrg of ue3nar.

(4) Coogmrtoetloa of brnl3te $rgrnr sl-tb rlrlle Grutto

( t) ?rrttet urtttoS tl tlr $PPrr arltll.

Detellr of naty of Bbr bypottrnt ud obJrcttou to certatn of

BbGo hrvl bmn fl,,cn by Snel e nfq;ood (196S), Esoo ((f96E)r Orbora

( f 9C9) rnd Trylor ( 1969).

ttc oecrrrrrcG of rcgtcerl Seochmtcrl asarl!'cr 1r md|rtCc

eoryogtior; goh tr Ehc hljh Ib, tl, lh, U ebtrdmcr rnd btfb Bbl$r

d ItlU rtttof tl frryo Eole mdcclGur 1r rvtdcrcr ghet locrl frcafrl

effct celc-rllrllat grorttc ptroGrltfre fttlr rt m hypothertr tr

Ithrlf Ge b. of 3orrrt eppllorblltty, ell typotbmm mrt bc tr.sfd.l

tl nclflcrllY lccrl toltdt.

2L9



9rlrfn of_ A?drrt tr tq tho teqpo Volcenf c EgrFc

Orbore (1969) rut8.ftrd thrt raderttc md elptae porf dotttc irG

corrploentcy predrctr sf trrctlmetlq oltvlnr brnlt Drgnr rrnd6

coadtttoaa of eortt.rt noCrrrte ort3.B paffrttror Orbcrnrr prtroglncttc

rodelr bered ol r grcat derl of e4prrlnentel rork (Orborn, 1959p 19613

Bordtr & Orbenr 1966 rr b| orborn, 1969), lrrylttr that Gl,tanonagnrtite

cryrtalllror urly end tr fractlonetrd eonttnnourlyl thor brtng

tncorporrtrd Lnto thr eccwntattvc elptn: prnldotttr. Hqlc*rtrr Chrlltr
& Lesder ( 1966r hblc 2l corrddrr that thr cberectrrtfEtc opa$f.

nllcrel foad tn rlptat p.rtdotttu ef thotcittlc parmtagr lr ebrml,to,

aot tttraoolgiltltro Frrctlonetton ef beutt to paodttcG rn rlplnc
p.rldotttr rtCh ehrmltr lr thr cprryc ntrrel,;ould let br effreerd by

the grochcoLcet 
".ftrtctlenr on tltrrmrgnotlt. ccperetteo diccurr:d by

Duwm & tlylor (1f68). Indmd, rsovel of ahrsoltr fron tbc pucotrl
nrlnt of uert ndmlttr lr rtroqgly nggct.d bt Bhe 3ro*rlly lq, but

.rttcncl; vrrleblrr Gr ebundrmr tn raderttrlc tl tbr frupo lorn tlr
urtkcd cooportttoarl tScpr brtrtro brmttt rad radctGrt (Clrrkr 1960 b)r

|r|d tbc rnrll rpunt of baerlE rt tha nrf,rce EilI. tt sallkcly Ebrt

rn'drrltr hrr bcra drrtvrd by frrctloorttea of berrlt. fr lrcropc

dotcrulaegloar by lrlrrt & grtFp ( f918) lrdlcetr tbet th. radolter
eculd rot hevr lorned by fracttonrl crtrtrlltretlon sf berett ul,th the

lral sr$/ertl rttlor rr thorc of rnrlyrd trupo tore brlrlEr.
81rcr tbr cqorltloa cf tb lorr* sart te thr trrr Ecrlacd rrglo

tr unkrrnr tbr vrll.dlc, of r ber cnrgrl n lttqg hypoehnit fj3 tbr
ortgla of tbr terye toor rnderlg.r Grnot b. GerG.dr
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lrrrlt rnd rtyoltte rre chc salt tro oegmar tn thc ?nrpo Sonc

rhtch eqld br nllced tog,rthrr Be produer eadottr or drclEr.

A th.orrttcrl alrtura of th. rvcrrg. Terpo tonr rhyolltr rad thc X'Irlg

berrlt (atdnt proportlmr eeleulated to glvr bcrt ftt for urtor rlrmntr,
date froo Ernrt, trylor & Crpp, 1968) tr cooperrd Bo lilP eadrrltr tn

FL3. 14, rbteh thffi th. rclettvl Gr.Gr rlcorilt cornpottttotr of tb.

aodultr rnd the nlrtutrr Th. rlorn3 ehndreco tn tt{P rndcrttr rrf
plottrd alon3 l 45o dt4onrl ltrr rnd rbrrc thr trro Gorycrlttmr rtrr

rerlv6tl6g tbr rhnrEt ebundmcr tn ch ralrtrr. rtll rlro frll or thtr

Itr. Itcrcrltlg dtrtucr bttrrrc! th. ploctrd potne for rn rlrmoat

rbnndaecc ll Chr bmrlt-rhycll,tr @lrtur. d th. dtagonrl ltnc

lodlcrtor lrreerfug dtrpefi,tt t$ cqorlC,lm brtrrm tbc nLrtur. and

thc nilP eodultr. Ehnratr rhartn3 conrldrrablr dtrprrtty Lu caporttlon

erc Er, lt, Cr, Cn rnd I.

lbr orlt Fevoleerlc rtrltc nG.alalr fn chc trrpo lmr for rbleb

CrrG. clrrrrac rnelpcr rnr rv*llrtlr rrr Fnrr3lul facl,oF tfifrchr
aad gjlllftr (!rrrt, Irylor & Srpp, 196t). Ft3. t5 1r r Gqpcrlmt

dtrgru tor thr cc4od.tton of, tt? rndmttr rrd r tbronclcd berrlB-

frrt'rrchr,*rrgtllttr nlrtsrr (nfxrq Fsoportlort mlcnlrtrd to gl,'re brrt

ftt tor ruter rlocatr). Eubrgrnttrl dtryrtttt brtnro thr tre

.T:tGlsr lr rh;a bf rblrtldmcu of th. clnrtl 8r, Err Cr rnd Le.

lfo perlblrlrtbedr of p*rdrctq rodrtCr by pertlel rarlttog of tb.

rDprt nrrtl. br,;r brrn ru3gmC.rd bt elrn & ffrClc+a ( tl6C, t96e].

llr ftrt hypctbmtr rrgrlnr thr prrttel nrlttq ct qrrtt rclogltr
lc .bfi3 l5O hn drptlr tbtr pro€.rr tt rrlthely go b. oprrrbh fir to

tb nlrttvl f,l, Ce rra Y rhdrrcrr lr rcloglCtc grnrlr eod pylorrnrrl
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telttb.t tlch thr lll,/Co rrd V/Hf rrtlcr ln eadertter (rc trylor rt ll,1
1969). Orco & S,l,agroodf e rcond hypothcrtr erllmtr tbat redultor
lrr forard rt dtptbr of 30-4{t Lr bl prrttel mrltlrg of rcr braltlc
nrttrtal or arphtbolttcr thlt proc.rr rpprrn to bc coarlrtcnt ulth

cdrrltr gcoebsl,rtry.

It can tb*cforr bc conclufud thrt tbc erlgtn of andrrltc tn thc

Trrpo &ont lt aot clcrrly drftnrd, rloer rG hrlt cro or thrcr dtffrrrlc
bJrpotbrrcr nppera to br coarlrtrnt rtth gb. rvrlleble drtr.

fbc hygothou rhl.ch rpp.rr thG lmrt ltlrcly ln tbr trrpo toer rnt

tbom lnvolvlni frrettolrl cryrtelltntlo of burlttc E :Frr or th.
utrtrg of nr;nerr to prodrcc u raderltr. tho hfpothmlr prrfrtrrd by

ch. rthor 1r thrt TrTpo Eoac talerltrt rrsr lcrurd by pert{rl nrlttaj
of thr upg.t mDtlc or lotrcr Gnrt et e drpth of !0-4O knr under

hydrour eadlctoctr Sueh r prrDcf.f tr coBrlrtror rtth trylorrr (f96g)

?lgrltorrtr for I tlo-ltrgt t.aaSlc proccrr to cpleln rndrrltc
grocbmlttrto
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PqlqocsEtlc F rfino soNl l,uflffic lsKs

Atl evrllrblr nrJor rnd Errce rlornt enalytcr of trnpo Zonc

volcrolc roclu 6re gtvrn l,n re&rerd forrn ( elrlyem of J@'! roclr ttp.t

trc rvrregrd) ta frblc 33, Bogithtr rtrh enalymr of thargl,nel frctun

grcyrreckr rnd rrgtll{gc for coqrrtron. All tlrf ttrt rluec Seelnrr

( l95E) end G lerh, ( t96O), GreGpt for Sehoftrld ( 1968), hevc rgrcrd on

the rxlrtcrcr of, ..perecc bereltlc rnd rhyolltle percnt rnrgnar ln thc

?trpo ton ' t\ao eoryorttloael otrprt rrltt tn thc TaWo tonc batett-

endoltc-declte-rhtolltt fultc. tLr ftrrt Bepr ra abrcncl of rnelyrcd

rockr esrtalnLag brEncrn ebouG 5t! rnd 561 itOZ (crcrpt for lor-lt

rnduttrr of rccurlrtlvr orlgln) rer rrcogdred by Clrr* (f960 b)l

.rd tbc rccoud grpr l vrrt rrrell ansbcr of rnrlytcd rocl,r cootrlntrt

bcnren ebot 6tl end ?1,5I 8tO, rar roeegrlred by $trlacr (1958).

thrn rr m dLrceatlaottter ln tbc trrec rlcnrcnt vrrlrtton trrndt

Borrrrpondta3 tc thr ccryorlttcml lrp bcHerr brrrlt rnd andulSc

(!2-56t 810.). fb*c rrrl hsrrnr, r ublr of dlrcootl.nutthr tn
I

Baeer rlolrnt. vrrtaEloa tnadr aoctGtpcrdtng to tb. drclte-rbyolltc

grp (6t-t1.5tr S1OZ)r In prrtlceler th. vuLrtloo trrndr of Sr, Botrl

tll, Sn, Rbr lftr Ltr 3c, V, i, Tl rrd t,hr rrtloc Br/8rr Rb/lrr ! .lnt

d fb/ll rll rhsrr rbngt chngm ln rtqr, or roverL tn tlopr; botrrccn

6G, rad tl.tB 910g.

Clrrtrt ( 19ffr) tu;luGtm tbet trupo Soor mduttu foracd by

a trrcttcrdtag bult rrrlnthttnt brtrd re{dlc lrtrrlrl of,

rtpoltttc cqorlGtcr Dn ryp.tr. uEtllrtyl rtutr tncr rlom?

melyrrt by hrrt, trylcr & Grpp ( 196S) tndl,crtr tbrt e brrlt-rhtolltt
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l.

IDrrl?rcArloil oF ltrlllgllll NIHl8nl fiB tflt$lt
OF DAIA ft'T TlrLT Tt-a'u

Ertrtg turlt - Errert, trylor e Gapp (196S)1 enelyrll Ho. 31,

flOZ from 0rrnjr ( 1937).

0ngeroto lrrrtt - 8r, Ib, Ur tt rnd f, frm Errrt l Stl'pp (f968).

Oth.r clutatr rtG [.n malyrlr - AEalyetrr ts.J. Xryr

(rrlot cloot{ A.8. Dulcen ( errcc rl,rsracr) .

0rehctksrrtro Derelt ' !r, nbr Ur Tb rnd f,, f,rm Errrt & tttpp ( ll6a;.
othcr rlocatr rr. rrr mrlyrtr - laalyrtu H.J. kyr
(nrlor rlmentr) r A.l. Drracrn ( trrce rlorntr).

f,rrrn3rhepr t c-!1 lndcrltr - Sr, Eb, Ur th rrd I' fto lhtrrt
& Ettpp (196C). Otlrr rlorntr rt rr rnrlydr o

Alrlyrttr M.J. fayr (naJor rleaat)r A.l. Du*o
( tracc clwntr) '

2.

!r

4.

!' Avrrrsr'T:;:TffijT :;';,TH il:,':'#.:
( 1966).

6. Allcrrl. tolojutrro NetloDrt irrk Lebndort3dlrbrrdorlse-ttronu
Andrrltc - rvoErtr of 2 orlyru (tqlrr 195{r $6)
frm Teylor 6 rbttr (rloc1.

? c Trmc Lrlrn f,otlbldr AndertBl - brrt, trylor & Grpp ( 1968)

rnrlyrll Xo. tll.

Er lvcrrjr ldfpnd. md fbrtrr lrlud Dlcltl - rv*r3r of tC arltr.l
rt ffieanbr mi fbfr lrl.nd rrngllrl drCr fttn trblu
l0r llr filr l[ Gd t6. hdyrter A.8.. hcaa.(docr
la lrbtr 23 d.EcrLrd by X.J. Rrtr).
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e' Avrresr *':;.';::::"lT:::,';:T:1,"i"1,ril1:.:T;r::::
A.R. Duncen, (rlemrntr Ln Teblr 25 dotrrniard bi X.J. Keya).

10r Avcrrge Henarreha Dalltc - r$rregc of ! rnelyrcr of Uenerahs rarylct,
date fror Teblrr 22 rad 25. Anelyrtl A.B. Duncln,

11. Truhur Drcltc - Sr, tb, tlt, U, K frm lnart & Ettpp ( fg6g).
OChrr rlorntr tt. ffT rnrlyrl,r ' Anrlyrtrr ll.J. Lryr
(nrJor rlrmrntr) r A.R. Duncrn ( tnce rlooatr) .

11. Ueungrongronge Dreltc - Enart, teylor & Cepp (ffCal, enelyrtr No. 27.

13. Avrrrgr fnrpo Zosr Rhyollttc Enrptlvr - rv.rrt3 of 26 anelyem of
tgatnbrltcr snd rhyolttr lrver bt Dtrrrtp taylor & Cepp

(1968), enrlyrlr No. !5'

14. tUarglnrl Fechrfr Oreywackr - evrrrgc of rnalyeu Ho.f l 32 rnd 33 ln
Errert, Teylor & Grpp ( tgCf).

15. tUrrglnal Fectutt ArBtlltcr q' Ernrtl Trylor & Gegp (196C)1 rnrlyrlr
No. !&.

161 601 4O 0royrraehc-Artltlltr - . orlc,uh;tod 60140 rntrture of grryf,rclctr.
ergtllltc urftg anefyro 1{nd 15 tn thtr trblr.'
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alr rorrld not hav.3h. eproprtetr trNcc rloot eoryorltlar (tlt. tl).
8te{nrrre (feSe1 hypothrtte that rndmltr hrr bcru produerd by beerlt

arllrrtlettq rcld-Baetrr beraeat hrr bcce ccarlderrd by hrrrt & ltl,pp

(t96E), nbo coacludrd tbat tbc rtotttbr ta thr lt54 H3nrubor lrvll,
ol rrhteb Strlarrrr hypothortr tr betrd, rre Gorr lfkrly Bo repam.nt

ruporftctrl t.rtl.rt mdlmltr tho brtenrrnt m6t.rtrl. Porlblr
errlnllettoa of |rnrrgtael-frellta tfrtrTrchr-rrgllllte by bereltlc

srgnr tc produer uderta rf tuttrtrrd by hrrt & ittpp (fg68), doer

noC te.ot coatlltcs8 rlth pruratly evrtleblr trroe rlelrrnt dett

(ttg. t5). rhur andctlt,c E{ry dro br a rrporrtr prseat 4rf!'s la eba

trngo Volcaate 3onc.

Echottrldrr (flOg) bypotherlr rhnt berrlt rnd rbyolltr tn che

tupo Zon brot brm drrLvcd by frec,ttcnrl crTrtelltrtton sf e parrn3el

end||ttlc rnrlnre lr lecoorlttert d,th lrotoglr .rd trrc. rfusrrat detr
(nert & SttPpr 196!1 hrrrBl trytor & ceDp, 196t1 $?rtt & trylor, 1969g)

rad drtr ln tbr prrtrnG Bhrtlr,

lurlt,

Thr trupo 8Grr brrrltr hrvt muG.lr tf. gt87lrr86 
"rtlor, rtth I

'-tt mrll r.t. of 0.t0lf - 0,704t (tbrrt & tBtpp). th. f,,-trl6,

Tclrre rld Orrkr!,IcreLe bueltr rrr ht3h-[ vrrtrttrr bt Inallf r
( 1960) &frrrtlo, Dnt thr 0qrrcto brrrlt lr ror l hrgb-At vrrtrttr
tbrrr ltG rt;rtf,tcrm, dlffrrumr ll errtrln rkont rbcndrncu nd
rhorrt rrttor brtrres thr dr!!*rnt borltr (trDh llr AL !r, HE, 

.

lb' Thr u' tr, Hl, L!, cr, VrLt lrfib, tVtrr rt/9, rt/Ger Gilv'- v/Ht)

prrtlculrrly brtrrro thr ol|rroto buelt ed GL. r-trt3 rnd
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Orrkrtkotrko brnltr. Tbc lc ll1, Gt, Cor rad Cu ebundrncct rhtc,h rrrre

colrldrrrd by teylor @69) to be cberrctrr{rtlc of br3h-Al bereltr rr.

rhrn by tlr f-trl! rnd 0rekclkoraho brreltej thc Oagrroto b*rlt, hltrrv-cr,

her rnrcb hl,gtnr lll end Cr bst hm Co eud Gu rbunduccr rtnller to thotc

h tbt f,'trtg brnlt.

It tr coacludrd thaC rll thr Srugo Sorr brnltr rrr drrtucd fron

Chr nrntkr but Chet rt lrrrt tro eheetcelly dl.rtl*,tlvr beaelt ttpc.,

rtth dlffonat pcGrotrnrtfe htrtortrrl ra. protrato

Andrtttr eld Destgc

Aryguncntr ln flr'anr of I r.prrrCr prrrnt endorltG nrgna, rd
vrrLour gon ttc hypotbmo for ltr heve bera d{sg$mrd prluLourly,

lf,-gt udcrtEcr cf rcermulrtlve orlgf,n r.rr rcpertrd froea t1H? by

Clart (f960 b). A ls-St radrrlt,. caoppln3 olt rG X,rnn3rbrpr har e

raeJcr rad tnsc rllnrrt eqorltlon ertaenrly ttallrr to thrt ef th.

nlt lou-91 rnduttrr (trbtc l3). llorsvj3 thc l*rngrbrpr lorr-31

andolt: har rn rrfrlalotrely lq SrEt/ttt0 rrtto (0,t041), rlgnlftcrntlt
lcrr thrn aort cllrr enCrtttc rrtio. (0.70!t - O.7O6t) riport.d by

trlrr: & Stl,pp (1963), rhteh rugt.rtr ehrt lt Lr not r eryrtrl ecsurolrtr

forrud fro,n fto endoaltlc arrgrn. ?lttrmpsp eldcrLtr (fert & 8ttpg.

1968) elro her F msralartly lor 8rt'lrt& rrrlo (0,?O46)r rod {rr
ntrrtlott .troqfly sgrut tbrt tc u.t h I lcr-lt typr (no cEolertr

rnelyrlr tr rurtleblc). tbrn rrmrllm rhould be turtbrr tavtrtt3etrd

if frtrrr rott.

lLr tncr rkcrt coryorl:,lo of drct3m lr nrrr rnrteblr th.r thrt

oC rlt eth.r 'rolcul,e roch tt?. h thr ?anpe torr ( lrbh 3l) r ugtttttrrg

tlrt Ghr leclt.t nrt hrut ort3lneBed by DOra tbra on paocct3c ltt lry
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ef ?knty drcttcr beve probebly brea forncd bt rn rridctttte nqlEr

r[Lsl.lattog rpp.8 cntGel nttct{rl. Oth* l.n tlc proeetl.r jlgtfft.d

f,or Teupo &eat drettrr rr. frrctlonrl cryrtrlllrrtl,on of rn&ttlr
(Sttiartr f95S) rnd prrGlel mlttry of grrynchc-rrgl,ltttr (lnrt &

8tlppl l9eg).

Rhyolttc

-

f crnrgel mlElt€ hypotbcrtr for tht ortgle of tht trupo Zmr

rtyolttet lr janrrlly ecceptrd (strtrfrl 1g5s3 clerk 1960 r, b;

Errly, 19643 Hrrt, 1966 j hrrrt & 8ttpp, 1968). Thl cnttrl aetcrlel

of relt, rutteblo orJor rlocctl trlGr clmm3r rad l,retcplc ccpotlttoa

le corldrrrd to br ttaergtarl trctrrn SRrFrckr-rrgtllttc (nrert &

Sttppp 19683 hrrrt, teylcr & C.ppr 1968).
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SrFB.ttY

l. HeJor elmat ccnPortttoar of, lry cf DhnGy volcrulcr rr. ttptcrl
of thl celc-elhrllnr rttoelrtleE. llott rrnplet rrntt ta coryorttlm froa
endlrttr to decltrp r{tb thr nelorlty bolaC drelt.r, rnd .r. latcmrdleer
la cqorltlm blwrea tbr tt{P mdtrttrr rnd tbr trchrre drctt'r

2. thc Bry of Pkaty volcrolcc cnd othrr Taupo toao eudrritet and

daeit$ |tG grarrally bl3hrr tn Rb, ll, Tb, 1t u, rtrh hfhrr Rb/tr
rrd fb/U rattor thso otbcr wutcrn prclftc aodorf trr aad dreltote

t. 8{rcrnbe rad llblr Irtrnd rarrplu dtflrr rtjntftcrntlt tn
rbmdrrccr of, thc rhnrntr Tl, ?, !fr, Ll, 0e, te, cnd l, rnd tl thc
srttot lr/tbr Dal|drt, rad ir/Cs. rf thr Fo uolercocr bed e G@!on

paroat nr8nrt thrm dtfforroGtt cqtld loG br th. rerslt of frrcttonal
cryrtett I retloa proGttler o

{. flbttr lrlerd rarlyrcr fell Lrto tro dl,rtlret tr{pr, 35r rry ilred

rod$ttr ild th Gcatrel Cc drcrGel. GraG,rtl Conr drctG* hrvt vfr?
mranel trtc. clreme emporltt.trr perttculrrly for thr rlnotl !e,
lr, Nt, Cu, Co, Il, V, €r rnd thr rrttor tft/Go, V/Xf r h/tr rrd h/nb.
lbrlr eursrl copellttoe prrcludet drtlvrtloo bt frrcttcgl crllttrl-
llBtlon of !h. troq ltrtd andmlttc'urjnr, tbr rnerlorf cos1aGrrG1orf

of tbr do|otr lrtelhd rbcvr tototLr flth r[rnrlll htlh l, cl rnd I
tEtctt filt$3f thrt sbl nry Lrvr fcuurd by cntnlnrttcn ef ndmlttc
n.tF. rtth urrtlr rdlurntr nd |ilrlEffr

5. HrJor rkmrt nelyrr st thr lry of tl.Dty uolcd,er tet,la tb.
r{Fr vuletlon tr|trd rr thr 8rrG of tbr tapo rnlcalcr, bet thg|r r
vldrr rGrtEGr ebert ghc ernd.
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6. f,etor rkcrat vartetlon Crurdt for Edgrcubr ud flhrle lrtard Grrmt

br crttrrly rrplrtrrd by trrctlorel eryrtelll,retloar rtrr Chr Al'Ot

rnd XerO trrdt ernmE bt rrylrterd by ptegloclrn (resttonetlon,

.v-oa thoqbr tblr tr Chc orlt phreocqtrt ulneral contddrg rpprcclrbh

roolntt of, fhCrc orldrl.

7. ?rccr rhmrng urrlattoo trrndt for Ed3reurbc od [helr Irlud
clrct b. upletnad by cryetrl f,rreetonetto tanlvtng rerrrtten of

plagioclrlel rugttrl hypctrthenll btotl,tr rr hornbhndr lrm Bhr

perrut Ertutr

8. Verlrtton trrndl f,ot Bdgrcrnbr eed ttrlo ltlrnd .rr GooelrtcaB ;ftb
errtalletlon cf nrtrrlel rtBh ttr aoryorttiot of rvrr.3. Terryo Sear

rhyoltlr lato en aadrrtttc perrat argrtr It Ll eoort&rod Cbrt thlr
proc.lr 1r uort l,tkrly to br om ct rrll-roGk prrClrl urltta3 end

errlnl.lrttoa tLra onr of urgtrtle utrin3.

9. Pru,rlG knerhdgr of Bhr 3rocbmLttrt of Trqlo toar *.rolcrnl,c roclr

pNrt{culerly th. rrcojoltlen of capcrtCtoorl trpr brtrce lt* sd l6t
SIOZ rnd brarrca 601 end 71.58 81O2r rulttrtr the prcrrocc of thret

prt.rt nrtqirf brelt, uJrtl,tr rnd rhyolttt.

10' lfc Cyprr of bmrlt tr. pfirr.rG h thr Turye tonrr a htgh-Al

brrrlt (lrttattloo by frno, 1960) frd . rlchllllc bualt,. loth rtp.r
ra. cor.tdsrd Go br of nrntlr ort3tr (frrst & lttppr 196S) brt thrtr
dterlhd prtre3atl,c htrtcrt urrt clerrly bt dtffrrent.

il. tb cqorttloE of trrpr tcm rldmltrt it tncrnprtibl.r rtBh tbrtr
forrrtlo by rlrt{ d, tilpo lrr.'.brrlt rEd rlyolttrl or bp
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sottd,Ertlcr of c brrrlt nlth tt$r1tErl f,relcrn l3cFrsch.-.rg,tllltr.
It ta cmrldrrcd thrt thr nort ltkrly ortgln for teupo Zorr radrtltcr

lr by prrt,lel ucltl,nj of thr WpGr mastlr or l;tr cnlC (Orrrn a

Ringroodr t96t).

lt. trupo lcor dacltrr rhc rrcrsly verleblc trrcc tlmrat
eqarltlonrr ruggrrtlng thrt they nry hrvr brra forard bt norr chs

or. procuro Tbe verletlon trcadr of tbe ley of PlrntT drcltrr

cng3ort that tbcy rlrre ferurd by cortenrlaatlm ct lo endrttttc nrg6e

vtth upper enrtal mrC:rlrl.

llr All evrLlrblr taforrnettmr rnft.rtt ebrt Trupo lor rbyolttco

rrre formrd by prrttel arlttng ol rpp.r crurCal mrttttrl. frrrt &

Etlpp (t96t) rnd Ernrt, Trylor & crpp (tg6e) rugrrt tbrt Ghr cort

lfbly ruch nnrGcrtel lr har3Ltrl frclertr greyrrehc-rrjtllttc.
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Ab'strilct. Five magne[ites froru anclesit.ic and dacitic ltrvas frorrr thc volcanoes Edgecumbe,
\\'halc Islantl. anrl White Islancl lr:ere separatecl. and anal_v-sed for IIg. Ti, Cu, \,', Ni. Co, ]tn.
nnrl Clr'. TIrc va,nadium conterrts provir:le rlifficnlties for OsnoRs's (1962) hypothesis for thc
origin of calc-alkaline rolcanic rocks.

Inhorluetion
The volcanoes Eclgecumbe, \Vhale Islancl and Write Island are in the Bay of
Plenty region in Neu' Zealand (E. Long. 176'-178o, S. Lat. 37"30'-38o30').
Th"y are 40 km apart and lie on the flanks of the northeast trending Whakatane
Graben and its sealvard extension, the \Vhito Island Treneh.
Total-rock analyses of 40 andesitic and dacitic lavas from the volcanoes (Duxcerv,
unpublished dat'a) show a variation in SiOu froru 58-67 %, ancl typical ca.lc-
allialine major eleroent, chemistry. The trace element chcmistry of magnetite
was investigated beeause of it's irnportance for hypotheses of the origin of the
calc-alkaline volcanic association.

Analytieal Dtethoils

Total-rock samples were brolien down in large and small jarv crushers, then
ground in an agate cone-grinder, and finally in an agate grinding vessel on a
"Tema" mill. Magnetite was extracted by hand. magnet, with the sarnple arrd
the magnet immersed in acetone. Nlagnetite concentrates were purifiecl by
rcpeated separations under acetone, the final concentrates being at least 98o26 pure.
The elernents Mg, V, Ti, Cu, I{i, Co, 1\[n, and Cr were determined on a Jarrell-Ash
Ebert grating speetrograph. Samples were mlxecl with twice their weight of a
carbon-palladium mixtute, the palladium acting &s an internal standard, and
were arced to completion. Johnson-Matthey "Specpure" oxides of the elements
Ustecl above rrere mixed in a base of 'oSpecpure" Fe2Os, and a set of standards
obtained by successive dilution vdth additional " Specpure " X'erOr. Two provi-
ously analysed magnetites from the Skaergaard fntrusion (Vntcrnr et al., 195?)
were re-analysed and found to plot on the working curves obtained from succes-
sive dilutions of the standard mix.



Trace Elernent Alalyses of )Iagnetites

All sanples ancl standards were analysed in triplicate. The lines llg 2783, V 3185,
Ti 3262, Ct3274, Ni 3414, Pd 3421, Co 3453, Mn 4034, ancl Cr 4254 lvero read.
The analytical precision, expressd as relative deviation, wel,s + 5o/o.

Discussion of Anall'tieal Data

Ana,lyses of the five magnetites are given in Table l, and analyses of the total-
rock samples frorn which three of the magnetites \r'ere separatetl tr,re given in
Table 2.
Osnons (1962) ancl Rontnn and Ossonrc (1966a, 1966b) have proposed that if
basalt is crystallising under conclitions of constant moderate ox)'gen pressnre,
early crystallisation of magnetite vrill result. Ther,' have further suggested that
the crystallisation would be follorved by early sepa,ration of rnasnetite preventing
iron enrichment of the nagrna ancl permitting the forrnation of the calc-alkaline
suite by crystal fr:r,ctionation.
The octaheclral site preference energies (Bunss and Fyln, 1964) of divalent feno-
magnesian traee elernents, Ni and Co, exceed the site preference cltergy of Feg+,
aucl siuilarlv the site preference energies of trivalent ferromagnesian trace
elements Cr', ]In, \:, ancl Ti exceed that of Fe3ts. Consequenthr fhs proportion of
ferrotnagncsian traee elements is greatest in the early-crystallising and least in
the late crvstallising magnetite. Thus the concentrations of Ni, Co, Cr., V, and Ti
in the magnetites analysed will be less than in rrragnetite rvhich may hil\'e
crvstallised from the rnagma at an earlier time.
The loss of ma,gnetites having the courpositions shou.n in Table I r,lill strongly
cleplete the magrna in va,nacliuln. 1-or exarnple il magnetite representing I % by

"llablc L Analysu* ol llaftneti,tes

Samplc: I1,206 I1,250 11.215 I I "228 I r,251

3l

IIg- 9o

v-96
Ti- o,u

Cu
Ni
Co
IIn
Cr

1.33
0.63
?.)

150
63

ls0
9,900

170

1.24
tl.6(r

6.6
120
6()

l6t)
2,80t)

360

1.72
0.55
i.2

100
61

160
2,900

370

1.28
0.45
5.1

6C)

64
210

2,700
47

t.l r
0.80
6.9

270
320
230

2,500
I,100

All eoncentra,tions are in ppm unless othersrise indicated.

weight of the rna,gma lvere removed. this would result in a decrease of 60 pprn
vanadium in the remaining total-rock; and so on in proportion. The amount of
vanadiutn which could be removed from a fractionating basaltic parental magma,
to produce an andesite is severely restricted by the vanadium content in andesites
relative to that in basalts, shovn in Fig. I (after Tlrr,on, f 968). If it is assumed
after Osnonrq (1962) that andesite is formed from basalt by fractional eryetalli-
sation, including early crystallisation and removal of magnetite; and using
Tevr,on's (1968) values for the vanadium content of average high-Al basalt and
average andesite, the maximum amount of magnetite which could have been
removed tB 2%.
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Since the removal of 2o/o magrretite from the basalt would result in a reduction
in total iron (expressed as FeO) of less than 2%, ib cannot explain the observed
4% difference in iron betweenthe high.Al basalt and. the andesite. Irurthermore,
since Osborn advocated separation of magnetite in order to counteract the
trend of absolute iron enrichment, his hypothesis requires a separation of more

Fig. l. Vanadium content of basalts and
andesites

Tablo 2. Total-Roclc annlgaes

Sample 11,206 I1,215 I1,228

si02
Tioz
aro,
FeO
CaO
I{gO
Na2O
Kro
Pooo

59.88
0.74

L7.32
u.o,
7.60
3.63
2.7L
t.44
0.12

63.69
0.69

16.42
5.72
5.99
2.54
3.07
r.77
0.12

58.05
0.64

t6.18
7.46
8.76
5.73
2.06
1.05
0.08

r60
25
t6
2L

I,120
64

Total iron expressed as FeO

V
Cu
Ni
Co
Mn
Cr

r92
32

7.3
l7

1,050
44

t40
t5
10
13

920
3l

All ha,ss element concentrations ar€ in ppm.
Sample 11,228 is a xenolith in a dacitio lava from Whalo Island.

Sampl,e Locati,ona:

11,206 - Mt. Edgecumbe, westem flow units
11,250 : IlIt. Edgecumbe, base of nain cone, North side
ll,2l5 : Mt. Edgecumbe, base of main cone, North side
11,228 - lVhale Island, cognate xelolith from flow on top of main cone
ll,25l : Whito felond, South shore.
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Analyses of Ma.qnetites

4Y" magnefite; the, va,nadium tlata rnakes this nrost unlikel5r, Ferro-
magnesian silicate minerals genera,lll' eontain mor.6 v&n:adium than bhe ma€fma,

which tlrey crystallise, co Nequentls. removal of these to.gether witft
rnagnetite rvill not countettct t'he trentl of nunadlum depletion due to the
uragn etite sopatation.
Taking the Taupo Voleanic Zone, IVew Zealrrntl
tost Og,born's hy:pot'n*esi!, the same c,onelusion
vanad.iuru eontent between the K-Trig high-Al
the average eomposition of Etlgecnrnbe, \\'harle

a,s fl Eperifie area in which to
is reachecl. The difference in

basalt (l;)wr,nr et aI., 1968) and
Island and \Thite Island rocks

from which the magnetite sumples rvere separaterl, ix 190 ppnl. Tho ,difference in
v'anadium content irrfers the separntion of n maximuur of 29ir rna,gnetite, which
is insufficient to explain tlre 3.7"10" clifference in tota.l iron content, Turther
traoc element analyses of nragrretites frorn eale-alkaline volcanic rocks will
provide & rnore general and conchsit'c teut of Osnonx's hypothesis.
The extrerne r.a,rinbility o{ clu:omiurn in the rnagnebites ie notentrthy. Sinc,e

magnet'ite can be easilv separatccl irr a higlr ,state of purit'y fnom volcanio mrltierial,
it Is sugge'gte.ct that the chrorriurn content of magne.'tites may be a uSeful tool in
the stratig'aphie correlation of pror'luete of a single eruption.
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Abstract-The vanadium content of calc-alkaline andesites averages 175 ppm and is similar
to that observed in basalts (averago 200 ppm). The average nickel content of andesites is
about 18 ppm, u'hich is mtrch lot'er than the nickel contents of alka,li or tholeiitic basolts
(avoragc f 20 ppm) but is similar to concentrations observed in high-Al basalts (average 25
ppm), Tho Ni/Co ratios of colc-alkaline andesites ancl high-Al basalts &re less than one, in
contrast to ratios of ggeater than trvo jn alhali and tholeiitic basalts.

The data are difficult, to explain by previous h;pothesos for the origin of andesito m&gm&,
that involve (l) removal of magnetite (2) rr.ixing or assimilation of basic, or acicl material,
or deep-sea sediments, (3) partial rnolting of quartz eclogite at high pressures and (4) fracbional
crystallisation from a parent high-Al basalt, under low pressures. A two-stago process of
partial melting from pyrolite is consistent with the ferromagnesian tracs element abundences.

fwrnooucrroN
Trrn calc-alkaline andesites, typically occurring in orogenic regions, are often con-
sidered to be intermediate in composition between the common basic and acidic rocks.
Although they contain &n average of about 60% SiOs and appropriate amounts of
other major constituents, except potassium, the abundances of many trace elements
(Tevr,on, 1968a, b; Tavr,on and Wrnrn, 1965, 1966) do not show this intermediate
character. This paper is concerned with the abundances of the fenomagnesian trace
elements (Ni, Co, V, Sc and Cr) in salc-alkaline andesites and their significance for
theories of the origin of andesite magma.

Ernunxr AsuNoa.Ncns

Andesitic rocks of similar ma,jor element chemistry occur in the orogenic zones
along the western margin of the Pacifi.c Ocean. They occur in regions of thick
(New Zealand, Japan), intermediate (f iji) and thin crust' (l\farianas, Aleutians) alike.
Rocks for which there are reliable chemical data occur in Nerv Zealand, Fiji, Bougain-
ville, Saipan, Japan, Kurile Islands, Kamchatka and the Aleutian Islands. Table I
comp&res the average major element composition and Ni, Co, Cr, V and Sc contents

276
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Tahle l. I{ajor c'lement and fenomagnesian trace element, oomposition of basaltic and
calc-alkaline rocks. Data from Teyr,on (lg68b)

Alkali and
tholeiitic High-Al
basalt basalt

Low Si
andesite

Low I(
ondesite

Iligh K
Anclesito andesito

sio2
Aloos
Fc0
IIgO
Cn0
NarO
KrO
'r'i02

ppm

Ni
Co
Cr
v
Sc
Ni/Co
v/Ni

49.2
I ir.7
I1.2
8.7

10.8
2.3
1.0
1.8

r20
50

130
200

40
2.4
L.7

25
40
40

350
40

0.63
10-0

54:9
17.5
8.2
4.7
8.5
3.4
l.l
0.8

28
28
85

200
3l

1.0
8.0

57.3
l7'4
7':l
3.5
8.7
2.6
o.7
0.6

l5
20
44

195
3l
0.75

l:l

59.5
17-!
6'l
3'4
7.0
3.7
t.6
0.7

l8
?4
Dt)

175
30
0.75
9.7

60.ri
16.8

5.1
2-2
o.o
4.I
3.3
0.8

rt
r)

l3
3

160
g0

0.23
53

irl'7
16.9
10.4
6.5

I l.o
3.1
0.4

of these calc-alkaline andesites (frorn Tavlon, 1968b) with data for high-Al basalts
and for alkali ancl tholeiitic basalts. With the exception of Lh in andesites, frequency
distribution of the ferroma,gnesian trace elements is lognormal (Figs. I and 2). The
frequency diagrams &re plotted on logarithmic co-ordinates to correr the wide ranges
in composition and to display lower concentration levels adequately.

The data in Table I and thcse diagrams illustrate the low abundance of nickel in
andcsites (18 pprn average) and high-Al basalts (25 ppm average) in comparison to
alkali and tholeiitic basalts which aver&ge 120 ppm (Fig. l). fn contrast, the concen-
trations of vanadium show only minor differences in all these rock types (Fig. 9).
Both cobalt and scandiurn are slightl.y Iorver in andesites compared to basalts. A
wider scatter exists for the chromium data with both andesites and high-Al basalts
showing similar frequency distributions, with lower values than thosc observed for
alkali and tholeiitic basalts. Greater contrast$ are Bhown by the element ratios.
I{i1Clo r&tios (Table l) are less than one irl andesites and high-Al basalts, but exceed
two in alkali f tholeiitic basalts. Y/Ni ra,tios show thc reverse relationship being
greater than I in high-Al basalt and andesites, but much lovrer (about 2) in alkali
and tholeiitic basalts.

RnlErroN oF Ar.'Tpnsrrns To Hrcrr-Al Bes.llrs
Similarities in thc Ni/tlo aud V/Ni ratios and in the absolute abundances of the

ferromagnesian eleruents in calc-alkaline andesitcs and high-Al basalts are note-
rvorthy. These data make it difficult, to derive andesites from high-Al basalts by
fractional crystallisation processes that involve removal of olivine, orthopSrroxene or
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NO.

NO.

r0 a0 t30 aat |too

ppm Ni

Fig. f . Frequency diagram of the distribution of nickel and cobalt in anclesites,
basalts ancl high-Al basalts. Note that the nichel content of andesites is nruch
lower than that of average basalts bub is similar to the high-Al basalt values.

Sources of data for Figs, I ancl 2.
Dota for Ni, Co ancl C" tion by Tunrrrllr and
C.urn (1960). \ralues for \r and Sc are from NnsrennNno et al. (1g64), Nocrcor,os
a,nd Ar,r,nN (1954, 1956) and TunrFrAN (1963). Data for these elemente in
anclesites are frorn Tevr,on and \\'rrrrn (1966 and unpublishcd data), T,lylon
and Br.elrn (1968) MenrnrxrN and Seroznrirxova (1g62), Co-r.rs (1952, lg5g),
Co,q.rs et' aI. (1961), Dnrwus et al. (lgor), Lr*rs et al. (1060), Npr-sor (lgbg),

Po\lurs et al. (1960), Nocxor,ns and Ar,r,rx (lgi3).

clinopyroxene. This is because these minerals conta.in abundant octahedral Iattice
sites which Ni especially will preferentially enter thereby leading to depletion of Ni
in the derivative andesitic magma.

FnnorroNAr, CBysrArrLrsATroN fNvoLvrNG Rrrroval oF MAGNETTTE

OssonlT (1962) proposed that early crystallisation &nd removal of magnetite
would Iead to the observed lack of enrichment, of iron in the calc-alkaline association,
if these are & sequence of rocks derived. from a basic parent by fractionation. Spinel
structures readily accommodate the fer:romagnesian trace elements as is shown by
the occurrence of chromite (Fez+CbzO4), trevorite (NiFea+rOn), jacobsite (MnX'ea+eOr)
as we_ll a,s ma,gnetite (Fez+Fsr*rOn). Vanadium is stabilised in octahedral sites by
ligand fields, and is abundant in magnetites.

Itlagnetites from andesites and dacites from Mt, Edgecumbe, New Zealand,

Andetiter
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Sorolt r

m High Al Bosstrs

ro re r0o

Andcrlter

. | 0 .o r0o /00 t000

Fpm Cr
ro a0 roo

ppm 5c

Fig. 2. Frequenoy diagra.m of tho disbribution of vanaclium, chromium ancl
ecandium in basalts, high-Al basalts and andesites. Noto the similar distribution
or cr in high-A' o*tm* 

iltilh"ili:;*ffiti:"cont'ents 
or andesites a'ro

oontain from 0.45 to 0.80% vanadium and average 0.60 per cont (Duucer.l and TAy-
r.on, 1968). Crystallisation a,nd rcmoval of magnetites of this vanadium content
will strongly deplete the magma in vanad.ium. Removal of one per cent of magnetite
will result in an average clecrease of 60 ppm V in the magma; similarly remova,l of
Z/"nagnetite will cause a, decrease of 120 ppm. However the similarity of vanadium
contents in andesites and basalts severely restricts the amount of magnetite which
could. be removed from parental basaltic ma,gma to produce andesite and this
reetricts the maximum amount of magnetite which could separate from the basalt
to less than 2 per cent. Secauso the removal of this amount of magnetite from the
basaltic magma would reduce total iron by less than 2%, ii therefore cannot aceount
for the observed differences in iron of (ftbeiween high-Al basalts and and,eeites.

Mrxrlva Hvrorsnsus
Simple bulk mixing of basie and acid material could produce the major elemont

composition of andesites, except for potassium, but not the trace element composi-
tions (Terr,on, 1968a, b). Low Ni and high V contents present special problems for

{00

v
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such mixing. If a high-Al basalt was ono parent, the similarities in I{i and V contents
between andesites and this class of basalt do not allow much dilution by the acid
component, which would typically contain very low concentrations (<f0 ppm) of
both these elements (Tarr,on, lg68a). If either alkali or tholeiitic basa.lts were the
basic parents, the low Ni values in andesites would require >70 ol granitic material
in the mixture. However, vanadium contents of andesites are so similar to those of
basalts (Table I and Fig. 2) that no large-scale dilution with acid material could have
occurrod.

Ir.rconronATroN or SEA Fnoon SnnrunNrs
It is possible that movelnent of the oceanic crust down the dipping seismic zone

beneath island arcs followed by partial melting could prod.uce calc-alkaline rocks.
The average amounts of ferromagnesian trace elements of the deep sea clays,

rvhich might contribute at least some matelial to such a process are:

Ni 225 ppm
Co 74 ppm
Cr 90 ppm (Tunnrrmr and Wnnnponr, 196l)
V 120 ppm
Sc 19 ppm

Addition of this material would add substantial amounts of nickel with a low V/Ni
ratio of about 0'5. Ilowever the V/Ni ratio in andesites (about l0) differs from that,
in deep sea clays by * factor of 20 so that' mechanisms to equalise these ratios are
necessary. If andesites are produced by this mechanism, it is clear that the involve-
ment, of deep sea clays is negligible.

Dnnn'atroN or, C,tr,c-Ar,xAr,rNx Rocxs Fnolu Eclocrrns
Gntrrv and Rrxe\vooD (1966) have shorvn that, at 95-40 kbar and in the absence

of water, andesite is the low melting fi'action of quartz eclogite rvith a, composition
"similar to basalts found associated with the ealc-alkaline serics" (p. 302).
They conclude that fractional crystallization of basalt or partial melting of quartz
eclogite at depths of 100-140 km sould produce andesite, leaving behind a residuum
of about, }}%clinopyroxene and 20 /ogarnet Under wet, conditions the samc process
would produce a daeite and a residuum of 33 fl clinopyroxene and 26 f garnet They
cite the occasional presence of almandine-pyrope garnets in the intermediate and
acid calc-alkaline rocks in support of the hypothesis of deep seated origin (Gnnnx and
Rrxewoon, 1968b).

Ferromagnesian trace elementsin garnets and clinop;noxenes of high temperaturo
eclogites and in garnets of calc-alhaline rocks have been determined in order to test
these h;rpotheses.

Analytical, nrclltoda tor garnct anil cli,noXtArosene

A Jamell Ash (I\[odol 7l-100) grating spectrograph with a 15,000lincs/in. grating in the lst
order, giving a dispersion of 5'2 A7mrn, was usocl. Tho arc was focussecl on ths slit, using a 4b0
mm cylind,r'ical quartz lens. The slit width was l0 p. A seven step sector (2: 1) ratio rn'ae used.
Two Ilford N-30 plates covered the wavelength ra,nge 245G-4gb0 A.

One parb of sample u'as mixcd with 2 parts of National Carbon Co SP-Z graphite powder
which contained 0'O4o/o (NHB)4Pd(NOg)g (Johnson l\Iatthey Specpure). Using a l0 A d.c. arc
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tund a,trocle excitation thc samples were arced to completion. Anodes wcre National CarLron Co.
L426I (SPK) prefolmecl electrocles and cathodcs were National Carbon Co. L3863 f /S in. carbon
rocls.

The follorving lines u'ero read using a Jarrell Ash }licrophotcmeter (lfodel 23-f00) r'ith a
slit rvidth of 7 pr and drivo rato of 0'5 mm/min: PcI 3421 Internal stanclard, Ni 3414 and 3391,
Co 3'453, Cr 4254 and 4344, V 4379 and Sc 424$. A comprrter progr&mme was usecl to obtain
relat,ive line intcnsities. Thanks are due to i!I. Cook, A.N.U. Psycholopry Dept., for holp rvith
tho progr&mme. \\rorking curves E ere constructed using the values for the international inter-
laboratory st'andards given in Table 2 and the accuracy of the results is dependent on these
valnes. Tho procision of the determinations exprcssed as relativc deviation is t\lo.

Table 2. Working curve$ r\:ere constructcd trsing tho follon'ing valucs for tho
fnternational Geochemical Standards. (All clata in ppm)

G-r G-2s-lw-l GSP.I AGV-I PCC.I I)TS-I BCR.I

lo
50 l9

120 55
240
34 l5

M
Co
Cr
v
Se

1.2
2.5

22
I4
9'8

3
4.9
8.2

42
3.4

l6
l4
ll

It3
t?

2400
106

2800
3l
I

I
0.2

l0
6r)
5.9

2400 ll
132 44

4200 t3
360

332

Cobalt u,nd nicke.l. I{ickel is lorv in the ga,nrets of eclogitcs compared with the
pJrroxenes (Table 3). This nickel distribution relationship ry&s also found by
'IunnxuN (1963) in coexisting garnet and pltoxene from eclogites.

The N/Co riltio is lon'in the garlrets (0'25-2'3) and high in the co-existing pyrox-
enes (6'8-22'2). The distribution coefficient (crrlculated aecording to Blxro &nd
Illetsur, 1965) for the exchange reaction

Nin, * (io*o * (1o,,, * l{iun

is l(i'n* : ln (Ni/Co)ga - ln (Ni/Co)px. The high temperature eclogite data, plotted
on & logarithmic seale (Fig. 3) to produce a straight line with a 45" slope, give a K'
v€rlue of 0.Il: A Norwegian orthops'oxene-bearing eclogite has a low distribution
coefficient consistent rvith a lorv temperature origin.

Garnets from some calc-alkaline rocks (Table 4) (see also GnnnN and Rrnorvool,
1968b) are lower in nickel than eclogite garnets. Cobalt is slightly lower. I{ickcl,
cobalt and the I{i/Co ratio (0'54) in thc Lipari garnet are comparable with those in
andesites.

Vu'nailium, and ni,clrel. Like nickel, vanadium also enters pJiroxene in preferenco
to garnet (Table 3) so that thc part'ition of V and IrTi between co-existing pyroxenes
and garnets from eclogites is close to unity (K' : 0.80: Fig. 3). V/Ni ratios are muc;h
lower both in gamets (<3'6) and p,woxenes (<1) compared rvith calc-alkalinerocks
(>8) but resemble those in alkali and tholeiitic basalts (-2). The V/Ni ratios in
calc-alkaline garncts. although difficult to evaluate (for all except the l,ipari sample)
beeause of lon' nickel content, &re comparable with the rocks iu which they oceur.

Onrcrx or CEr,c-Ar,r<alrx}] Girnlrnrs
The major and trace element, chemistry of the garnets from the calc-alkaline

rocks (Table a) is distinctly different from that of the eclogitic garnets. fn particular,
Ni and Cr are rrery much lower in the calc-alkaline ganets. They also havc generally
lower Ni/Co and higher \r/Ni ratios than the garnets frorn eclogites. It is clear that
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4

,/@

RV4
X lgz
RV4

o T263

ol
Ni / Co PYroxene

Fig. 3. The distribution of V ond Ni (crossos) and Ni and Co (circles) botween
co-exisbing garnet and clinopyroxene from eclogites. Data a,re from Table 2.

I(' fcrr V/Ni (dashod line) and for Ni/Co (full line) are the Iines of best fit with a
slopo of 4bo, for four of the high tempcrnture eclogites. Tho Norwegian eelogilo
(T-263) contains orthop5toxene, and is probably a low-ternporature varioty;

I(' is significantly lorver for each element pair.

tho garnets in these calc-alkaline rocks are not, residual garnets from an eclogitic

pa,re;t, but their compositions are consistent with the chemistry of the enclosing

calc-alkaline rock. These trace element, data support the view of Gnnln and Rrxa-
wooD (lg68b) that the garnets in calc-alkalino roclis have crystallised from the
calc-alkaline magma.

Panrrlr, Mnr,trlro oF EoLoGrrE

Because garnet is the liquidus phase of andcrsite at pressures >23 kbar (GnnnN

and RrNGwooD, 1968a), partial melting in rvhich the residual phases do not equili-
brate with the melt would lead to a high Ni/Co ratio in the magma' sinse pJroxeno

rich in nickel will melt first.
If the andesite or dacite melt comes to equilibrium with t'he residual garnet and

pyroxene, nickel, vanadium and chromium will be partitioned between residual

plu*u. and melt and the distribution of these elements should strongly favour tho

residual phases for crystal-chemical reasons. This could account, for the low nickel

content of andesites, but not for the high vanadium.
It is clearly very difficult to derive andesitia liquids rvith low I'Ti/Co ratios and

high V/Ni ratibs from melting of eclogitic garnets and pyroxenes. Aty melt derived

from an eclogite parent will have high NiiCo and low V/Ni ratios if non-equilibrium
melting took place, or low vanadium contents if equilibrium partial melting occurred,.
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Tablc 4. Traco element composition of garnets from some calc-alkalino
rochs. (AIl <lata in ppm). Analyst: M. Ka5's
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Ni
Co

Cr
V
Sc

Ni/Co

1r/Ni

Garnet eomponents

Grossular

Spessartine

Pyropo
Alrnandine

Refractivo index

<3
43

180

r00

220

<0.07
>33.3

2.8

2.7

22.4

71.5

+0.002
1.801

<3
39

r30

83

180

<0.08
>27.7

3.0

2.3

17.2

78.0

1.802

25

4T

370

260

150

0.54

I0.4

8.2

2.9

t7.7
'tD'I

1.796

<2
20

27

9l
7g

<0.10
>45.5

o'o

0.95

r2.l
8t'4

1.805

Samplo localities
l: I\[t. Painter Porphyry (Dacite), ]11.. Painter, A.C.T., Australia.
2: 1\{t. Painter Porphyry (Dacite), Coppins Crossing, A.C.T., Australis.
3: Garnet-cordierite andesite, Fuardo, Lipari, Tyrrhenian Sea, Italy.

Krantz Specimen No. 225. (1\fa.ccennosn, 1963).
From Rhyolite, Rakaia Gorge, New Zealand (provided by I). Gregg,
Cantcrbury I\[useum).

Mur,rrsrAcE PnocEssES FoB, onrcrN otr' cer,c-Ar,KArrNE Rocrs
Ni, Co, C'r and V preferentially enter octahedral co-ordination sites because of

ligand field effects (Brrews and FvFE, 196{). There is an abundance of such sites in
minerals (notably hypersthene and clinopyroxene) crystallising from andesite
magma, and high concentrations of the ferromagnesi&n trace elements would be
expected in them, if these elements are present. Removal of olivine \rould deplete
the magma in I{i and Co, which are typically concentrated in the mineral, and enrich
the residual melt in V, Sc and Cr, which enter olivine only in limited a,mounts, due to
valency difficulties. Olivine andesites of accumulative origin, although observed.
(Cr,enx, 1960) are rare and sporadic in occurrence, &nd cannot a,ccount, for the rather
uniform depletion of nickel in andesites. Accordingly we conclude that the low
contents of Ni (<20 ppm), chromium, low Ni/Co ratios (<1) and high vanad.ium
contents are primary features of andesite magma,.

These values are very different from those predicted in primitive upper mantle
material or in melts derived thereflom. Most of the nickel and cobalt in the upper
mantle will be contained in olivines, orthopyroxenes a,nd clinopyroxenes. Based on
the nickel content and IrIi/Co ratios of peridotites, and using the pyrolite model of
RrrvcwooD (1962), values of the order of 1000-2000 ppm Ni and f00-200 ppm Co
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\r'ith Ni/Co ratios about 10 may be anticipated. Alkali and tholeiitic basalt's, dcrived
from this material avera,ge about I20 ppm Ni and 50 ppm Co (Ni/Cs ,--, 2'4). ff rve

take these values a,s representative of partition occura'ing between melt and residue,
then it is difficult to produce melts with nickel cotrtents of 20 ppm, aud occasionally
as low as l-2 ppnr.

The effect of high lvater content on the disttibution ratio is unknown, but it
u'ould need to change the distribution factor for Ni betweeu melt and residual
pyrolite by l-2 orders of magnitudc. The chromium content providcs another
eirample. 'Ihe distinction between the behaviour of Cb and V, both trivalent cations.
is consistent rvith the presence of Cr in a separate minor phase (c.g. chromite) iu the
mantle, whero it is probably in the ra,nge f 000-5000 ppru. It is difficult to produce
rnelts with Cr contents of a few parts pe.r million in a singlc stage of partial melting
from such material.

Accordingly u.c postulate that the material frorn rvhich andesites were derived by
partial melting was already depleted in nickel tr,ucl chromium relative to concentra-
tions expccted in the normal mantle compositiotrs. Thus the ferromagnesian traee
element, data are consistent with derivation by at least two stages of partial melting
from the mantle as suggested by T'r.vr,on and Wnrrn (1965, 1966), GnnnN and
RrNcwooD (1966, I968a) and Teyr,on (1968a, b). Similar arguments apply to the
genesis of the high-Al basalts associated with the calc-alkaline andesites.

Sulrlrenv aND CoNcLusroNS

Calc-alkaline andesitcs of the circuur-Pacific t-l'pe typically contain low amoutrts
of nickel ( <30 ppm), low Ni/Clo ratios (< f ), high V contents ( > 150 ppm) high ViNi
ratios (>8), and lorv but variable Cr contcnts. These eleurents show similar absolute
and relative abnndauces in high-Al basalts. Alkali and tholeiitic basalts show similar
V and Sc contents to andesites but, contain rnuch higher I{i, Co and (l'contents.
(Ni/Co ) 2, ViI{i < 2).

The signifi.cance of these observations for theories of the genesis of andesites are:
(a) Similar nic:kel contents of high-Al basalt and andesite precludc derivation of

the lattcr from tho forrnc,r by fractional crystallisation.
(b) Origin of calc-allialine rocks from basaltic magmas by fractionation involving

removal of magnetite will deplete the derived magrnas in vanadium. This origin is
precluded by the similarity in vanadium contents of basalts and andesites.

(c) Addition of alkali or tholeiitic basalt to granitic mineral would provide too
much nickel and too little vanadium. Mixing of high-Al basalt and acid material
does not provide enough Ni.

(d) Deep-sea clays have V/Ni ratios of 0'5 and l{i/(lo ratios of 3. Only very
limited addition of such material can l:e tolerated without' affecting the Ni/L'o and
V/Ni ratios of andesites.

(e) Dry melting of eclogite at 25-40 kbar will not produce a melt, with the appro-
priate Ni/Co and V/Ni ratios. Garnets in cir,lc-alkaline rocks have a distinctly
different tracc elemcnt composition from those in eclogites.

(f) The irTi ir,nd Cr contents and I{i/Co ratios are too lorv to be derived in a single
stage from pyrolite, but are consistent with two stages of partial melting from the
upper mantle.
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Dotrr.trollthlc groundurltrft. Plt3tecltrr cooportttoar ln Grwp I

xanoltthr rrG rfiullrr to tbcso of plegtoclerc tn the hort levet, but

pyroxrn cornporlttonr ln thr rceolttht eha rllghtly hfgbcl f,glFt

rrtl,or (re lppendtx 1) then p3rrorca.r h thr hort lgvrl. Cont,.ct!

bcbrcrn rcaoltEh rDd hert lrve rra utarl.ty rhrrp, rnd no tr.cttoa

bctrrro thc Cro tr rpprrrntl sont l,er3r phrnocrtttr rbrtdgcrt thc

bouadery,' Group I renollthr tr. thonght to bc cognrte

orthocunulrtrr (crnnletr t.rnlnologt rr drftncd by lfegrr, trom &

Urdnrorth3 f960)r the euannrlur alanrelr a.pr.r.rttnf ell th. pbruocry.tte

nl,urrelr tn thr rn.tna aE lbr ttm of rfiollth f,orrrGloaq

Fragscntr of rndetlte rnd drcltt tncludcd at rrnoll,thr tn youngcr

lavlt lt. gulBr c@roa end rrc brrr trnmod Group II rcnollthr. In poet

eerel th. reaollthlc fngarntr rr. rltcrrd to tbc rrteoc tbet thr

groun&rert 1r cleudy Ln nppmtrra. rld thr plrroranrr rte parttelly

op*ltt.ed. A pertteulrrly good rrqlr of Ororp II nrlttbf te

corporltr teruplr lll3t, a collretlo of rornrd.d rGaolLtht of drctBe

from thr bordrr,lea. of lrrt Dour oo lhelr trlrnd (ruodrl rnrlyrtr
gtven ln tablc 3S).

Aprrt frorn tbr lcrgr rrnollt,brr th6r tr. rnrrBy arll rrnoltBbf

rod rggrctrt.r of rnlarrela foend ln thr try of tloty rrlornter.

llctt of, tbr alnrrrf, rt;r.frCrll cortlrtLeg of vrt1ttrl. ptoportlonr

of plegtoclrrcr ptrouar d Cternrrgmtlttl erc chrly
glmrrophoocrfrtlr llsrrvttl onr prsGlGulc niarlrl r;gr.lrto
rhtch coadrcl ,lergely cf rrll .sst pla3tocl.$ crtrtrlr rttb
rtror htrrrttBlrl crlrtoblltto d plrrcrrn (ttptcel rrurplrr rrt
br rran ln raplcr lf?ttr tt3t6; tllll)r nrt br of rmlltbtc orl.g1lr
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!l!g!jl. - ?orpbyrtctc nlcrodtorttr rrnoltrb
conrlrttn3 nrtnly of plrroretr rad phgtocltml
rtth rcetr.oqt op.qort ( ruplr 11390).

Photonlcrogrrph, r 10.
D.

I

lletr !1. - Corcret brwrm ulerodlorltr rtaolttb
rad hort drcttr ( trryh 11220), drctrr ( laer prrt
of photogrrpb) brr I drrhrr colourrd greun&rtt.
Photonlcrogrrphl r 10.

tlr3,r tt. ,' lrdmlGr rrmllth (derh eolonrrd) h
( mcplr tf3t6). tbotonlcro3rrphrr drcttlc hotc roch

r t0.
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lhr plegtoelara tn thcr .llrrfrt.t tr mldm F tnrd rud lr grnrrrlly
mort raorthltlc thao plqloclere l,o tbe bott lrva, rrttb Gor. eomporttlone

up to \2. The auEhor confldcrg thcre eg,rctrtcr to lr plagloelerc

edcurulrtu whleh eryrtrllttcd at rn rerly ttrte ln th eryrtalllrrtlon
hlrtory of tbl oegrnr. ttamvrr thl lrcl' of trtmlng ln ttr plegloclsg

rnd thc tcrtur. of thr sggrr3rtrf (hypttltmtall3-grernrlrr/grrnobtertlc)

t' r rtml lsr to thet ta tocr. hornfrllGi, and 1t le poeriblc tbet tbrrc
plrgtoelur rggrGgrtcr nay br xrnollBblc.

A nrnbcr ol reoolttbr of norr uottc coryorltlen u.r. f,ouad ln
Edgoernbe erd llhelc lelrnd lrvtr, charc rrc drtethd trlcr. ta no

LsrtrrcG r.f tbrrc rny obvtqlt Da.Gt1.6 brtrrm Glr rrnclttl and

th. hort llur, rad rololttb/levr luterfrctr rrr grriltalllr rbrra.
(A) I,ga{nbrttc - on roaolttb1 thought to bt of trtrblrr fgnl.mbrltc

found tn e leve frr t.lf Ec, If;rmbrr

(l) Ccrdtcrttc-gl lltrsrritr loch' - pnrrrebly e thrrnelly uctecorphomd

etilllrceru mdtncut, fsnnd tn trylc 11125 from Ctatral Comr

gbrlr Irlrnd.

(c) Sllleceur hornfrll - ellaly qlertr crTrtefr thovtn3 euturrd

coot.cGr, rlro coatrlil-,rDmt lOt ptrrgtoclrm aI pnor.rc,

Bogrthtr rrtth ntnor rphlrr. ?ourd ln rurptr 1t391, r btech

balldrr fror tbo trrt corrt of ptrlr lrlend.

(D) k-crtrerlltmd rtllcrour rl.ltrtcan - ee,ryor.d psrdml,arntlt

of ftnc flllcrcor nrrrltd ;frrt *rr bo Eeiltyrly
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xryLI,TE eloctltur$trY

fl,'ra renollthg y.re enrlyrd, four ftun fhnh lrtod rnd oru

fronr Edgocrnrbr, md thctt nrJor rnd trecc rhnmt chstrtrl togcthor

rlth thc evcnBe eaelyelr ead .tndtrd drvtrCton of l$lcmbr ead

fhsle lrlnd Eot-rGnolttblc rerrylcr, tr gtvo ln tebhr 35 end 36.

Orurp I rcnoltthr rr. nbdlvtdrd m tbr berlr of thttr nlrtlvr
chrmlrtry tnto typ.r IA ead I! of rhtch ttp. lA tr tbr rrr belf,c.

Ttp: IA :rgoltthr havr rnrJor elomnB cooporlctoar Eyptcrl of

mtny clrcrrn-peclflc andcrltol erd l"a v.q/ rtntlu tn ceryortttea

to tht lrbndorlc,c-ptrorclr rndrrttcr of ttfP (Clerlr, ft60). thry lttl
hsr."frr tubrtrattrlty norc brrlc tben thr 3ry of Plraty eldrrltcr rrd
drcttrr tn rb{ch they err fouad. th. tlpo IA xuolltbr hrw ebcnt

t? lrre Sf02r rad rr. rltghGly blghrr tn CeO end U;O thc thr Tt|P

rndreltor. In coattrrt, tbry brvr btgher StOg Nd AtZOlr rad rnrch

lacr ttg0 thra thr THP bulc raduttrr rhtcb 0lerk (t960 b) eonrldrrrd

to bc of rccunrleGlvc orljta. Glrtt rbcrd thrt tbt ?l{F brele andcrltcr

u.rc clrtchtd tn ollvtnc aad pyroror, rrletlvr 3o oth.r phrooct7rCle

nlacrrlrl e coaporl,tlonal dtffrrrncr rhlch lr nfhctrd tn thclr

dlrplrcrnmt trerde thc ntlil rp.r or I vea Solft tarlrrt ltrgrrn.

fbr ley of lhney typc IA rrlollthr plot rcch n rrer Go tbr f,leld ef th.

mtlrel (aon-rccrmnlrt,tvr) fit rndrrltrt (Ftg' tt). ttlr rupfestr tb.

rvtdreee ftu nodel uelynr tbrt tb. ttpr IA lrroltthr rhr only

rll,ght cotc.ttrrGto of pFcrmf rrtrtlrrl !o ptqloclrtr rhm eqerrd
to ml-nnolttbtc tqllt.

tlpr I! rcnolttb ( lagh ltfOg) brvr vrqt rlutlrr nelcr tloot
cooporltloar to typc Il rrnltthr, tot rrt 1lllbtly lcrc tr CrO aod
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TAILE 36

TRACE BIE{ENT AIIALYSES OF XENOLIT1IS

LANT; II C AT I ONS

SAMPLE NO. 11221 11228 11229 1 I 20e 11232
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+
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)+
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+
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15.q

1.U1

0.67

2t,.8

1q3

0.360

7l

| 4.0

8.59

l)./

:l 'l

24 .1

7 .20

t.i7
1?7

4. 5?

1022

l, I L

ll.i
11 Q

n.r! ,

l7.t
l.l?

'l i1 1 q.

5.72 i).7J

i)'l 7 ?

3.d5 ",.01

F I:RROIIA'-;i.F-5 I A\ ELEMETTS

?+
Mn-

-*- 2+

?r
Cr"t-

a.

C,r -

Li

'i:M u -

f.l i /C,r

Sc -

a'

lb
:.Ti

1
LT

iia-

Cr lV
-LAl/(;a xl()

SMALL (] ATI OiiS

tt+
'/qi

i+

I l5a 1125

5.68 i.o9

20.8 2t, .')

ld.,J ?1.3

lr.l 1b.4

i5.-1 ?t.l
2.gr 3.37

0.76 0.77

26.2 :l.b
lql l6rJ

0.394 f).i;l
11 64

tl.2 14.3

;l .tlh 8.61)

1 1s0

'1 4.b

1q 7

l.16

27.1 2?.1

12? lrjl
0 .'.t72 0.11I

3l
27.7 17.4

d.q1 8.ltr

0.0156 0.0054

0.4112 0.4h9

2b.q5 2b.]P,

li..9 2l.h

0.')68 0.400 0.16s

0.461 0.53, 1 0.b14

2 b . 28 ?6.40 2b ,77

16.0 ll.i 11.2

??.h5 0.a,r

t7.i :.il

Total Lron shown as Fe2*.

A1l values are in p.p.m. unlcss oLhen'lise in.i icated.

n.cl . noL dL-Eecled. not dL'C.r-rr"ineLJ.
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ttor End htgbrr ta l{rro end \0. 8rryte 1t209 plorr iu rh. tnF

sndcrltc ftrld oa r vm Tolff dl.egrrn (Ftg. tt).
flpr IA rcnolttbr er. rmrbet lo; ln lrrgr Grtlotr rnd lerga

htgbly chargrd Cetlonr nrlettvr to norrrcnoltthte unryhr of thc lry
cf ?lcnty volcrn{.er, md rrc htgh tn thc ftrrmagnulra trrco ckoonte

rtth tbr crccptlon of Lt. tbc rhoent retlo! fa/fb, Nt/Co rnd Gr/V

rre btgbrrr rod thr rrttor tr/tr rod rb/Nr .rr lorrr, tn ltpo rA
*etollthr thel ta noucrcnollthtc rsnplrr. ?berc dlffrrcls.s eEr

coartrtcat ttth th. tlpt Il xcnolftbr brtrg acauulrto of tbe phoo-

crTftlc mlntrelr tn thr try of Phnty eederttc ead deelEr negrnec.

Thc xrnoltthr rrG thtrrfon coartdrrrd to bc rcernrlrt.r fotrod durtng

the neta rteg.r of magnr eryrtrlltrrtloar probrbly prtor Eo .rt
cnrytlonf frsn thr nr3nr body ta rhteb shrf r.re fornrd. ttry do not

rbor thr eryotlttmal dltfcrmcr fro Dotr-r.noltthtc rqlre thrt,

rould br ctptct.d tC dltfrrrattrl cryrtd rrteltnj hrd occsrrcd to Nr

rpprcteblc rrtrntr

Ar dlcctrrttd abovcr tbr artor rtuurt ehcmtttr7 erd nodal rnrlyru
of, ?ttpc IA ral typc Il rrnollthr frc vrrl tlnllrr, bmrvlr rubrtantltl
dlffrrelcrl ln trecr rtu:rat ebulrtqt nreertttrt.. tbtLr {lvtrton.
tL. typc It *rnolttbr .te lorl fn le aad trl rrd heve lsrrr trllr r.ttor
chen roo-r.Dlltbtc rrplrr, bot trr rot ottrr:lrr &plrtrd la Bb.

oChtr trqgr Grtlon. rrd thr elbr letae hffbfl-chrrgrd ertlosr, erd lrr
dljhtly cnrlchcd la tbr rlaut t. fhry dlftrr nerkedly fro rypr IA

I|nlltbr tn trt'll[ lcrr f,t rnd Gr tbrn iaorr.toltt$e rnplj3, rtd
vrt? lw Gr/V rrtlol. Alrol rbrrrer tlpr tA rencllthr rrr. lclr tn

Lt trlrtl vr to rsa-Ful{tl{s rtplcr, ftpr Il rcnltthr rr. rllgbtty
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hlghtr. thue althoogb thc uodrl rslncnlogy etd rnaJot rlcncnt

laelyetr of r $pc It xenollth fotg.rt ln accwlatlvc orlgl.n

rlmller to thet propofed for tho Typr IA rraellcbr, tbc trrc,r chaaat

deer lc tncoepatlblr rl,th lrcb er orlgl,r. Itr vrt:f lo,r Nt ( < f pp'a)

end Cr (f ppo) in a roeh cootrtatry l5t pyrorcn€ rtroagly.sggcftr that

tbe Ptror.or cryrtelltmd vcr7 lrtr la thr coollng btrtory of tba nagna

body ln trhlcb thr rrlolttbr fotrrd. fllgh Lt, lr rbo'rn to thtt poollth

tlPer lt elro eonrldrrrd to br I lrGc-rtrgr fmtnro ll thr ctTrtrllttetlon
hirtory of fcrrsmeguertea rnl,mrrlr (Trylor, 1965 b). It le thcrrfore

$rggr.tcd that typr Il rcmlltbr ury tcpre.crtt vctt lrtr rtagc cryrtel

rcswtlrB.t trm vblch thr rlltceqrt qrtrl: arttrlrl ber bcen partlrlly
rrsovrd porrlbly b, tfftlBlr-prltrttrlo, to 3lvr rlrc to th. conprrttlvrly

bartc nelor rlccrcnt emporttlon.

Trrcr rhnrnt grochrmlrtry tr Gbur rblr to dtetlnguttb bcnoon

8hG produetr o! tto dl,ffccat, proc.r.. rbom ttrrtlry pole3t lrG

epprrcatly gh lir{r rnd rboro ftnel preftctr rrr ytrt rtntlrr la

both prtrogrrpbt rad nrJcr clmrnB chrntl!{/r

Ororp II rraolttbr cortela 6lt 8t0lr nd hrvr nor. rc,ldtc anlor

rlrmrnt ch'snlrt{t tban Grcup t rool,lthr. hcrpt thrt tbry contei,a

Eot. [rr0 ad fl0r thetr arJor rlcrut, cbelutttry lr rtpl,ler to anlultrr
trar Edlrcsmh (lf m6r tttt6). tbrlr tnc. ctornt ebrntrtry, ccnprrrd

to Edfrcuabr radcrltrrr ahcr crlcbrnt tl tlr lrtar GrBtfir rd lrrtr
hfrtlf-cb*1rd ertf,our ild drplrtln tl tht frrrmqre.tru EtrG.

rlcrEtr, prrnleulerly lft (< t Fptr) ud Gr (f pp*) rttb rxtrorly
Lu wl Y rretor (0'fi1t4). ttry rrr rltghtly bllhrr ln Y, thr ahol .tq,
ft thr earlyred Orory Il rrnoltghr tbr rultertr tbrt tbry heat bln
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trrrtontfd tltc tt d.cftr tl rhlch Bfry ;rrl tld rttrr rhrtr
lrytrmrf, eryrtrlltHrrm fm r rrr bmic FrFrr ilrtr t*lr|rr'b
lr ccrilrtrG rl;b Bhlr h;1lrttrril.r, rod GlaLr t.rtrrtr lr prrlly
rtnllr sr .ryGtn ndmltmr rdl|rr3frl tlrt tbr r4rr frn rfilGl

tlr mltthr lerrrd ctyrtrlllnl rG or nrr tbr s,rfrsr.

t

I

't

t.,

t
-n-

r'

.-z

1-

J.
tl

h ,,

,t-J
,!

-l

'I

-. _$



PART

APPI!IDIGES

253



APTXTIDTT 1.

-
tlblc 37, on tbt foffot,nl pr3Grr tneluder tbr cmplrtr rrt of

rlcatros nlcroprobc anrlyscr of pfrorcme aedr by the .uthorr rod

Dr C-8. Tood.

lfhcrr enrlyrlr nnbrrr rrr bracLrted togetbrr, rnrlyrt arc

fro dltf,rrrnt prrtr of the rrno eryttrl, uhcrc tro mrlyrt only

rrc brrclrrtcd Bogctlrrr, thr flret rnrlyrlr Lr of th. corr o! tbr

cryrtrlp lnd th'e rccond rnrlyrlr 1r of lGr rfua. tlhrc rora eben

trro rnelyeu .rl brrchrtrd tojrGhrr, tbry rn froo cryttrlr rhantng

baadr of dlffrrrnt coqcrttloa, tn rttcb Eho porttloa cf thr bendr

lr mt clcerly rrletrd Co cryrtrl norpholoftr

tb. rantyrer tl ?rblr t7 rrrro pr.retcd m Gcrnrry dtegrru

plotr la Ftjr. tA rad 19.
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TAETE 37

ELBCTRON MICROPROIE AI.IALYSES OF PYROI(8NES

5 iIHPL E flO . EDGECLIMBE DI ORI IIC XEIiOLI 1''t

N0.

'l
,J
r-l

'li-l
,J
r-l,l
.-l
r1J

el

'0J
11l

121

,,.l
14J

F r-0

(i.)
Mgo

('i,.)

I ,J.:i5 21 .08

?4.58 11 .42

t h.70 2Q.4')

I rr . q8 14.67

l;.30 22.70

25 ,)7 16.23

16.40 25.79

18 .08 27 .O1

1 n. e5 26.06

28. 18 L7 .70

19.q5 21.88

22.67 1 8. 70

15.25 24,02

24.00 16.b7

CaO

(i)

0.83

0.59

1.05

0 .49

l.l{

n<n

1.05

1 .30

1.12

0.bl
1.08

1.08

| .17

0. 58

.ATOMl L PERCEI'T

Fc llg Ca

I .84

I"44

I t la

l.lq

2 .4t>

1 t\

2.11

2.46

2.15

l. 14

a qa

1 .16

M:: / F':

RA IT ()

0.si
() . !+'J

l.tq

il.'l 1

f .i)l
0 .48

I .2?

l.1b
l.u /

0.nl
0.i15

(1. b4

l. LL

0.54

3j.37 h4.79

46.53 52.0j
27.07 7Q.7t,

51.t7 4b.3?

2).2t bd.ll
46.77 52,08

25.74 72.15

2b,19 70.Cr,

28.35 b9.50

4b.51 52.11

l3 .(-) 7 h,1.64

39.50 58.09

25.b0 71.88

4t. .()7 14 . 57

SAMPLE IiO. 1 I221 , WITALE I SLA}'ID DAC I TE

tio.

I
I
:l

I
,,l

loJ

1ll
1,J

:l
'" 

I.'l
rbl
ri I

1rr I

;;l
20J

FeO MgO

(%) (7.)

?tt.7? lf,.29

25. 90 1 4. d4

2i.3) t_5.14

24.55 16.lrl

lb.l7 23.91

24.34 15.7-1

2b. t]2 l5 .90

21.17 !5.51

Zti.54 Li.?6

27 .20 16.47

2,).28 14. 19

28. e6 14.75

2:.51 19.14

14.36 26,58

19.00 2l.sl
11.76 24.rt
23.02 1S.60

I 6.09 26 .42

14.97 26.8r

?7.s4 1b.92

CaO

(%)

0. 48

0.43

0.5t1

0.7.,

0.i)
0. b3

1.05
n c'7

0. /+9

n qa

0 .45

0.57

0.78

1 .60

1.27
1 oar

0 .80

1.53
i R7

0 .84

t7.hl
/. ' .1o

I,l.l5
41.9d

tt.tt
4r.77

47.47

47.40

52.80

/.i.\tl

)1.+i

51.72

3 ? .0.!

22.51

11.b2

25.84

39 .03

[L+ . OY

22.98

qt.tt

l4r: / Fe

RAT I t]

() . /:4

0.4t
f).i/*
r|l

0.50

0 .4tr

0,,17

0.1d

Q .67

Lt. _1 

'
tl . 4[!

t). hfl

I . +q

0 .90

r.2l
[l . bi)

1 al

1.39

0.!7

\ IOI,I I (, P E RC ENT

Fc Ij r, Ca

51.51 l.d-)

)0.00 I .04

/+7.b0 1.21

j4,22 1 ,l'.)

70.87 l.?0
52,7 | l.'sZ
r0.15 1,38

51 .24 I .36

4t'.rll l.l7
11 . 2e I . I 7

16.1i l.03
46.9b t.l1
5q.18 t.74
7 lt.27 3.22

65.4' ',).7 j
7 | .64 2.12

59.23 1.74

72.29 1.0 1

73.1' 3.b1

50.qb l.Bl
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TADIE 37 ( eonttnurd)

SAVPLE }]0. II22'-]. W]]ALE ISLAND DIORITTC XE\OLITI

A};ALYSTS FeO

1,:;)

M)t0

(%)

CaO

(ii)

i.0q
0,d7

1 .01

1.07

1;,0b

1 L.4}

14. /+O

10.27

15.19

14. b5

Fc

J*rJ'.,

?2.t I
1l I l

II.J]
16.n1
I t -11.

14.9i

l0 .6q

tb.l7

ATOI1I (' PERC ENT

Mtq Ca

i',1 .44

75.U?

7 t, .F,o

) L.,) !

+l. rJ

frl .lb
c. I 1,",

4b.5 I

2.2)

I .)l

') )n

:1,?\
i / .41)

32.4t"
l1 .:i

j7 .)J
]7.11

.l . i-,

1.71

l.:, I
r il

I ' ht,

I 7.

l. Ji
.1 ?l

I . b7

I 1..

l.t2
i.0l
1.1r.

I iA

l.c)5

2. -)b

l.c )

l.hh

2,9t
1 nq

11.e2

13.29

17 .12

34.h1

i"l.; / F.'

RATI I)

I a?

l. .,

I . l+()

2.13

t.20
I tU I

1.78

L.l I

| 1c.

'lrl
.)

5l

bj

rl

,;]

t i .00 23 .6c

1:).b,2 20.19

1l.l:l 2b.31

1..,i.3 26.21

6.0) 16.73

11, 23 t2.7)
b.67 17.i1

8.24 18.?1

) .4b l4 . ttO

t.13 13.12

W IALE ISL.,\ND DACITE

,1,l

ll
,l

I
1,l

t,l

"lru

ll
1l
rn 

I

17)

'nl
1)l

?OJ

Il
r2J

;l

tcu
(i)

M,eO

(',;)

Itr.72 ,"1.7J

li.7b -16.10

27.80 11. 18

lj.t0 14.)b

J7.3 tL.7t
2 ).2J l_1.-rl

?1.b5 ll.)0
't'; 1l 1,/, Q<
:1.:t l:.J.r

l0 .00 t4.i4
2 ). tl/+ lt+.57

l":. )8 l-,.?9

21.r 1 11.01

30.6h 11.?e
'l:).71 lt,.i'i
l2 . r'- l() .4 1

20.86 2 I .20

11,'rb l).ll
1i.18 2p,.t*o

2h.q1 l:.il
2).01 lj.)7
la.12 l0.ll
11.20 i1.01

1 1 .6: 1 2.43

11.8S ll.ir

CaO

(:;)

r1.67

il.'r 1

(l .B)

iJ.h6

o.7l
0.7t1

0.3?

0.9-l

o.74

0.60

0 .50

rl.4i
0.5?

i) . t.tj

0 .l,'l

1.20

0.si
n.$/.

1 .25

0.87
| , rJ'l

12.C1

11.17

11.4?

Mr/ r,-'

RATI O

l.l9
1 l)

0.41
(l.1rl

{t.+l

0.17

0.7t
ti . 1+?

0. lri
u 1,.1

0.4i
0. /.0

(). i4

il . ih

l.ll
0.7,
0.hl

l.ni
0. Lr

tl .ln
0.!,h

0. b5

0.84

,r.7:

ATOI'1I C PERC EIiT

Fc Md Ca

2r.,?i 7j.10

24.2) 73..i2

t.',./-i 49.66

5() . ",'l 47 .)i
_irl .0h 4i.2,t
-)1.12 4:,lri
'l 7.17 hl .b:l

rr).:r'l 4t'l .tl
\2,7b r1. )8
j:.7 \ L1 .91

i0, itr t.7 ,22

5l.ih L7,t4l

il.tt,1 42.?'i

ll.rls '1,4.5h

1j'; .ll 7Lt.\1

14.i,i t:'2.'l')

f.i.lb iil.0.l

2L).I I i8.U3

47 ..,,4 4').?L

i3.41 44.\4

.?).ilr 17.Ii
lb.7b 19. g)

?2 . b9 4'] .89

2).'q5 t+l.t-i
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TABLB 37 ( contlnucd)

S \r"1pLt: f:(r. I l:1. t. [_[rr]F.( !r]l[rE .\lI)l;St fll

,{',\L'r S I :l

Irl .

M,:/ Ft'

RA'II O

() .9n

o . ciri

rJ. clli

0.|J7

t!. r) 2

0.,'ib
l a)

I .Ofl

l 1

t.0 r

t ) . ;-t.i

0..r5

r) . 7 I

r)..J1

t.tl
n. Hr)

0.tlI
il 7i

I .44

I .4.1

I .']i)
'l t\ l

t.17

l.l0
t tr,

| 1'>

1.1|

l'-r r)

(")
i rr-l

(')
11;0

(-:!)

ilt.ll ll.?fi
Irr.'l'! -ll. ll
1 

r) . i =' l:' . l''Ll

'x.tri 
ll.0(j

i .i 1 ) 1] r7:l.r'?

Iq.14 21.11

lh.9? 2h.1J

lr.'ii 15.h()

lJ.1) J.l .t)tr

17.8? 21.!1

18.'jl t(J.iii
l.!. h I ?0.]}t

2 I .() I 1'i . I J

lq .84. l('r . rJO

iri.n(-, -ll.Jn
lil.l; l(i.,rl
1J.qr 2i) .?l
lo.l l !{).4i-r

iJ.17 ti.li

7.n'r 1.4.7'-l

11.l(i 1i.rre

r).() 7 I i.til

lO.lr' ll,.lZ
(,.'l ', lt.2'r

'l .lq t4.7t'
'J .() 7 I 4. :.1

l().1.. 14.t{:

,\':itli l (. 1, F R(; I i, T

F ,' Mq C.i

ll,,rl hi.n'l ?.2h
')?.(il r'i.94 1.0'l

]1.'l? t:rr.()f 2.05
tr.r,9 ,,',,r)J _).jq
-l1.ql trt).:'l 2.lf)
.t-1.77 i 1. l0 ?. I :l

25.J0 il.1:l 2.0h

?8.10 n9.J8 2.{)?

2r.nl 72.!n 2.ll
?9 . qtr rr5. 19 2. I 5

l:a.ll 'r';.11 l.l7
11.{Jl n4.t+2 :.57
ii.l7 r,r).1? 2.\2
l'f.9n h,.4,1{ }.\h
27.4q 70.4r1 2.01

lf.ij t.'l .]0 l.ll
li.0rl r',,t.*{ l.1r:
14.-14 f:l.oH l. 18

Ii,71 52.()i ll.2]

1i.00 il.L, 1l.i':

Itr.il 4f.i4 '1J..F11

11.1t) r4.ll 1i.97

l,r.i7 lri.gs [.ii

l3.7tl L7,'in ]l.hh

t 7.41 4l.ilt \2.76

17.u2 4"i.':1 I j1.h-c

It\.73 43.08 il.l2

r'l

,l

I
\l
.J

I
'l

r0J

t,l
rrl

lf
'rJ
l,J

ll
::l
rl
rl
'tl
"l
r ','l
-l

_lj rrl

II

),rrL,-; ,.\rr.il.,\,.-i hr-.'rik"t'-,rl t,).x,rIhtf trr il'i," Llr' r.l.-:( (rYit,rl.'..rh.'r,,'Lh''rt'

Jr'. Lwo,-ltt.tltst's brack,'IcC rh, Iir't analrsis is of Lltr'c{-]rL ol fhc

LrVqt-,1 1. ,;rnJ tltr' ci'c'rttr-t ar-r.rlv;ts it r I it'- ri
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APPINDIX 2
-rl-

NIAIYTTGAT TECIUIQI'T3

Aaelytterl tcchalquca htvc bcen dltcurrcd prcvlourly (p.rs\lt

rad addtttonel dctel,lr otlt arc alvon brr, Oprrrttag coadltlonr

end enrlytlerl ltncr f or thorl elcamtr dctcrrr,lnrd by optt cal ratllm

rP.ctrogrrpby ere Bl'rn tn ?eblcr 3t end 39. Ogcrrttrg coadlttogj

for rlrrrcatr drarrntncd by r-!rl fluorcraGnc. rpaeBrogrrph5z err 3lvcn

ln tablc 40.

lh. tlrncntr ?,t rnd I wrrc det*al,ard by opClcrl mtrllon

tPrGtrotrapbfr bst DoG, urln3 th prreler tchrlguo drrcrtbrd by

Ahralr rnd Teylor (1961). Accordtngly a brtrf dcrcrlptlou of tho

t.ehl,guar uecd for thrrc grro rlrnrntr lg gtvrr brlor.
Zlrcoalua

zr ral drtatral,nrd tpactrotrephlcelty wtth tb. eondttloat .lil
3l'vrn tn leblr 98. Hotevre, rbn thr rorLlag curv.. rlrf plottrd
It, rer foud rbrt a rtrelgbt ltnr could bc drra throrgh thc

rBradrrdr crcdr rtth thc rrcrptton of tbe burltt !f-l rad Fl-lr
vhtcb 3eve tmnrtolrly htgb.rrrullr. fhcg rroeloue roultg err.

coo3tdcrcd &r to tntrrfctcnor oo th. trr 34!8.23 eaelyrlr llae by

cbr lr t4t8't1 l{nr. Thtr tltrrfrrrtc. hrr brcr prcvlogly notrd

la metrortBr rarlymr et hvtlr of norr Ghs 2(E h, brt her aot

prreloilrly brra conrldrmd etgltflcrnt rt thr l0-1fr Fr lcvcl.
ts ovlreorrr thtr trtrrfrr.rG. I corrretton trchntg. rrl

do*tnd by Trr H.J. rrtc, rn rhtch thc tr rottttrg Gutvr lr drna
Shrougb polrtr fcr Ehr grrlttr rtldrrdt 0-1 ed €-l rnd vrlnct
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rcrd off r Thrrr rrrlue3 rrc thrn cortGctcd by .ubtr.ctlnt | 7t flguro

eccordlng to th. Fc corcGntr.tlon of thc ralrylr. 8t corrcctlon

valuol ar. obtrtnrd frqr a grrph of A Er egalart trFtr rhlch eppcr8s to

bc llarar rlthtn thc raDgr of tha rtrnderdr ured. A eorgerlroa of

Zt anrlyrrr fsr tb. ley of tlcnty; yolcenler tr glvra ta teblc 41,

nhLcb eoatrlnl tht tr cooccntrrtl,oar rmd off thc orlglnel ror*{lg

sur'rar thc Xr eolc.narrtloor obtrtrnd by tha lnccrfrr.ncG eorroctlotr

trchulquc Jurt dcrcrtbcd, rad Zr coaceatrrttoar drttrnlnrd by l-rry
fLuorrrc.nec reelyrr (wbteh lr probebty thr nort lcesrtt. of tbo

3 drttrnl,uetlonr). It 1r clrrr th.t velum obtel.nrd from thc ortglnal

rcrktng Gurvc er. hlgb erprrrd to thr other trro retr of vrluet.

loroa

toron rer detero{tlrd rp.cBaognpbleally rlth thr condtttoar at

gt 'cn ta trblc t8. Qrentttrtlur drtrrnnlartim of loroa by otrrton
rpGctrogrrybt rt nornrl corctrtntlol ltvelr (9-ll0 pprn) tn rlllcrBr
rochr guftrre f,rm tro problemrr Eh. erttmrtloa of beckground et the

Boron Llac (tt97.t3 ll end LntrrfarGrce by st0 bradr. A trecr of

optl.cel dearlty rerc.r th. rpfcGrolrrphtc plete of tlr rtrrderd

3rrnltc G-l (^,1.5 ppnl llr fror 2496.2t I to 2500 I 1frg. 36)r

rbcrru thrt th. coblaet,tor of brkjrorad and 810 brnd tatrrtrrcncc

oa Bh. I2*97.1t rnrlyrtr llrr tr rqplvrhnt to brcLgrolad plur ll0
b.od lutrntlty rt 2190.17 L d.u13t rc thc lrttrr rrvllemtth rrl

Bhrrrforc Grretrd rr bedqnomd for rll t drtctularttmrr thsr

rllulntlr3 th. rlfrct o! OtO tmd tltrrfcrrrcCr A rlntlrr trrce for

I Gt?lcrl nnple trur ebr lry of Ploty vclcn{er tr elro gtvte La

?{j. !6.
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ar{Atr8ts .uttno J|rRStr.t-l8H EtErI (71_100)

oratlFa sF8cflmnAPr

CoadtJloat

D.C. Atc, roodr rrcttetlon
opttcel lyttor - 100 m eyltadrLcrl (lurtr lar, vrrtlcd tnrjr

focumd or rllE.
Strp ..Gtoa rot.ttB - , tt.pr, loprrltbale.
filtr rldth r 10 r^
Stft $rt3bt r tOl rnrr

lrv3 hqth rrq. - t450 - 4950 I
Currtat r 10 rrapo

Anodr r L. +t6t 8pI,

Cethodt - L. 113 3p 1r 11odr

?lrG,or r llford Xt0, onnlrba SlStA +l
Dlvcloper r lodrh Dtgr 4 nlerr
?lnr - Iodrk rrptd lt6rld ftrrr, I ntnrr

hrt ttterl l1lrr

-

Intrt'nrl ttrrdrrd r td 3+tf

I e{9?.t' IE ttt3' rl tt0tr te tgl9, or t|{lf, cr tltE, tt 326i,
Ge tt74' r !tl7' rl t+14, tr !4!t, Eo t4l!, tc 4tllr cr 6i5tr
Lr t3!t, U 43?tr fr t00t, Dr 4tt+
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TABLE .43

. CO}IPARIEON OF ANAIYSES BY DIFFBRgNT ANATYTICAL TBCHNIQUES

t :,r,.bers denoLe anelytical :erhod.

I . - 0f.c tca I Srec r-rrqraPir

Z, - X-rsy Flu:rrgcence SJ'eccrcgraph

3. - Flane PhotT"ter
L. - Garrra- ray Srectro3tl'h.

SAI.IPLE

ilo.

11205

r1206

r 1207

1r208

1r209

r1210

lr2lt
1 r212
t r tt t

tt2r4
t l?15

I l216

r12t7

ll2t8
tl?l'l
l 1220

ll2?l
lt2z2

l1223

1t724

il 1:l
rl21b

| 1227

I I 22rl

ll2?l
r r230

ll?ll
| 1232

r l23l
| 1271,

11311

l l?lb
I lllT
I l2id
tl2l)
l l?4t
il?ct
1 l2(?

I I l4'l

11244

t 12r.5

I I 2{.b

ll?48
il ?41

Bb

l.tr z

1K

l It. J. e. 2

D

2

lCa z

I 1

Hn %Fc

l.

j^Ae

5e 6q.7

42 50. r

78 76.8

>2 54.4

61 J8.6

66 70.0

59 67.d

70 71.7

50 65.7

68 61.6

54 61.4

55 58.3

51 66.8

)c o/.o
56 71.3

b1 ?0.3

54 6t.r.

-'r4 5 t .l
2c jr.7
rt? 7'l .7

4ri 6l.tt
:r.r nl. t
t] 6l.t
lC lr.8
I I lq.b
r't 7l.i
72 79,2

5t a?.9

36 2'l .6

)u )d.J

37 5?.7

92 61. ?

47 6C. i
5t 61.2

51 6l .2

b.l 7l .lt
7E 71.,)

1d 77,7

9t 14.7

1t 7t. I

47 ,{0.1

8? 73.5

17 1+.2

l0? 61.0

1.67 1.67

1.2? r. t9 1.25

1,?0 1.9t
t,]2 1. 29

| .42 | .43

1,12 1.67

1.61 1.59

t.7? 1.69

1.64 l.6l r.7l
1.c8 1.47

1.43 t.45 I.56

1.3? l.l7 l.4r
t,60 1.58 1.6)

- 1.67 l.7l
t.t1 t.7t l.t4
l.7t 1.7t

l.ba l.b7
r .33 1 .ll
1.06 l.c0 r.05

I .78 | .7b

1.4: l.4l
I .42 | ,U2

r .52 t.4? | .52

0.8b 0.85 0.87

1.05 0.19 1.05

t.7C 1,17 1.78

l.d? I .84 l.9r)

.: .tb 1.65 r.?l
- t.l7 t.2l

t.a] 1..7 t.37

t,42 t.rl 1..'l
1.;2 1.1: t.5r'
t,!^7 1.4_., 1.52

1,45 l.l.o 1.90

1.64 1.(.3 :...6

1,5? l,?7 2.01

l..iC 1.71 1.60

l.t) l.l5 l.r?
t.d7 t.itq 1.88

t .78 t,7t' 1.8?

0.95 0,)t 1.01

t,87 t.C2 r.S8

l.s0 l.s3 l.?5
t.?3 r.9t

2t6 27t

255 734

216 262

260 248

f92 276

2rr 223

256 23 l
237 220

282 28J

232 247

236 25e

265 256

288 24E

247 220

| 61 206

?2C 2O7

235 20q

268 220

187 262

245 2lt
231 235

321 236

245 ?35

?12 205

235 255

138 21 I
245 2lt
?55 ?ir
?42 256

2;6 ?35

?31 221

244 214

233 238

2't4 231

?'t6 l8 't

l9l I 76

227 l E:]

rgt 16l

?tt t'rz
2t1 169

245 2 l5

208 ??l

?41 220

226 2r2

J.77 3.6e

5./. 5.37

3.12 3.4r

5 .1. 4,91

t.6 5.t8
1.71 3.?3

(.15 3.82

3.72 3.b0

4. I ? 4.06

4.37 4.36

J.)7 4.23

5.l t.67

4.03 3.80

4. {.8

3.88 r.73

3.6? 3.56

4.09 1.70

4.60 4.23

6.3 6.38

1.07 3.ll
1,12 t'.43

t .84 4.45

{..51 4.31

5.8 6.0)

6.6 6.4d

4.51 3.91

I .41 1 .1.
4, l: i.92

4,44 4.3i
4.36 4.40

t.L7 4.25

4.)2 4. l8
4,27 4.2)

4.71 h.11

4.76 1 .99

1.22 t,.lt,
t .24 4.22

3.77 3.40

4.6E 1,d7

4.18 I .93

7.1 5.37

1.06 7.22

3.rr 1.tl
1.12 ?.?5

r48 L29

se 92

t67 rl9
95 93

82 8l
to? 104

r05 t04

104 105

131 124

96 tOA
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lt0 110

101 I l0
q9 ?3

ro5 t04

!05 l0?

?d 108

ro0 tot
73 6l

r4r t26

9a t07

92 sE

lor 9s

65 72

5? 68

l?4 t03

t 15 t2.2

146 t21

d{ g7

r l8 )9

lob 96

s! )2

c? s0

96 91

dc ,6

l6a l4b

t56 1..?

I 1S l4c
ltl't | 55

t77 154

I 59 t48

91 
'9t5l t57

l5e t55

197 lig

0.455 0.413

0.47 I 0.438

0.391 0.408

0.403 0.41 7

0.559 0.572

0,358 0.342

0.151 0.340

c.343 0.341

0.448 0.453

0.416 0.607

0,406 0.408

0.456 0,441

0.180 0.36J

0.336

0.309 0.295

0.108 0.2?5

0.267 0.?9C

c.314 0.336

0.405 0.194

0.3 6 2 0.'t1t
0.3t5 0.310
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0.369 0.118

0.159 0.37t
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tLyrel$.t ltrtrd brlw arr tha rva!.g. tl,ffcrsmu brtreen GhG

GoEootnCtoe of I prrtt€rlrr rkncat drtrtalnrd by sol,ra{oa

fPfctrogrrphy ad tbr eoae.Dtrrtloc of thrt rlmcnt drtrrntncd bt

I.R.F.; rnprcffrd .t r Parcrntrgr of thr ann I.E.Fr er@lntretlonr

A + ftSo tadl,crtcr thet Ehr rv.rrgc crnl,lllen rpfctrogrrphtc

eoacrntrrtloil lt grret* tbra Cta avar.gr f.[.t. eoncrntartlrn,

I - rtgn tEdtertce lhc convlrno

tlrncnt Avrrrrc Dtffcrsacr

Rb

Sr

Ce

2r

TT

!58

Fc

tg

t.tf -
!r8 +
4.11 +
t.9? +

2.1! +

t.9f -
|.f, +
T.VI +

Amlyrrr tor f by dl,ffrrcat mtbodr rrr Gorprrrd to tbr flmc
photmBtt coilcortrrtloo tn r rtatler rqf Go tlrt lbevs, th. vrlrcr

rtal

f (X .8. ? .) O.tl +
;f ( d - rrt tpoc.l 3.41 +

--268



AP?SDIX 4

--- ttAtrsucat ttcHNrolttlt uSBD rn fltl frBAuf,ln or

PI!|MTAPHIC AID CSSHBICAL DIIA

t .D ICtt

Atr !-t.ft srr rppllrd to pelrr of dlrtrtbtttonr to dctrruhr tf

thr rro dtttrtbrttonr ln qurtttm brd rtgdfteeatly dtftrrrat rcridard

dc'rlrttoar. Uulorl tbr trro dtrtrlbutlonr bevl rEandmd dc';i.rtlort

rblch err mt ttgnLftcratly dl.ffrtent,r r fslthrr procrAtrc to terC

rhetbrr or Dt thr armr of th. Ho dtrtrtbu3loor dtffer tt lnvrltd.

Tb. lqustlotr rrcd rtll

slfr 
f 

rbrn rl> ,7

sl -z (xr-flr)2
Nl'1

-2o2 - {- Tr-i-radt

vhuc X, d.Dot.. vrlull trq Bhc ttnt dtrtrtbuBlol md I, frarn tbc

rreoll dtrtrlbottoaS f f [r thr nreo of Eh; ftrrt dtrgrlbutton eol

f- [r tbr rnrrr of Bbc reond dlrGrlbuttong It rrd f,, rrr thc nunbrr
z

of vrlnu la rrcb dlrtrttotlon. tbe rfglffternr hvrl of ?'rar

dctrtrlnrd frm trblcr by Arld,a 6 Col,tm ( 1963).

laDtfqrt t - lESl

To dttrrrlnr rhrthrr or lot Eto dlrtrtt'utlou brd rftttttcrntly

dlltgrlt earorl I rltudatrt E-trftr ult rp'plfrdl errtnlrg lhr mll

hnotbrrll, Ir Utdt (nbrre U, lt nrm rf cn dtttrtbuttoa, rnd U2

tr abra of eGh6 dtrtrlbrtlot). A vrlrl f B, rtf celeulrtrd !ro''th-
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follclag forurlrr rld ltr vrlu G@rprrrd to gb. vrlrr cf t rE I
p.rtl,crler rtgntttc{rDer hvrtr lf ltvrr by rrkta 6 Coltoo (t963),

lr
t-

rl*r S_ - (tt.(f r-l)!+(Sr'(f r-t11
P

tyr.bolr urrd rra thr turc rr lor th. l-tff3 e$ntlmf, rnd ro lt
th. poohd rtradrrd dcvltttoo for thc trro dlrtdbrGtoar.

q0BRBI.CnON COtFFlCrnrt

- 

-i

tbr ccrrttrclon eorfftatot tr urd ln tro urta lE tbtt thertr,
tbr f{rrt 1r r| I E l.rrr of thr c,ovutncr bctrt1l prl4 of vrrtrblet
rhteh coryrtm r bturrlett dtrtrtbuttoof tb. rocond tt rt . r.rfirr
of tb clo[aerr rf ftt of I rr3rcrrtm ltlo. tb. vrlrr of tbr

ecffielrtta corfftclot (r) tr crlcnlrtrd rcaotdllj Go th. lottrlrr
btlw.

r r t:€.rr €-r. €J _
J(r. E.r'4 ful;lxt. at-( 2llll

lhe velue lf r rrrt ltr bctl'6; a1 rad -1, ird tlr htjler ltt
rbnllrtr rnlurr th brtrrr tr tbr drjtrrr of corrrlrtlel. If tbe

rt3n et r tr porltlve thra vrrteblr r Llar..rfl rf thr vrrteblc f
l*ltrrr|,.lt a tt mjrGlvr tbn m rnrtrbh lgrurr rr tb. oGbar

deermler. tltllftcllc. kvtlr tof r ..il br olGrturd f;g trbl6 by

trtlr & Golrot ( 196!). ,
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nBn4ED Urt;on slt rq9nlrslF !'lHE

thc dlrrdvant{. of rrlnE l lrut rqrrr.f tcebntqrr to flt

rr3nrrtm lluer to cha{crl rod prtrologtcel drgr lr the nrcrrlty

to r!.mr thrt onr of thr vrrlrblrr lr tadepdrot md thc othrr

vrrtrbh 1r drprndrnt, Such a drpodrnt/ln&pcdmt rehtlonrbtp

lr rrldo trbrrct 1r grmblcrl rnd prtrologlcel drtrl ald 1p

rrbttrrtT elolcr tr ofrn rrqclrrde llqcvarr Bhe rrdrcrd crlor

rrlr trchrtqur for trgrcrftol urltrtr cr.rtr boch vrtrbtrr ll
tdgrnd.Dt rad lr Er.rd thror$mt thtr tbcrir. trlfry thc

.$r!tloo fcr r rtrrlghe llrr ear f - r+br 1 Gbon tor r rrdncrd

nrtor erlr rrgtrrrtea ltnc tbr veluar of I snd b rrr crlculettd

frm thr rqurtlonr brlsr

br
IJ
E

T

( afr dfr cf b lr drtrrrnlud from
Ch. rt3n of tbr cotrrlrgtor corfflctrct)

rr i-bi

Bbsr S- ena l- at thr rtmderd lrvlrttcnr cl 7 rnd r, .Dd i7r
and i rrr tbr ncnr of, y rnd r.
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co!{PutEr P8,milHriB8

couprt.r prograq{.f rrl,etcn by the 8uthor for t,br calculetlou

of the rncen, etenderd de,'letloar rrleclnr dc,rttClonr corrllrtton

roetrtrl F ortrlx end t rnstrtr rm gt.rcn oo thc nrrt E prlc3e

Projranurlng lenguagr - Cerd Al,'Gd. t.
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EOSIAT lA' COrnILAtlS uAff,II3
ITICII{I ICG{IITTITI THIS PHtrRAU}IX TILL CAT,CULAIE A COIBELAflSI !{ATRI,X Fc}R

UP IO 50 ELlxEllTS 3

rIltTEgBBr Arlt
ftllltUHr ttrdfAttl

tfARtt flEADr Arll
rCffiltEiltr DAf,A CAID t - Art ttHEru hIO. OF gAltPLBg AllD lrfo. OF

lLlFtEf,tSS
fCfiUEllTf DAIA CAID 2 - Jgl !IA.B At EIBIFOj
ICfl{UlAtI DAII CARD 9. ELIUITTTI lilPUT AB ETII,UCE IN EU{E ORDEB

At SAtrpLE DATA, Etcrt stllxc 8HilLD lE 4 SPTC!8, UllE Al

Hrl$( GtRDt A8 lllEDEDg

ICSTTNTI EAIN DTTA INPUT rITH GOMCENTIATTflI OI AIL ELE{IHTT IT

ffiB SruFLB rretmtD DY sof€Exttlil$f8 0t a"L l[,erilf,l
Ix nBt EAlr?LB llfD t0 (X3

ICOIMENTI S&'PLE NI'UDENE trAX IB PTTIICHED OTI DAIA CAND' IH COUNilI|E

7t-E0r IflEY riI.L lB tGilOilD lY ltlS COU?UT!B3

tCfl[$lftt tltl LlHItlS Axt Al fd.,lfil9f t UUtl t[ < 51, tHt $AIIulrU
yrLuu w A rt rJxr?3D 3wH nrA[ (*7)dt+1)<t0001

tll0lf,r fIFTECEB| H#rI rJrlf rQl
rRrlLr BlrnlrRcl
rcot!{EtrTr fslEn r ALLffiATI(II Or AilAYt tO trcII,XC ltoBll
rttfl,f r AnAyf DAta ( t tta#l, rl r+1/] rlltu rgotltHrtufr,y rfttn,
tDrE{/rr*r1)r
f Btr/ll. r rAl$l,arr R(/ 1| r+1, 1r t+u) I
rllrrrxr3nf I Artty | ?It1,tt / rr ro0/ ), /tlr tLI( / rr E I I t
I Sttlff CB | ff r.{ I rL2 rt S rL0 rL53
tDBEtEUtE I OUffin( ? r Vrl rt) I
rtllHilnf prvri 

't'rltorxt
t fqtt1.l f 8t[? r t tUllfIL t l]l t DOr f ?IInt f 

C $t? t I
Ittlrftr f $slltts
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f,r-Yl
rFOl.I r-g tlttP r I lunltl tt rDof

f PBr,rr I olJtttrlr0(fl [,t rx), f $s5? ? 3

QrrUg

Hr-lt
f Dlrutr $lt?? I
rFotflrrl ItttP I I flilrtL f t rDof

r ttfiit R tl prlFt f 9$2r ?, f f r ? ? ]Otttttrl x0( rr ru,s ), $ $t ? ? 3

tlonu l'6 | tttP t I ruHTlL rt I DO t

|rrt!r?f arrontD (tr3),r{ lx'J|).t
r ETDI I
f rtlurr $&?? I

I slBr l
LIf,PIIHII$ttEELIIlr
lrrtf
rrutum( rrrll.rrH) I
xr-ll
ItllrTrmrofFosu, f cLt? ? rouilruro( AtIB.t ,f,) , f $tr?? I
Irrl I
rlol|&-t f StE' I I ruiltlL*t f D0 rrmlEl|c( fttl,l,u) I
lr-lt
r?rtffir EIcl$( l) rlrlr ltLt?tr
f rErtt tcollEAtlil rrf,Elrt r f cLtt ? I
r lol f l rrl tSttt I I r ultlt. rAr Do.f r nxl r J rrl rlttt r t r uttll r l f Do r

rlllDf Dr8r(/r rUll
It0flJrrl f tTlDr ltfitlltIIDOf
f IFII I sa( | UrldQfiq/J/) r.o1

r FOIf I r-l rStll I I rutrtll rArm I

tlslrr
ru( lrl ) ffl | l t l, rDrsr( /r'Jl ) t
rw(/J/) r..Qru( t t lrrDrr{ ft :t l)frirr

rtrDr I
rErl

274



t|iolrJrrl t tTtt I I tuartL I I rDof

f ltor,N I

HErt( I J lrr-sUE( I t I | | At

8 D( /J/ ) rrcqnr( ( sasub( l t l r -(( 3|D( I J I l#D / A) ) / ( I' t ) I r
jN, l t | ) r{ $D(IJ/ },rr00) /tirrt( l t | | t

rsDf l
tlolflrrl rtttP I I tuutfl tD f Do I

f lHlln t rFonrJrrl rt?ltf I 'IHllL I lrDor
tlBlf | 9t lflY(l tlrr-0t

Itotrl r-l r|iilP I t rurtlL I Af Do t

ffHrr( lJlrr-IUIY(lJll rD6^(t 
'I/hDAlA( 

lt ';llt
rlf,Dr t
ItoRrJr-l t3t!l) | I f u[tIL | ! f Dof

rllglr r

;6rrrrurY( | J I l -rfi( /r/ lgtH ( I t I I t
i; jrrsa6ux( /r/ )-nn( /x/ )*I I
nf, lrldQsln( 1 1 | l -stD( I J I )rr21
n(/r flllFna/sQn(rlrrc)l

rltDt I
f lx{Dr,
r I,F I l>4O t liltI r rOoIQtLlf

r1p I 1;!O r 1[il I rOOtO rlil
I f tr rl>20 t l1tlt I re0f0 rlll
rIt tl>10 ttall| | r0olo f Lst
qtt?w tr lr lrt)l
rofror,ttl

Ltr trfttrt( I , l, 1, lo) |
qrum( ErQ, tt, t0) I
trilC(trQrttrl0lr
dr!?ut(trQrlhto)l
trttr(trQrttrl)l
reol(ttL5,
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rl

I

Ltr f,tltm(lrlrlrloh
lrQrttrlolr

f,t!fin( trQrllrsoh
Wltllil trQrllrll t
rOgUBtLSl

Lh Ettur( lrlri'tglr
ffirn{orQrrtrBo)l
sfort(trQ'tl,lir
r$toqLtf

tft SErfil'l'lrl0J1
ffirt[iltlrQrtt'l]l

&tr rtlclEry*oilF0srf+ttg'rfir rtelfiIGf ? rfftll?l

:#h il:ililrno( rrr Ef ,x) r ftrttt.{t*t t t I

rartt rD rDr rl|Ulil?r
xrilf
I Folllrrl r,trtl, tll r' l, rl[tl|' | | rmr I lllm I flt lof t,

- , iltrrrurfirrE3'rt ilttffiD(fnttrttrfi(frlt rrdfi/l ':fftltl3 . '
tUDrl
.egl0f ltffif . '

rltDtl

I

;

11'

a

rrr,
t

T

't'
tF':

-ta
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uo|tlf,:l - cAtxul,atrs ffi t rfD t tttt ilArllcrtl
IIEItrT

t0cn[Bgtf biltA CtlID t - Ar!, rntlE t r III[ltr Ot ttflfnGft
CTOUE3 ' ! - lnffi3t Or ELAfiIl tll Etgfl rnrLYnClL CXXTPT

vt[u3 oF I rtu9t Dt tltt tott tor flt cr$"8. A NUst t8(.19;
fCOn{INlf DlfA C/IID 2 - JOI tlttt AE 8ttlf,Gl
tcGutntr Dlrl cAnD(l)t - nfirBg or lrll.yflcrL erflt?t A3 ttttFt,

UEE AE uASr gllDg A8 TECBttAIIg
f00stEnlr DAIA GAn{l)4 - n||{18 Ol tl"tillfil]t € tttInOS' tlSI ll

ult{lf CArDl A8 t$lttAtlfl
rG(nuBl|tt DITA GA,fDf t - tslll DATI LSf - Dtll lE OIV'EX GliltP tt

cl[f,t], tlfit orillE rn tff] 8Ht ostr |! oH DAIA CtnD t,
rlltrlH ltcfl oro{t? oAf,r If orrEr tLEiltrt ly ttsI|l rn t1ll
Srur otDsr 18 fi DtrA cArD 4rtoR tsr Bt.tilrt erYl TEE

ru|tBn 0l rxtLlllg, $r3 rBlx lltnt ${D TuB stAllDlrD
DrvrAttor (rn mlt orDB)'

fcosE'tf ?l(Er.g oouut 13 Ir fiG totu 0r I AsD t uaftrc8S, rltt
(tt uttrf,I FOf 158 lLtnlfrtl

rc(toilFtr tllt v||.ul (F A tutl tl <19 flD tf,t rrJtt w t rt DtfufrD
3rrcH nil? I ulnr tE <1r000/(5d*r)*t), rr
(5{r}tF(r}r)ff) rs >ttoo, rHrn pArtr or $q cctrrl.lr, rf,
tflt tSIIm st0lt IILL tl OW|tTEttIIg

rlXBClf lrlrfill
f rrtrcfrr rrnrr I lt|L( | tt7F,l |rt?rE tilnlL{ rr z{xrl) I
ftflIlttrt lfFLtf
llf,ltuml&
trlfiE IIf l

Ltr fl[ltr lrlf
rrrll
r|ffitrn(filLril)r
rFll
r?f,f&-l tSltt t ltWlILrtrDOf lIttXIf,O (tf,L!,f il) I
Ir-lf
rtOtfrr-l tttF l I tuf,fllf ltDof rf,tt'Eno ( ttltLrrr) I
Hpll
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IIECIH I
TIHIBCEIT I lJlf ;X;G1
rBEIL t I,lAr[D ltrAfllSArSl riPl
f ruALr f AXtAtrt EAtA ( | ltl'}l, 1l A,ftr tr 4/)l
fCOtHtSn?nClSt'r AI,LOCA?IOI Of AftATt tO llCfInO STORlg

f ltttr, I rAaBAyr FuaTrTHlt( / 1r l+t r lr t+l, k A+u ) I

t{ll( I tlt*l, lr 4, 1r r*t, lr A+t/ )r
rfQlf f jrl f 8?El)t I ruNTlL I ArDot rpoltl r-t ttllt I t rulxttl rtf D0 |

tFOt ?Ir-l rStlp I I f ttf,llL f t I DO t r nIAD t DAtr(l rJ rfl ) r
| tron I I rr-1 r trtP r t I UI|TIL I t I Do r r lol' J r-l I gtlt I t I uftllL t ar Do I

f lrcrf I

fAr-DffAOI,JrU)l
IArrDAf, Xi )J ,21| t
sArdrf{I,J ,tlrt

:H::-t' 
ttcD' t runtrl"' AoDo'

rtrIlEH | 9Tr{2rLt1L4rL51
r I? url ttlltx I reoto rl4l
l|lFDrf,r( llr1,rtllt
fh.SA3f( /f ,Irl/) I
shroAlA( /r ;rtl) I
nrAf( |t rt rf'/) r-{r+rrlletttr
u(/r r l rJ ,illsdAr! j
tllf( /l r t' J'fl ) j11t-l g

twlo| |Itru[At( It rJ ra, l rtf,ttflt|rlSlr|.3I
Ltr Erfi /t t.l 't'/) r-l/tltl( /r ,JrI/) 3

Hn(/IrlrJrr/lr{l-tl
, n(ftrtrJrl/)r{Ltl

uh DF( ( rrr(rr. r) )+( rrr(m- r) ) l/(r4rt.r) j
urr( /r rJ rv ) 1{ |lr( xrrirr) / rr)€qn( (nrru)
/(mlil))I
A( /f 

' 
! rJ rll I r{lrltlall

rOO!0rltt

Ltu txrf,( fi rt ,rlrrrfltt( lt rt {l ) r.O.Og
rl(il,t&-l rttlt I l f ffifrlr! rp6r



Ht{(/I JrJrv)rr4.0;
LSr fEl{Dtl

rEnDr,

Rrrl l
fPRt$t r TOPOttonU, $it2? ? f qtTttuHc( ntl.t rM) |
tlr-1t
fpnrN?r sit4?AilAtyttcAl gBoutS An3 TDEBIInID llf rEt?,
$ TEtt !4,.[IBICBS tY $tE rd,LfifltF NUbtEngt,$f&l?t3
t foR rI r-t | tlrElt I I rutTlt r A I DO I

rPtJIlItf $$85??'DIclttS(?) rXr$ - ?'OUT3TBIf,O (Atl,ILETts) t
$$t??l
ltrrl,
ItoBrI r-1 IETBP 

' I 
tult?tl rl rDOf

rtEG!,A t

t$|IlCH I llFr.ll r?ls!3 1p41
fPlllitt $tt6?t,f? rulT lrrilI'jt. |,
orr?sTRr Ml( lfi TrB ru), i iL3 ? ? r
I I F I A>6 r Tgglt rC l-6 | lX.gt rC r-Al
l{r-lf

tl| tfonur,{|r3ttDf lrunt:tlrc rDol

rPRIXtt $$tr5?t,DrCItrS( 2),Jl
r96XtJ111 f ttEt I t lulfrtlf AtDo t

tlErl{ |
f prrntt l$zt t, c$l5t ?,Dr0rtrl( l),Jr
ttolrfr-t tt?tP t I f [ffiIL rG rDOt

rpBrrTf $srt ? ,rLIotlBD( tr 2) ,ruat(/r ,.r Nl ,
i ( t,prot?l( 3) ,ttErAL( 1) ,Bilrlrl
(nH( lrrlrJ t3l)) rfotrlfittEB(DN( lt rZrJff;;,
f)tl

rltD I I
f Itr lo-trtHtil r r0g[0 f ?lt
tf 3rrI t rO.6?fHtIl f 7 t BLEIf tt t
rltr}b?rltDf A rtf lt[HfcrrArltLgtr rcoTof plt
r00t0rt!t

Dlt G1rr1;tH-7rtfltn| !lf 6f.3tl^t
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p3r fttlpt, f$Ctfl
t0ot0 tt lf

P4r tBilDtt

fPlrlttf $s,4??f
Hr-ll
IrolrIr-t rE?lPI I rlll{TILIlrDol
IIE6IN I

f tlltl[ | llr-llrllrlSrttl
ttllrtTf ttt6?? ,{t fsct }trf,u,I - | o

ourrttl'm( rr3 ILr #) r c$L! t ? I
C t-r It t A>7 ttnf,il I t t lltl I Al

lf r-tt
Bl l rFOEf Jrd rtt)lt I I rttttll rG rDol

f Ptrn?r t$slt?? rDrgr$( t) rJr
rpgSlt jrl tETBt r I rmttl rArDOl

rtEgtr t

tPRlt|rr 98L2?? r 0$slt? rDlgrtr( 2) ,Jl
I tOB rl,rrlt f gtEp I t f ultttl rc r Do r

I pltrxt r i|'il t , rlrfftD( t, t) ,!rrAt( lt ,l rv) ,
t ( ?,nott3(t) ,srtcrAL( l) rrrtrrn,
(l|f,( ltrl'JrV))'l)?l

rgtDf | -

I I F f€rA I tlllil r rool€ r n4l

Ht-r I ? t or7 f fiiln f 0 rtlJl I I tl
I I t rDrt I lllD I A -143 ftll re lrt I tNtrf I regf6, til
r00tr0rl!,

ftr CsrrlprhlrlBlf, r llr3tlrAf
llr ,prtmr l$Ctfl

tOOTOtllt

llr f lltDr I
f tgltf fft?t j

rtrDr I
rG0tgrLtl

rtr[Dr I
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f,.ttr uYruAtl AllALvSrS_

UA'OR ELIUEfiTS

ttnrry verlrtloa dlrgrur urtn3 persrtGrl rueh er tlo, (Urrtrr

dtegrnr) Bolrr rrEtof, eryrtrlllretton lnder (toldlr*'8ltt & Ferhrrt

1964), dtffrrrntlettor trdrr (tbontoo & t|3slcr f960)r tton rltlo-

rlbttr rrcto (flrg6, fgt6); rnd trtarrry .rtrte3toa dtrgrrmr rrch lt thr

ACF, AFg rnd von fotff dtegrrmr rlthot3b uerfsl for lllutretllB

charrtcrl treirdtr ruffrr lrsu Ehr dltrdvenBrg. thet pt rll chcnrtcal

treadr crs be rbrrn by tnt onr typr of dtrgrrnr' IaBGptrtton of

rtnplr dl.egrmr rhtch crancB rcprfrcot drort thrn I Porttc of tb.

nrlor rlcsrnt chrartrtry la ottca rtdtrdtag' It te rltb thrrr

Itnrttetlonr tr ntad tbtt rccret rppllertLoor of thr trchntqmr of

nslttvart rtr ttrtllttcrl rorlytlr (Lr Seltrer 196t1 tsraroal 19673

prlar, 1967) te Gbr problor o! prOdrrctal tnrl,rtlon dlngrrnr nd.trblr

;oj 3splrtrlt gornl rpfllcrtto rr. pratlerlerlT lrtrrrrtlng.

Tht t.Gbrlgrr of Lr lfrtGr.r f,rnroa ud ?rtnr - prlnctpel

ccqer.nf rd trCtot lort;rr1 - rp lrrcrl'bed tr +prldtelr to

prpc4 by Hroror ( f96t) rnd Lr trttrr ( f9ft) md trt mtllrrd bllor'

trtrctprl cqoatrG orlyrlr rd frctor raelyrtr dttlrr odt tn tb

rreh{;lgt1cel unlpulrtlor urrd'te tb ttrrl rtrgu of {fftvetloa

of frctlr certfletrotr. loth provfdr r mcr of r.Ptlf:rttn8 tE fe

llpagtmrt dtegrrm, nrry cl tt sGirlht r cf r cbrotcrl rirlyrfr

locr3rl 1r n dtnirrtcrrl rp!G. ccorltq3 G. ttr crlde petcuGrgl&

Itrj t.?r.t1e3rttra of r nrJor rlcnot cbalcrt urlyttr tr l-dlqor|tolrl

lprc. s.f, b1 tboutlt of u r polr! drllafg ! sot8dtletrl ( thr orl dr
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p.reGn3rg.r) rloag n oridr rref . A mttr of cbel'crl rorlyrcr 3aB

thut be rGpa.fclltrd by . trrtlt of uatqrrc polnEr ta n'dtlmllonrl

lp*., produatrg rhrE Lc t{ettrc trnnt e nrllglr n-dtnrarlolrl Herkrr

dtlgrm'f .

X-dLrrcarl.onel fprc. cea bc ilott rutly vtrurltild I'f rr put

6 - 3, rlthongh thrrr it. tro nrBhc'rrattcrl lts,ttaBloan ol th '-'tllr.

of D. If rt thon eoarldcr c rultc of aarylar rarlylrd for tbr.r

eofirpoacotfr rcch rrople ean br r.prarentrd rl a polat porltlourd

rrlltl.,r to tbreo orBbogonel af,.r ln 3-dlrorartolel rPrStr rcaordlag

to tbc .,eleu of tbo thnr eocpoocoBrr thr toehetqnrt cf prloctprl

componcot eerlyrtr rod frctor rnelyrtr rllou sr to dctrnnlnr thtrc

Bsr tr.a through th. rorulttag 3-dlncnrlmrl t€rttlr dlegrm.

The ftHt aery erlrp tcmrd th' ftrlt lrteat veGqolr tr thet v€ctor

rlor3 rhleh thr orxlmrn nlprrrdn (vrrl,enct) of tbr trrrt 1l tekcn up.

the 6coad lrtrnt v.e3or tr Ehr dtrratlra of tbr arrrLrryr rrprcrd! ot

th. .ttf,tt nornal Eo th. f Lrrt letrnt v.ctorr md 3h. thtrd lrtrat

rl.eEor tr rcruel to both tbo ftrtt rnd treoEd lrtrat v.cgorr. For the

lry o( llettt volcrsler thr flrrt fosr lrtmt vcctort bev3 brea

coryrecd for th. dlrGriblGln of tbc nrtsr rlrnut nrlyrl [a

9-dlnclrtcrl rgrc. (9 nrtor orldrr brtag rErlyrcd). thr voctot

totdte3r for both prtnclpel cor9olrDt rartyltr rDd frctor mrlyrtr

of nrJor llcrtt, te3tthrr rltb tbr prrcatrle of th. totrl "-.ttrrc.

cf th. rtr; od,dr dtterltatlo rfitch Lr mhn q rlm3 rrch vtcBor

tr glvrn la lrDtr 45. tt ftrrt tlrer vactorr roeotmC for 9!.71 ol

tbc totrl rrttr*. rrd chr ftret fort lor 9C.Of.
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Tbr enelyrr of thr lry of Plcnty'noleenlat rrlrtlve Co Bh.rG

urcton rrc plottcd tn Gro diffurnt wlt3o fb rcmltr of prloclprl

eoryon nt rarltclr tre plottrd on rbrt Lc ttrttrc hm trtnrd e

rprtnclprl letent rrcetor r.rrtrt,lol dlrgrrrai (rbbrrvtetrd to P[WD)r

tlg, 3?, rnd thc f retor raalyrll rsrultr rrr plottrd os I dotrblr

tornrtT dlrgrr (ttg. 3E) rtnllrr to thrt sr.d by Frtu 067)3 thr

crlerlrtloa of tbe r'.ctor rr{s co-ordtartrl rrod for pletttng tr
dtrcurnd belor. ?be mrJor rlent eholrery of 3h. rrryhr Lr

Eot. cooglrtrly rcprrlrnCtd by thcrc dlr3rrur tho by ery of tbr

cltlrtcrl ..trtltlon dleJaer, bornrarrl tbry brvr th. dl.rrdvctrla

thet ln brtag proJccttor fraa n-dlmurloerl rprcr tbtt do not rhor

chal,crt ccporl tton llrrctly.

0n patClculerly urful paop.rtt cf thr PLWD tr thrt ehr

corportttoa cf rrtrrtrl thrt cn br rddrd to ol rmovcd ttu onr

ecoporttlc Bo prodrcr rrotlrr, ilrlt prolret lr r potat oa thr

rtrrljht llr Jctnl,ng 3b. tro cqotitlo'ru oa tbe ?LfTDp th{r

Froprsty cu br rrd to tcrt vrrlqrr bypotbrrff r lor ldrto3rr f f

tb. EdgrcrruDr decltrr r.nr frrl,ved trm thr Sdtecrnbr o{rrlt.r'(rrophr

1fil)6r 1l208o 1t?16) W ramvrl of mtrrlll hevlng EL ao,qotlttm ot

lfpr IA rrnoltthr" oolt trro of tL ldfrcnbr drcltm (rqler 1tt0l.

ft2$) lrll rlthtr thr slCr of ltrl ttfaflt efr potate r.Errlatln3

Ch. ldpcnbf erdeettlr rnd thr Ttpr trA rnollgbr (ffg.!?) rad thsr

cbr rtl tb oalt tro drclto rttcb earll brrr lreo ternrd by sb

l ptoaelfr froBbrr putlcrlerty urlurblr ur of gh ILTTI rli tbr :

dmllo-3.rBrtt frator dlr8rar l,r tlr rrrr flGL rhteh thr cqlrta
nartor aLrnmt co,rrycrttll of, trdrl.&el rulernrlt ca h cocprrc{.
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For tErErnee the lorrr pert of ?19. 37 rhsnr that tbc Ed3rcunbe rnd

llhalr lelend drc{tct lr. rlm{lar lu ceryorlGlonr rad betb rre

dlff,crrnt freo th. ftHtr Irlnd dretttl. lhr dtffrrrner rborr

up weh Ercre elcarly tbra on convrnttoaal verlatto dteirmr

(Ftgr. 26, 2T md 28). 0ocperttcullrly frurtrrttng Ntp.Gt of I

doublc-trrrnry frctor dtrgram hmvrr ll thet lt tr rluort

trryorrtblr to errttn prretu cbrmteel nrealng Co rtaooS ltnur

trradr toch af tbet rbar tr r lerrr rctlo of ltt. t8. th. trrnd

tr obutoorly rt3otfterot but doer sot rpp.rr to clcerly oa tnt oth.r

verlatlon dtrgrm.

rnrc8 EL.BTBlI3

grctor loedlagr for prlnlpal coilspe!.nt rnrlyttr eld frctor

enalyrlt of trrc. rlcurnt detrr Cog.thar rlth eht pcrcratrje of the

totrl vulerer of th. 1l rlmrnt dtrtrlbutto'r rLlcb l,r cehra up tlq

ucb veeBot tr 3l,vrr ta lebh ta'

?h. PLWD f,or caaer chmroCr ta thr lry of tlraty vplcmlcr

(Figr 39) tr r gecd cremple of the Pg;ter of rnrlttvrrlrte raalyrlr

ln prevtltrg crttrrtr for pn.mtrtlor of drtr for tO 3r.cG olenuir

(tb, ir, tr, I, 2t, tt, lhr Gt, Co, it, Ll, 8cr Yr Cr, 6r, !) tn I

tredlly rtrtnlleted vlroal foi, thr mrt ttrlhtrl fmcurr of botb

r.GBtotr of tbr PLntD lt chr obvtcrsr dttfetrc,r tn thr 38.ar dornt

cmporltln of lhlBr lrlnd drsltmr cqrrrd to tbrt .of ttr oGh.s

try ct tlrnty volcclct I mcoad fretrrr rfte 17 botl leeElcrr of

tbr il.vf! tr tbra tb. ovrrrll trrc. rlrrrnt cbmtrtrT cf Chr fypr I!

md Grorp II rmlltlr lr lrrr tlnller Be tooprrrlltbtr rrnplell thra

1r thr cere for typr IA xoolttbre A ftermrbh ..prrrttupf enrlyrrr
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frubolr ured ta Flnr. 37. t8. t9 rrd tO

. Ed3ccrrnrbc aon-naolttbtc rmplcr

r lthele L rhod ootr-rrooltthtc remplre

o tJhter I rlead ranplcr

tr Hmrreht nrylrr

A tlpr lA xrmllttr ( f tnt r 11218, ll2l!l)

^ 
tTpr I! rnd Orop Il rnoltthr ( f ttOe, t1232).
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of lhrh lrlrnd rad Edg.cunb. rql.r lrto tro dlrttcc SrouPr lr

rppg.at tr bcth tectloor, blt lt bcttrr dcvoklprd tn gh. lant

rectton of Eh. dtrgrr. tllt dt'.,l.rloa lt m tadlcrt,lon of thl rrrrLttvlSy

of Bbr nttt...rrletr trchnlqre to th. dtffcrrot dtatrtbnttonl ln thrr

tno volGmo.r of thr rlrncntr !r, !r, Lt, Or, eld l. thr Br.ae rhnrnt

gcocbotrtqt of brnrahc lr tntrrnrdlrtr brFme tbrt ef ld3rcrrsbe dd

llhafu lrlrnd, brrt tr rnre ltallrr to thet of flbrle lllrnd.

tlgtlrlly th. lrnr. prttrrn lr rbora by th doublr tctlrry

dtrjrrn ( ?tg, 40) .re.pt f or thr rrlrttmrhlP brtrcra Eunrhe 8d

thr oth6 lry of thaGy vulcmolt. tt Cb. &rblr t.nler? dlrgrnt

tarwrlr tr elrerly dfffrrct lrm Ttrh lllud, ld3eeunbr md fbtm

Itlcd la ttr ovcell tarcf ckrraU chrolrGry' Thr Gro dtrgrrrr dttfrr

becrul thry repllet prrJoetlou frm n-dtrrartcrl rp.8c by tro

dlfftrrlt trcls1gaerr rnd rhrrtr fcnt v.GBoal rle tePrreceted lo th

dg6bl trrrrtT dta3rrer oolt tbrr .rt r?r3lrlt.d tr th. PLY.'[D.

tscrt rrrlyr3t of tbc tey of Dlrntt vslcrntcl enrld thr be

Gorr.Gtly rttrtbnrtrd te tbctr prrot vulcrro on thr brrLr ef tbltr

plotmd porltlcnr 1r lLir. !9 ud {O.
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VECTOR I

VECTOR d

Fi.g. 40. - Double bernar;r
Erace eleru,e:nE analyses of
(data from Table 49). Key

precerling Fig. 37.

factor analysLs diagrarn for
the Bay of Plenty volea,ni.cs

to symboLs used is on page
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tlttB 4t rul.ttvAuA?E 31Atr8flct
u.Llor |Lu$nt

Vrrl,encq trko Up Dv Flrrt lcor Vrctorr

?orcratr3r of CwleSlpr
Tetrl Verlrrc. Percotagc

I 60.E54

2 4i.074
t 9.t36
4 2.tt6
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rr^s.E ELETllfE

Verljrr,e lekra Up l;. Ftrrt FSLr Ycctorr

P.ae.at!8. of Curorrlatlvr
lotel Vertenco ?ereontegr

t3.586
62.127
76.3t)0
84.049

1 t3,5E6
2 lE.5et
3 t6.1tt
4 5.741

lrtrclpal Goroonent Anelvrlt - Vcctor LordlaE
Vcctor t Vrctor 2 Vector 3 Vretor 4

nb 0.379
te 0.712
3r -0.521
t 0.469
7.t O.!EE
Tt 0.2t3
un -0,45 t
Gu 0.90t
Co 0.554
ut 0.t36
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ClIjULArIS OJ. vBet0t AlilS CObOlDf,Illl8

l. Frtnclpal Gsoarnt AmlYrll

ltc nrthot hu rd4trd thr tcchntqul urcd by Lr urtErl ( 1968)

acd hm eelculrtrd tht.Gor. for r perBlcnlu Fnp1r oB I Pr8tteelrr

rnlctcr rt tbe ap of Ghe crolj-ptodtctr et thc vectCt tordtegr for

reeb rlrulnt rd Gba rlsEB coocrotraslollr thr|r vrlullr rhlch

rrr plc3red on thr llYllDtr (?1;r. l7rt9) rr. ltrtrd lu trblt 47.

l. hsSor Anellrlr

lor frctor urlyd,r thr rlmt or orldf corcctllrtlonf la.

rornellrcd bt dtvldtng Gb. lfdlvfdrrl denot errc.rtrrcloat tn

rach reuptr by tbr fqI6G rcot cf tb rgn of tb. rqjrtaj of rl'l

rlemrat concertrrtLoar tn ahrt rrmph. ?he raor. for r prrclcrl,rr

ruplt or I prrttcrlrr v.stcr 1r tbf,o celcrrlettd lr tbe m of tbr

erorFprodrctt of tbr ve3tot lrlitralr ter ar:h rlnt oa th.

rerurlterd rlornt ceEcrnEsltloolr vecG,or rr{.r ac.3lr lrr thrl
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TAttl 47

lll,Nclr.fi. g0q?0!F!1I Al[ALIFItt " WC!.0B rEIg cg.j0nDl.Nrf,Es

I{A'OB ELEIIENTS. TRTfrE EIEI,IEbITS

sAl{Pjl-E No. scoEE 1 scoBE 2 scoRE 3 SCCI8E 4 scoftE I ECoFE 2 sC,ORE 3 SCORE t.
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I t220

I I2EI

Ltz??

Lr2,2i

t1224

r I??5

t 1226

t1227

l!2aE
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4267

2587

255 I

2jrf,
933+

SOtrz

3055

3382

21 13

2'63

?l 50

t2LZ

2185

25b0

3263

24?9

2563

266-l

?58?

307t

3027

2225

23e3

38 24

?985

}ttq7

zr2v
v47'C

2-5 29

2488

2665

2 r8g

3122

3 r85

28'12

2671

291 1

77ti
?5 t5

24j7

22t 1

-2ir65 -tel
-30'tg .52\
-2843 -52b

-2476 - 50.6

-3917 -612

.2'j64 -45)

.2\3:D -477

-2'142 -678

-315r -550

-Z:Elq , t+je1

,,283'8 -4qt6

-305? -522

- 2500 - 4d,8

.,225t' *522

-lebr -515

- l9ttz -,4f,'5

- tl44 -L_'-

-z}hx - 1,

-?s7- -J27

- Zlod .5?r?

-zl5l -4Q,2

-215? -5[ !

- 2304 - l+l+9

- 251 r -67'1

- 2,!+52 - 4,i l
-t91) -i32
- 2305 -52',r

-367e -b27
'-27"AJ -sl t

-vinl - (.e0

-?23q -4??

-?204 -t 17

_Z-*)r\Z _+,_l

-zZao -!.7,1

- ?121 -4e4

- 3877 - rrn 5

- ZQ'nt) - 5hh

"1007 -610

-!q:12 -5t'h

-?t{7 -i9 |

-a.798 -5,115

-,229,1 _ 380

-24t1/+ -L77

--?4qI -4n,6

.2345 - i ih

29t+ -



FI EFT TE&I{AAY DIACRA}I STCOND TE,RI{ARY OIACRAII

$$'IPLE NO. 600RE I SCORE 2 SCoRE 3 scoRE 2 SCoRx 3 scoRE 4

1 1a05

1 1206

1 n207

11?08

t 12r0p

11210

t 1211

t1212

11213

It?:lrt
lt2lI
1l?15

Ll2tl
112r9

1 1220

rL221

LL227

11223

ILZ2t+

I t225

rr226
11227,

11228

71229

I 1230

1123[

,1 121.2

II?14

7L?33

1 1236

rL23V

I 1?38

I r23e

1l ZdrO

'11241

LIZ| Z

LI2h3,

11244

11245

I 1246

11247

11348

I t249

-72r0[
-72.92

-6C.66

-7rl .96

-:I5 i25

-66.9 5

-69 .43

-68;8 1

*71.4b

- 10,55

- 7P.5 I

-7 r.,41

-69,59
.68.03

.b7.52
i 67 .90

-69.09

-7'2,te,z

-68.89
*b.?. | 6

-69.42

-b?.?'1

-'69 .9jl

- t0.,99

-68. a:l

-(rE.t0

- 7i3.,'l i

-bQr2/t

.b9.53

-69.36:

-69-63

-,69'.57

-69,?fr

-6S, ? l
-08.32

-67.74

-68. i 7

-68.34

-6,7.70

- l'4.04

- 70.,45

- 7s,62

-68.7tr

- 15,r 3? -72,47

-18.22 -8.96
- 15.25 .15 ,09

-17 .47 - 1'0 .58

- 16 
" 
5'5 .:8. ?0

-t16.29 -t4,7,6

- !.6.J 2 -I4.25

' X6. 14 - 15.'04

- lJ.88 -L2.72

- 16.56 - 11,,89

- 16,55 -12.95

-16.90 -1L65
- 16.20 - 14. 21

.15.47 ' 15 .5 I
r16.44 .1b.05

-16.59 -15.51

-17,62 -13.29

-24,78 - 6.60

- 15 .81 - 15.28

-17,26 -13.58

-lT,L2 - 13,45

-17.09 -13.71
-21.01 -9.07

-2O,,7V -8.34
-16.4b -15.33
-15,.8[ -l4.Eq
-I4.9r .1,1.77

-r7 ..21 - 13 .49

-I7.lE -13.2E
-16.83 -13,,61

-17.01 -11.37

'l7r13 -t3.?9
-17,84 -12.96

- 1i .99 - 1.5.70

-16.14 -15.5/f
-16,16 -16, tl
-t5.Eg -.15.t5

-15.93 -15.83
-16.33 - 15.97

-t9.27 -6,68
-1'5. t8 -74.37

-15,03, -14.36
-14.91 .16.,34

-49.44 -!9.7.1 .10.8lr

- 56 ,54 -21 ;8:2 - 1.5 .65

-45,70 -45.2? -9.08
-53,.68 -32.t'1 -t3.81
- 55 .98 .V7, .72 r 1,..'6,r.3CI

,47.22 -42Q79 *9,.98

-147 .9,6 -nl .86 - 10,, [8

- 46,.80 -;43 . 61 -r9 . 5'9

-4e.31 -tr9.4C -1t,*2I
-49,. ?5 -38.75 - l.l .49r

-49.65 -38.85 -! I-50
.51 .55 '35.,54 rl?.91
_47.79 _41,91 _10,28,

-46,.58 -43.g7 -',),54

-45.79 -44,71 -9.5O

-46.63 -43.58 -9.79
-50,04 -17.73 -12.73

-6 t .3; ,19;5o - t'9. I 4

=46.14 -a4.51 -9,13
-49.5tr -i8,.94 -I1.59
.49.58 -38.96 -I1.4|6
- (19.25 "3E.52 - 1!. ?3

+57..!.t6 11,4.81 -L7'.74

-58.6f -?9.5r3 =17'.e6

- 46.78 -43.5,7 -9,.65

r $6.70 .!03 .196 -,9.34

-ttl .,57 -19 .14 - 11 .28

-49,5? -19.73 -t1,69
-:49.91 -18.55 -l["55
-4d.97 -40,.2i - t0,.82

-49.69 -39.05 -11.27

-+9.8i -38,.fi8 -11.48
-50.59 -3,6,'76 .1,2.65

-45 .61 - tr4.82 .9.51
-45.94 .44-.22 r 9.84

-45.3 1 -r)5. [7 -9 .51

.115.59 -45. 18 -9'. ?9

.45.1+7 -t+5.I7 -9.36

.45.66 -44.6h -9,.69.

-b!.o0 -11.16 =17!84
-116.70 ./+4.2Q .-,9, !O

-46. 53 .41r.t+6 -9.'01
.43.91 -4€.11 -7.96

rartt tE
lrcfOA inl[t8l! - vEct0R Alrl8 QOi0qEtnAtgS

$f,Iof, ttEtlsE8
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TAELE 49

FACTOR A}IAIYSIS . \IECTOR $(I8 CO.ORDINATtsS

TRTCE BLE}TENTS

F i ks I' l't. H),..\R Y li I .\i ; RAH S ii(.tr\ D Tir lil.AR'r' irl A(, it.{l'1

5Ai.1 PL.i ).o jr ()Ri: I S'. l.rF.H : 5t0tr[ '\
5(. O p. r: ) S(. () R l: I iCr)Ri-

-Ii.I1 -4q.)A
_l).rli _itl .b.l

-17.L) -4').b-]

-!1.-lq -jrJ .qh

- I tr. t,cj - 5U. hti

-ii.-'.+ -,iq.()7

-ll'r.ti() -69.3i

-i6.tJr- -19.Otr

- 11 .()i - 1() .3 2

-lt,.bl -5C1 .21

-th.7i -50.:n

- I h.lJ -10 .7 4

-ir:./tr -(i).trl+

- l-',,.i7 -ii.,'Jl

-lb,rlti -4h.ta(

-1h.ll -47.d1

-lo.?j+ -4C..i)|l

- iir.l[) -ic.f;i)

-l/+.41 -'i1.Li

-17.11 -t,r'.(17

-15.rll -i0.09

-lh.lh -4.i.qi

-lb.J4 -4J.1'r

-r4.ll -rt.71

- I r. ' I - ) | . 1/

-lr'. tF -47.],i

-l7.nt, -li.L",

-t7.iii -4-1 ,31

- Ir,. h 7 -.19 . ()f )

7J.i',
i6,:'i'
rl. il
iJ f t

7r-,.74

7r.:!
7i.,1,1

Il :l

tq.$l
; --t

7'r . t,i)

I t' . tr',

14.n1

ii.r,i/

7tt. lrl

i J.7 |

7 !.t.,

.. l.l1)

nL? . a'.

7i,.rii
7-r 1q

7 .lr'
,i , J1

'i1.ir

i I . Jit

i, J . I I

; I . ')/,

[). n'r 
]-''lr 
Il.-r J I

- t .r ) 
|

-2.(12 
i

-(,.1r I

Ir)..,t1
r.+r 

I_i). r.1 
I

-:,::;l
I

- i. ) t

(1 .20

ii.{? |

{.1,r 
I

:. l,-l I

r.ri I

I.r.i'l 
I

-f'.!l I

I

"rlr 
I

-.I .IJ I

-rr . i I 
I

_'l . lr) 
|

'.-, '

1.r,- 
]r.ii,)l

-rt.':l/ |
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AFPEilDtI( 
'

cuPlnlt€q o? gocHrHlluu-rlfi PstI$rAmI pD Clc.filI

rDglC|IBlS

tcforr tbr pttrochot*ry of rocLr frq dtfterrilt, vptcr[lc usl3r

cn bc 6jrntn3full,y ccryrnd tG lr areofrtt to $grbltrh tbrt roehr

trha fro tbr lrr rnrG hevr v.rt rtntlrr eholltry trr tbe lloilts

orlymd. ;gch r trrG otrbltrhrr la prrcttcrl Grnr tbr sn ef thr

rbrotstc chsaterl vrrtt3la rlthln I wlceele rn13, tbr poutblr

.rrgrl ttvolyld ll rqlt4 trch r unlt rld la rr&ctq th. raplr to

I nltrblr ttnrl frrctl,ca fot elrlyrf r, nd thr pt Gldor of tb. urlyrlr

ltnlf . tbr6 rnrgftr trlln fro tsrtl Dcil o ld3rcrnbe ( tllt0r llttf

nd tlll2) rvltr,g,r{ tS tp ercbr r.d r.r. Gt pellert rmpl6

tehra for glocbra{crl rnrlyrlt3 brlcr lor tler rrrylcr th crror ftr

to nptfe rd r;ficttca trsbnl,quu Gc b. .ry.3Ged to be rt I nrdro.

ttr artor |od 3r.3r tlrnrrt Gor6t8rStool lor tb|'. rqlfl rhrtr vtlnt

rnrll dtfftrca; rnly (trblr t0) md eoryrrlrrrl brtr..r rrclerntc

nnttr ta thr totlorlry dtrcnrloa rrr rrdr recrdlrllt.

tor Edlggrbr rrnpler ct bota .nlrtlv. qft Sbrrr lr le conlrtd

chmlcrl ,,,rrttGloa rltb tflr. Oearqrrrtlt tbr rrlrtlvc chrolrtrt

cerno3 br srd to dttrraln Ehrlr tlnr r.tlraosrr Eorttfrr tn vls of

Chr ragrartlv$y lergr mbtr of rlpotr urlTrl nd Ehr rfirlll8.l3

chalcrl vrrlrtlm rbcr by tbr vdeacp -.t hrutg urtt rlatlrr

ej13a;trrtlcrt of dl tbe rnrtlrf dnlCt rrr elrrl&lra co l3t'l til

rrrpGrd rt .f{t tL rrnl tlr. ttr tochlcrl eftr .ll tbf br ffd

lor .tsrtltrrpltc rorrtlrtfclp lnt rot tc drtsrlr rrlrtlvr

rtDrtlltryhtc ordttr.
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r|lLr 50

c(Hiltrts ffi |[r+.rril ot nn$_lrq!.r8 Flil qut
rn|E Y$frmc uNrt (H{ll{ PgBl, EDcEcurE)

rrilDLl

Gr

rb

lr
TT

8r
IEr
lIr

Y

lr
Un

Itrr
Cl
Go

tt
L1

f,3

ls
8-

lTt
Gr

Or

rAl
lEl
I

llt vdrrr r8c
trdlcrtrd.

I tot.t rru.

11110

t.3
70

5to
1.67

zrt
3.73

2.29

t6

tltlr
2.4
68

600

1.59

'l'rt.t2
2.tC

t6

lrlll
t.E
7'
610

LC9

n0
t.60
l.!l

l6

104 104 105

tto 8flr tto
3.tl t.tl trt0
t4 l0 r4

It 12 1l
t.4 1.1 C.5

trt+t?
l.ll l.t!l I .3il

lt r7 t6
120 rto rto
o.tAt o.t{o 0.t4t
16 27 tt
It It t6

t.tl t.tl t.tl
to,l3 30.t1 t0.57
I5 Ir lc

lr lpr r.lrrl ttlrrrlr
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Drtrtlrd rqh leertlorr fsr urlymd rrryler rtr tlvrl lr
trbk 5l'

tlr urtb.tir rqthrtr md rotrrr tur-?lilt (flf po ro rnd flg. l)
.8r tbuthl tc heur brro tb. mrllrrt tlarr oI thr f$rcnrrbr volcrac,

8lrr Chr retEltr lrtrtlort hrr,. eor. brlc arJor rlsrrnt chratrtry
tber :br rfith.rl red mrthrrn lrre ?lcrr tt tr cltrr thrt thrl rfr.
rt sttudrd lrm thr rarn n.grrr body rt thr rtar Blne. lh. aorth,.r!
|rd rcrcborn ler ltorr bgrn utrrotly rtutlrr cljEfa6t rrth tbr
.F.pttm of rhrtr tft GoDGort, t|tr brtrg tot d.rctrbl. ( < r ppr) lr
th. rotbrrn lr|| llar conprrcd to 5 ppa 1r thr agr31rrn trp ?lorr3
. rfplflcrr! dlff,rrelG., but tr tt t,r thr cely rueb dlfferuar tt
norB ltlrly todtcrtrr thrt thr nortbr md tctbrr lrr ?lrr r.rr
.rgndrd rt rl.allrr ttrrr but not rtqltanrourlT.

ttmr unpler frm rrltr rbctr eonoleGtvrr rlrlbore ct lftrcunbr
cmot br trfrrrrd 3rolo6tcrlty trt. arlytrds il frql tbr nsrth D6.
rrd trc frm thr lrhrr tra. th. chrnl,rtrt o! tbr f,ortb D@f trrylr
(tltoS) 1r vort rlnllrr Go tbrt of reryh lllt6 tro flor lb, lrd
chq t3. tb.rrtoL G.ntldrrd to br ccrrrlrtlnur ?lnr tb lt coarlit'l
la goleitcrl Srcadr 3o br clor h rgr to flr & cl Gbr rcrth*t
d'djr rrd hacr tt tr cmrtd.rd :bt tb. brrl tlar oa the northrrn
[l nortb.rG.rl rtser rd xcrrb DG., vhtsh llrr rt chr foot rt
tla & cn 3t Dortbt rt.rr rrdp r.n rxtrrcrd rt rbcrt tlr .r!a Gfr..
Itu rdlttlill 3eolo3{erl rvlfl dllcrurf rrdtrr (p. rq ) rh.
rltn|rlra'of tostb Dr. Bbt rppmrr 36 prpdrtr 11r .*tnrln o!
r.1r DE- of rbe Grc rrql' fru tb. lrlfr ful oro of tbcs ( tttrt)
I'r trltrtllrtrbrble cbutcrlrT iru rqp flt$ trlrn frp rrr 31 trtd
plr;gt6 $nt tt c tln rr.t prrl c( tb trlr GcFr thr tbolotd Grrpr
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trt|.t tt
--

EDotg|mE

I1205

t 1206

ttto?
rr2oi
I lt09
rt2t0
lt2rl
tl2u
rlt13
ltlt4
rlrt5
t r216

rltlt

rlttE
11219

rlno
Irrtl
1122t

lrnt
I ltt*
r lttt
I rlra
tlttt
rFs
rlu9

IflTLT IIL/TIID

-

trf,PLB tsAtlfit ron |f,rLr8r SrilILtt
of fiilt tAr ot PLlnTT vE[.3AtIcg

f,ortbrn ldrc llsr
fcrt.rt trtr tlwt
f,ela Goe, flr Ar

tlorth Doil.

Dortb Dsf (nmltth)
Srla DG.
tsrln D6.
lrlr DE
loutbrn lrer ?lcr
lrrt perk tholotd, Fhl lr rroG lt.
Lrbtr frr
Ertn Gmrl flr tb.
Lrhrr fea

lot Doe, coatrG3 tcoeo
HrtC Dne
luG D6., pmh.
ftrt Dfiia, plr'L,.

?la A

Grltrrl Cor, volerelc Drrcctr tt Hchrlf lry.
trC EF.
Ccfnl Golr
Oatrrl Gear

Glgrel Crar

Crrttrl Cerr (mlfth)
fil+L fcqld*r l.I. poln; (rctftb)

F
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IABI'E II (eotlamd)

f,ldl,I IStthD (emtt!ilrrdi

ltt30
llt3t
1r2:tt
1r2t3
11ilt4

1r135

rrtt6
112t7

1r216

r rat9

Dereb bosldrrl 8,f. potat (bort o! llttg).
3mt Dmr bordcr totrtr
tert Ddn bord* len (courporttc ruplr of rrnoltGlr).
Coar tholold

tetton

CreCret Conc bcddrd
volculs brrccl,r retloa
oc aorth feer

rfiIt.l IttJTD

11140 Ccntrel Coacr bry f,. of poraoFDc

tl24l Ccntnl Coerr Otrhttrhr.
tltl2 Gotrrl Conr, f,l. polatr
ttt*c crctrrlr coerr lnrtdr 8.1. Grrtra rrrr.
ttlt/t Cotrrl Gom, Crrtrr !rt.
lltfS Gmtrrl Cerr, Crrtu !ry.
flt46 ltoup f,rtd, brnl tbolotd cr csd5r

HAHryNU

-

rr24t ncs/ rtol5t
rrtfl r66/1?t25!
rrt4t nil/ 1t2tt0 

r
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fit rE th. rpfr of ch. frl of lrbrr Eobrlrp rrd ltr chrrlarl rqpl,vtl.mr

ttth ptrt of tbtr dcbrtr .rppcftr tbr bypothettr rlnrdy propor.d a
grolojlorl rvldcrtrr Cbrt reh of Bhr lehr fibrl,r bet bmn &rlvtd by

thr eollrpra of rD.rtaultvr rphr of nblcb tbr thslbtd 1r r rcmtrBr

taplr lttttr elrc frm the trbrr tre lr chrnleelly dtffcrrat fra ray

rtbrr fdgccubr uelyrrd rrryh; md th.rrforr esroc bf cornefrtrd

by 3eochdcrl conprrtrorr

rurl,E I'LTND

lll eorrrGcolttbtc rmglrr rmlyrrd frn Fbrlr lrhad rrc drsltlc

La chrntrtrtr ttr rvra{. ftrlr lrlud rqlr cstrlof rrbttrrctrllt
nrar sdtl $rrttr tbm thr rvm!. tdfrrmh rqlrl 3hrl tbr htglrrr

rulaBl 8fO2 Gcrt.at of flbalc lrlrad rochr lt h ecanrd rith Bbr

prtrognpbtc dlffrrmcrr bet"sr.ra Bb. volcrtoel.

Ihe ehru nrlr volcrnlc -ttr rhtch oehr r+ lbe ftalr lrhad
rrolc,rml Grltrrl 6or, lrrt D6. rld lrtt Dcrl, rll rhnr dtrttnetlvt

cu4orl,3loar. In nrJcr olrrratr Colrrl Coee ttchr .r. rrthfs tot

brde, rltb lonr it02r [rrg .rd IIO' rrd bljbr trO (trrrl lm),
Cro red lf0r tb.r rochr fr*-lrrt rad lrtt Dr.a. Ststlrrl; tbr

tsro. rlmt ca,aeotrrttmr ilf gbe trrrt.r rfbrttcttf of Cratrrl

Corr rotlrl rrftrctrd tr 3rgrlt; her silEntt of Bbr llrgr crttorr
rfd 1rr1r bl,jlly-rhergrd Crglrtr, dil htlbr GelB.cGr rt lrrrrrjrrl,c
3i.c. rluntr 3lrn tr Errt rnl frr3 Ere roGlle ltr u!q' ltr"rnt
chd,rtry cl lrt ul Trrt Dn rqht lt vrry rtd,lrr ucrpt tbrt
I1e lt ntrbty lorr ln trr! Diltr . Gertrlr GrrFr tlantrl lcrvrrr
rlc gltr dlffrrrnt r.E.rtsl3to.r tr th til dnrr lrrt Dcr tr
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dlrttnctly rlchrr ln Ebr lbr Ur ud |,r, rad 1r &plettd ta Cu, Co,

nl cnd Cr relrtl'ur to H.rt Dool.

thl chrrnlert, prtrotrrphle rad grclogloat rvl,dracr rr. eoalfrtont

rttb tbc Fmt DGG nrgmr bcing drrlvcd frm abr Cretttl €ote !-gnr

by fnctlonrl crTrtrll{rattoa. Th rclrtLvr ctrolstry of Emt Dmr

end Gragrrl Gooc rqlrr lt colrlrtrnt rtth tbo tut D@. Erlor hrvtng

brcn dsrtvrd fron Chr Ceotrel Coar Elgrr by frrcttonel cryttrllluttor,

rscb a pros.rr rtro brlq cartrtest rtCh thrtr rrleSl,vr rg.!. Horavar

rl rbmn tn feblr l, lttt Derar rroplrr havr 3h. lqut nedel plr3toelrte

ccut.rtr .d thr hL3bmt propcrtlon of ;rrur&rrr *n rny tfbrlr lrlend
!

unplcr, rhtch tr rot conrlrtrnt rlth tbrtr duivrtico f,rcr rqt eG,bot

Ubclc Irlrad rr8rnr rf,ort rrgFull,*. rgulvrlact trr tmpled. Addl3tmellt,

thc rtnl,lertty of thl naJor rhnent ebmlrtqt of lmt rld flreG Dorr

rnd tbr dlmtrllrrtty of ?hrlr ta.€r rlurnt chcfrStt rtrce3ly

r!3.rtr Sbrs tbry rrnr Eot trretLoettoa prodrcBr of Gh 3rs. Gr|F.

bodt.

ttr elorr rtrallutty brtrrcn thr rrrtot rd tr*e rlerot clrrntrtry

ef raplo ttttl fton Flor t rrd thr rrrylrr tta thr Grottrl Gonrl

rppottr thr fll!..ttm nmdr .a ch. berlr cf gobjlarl rvtdncr thrt

?lou A rtr #rryCrd lrm r p.autttc v.trt oo ghr rrrtrrr fleolr of 3h.

Gratrrl Gonr rt lonj rfCrr tbe Crntnl Cen nr forud.

tbr Crnr tbobld rblcb crr?f cnr rt thr bur 1f Bhe Cmtrd Gcrrl

rnJ rhlcb tr *rrSljrqhlrrlll flfrrrrl tr br tht cld.rt rrpored

potSltr o[ tbr frrlr lrlud veleelo, tl cbptcrlly unllkc at other

porlin cf tbr trlod. A cqlrtr nrfor rllnmt rorlyrll of, tt

rqh ( 114!) frcl Ghr Gcrr tLclctil hu nr btm r.d., ht lcr \0r
ur20r tro (tctr,l lret), C$ eoi Ig9 contrnGr lrd.crtr tlrr tt lr tb.
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Atr?BtiDIX 6

Co-ordlnrt.f for tCFr APtr rad voa tfolff tcrnary Dtrgranrl

end lltffrrrntLatlon Indor and CryrtnllteetLon Indrr Velutr for

tbG lay of Plcnty volcealcr ( rcc ?rblc 52 on follortlg pegc),

305



rAltr 52
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51r 792-EO6,
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1001- f00t r
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trmnd Eht peclftcr Ectccrr H.y.f lllr E0l-6Ol
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EIfAnt, A,f tAtLOn, 8.X.; CAIP, A.C. l96Er Trrce end nlnor rlcmrnt

grocbcmtrtry of the rhyollttc voleenLc rockrl Clntrrl Horth

Irlend" Ncr trrlend. totrl rock ead rrlldrrl llqutd drta.

contge- !@. r 19t 76- 1Q4.

FLIMINOI C.A. 195t1 th. Thlto Irlend trrnehr I rub-mtrLnc grebon la the

Eey of Plrnty, Nrr tulrnd. Droc. Pe.elf . 7tb 8ct' Cgarr.r !l
210- 2lt.

flLl.1 J.t. (tn prrr)r Groehmlrtry of vttL Lrw, FtJt, end. lEr

cvolutloa ra rn Lrlstd ttGr
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nfnLffi.l, C. 1927t SoEal rtr$egur. tn plrjtoclurr. @.,

tr 99- I14.
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L-rtt. (Hrtb. ) r 31 4lt-{47.

ltAfltlnf(n, l. 1969r thG gcephtrlcal elldffcrrcc cf srtc-el,ksltnr

codtrltrr tn Hor teetend. I.t.'Jl Orol. OrTtbtt.l !!r 436-450.

nAfiIEl,mn, t.l DICrI,fgStl I,l. 1968r Andraltfc rolerntrn ud trlrnrtclty

ln l{rt gulrad. @.r Er 4C15-4619.

UffLt, J. lg62r Strrctun rrd vslcerlrn ln tht tapo Vclculc 8om,

Ier lrrhd. rCiltt of tbr Prctttc lrtlrr, @. 6l

151-1t7.
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