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Plate 1.

lt*-

The Taralrera Volcanic Cmplex loolcing north east fron Te Wairoa,

showing the three Late Domes of i',rahanga (feft), Ruawahia (centre),

and. Taravrera ( right) . In f ron! are Northern Lava Flow ( feft) and.

I'lorth western Lava. Flow (rieht).
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Hotnt t'sttilDDr lr r volsetrtc courplox* ln thr ?rrpo Volornto
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(&tg'f )' At th3 ntrth nrt rna aqft& eut nrrg.lac rm ertonrlrr
rhestr d lgniabrrtcr rhioh fErE probrb{y cnrpted frro. tb re.
early ia itf votrorrrio hiet*3r.

Fqr ocutnor of rotivlty oon bs drrtln6ulrbcd in tb, Esr
(ncOy, f96rf lbolrProae f96r+)r

f . fonCrrfru Volooio Cantn
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tho Trrarura Cosphr fsrnr ttn
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rcnrtborn prrt d tn 0hrtrlnr

W tbo crtnrslon of ruoseuln

) Etc torur tYolornlc Conplarr .ru ureti in this prper to dorcrtbo e
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tU. 2.

trry cbalry tb itrttr{h|tL|r ef the fuolltc of trhe nr*crra Grrilr
ual tb. 0&rteial Tor.sen{,s catrr ( aata n arJr, tg6i, Fr,gr lI - 2 ).
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rlryroltto dcoa and f,taa d tho

ttrs lrrt Jurnt ru tb qlortye
lsrorr tb matafil in fgg6.

flrprrrngt Bcrfot (Grrneo , lgJil].

enptlo ef tfrrft ttra r flrrure

gqnefirrqF

rhr coqrlsa f,*tr r grmtnrat tqogrrsro fcrtunr Firr,.g
fril nlrt'lrrsly fiIrt ooratqf on tbue rtdsr rrrd. ft'oo t h Trlreurr
oa tbo fo|FtD. lt rparrrtrrs oourtrt to thc eut re floo to f5(p f3,
rbow rcr lorrlr rnd thir hctgDt le rl,?rrrp to tDat otr tb lcrr-
ilrkrarfu brrh to thr lqtth. To tha nrt tbo rurfrsc fel1" Soo;l.'
to Lto notarbrne (t098 tt. lbove re l"rrul), rhloh b ory repr*rtrl
!f r r.I1 *lle floil LL srrrprr (gBO ft. rbor ru lsd).

lb. cdgor * r"rron "r" rr dl orrrr rtreg, ud rorrpf qp to
5m ft' h18h ooGur ln pl^corr. rrou thta lerrl $r ro,rt rrmoat
volcrnl'a crtaufror rl,rc rtaop\r to fom oopr$rtrrly ptrtorc
ortar jl000 ft. rbort rcr lcrrl. ho teeErrrphlo unltr os br
dlattagntrDrds clc to tb nortb rrrt fmr frhngr hrk, oil tbr
otbolt c+rnrtcd tber n*anso \y r rrrlrod riagrrelrlon, foglr gnr.brr
rnd T$mrr Fartr. Rutrb. r l}ig (J5[6 ft. ) tr tbr brch6t polrt
orf the Coqflc.

l ttrort flearrr stendr for fqlr nilcr rsroff tlbrr fi;aturul.
rt ir nee tbrn 50o ft' &cp rnd rSco ft. rtd. rn partr, rnd rr
dttldod tlto I nlbcr of crtcn, rqpnnted by rbrtdcprf of .n1l6
lool' fhrao provldo oownieat plrocr to crorr tha ftragl. (b

4



tlc torth llrtcra edgr of trrrrrrre pork g th. Cbr... trt', ie
rurronndod bf ollffr orrr e00 ft. b16h m tbro ridcrr and fo1a f
dtrttnct fertur'l m tbr rldo of thc Coqfler, rirlbl.o for rrqy lllcr.

,PrlcJlosr. 14
Itc lLrrt l\rropcrn to herc rteltsd frrnrll end th tnrdlrtatr

ruFomdtng lfi|r trl I hY. Cbqpnrns a ulsslmarlr flol nottrur. lh
rrr llrend\y rith tlbe loe,l rrrrricr rnd ln Jrnc lglf tooh

Dr' Brrct Dtoffenbcgh o r tfla ronDr! Irbr RotooeDrne sd terurr.
Se lrtter noorlod itrltrttu of thc trtp tn hir book .Inrnlr tn li"'
xsrlrad' (mccfcnbsobl f8+Ilr rnd provldad tbo ftrrt dilorl,pttoa of
th3 lehas 8nd tb elnk rrn(l tLltc Ttrrroaa. nr rbo notcd thrt rrtlr
;€ orno into tb. Tlrr-ltre (lr*rnn) t{bo, tb. rhorcr tron rteql
rao roolgr (tcrohrtio). $o s rlght thre rrorc r ourlanr rorntell
omllrtrng of rrrrrr'l truaorted eonor and cnotl,y rarabling r forttfl-
ortLm r| thc uDpGr bordcrl of thc soDor rorc fDf.a3oo ral snmld, ;ftb
psrTendLoul^rr rroota. tblr hlll 1r orllcd rlJotonui-lru6!,"

(DlefTrabroh, fS|rJr p.t8t)), Tht dor,crptta fttt Teusrrr bonc
th€ n|rc ir latenerttng. Trsalatoa it scnr ttbc lgge trlraa d
Brngirr utl thia rorrld fft 7|tb triefr'cabrohfr tbocy on t53 orlgtn 061.

tho lrker in th. l'r6to. IIo sctrtdersd tnrt thoy r3$s t6 nrrl^ar 4.
r fonsr .rE of thc r,gr tLloh^ hra boeooo clomd b5r Wffftfn6 of tf,r
lend' tbl nJuE 'f sotonul-lrrn6lr rar not urod by later urtboror Gc
ltt origla 1a rmroo]Be rt rryr hlw boen r rrnc 6lwn v ru looel
Itrorlr rhile ottsrl oel"led lt r,lfemlsrlt,

5



Itr l8o4r lioohrtrttof rgfomcd to Trrsnra er ln rullmt
ereapls of r platcru rtllo rlth t$o rrppcr rwf,roo of both Trrrerr
aad llorohoro drftnin6 ftbf ortginrt lstrl of te. dlrtrlotF (f;L;nlag,

7'.99) tmndEtloa, p.ll6). H€ reoondgd tno Drorcu. d obrtdl.ra o
tbc onrntsin rnd tJnrs rrr tbe f,trtt prrro to Afn r tnrr tadtortlq
of ooepsrttlon. Il€ohatcttcr dtd mt oflsD tbc tqratriel honwrl
3s tbs !{rorie bslll lt ttqilr' (rarcd) l,d no Europqa 11r etlgnil to
rroeedl. Thlr 'tipu' rcr poobrbry wb,gld, util ebant lBTz, rtao
Li'rt( rrncged to gct to tbo tsg rod enrlne tnr fiocl" f,r d.rsit {
the agornt of Rurnhlr lt dlfffsdt io leomt of t tr pruqlplt66
sb|rrot t eod t'br dragrr ufdlg fror loora frgnatr d maf ftf3l
!6orr Cstrohcti rt tho eUgitcrt tnnhr (&t t, lglln p.j!l).

At thtr prtod tba Pinh trd fMtr $orrrpef rfir curafag 6nrt
lnteruatr rad sutton (f869)r abbry (tgze) rad otbrre urota on thrtr
noqpholo6r and orltt$r hut aono rattmsd Trrnrr. In fmt, lt rrr
not unttl f886r lbrn thr trrero rtqptisr oogngzrdl tbrt rob dlnot
lnt$art lrg te&rn ln th. Hatdn. Thoa, brtrrrn 1685 a{ f888

lss tlrt*y Pryoar rnd notof Fra Ettton oa tbc rublectp of rflab
thc nort oryrrbcnelvt rtfir .l5r 'iaotor (1846), ix1ttg6 (fggl), grltb
(t00e1 rncl ttoeg (r8ea;. rhry neo€rdod crqy cyc-rttncl rcoqmtr
of tbs errptlmr li rsll ar uacftl dororyrptlmr of tihc rrotrfa
bcforrbrndr rnd ohragsr t&rt tooh pleoc rftsnrrdr. 11trmr (lAgal

r.lro bntof\y ibaarlbed tba lntct'n.l rtnntrut rnil ooryorttlo of tf,.
rhyolite dccr. A ftrll blbl'fogrTlU tbont tee eryttqn ir 31rrn ln
lppaaulr 2o
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lftrr lEEa, tltrrrrd rad, ral tb. n o?rr d pprcr rnr
of r rrrrr nfirrr. s{th ($9r) d.rctD.d t[| rtrtr dl ttr .€rt|-t
oa rd mn trrrrrr on tt Et rrla goulbl.r to rrCnd tb
routrLlr tut stor tllr e Grt lrptfitoot prcr fc tb nrt
thlrt trrnr lonr tbor d Eolt (f906) d htt (ftff ), nt ntttrn
dd.il r.L ry l^lf,ollattc, srup (fgt), !,r ft5. e.o13./ .4' tb
Botonrplnrryo sDutrdoor D*uyl(eril tb. rrt rirusr r! tt. rtult d}
tb cqlc. !o lttr Det[ rn acllrat 3;a*rr rmoat sf tb f0Ec

cqrtloar d dilrf,Drd thr rtruotun uit ocportttoa of tb ftrfftr
dcrrl Eotlry fe thr fllrt tl$ tfr prrnor d r dil. oltr t61
tto$ of frllfrr hmbfr nl fstrrr. h5lcm 13ltt1a rleg $n
frfG t}frr to trru-rrr btr bcra 6 rilr 3rrarl tqillt nt lrfrdr
ttor d E dtr f9lllr l*1, f96!rr f96$, ffffr - €Gffid rtr.nffi
rnd rohulrr f t'tr lupo Yohutr W3 ffr11t, s3141fril d
tbnproa' ft5l - Drnrlgtln d c.ole;rorr h cc l'tomr Dl,rtrrrg
Ifoahlatrts rnO l$ft, 197, - ltlrltr1a 64, tb tqo-gs,*. DbtclcGl
tberyrm' 196l ' ernrcrl ilrrurptbn of tbl rqo yol.sb b1
Clstt 1957o ltS0r rDA ltdrre lgfi - or|ala of tbo f€. 6' Irpo
vdcr'rro tnrg ht, rg6n - sroil!,tc pctrol,roH lt ct|i d
RilIar, 196\ ftSl - lrb rtrrgsrqSr.
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l. 6E$UAL csomcJ, -$ltuctllRB il{D Stn4Elc8rlEr

cniE L cEoloel

H0rEfcLcntrs

I$g!gfg. il!!lt- ltr !ocod,.Ul!c d rotrooio rbr Lo b€or GrorrtA

b, rluiDr (tgpr)r iho oilolsibd tt t itbr 1361 r ilorrt b. ri.tts{ct a

to rteaD-ttibtt vlaoou. Psltl.tr|ior d Lrr fordag rd! or Lt! dF

&.9.a1 |.|r.. .rorit tbtr toot!'. Cotto (f9$) plcb*rreil tb t'tt
I cruulodosr 1 rltob Jrgrr (f920) b.d u-il to difttbslth ltoll'to

ortfiul..! ttioo b||dtl3 tdsrr' flLla t.tr ia F!' cFlilitt bO b

roat ot tb llt trtrF! b.oD. dbGrrt.i.d to 'ibr' '|td 
lotr !|Bh d

ttttllr.Iatblr|.o@ttb.te?rddtruiH:t'rrlVtt'Lllrtt
rtU b6 o..aL

Ii1lirno (f y52r) ar6tvidpd do4r lnto tbrm t36nrt

r) ntrg dgrrell rhtoh ruproraat qhoerd soa<hrl3 filllrngrr

b) EndoAsnour dorl, thrt gN .rt€nttrqy ftN aryrillB

rttht!'

o) S3qgs3f,p domal tail.t bSr rwfoc ortrurlon unntly ffi I

oentrsl nrstt cttat'

tbir lcbil lr of dnrbtlUl rrlrro fc ftcl0 lDtctpFtr,tlG ll eort

do6t rr's fq;rsd, ty r oolblnatton of prooetlcr& It doct, hortnrt

pro7lcro e urefirl dlrtrloa f,or r thecetlotf dfusu[toa d th3 odCln 1

cnrl atrusturo of tb 'ioee!' Tho tarr;r tplug domf It srtondcd fror

Ellhenlr &fi.atti^oa to oorer oryr ruall rtoep lllcd rbrol:ltc !ru1

rblob Fe&etl13 ta j.tr onpttw vcnt end dmr not fiLor cur tlho rurftle.

lll ers*ple of, th$ $po otr doeno probsbdy oasurt et l.rflsa hrl'r

Califmll (rlltrlas t lg]f&.r PP.r2#).
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ba r tlryolitc trrr flerr f,roo r wnt, lt rqr FFr d.tb ognl,
fullisr I'n rll dtnottcl rnd rutrtn e hnirybrrcrl tbrlj. nr1t
1r th cr|o rt orJ.Eagggg, Jrrl (naober, fgeO), rad nrnltr la rb
foqrrtto d r tma I dilr, rn uort ol6ct, hcrtrrl r to6rn d
lrrr florr rc! ryrity Ln op dlnrtionl rra fonr r tooufAr (futor'
l9t8). AB ffio.tLnt erryl^s d errcb r fbetrm ls rt xmo g11lt*,
crllforrle (futos, f9!g). gortLmr tslr revr tfign mr|ttotl.r to
fil'or f,or r oq8da!8nhlr el|t'oocr rDd thru r*mlta ln r uorrrl flil
f,Iil? ' f,ll tbrto grper oo<rlr ln ths Te*ror Gqllrl,.

r+tp-tqpl_stnp_tl5qr- lhc tonrnahgr urd tn t&e aUlo.dm f
intorarl rtnrcbr 1r thrt rrred tf br.k (fgt!), rn tb tbolit
dooglr tbrr rr'g tro ni'n lprl!.qrt ltrnsturaa (i"e., thor ocrtdrmt
to bsw tbrulqcd durlDg th! ooaroLldettq of tbo leru) - rflc
ItnrcErcrt 1 atrp to rot.Eat of th€ bve tlru tho rcat to ttr fln|l
oooliB€ pcrlt!'oar ond r brnd,lng d & tmtst-rtlnt nrqrn, frtS rfU
bE oal'Itd f Qpfts'el'drt brndrsgt (p.50 ). f,6 rtmotsnof ulf cltf,rr
tlLnorrr ff tFlatvt 

' Itr forur ooorcl rborg th. Iu6 ra6t otr

*:rstelt ar'! elentod tn tb aam dlrl.cotlol 6rv1rs rcLa lj.Ecr.
Thr lrtt'* u ltrrre glstr dnprdr oooer; rhorr tbsr Lr r oooorntrr-
tioa otr an clmgrto r{rrorrl la r prntlouler brng rr tct th.ro tr I
rrrtatlm la vrrlanlr:t$ fD dlflFrnoat t{rcr.r t.o 1n1niof€11a ryo5br
thsao fon f(Lil lqzcrotp rnd tbcr.qlr or rqr aot trol.r$r f,lqr llnr.

Jotnta ooa bs d rco"nl trper (srlr, fg{#, g.z1)r of rbtoh

10



tbo mft lryetrnt la tbo ertnreivr rlryrolltcr srl (t ) tlroar Jslntr -
tboao pefpondfmlar to prxrsry otnrctunrl (e) IcAftudfnrf Jolntr -
prrallel te prinnrlr rtnrstnruri (5) Dia5easf jobtr - drlob rn rt
ra u6lr of ebant tr5e to tlca.

SFg$}_tltlo lqgtlr- ttr ancaolrfire nrsd tn tb abtrtjLd

ibroripttm orf, pyroclsrtto reokg it tbst 1llaporcd ty bntlctb rld
rtllie[t (rlta).

S1ro of cJccto ) 58 nl : Blocb

,A- lur I lryillt
l+o'25nt0orrmrd

( .85 n I tlne srb.

ln ceoh otltr Juuonllc ffiromta of aetor'lll (1.c., tborr tf,rt grc

t'hottsbt to haw GGn€ fns:r t&a argur rorcnof) rne rermtl'elt i
fle6ronte orf p'rertous\y rofidl,freti qnlto tgn flr roohr sl
I rooetluXrf ; rnrl ftsegretr of, non-ooGart€ rroohr, nrurUgr fro u
errltcr Aff orr pgrroalrotio &mrr e 'rooldaatrlt.

Tbc torn 'rtbr lr a gcaorrl torn for p,Strootactlo rolLr ft
tery lfd^crdfE6l t8 Bf;r r rsrll prrt otr tb d.H,r 1l ffer|f to br

of ch 6rr& (W fe."tt6rth rait Hlllirnrf dbftl,attlo). r httc
ten 1r Tbmrtnrlonf I (fg!$i ton, t trpbr.f , .n{n tbir rfLI bc utr0

;hsm rpprogrirta ln tbta ptp r. For t&e detoilptlo d ttrs clcott

of partloutrr pgrroolartte enryrtions (e.g.r Krlrrroc Aahlr th t*T
rAlht ber Uem ftnly tnbflri.ed i.n ths litantnr{tp and bcror r:l11 b
rotrl,nd.

JFtriaUll..tppt- tt tcninol"o6r of lgnirbrl,'ter hrr b.oa ootrrd F
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:gry iBrrrr. r8abd'l (tyrE, p.frL) dsfiEa gnirlrttr g rqr !"ge
tbousbt to barr bcca dopodtrd nco$ rmeor clfifu cr rf,mrr of
tntearfur h.3tco, tnt SFr|.rf\y atnrto fttqfmtr d 

"o'foals n3lrf.
Thore folsrde or sbcerrr bo ooaulrtoc lith tb. trdcr g.dgat'r d'
I.coroLr (fgo} p.gf-J). rb. tern rt6rrJ,nbslj6r thuc ooro11 tno
iurpctut prtro6rrpbl0 r''cck Qper' rreldod filnrt rnd boa-rBl&d Hlf
€ ft'afrFl. hld.d tffif nfca to trfr?r rn rhroh rladldq^t
fragreatr boro rrre'rhod plr*ro saorgb to bo prrt\y or rhotlgr nlolr
(uutfleld sd Bolal l9!\ p.t$)r rrid rtlfer to tntfr rltr rticb tl.
iadurrtlo tr prrnrriry tb lrrrult of nooryrtdltrrtto od fon tho.o
ls *loh tb Ilrcrutr balu littlo oobed,or (llurr, 19101 p.g6l),
Bot& Srpcr qy coo{rr ln lt lrn flor.

!

r irhpt qy bs dofit'd ln rrryr slilro r,t 
'r ooind @ rrul

Beuslcn (lgtrgr p.f gf ) rc re md,flr omtetntag drbrlr of, racrgs
t'ockt of chlsffy votorntg elg$rr, &d rr nnh tb. t.urn &r'ra Dlrct
flcr ;htoh rm3l, dilrr t&t elder d voros!.c dmsr GGD looro ab6;
rt t'bs dgnr d dorsr beoccr ovrnetrrrtsd.

ItElr- 'Jho tcn trtftr rcl flrrt urd !0, &ettr (fgO6, g.D) fc tbr
arthosa cad of rrhs enrt Elfrnne- ud th' !y Srrth (fggf) to
dogoribe rtbo Gbrnr. Sls€ tlrlg tls tt brr bsca tbc te*r urd
astt ocam{y to drmrlbr thc rbolc l{nc otr metcre f,erd rorou
!{cnrnt llrurr l$ tb fBE6 rngltloo.

rElltt ars bo drfiua |.n 6ry'refr1 G of rli.ob tr rt aarTil
oleft or ftrroc la roqh' (l.e.r. Blourryr 195o, p.&Ll), Fomnr,
tenrloa fr nurr"llgr irpliod. Cotton (fgt+ p.f0l, footrote) aotar
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Asd'&l 6ssfu np of, the Taruut Volnnto Cqrlco Rryoxlta al& crd'

qrloelcr crrtsn elia thmr G ficlayr Alr &Ehrr tr d,ttd. ( n q
The aap an8 Cl.lC err ougr aosurcte to !d.ttd,n lm ft. oEr sloPor ).
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thrt*rrl.ftf docr not aeoeuctl5r inply r grrbon produocil bDr trougb

frultin8. Ihe toru ir lc'e ruitrble for en ryea creak rhtoh tr th.
rerult o,f tearlonr.

l't Tarenere, thore lr good orl&enoe thrt feult lwcrent Atd

not trec plaoe rt tbe aurfaae durlng tho f885 enptl-o, rf lhilr61.-

bsildsd Kehrroo f Asht patror undlrtnrbed, aarosg th. oreterr.

hrtharlortr there ir no cvldpnce of tcnrlon rt tbc an't'eso. I feult
or firrune tr indlorteal et rbpth by tlhc rr i gccnt of tha enrytivo

oentrer, but tbs nrln rrrfeoa fertrrrer arle thc oloagated reata frn
rhieh t&c beralt lrpllll ttno tlhrorn duflng tbs enrptlon. th3 dsep
foleftst, cs betreen Ruuebla rnd Trranl,r (aorcr) 11,e r rrrtrlt of
elplosioas frieb ooourrcd tmrdr tlre end of the rrtn eg4ltl,m.

rniftr ig tbereforo nialeading trr tbig contsrt, end tbn terp
f fiertrcr rlr] b€ urcd (aa by s'lth, l8g6r.rgnd TboBer, f ss8) to
clereribc the rhole ferture. Th6 indivi,dnal sentrsg of, burlt
errptJ'oa rnd polnta of e-tr'lorim rtfl bo oelled f orrterlr.
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Brfr0L_rT8, DoUF

Tbs ferarere yolcerrlo

and pl,ugc (Etg. j) rhioh san

evidenoo iato tro groqprr

conplcr oorirtg of trelnr r$rol.ito dlorer

b€ divioed on gsooorphia arld Bhsrelogio

(f) Efflf_-Ilqre.r (tn probrble cder of decreerlng rgu)

Rldcp Dono (t)

lcrtsrn Dosc

RotOr+trrrra Dqc

RsFsdrhasltu Don end Elr
1l+



Soutbcrn Eoue ancl Flor

Hlstcau Dooe and, fflor

Bertgrn Dilt

(il) l+tc, Dorci

Crrter DaB

Buenhfs Doro

Trrenre D€a

UalruCr h€

. Erooa lrke HLug,

ttc doEas prerunrhly overlie oldor r$rolitor enil i6ntrbnittr

of tno Okftsl[ ocntre. It 1r porel.ble tbrt errlior trydltft rst't

enryted fron 'llrrarsre, tot tberc, if prurents lrrB no longar rrpord rt

tho rnrfaae. I f,Ioe rhlch fo,nr tbc lip of tbc ?rrmrr trLlr

$177/978OfZ) eonld reprosont rueh r f;Iw1 but tt ls orurllrln by verlf

rirtler l,avs frou thc Haroharo Corylerr and hsDoe lt Lr tlnrgbt ront

Iilstry to be urooletod rith t.bir oeatre then trrrrurrr aod rtIL not

bc dLrourrcd futhar.

tba poal.tioar of, rrntr rrc ebqys diffloult to doterrin€ rltb

rootaeoy. In too€ olrso (cr6. r Buemhit Doe) thp Isvr rppcrrr to

have flosed tlon r rtsf!.nltc onter, thiah 1g tbirrr interproted rl tb

seat. In perfeotly stmulrr dmer (e.g., Baftsrn Ddo) it la tlhought

to be in t,b o"odt"n bnt tn othor orrct tbc podtion is ysrTr codecturrl.

In t[6. ] tb suggerteit positi.ono of thc rcntc lr€ plrcctl m: genarel

fors of the ilmer; JotnttrU, ttare thig crn be toon; rad thc dmerf

reletlorbip to p5rroolrstlo dcporltr, rr ths latter uaue[y rhw thotl



forrroe tonr olear$r.

E$rr,-Sqal_ lg0_Eert
fU dour rnd fler of, tlo Erl\y &Fsup srs oormd br rhlolttlo

tq$ra1 snd tilrrdf ttt cdgor of tb coryr"' ls frrtbr E.,leil V
tegltetlc' {berr tond to rr* ths dmr rrrd ell w tar €f;por-,rl oa
thr tqrr- f,ort o'rtmryr * tl'.. found rt ttarf u'Gr.ac.

li{ar _&s.r- Rrabo h fu tbr rort poorly atstl,nsd d tbs iilcr. rtf
erlrtenoc te poatrilrhd o tb evt<leaoc rffcdoal w u. qps,rs1r.
rbsn I'o loE tqqrnnro qp$Brlloo, tut thia oould 1116 br pro&nrd
u r flc frof, Hlakm Dnr. Ttcn ta r dr^fi?elsroa tu rienls/r
holcrrct rLlot nrsr tLlf unltblJr. rt is colploto\r covr'a 5, throt
tcphrr ud rrlntltlm, rnd tlbc em orporurr 6orE't trErl. tlc botts d,
t&o dlrcprrt suly oa tbr Dortb sst alb.

Flrtpra Dccr- ilrl| 1r r rf,rrl prrtr,y .*rd.d dooo (|ur*lol sirt

ncprtrcnt r f,lor fFoa Eotrhsr Dfir, ht tlh rtdcc Dmr r drf,fcrqj
nlurdo6r uggcrta tt 1r r rpurte intrrrrlm. thr rrtern urgln 1,
ttogPt rlth nwrrrl alllfr d &out€ oxporedl but tbD orrtcra rldr lr
coqrletely Srarred t$, lrter t€Dbrt.

- thtr dos ts ngtb rrrt of &rr.o Xoton.
brol' rt la nrtlr ccurred I lrtar dourl rnct homc ltl ftur artsnt
le unbm' uolt of lt l"l sowr3d, bJr thJok rrgntatlm rnci tb ooly
300d 3{p.ruFr rfe on tbe eout*r rort dars *e$ tb cdgo of t&. dil
fornr r orfud bEerL of d"qlc (j0O ft. hl$), fn r 50 ft. qlrff rt tb
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cna oclnrroc rrrrh (W/#ts{/,) bo
frfch rl lnttrrto\, dlrd toSstbcr.

bo illtourrc{ lrtcr.

Sper of rsrclftl sG upodl
fto rt5ntfforcr of tDlr rtU

- ns$rt*.rl'tn h ourrller tfa mrtqt
d'b otr Eotarhror Dor, rnd tbo tntk of tbc lrn ft.6 tbr r-t.*eto
lpp'rEtJy firond ncthltr to foa tbc *rootrtrd nnuubLrartn c

?rtrIlorth trrrt^ rrrr Er,or. &err rr ao rrrLei !ro* od, rlqc rt h
sartoru ddc d ths dn rr lt 1r rurosafud !r r lblc1 aqrur -,
tryhn rtr rrtsra dft ?cnr r aell robc e ca,l6r *roh iil,{ eot
lrrEb tha cdSe of tbe uibr'ro'ra* dor. lhr rlcr Brdc ro,E'lr d
obaidlrn; hrr a stc.p f,rmt ( > toO ft. hr$), bat arsry, tf,o ,.rE!.
h$ be|a omrod tr tapbr rnd, ml nroent dcr. lhrtrlr nrg'
ocour l1og ltr lragth, but dGw.o hm n&d llto tbro ro tlrrt n
nooL .qpo"*rilDr sQ fo'od ott* th.o rt tb nc tbrr:n r*arn.

- &ir ir tbe rort rartt r.'kr$r crtrrrln
of tb co*le.r, probrblgr rt t$c rdge d tb. Ghrt.r* 0rriba (fie. t),
f'ha* I'r ro teorrphlo rapenrtlon bchees t&; D6i rnd il.ar .od tb
dtrlelm ir ertrtGrrilt *de trrc tb artompr rt thc .qrto .&g,.
floc psfcrfif r{roflts to obrtdlu.

!'llrtrrn.lgo? rps xtar- Elrtran DoD. tr tbo lrrgrrt dmo tr' it.
co4ks sd hI r rtrrfroo rFrlr of owr 4 rq. dr. (6 rqr rlt. rnergdi{
E-). ttr cd6rr d t!, dowt oonld putryr br rrcrrroed er n*fj",
dtlob rorcd aontbnrdr or rqrthnrrir tlotl thr vcat, o[F oa torrrdr
ths cut rnc putlgr oorlerosi togothu, lLfu i! hrpportoti -t6r tbe

17-



ooourntnoo of obrLdien on the touthern and eertern nar6J-ns cf tbs dore.

ibe ne'ln flw (Plrtoeu or Forthcrn Lava f,Lor) lr to the north of thr
dome and thla fornr a rteep front (eoo-jOO ft, hlgh) rt tbo edte of,

Lotce Taremrc. Th. ocntre of tht doae 1g ec,vsred by tlre lrtcr Xrhrnga

Dono.

Errtetp- D9+)l- ?htr ls c aaell oireular doo€ to tbo oert d Hletfiu
Doner ritb en eroeptlonrlly f?,rt top end cteep nar6inr. rt lr owsrcd
by tephre rnd vegetrtlonr erld tho only !ryonur'rr rrs uound tbc routhcrn

edge.

htc Doarr

-- fho Irte Doaer rlre all oonrielarcri to brve bcen ertnrdsd

eftgr the Kclrsoe enrptlon in eppror. tO20 A.D. (e"" p.5g ).
llttlo emded, rnd er thoy renB rcgely aovorcd by thick debrir
the f 886 enrptlon ere void of vc8etatlon (plrtc I ).

drning c

tlroy ea

f?oo

Gretgr &l:- Thta done ber no rurfrce Bql!6rfion, rr Burrehie end

Tararera Doeot heve oorreggcd arouaa r'd pertlgr over ltr .nd tbs

r'saeLnrier of tb€ donc har boen oovor€d by tb trrucra Arh rnd Lapllli.
It oaB only be craalnac in tho -bepcrt of tbe f886 crrterg rtrrs r good

lntcmal aeotioa fr eqroled.

Rqlr+IILF Poqe_:- Burrrble l?ig (fi\S ft.) fornr the bighmt Bolat on

the lountrln, end probebly rarka the rlte of tho vaat fg. the dom.

hrfing itr ertnrlion, t&s lavr f,lored Dorth tert rnd routh to fon tbe

rcll developed ooul6cr. Itc clono le cowred by th€ Tgarer"'Arh rad

tapilli" Ut t ir erpoae d both et the nr,rgins and on top of tb6 aogl6ar.

The aontral trGl aey be rtrr&tcct tn tbc f886 oraters rblsh out tbcuGh

lt. 18



-?"?f-Eul!. FqFFI- Shlr dos rrr erlrucrs froa r rr'at nrr thc rcbrtrt,

and tbr lara flIoleti to thr nerth net end rmrth nat to forr tro
oorrlf,er rtniler to ttror d Burrlbll. n !y c4lorurrrr of tbr dga

ooour around thc rr6J.n, end t6sre lc c good intcrarl mstln ln tb
Chr&.

l,lbraqr Dml- frhrngr Dm oouurf r tote,l rctr d 15flt t* rq. d.lor
rad, br| bora ertrrrdcd tbougb the fllrtran Doll, It rflp..rr to hrrr
r ocatld rent rnd to bm filond ln t&rc. dtrootige lhc tro
aoutrerrr lohr brrr becn qrt hy tbc fEB6 cartorl, ud t*rcro prryld.
.6ood restloo fro.! frlch to rtu{y tho rtnrstnrc of tb do1 (1.2j ).
Itc ur6lna d th. cso rrrf voty rtcop (800-lO0O ft. h{s}) rft& nggrit
oraGj| of rhrofito rt the te, rr:d lergc trlil eloger bcler (nrte A).

ftelE rlr' rlro r fa err€N o thc top d tD. Co- rftob gl oot

oorered 1gr tbo rratlfn3 ?rrercl'Arb:

eraea..I4Er Elgf, (ti.rbt yoil,arnof of rhcg, fBgE, p.&,9)r- lblr tr r
rnrll plug rhiol ferr I prqatneut hill rt thG erfts4.n cod of Lb
Rotonebrnr. It ber bcrn nLI orlror.d !f th, crylortru forntloa cf
Orooa [.lcs CFcttr ln 1886r dtoh rmorrd hdf d tbr glrrg, rnd pnofumat

ln oroclhut cBort reotion (r", Flf,.7). It rpFgr to ba1t Dgrbrat

throu6! tapbr rnd rlrobil t"hr arrfroo to fsn r trry€.d rbo[r t0 ft,
bJ.6D.

slPtogr(4r_ cElflFq

lro uplogls mttct stc loortod sr tia cd6m of dcrr (ftc. t).
ho ocotlrr o tha nrtern rfub of Rotaehen Dor., r4d. t5j stDor 6 tb.
o[tcra daL of Etrbrn De nr Both brra vartlorl rrllr d, r[rolttr,

J.g-



rnd mDt psohhlt fqloE roon rf,tcr crtnrf,loo of tha nryeotlw dcrl.
Ilre rrtcrlrl frioh rnret brvo bstn throila out in oroL errrr lr not

crpoeedl rt t.hs rsrfrocl bomfrrl rnd beasc tbr rxrot rCp of foartl,a
lf uahm.

Itr bert knora crpbtfm gatt6r. rfir tJror orool^Etrd rltb tb

f886 oqrttor rtrd ticrc dlf b€ turorfbrd ln abtrfl ln r lrtcr
reatloa (p.62 ).
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&!ngg*$ss
tlro 1885 tlrrme outc lor(,rr tawrrl of tb tratc r|{rofuLto dnr

qf the fremrr 0nplarr rnd, benog ths l^r.torarl rtnnhre ara br

erref-nod la ffiE dctetl thJr urudly poarible. Ia tb 3rtly

Domr rnd Elm, bccrurl trhr rrporunor sre posr rad nom c lnrt

Fottrloteti to th rrr6lnr. ltc laiu fceturrr eranlncd ln thlg rtr$
lerb rpri'nry ltrtnturrrt, rnd toiattag. Ito forrsr ofl.til mrrtly

bo latorprutcd ytamtty i^n tb firt$ hrt lD )sne srrrr lt ;rr fcrut

ncotftrrlr to oolhot mtrntrtad rrylee of th FoI fe r Ert

detailod inlcrtlgatlo. ltaaa roro orlt Into blrckr rlth flw ot

rlr nooth faoer (tt vrryjrag anglor to cash other) lnd rftrr ersfur

tlon rtth r bend lar tbo dtlnotiotr of, qf 1rrfrrry etruoturn notcd.

lto orisatrtlon of Jolnt pllma nr nerrmd at a uaber of utmo;r

arcunr'i th€ rrrgi^B of tra,banga Doao, but, elacrbon r rlnrl lator-
I

pntatlou onlgr rrr etterytcd" \

4il'+Er slEqnurr
tllcr ttnrotrrre is boat derololnd ln thc obridiu hva filorr

of thc Coqttre:j rbrre c.l,tcnato bands d tr"laok nd drtl. gfqf 6brt1

rnd tbe dbnlryuont of llur of aphcrulttcr, prodnos tplrtyt (Lsr

rtruoturo. ltlr 1r horlrontrl t$ tb. om outoatp vtrtbk rl'tb.ln r
f,tc (rn tb Cbrgn NT|/9rTInil but naer tha rsrglnr of fi[sra lt

beocer lrrugulrr rnd oftton forra I owrfoildrr . fbc fla lErun

elrqyr rppGu to lrlrln paral,lol to tl'uturc pltrer. Irt tbfn

reottoa r licrorocplo pla$r flor rtmctura oan be rcoo rith dtortrtc

brnds rioh enil poor tn nlorolttoe (erch b6d
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hloap$r rqlr $or r loal liasrtlqa in tb. rlnc olrrrotloa.

Ibr fla rttlotse tr tbs doror ta leaa nll rfrcrrlqcil, od ir
ooty dbtl*t in the rtr' gr""ry prtj.mr of tb. r*g!n. rn th.
pulloeour rtgrolttc, rhlob fcrr tbs outoe rrllaof of, thc dml, f,ro,
Itur ora .cmtlrrr br nolsegnlmil by rltcnrtc brnfi of rolid nd
ptdtouu 6lr|s (utrd\t 2-! nr. ri&), tbla elo dne I oolp
trrnabg, rc thc foracr ie uaudlgr drrh, t&rq t&. Ixrelooonr gtrrrr.
tsloti"tor ooofore rttb tb€ b.ndtn6 lr tblr plety runfeoer ric
p$tll'cl to ltr Paldrprr rnd qurrtr s*yrtrlr drc lttu.e erldrnr
of ftrrtlsr.

rb trpboroldrr burdirlgr oosrEf iD thr orntror ef ror gccrr
rnt5 1r stuntl"lJr reoognllod qy rlogaU.an of ltnor d rorLolrrg
prrcferr.ed cistrtiot of rtere dth tbcb flrt aurfroer purltel to
the lrycrtnGt rtrd oolour bandr n6 cs tc altarnrting \rorr rtob rnd
poor I'r rp$enrtltcl. h g lergnr ro{s thil bsdrtu orn br fo.a tO
b6 oonocatrrlo, rad rhsrr l,t ts pocribtc to pt r }-direrlF-l
lntcrprotrtim, lt sp|rl"r to bo oonoofirat rltb tho ronisa.rtsln,

Jotat prttcrn tn thc d*r.

I&tlaE
Itotnuag ls rtdo4mcrd ln tb rhrel.ite dmsr of tb trrucn

eoQh*' gbc Jolntr rrlt€ fl'm |[dr {lqoturTr rhtoh octturs f6l
onlgr tlo e t"hree fect, to lrran lotntr rhrob erteDd tb. hrfgm d
tbo ds- rho rrs'fecrr rf unrrrrr rcugb, ercrpt sar thry fo'
tft3 ;rlle qf tbo fe86 erltortr :! thc lrrrr flar tDrgr u.o rrrrrer1,,
rmottrtr tbra tn th. ilryroll,tra.

rb. Jotatr ocn br ,*f}rdr,videri rnto t o lypor; rtrrt€bt



tolntrr r-fitoh boc LfttJs oocrsn re}.attmrhtp to tlla rtaroturo3 red

ourttd JoLntlr rbtoh t{tr I rqlr nor bo tBtrrtod. tft. rtarlebt Jolrtr
rrlt no:rad\y the ehortcr end ooow partfculrf\y rnud tb r561nr d
tbe drcl. Scy crn rntXlrr bc regrdod cr tclola Jotntrt or
r dlrfqrtrr Jolntrf I ht tb€ trpo rnd {treou,cr nsrr\y Rd.er ln qr
or outcrqp. fho flmd Jolntr ooour tbrqrlDort tlo dou, nd rn
brrt derlqcd mrr thl orntrrcr

ID thr lrrr f,l.at thr prtt€ln tr obrorre. oD r lmll todcl
frrntrrrcl (5-5 ft. in Lflttb) rp Ber{lrt to tnc flor r6totrnrr,
but on e lrrger roelcr Etorr qr dlegmll lotatt rn probrhlgr r3grt

oobso Ia r for otrtmSrr rt thr tlctc of, tbc llrthonr nd lfctb
Fcctcra lrra fltrr, aooth oltffr ctr obrt't{m ooo11r, to6pth"r rfth
fr}TD ncotangrrLar hlookr d tJrc ..Be lrra rtricb -pporr to lrrr fallon
firc ithrc. Thlc sugdfttr th*t tharu nry br nrJor Jotlt, pnUcf
to t'h. frsntr of tha f,lar, drd,ob err.ad tholr tnrtrbtlip. groL

Jolntr oor0d. cofrrf,pmd to ths rurttoel tenelen frestruur foud la
t'b flom rrrc6letld dt"b ttre sbt.tc tliLl Dco, Arocnrl,oa Igrnd (D{r,
1929r p.J5).

r.$nel trF
rrhl6r lr soaldolld t]or ltr crtornrf fst to barr brt

rxtmrded fior r orntrrl rurt end fil.mil ortrrrd^r tB tbrts loDer. ttr
f885 fl.eeut lru out rcrora thc nrttrr.rra ho otr t&ars tobg!, Ed thr
rerulteDt erDotttlf paorlder tho but Grcls reotisr ln t6 Corylal.

I{lrV f,Ier rtnrolrm ora bc reoo6nrrrd ln l*r of the eregEr

23



r[e. &

CmS d narforour lh,'ollto G tql otr wrborgs Dcc (Wln*t) rHra
fitn fsrur dfnp&g d BOo - 9oo,

Flto 5.

rod.oo-rlinr etnrohtrl ln w'ahq6a Dcne ag ae@l ln tlre Dor{h nll of tho
1886 cruter o tb smt.b diic of the dooo HdgLt d rctlm az Jtr f3'
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outomgc at tla rrrala rod o top of tho drf (rk. [), rtero tb
rlryorlto tr not owurcd by burrt rqp11.l. rt tr uar.'\y Grtrod,
er dtpptng ltoeptgr tato tbe dom. Rlg. 6 rhorr tb rrpr33 6,1.,1trF

. tl'm of th ftor lqten f-n rryr otr'r outorqrr rnd lt fr ryprrrnt tlu
tbs rsttorz Psru that tbotrr 1r r rlght tenoraqr for thr to frs
qrtrrrdl. &irr lr ooqlrnblc to the fs*u d tee tsrla od rrlnrhril
llorer' ?o&.rr1 c.|orlbod br l.rb (fg5o, pt2l21 ru. g). tt|F r.
fttogtcothrr blmre r tildcmy fw thla rfnntqr to ooac, rrtbla
lndiYldr'r otcrqr (er rt tlbc northrn r*ala d tb6 dn) lnt tt
Ir saurl&reo tlnt ttu pnrnt ortutr$.o d tbg brndrag ir l|4dgr
e rtrnlt of frEl ttng rad tnftln8t otr tlo rrr:floe blocb of bvr o
tbc vtecorre tntcrlor of tho dc.,

rr tbe GrPoaurt fomod br tbo f0S6 f,lranrc, th. rrtl frrtult
trs vsry dlffrreat. nul flor rtrmEr (d t&l ttpo fmd rruaO
tlbo relil8) ornnot bc ricooGnrroc, rnd tutrrd rybrot6af b.Ddra3

omoontri-o rltlh cbn otrorrlg Jolatins ir fqrnd (tig. 5). ry
e-tngrol,atlm, tLtr bsdfrg nret ctoirul. tho lrat rrther tfin Gr..t
fros l,t, rr,,d t$nrr tt urrrt bc rt rttDt rrtlrr to r4r flc ttmotun.
At t&o batr d tlrs doil tlro rtgolltc la hrsloletrd rnd fqlr r colfrL
rS€l'oranta. tlrtr 1r rllrr t'b otf€ rt tb qrtor eecgfnr rbrr.l btooht

fon r rtcsP Feocir frmtr tt1rorr d thst 1arooleted rttb ilyquts
dossa of thlt tg1n.

@
Busrhi'a dlffera ftron frhrqar Dc. ln tho dowlqnat sf lrrger

/ooulecr, lflbslr fil,o* nor-tb tett and routrb nrt fra tb rlulod nat
bonecth Bunhfr T116. Ib Frrforqrs fueffto eq>ored o tbr tq 1qil
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nt. 7, Grco Laht n$G fro art ddlr of Gnsr (Crrt6g') Id&cr Hod.Strt

of eotl,o =16O ft.
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r|f6tn of tbB dlmc end t*16"t rrceernbler tbrt of febrngr, hrt t1.oa r
diatuoc tto orr6r at tbr rrrgtn rpperr rparrtcd by rortl.orl Jotatr-
Thcy qt tbnt o@ryrro rtth tb Hrtchan f,tfi of Crrter frb, g,regc,

dsrorlbed b[r tilttrng (t:tsa, p.&4).

Ir tb rcottrc cmo*d W th ilS5 fi,rerc tborr8b tfr crntnr
of tb|l 6m t&c Sofrtr lr t loclqr rlth E tgp$ilat eerrrtraqr 4,
JEbt iltFouoslo Ir tbp rertrra fu d tnrrb,lr (rt tb nrto*rr
and d tb. rt- prt of thr flrrrur) r rltfFtff lrter ryolltf rytr
sutr Ertfurrft cbquG[ tbe rrte brr. rt fu d thr rgj ccryo.ttlc,
Drt cu br dtrtroGul$ed b JototI.og DilTd to tlr rd|rr (rutr ,). rt
rypfaf to nrtb thr nrf*c ead forn r rnll fflcrt rbollt 5o ft. la6.

eruqa l,dgf_Bqfi

Sb tld'l rrtfi,rrlo 1r lorr tbrn fOO yrr.'dr ts dlrrrttr eEd

2oo ft. ln hlcbt- ?h. crylorton !^E f886, srob fond oftca (crnt r)
he' her drrtrqfid tbr nttGlrn hilf d tbr plnl, ht Dtwrdc{ r ntnllll-
cent rootlc ttnq$b lt. thc tqrr likr rruucr rnd hrlbir Dctrl
b|. bloohr s!3', h]t tlay rn ecelc.rltl"or r|6d lltttrc coor.tatrat
flor brnillnG orn ba rtmrad. Tho ontsr r.r1fn !.r rtrp, thr pftrf
brvlf,t nntod t&'q|!b oo.r.rrr rrnroldcd {Dr^rb,rrt d rr}ranot rcr (ru, l).
A nrll trrnr fta rprardr out rt th6 tc[r. Jorltrry rr prrrrl.lox te ttr
rrp35'4, nd ln the ocltru thru Lr s nrlt oyltadrl,orl tb6r rltib r
ncot& perfrtc' Thta b tsought to bo ooqlrmbl,e to tb. qttf b
Burr$,lr la thrt tt rrptltc!fu r letr rtegr tDttrrio rlthta thr glr3.

gtleturlss

I,Fto,Tp+[ EJ+oSq:l

llran ttn pnvlru drortptlmr of tb. Trnnn dmr,
-28
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lilirllled Lctar.arl ltl.nshtral rodal orn bc p*t&cetl. Yglrttcr freo

thlr oosrt uscOtlg to ffr Dd tfpo of tm dthla fr'd,vl,fu.l dnll

bst tt rt^Ul rrrrrrB lr I brrlr for grmrrl dfuourrio s thc clda nd

ro& d ctnntoa of rsrdllto dffis.

ltr trgbcrofdbt brndfqt rnd oomordrooc rontoo-t*lnr JdDtflC

rt tb oontrrer of f,rlmCr nd Crrtsr Dmr o€cltr lr try otber pg'tr

d tha rcld, th brndlng ber rlto bom 1rcfracf, erycrfstrUt F
Re5nr (te001 Go rguaored pfster of prrtr rltb yrrior oofocrnf

lattcrr tn lt tlrmfh r trr'Fil epertulr (Jsdd, i8€6f p.125).

At the rr*afnr, tDr Jotntr rrl lrrrsgnlcr rft&ilgb rppr.ortrrtrtgr

rtrrl6bt rnd grobrbfy tanrlmeX. Flrrqf etruohru ln ttlr po.ttln

rre Eslmrantoil by flor lqgrure f frnnlngr out flos r osutrr. Tbt

orr6r o'f rfirollts (lO-59 ft. h16l) rt tb toln d tno onrlmr cl
poaatbfy r rllult d nl,aor fsttia€, rrbich gro&erit r rcrl,er ef .ult
rhontrf rod tgrrbrnrt @ tho strrrrLcr. $oh fcr|nsrr Lrlc afro

boon fomd tgr lrnrlanrto (f9f7) rt Trnmt,, Jqlo.

ttir rodel, tog$teor rltb tho bloot froatf derrlqnil rt tla

rsa;ino f tbG dme rnd ooulln., 1r rbm lD llf,. 8r *arr lt 1r

coqtanld ritb Bqrcrf e oqlerLnatd mdcle rnd r rrfi 6rumllmiil
obririba dm., b.rcd on ols rrpord. i-tr tbo Crl,ibn rt llmo Crrten

(Putn$, f9l8r g.79t !Lg. f5).

E*rqe-dgljl_oqgq#
tLlllenr (lfpJ Ur ermarircd ths atruotrro rnd rugort f

enptlvc hlrttnl.cr o'f rry dnr rroud tto usrldr ead flFf, tlt

cosount lt ir rpprrent tbtt tblr rtrmtlm 1l dopaadrnt' lrrgp$r c
30-



tns oory)orltlon rno vl,roerl$ of tbo lrvtr Bd Ltr rods d ertnul@,

ltc &nrtlm of, roat dona ia preood€d Ut rn erylorltu pbur.

t1rls cgr be of lod rfunftlolnoe, rlnp\r obrrtn6 th,s tsnt bdm tbr

nrln atnrllsn (o.6.1 bofmr Glrtcr Ds)r or lt r1gr br rrrr? anob

crtsngtw, rrrd profuo. r rldsrprorC reh cbmr; tr oosunod bcfore tb

crtnufun otr fumlrir Dmc. thl+ phrn pnrurb{y rrerultr frB r hfCD

volrtdlc smt€nt rt tS. tql of tbs rrflr Fcstlitoi^tn. lfterrrrar lcrr
vnlat'Lle rich nr6lr rovcr to tb. rufroa thru$b tb rsatr prcibcrit U
tbe rsrller rotlvlfr.

frnoo thr t8rr brrr mr&d tlo rufrm, tbo tro frotarr Fertflr\t
nrnttmcd dsoldr ltr birt€. ff th lavt tc bisbfy virosur, .t
rith mrt rtgrolltea, lt fitllr tbo uh crtcr to fon r g1n6r G r
rtorp atded dm, fn lG Grtol thnr fr r$llioicst flulotty to fcr
r rlror-t ooul6o; rr rt ths rmq Cntnrgr cr.llfomia (i=rrtnra , l9!f.,

p;,.6&El). If tlc vlrcosl$ ta lorer (c.g., ln dralter c trrc$trr)
fl.al ururllJr fonn, eno thore raa oon6 ltr lrcsnrion ldrad (U\y,

192t) eud ln th. 6nter lrkc, Orncgon reglon (n]'ffrnr, f9}!i,. Cryo-

aitlonr nd hoaoc vl,roorl$r, orriaot bs tb 6\t frotcr lanulred, r,r

rt ?*uul tlc dooor trroolrtod rlth bvr tAwltrsd tbor ;1tttmt1

brvc rfnlfrn rllton oooteatg. Sbfi (196') hrr rbrn tbt rlrtrtla
ln nttr cotcat eflfootr rlrooa1til, rna thla ecld be r omtralltag

frotor rt Trmrcn.

lbr hvr fonlng tb dor"a lrgr bulld rry ta rn erogcaour ff ln|,

cndogenmr tt&Ecr adl tblc rlLl cmb prodnoc r dllTcmt ttnptmr.
ra t}ta fornr olrr ths ant.rd rtgraiog urt bs rrf^akinti end thr levr
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tutlt up lryct b1r l4yor. thls aoobsnt^ra ie anvj.rqrd tr Lsd,e (196Sr

P.tO) fc thc Erla *<i llrrrshed Doaoa of truhrrer l$d 1r prc;trnbtr;r tbr
lqf ln frf$ th nelf *lttltrn dorc eapored ln tbe CrlGert rt lono

CrttErr fe-.noil (nrtnrn, lglf., p.Bf ). ft th. othor crtrnr, EF,

HtcrIrI atru{led purhar sslior netrrbl eblrdr 6l fstrr.nrf oryrnrfm
(aadopnorlt Cfortb). lDlr olnrcf rtrnla, rorurl to th frrrnnt of tb
lrter rnd nrnrltr ln rtrd.n fhslnn_ll. Shsr prrorotr tlo f*.1attm d
4benrllter rfar6 tb. 1on6th, hanoe tbc rphsrotdrl bradlsg. lch r
mcbo,aira b rort ffks.ly to be fqrad fa Hgblgr vlmcc lrrr rbtob l,r
tnptod th'otEh B vott lsrlnil ttat, rrpcotea[r 13 t t roryfrtg udrr
r thla oovet of olilor rrtryfrl. flhlc ir tUaleht to herr oo6qtrsgd rt
Dirtdo Frat, tregras lcconr crllfonnlr ($Lltur, frc, p.lg!),

La rogt Grrcrr u rtllrsr (lgt3r,p.ll!) goratcd str lt It
problble thtt both fonr otr Clllorth berr ooorrrnrd er1a6 tb fgrrtLc
of thc dcB. DtElaG tlra crr$ etrgn, hlootf lrtr 1r enpttd cro-
genorr\r, but u tftir rrtrtrr!,on baoonr kr6m, rlfr lrrr tenda to

purh tbir rymrdr rnil wtrrndr (i,c., xt becca ea@rag,ar). tb15lr
drwlop oa tfio top rurfroc rt l rcrult f tbc ar1laulour rod bloott
fsrt b.brco tbo otlnlr er rilgm. rf r fisnrre rr grrtt$ra4y
l$fp nrr Xrve rry rrar.b tbr errfeoo to fon r rhct rtr$ly f;Lcr.

rbr rtnrtlou d rlsu prnllcl to tb rpbsuiad bndrnc

ornnot h erylrterd dryl.r by mtrerrl orgmrloa, htt tf rqr letonl
rolnlc8at of tbo lrrr tooh plue durin6 tbe lndogenmr gfertl, tbr
otmrd rulil probb\y rhil loar erC.rntrtionr 1ttr osrlil, qlcNt

dnrlq ooounGp lr r oortdn rrqrnt of *ttrl"r6 of thc dao rt
thoucDt to hb plroc. foneladetc (fgtlr p.Il) @rf{.red tstr to_ 32_



bc rbflt FfO tt€r orrt d tb totl.l mlur Ho ou€lGtft d tlrt tDc

orlgtnrl rb*e sf tllr tf"e d dffi 1r bealqlb!"Iod oo tirt tn fifrt
topr er o ilrbogr tl@., lr r rertrlt of, ootrrctto.

hrfrs tb. perlodr of 6nrtt rsd ooollngr grr rmml'ater rrtHo
tho C€sr rnd tlbtr rborwrr gomtblo .fcrDrf tfrougb tblrnr. If lt
la unrblt to alo thir, p$occla r11l bc butlt qpl sntlt tb rel,rti,lo

FFleilEl 1r efcrtcr tf,.n tb rtrungtlr d tbc Foshr sd ur rrylcrlu
'slll oloEr tLig ta thr uobrnlrn thd paroUrbfy fccrd tb cqflortc
wntt et tamn (rrrtra m fr16, t).

lloct of tbr dmoe rt tr*urrr rr'r tnogt ts hru folrd $r th.
roib d grorth dctstbod. frUrr4r rad Clrt r Donrl d.th thrl,r uirlblr
?onloa-lkla' ttnrotnrr rnri Sr$s[.a I]c!, t*ro tb acorrrt to t]Ta

andogsnor dncll od rl rrraf, rsnr prcnnrUqf c*trrded tbroqb r
!ilsr{tr tut. ttunhfe rn0 Tmrurr Dsr rtrr"tod ln tb. r-c blnct,
tilt abrrrn6 thi fonrtis of tbo omlloal ooarldrnbfr ftlrobrrry of, ttr
upPer r' tsG nst hrre oqurrrrd, rrd rfirLrrt llkc tbrt drfblc ll
Burlhlr Do. rourd bc rbl,o to nrab thr rurfsr

PhU dmern nnh r Crrc Lrkt fltut, p,lobrbff barr e ellfi?rruot

roab of c13ln. Tho rcnt ts rbost t&o .E rlrr rl tb rrtrurloal
ead tha lrrr probrb(y rtrcr la r srr lol.td o'adltlsr nllr gmirocr

nooth r*alnr oo ;btoh rtrlrttos o.n as br rcrn (r.g., Lu*r hrl,
crllfortlrS 8tlliull l9t9). r,n rqgr o]rcr tlhro crtroinr ocard
ratttr rcdl,nnt*:f ilopod,tr rt tfs bo'ttoa of orrtorc (u rt O+uu,

J.D.n; fmrhrdrtc, f gJOr p.grl ) rnd botuc !f,rD.d ry b thc rlr
sontLmrl, effiltla of tb lrrr.

33



rrs. 9.

I3Dbl3 oolrru d tb Sanuur - Bntrrltu rq1cr
(fi pootct rt brk of, ttcl.r).
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:".r"ETqr smAFIosSryI_ oF $s raRA.rEry:glsrffirf,A.t+St ffiIq
W

ltc noloccac t pDlre rburrr of th. totorlrr-6;1.bou ru6loa hrrr
been dlrcu|red by Tlrootloh rnrl ttfller (f$j1. thry blrr 6ercrlbcal

rcotiar fu tb negtoa end by their egtrrlrtf,c hrrr uggcrtrit
appnmf$b toEtFtr€t for thr drgoaltr. Dre preront s111qf rr.f tbtr
rrotion rt Duooret Bsrd, lrlrcrhrkerltu (ftoatfon rsd Fllrr, fg6b

9P.ffi7) rr r rtrndrrd rnd F roao &t fled oorrolrtlo in b
?srrore-srrrsrhrLnttu ru6lnn (r"" Benrrrl Hrg ln po*et rt bat ef
thrrtr)r lhrr loorf rrlrtlo ln tbp ai.retgrrphy nd atrntr$r 6
tha (hpodtr. tonr 'Athtlt rrc rogf,rdod er br"tag thclr 1n51roc ltr
tbp Trrmre Tslorato Cqrlar, rrrd ther rro dcmftbod irl El
{btdl,

:Lt rtratl5rrpbto oolula ef t pbr ln tbc Torrrrrrplrrrr[r*nltr
nc6lon lr |lm fur Trhtt I r rtth avrl}blr f4C detce. I3ai,rifuat
lrotLoor rre rlraa ln ltg. 9 (fn poofot rt b6of o{' tr1rdr) rna fmpr6
E|pr rfiD iirun forl ths ffatrsor rndl Tr*urr rArhltf |.n llga.lo aad ff,

Iadfd'turl foarttoa r;y be r=eosrlacd Ugl f,r rtimtlvc
lltlalogrt Pl?|raoc or rbrme of r hlrlrri roll; rad rlaernlof,fo

tbc LttholoAr ohelq8tr both rlth dfutrnor fnm tbr yant, sdr || nqf
rtrsfrlt cnrytims tr! dtreotterrrl 1a tbefr rilrr d ibporltlonl
lrtarrlly a'rcund tbe lrat rleo. Brrled. rollr atr nrefrrl tn dfrtfEgufgn
lI3 otdor tcDbrr floo th3 rilmrrcr tArhf prrtlorrfrr\y no3l tbr rst
rhgn ltthalqgr qy br rt$lrr.

Hinsrrrogr tr of url.tad urr La ths flalal tnt rty br |D0
-77
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errdins fntc on lrtor orainrtron ln tbc lrbontory. rt it
p*-ttonlrr\y nrcfirl ilra cty r n LL rectlc lc rrrtlrhlc rt t[ ao
ohrraltcrlrttc lltbnro6r nd no dtrttut roll. ttr hrrrrhrtrrttu
rAthr 1r rrncrraroGlo.llt dtettnotlvs ln tbt lt ooahrn lro Srper
orf punior; mc rtcb rad thr ot&cr poor ln gbaloor5ntr. Iort t*fh
oontrlar ponX.oa of ano tilpc GlJr.

e&r.ef B'*ls-{_e*r!

hatsd rcill rn fsrod dwlng tb tl_Eo brtnom rmur!,rr
enryrtiona ln rhlob nrterrtng cen t*o n1o,o rnd pgitEtroo tFcr
Ihs rsJ'I n{Ir la fru orrlar, br poor\y ibrr]'qnd or frf3 rbrat, Ed
thn d'vtrlo bctnaa fcr.rtt ona Eil r-promatrd onl, tr n crodsrr.
b!e*' rhie oootll!'lt petleulrrlv rt tb. tql of throk tr.Dhrr dryo4tr
ttFe prcEtErb$r dr ttgntatl'o hrr boofi hllrcd, rnd |hf,et erorls ls
t|hc pl'ro'g' lr errrylc lo tbr TarmWtu 1ua1oo ls tf.
rdoh!il 't|bf , ttralrc ftqpeat d.prrrilime crt lnto tNE rbmr b.d&d
ttPhtr. Itrac irru broor ftllei rltb ts?[1r tttrr g1to rrognt
crqltlor (Efg. fg).

Other fcrettoar trars dert b.rlr ldl hoc:,trmr nf lry otr
therc ooatrln obenocl rrtbb tbr tee f-? tae. $urb ro{r.r utr
ttrurlly fofrilo !Y r ttrlotc requdro€ of irh, rnarneUry tht ttf
feurrs trphrr arf,r fllr r rrsQr lromoor tltr frotc ;mld rlrc D.
Dtoltsrrlr to prortilc tbr brt tc forr tb. sh.'uod. fn cr*fo d
tJrb ne'lrttmrhrg ooor. rr eNtB Bordl r*nhrhrrltr (ffi6/tgggs)
||tele tDe tof,l otr tbr nottrur rlrbt oootrlne ebr$oort aao t r follild
b e tLtok moeuioa d lllohsu rggr flcn r wnt oa Trrurrrre
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l? only r rrd.l rant f oool trphrr ia deporitrd Fq r
tllstrat louroc {c.g., th. notwur f lrhr et tbc rbofi lcrr,rly} o1y

"e{t lor rugctatlon bocet rftFeoto€ end lrr6er tfi;ar firvlro. ltLr
oru'rs tbc mr toDbr to bceuo inoorpcrrtcd ta tb .otr d tbe
prrvtalt fipoltte sd lt lr thcn dlffiaflt to dlrtt{ut& btrloon tho
tro cnptlru noj.tr.

Abnt t insh bota tb top d tsr ltppcr Trupo xnbsr rr r fln
6FEy r|h, ,'6 turt. thls& ttr tbc Bsttilhrrrrttu n3toa (nc. ft). &tr
1g rlthln thc bsrted rotl d tbr trrryn tA.hr rnd brr tbc rlr rrnrrlcjr
rnd rgo rr tHs fAS' (W ffc drtlne). rt 1r thr rltrFcrd re r
rlcaoht t€Ga sele buans, her boea tlrorsc rftsr bustrr (vuctrou,
pBSfo em.).

fr3 rotl of tbs trhrsor tlrb' la @ dg1:a, &c to lrlr
burlt f.Dflff flr thr or\r rtr6ca of tb fsg5*r cqrttm, TLr,
booro fu,Dorpcrtrd tn th.t rlfbr to 6fte lt ti3 rppccrltEs of cqtrtatnl
nuah ahrruod.

thn |sgBno{N d tG9br rhoru tn Trso I ustlo dlfFerllt drpodtr
tn dlfifcnnt plaocr. fo ths ronth of r.b *anrtrrraltu, rt Dccrt
Eoeri (a86/95as!5) roil ccvln Road (au/gw3|.) tr,r Eercfrrbrlu urhl
llcr on I udtffrrmtlrtad briln rIlqr .rh, trlob Trnrt1oh &n hllr
(1#5, p.{i5} errr th. rPlnrtrbpbaorar bcatft h tb. otbr dG. d, tb
ldter hcewrr thc fl*reftelrrltu tArhf tbt dtrectrgr fi fcnlrbt,l,t, ut
tb. rPt[kt'h-brffir brar ruat brrs becn orrodcd. ftn*ttoL (I]Gn,. oc,]
tbinlr thtr ooour?t\td drirtng r porrod ef oal,drr ca'lltr dth prbry'
hfeher rntaf,al1. 
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q88cnrj?rEq jJF. _qryS$ qgTEp FRqF rry _ rrs$siiBt. vogc.*rgc, c0flHlsr

In t'be dsrcrtgttor of tho tephnl tbs tfpo qr !,lprrGrntrtlw

rcotlonr rrro tihcn la th€ Ssncrbslarttu n6ton u lrldtri4rtl f&brlf r

Eri ururf{y \fi, 1ug. thtok therc. Tbil ttpialntls 1r ostlrntrnt fc
exrnin;in6 ttrtlorl rrrtttlo ln lfthologT rnd dro pnortdrr r urffrl,
llotrr fc lq*fng rrrlation ln Dtfrologr uuuni tbe rrntr forrrdr

t'ho aogoo tho thloloeu i.mllosr unttl oqbta rotlcr so lrulrl

rnd tlrtr is rbcFo nl.lcrdcgr 1r rost tfectrnt for ccrlilrtlmo

Esnarhrlrrre bu rArhr

tbc tme acstlon of tbe Bstr.edrrlreltu rlrbr (nnstioh $d
i\rl.hr, f9{,h g,5?) fr tn gonoomt Boc,d,, Isrmtrrtsrsltn (t'.96/f*8al)

rbsre thf fol,:ttrlng lr{Hoc€ oosrrfs

Fk lnrorn 6rrcrfy uh, !m plnloc
ffrgnoatt t ou. dtstar
(notcur 'Atht )
Tndl.atlrst Jumttm
Lltbtpdrlt b'fwtr r$ ;ltb ytdoe
frrgrontr qp to 5 ou, dtrnetsf
Shonr bctdcd ooma crbr fllr rrb
and lrglltt
Dbttrot lqp{lli brnd,

q5

3f-Io
,-5

Shorrr bodded socrlo rrb rnd, Iryffl|' fo.|t

Ilndifferatldoil tPtnklah-!6p6r bdr

In tlu prntoc rrsher E th rcutt ddc otr Ta*trre, tb
Eercrhrls,elh 'Arh' tr vury thlol (* ttTil/*9fl it tr srr gO0 f3.

thick) r melc$r rhonf bcddod, srd outainr ryy hlostr S gd,ss ed
prrtlelly qrndod obrtdlan sftrr 20 mr, ln dlrHtor, llmc bloclr

ossur ln e mtrir of lcdtu --eQlffrt a!h. lhs top of tho fltbr ir

1a laeor)



txtonrLw\y SUlltear !,rrj tLia prrobeblg, took pleoe roop dtor tbr
?nlptlffi' rhe grrl,lior gartlrtry flued rlth fubrlr tloo th.
Berotreksrltu flrhr rad thcn lrtor brorc illtsd rl,tb t&. tdob*
'ltbt .

rh. fry{Lti rnrl bl'ootr rru of threo f,ypoe3 obar&tra, 3nrrto.
rith a high oqyrtrl oootrntr lnd puntoe rlth r lr c5retal
Ihig aesalblrSt fu leat lryortrnt for o*:drtLo rns tho ttalBr

rt rlro nr66crta aornlrtlm rttb notoqbrna rad Brruilrhrrltn hr
(rco p.93 ) rnd lt tr probrble tbst thg ncuhatDrlhl rltbr l|fr
cnptcd flFor tho rrD wnt u tb. rerrrbrlnrttu Dnr. lhl rsonrlr
t*arrfr thia alte, and nrtno thlor'.* rt tlTil9f{d?lr trao to
oonfl' thr,r. r for b16b (nrx, dr.'tcr 20 0u. ] c h.ubr,radr-
r[rrrtr-dnolto rrs fornd h t&! x,crrnh*hrr.itu I arhf r r$d tbcre ene

negarded ar rcrt lrportot. Ftl'] Fitro6rrplrlo rna Sntnognnrtro
darcrtptiono rill bs tirrn tn tb. rrnlcvant rcotloul.

ra&bqp. j1[b'

tte xEtohru 'rrhr rrr n'od ty Tborttch od forlr (f961

F''55) fbor tho thioh drputtr tn tbo trlohrrr dl,rtrlot. !t t'pr
rootlon lg, honroltrl ln Deaoarat Road, frcrehrlcrrttu (tfry;lgrl41?t )

rhore tbo fcllain6 rcqu(mc oosurlr
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Et brora nady rrh fitfi roD
chfoor.l (fe4e'Arb' Scgenoe?)
Srsdfec i!iln tlto liGltot
oalanad r,eb rith r fin prni.c
lrytltl rnd tc ebrtittra
Sbilot bdtdcd 1nnfos radl obt tl,s
dalant, loo. $folito
Eharr bralabi oorr. rnd filn r$
Ieorc guleo lqlrrrl Ctrrdf,ag W
tnto r$
tut&trn lrpllll ted
frtriec XrPr r 1l

4

lbtolnrrrIffi;,t)
ft

9

l?-tl
l,

6-fO

I
2

nrb grllor f6rragrr rth bccod.ag
llgLtcr tlornlrdr (notaur 'lfhf )

tt Urtobrn fltbr dro thicbrat tcrrilr Ssmrrr rnd la tb
pm!,oe rrrhor (rry7/96$ff) lr cw jo f,t. thtor (tls. ft). $nr
bfddrns 1r ubtqpttq6. li W7/95r915 thr bc. of tbc n:to[rlr tl$r

lr lu r rhrllc antly st tnto tb Eder$Eng nrrwhrbdtnr Urhf

rnd e'bot 6 tnr' tbotu {rb brrc nlt &rnrod, l*r oodFr fl.aa
pnrunably ncpnrcat boor tbrt Fnr 6norfag oa tta femrbrlulb
fAlhr lnd nra drrtrqcd tEr tb, sddrn rrytlon. h. n4fr frl
bcoo d.t d f nitlsorrtm nttod u f f r25O 3 35O Jfitro beftn ft60

(rrnu f).

lhc t* of tbc dr$ej1; lr alrrye rtruCly eilff.d, ai lr tD.

Arro*rtarttu brd.r tb ilrlnuerlour rn f,lllcd ttr r trm Iory r*
rtrteh Ttnettoh oil hrllr (t4 p.$6) m6rd rr l$o'lrh'fo{ltrr
Icrbola 1f4$. h tb rarrrbna rlib ef Teurr trn tDr fllffm
lra kr6nr aad drqlot tb mtLn ruooodtn6 t pbra rfqruo.t
orocpt for tnr Xefrroq rry bc fornd la tLr.
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In r lat$ rootlm berlib ttur tr!'rslc ftoa EonrlmkrEftu to lt
top of t\s rctntrl,n (WMf9O6) lf an uilrlded l.snraF|.tc tueodt
or clller *'tj.oh 1g osarldoFed Ey ltr poclttqn ta thg trpbr 33$lroo
to bo of if,rl.olrru l3!. itLr rbsr imlgtrut brrldtlG rXtb vrrf.ttlc
both tn oelanr eni ta Fd. of, tbc trphrrr both rlb6i3 Drrtlcobr1t
;e11 fun tho oryolufit la nt (Flg. f+). tb dr fcrfuo Lr tb
Prrtcu etr lergc bloolr sf obrldtrn lD trlanr rtr3rr d erytrLnr
pnorl.u'rg r uacful tadcr d t€qlerrhurt,

&B a;rot tcttnoc otr thc Trlohau fAth' la tnlam. The

thlohert rcatimr rru tn thr punloa ruhar to ths rmth of ferrr6
Dae , ancl It uqy be tbt r rbellm dogluacta ;ith a trphra rlr tbut
m top of Eersftakcrltu Dom (W/95t9ftl) rrpnrontr tbc eruCrd ttrntar
of the or{.6lnel I?stohsr'drh'gooc. ilos'ngr, ea trbla brs nil brcn

prs-ttrlly lqfU,ed rlth frfrcoe rnd Trrmrr <iopodtr tblr oemot b.
oerteln.

KefuUlgr fi,rb,r

tXab*ros Sb;qsrr tr tbr ruc 6iwa to thc p*+rrt, nter{el of
te. rct.r rt f.rhrrur aad nrth d gotoltt (craagc , lrzt) ;ltl tb trD.
rcoti"ri trhrn o8 Cltt Torarrn6r RoaA, Eabrrtlr, mfs hrs 'g lne. of,

rbtt6 grunlmour fifofft€ ilb (cart,oneoernrs at try) rlth brhu:o of
ffno 5rarrl'\y arnd (Xrnuror, sUmnr) orerlgrtng I ft. af, ilar.t bran
pudeo rltt bul,o retertal (not*rrerr shnor)r (aranep t lg?f.t p.3ib).
Vuostloh mo Prrlllrr (tg6lr p.48) lrtor str3ngrd tbo nru to f,rbg.or
f ltht.

cruEsrr t;6la rcotlqr ie of rtttre ure ln tto prcrcot atnf
45



beo.[r d lts cJtrtroe tlor thc tsrtrroc, rnd e r:rolxr31,aatrg,vc *ttrs
hrr boo trlcn lt 0crta nord, Rcrccirtrrrlinr (tffirffiz1). sr
ro$Enoc rt tE c loorlter irr

Euars st{,lneo rmi rntl uh - f,c!Trnrerr laptllt

Ffe rfb, trtls bnila loll rt top
Frqc and ooarts arh elternrtla6rlt& lbltc puloc lrp[ff, rmrSoflte , obatltca o'0 endsrlte(2.'-fte)
Fi"H a$
$hmm bsddod oocrrc m.\ rnd lrytllj,,
r frr thtn brndr of fia. erh
flao rD(i oarnre arh 3lternsttng riibtittc prunloo lcptlltr !u ryofftc,obiai'ear rrtd rn&etto (, rrfs ,nid)
Fine grep sah

Croaay yolJ.ql brurx ru,Sr arh
(fnrpo erh Segtrsn)

.frlot$lltl(1o faohcr)

._tTt__
6

IT

u2
g

+

4
l}

----r.r-t-

)5

t0
2

rt lrtblQlu of tb ihbuor rAlhr alrrn6cr rubitly both sua11al

rnd torards tbc rcutttLa. ths throxn€r drcnra€r rretdly to tha

routh relt, untll in thr rsetl.on rt rfgdlglhb4 ft lr abrmt, (ru. fO).
I{trt'htrfds it, incra[er rerla rnd, et Drottt Eoedr l*trrbX1jftn
(Fe6/9[egsr) t&mc tr tb for.rorr.r6 rcsttcr

-gbigesef(fn r.rHr)
,,l*urr lryll1t

Ehlk rrb SrraittrU &wrrdr lrlto dd*
brmrr eEh

Coanc ath rtttr thin bendr of prn:loc,
r\rottta arid obrltien
i'',srlctr l.Ullllf

h.cf,n 8r rry r.h (fr,rpp)
4o



fradr tetrcr tbc Krlrrroc flrbr tlrtchur rnd rennl
uureldro lgninbrftor fpBre lr itc rr{gnaos. Abf,t fB ft. of

firberoa 'Arhf lr orpored ln r rotlon bt ttte tnd up t&r mtdu
floa Eerorhalcarttu $tn1Ur906)

ftlotlam(c;cffi)
Srndral cqrrrc rDd fl,n Ucdt
legrltl (frrmrr r1.ht)

Sbarr bGddcd rh rnd lrplllt
fururfees obeidirnl rtyolitc,
rndcrlto )

Riur-oocrre gltat .!br rnrrtc&,
rlth a tbrr bloeha up tu 5C nnt.
dluter. Scs qrrrlut brddLag rt
t@r probeb$r duc ta dnd aotlon.
Qm lergs lo6 d obrr.roil rood,
(Unnfdad l6lalabrLt+ deportt)
Cnrro hpflt1 nt bl.cotr of
ptud.s. n r\rollto, olrol.d,ira rnd
erdcattr
Ilac-ccdlus unrcted rab (mferA
l6nlnb:.Lto a er at'opu 1

Oarlc lrylllt md btr ootr up to'fJ w. dllster
thorcr bedcoci oaerllspfirog &sh of
pualoo, rlgrollte rnC obrldi.tr
(lt nain, rrnfta)
Coenro lgl-l}l ad hloa]a, rrfnff
Dnelo.
pfna-rg&iUn ffh
Cerss erh

DE* hrm rrh fc te * lB,I tbca
fir'e Gfty erh ([utpg) >6

l'hc unraldrd lgsisDrlto dcpoaltr (ru. f 5) l$! 6l loortr .rt6t
(rte. lf ) and rnr trlry d,nilar to thors errromafa3 ryolrt
volsrnoil tn Japrn (rnnnHl pcFlo ocra.). Iboy tblshrn tofgldr
Ruurhlr Dmcr trnd tel rlte of thir dor lr sonei&nd to bo the
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S!.61 16,-

I.lnr trcoota d rf,ahrry,af q6o, dth b16b d trd..e. r|TtuUtr
emnrl$r ila{lrf, ftu Fnmld'r Dme.

FlG. f 7.

rtrt'd[rhaua r$llr lnfl,XL? itqmlt to thc rrf6n d enrtqgrepu, rrrit
r tftlck aatlm of Fatoban |llhf to tb ld!. Hdgllt of, lattc

acottro ar l@ ft.
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rsur{s. fc tb rdrrFot qlodtf.
To tb ffi,h aelt of hb Barsrhrrrrtb thr.r s,r rrsr loor

blooxr d Srol:ltr en tfu rurfmop oorc tf rtnr tn dirtrtrr
ltorc tre antlrc\r pnnl.oenrr rhrolits, lrteatlo+r tc tbrt of tb latr
ficor" iherc i;sB blootr ooour ln r brroolr (SlE. f5) ttr rrtrg lr
r.tyeHtio an0 d rrh gmdr. Ibr cl6in d tbor b'ooto .nd tt
trHtsldod rsFlrb['Ites rilf bc dlearucd in th. eotlm c tb frrnol
cqrtloa (D. 62).

lflar tb. rahror rryrtim tho thiatc ptco dcpsrltf to t&r
routh d tb routrtn ffitB artrarivrlgr lmfid to far 3nlltcr r.rrdlsr
to ths Dccrrnt &t ?ptd,c nrhcrf . ltlrc rnlltm lrtrr hrr
flLl'gd ttth drH'r dr:lrrd {.n tba firrh.-ot trpb.r, to f*r ,lnllJr

l4l'llt drlnrttr (rk. r?). rtaro brr oer osrrretila d tb
topDn ilry ilf:Hflf,t lrr tir nrgln.

rDr Fnh,r.sr'arh'sd urosr$od rep'irtrlbr rrrr lr;r$r
o€qtorod ef 1ni,m1 bEt tb.rs rr€ rfro bfmhe rae 1re1f11 4, o5.16!.sf
firol'ltfr r.osfrro*lts .o{i rrrtour b*ro !osg. rbr crrno&rortto
r''erorble ffolltr clcmly *cn oortcd rttb rrh tld rm dffilil,elt trt
dfutLo$f& fu .lt& Iort rrryflrr d.rorlbd om fia tb. rfrqt
lGtl:If crItotlt' Ib brrro rro*r l.ncrudc $drdtor gtlupflt rd
cuorltrr rtrd thclep rlth tL 8rmodlorLtt, r{LI bo dfmrrn lt|
drtatt ln thr rootln m grtroErry\rr

Ttc enlptloa hr| bcr,n drtsd try ndfoorrbm rtbod flor r
ahrrrrd log rlthb tb lhbstr'ArHr Irrb ru fomd, t lnr. rlon b
bEo of r rcotlon rt tssrthmn Bf,nfuqr ld., rirtrlrror Fcrrtr Ea
ttrar ra rcD of 9.!o t Zo ysrn pqforr fgSo (H.8. l?or Ornt_ftylc49-



'1

I.

tr& rh

-50-



tt.t- {,u)
3c

-;- t
:!8. J

gj"7-,$
't.

.'---- I
- +ii-{

J '']-- ,-+-.

t

l0r



rnil lrfter l96h p.ft0).

faruera tcrJBLs
--

tbc Tcrrel lorrtlm oellrtr sf tlg ferurrr flbf rd tlbc

Botouhsr lftd (Vwetioh Ed, Rllbr, f951,, D.48). *r fcrr ru
enptrd frn tf,r sraterr m Trrurrr rtrd &afng tbe lrtsr rtrgm otr

tbe rnrytlm, tbo Botarbne nrd fror hb fotorrbur"

Ihr tsrnn flrb' rlr drpoe{.trd tn r rldr rrctor tlu
turraga la tho asth nrt to ?ohgr Bryr u t&r rrrt orut (fncrr,

1888' fintfqltecr) Eut lt GtG Eos Glt b. ldrnttf,lrl, 1l r El
rrrtrloted sro (nroatf-cU rnd Rrllsr f$ llgr 57), frorlillry s
orryb d bil tletcstrbil,. It.rltr of tepbn ffiu rttb tilr.

llorr ltr .otrlae tbr Tarrsrre rArhf le rborrl bodd.A (XlC. |8)

ttth aocnrc frp[ff ultr lap.ntsil ty r burltd.a lrh. Sr lrpflll
lnerou la rlrc tcrsrilr tb r'qratrtn uattl rrlmn tb sltcrr lgl!'
btoaLl d rcrtr (ru. dir. ?O orr. ) csure Ia tb. rootlo qlora
la r 3ttUy to thr fqth of, EnCt Dil, tb fdf,rtl8 Dfnn c!ilfrf

elootr of 1lunfocsr r|ryrollto W to
l0 orr. rltb forl bo$lt
Erdt rltb r for bfoob of, ryolftc
Burlt fatl fiolltr (ur. r1r
f0 cc.)

Krbrnor tl&r

Dlobau

-

(llt l$rl)

h
60

f8

nrth.r flil tEr reruoel nrll frrgmtr otr ffoilt s{nlr thrmglolrte

rnd rrt aot aonoratntril lE Sr porltto tn thc rrf1wrr

0n thc nor"th rnd rrt dab otr Lhr Bondelrrth, tb trmrr
5I



fbht grrdrr ry llto t'hc xotnrbrnr eud rtth r fn brnlt 1g111r 111

tt (c,g.; Btlttr loed, r${/gf$5r). Fg'j56r Dcgtt nrt tb [rrryryrr

'&hr dlnDPerm nd Sotmhrar lfud beomt 6r Eft nobrr pnrlt
(nc. tf),

5z



lrBla | - gllllSt 0F lEFnr gfiRllieeaPff II| tffts ll8r@rlu
8mi0D[

-.s

t(ffil#) Ewn ils r;rr (srarra
brril-f*o) ' lsxf,ffiE

rllrrEm tsto'rh.ur hro ffiltrm ln fi96
Tcrtr*r |lthr

ErHlnoa 9fO t 70 Tlortlob * ftdls
(r96b P's!)

Uppcr Taryotutoc rTla: go Ehft (trei*p"$)
,.Op* trryo'trry*llt'

BotuSrlo'Arf,'

TIIUIHII'

N|^&M$IE

rtltf rg

noloDt

' rAloill[

lutoBiuA

TEES$HA.KAiITU

tlfo 3 5o Eerly (lf5fr, D.t5)

Uadfifcnnti,rtrd nt^rhfrb,-Fm uh c for.

aREAI(

tFora grT.ry 8E6o l: f O00 Errfy ($C$,
rrh (tu,
f6-lg?)

f f rSO !, !50 thpuhli-.bd rq4lll{r.
wlw
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t#r4s 2 _- fllettRr cl, cer_rtrIg+I| tiJsSFr

EnuflrI0lr DSFoSIr

xan nsr

KriIAn0r

(tt* drto, ;r:rsrbrfs.r fg60)

laptto m
Jurc fO, f805

950 g 70

fir350 ! so ru0f,ru

f6rooo (r) SgREWTTAAXilI

f,otmbrH liilt
Tgtanrr |lfb sil
hgtLlt'

Gnra I.b flIug

frbngf, Dac
f Bnmhh Dm
{
r fen-n tffi

frbrnoa fAS.

Gnrtar Dru

rrldetr Ufhl

ErrtcrD Dco
Pfrbrtl Dil rnd
Ilr
g'etfrrln Dfi
rDe Ilil
Saqdrlrrthr \
DD rad f,lr :

Bsrrbrlrrlfra Irarbf )

fotarbenr Dc.
hrten Dao

, ? nfdgtc ht

ETOIrEIS TEfi?

sourgB

I.rtr BoAarDS
Illnn fFr

w/graplzqft*io

wlerfrw

wiln5%5
w/r65ey
wlww
wl#re'f_
Wsrnrs

ffiftl9ffi+

rw/orwt$

w7lnrat'

w7/wnfE

wle5frr,

w/rln|'
WlWtt

wfllnana
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ESUHrIYE EI$T

tt3 rrt$leBlc of aruatr 18 tb hlrtory d tlr lerrn Teloralo

Cqler tr rbom ln ftbh 8. Ete rlrly rrrratr rnr rpecrlr6.rt a3

tcy feeturer rro dtra oovsruit by mn rscsnt drbrtt, h$ orratr 13

tbn ifrhrror arptton oan bc cstrbfirbsd dth tonr ooytrlnsrr eood

elporlFcr rrhe lt rulor to crtrbltrh rol"rttrc portttoot of dmr
trrd ts9brr. th. trrrur rnptlm h ntl lailn bccrusc otr qn-
d'tneoo aooanata, erd thr poralbtlltgr of oolgrrt5g thr rt4'ler
rfth pnernt fl.ld ruletlorh{r.

Por o([ruloDotl tb rnptlro blrto4T 1r dlyr&d lsto tbrr.
putt; csly rnptiol, ffrbaor cnrytlcnr rad frrsrrr orqu.o.
ltero oo$8r rll axoopt tbe fornatl.on of Rl43r, Errtcr.u srit f,sto-
ndrene Dmel tbo tge. af rhloh uc crrlier tban rry nyrocfgtl,a
enqptloa Stf, tfu rmtaln. R&Igo Dn b rc erdril 6 tha rrrltoet
dco Dor €rfioccd l^o thr Cqlrr booorc of thp t&iot ostcr of t4btt
s'ci lrok of topqfa$lo csrrdoa. lotaehrnr Du wrdrrrr''er tbr
Bersrhelcr+t tH tltht r lDd nust therefone be rerltor thra tbr r^rhf .
f,r|tcfB Dooc brr I rfsffrr &6nee d ercrlqr rrro prtrogryhg to
Eotomlrur Dorr rnd l,s ngrrdco of ril,rller ger

qrB[,L m.rETr0N3

fro nymofutlo e*r4rtlour orn be dlrtlnfutrbd fn tbr fg:lt
hlrtqy d ?crrrrr, rnd tbsr pro"ltio uscfirl refeluaoe rrrnte fo,
drrth6urrurg rulrtlve rf,t! d tb. ilyout dill.

l. Ehrytim ef th Xarortrkerltnr r^lrbf 1 roooryrrnhd by th.
fonetion of Esnrb&rltu Dce (n&rrtrrttu lrrotio).
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ru. t0r

pfrglwt*lo c$!!r tction of ltstqbrnr aad 8c*lrcrftr Dot,
rhodat prubablr rq1urm of elentr eufry tba nardlhnth cnnilnnr

l. ftgrd,oa of tslmhqa DOe

2. slqtlooXre emptlo d W rlrhr
5. ffirucl.c otr nw.cr&lcaattu Dars (lnqqpomtina BJr d

tb erltr #o!ltr).
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2. Snrptl'u of Ertohru fAlhr @).

ft k aot oertrtn hot loog Botcahrne h hd bon fcrrd
befono tbr Bcrctrtrrltu tafhf rar anfirtod. rt eqr brn bero

tboucrndr of, yceFrr o? rqgr hrre becn tbo firrrt eycnt of tb Ben-
frrhrrltn ofrrytLoa. Fru tts EoDEnl rcThologr tb fqur tr
lucpeotod. Eowrurt ilcn tbe Renerbtlrrttu tAth' a.rt srt{rtco, tt
f€ocf u!t!r Uhrly teot tt rrrr ortnelod thruCb th. frr nnt er

Botouhur Dilt. fb f.Llht ir ohrrroter:lnd W tno iustJ.mt finr
of tc9brl o. rrlGb tn phrnocrrrstr (rno oqpnhle ts totonrbg
Ds) rao tbr otlbor poc ln phaaooryctt (1llo Bsrrrh11arttn Dg).
rt rqr b. t&rt tb pbcao*yrt-rlob tcpbre ru tb. cerllg' he
nrtertrlr blcn qrt drrrng ths cnption, but tb. hlch prmeatrgs

of thls topbre ln tDe dcporttr rDd tbe largp bloE&e of tt na tb.
fau$oo n|88|'ft tlrt tbr rorrrrolr of tbo Eotcebmr Doc lrre nr
rtlrl eblo to nrpAy rJcotr durtrilg tbr nonfttlrtlr crrptlo.

fris orylortvo phgc rcr follond !t thc forrsttos d ttt
Eortrbrlrrftu Dor, rhLoh flcsd in tro dlrscttmr; a prlr lolt

./or ooulea to tbo routb ltttp rnd a lorgor flm to thc ncth. ft
pcrhrpc llpmreatr th fl,Dd ;tego of enptlo f,ril tb rrat.
Flg' 20 fit'rco r dlrgrurtto ororr rotlm roro6 tbtr crrrpttvr

t8ht$Er

Tb€ otlsr ilortl rhlob could bc nlrtad to thc cnptloo 6
Eauthenr Dmo aad Elwl *b* rtutLrr in ooqorttlm to no11'

rbelreltu Dost sd Etor; Platoan Dc rad Etaf a6d B13tcn Dc.
It 1r i-npoerrhle to nlete t.he donr to one rnotbsrl lr tbry rfil
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rlt t9o8nphlcall.,tr crPrrrto. i{ottverr fllctolr DoE la d.lrectlgr

owrleln by trrlohru rAfbt sad benoe Dust b€ betlern fRcrufrrlrraltuf

rnd rgflohau' ln r8e . Errtorn Dcne l:: ro rJnitES ln fon rnd

oclporLtion to Platcau Dm t$at tt it alro reg*rdrd u of thlr
-Go.

.Mr.sn!,lor
hs lfd,obru enptlou trt pFob.til]f d erp,Loal,w nrtnrc 6ly,

i! no dmr arn bs eUraotlgr relatoe to tbc topbrrr thr cqst rltc
of the vlnt la unhaqrnr b'rrt tbc eort liXe\y porttlon 1r rr Ec1lc-

rhrhrrrhr Dom * tW/95t9f[ (rc" p. L5 ).

jsgaLqA_ Elgiglgs

4p (.blror Enptlen ooorrrrod, aborrt t020 A.D. (C*lnt-Tqylc
cnd Erftar, f965r p.l[O) end pr.oduoed ertsulrc p5rrooil.artto (topor11;

end tbc pminsat rlvolttc dma of Tcerurpr, B3rshlr nd frnnCr
({trtc t). Iho lcqucmo d evrats et'trbltahrd 1r ooryrreblc to
oruptlone rltnorrerl in hlrtorro tfuocc auoh

Prpurr ln t95l (ffyte, f gj6) r lrd rijpcrrf
rtyollto cruptlonr.

l8

to

t&rt of [t. trf,r{n8iton,

bc frlrly rtrndrrd Sr

thc flrrt cvent rar c4ploalve, lrFoduoS.dG . roonsf o(r oor1;L

bloakr erountt ths Etlt" [tls beocla ls eryorod tn tho nnt bctrea
Terarerr rncr Beredukrrltu Doaer, rhera tt le 20 ft. ttrlol. It tr
oonpoacd qei4br of, large hloskr of dcvitrlfled r\grolito, 15roh

pnobeb\r oom fnse tho crrlter oolcl. It ls thougbt to regrc$at
ibbrir eJeotoc currng lnithl clecrtng of tbe yrnt bcfsro tbe ntD
cnrytlo. Ihlg le equirrleat to tbc psr.ffnfaary o*rlodYa pherc

derortbcd elrcrtoro Ey hrrrt (l1lt5)1 ,lrtnrn (fg3lS), end f11r-rql (1958).
-58



rbc flrrt lrrr rrtnutm rrr proboblgl tbo fsrrtta of Grrter
Dom. Fridoro€ of f,lor ttmotune (p.j3 ) rrrcguta ttrrt thir ibar
lrs ertndsd qrrlctlgr, pnobrbly rttbotrt alteottne Euoh sf tb 11ur.roundp

ItU rrurr end gertrpr Jurt fil11n6 tb ncrly folrod breEc1r rsoner.t

Sbo8tlf rf,torrrrdar th. lrrn pSmocrretto enrytls.r ooonrncg
fbc tepbra 8er fnos e wnt to tbo cut of Creter Dorr rod tbr d.tr il
thir lr uor rarkod qy Brremhlr !r{,6 rrrc tb rtdc part otr tb. fgg6
firntrc I'nodlrtrly to t&r cut (tlteto r). rb. rbort ttD brtrrra b
tro crsnta tr lndLoeteal by t&rrurl dterrtim of tb trytra rltruotlgr
rbovs te. dmr tt r rsnrlt of crrer nuetlag fu it. rrtsrnrtbl
rlth tho wloanl,rn tupa cnrptlurr rtre dn ardeatlr, rrbl.ob fiLorr0
to te. rorth, rutr rntt probrb\r thc nortb rlile of the rr\y fq.rl
fsscr. Srtc lr€ nor olpomd tn tte rcottms rlm6 thc tilof ry tb
routh rldo of tDo ranteln, rnd ln tho Sully to tb. tcrth d frlngr
Dn.

rtrir crylortw pbere rlc foll,omd hy r oooocl certcs of dn
fsrrrtLoru, produorpt ?lrerera rnd hrenhi^r, Doam. Tbo ltlt of
Buaratrta Done probrb\y oED sp tbe grmoal,rtto on4lttw wnt,, ud
ort[sd rydDotborrrl rltentlo of t&o tepbra rt thc to1l (14e. 1gll.
rt brohG tirougb thr rlda of the I oon6 r , rr.d flatd la tro ooul (n.,
to 3b mrtb rrt ano eqrth rort, in r d.ntlar mFqr to tb. crrryfr
rt rmo crrtona (;tltore, f95B). T*anra Dur. nrt Der br.o
ertruihd et ry'prefnrtafV fto rrlo ttee rr Rnrmblr Dme, rr thr
omtior of tho tro dsror havo ooalorooc rsound rrtor Dor.

'It :ould bs gorrlhlc fior tb ooourrnso€ of thla dooo fc tt tc hrrr
been fonsC late ln tbc lcqrsoo of eruntr tl rn lntnulrc ilor
nnder tbe Kaheror r.bhr, but tho ranner ln rfrloh Xuarabte rnd. ferrr
rurtt Dcaa ooaloroe arouad tt rnd ths ooryrrrtlrely loorlird
ncttne of, th€ th'etlrl rltsretlon Ln th€ owrlytrg tcphra nrhor
thle un}hr?Jr.
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Fig. 22. RhyoJ.i-te of Ruawahia Dme fiLling the earlier l(atraroa fAshf

v€nt (wl/gllifi1).



Ito forrrtlon d hmhf.e Dce ru .ooilpcniod c lusdtetcl,Sr

foil'l$.it hy e lsbrt pqrrfns diln th€ rouitbcnr dab d t&r o*{*, to
flr batlecn thc oldon 4letaru md fternhrhraltu Dooat rod qnrrd ont

tnto tb ns$sgtar!.tu bufn. rt ls tblr &poclt rfloh roorntr fe
t-ho lrr6o prrrtooous fiyofitc bloota to th nath rrrt d hb Xerl-
rbrherltu.

Frben6r ho rqy hott rtarted to oor ry bofct tlhc fiil d th
pytrool[tlo enrytior .r tbn !.r rre ryofft bon6tf, ttc tcpbn ft
the f886 erter sa tbr rq$h ri6r cf, th. dm, end tEr ryryc11rr to
brru f,lorrd ae e bloot brd a rho!'t dlctrm (f m trdr. ) to tf lan6r
Horerurl tbc rd-B itrnloprnt ru lrtorl foll€drg tbr lryroalstlo
cnpltl'a. It hvr La thorrsbt to brw aroradrd ptrtly, Drohbft
tiFeUb ter old mat otr tbc Hlrtern h, nd rar mt 13oeqr1jt l
W arrJr dr faff tcphl-l

thg rdn euratr d tb. enption, LB tbr prupond cdrr d
dtlclqrsrnt lnr rba dlrtnnatiorlly is trlG, tl.

rAL4!tEn'+. ltFgitrcnr

5b Tarrmre enrptla oosurngd tn tls rarl,y rcarlt 6
Juac 10, 1086. trt rar thc flrat lalc rryttm tn Ft r g3drilil to
b3 rltDcmscl bJ, enryo.nr rt olorc hrnd, rnd hsno. alrrted 6sctt
latcrtat. th. hot rpri-ngs bari rttreotod u4r pogplor botb

hrqrrrn ut, *rGir tg Llvc rtr tbr Botcrr nglm, 6an tho pl.* j116

tblte te*lrosa of Lejco Botcetranr tgrro ri&ed tf ury tqrrtrtro It
rrr fettnatc on thta rooornt tb.t trbr Aptlm emurnrd durfa6 thr
riator or tDoEc r16ht hrrn bccn lrry lorl frtr}ltler tbea eofrn11y

ooo.urtre d. -62



grlth (fge6L lbttm (te,8l) rnd rtng (raeOy .$h rsoard

Erqy ilfl futatrnoer rhtd tsry re6erdod lr Surlfnrruilr 31;p1 4'
tlto cnqltil'm. rort rnc unlrbrv to be rlgntftcrnt, ut tE so

fcettulr rru of intrrlrt. It roonr prvbrbb thrt thrr 15 lIUlw
lorts rottrllr 18 lr+1". Iotmrbrar &FlnS tlb prevl.qlr yedr (rftfsel
erra3r , lgll t &in6roor G,tt tbrr) end !.n Novclbrr tggi b slt
ferreoa ttTrot Fof€ to r boltht of f 5o ft.' rbloh rrr tbc ttc!ilt
eGoF ruocilod (rhonrr, l$gg, p.Zg), sBtth (rAOe*p,a0) rLro rlosatr
thrt tt hot rprfagu qf thc I{goorubo-fo teto !cg166 Gr; ru!
rotlw t&rn unrrl, en0 tho tcryonrture atr th reter bt6be, fc
rollt ttr Fritr to thr cnptto. tfhs beEt nrbctmtlrtrd mat
Itf,l r trlb or rclohc ocur I ft. higb on l^€kf trrrerr m Jtrnr I
(sdthr rs664prg\ end tursr fgg!, p.gg)r ruoordril rt botb sr
Erj'nor rnd fi rrl,llr ttlr nr p*robcb{y crured by s c*tbglb1
rrthoqgb Dom E!. reooatsd on tho drte. E$b of thflo repmrncr
eould be taba u I p'rofh{aanr tndl,ortlm, ht tt 1r nnlfkty tbrt
rEUrouc lould bntt prerllotad en orytl,m fror tbtro ft ryprmat
lmh d lstblErbr until Jurt bofqre tbe cqptioa !.fl arprlrlnc,
hrt L rrnrltln cqutprat ru not rvrllrbil,s rt tbo ttn, d.!tr
eerth6lr&er rly brvc tm unnotlaed.

&rp_Hnnus
lts CLmt rcll nrbetentistec indl-orttar of rtivfty ;rrr rt

fo:o Fl, m Juns f 0, *cn o gerlc t I carthqulor omaod.
I!ile Efr nrh rt *Lnt H bcaaro rtrmepr rad cil^dnrtcd [n t&o

flrrt eryltlonr it ebot QtlO lrFf. f,nor rrbrn6r drrl, furrr l,r

_ 6l_
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t8 Afrrercrnnt on trhe tLr of tlrlr frlrrt ootburt, f.fiEcfy brorEro

thc ncercrt rnrrtvtq obervrn nsr'B rt to Srlror, B rller trrtb rrrt
of Trrmn; lotonnr lS ril,lca mrtb ftrt; and Crlrtrrl f6 rtlcr
rwth lut. Srlt'h (tA8e" 9.27 ) rna neotc (tgg6, p.f ) rlocd tbr

rtort ra rbst 02f0 brr.r rt fr1ch tl"E rn croaEoue olod otr rro&o Ea

vlpora rrr obmrtud flc Tr lrlrort ltuttm (f887, p"l8f ) m*{r tr
cnrytlon u ttrrtfa6 rt 0il1! bf . r urd Sau (t8ag, f.l0) rt Of !O

Err., both rroedrru tb oruptlon of Trrmn ttrol? rl rbct 0e{O

btrt. the lrttor rocatr r6tu to f1t tbr gnrcnt dry fAdd cv!&ooll

rnd lt tcilt l:lldy tbt hftb rnd lbotcrr rour{oor of Ldsntttc
erieratt tb orfly rctlrl$ brornre of tle hilry oorratqr behcea tc

Itftor sad tb. rorntrln

lbtton (lAqr p.f8l) noteg thst rm\'' a rnll ol,end nr rrrr,
*f.ob .Epoe.l to bvr nbrldcd en.l all nr eGdn gniot. lt l.l9 r"r.
(0+rl hrr.) m rafa rqrtim oorarH{rd ritb r rorr fior nrnUft
rnc e black eolunn 3ltr1n6 rtth reflsotlcr fnor rod bot F*. ll.gr

atrrtaht qpmrdr. At 2.lO loor (OaO bF!.) . vfolmt ..rtbqurb
osaurrlil end frruerr dc orploded rith r corf,eatag noilal rerabs

qp r brold rtcu ooluncr. thic solunn rcr oe,lonlrtod El ffUlrn
(tea6, 0.t80) to be orlr 6 rller btED. ry 02rO hrl. tbr rbo[o

hngtb o,f, the f;frnrc rrr ln errpt&n sd ll,g. 2, gfrr! rD rrtlrt|
Lqneaelon of the rf6bt lloc noer Io *effof.

ltts aot;,vlt5r on Eahange snd Burlabfa beorno ton ghrcrtlo rt
rbout 0l5O hr!. rnd tb rodor otr vlolent oartbgreler rocer(bi

probrhfg re(Lcot grret erplorimr 6 tlrs rorntntn dusi-Ec *1S
largc btr oohr o1' r!trollb RaD cJeotod. At tns ms tl,D Botonh,rnr
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burat tnto rcqptlonr tbcrtag ort a ooln d rtrrr hi6tcr thra thrt

troln ?rrmrr (Ruttour fBSf , p.l6f ). It rrr r ghrertio erqlttc trt
trhc orylcrfoar nr's obartpdl rtth tbo rofb lrlr redlr.Etr oC tnc

gnvlcr lrhcr toturhana grd BotolrhtrlrLt u Ell u rotrorrrlo roct

rhlch hrd been tntcncltqy ettond !r carlllcr tfunef ratlvls to

fotr thr Botcrhrnr lhrd"

ttc crptlm ru lelap\r cur $r 05tO brr.

fte rlerltr of tb crryltfcr ora br rcra toatf dq6 ttr
cnrgtlw ftmurrl rnd tn di,roturng thcre fretrmr lt 1r cmrufuct

to dllrlab t*ro rrrrptLo tsto tuo rtrlprl rn errly rtl6o fior OftO bf.
to Ot O hr!.r ad e later rtrep frffi 0'rO b& oumrdf.

Eqrl.y $!rm
ID tb orrtcr o tbc rqrth fldr sf frbrngr DE 1r r

lnelf b$rlt 6/t rrgorcd (ttS. 2lr). It 1r agprclrrtrly 5 Ct.

rotolll hrr I ctillrd rcgln m cltlcr d& rad prtobrDLy rolmarntr

ttc f,rcdor fc tb flrrt ryrtlo. l hf6b cplltrrurt tqerrtur
lr lndtcrtcd W t'ba lrrar nbag of hrgrrt rnrXoulrtld nd prrtly

rol,tnn rftrollto bloot tmlmlo.l lhe Eetl, lnttt L rnlu d
latsrbl cJestrd relrttrc to tho lrtor Bhrr couLd to tdrt d to

to tbr EII rlrc o'f tbc fi/b.

?o ttr rcth rctt of burh.fr I?13, tb rytlrt ftrsr lrr
frrobebV rbflt Jrc ft. rldp, rnd thl.f srn nfi b. rcul ln r fHillFf

Jr tW/9559S (trlg. 25). At thta plroo thc dtea hrr r El
oonpl,c fct. thc qrrfln bar cbllbd *rlart tbe ffcltto, rad a0

tbc rs tJ.u har troltod tlr r\yoltte rt tb eotrst to forc I
glrre. torrrdr tbr osatro I rarlct of rflctr orn bt ldrnttfbil,l

ecob ohlltrd egrlnrt tbe pevloyl; oa6 rrd boctrlag ntr lrortsoilf
_ O/



tcrrdr fr mt$1. ?rnle oorrld npreraot r rtq,le n.,ltiplc drlr,
but rr tb lrrr ]bl,ratctrr tha rftrollte o orah rl.de d thf flmu*r
rbow t'ho 4t&r (r"" Hla' 2b) lt resra rfiro u;roly tbrt t6o levt
rerohcd tbo toD of tha tle;urt rad thsn f,lmd brok rato tbs runt
bcfco solrns. sil tr oo,qnrrhlc to crrrytloor rltlrlnad ra
lhril (ruotr Pc!!. ocn ). fu taserc la rtiltt d tts flrrsr
o€srrEd Tttb thrt a rrhrngr DoD muldt eooount fql tlr tamrrril
olrm of b*rett lrra to olr llFor fuflrblr.

lhc qlod.sa flil f*ramn Dil. ir or rrrgranntri !r t"oaa
orrterl rt tbe toutb nrtela cad of thc rrll ftrlrm. tto rtabr d
thc ecrto$ |lro coapbtclr ortrrreit by roclr, rnd r fltr rulrc of
utorl'rl lPPorr. to hrlo bera r&otod. lts rscl.r 1;or tb.," oryfo-
rlmr mrt hava booa tleqr bot rbn enqlterl, r tt 181156 tqfptbrr c
tbo ctdel of tb. utnte end fnrod nrrl rflorrr ;broh nmd r rb*t
dl'rtooc Fry lto thc ootn'of, eqrttoc ttme orn nary br rcrrr
rG rolld lqnrrr ra tbs llpllli rt the d&r d tln srrtarrrr Dd
probchlgr rmqrnt for tbs eyrd,toora dsrslDtlmr of lsr fitcr
aod,qE f!il tbo oratsre elfng thr enrytil,m.

Illtc, gtqn

tf,s rrGhrf erplorlw arilrrru of t&s mttrrer fior |6frCr r-i
Surnhle (rtrtou rtrrtctl alqrt 0Jt0 brr. ) rr drg\y rbon U ttr
dary ulters oB th. tDD ilmrr lbase harrr uurtJ.ert rrlb of
t\tolrtc rith r fer lndlsrtior of tbe bcal,t. rt tr rrro
rtf,Lsotrit ln thr x,g6o nrsorr of rbrouto bill,d.rt (w to 6 ft,
ln 

'lirytsr) 
la tltr eprr prrt d tba trmrnr rlrhr nraga&g

tho fl'rfilrr!. lb ibrl rflo gnoulufr beor cqilortrr tt tbLf
5B



rtr8l d tb q*la1 rr tt hec rhller fclEror to tbe trhnCr
rad. Bumhtr end of thc filrsna.

Ib rcaron fc trbr ohaa6 to gbrvctlo rotlrtty 1r nboor
It ooclEFcd rt tbo rsge t lna u l.ho BotorDanr trrnt l^nto rlolmt
phrertlo rrrptl,mr ro tb uploclos tllnn tho CbflE oodd btr boca

oanred' W oold urtcr drrtstag fror trrko Bo0ombrne tnto t[e orrpflt
fls!illl. tlrl.r lorroe of, ;rt* osr.ot bo lnvsEad rr I qur|. of thr
exlrlorlml ftrol Trhrryr rni Bumrhlae bmerur, rr eltlvlsl q3 frna116

Dole (rnfoU 1g botrc.D tb Cbrra errd Runrhtr) did Bo,t b16 n qilLoltn.
If tbc tltrrodrrctlsn of oold trter Rr oho tb ro.ron for tbc chqp
rt tbe north cutsrn cnd d tlhe flrru$o, tt ,nlrt hrru oor) t1la
chcrhorc (p*ta1lr lrho fe*mr).

trrlrr+G

FDmrtls erylcrtcnr toots plam dlurin6 rod rftar tb rrlptin
to thc lotrth nrtl tn lrlaugu vrllry. &o fl11t oag1;1.rrd rt 1pf,t
0250 hrr- (crn*eo lgf,lt p.Ba), but tbc raJorl,tr took prroc Da tlr
snd of tbe urln enryttc m rbortly ftorrrarilr, utt tbe 1g{r hrr
aonttnmd to bs tlsrre4y rtlrr to tb. lnlrat dry. frr ftEt to
f 90br tbo apoatrulatr Er{ r*rntu Cclrror plgrudn f^a f g$t g(nt.8 nrchllC
r bcrgbt of t50O ft.

It Lr uao€rtain fioc oyr.rlttrrs rooouatr tbatb e4r burl,t
lrrc rrr cJcotod fr.@ tb hi nn3n rrlr &rtn6 c eft36' thr rryltlc.
ltcaa (r0s8, p.55) tJrlr&r not, tot tberr Lg a nrrfroc drportt

&ffroundfuE Foho Cretcr rt*rloh contrlnr blosLr of br..tt up to | ,roob

Ln dtst€r (rrtn ooouionrl bl,ooke up to 6 iar.). Ibtr oatrl,r

-6g
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St aru lrarlng fru thG flra;rrc smos tuuara a fa .untb dta tb
ertry'ti'm O'f J'nO 10, l8S.

tl6r tl.

st G vrt (m*eA ty srrw), ln dtrp crrte brhra hhf.a rd
Islrcre;rl Dmc,tn 196t$ (W/g*W25), Esto fi.6rtr! et bottrs of

phoeo6lEph 1lor so&lor
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fi.Il frrgrcntr of oryptocrlntalU,no ailicr, rb,iah rroFs probrhlgr

ortgtlrllJr dltrr, rfoagtv rnggprtfng thrt thry ouc floil frfsrnCs

m Botorehrnr. nlrthcrnorer ths rirc end cll,rtr-lbution of th.
b$el.t favourg ons of thare rouriieor. fhe tino tt rhisb tbcy !ca.
enrptcd fuftd'allt Lc unlorn, btrt it ic porclblc tert tbsy orD CFa

Black 0rater, od rsre tbcn ro;or*ed duriug lator phreetlo c1gptlor.

Inps!.! d _ns.Tpttqgr .

sre larn aotlvigr on ?arelere brd ftnirhea b, aln hrt. e

rakln8 tbe totrl tino d cnrgtion on\y l+ houre. lotorrhrnl ttartlce
br6bly rotl've for ccveral rsekg end lafuoangu for revcrrel tonthr.
Eartlhgueher booere rserer af,ter tibe enrption and hed orcr"a dthitr
2l+ hours. lbe oaly rotluity on tbs nqrntsln rog tben rtro, rhleb
oontlnred to pollr lroa tha rrllr of tlre firrrre fc cr4r noathl
(ptg. *) - Todagr thcre rrB tro sD3u eteen vcnts attll rctivo ls
the deep crrter betreen Burehla and, taernrr dmg (trtte. n) but

tbry qpporr to be ;uLng.

!f$l_ott og teq Enrptfor

| ) I"oss jf .rlfe.

FrrlE (tgf t ) rroordf tbo nrrnbor krllod during tbo crrqrtLon p:
Te r!'jkir 52i roura, 39i Fo rrlrorl ff (tnslunrru 6 nreneans)i
Botonrhrnrr f l (rhere Bangibe,uc rnd hir tfil.bo Fao atqrtng). tLlr
srker a totd of 176, but lt le yerT prubehle tbat therrc rsne rffr
than thia anrrbenl anrl fatr.litLer rq;r BTen hsve neeohea l5O,

2)

Ibc rort rpeoteoulrr ohrnge st Terirenr rrr tis fmrtlol of
the fisarna rcrolo tb6 [olnttrLn, oyer 50O ft. drep Ln plroer rad rp
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to toO ft. dt. bah dfFq hcr oseulrgd rrto thlr fl6wr, bott
b arrr rdf rrct fill rad m r rer:er 

'crb hr rrrrt bl,ootr

rfryla3 imrdr. lhl lrttar rlrrc probrb{y orrrrd !y tb g1;ilr
o*rotr tlr rhtob tb 3rrer eroalrd" thmr (t88S, p.l5) reo6,1tr

tbcr || ruarltgr porllrol to tho u,mr.n ef th. crt*.31 rltbmSb
rruttHr rt rfett rq3lsi..b.. Smc of thoa rn ho6rodr of FFalt l8
ragtb ad f0 ft. c Ene tn brs.dth, ritb r depth of 5 ft.r fo ft.
I K)-r. l't tbc routh nrt cud, d tb flurIt lr tht chrt.
tti,g fu r lsar lcc (goo rt. hrgh rppr,rr) rond v obl"tgrn

crPlorto tbogh th d,d. cf frrmg 6g (?lrto 1,).

Tb. thlolDtre d tb brsalt o ttt rfirolttc nnrltod ln s
lncrrus h brrsbt o the rmtrtn d bchca to rd fOo ft. rDc

h'ic[t of bnrbir {E1{ Lnrrreod !5r fO ft. r5l tbr prcrot tetgbt 1r
,w 3t. (r{!tu od s'lry sbct wn), s€q)rfird rttt r br{Lt otr

Jl5o5 ft' brf,on ltl86. xltr. g8s, b rnd E; tlkrn t!3q thc rlto d
tr Arltlr-il th. rotatrll trfom the enptl,o, frrt drlcsnrirr r$O

todryr rndhrtrEr ha Llttro toDqgrrphio forfircr f,rlr erlrlrd drl?res

tbo par{.od.

,) $lrlnru to_ rggg nargbl*f
tlo Botaehmr brrls, unli&a nqnt fcrnrrr, nr rLl bg|p

Dsfstt tir erytlm rril heaoo ohan6oa r;an bc noool.ibd rltb El
osrtrlatyr tlo€btftter (tAe1r, flLrte 5) &rcr I raD d tb brd! rl
t'bl'r 1r npodncod rtth rodlftarttou (rrnr ftor Elsc*ub) lrl
&Lg. 19. tbru rr8'r ho ril-D lrber rrl thr bf.t!, Ir,b lolcrhanl
(rclu 1*E) rnd l+br .Botor&.rrtri (oqfa Lhr), lbr fcrr rar
rhdlr, 3f r targs pgt d tho l^etrc ru ttq). It bd 1l antlct,

-74-



Photor hu+a Bml.

rr& 5o. Thr neroabrnr badn ttta rennr a fi rr*r lfte
tb arpt{o. In tbr d.ildlo itl,ltrDoo lr ttrc nc f,rhr
BotoEsl's{ aDA bryooirthr rta n*! tbe al.tc d
fto cdgt.rral r.rkc nctodragra.
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tha l{lrrhr lltrurq ilfoh f?'ole0 lnto LiXo terssn. Ilht notflsl
klrfrf Ss ffid !6r.rotrour 6!rff olrrotrlsr roonlr ifo[

ai-'-iloo[Jllilr@tu'tbaffi o!} tr'F!trll[|t'r+']-" o ,

Tho rnrr bctrcra llko lotorrlirt-rl rnd fnrurl tr lrtrumtpo6mGol

;3r Faf,gy rnd nrt brrrc bcon tbe rlte of r lr|g" rt mc ttr r| tta

rtretr r4porcd fD t$o catcrr roon rftsr tb. rn|ltlo omtrLrd r
nraocrslon of l.hr bcdr rrtb llenr6 (fnoerr 1888, p,X5).

hrlng the onrgtton, botb lrhcr eryttcdr od e lerar rount d
drbrtr trr thFm ont of, tb crtar. Iltbln e rmth r sr bo,t lrb
hsd epparred tn rlnort tbp .rs poel,tlo u Botarbrae tnt .bolt

500 ft. Inr (ltg, 29), rEd a lrr6rr l€dre foncd to tbr w{t rrt
(ffe. ,O). htcr lewl ootLmd to r{ra rntll th. hb nrdcd ltr
Drrcloot hf6bt d f0pg ft.1 rtth s.D&o lttll broatng o t'rlrnL
Flg. 5f rbar tba lrle ri'od frrou tto !ilde sf tc nree-o-tmol

boforo tb o*rryttm, tD fSEAr rad tod4r.

At tbc Dortb eert ead of tb in.ln ru Gnern Idr $rrtaq

rhlob Lo.eano lnoorpotltoll ln ths arr ralerpd Ldco Botcrbrar rftft
tba enrytio. Ilorerorr !D erplorton &rr1og tbc oruptto lrd ftnai
r Ber onetsr rboilt { nlle to t he aouth outl rrrd tbtll rttb tb ltlr
tn ntsr ltr+l, forrrt I grtcr lrlc. thr retcr ls lt rer

dl.rtbot"lf Cffin fin the volosnrl.o !f,r6r lroolrtod rfth tL cltc
forrrtloa, od bnoG rrr nmd Orrcn [.b tV lrndr nn ffirly (Uort

Wn). &le frraf. urt d tb an hnr rpparatly orrncd Jn
omfirlloa.

f) 11pk_rn{.1$1!rtr:nrgr

Iletrom 1886, tbs PtBk nd hl.ta terrorr ef Leb. Botoarbrnr
77-
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lrtrc Drobb\y tbe uat frronr torrrirt rttreotilm tn tb p6fm, Ib
rLtte trrrrnp u Tr rrrrrtrr rr o?Br r00 fb. b1tD. lt ttr brr.
tctil f|rtB nnnbrro d ool'd rrtcr 'oErlnr trroEfnc lnto co rnoffiocr
apq rt tlc top rer r gqrror dLioh oooerronru.y rrnt r &t of rltor
up io f 50 ft. 0D thc oppocl.tc rhou.c of tho 1rhr rrr the plrt
Tcrrrocr ffi ;akapuenryrr ltlob fornd a rrcrrfitoort fl,rclt cf
rtepr of rlf^rm ptnh rlntctr.

rt tc rlueDry tbrt elttcr turroc rwtrrc thc efigt!.ro b
Itrat ps;t,t to tuFrtty tb me rf,lc tho cuptton foqad lrgr lctr
otr rtllooour rtatcr dtrtrrtnted flr md rf0r orrsr tbo Gut co,rtrO
hlllr- llro ttotth (tae09, g,z)tra htr 1mr{rt-u.:r rrrpcrt, ;gfij1 tbrt
Ith Pot rh.F sBc rrr rltnrtrd tta,. . ..lLltr tcrrron 1r ao;, r
bellewr oo€qpted Lgr r ocrtrr fordaa r rort €tr 6gg11o-lborl bry f! 15t
rtdc of tbo 6rrrt orrtcr d Rotouhrsa,r rnd fioa *Lch r rrrt ooln
of, rte|! erlffirr lbc ptrNk frrroc ooufd lot bc rrln t5.e6n ter
etol olqrd lt t&tr ltrgr, but rr tbr nrll bot bb rhlot foilfa
ttry nl8 tbc d.tc of thlf tErnroe ru 5OO fg. lorr tbon tlr fuu.
fetsr it tcGat sertatn tbet t&c Trlreoc nat truc bars abltFry4.
rt' orr bs d€nurernt tbrt t&e posltloa d tho Gqrror rt tbc h.d 4,
tbc frtto ?crrroo t3t Ytrtrr otorc to thrt nar oeqtcd bt tb rgtadg
Cllffr' d r,rho lots[hrm. ltarc Hy t&srcfmc bo r omtt-nrtta 6,
ths crlgfnrl thegsl rotlrlty.

5)

Ect*ron tnc rld tbmc fect of crh sd lrgrtU n$i alrDorftoil

arsEDd Lxo Tara,mn durins the crptio. Thlr o.ured e blmLe6r of;

t'b$ out'let md a oorrurpondJ.ng rlrs ln lris lerol, Iucll latsfl.L_ 7B r



ter orrrl,a| nilo tbs trrrmn Blver rtrrl6lt rfter tbc oqltlon enA

lfhorre (fA$, 9.69) notcr thot rtbt Trrmr Btrcrl rhtS brf*r tbr

orrptto trd pcr*botlgr cf.ef ntor, h.f ctrr rt.rrat flild tltl rlll
ridts lttrclt. Eble &porltad qroh ndarhl ln lc trrrrnr tl tt
l(lstur CtrH,oL Erorlm oontisued fc r urbcr ctr 5nrn df"ilfnl
bua tsyrl, d tbc ltrer to frtl rlo{y mtf,I t$ fg0l tb rrh rbtlltf,.t'

et th. outl,rt of tbc lrho ns b'robn errt thr l^rk dnlmd to r f.ill'
prctob\y rllgbtl.y bclor tbst baforo tho cuptlol.

6) rIgF3_€ lrlrtr
Abffit 61000 rquer:o dba to thr rrrt d thr rotntdn ilrnl

6lgr,Dlll,y oomnA W tb Trruorr rlthf lrd't pilfft; hrt clt $d

t a50O rqurao gllaa rsFo oovorad rrfifloiertlgr to ruuaNl for rqy l|agtb

of tlne. to tbr nrt,Botoaebaar tsud fc1l (ree FlCb Ib). t.hil t d

e ctlfifcront cffrot on tb lrudtor1lo, ead brosro quiolr:lry amrllcd to
\

fort s\y po€ feufng lrrld, rhl,lc tho l8umrr |lrhr ad'I.Ptllf

belped prodnc 6sod frnlane tn tbo \y d Elsatr. tbr Tuun

drpooita rlro brd rn offoot on tbo ooarnerroe otr btrrb elehmrl

rrorr provl,andgr ooyrnd hgr Kalrrroe 'Arht utrt brdqt rfftrta$ inrt

terr Trrerera rArbf felle tDo tnoldsnao mr Imr (Crl4c rnl

?$rlor, l9r2). Ebo hxih rtoloesa :la lat rr f6nd to be rtlrted to

tb pflrGrioo d oobdt t^B tho brlt - In elocnt fooklug ln tb

mrller Falreroa |Afht 
'
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s. PryiqguF{L x${mAloel.arp w
I. FErtffiNAFHT

tmnFlottss

-

lLl noelr oolboted frron tbs trruerr Tolcrntc Coqlfor ulrrr

crsfnod tn thfn rnotlonr rnfi r'sptrraatotlt rrrylff E lh. rsol,lto

domll tb burltel rld tAr rmsll.tlrr ohoera f,or r*r abtrtlcd rtrfo
Ther rrplcr rlr! onrrbd to 2tO mrh \r r ltod rolLcr cudrr, nlt

ry nqutrd, r sslnrrnntetlm mryil.s d tbr totrl rcoL rrr aturetrd

t5l' thr eorp rcthod fc cbodoal rnaftrdr.

A pert st' oroh orutbd mrpb rrr trfrn for rll*rrl rrgerrtlml

utl thtr nr dlyidcd turto ttgbt rad bcaqT fllcttcr tf ocatrfftg&f

thr arnpb fa nadffutoil brndorn. Frroo tb l:l€bt flrottcr foldrpr
+ qri.rtr rr,d 61rt. rullr rparlrtol, tn a rllfirt otr baof,cr ra0

mtmr, sdr ftaru poldbl.r, ths fslde.r rnd quertr rqlcrtcd br

ths lrm rothpdr Bmh tlest|'on ru tbcn plflrd urlng tb F|Dr

Iao{ynato Scporrtc. 0f0tn qrrstz md feldqls ooulil rt br

oorplotcly ropuatrd tiltt }cf, + grrl$ t t urrrrf$ oEtdsd. tL.

hrrqtr flrotls rrr fitrrt dtrtibo lnto btotlta + b*abbn&r fr
argl.t'r1 sd bmcrrtbcn + r.gurtlt r by ootcffrSlnc tn udtlrtrt
mt$rlar l,odl0t, tle btottt rnd lra'ntl,rado wro foryn to bc

ditftouilt to reprrrto hrt rrrrmeb\y purt flrotlmt firrr.. *tdDA
by nnnfns ths rarptc dra rn tnclimd &sct of gr1nr. lr optlod'

nlrurmrontr onlgr ;DFe rcdc of tbsm nlmrrlel thlr rar grttr adap

1utte. lrgf,t onfy courrad tn tf,g bul,c ruo&g g.d nr Hutr

aoooryrntcd ty blotttc cr bmnblcndtr ln tbig rfncnl ooula Do
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pur{flcA Urrofly udag thc Slur laoQarolo Sgrarrtorr lrgB.ilit trt
nqnmrf, fr.G thr tsrpanthmr hr r hnd, rlgd anil Sr Ldtcr tndfid fr
tfio htnr SqFietorf

Rdtrotitc lldc nr^uuutc reru ldc of or1 tb -rnmlr by tbe

Incrlna rathod, and. nflastirc !.rrdlaec d tbo d.ls seaaud cr an ebi
rrfficnrtrns rllng rodlrs U6bt lil, *annacatr tru Frrtilaiail

aoalr$o 6 ! o.OQ.

0F'tlo slgl,c nnrrratc Berr naia fDn eclatrd ffn ntlmr
ud,ry a trd,r l,d,tr ffi.rerael rtagb Fslif+sr ffi nrlnlr
Ed;€ thG nthotu dlecordbeil Dy $lcme (t963). Iltrrt aarrnrrudr rrre
eadr cf all nlnarls d*r"c pouiblc, aod tbeco slg oogtilctrtd to tr
aocrrnte ta 3 20. In nry carsa, hcwe, mlg om optto rri,r oodi Dr

uefirrud and tH.a rc plottot o r ftrlf,f aftarugrrFhls ncfr to oDtrln tile

Thco rlcaluraab arr mt oaalilsed rcrjr roooruto, bcsrr

Partlnl ohcd.orf orlym ssrlc m.da of tbo fefdsar ane glearc

urd l-ntr aHeednetlms rBlrt nilc of rm bfot|,t{6 to dateul,ae tbt
Fo omtqrtr

sElpgE wEs
I&qrdft'f ta tta Eort ntrdnos ctnrllu rcot, ia tb lEwer

Voloanto Oopt* fqnnE o?E 1.5 qr.nilc of lrra ani tlFh.

r Eac afirrm (..c', leial l96f'. n.65) htr€ Jur€,fffb\t oDJmtail to
tbe tm frfuotltef ILr thc mdC d[\d.w rcoh of tbe l{ortb bland,
bcsrce d the lrr aonilLyr alhll feEilAar outrrtr If tb nbrr
prropocd !g EtLllfurl frma rd Stl.brrt (ft5g, Prf tf ) fa atrtcUlt
firlfrcdn tbo ruskt rHLd ba caXloil fr{6todaottct c tn icrc oercs
rdad,tegf r Sorrre tbr to srlysll,tcr 1r fi^ufy r*oiHr0 ln tb.
lltctture c tb qlil, hrertr, thlg ohalgs TGllIS G&Nro omddanbla
eod|rril.on andl booc rri{rolltcr r{ff be naa{ tn tt{a acmrtr
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Fi5. 33. Plagioclase / Quartz ratio of the rhyolite doroes of the
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Eiolitc ( f nornblcndc + hypcrrthcnc)

Biotitc + hornblcndc

Hornblcndc e hypcrrlhcnc

Hypcrsthcnc (! hornblendc)

Htpcrrlhcne (! hornblcnd: o biotitc)

Fig. 34. Femcmagnesian rnineral asssrblages of the rrSroJ-ite d.mes of the
Tar:awerra Volcanic C cmplex.
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In r prericrr roctl,m (p,1b ) th6 dsr r€'m dlytdod on gemorphl,a 
]

ovl,dEaoe rnil brail-rpeclnn ntneratoXgr lnts Safly end lrto DOcf, Jd 
I

tllc bGo.d dlrlrloa dIt be follmad tn the pllrofffit ceotlon.

elodrl, ana,hrtst of dlroll'ter are gtwo la Tcblor F5 rnil f,Fo i'J

thoro nefyaoal thr dcal oan bo nrbdl,rtalcd for dercrtgtlrl poSpotefu

I! FlG. tg tho totel oryrtrl oontutr of, tbr imr aru thorrr lctt
of t&o Ecly .hor hrrc e, cgratrl o@tst d lcrr tbil f$ rtf1e rlf
tbr Lto hr r*u gnerter thm lfu trftera urd Botcrhrnr Dccr

lrc, hrcrrn, rBrqyf ln tsnr of t'hdt rtrrtil,Crrpryr bt hrm l

ryrtrl cstent hicDr thu fIS. rbe pla6loo.lrrc/g*'tr ntf,o lr
tbo dmr ruler fril grreter tbrn f Osf tn Sutlcrn Ec D! tlt
lnrl Eercrtrrlrrlts Df,. sd f,lo, to elmgt cqual routr to tb.

I.tc Dnoe (1L6. }}). |!rit ntlo Lr d oonridcr$l,s 6netl,o

lntsrert brtt l,r not e good ret&oi of rltutrlm fioc dtlortptllr
ptrfpolGtl.

htob${y the mlt rrtirfeotoqr DeDr of dlrlltm d tbc ilar
1l ty tlstr forrouGnsrlra Dtnsrrl o6t€nt (E|.e. ttr). In mrt d
t&E Esly Daer $rpentlbH tr dolnot (dt,h r nrl..l rmt of

bornblcade, rnd ln {fu Xcrerhrha.l,ttr Docs rad llor fo btotlto drO)t

tllrtorn Dorc hrr rn erccabLrgr of Srperrtbeno rnd, h*abLeadr, rail

Hotorrhrm Dfic, biotil,te rnil horahlcndb ln d,rcst r$nf etnntcr

All of t,hc Lto Donr Lrvc bflottto rs th reln fcrrcrgnuilrn

nlnorrl, dth lrrlf rormts of bonblandr ! $3crtfio .

tor thc Ftllporor of dlrouarlqj tho trxtrrrar rad, ry p.Fo-

grrpW of tbo &olltsor r four.-fol,t] rtrrl@qlo
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dlyteXon oan thpnfor+ bo rerii intor

|, ft/pcfltbcne-borntrl,onde rtyoffto )
I

2. llombl'ende-biou te rl3rolttr I ,.rlf hrr
I

,. l|ypcretbso. rt{rallt€ )

lr. Stotl,ts rryolitc l.tc lroor

frlt S". 1r rurtrloted to tbo lortorrt Don, rnrl logt rqlct
$strlnsil om tbon tlro ol*fif,t on tho tsrtcrn cid.. Tho rod tr plat
ln t&s hsad rpesrnon rlth lnay rurtl rrfl,o phonooryrtr gn6 16rs63

aqrrtala d guuta ot<l nla6iooi,rro. Ia thfa ssotlon tbp cyrtrl
eontaut la rodenrto (rv, n.6) ond tbll groundr.rr igrftcrr&ltlo
(qlheloltter OrFf lrtr iB dfuDtor).

lhCI DbBnocrrsrctl rna noroe.l\' lnrgo (aom phgfgefa1c lorr
dl.u.

gurrtE utd pleSloolaro rrre cruonlgr resoltod and nryr bc rhattorde
ilrfio eLnaralc preaont aru b*.galtic bomblcads cnd $rperrrtbrulr Ed
.ult cuhedrd 6pulnr of aaGrrttto rft ofrDile

$pcctrea f ttfl' rg cellootorl flm tbc nortbsru edcp d tb.
doE rnd tblo har I alffc'aat terturo grd rlnerelq6rr lhr Crruodn;1
le 8locry rfth sontortod flor banfu eloag r.rr{oh 166aI 5ro rtah at6n'.
lltcr an ciontrtod. Iadthsa to lri6n rpharrrlttar gl3 prtcrnt
t'bugbout. Qu*tal plaglsolaso end Srporrtbsne phauooqyrtr rrre

aAIf $peolnn t$|rnbtr ncfer to roska crid thlo aootloar kapt ln Geo]ogy Dept.,
TlotccLe Unlwrrrw of, sdun€tcnrcolleotio.
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rtnrhr to tb ether erptear al$rough thc hfpeall$cnr te lcsr
qidtred. nc'abbda !-4, horpwrl lpsrr&rbr'Er1 rndrs11ry r lg;ga
tmperrtrul of fsrlftic (p.l6l), ThLo grobrblgr iadtcrtcr ttrt b
{Feolron oflF f!CI' thc crigp d' thc do' ltrile tbo otbrl rrqr,br firf
Sm mrru the sontrc.

.Ei"gtj

ttlr d,stal uooErgs ia forud t& Botocrbnr Dao (era fn
parto d Tarrcre Dorur b|rt tble rill bc &rorlbod rltl tb H,ottt
rSroltte; tb. lrtn errsublatp of farmn DoEB), thc tut tr
uoud\y Grlql' rttb r htgb cr:ntrl oontent ( > $f), rod l^a tf,tlr retJc
tt prufocslrr rlth r lrr +bern8ttra dorcluged. fu pb11ggfntr g.r
lety lrrlrr dcrtr orrr t J. tn i[.ntol (ooordonrr\t 5 Er.).
Ibry au uarrtlfr cr&ed rud the quutr ua nil,r8gmfrr nrctodr
EbG qrln nrf,Lo rfDonl tr blotlto btlt, frr6p gfc{rn or Ep;a hsn613j6r

oqrltob elro oooEr r srl.l tnolurton d h*rrblcit alrsltf (oqnrtr
raaolj.th) rrra fqrnd, tn fl$l.

Tbe ourftftqnblo lneccletlon ln Botoarrbrnr Dr sucgrlfir lt r11

at lout !^n prrt €trl&d t! r rdt d. rtrte.

&gtribine&S,l_gp

&lant'bcno ryolrte 1r tiia reat rcoo rod tn tbr blt Dnr
end ls frnrrti la Bencdrrlrd,fr,l Des nri ELcl $os3gr- h sil llc,
Hr'rtoro rm sd Elor, glrrten Dffr end rudsp Dfl.

Ihc I'rra ln tbe ilorc t e prodmX.nratlJr grrroror rltb e ftr
lr|Lf rlftstd;l.tor dcrolqnd tn tb€ 6lus ln plraor. Ia thg roolr
flo!! tsrrt rn Dar rrnqpqyrllo ttsq)r (p.lP) dro oggrEir rtr hn
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filcr rcs ob|,:tilrg rborf4 oqilel fJLn UroOng dit tle dplryrrt
otr rgbarruUtcl. lhr 6lers omtoilr oqratrllttrt (H.ohfbq
bdsftrr r|rd nrttrftil) rnA tn Rerurtretrrtttr rd Etrt r tlnrrl
ooouloael ri'ml'ltor of feloqpor. ItB cyatd ooutrnt 1r ts tLl
ori.r la rlth pfeCil.oofere t&r rrin phoao*yttrr th.lt fmr
moerato-tilrd oryrtrlr (nr. rlec 3.5 r.). In 8iltbr Dilr Sry
st trreqtbutly lreorbcd rn{ ror &or prt$r rofr8 h tb mtre
(osc I'125). Srrtr fu rgl, canalrllgr lE Smthra rnl non-

r[rkaeltu Ecol, and ie al*qrr rcrort;d. WfrmtUnr fcrrr 1r1ll
cubrdrrl qrtdr (rrr. dtrl. t rn. ) sd b nrur}rf raeooi.rtod rXtb

nr6xtitc. It ooolrfdur.lty oocr. tn 6tmrryeqpffro r6lffiFt6
rttb plref mlrrel rrgrlctlto rrrq/or h*tblmdr.

tb tht nrton rd,o of, Srrerblb.t*rl Dil. fr lffr b.r drl
rltb th rsiltgr totffhaar Dc." Xtlr 1r vlril,Ee fn biln rycoba
cad fu rutoat ta t{da rootil,on tf rn t.ncrrrd c1ttrl ootutl ddq
d Crtrra bcelbtrcldo od H,otlt . ltorc '.rrnrr dn ffi tn flf
ret[tr ln th btr d tho e*:rrqrofing llil, protrt{y fruntUC
lerllilrtl,oa of prrt of t&c fotmrhrsr h rt thc atrrt d tt
stnrlo.

Ff ot&to, 8Srol,ltr

Elotttc rtl'cfftc ooGuro ln rll th dncr ugocl,rtr0 rttb 3tr*

itabrror orrlptlo. fs hrffi ryct^ocu thc $ok rrrbr frcr r pLnt

oolqr to grey or Stte, bt rll hroe r ltgb por*rtr6r otr pbooqrtro
Ar e tfpc arr$Io lrhr4o h qy bo trb nd qyr llfllcunor lE tb
sthrr iloaoe dlf bc dorcfbd rflrll*St

?be ri'ooll tln lehrryr Dw bm I hXgb ctrrutrl cotr.t (af)
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of gussttl p1e6loale,re ans biotit€r co*tl*r La glfr$oDoEplryrrfo

r66rrc6etor. A fiBr Blolf sqtetrlt of tryl1p€ret&cur tqf ooou!1 bnt rr
thorc rro aenot$ rmosiatsr dtn LroEon feldryrr cr'5rrtal,rp thry lfy
lndloato erolnil"s.ttm frsen eGrfl-.a &ssa, Slrooa 1g r comon roaorsoqf

nlnmrl. Bnrccirtio fm1rrantlgr oocnrr la the d* snf, ifla nmltr
ln hf6b\y brqlen Erstz md, ptag5.oale$e crtrnt*,le s,it &lrl.utegrrtloa of

bloti,tr flelat

Bsorure ths 1806 ftru*r outr roaon tbc roth rfdr of tb dct
obrngcr tn tartlna and ulnorrlqgr 1!o& tb rari35n to t$e ootre era b
rtrritbd, 1r' dctall. At t&e ugtLn tb rcct la prrrlctour (lgm
wrioulsrt$ M), rnd plenoorygtc re lq3s tut na:r,alfy bnc,ter.

Tornrtr tibe oontnar nrll fe.ldspcr rtcolltcr rpprar ln tbc glrs EA

lnolpleat [lhffilttoa dcrrl.og l*ulad tha pbeuooqntr. b phruo*yrtl

r$f oneolod but rsr nclmlly mplrto. Slottts tr hldhlny pboohrolo

ht rot s,tdl,miL

rbs noct *rcp lr tbe imruue ln ?b.&TutG eotrnt. Errlle

poc$ dcretqred rpbcnlltrs oasua sumd nfroooryrtr ol frtlgrl,rtft
tbon8lout tlc ellr. lb blot.ltc rt t|rlr rtg3 ts troOry rriUltS

bsila (fsrrfe tUFr rce pJ 27 r. ffibm I,q lo0l"lahrl rnhcnrlltcr

beocr botts donlqlcd tbm6bout end dto meoh 0.5 r. LB albotclr

lbst€ rnfenllftor lnmaere tn drc tmr.dr tb€ catrc rmttl ln trlrr rsrt
ocntml ryooinn errufuni fFr. Xn Dle (ffg70) thry ut er3r 1.5 r.
lD i$.actcr. Itr sll bshca tb rphenrllter fu dorltrtf,lc0 rnd Et-

Qrd,tc lr dtog fsrrcd la tb wsiol,cr. Se biotttc I.a t$s rpedro
ie rEd-bom.

A rpcctraa (ttOe51 obtatncqfasn r frllea blosL *.fob tr
-90-



oomidored to batt oola floa tthe sent"ro of tb faoe goor r rt*r
furtb':r. lIrp rirlrorrrllter sre r6Ey l-,rga :ln,J ocorryy s.lsert tbs

entire rook, rnd ths lrictlta .Le perti.y ebanges to iry;rantlrsno and

felorpur

Xooke fron Cnt*lr Dtuo md lusralrir fbas rrs rory ll.rller,
but Tusnfio D*) l,e rcls oenpler. Tbd lsrtS-* d tblr Dorr 1r

ailnl.lsr, u it ta punloooua rad hrr r rrtaarol eaaeahlrge of qurrtrl

plr5loalero and blotlt€, tut tbc eentro 1r dlffargnt. gnrtr ad
plrgioclcs€ crSrrtrlr be6cc bnokcn, lotse dlatonoe tD hot tlrc rrrglal

ud ln rdditlon to tLe biotltol l-6rporathcne sd tnarlt:ls hernbltDd.

lPPGrf. rl tt*titbor of glmroporphr of s,s.tl horrrtrlsnde od plagf

or'D alst' prorcrt. Hoarer tbe contrc qt'il@) ls a rfhoml3.tio obttiln

fu, rbiolt tlrsrt la leas trreacl.stlorr, ht the orlretr1 oqrteut lr rr;y
hi.sh (50.9F). IE thc ocntrro of tfr# tls (f lf Oth ff f05) fu$tr,
plagicl,anor blotlter Srpcruthorm errd hottblendo etl osorr Dd tbr

\rperathm snd hor.Ebl.ende hrtu lnmard i.B rulctiw tffitl Botb

ara trrneily cridlm|. In llf05 fts roctc 1r rafetry becstrtod hst

in ltl0l+'thla la oxtonoltu and a^ery frsGFota otr plcgfoclrrc ooolltr

j:orel.bls sestotu for thlr gllrnfs riIL bo dllearsd tn o later lootlo.

Brecn Lrto Hlug alro dl8fom fron xlbrnge Doo. i-a tbrt tlrr

oryltale (quartrp ph&toaluc oltc btotltr) lr* rrllar (rrr. dlr.
of plagloolare 0.7 E.)1 rnd tJrs gf,e,rg ta t\11 of ras,ll rierol,itcr d

feldrpc. grr,f:f rrnooryrts ( < 0.5 nr.) tf rndoatte uu ooD?roa,

prord.drn8 r urrftl rto fretor fsr tbc dcEG,

nlfrgtlf8 !EFIBi

Bcaure of thc difforent rodc oi' ooonrrenso of, tlrc tephrrp
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dlf:?srsat toohlgrs bad to be uced to ertabllah tha almrrlogy of, tb.

deporltr' llr:rr the DNe tbe;y uers orlaroo onaush fr.r thl,n trlotl(ar

to h€ rla& l!'o'a tna Brcie :rrrdl not',rl rnrlyrar of tibere lrto gltrrn tn

trblc 5. Frrthcr il{f' t$r beoanc lnporril,blg rrd fb. f.qlflll bed to

bc onrbrd lad th ntrnra,lr tcirerrtco froD tbo glerar rrr{?S illutod

b'roro'folr. It bccoc trppartBat froa thla Beooodruu tbrt tbs tqlbt

err4ptimr fFor Trrrrcra oruId be dlgtlngrrf"rbd on tbtr rdlo !il.Etel

aotcnt dcu, asd to ao further rqrlrr wru nparated i.a sdllrttr{

tcwforn, snd tb lnroentr;o d croh nafilo ntnonrl ratlrrto{ rtrudlt

uder t$e uicroroepr Soto tirro rreoordcd ert

Imlnlt tA) 5f/rt Ccs@ (o) z?Wt Arrrs ir) f(}-Ats rnd Fs..rt
(p) r*
3bo rerutrrr d tht o iavcrtigrtion ana rlrtm ia trtile 8r rnd ft b
qrprrunt tlrrt tlra Bsrwluketttu rAJr' r"e $rpified $r tb rl,Enlr

bg4rorrthsul bd'nb[.o!d6 anrr blatttcl th. fdohsu sAlbr t6r lWriltDE
(LEmfcndr)g and ths Kehn.or rlrbt b5r biotlte (gf9€srtb lue

bsnbtcnde). Yrrlctfm oosmll ilotlr boriaixrt,eltlr rad wrtlsrlhf fE

tb ra$rsrm1 ro tha,t r BqrD dctidleri roclJ lnructlgrtiar rrrr of llttb

tl.lucr

BcLrmtd 
"ilrfrtlm 

ln tfts trybn ooorl pertlofrrfV rith

dt rtrnoo fro! ths teltl nd orn prubsb\y bo ctt.rthtcd to rloil .oAlttnr

drrrtng tzhe enryrtlm" l, r$oag rlnd rll-t.r fw uqlce troarport bt'e-

tlto for r eenr{,dcrrrblo disbrmr. Tcrtloc.} rgirtlea lr orfu'r.I| ffir

omtgd,nrtten, end gryler fi'cr tbc brt€ end top <f o arnoflt $e

pertiorilrrly dlFsotcd. fa caryIo of tlrta Ls tn ru1ll. tlcfi{% tllr

tba tq of, tJrc ErloLarr f ljhf I rilch oomt*ir\$ I fer gfctnr of rr$ltl fD

sdditicg to tbc nsrqs"I eraonhlegs, Tbtr rtr!6re1. la omon ttil tDc
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oterlgring Surylo Arh Sequrnoc asd brr Brerueb\r rowd &rrr, ltorbrgr

oarrl,ed by poroafrtbg rnter.

Boosrrr of tblr dt$fnot rtaoral errobf,rglrl th rbrtc

r$c'fito tcpbre lhonrr martdered to heye brcn rrrytrd floa Irrsterr

(D"4t ) rlff fo ibt€Ftbcd rcpurto\r.

Eg,RFrla+l-fil tArUt

5ttr ilryrorlt omtrins prlury pn.loe IIrGIctt d tro ty?crt on

poa fa pDrar*yrtr (ffpe e) rnd tbc Etbr rtoh fn pDorocqfrtt (tfec E).

I'hom costl: ln rpprocdrrte\y cgrf quutltlu thugboltr

?yoe 3r Ilrt r VBc bar rn rtiregn totrl cqyatrl contcat & 2.9* ilfoh

lc rlmlt cntlnolJr rd:f rerebod ar5ntrb d plagloolrro (O.5-f r. |!
dirmter). Qurrtl la rbrant, rnd tbe firly stt r rrnsrtl 1*lrcat 1r

g6lorrt&oas. fu flere tr purtoacrr, ri.th .oE grrnop$rie Flupf
ibwlolnd.

jsg- Jr ltil rcooad s'?e oootrlsr e pdorrte total or:frtrl, ooateat

(rrorr6e 19.4) rtth phCoobaa tho {ni-Hnt d^natrl. Bott pfrffu-

clus ncri qurrtr re lcr6e (ru. 1.5 nr. ) rnd tfc of,ten rr*rmtr{
blr o rrls of anlt fol.drgc d.ocslttrr' qu*'tr ls ururllgT rtradf
reroa$Bd. llrflq rtacrnlr srB Erecu borahlendr rns blotlta, rtlob $|
d rodlun r|,rc ( < | n. )r Bd rFe ofton lntorgrca t4nt&cr c ritf
pln6! ool,are. Ibo blotlts ta ocsn\y rrs atrcngly pleooleelo rloud

tbo rarjln thrn ln tb oontffr Ite Slarqr grorrnLru ls ful.l d lr'll
latlr of foldqrr (sonrldond ftor optloel, rbta to bc pfaCil,oslg) *tf

lseno nrl.l blotlta fLrbr ad horabfcqdo *yltrLl.

th€ tro typca of gutco ln tbe Brnrhrlneltu rArht lenbl'o tba

ryol'iteg of Rcrerhakarftu DoF and Botarbrna Dce refpoottnltrr rai
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Fig. J5. E4rand.ed. obsitLj-an from the iTa:iohau un'ivelded. igni-nbrite (tllSl)
. shoring how the Flow Stmcture curves arqrnd the vesicles.

(orainary light).
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!t 1g a6qf grobrblc tf,lt thqy ;s3g dsrlrcd fru tb! rtG r'8rl

rcrerroLtt eN tbor drlo|.

@.
lbo Halob]r 'lrhr rrd e$oolatcc unlBl'ibd lgnrrbtto &pocltr

hcre o voEy lc *yrtg ooatot (er. 4"#). fbe dbpodt h5 rnll

frrrgpontr of, gn*11 j;.6 nl*loolur rmttml latergfm rf'&

16sr15;1tet o6: lgjerlthaar. t fcr nell h*lblonfu utrrrtelr rsr .llc

preroat. Iu fff68r r rrnollt& (2 ne, tn 0bot f) of S|rIr EA

glqtmlare rbcr tryhlo tahnsr v€tg efrffr8 to tblt fm0 fr ib

gfano&iorlte bl.ocb lrt.olrted rlth tbe Krhs'or g't4ttto.

a

rhs urliba rFrrrhrtt€ b1a tbo rrc rlDctrlctrr ht ts. brorb

afit of, obltdls tn rslcr rtrgrr d oqlrrloa' lto lfrgr b fiaf of,

oqyrtr}1t,tcr (tUpforf,\y gi .rftee and t5lfo5|tor) b11t l;j no lnrlrtlg

orsshro ubs1a eryrnrfm ber be3ra rrrlolcr dlrtort tbo fiIf, b.nl$t

(ElA. ,il rhilfqg tbtt e4$rfon ooourF.c tLllc tbe hvr llr lE I

plutlo oodltlc.

SahlFqt t^*'

Itlc f,rhrror tlrhf olors to tbe wnt lrrcrbl,se t$n ffollte &

Eurmblr Dorr &locLr d obridtrn sd pnlo.(F| ltulft oatrl!

lrrac cyrtaS of, qsrrtr; plrgtoolu end blotlte (n. dlc. ! r.)'

Itry 11'e o1rts4 rhrttcnlb tbs qtrrrtl brr.llnt dmg otrwlrr frrsErr

endt the plegtoolrae lrregglst\y 9n deg olernCp pl'rlrcr' Qull'tr

otrben tho,rg rtrong rerorgtta. btoo fiaE Scrwbrterrfir (toc D. L6 )

ber a lorer totel g'Tltrf ooatcnt (frble 5) nd t&c mbcr d Lff

raderltlo rrmltthr hr laonrecdr
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lhc wcldbd lcntrhrl,tar rrl'.'datcd rlth tb rrhrot cnryt,lo

afe E€qpoffid d thc f,rs 
"rlrryf 

r'ryollta purleel but bsr ll

lsCltio bloot! of Lgll.rH.tr, grnoafodtf rDd rn&rlb 6tob dff
bG do.odbsd np.firtGltr

Er,cB lrnlu+ E4sars (fiolsr ff015, ffolt, tfo72.)
-lHH!ll--

:b. blcb 3luntEr bu.,lt orytcn h €06 (ffe. ,S) tr scda.rr{
to bo qgbrra"e dthdlb lt sotdlr I fo; rsdl,u rhil carrtdlr cf

qnrrtrl glr;tclrro, blotltcr rtrlt€ md oll,vtnr rl-l of Std cl
rrgcdcd rr rreaoot3rftr'. 3h. rrJor d,scel prorent fu pfrflm,lrn
(rv. oolpr egf ) ttoh umffy fonr rlilf &btrl lrtbr ( < 0.8 l.
Lmg). lhere rrc nLI &srr. ln onorl trctls. OllyLac 1r prrat
ln mJtlcr orSrrtrlr ( < 0.f5 r. lrr. dfr.)r dtcn o$r6al oi, rn-
tf*. rbcring olcsrgeo Aufitte rad Spentbao fcr & ilLlret
trlontifirbile ctrrrte.lr (unnffy < 0'f r.), od dtil u3nrtttr frobrE$

nrkr lryl rort of tho gnmilrrc. lhr rilosr?rte ut Dob l^qpr 8A

aonrlJgr ooolrr tn gla;ropc1fir. Irnoa*p0r of plrgfoobn, qurtr
etld biotlte ue rlto nonrffy hobne So rodrf rnrlyrot st |lru
Ln Trble 7.

Yerlcr tereor rre prcrent lu tbc bult In b lgr ri
tDs ocotrs otr ter lqrtln flrrrsu tb. pl4lool,rro btet rbt nrf
mtmtrtlm, m0 tbr r.ook fr d,lcbt\y rocfrosorfr At tb rr4fnt
bonwr, lt 1r oqlrat rnd tD. fcldrparr rbil rtloag gl.utrtloa

parellcl to tU6 rtilu of tbo fhnrre. lt thr tdCB lr r obtllrl .

oorrtrot * *r, gfcunlrtr ber forlod r bard blrolr gtmr. So lrrr
cnrptod e'rflatrrrly fiil tba fitrur ie eocbt fit (rrrlslc *ror
dtan > ffi)r rnil thlr ray bt crtdlr.d. to r brfght eodpbum oLry
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(ffOfrS). Incillrtc\y rrlrlmAtaS tb rcnt ths rmrfr b.t roldd

tqptbe1, rnd thlr !a rctlnr rpgrrelt La tHl rotfo|ll ftth lTtllt

ql rrll bcbl I'n r lrtrt- of curheti brHlt.

Ef;rgct .of g+Iflt, qg-Sblgllls

tbc sfifeot t[c brtslt brr trd o tb fhfo]ttc aanooOr ruqf nlch

on toqrarrtlne, r3ri thte fr brgely oontsoLled by th. bDth rt rlrtd

ths 1ave ploeed np tb ftolud.d bloelr. If lt ocsur-cd rt c nrr thr

rurfaoo, tbs rryof.rte glur rctrinr ttr rmic.onr nriuml rltbtr5! lt

n4r boooc rg;efrrt cry;aird. Cqfrt+lr ere l:l,ttle effcotod.r snla|r

at tbo rrrttn of thc ryol'ltr *ercs tbsy boili Srttcrrd. Irftt

atnrrgg (@ Sotfto) booom rl&ft\t oridlrd. If, b

ryoffto 16 ftc 6rartrr {;gltb ln ttn rutl tbc ohrnlrr boca Er|

f,rrttiL $nh blgpkr gg nmrrffV of $arfy r:ryol|'t r gBd th alr|r

booccr rlnoet ooryfutelf drvatrtfteil to fm r Prdo of ctrto-

brllts aad dfrtrl felatf)Nr, oft a ;ttD lrrll rltnofhrnrlltrr | 9lt+5 )

Suall rogoats otr glor 6l ryho*rrl,:ltc rattrl tutln. fry lrr|lolr

rpctrf uturrfry cetrln t1l|.ryritrr 166l d 1[fab t3 ncrrt$ fflo| lD

rsboetod blor&f tbrr la rndtrroted l{ryGllto. I|frlo rfnrrfr la t[.|.

ortor 1;t aorully tl&Lt $rtdtrcd sdl negretlt b53 r rolrSp d

boletlt e

W
Ifo mrrrp grstpd 1.ooL typcr hrre blen atrrd.d 61d rrt

reggded ar omrprtlo rtth tb rryefitsr, rnd r nabr cf, raibriltel

.nd I cuoirttrlf r rbfo6 rro oondat std to bo nlrtctl to tDr brrrltr

One of thr fclor; e hmlblui$Fqn11-tr drsitrr tr r$og{rtrd d'tt thl

Bererbrberlfir tAfhr r r$d aU 1f,€ rueafnfr oo{ottt lrr r|3Flid f0f}
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Htor rmoolrtad dth tho frbaror eqrtlon.

abo ooour ln ttc lrrrr d tb€ Lts Dolst.

SrrL[ rruol,ltbr d tLrrc

gs HqqPblcnikSprro-uro*tg (lrto8, ftfO9r frf 5l)

lbere b61rtdsj; oc{Eur up to f0 c. ln d.toltot t-a tbs BerrdrLarltu

rAdi enrt rurelbl.c ths barto iaoluricr ibrcrlbed by ottor ]rtborr (..&,

Ianlrr fg60), fio! tbo Tnpo YoLosio r,er,. rfu dmrarnt rlntrl tt

pleg1oo1erc thieh ooourr er euhrtrd oryrtds up to 0.75 r. f$ fnglb

rnd 1r Scquut\y rtnoogly rerL In rrny oercr t'hs catrcl of th'

mtrretels brn boon rcaortci |no clrs nry'c o.II lnolrrrlor of rdlr

ElDC1alt rrB prerat. Elj3 G3laflcd CfehfE {gteraror|tr of S'rtr -f
feldrgrr rerrmd ron oGlrrtrb. Qgrrtr elro ooclEr u nenfulr

I,rrge |nbs&|rl dlv*rlc dri& d}ten Fcr to fosl tbc ttsl3t fr'

glmcropoqptsrrl$o o[nrtcra ef, ql'yltrf,;. 8*t1rr thaar ls cv|'&nor

of er: ofigfnrx' a1nn! sratc rotto.

Ito rnfrto ntnerrlr E! rrd.r$o. A gScco bmbfntb 1r tbr

rort Golaornr fcr.fr.S Xm€ dcndcr prflr rp to I Ie fa lrqtb' tilo'

tl.te le oo6m in ra rooo1;yrtr (c.3. , lll57) ht lerr ro lD ortttlfl'

h.n both bos3bldldc end blottta orslr tbry rn oanonly fntarCforu'

Botb W urd oribogryrrorue ooqrr ln !||1t' mtr ht tb0

er! lnvertrbfy rupggb6 ty tFee$ hornblndc (rer llt. 75). I{F3tlt'

lr ubigritort

Ih€ 65ratrS s.1 ln a vrrtrblr mrnt of pocl; fl|ra cf

rhLoh th. br1trt rnnt oo6Er tn tff$. Etar ufafrr !9 to

O.e5 r!.!. oo(lEr

b. Ef.otlte Gnnqlta'-l,.to (fggfsr 1a92o, 779165)

Bafl.leil ug to 25 sle 1q F"""tor ooorr ln r poet l(lrbstm
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I
'grll'gr daporttr irr,edl'ott\t to tho .6rth of tb ranatrtD (tqt/*gglJ.

Sarll.sr hpflfi dro oserr ln tho rArhr rnd fgnfrH.ter rsd lt lr tFa

tbog thrt tb. drbdr tn tfrB €uLlV fr tmglt to bc d.tlrd. llto

rookr .rs oosre-tralacilr rtth eubsGtd to $elih'rl pfadoof$

d,m{nrqt rrrC rffi cubhdrll pfcnooryrtt d rrntifi"oe (ng, ,8). f.6rfff

poorly tlorrlqnd qrnrrtr.siailno fntcr3ffithr osfirr rroua0 teo or[or of

tae qurrltr. 3Do doltarnt, dlo $mlrrl 1r blotltcr rDA tbfr lr foEA

ln lglp ltsbr grga.lly eHootatcd rtth rnS+.ttt lnd lorttoqf dmrlr.

Rralr rrounts otr qfperrtbe rnit Mlodo dro otgtrll lrl rrdl

f1lr.o6uler Lfr€r, l.d Ln f0980 rplibte tr trootrt€d rttb bl'otlt r

ltbor eorfiag ll rrtt SanaBerfrHl rnd rsnrltr l$ tm ffi

of foldrprg, rtaqfrtdllrrtl,o of grrrrtrl rlnt rbtbrfng d bloti'tf

flrXar.

@
fto rndoeltcc oooa g bou&lcn ral to fC cr. fE dlcto|r la &

(rlrrroa lgnfrbr|'til .nd Uko t&s GnDodl*ltcrl u rrdltor l*futl ln

tbc tArbr lteclf. ltcy ola bc d1;ttn8n|'$ed 1B brBdl 4eolra fl| ib

lotcr bcr.lt m tbc bloote of rndodtc rrc oqrt d tltb r iltr pnlcrl

frerors tb br$It Eottr tbl,r tlc purloe. llao' SfocD nfFErEl

orlratelo sro dtea vtrlbf,c ll the undocltrrl rbrner thlr 1r rrur tbr

o.rc tn tba b$rft loahl rnrftrol d tb rEdcdtil st Sluu ln

Trtilr 7. So rcet orara rsdedto foul(lr end thrt rnrlyrrQt 1. .

gf1lo5og gdedt iligb r{tr or rsy not oontrin bctbbdr tD tbr

grouarilua, Tuo otfior Qrper blle rlro bocn foutll e lodlc rnibrtta

a-It te flm tlho rllloe oontont of tbo rrr.1| red rycafnen ltrt tb an
rnrierlto brr bau glwo'
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snd a bytomlte sndrotito.

Pnrsggre rnflgrrte (ttOgO, ff082, ttt58)r- Sir rvek (rie.lg) varies in

tortnrc frron rp\rrto (ttt:8) to por2\rrltto (ttO0O). lbr groud-

rlar 1r coqporsd of nrLL lathr of pla6loolue (f*rrAsrftt) bctlcen

thlah rr'a lrll Srd,m qf, ru6lto, regnsttto od rorsti,m olivinr.

&o phenoortrrrtt rrr of rrlclto rnd ollvlre (0.5'-t.5 E. dls.) sd rra

veqf aLri.ls to thogc of the ooame Srff.ocA skr,nite. thc rnglter

t$e fuequrat\y trtnood rnrl e fer oryatdt tbil r5663-gtrrrr sltinor

tion. thc oltviaea drloh lre norcrlly the lrrgl?t IFB oooerloael$r

mlToundsd by e rlr of pncane. Hyllerrthsne oo0un ln tort tpcclmrt

ract this ts uaueX,\r rllrrqnedsil by er, rC6ro6tt€ of arrgitc (res tlg. 761.

Iu roro ogsea th€ eugtto bag rlroet replacod. tbe \ypcnteenr to fer r

ftnr rggrgats of tbc tro rl,asralt. Thlc fseture bar dro bcrn

deror{bd by Ktrc (t950, p,f/8).

Iort of, ths enderitoa alro contdn rcnooqrrta of pl.rgtoolrn rsal

qoerta. fte plagl.oclare oryatr,lr rre up to 5 rr. tn l,augth rnd rn

drqyr pertly elouQt. lbl.r lcers to be releteci to thc llrc ooatentl

entl r1.l.l be tlisgrured nore fuqy ln tbe teotLon oa nLnenlogr. (lurrtal

rbcn prerent, 1r norrally big!\y resorbed ra(t ru,rroundeal lgr e r{,r d

trl3rForeno (rtfuU rppaara Sou qptloal deta to b€ rrytte).

A rarLent of tbLr ty1le ls thc pSrrrucne-horablonda stbrlto
(ttOgt, 11099), ia rhloh lort of the rugtte of the 6rouirrr 1r

replaoeal by orll prlnetl,o orlprtalt o'f hor.nbilcnde ( 0.05 rl).

trerger orlrstrlc of rugttc ad oltvl.Da, tognthsr rttb qurrte rnil

pl.g{ oqlate lBnoor5rrtrr cttr I oocur rnd erblbit the tue fertursl.
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Frt@ltc,rnFlrE (tf$t)r- 'lhta roof (rfc. lo) *rrcslcr ttr rrbrrrp

dor{.t6 rntbsltsr d Srtlcrf Flrt d.rartbed W qfrt (tfe4 fnrllt fc
tD. ooryoaltl.c of tbe fql,dqrrr tto eyatdr oooilr l'tl rl.t rlr,er filr
0.1 JLl to f-1.! n. fD l,eaBtf,r Nnc sr usl.lf Hsnrdl bslng r dir
oeloio os's rnd nrmw rcrc rrlida. rhl o'tb* ghrno*;rrtr rrl
ut6fto rrril ol.lrim rlrtler to tboro of tD. nfrtmm rn&;ltto il
ructtor ire trLamd sd of,tra rpfer to bc trDLsBd bf rlal,crftr. Dl
gronfirrr lr r futt tlrer rltb frldrprr drol,ttee ad nf,I rCt
orlrrtelr.

Iooo.r'yrtr d gu*ta; pfrdoohce nd rrll ronoli.tlr of

ffollta ocsm tB thc r!ok, md tha grtr tr oftcn tffit $r r
rlq of n IL Aflsron cyrtrlr ( < 0.05 lr' ) rr ln thc gtrw
rndadtot.

Fodla-Aqilql.ltr (tf 09Z, tt0g!) r- lbla rcllk lr roat oqIfg fn lt
nlnsralol(Ic fu clrcatlr,l prrt of, tho f,rtr rppfotr to br rrff
feldrprr rtar.oLttcr ( < 0.06 nr.), ryprnutlgr of trabrrrd*l,te cq)o-

rltl.on, ln r fin abft retoltull. brll *yrtrll d 1prceae rry

dro be prlrrry. Ilt$ln tbirl hrcnr, tf r rtdo "*tty of cqfrtd.r

rd.rf,lc to tboar dsrctbod tx tfte B5rruom sdorttr. tbr colrlrt
d ollvlno (nrrrwrnd€d W nrotlm !fr), il[lt€r Fpsrrfim
(ruFqraded bor rudt ) ' rodlo faldrElrr (ol:iSocf.F-rndsrln rltil r
ofildf outar ro), qustr sd bl.otlt . (ttlr rlnerd rr not fmi
ln tho @rttc end hers b rfnyr nrrrqndeA W I rlr d
u6ntltr.) In rddltfoa, nnrqrr fnsfuimr of p5rrrma sesrltrt
oo{rur (o.5 E:r:10 rh ln dlr,), rhtsh ocsutorffv Drrs pete bc|r
bilordo arof,,cr derrrlqrcrl et th.lr arsgl"na (pretrhly dertrsd fta
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I rtrn

Fig. lp. Ankaranite (tto89) ! p - pla€ioclase i & - augite i o - olivine.
(crossed polarisers).
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tho lyg'r'615r). 1h. ttobrr rrr:tar tlcn arlnto*:yrtalllH to Crrru.

o\ r+!,rr*gl*f;* (nos9, f fotO, rr0fl )

IAa dml,nant rt,noral !n them botrlaep !'g al6ltr (nS' t18)

rtrieh urueuy oootrr tr etro&it-fubhodral trtnnsd oryrtalr (nu.

I n. r O.i n,), dllvlnc fu lrnrnt ln ldlor rlqgrtr sn fUll

r+rho&'d cr5rlt.l'cl dten r*tcmiiod b/ e thla €idLtsd rcglln. fir

plrsloobrr etsroofyrt omtant ierisrl Lo ff089 it lt lorForl Et ts

flggf lt fc'rr rbfit Sq( d the oqrrt f omtcat, roeily polkllttcrf\f

cnolorlag g6ltr. l15s os$trer of ut clrutrla .fit urrffidl (raorfr'tr-

Itto{r3f1g}, tut rrmil tb *gl,n r nnber af orctltrtcy ror rTr

ooffi chloh eooulmrllgr rrorob bb.rdrlte tn oo*ortt'lq. gil d

th€ pleg1oc13js oor5rlti1r ln ll@ &fi rsbtd ncrorptlo (r|r ttt' tS)

rnd in thc roecttd r*!r,r ttwfrrrs oacrur3r

15o g1'trnfij;o of thorG r6kr lt oqrorcd otr rrlf f.fd0c

htbc eraHtco rltb d,nrte grctne of ar6pt"tt r aad rn lf$ prlJ d

tt en hon1bl,s4b 3xlou1lr ttty rurrcud rort of tb Af!@.r .[l efln

.tDcrr to br dclrf4od fln tt-.

d:-q{s'+rp.E

firn 35er 11'rD coeppFG1ufnrd th.n th. cnlrrrenltel rtrd bfr I

r;ry srlolo pbl*oohrnr S.r hew b.cn orlted rurorttotf W llllt rrt

Tu*aor urd oilbcrtf l dbflntttsn (f 958, p.52) d I 6ebtro rdrrrr.trr{rd

by ortrcnlrr ortolo fcl,dqa - nreLJr tftmftc an enctf,ltc', fcOltr

tb. p6elonos of r 1nall gnnt d glelr G Efounihut. l&1r lr to

(}lrtfngFl& tb.f froB trha ot[* lerrr tn *lob tb pc$lr|s forr tb

lc6rr portlm. tDG rcf,le rtnsrat oontaat tutrr oonrrabrtbtV (nid,

rnrlyrorp t|btr ?) r rnd probrb\y npttereatr a oryatrlll'ntlo rcrlr*
105 -
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For ooalcalemcl tilc lypoa orn bc dlottr5ut"&ir

011yrnc herl&r (ftf|5)r- lht thlrc reln dnrll. rru Et.tc, alld.trrrE--E--:

elrd pla6iocl,oref lt tn tbr entsrrul.tae hrt tb. oqtrrtrlr r\r la1ec (ur.
rlre 2 r,r.), rad ml$edFsf{rhred (ffs. fr)' frylto n$ lLfv|n
oft tr rhor evtdoaas of retcptlu (Drrtfqrlgly ollyl,n ) ua r$r l"aoUrdl

pfrgfoob$. lfto 3rurmiue lr ooqpoa€A of nrff trltr of rord ffeCo-
olrrs (rar, lfre 0.! u. ) tqethr dttr Ef,f cyrtrlt d nl3ltf rl0
FAgtlrtlt .

(lfcmr flolE)r- In ttere roohr l$o lmeutr1r
of plaeloalese reeohor a qrrrqrn otr 6t$ lni ryp.rlthon c broaeltr

ooour at frytrtant rafilo d.nero.ll, In llg'|8 (tccr*ts iuocttr) suGlto

and brmril,te ooour togntherl aart rne ften Drrthr or:clorea b tha

felcqrar (ffe. .t+b). 1ba trmstts uaually mlmt rrll rbaahf,

s3rrtrlo d olittns t-ndtorHng prrhfpr r,@ro gurrtlo nlrttoDlg.
f,frGloofrrc f! tbe rod tfec*rot dnrrl ta !f.gn (ryfan f,m cu*ttr)
rld otrlvfro le eDrntl tbe plr6locluc lbsdl3 nrcptlo ni b
qrtcr toao (oft€a ftLl d lnoXurtor) rsh rcrr rcdl,r b tb. $rtnt
(frg. l5). $rpcntrheno lr 6toa lnkrcrora dtb tb; f.ldTcr rf, t!
rco oatcf rg'pe$r to fon ls'6s o*trrrtlrtrr. Sr fmllrr Ln tott
llW r,il f1078 ts ooqoreC d s!ilal'f lathr of fofdryar prrvbaD$ Erl
mdlo tbrn tnc pbaaoeryrtr togctlror ritl nU rolouht qrtrfr of

bolableBib. ttlr Lt vrlelltto rtnrotrrrr (Rrt&, fatlr ad lhllr,
l9[9r p.!Ot) mdl le sppenently thc baalo aqulnlont of qhanllttlo

drrcl.4naut ln sold rdr. Hornlflsndc clro coour! rtbwd thc rm;fn
of p5moxsilcl ot ln thc ntryrarltct,
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O'25.t tt

Flg. ItS. Igni-Bbnite (ttO$) showlng T-shapacl shardt. (ordLnery

U.ght).
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ACCIDEflTAT E.'tsgIA

rt 4plftr_l, tI
r ubor of rrru bil.oo&a (rar. dlg. $ crr.) d l3q'-ttt D.n

bcra fouit ln thc r6s111r lnfilllf denorlt rudr riht thr roc]W rtrotrr

rro prob15[t dcrtrud S16 tihc xr$rner dopodtr. &la btrd $pcl co

br rooogntrcd.t

(r) f 1055, Ito8t, fl005r ll0gb, tbsro brrra r r&rete eryrtrtr ootrde

of f,f66 Ffr$oof;1c (rnellu) fr 16s 6orrnrrrt dHr1.1' Sqr 16 of

rdlln rtro (rer. I E ) nd eo f:reqncnt\y rrrrsboal gtuod tb rdfF.

Sano oontrin fDol$fonr of ipcttt or rilto@ ad rrGnotlt . Bry rLs

rbw e rg6tn of qgtamat{y lct*r o4ystrlllr*ttog |trtob |5 tn q$ed

@nttlcrrtty rltb tt13 cryrtrl, }1lt 1r ronr todfo (t[x *o 600)' Aprrtr

lt rodoreblgr oocrnn ontl urudlgr rqDrofboil. Fo ufilo dnar$r rrl

prrreat, lnrt d1f{r16s i rsn *,[ob arors gorl,d rraL tsDtotont thrtf $rllre

Ibo Slatr h.s 6eod vltnoclertto tcrtilFr (ne. $) ril b rt ibtltrrflr|.

Ito Sardr ere obaroterlrti.crf:t i-rhrprdr r|ltl rltboug[ tbry TP.G tD

ahq ltttlc filrttcntngl rfl} r83rt of, pcruu retertrJ' (< Z 16r) an

prorrnt. tlrrc prcrurbly tq)$Bffrnt gdoo I'Tl'lll.

(il) lfftl, tflsr flfr0. tl[ia rscad tupe bg r btur tdftdr oE,ltd'

mateat rad ler6nr clyetrlr (rrr. dlr. Dfigfoafcrc I rnr.), @

d rorsbrd qu*tr, ar.a derilqlea (rar > , ru'). It* cSrrtrlr cl

Lrrohrel oA r4f gl]' thCnatc oooull tbr$b{nt tbo glrr' 3'lot'ltr

ooslurr r| lrl1, urnSlgT brohenr f,ltbt' It' gl'rse tr ilEviUlil:frf rf

fi,lt fn lltr0 crn &ardr br dtrttnC$$od. L1rF Dqnlce l'stiefur

(flO Ef. lrrr d1n.) rsa ".sm oc trlms -'c nor .nbsault6ao

ltc til1lA ttaa Lr d,ntl5 to (t) eraept tt lr ooryfotrlf(ru) ttlo5.

rlcrldllcd. Sbad|oerrbogt'f6gq*|hldggtb.elrdlortcttlt



tl,ttlo firrttc|lfury hr| oocnrr& l' fl.nc grrrnod 1nc1ur18 nre|.ut

oourd rqPtrrtgot ooobd w rdimnt r| ao pd,cc orn bl ef.fi'ngnnsed

rltbtD l.tf Frglrntr otr rphaulttcr rlro wsf (lrofi,r9| Fc rgllol

rtvoLlt€t).

xs .dddtlo to tbr i€ursblrerr hlo*r otr rnff oon|r (rto'?r

f fl.ll, fr{fe). rbre nrnrl,lr |bil no tlw vltsoor'rrt'lo tatffi bt

*. nn1r 6, .6It pdocl gurs"tr g,d frla*rt llrrreutr (rLl < Ot5 p')r

e'66|rcn ffCS? fa lllt d bmbu rbg-t r brt l"B thlr loek le gllrrhf'

E\E Dt'rlOnt.

b) (e) rslw
b. (f) rtsrc rilofttt iff €ft)nr fcn4 ts tb fi.tr-por Erl'd'n

ltnLrffito. ttlt bg f r11g:f rgP.ffs. tn b6il poolnu ;lllb r

b|ice mr!J,n. rn tbln rcoH.o thr rdor coftLi|rnt la qrstrl trs

farr uEIp tnt*Isortnc grrlnr. hs'cr *rolr dlorr tbr drrrl

md tbcre esr oftrn fl,LLca d,th Glera, raomilry S|rtr rnil tbld*Gr

fn rclrrftr of drdral qratr rnd feld|?.r (< O.e5 llo) fr lnrrnt

b€tilo,, rc, gnd,arr rbo lrtter rborr dbttc trmrqr end lr d

lrbredortte oaorrtlo. rn onr gltros ttrn 1r r flE'oue rrD of

oqyrt-{t tDanglrt to bo dlltrlnttel rnil lf |o the root FsId cq)grr

dth thorr itrm|laa g hdr (rg60r F.EO) f,rr tb. lrd't.' rt trs*rr

d_,siglllr Jtso.r gEpa ldgq.$Er&gr

Hrooka rrp to 2 lstrsl l.n dlantsr rrtte tbrotn fli6 Erern ItL'

(brorlon) crrtor &.rrr*a th" crtrytlwr fur 1886. xtoae osrelrt of

verrrars trypor ar i5nrnbrlt€ erd rlyqrtt., oftea brooolrtsatr dtlor fcr

tb pulpor of tbc pffirnt ctuf orn bc dlvlibd lntot

ryrp156nde "gnlrbaltc 
(r nndttrct rear&|'tr)

Blotltc lcnrrbdtc .,(1Xtl Uattsull,tto b.Ddf)



Drvltrafi,rd nhrolltr,

Of prrttoulrf Dsto fu ttrs oofltrn;Eo{l d oa,lolto tn arrtrln Foohl.

It +p6rtr to replse rcs af tho aaf,l,o almnlrl rfth3b ln a crl
(ttlg) l,t ooorrn ln vutrr rrll rlEtnr ilrr<ufbmt the Fo*. ttr G:l8fir

of thtr rtmral Lr unbm, ht oould porlbty bc $r6otbsrd. I!
lll72 a bttaoia ar;ntrlnla; fbrfrsnb orf ptor, rgbsrulltlo ryolltr
rnd laqr o4rrtrLr of Eurrtr rnd, fal'ibga tr oc*ntrA bt rn lso ttot
rffir" thlr ls firll d GIl ;rrlnr (< 0'f r.) of crcbor,trl Gld
ftrtbgf, n66attc rn 'tnrrl,cr' tf $riLrotbnrl rolnttenr"

111 -



tlgl. f7 - 19.

Cact Inlatab iLal|p eC ftllarftr ebltng rrcptlor
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r O.5mm ,

Apolitc

Fig. l+7,

Quartz phenocryst fron
1 1473 with preferential
res orption along

circular cracks.

Fig. ,+8.

Plagioclase phenocryst

frcm 111h4.

Fig. l+9.

Biotite cleavage plates
frorn 11031.

Mognctitc

\./\

r f mm'l

\
e\\, { r-
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I
I lfilrt1rl

Fi6. 50. Highly resorbect qrrar*z crystal frpm the pyroxens anderits
(ttOgo) surcound.e<t by a ri-m of grunular augite (croosecL

polarLoers ).

TI3



gErlsgl
srl,rQl _qFrFg

.6fo ri..Um dnerd.rr quetrl slrtdr,ltta ad trr$|rfltr ce

tlr th. t|s6tr d' tb rrrulr cqilerr. s|iltr tr thc Dtt il6 ttt

rM. th @Iv mo faarng rd.ibrl phno*rrtr. ffi,rtobd.itr lr o

fryo641at oilrtltualt d rybniltter roa tf*{yrfte ooGr fn rrry d

tbo troffGorr pctlclaff ilsre r*rtrn6 b|| ccnir

qgnrtr

egrtr oorrort b rll thg ncstr of t[. Cqfsr dthond lt tl

dqrbtftl Gftilof lt 13 d prlluft o'xgIn Lo tbs |Bdsdtc, lad brdSr

In ttr3 gof.lbrr ,pg6r fDmod:trtr vq7 lb6 ( 0.!F Gf, b

total rook La rcr of th lrtr firorr to ) fiF rn Jn d tb !.tl

dlefr lt€ tlr rrrler osF$rycod,lnllrirl rril*r otr th. fJTl* oscrrlf

ln Boton$rur Dil. (< f D.). fbo pDmocyrta cr unrfl7 d.llnt to

rr6odra.1 nnd r.rr s{psl 6ry tm+Cun*f b orsU rcotLo. .|ilry dtG

ooutrLa 0q:e€hf rbtch ry bo oLrclrr; od outl|u lBto ttl Slrrr r

no*lr1 ggil.Lltte creofC-alr llocnrrtJ,,f rfryrcatr roou il tlr ryfirff

6leb uuru.r ocootrsc d,ca srroer (rrs. e?) s'd rro oorldarrd to Dr

r rarult d ner6lttt'6o

gr*-0r oryrtr1; rr.it purat ln r*y d,trtr rlmtr t,a tbt lllD

dLt3a b131ft rnil d,lght\y l6n b tbo udcrtta& ftg or:frtd'r

rrrarb:Lc tDorlg af tbo r{UeUtcr t! th.tr lbryc oa roralPtlcr EO i|l

or1rlr o15a t&ry rrc mrsoibd U f rsrctfm tlr d DyIu;3 (Iffilt

angftr6) fttb a5rt Trpmrlrl to be drrt Crre Drtmcn tbn ffi rlrr*rlr

(rte' 5o).
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Fig. 51. Fig. 52.

. O '?-5 n.t'r+-l r O'25rnrrt
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b $*1g of tb togRetc, bc.ahlca&,- {;fftr drd.trp ooourr rf

11rtrb6,rl G1:ri111 oftu iatcrgrcra rttJr fal.dqlc rnil hcFabblda ot

bfot1tc. In creb mfc tt rpporra to fiiIl tatcrrtlotr brhcn tb

otbr or3ntrlr. In tbo ffrnoe*{,|ll lt ctrrsngty nrertLtr t&r lb-

r5rutr of tb rqralltcl, Shngr 116 hnlP,;sfcdrrl to a$r{rrlr na

hil tho trp{orf cab4runtr. ID torr *yatats tbcp rypr* to b

derclqnd pg'dlcl to tb bolrsmrf frcor sf, tDr S*tf (hfC sa

Color ln prorr. ttt. 6).

grlrt'b#tltr
ffi,Etoboltte ll fcud tn lPtenilltet rlldntsr tb3 SBllf. ab

bvrr od rr tbro firrtuer EE r*t o€nnn lt fr s lryctr* ooFlF{Ft.

It 1r i[fftcft to ncogalm tbs rl,nrd aptfcrllft bt s Iprry 0|f,:fu-

tt33 plttcrn orftrg|, ru rpbcu.Utr to h crtt$rlttr u0 |llldro

Itt d.Dsnl !r rl,ro f@n ln radoler ln r rtrtsrl^r citm!,to (tff$)t

6otr' tt tho|lr €|ipfud trfsrfne urit frodlngr rtnrotnro (gtCr' ,l |ll

9;1li .d ta a6ty n Ll m,tr ln rsr of ths h{Cl rf'rfn

buef,tr

Hffitc
g14qy6fto 13 1loaul l|1frt6 yrdoLgr b IDbITl!'tlo rtclltr rQLf

fior mrr tb oeltrsr d trhr dnrr lbs rrff oryrtrfr 6sur rr obc

ruht&:rf prfmr mi.b fioAnatfy *il ardcp{bfstt tdarlag' Str

$sf;1otlvo tsdtf (n3gsliil fion r g;yrtlt |5 ff069) tr f.'1ril8' trn I

rSotltc h-r batn rrDrrteit U l6lu1tq !n tb bgrltl tsf{ld'tc |,1

rono rbdrnt rad fqrr nilp-rha9.ra oryrtrll 0r5 n' lcg (nfc' 5!)"

rn ffm6 tto srurtrtg ft6 oqllrtelr fill tho crrltlil LB flob ory

O9{ffir
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PIlSrOCIiltr

Hfn6lool,ero lr g rot fD all tbc rtokr o'f fu 8r*mn gql.st

aad ta tha rllfoL:lta lt 1r lodft drryr tbo nrt rhndlt plonocfrt

rl.u*rL oaft or st*ler & obrlCio ffi tb Erhgoc tfibf (ffglO)

rrr fsud to blc r brel3' persgatrgs otr gnrtr tts plr;flcolar' I!

ths bf6b dnlae blrlt nrt prxrroae radsd.til tto grousilrtt, FrCIe-

slsse roeantr fn Drrlt aq$ of tb total rootr, rnil 1$ tbr brtmftr
anded,tc,pbrraocSratls pfsgfoclrsc fsrs flF d tAo rcot

lhc rilr of tSe Dhrnos"rtr l,n tb ryolltm W olrficrEly
(< 0.5 rl-5 u.), bot! bcbaan rttfferrrat ibrcr rrd In m rsl dtEr

tho lrre &r. Iu 3nrcrel, hornw, nrcks s:itb r hlCh totel cflbl'

mutot bn lqsf felil1p*r thrn rtotr dtb r nll oc'7rtrf oortn'3r

cfbqn ll@tdo ollrtorr eoe ftrrud (rrr. d.n. I n ). IL[|F
laSnof,trn ail.m,rals src amtln*r prororit !,n tlrcr efnrteno

lhc fbanoe*yrtr m csb.dtrel-rffioanilr ttrtr rr tbry ee 9*u to

rbf,ttcrfn3, La rry ort€a aofy par* of r oqrutrt t{r rild,$o Isslulil|
go occlon, bott of orfllef fmsd, rtrsrrll (r.g., blotl'ta, bfilhlentrl

lggcrrtbear rnd mgnctfto) rri 5lltr$cr tto l-ottcr ts fOOly H"lb{

ritb tbc oT* rurcfrtnon d tlo atnordt (ffe. lE). tafl3 5a

Hnnfag rns ublesitsr. tbs l.rttrr tr{r bo d rlbil.t r lrbCrrf

o1rltDrdpdbiltp c BefoUr*-alb3'ta Qrp. ID tfr r$olftrl of eflld

I,rb iltng rnil ln tb Rcdnhrrb r$bf ;aal"f ril,olutttor d ftIdtr

ocdrr lc t[o 6lurr, rlrd tbcrr tITf l{qy ahtadn:tlorl rppo to

bc plrt[oslrtc.

Sr plasicofrre tn tDa groun&aas of tbs bueft esd tbr nFsenre

eebrlto oo@ rr rrU lrtbr_(f$I s.)rrbsrfn6 oalrbrd c elbltr
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tryiru. ttrqy a-l-so frequent\r for:n glonerq>ofplgrritic clusters rrith

ter fcr.t.lrelcrian d.nanlr. Ia tbo odadtor lslnr ctrtdf oosr

cnil ln tb pyrcroe odcrlteo tbs*f Tllrt, drcerfrnthc&lXr ed Etr

p1;>ttg olg{$r. fn the feuorlterr thry E'c rubhrdrel-rfrcFr,lr r|ra

rrluEily leu atlunglgr acriL

tta rrearfp ooryodtnffif sf to ff*toalrr$ 6 SG tr

Srblr g, t{etber rftL tbr rngp of oqoeltls ibteld.Ht tf ttF'

{ng reftrotl,ue ladtoal. Qrtfo r'gls crmlratt &il tlc dne*rl

to brru r hig! toqp*rtrra ntrerrrfogr (Uoer, Horlc uA &nslrar f965t

p.f!l) ud thlr ls ocftrtcnt rrth tb ltnrltr of, firrt (ft6t' f955)

ilo her raoo Iry dotoldrratl,onr of plrCtoofurr tttr orthar sld

looef ln th fryo Yoil'ornto Smer

lb; pbsuoornta of Urs r$olttor rFB 13d,6rlnr-olrlo'--r$r t,[

oqlodtlon,, 6,fihdr6b tb sr of rerbrrl oryrtdr cc c o|lclo r|

Irbrrdcfte. tbo oryoaitlo d ocfrtalr tn t[r brrfo rockr 5 FraFltr

,ulrl.sbfc. thora ln thil barrrlt rnd, I'n tb grt{oilroo d tb lpm

rrd!1!,l;e {Elarr tr} be lrbE*dtrtt€ i[ rrr. 1.51h rPool,nn fftr.rS)r |Dil

t&ore tn tba "*ite rla€p frm rnor$f.g-rytmil,tr (f*fr fO). D

lergar crl''rtrl.r ln tb frfzlroas andarttro cr'rt &iltl to holr c t*tl

or' oqlositim fDil brtffilt to ollgoolrrel hrt ln frlt tb Osqtl {rlr

qfi3ilfa1. nd tbs riin \rtoattol dth I OtetLrt btd brtros tU.

tno ryorltlsrr

eofn*
trct of thr llfpr of rcntot dcrclbsal ty tlnar (f9r5) rnd

Igran .(fgt8) orn be fqod ln t&o tcerurt mohg, lDd to d tbr

rrs abora tn ntfr 5l rnC 55. 'lftc rort cmon tilDr |Il tb rfulltil
_ J.22



ir orolllrtoil:f roaLag (ng. 5t1t), *.lob rty rhor b.rrfr b.han E
of thc E r (!1g. 508). Itrry of, tbs lrrjer efmoory*r brrt r pt$r
oonr tn relah thor Lr en latilrte dr&c of pfr6rfoder d tro oqrc-

rtttor (tfg. 5fS) rrlil ln tbc mroerr ud Snrthorx Dilil thc ryritrhrt

ferturs rqr oofir rt ttr rri;fn roooryalod by erterulro r'orqptil,a

(Itg. 55fi)t 0nfy m crrylo d ncwrrcd rurn6 1r hm to lrrr
ooorrcd lD tlc rftrolltrr. ltts tr tn Gratcr Dmf rd bm I coct cf

rppdrrtCIfgr l.t3 rDr*rtsd fior r rr4ln d e$ tf r &rtlnot bst$.

In lb l{rrlo bu|'o rooLr tbe Ermfrrr felalr|lrn usdty rbil
ncrrrly crlotc-rodlo rffi1n6 (ffg. 55f), brt tho tr*1rr pbrmcyrtr ry
rhcr om d tno tgpor. I! tbs gfrcoo. uiartte tbry beru rodlr o€Gr

regarrtcd. nFC Hghfy odol.o rfu !f r o1q{f tatonff.rto rors (nf.

558). &ls latcni$rtg ro .Ilpoon to bo e rtr|nre of thr tre

lporr nrobrbfy ritb rfmto lnolnelonr of, 6rcnO.tl. Ie Srrre G.rel

tbs rlrofe d tho oort L^r tihla ole{y lplrlcrlcc. ID t5e rfiffitbrf

tbq Eonor rrl bfglfy orlsto (lr9r_*) rd tbr. .s6 esmdo0 !f r
thdn lrr1ln of oaolllrtey c ncrrl rocd plfr oolrn.

Ibo potm€pnrtlc lagt lortlmr of tbo tlrpr of, rmer prerat d,U

b€ dlruuad tD tb tectlon 6 octrrltel'llrrtia hlrtory.

STT|IDINBE

Srnldtno tr prerent or.[gr Ln thr 6reaodlorLtr tl,oob fior tf.
Krhrrte tltbf . ft ooourr ot itirtinst ebhorilral *yrtrlt, rnd u lntub

rtitlrl rrf*{.rl botreon $s-'tr arri !ilr3toolale. It f;negmtly

oontrlnc duet-lt"le glrgry tnlrrima rtlch Glve Lt r olm{r rppo.firn

tn or{l.arqr ll€ht.

thr ooryorltio,rr end qrtlod Brqror'til,er (fil fart ud Oolcl lI
- r23
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DFcm) d tno qrmfDnl rrre givca ln Trble llr and ther rhr tb

rtDerEl to belus to tbe eoldfrn-syptcpcrtH,to lerbr (nrttfe t i9521.

X-!,tV' ponaler ilrts rhor r illttrr rtron6 pertblt"Lo davelqfotr tbs todlo

phcr trln6 elroat prtl! flbilto.

8ICITIMr

&totttc fs lrl lgortrat ref,lo dnrlrl ln tort d th. dnr aai

tonB.l rLfS brt r b16! orptar oaiertr rod rlro ooffir tE th. FUF
otcfte raol,:Lthr. ff tb tc\y Dcr tt & oN{f frerd ln tb
Rotanbrar Dil, rberu lt fonr ug to f d tbs totd rtof- In tL
I.ts Dmr tt lr thc rott qDortant rrf,lo d.nttlr urlly fUrfD3

l-Zr}f, d tb6 t{rtrl rookr md aoonrrirg ln pnuildarrcourt Dfrtrr

Or9-2 rrr la dtctar, thay rra ruhadrdf ht freSnntfy rf,il
crbqrroltr (ne. b9) rnd sctlnr t&crc s.e fll.lrd F gnrtr e
plrgtool,ur feldqnr. Oftrn tb. blottt€ lrsfuailef eeotrrd:tf dnattrfr

moh rr rytil,tc rnd rlnou, rnd ln r feu soer lt focrr fate*tfortbe

rith otlror rfitc rtnrrr.l.& Ss rest ocson of tbro 1r bctbtr'cndr

(r"c trt3. 7l).

fbo tgrpsr of blotl,te cra br dttt!.nCrrtSei m qtlorl' pnryortfm

(rrtrc f t) r

8qp l}r lhs rsl^n tUle forrni rt the rrstal d tbr dcr rDd fD tfbr
It 1r r racrrlf blottto ill,ah het r roderrtc reftrrotlve frdcr ( y .

t.658-t.667), hi& dtrpegioo, end a ZV trfoh Yrslcr tlr6 160-150

rolfnnrd, It tho rothod d lobt (1956). It L rrrbd\y ffl.rscbmlol

I, prla yr[,c-f$[t brml Ir ahrk brmi Z1 tl*.b @
(r < t < Z,). thl ottlrtrd tc ootcnt otr tb trtp b 6P|7!F (F

rotbo{ of Goucr, lgfll. _ ....,
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re-Fr ltlc WD€ har r v€Iy hlgtt retTeotln lndsr ( Y. 1.7frt-1.713),

md 1o 1pd trm in oolntr. Ttre plooch!.o rsbora tr I1 Pele ruidl&

tFsont f, red bnon; ?+ d31rts red Lrm. (X < I ( 81. gJ ,t b$bft

vrr!.rtrla1 a rober of plrtor giving e 2[ of ) 5Oo. It hrs brea

ltoolrdsd in ths rc:e brrlo rockr fra tb. Srn Juen vol'og|rlo rookrl

Colo.rd{, (nrrcn et 11. I l95lt p.90f ) ud Docrr Hortr lnd Slgn

(tl65, p.lo) aote tbst rrrug tbo rert fou blotlt'et rtioh bllr nf,rrlp

tlyo lndtoec r:utllda tho nrnctr tndlarted abwc ( Y r 1.$gP-1 ,695) st

thog€ 
".itb 

u ortrere\r bigb oontsot of p,.}r ;htob harc Y .oO 5 lr
rrgh g 1.7! rr0 O.OE Rr?ootiv€lyr rrroh d,nntr a$o rctill|r aelJ'ril

ferri.rrr blotltolrr Iu tb fftilftss rt lrrserf felrln blotlto

o€{nm ln tb omtscr of dcer, rnil trn the ocntn of True3f Donl

lt la rraoclrtod rltb urfdtlo horabilandc. ffnohrll (tf5t , p.5l6l

reooldr thrt brettag blottte to |OOOoC rrlrcr tho refrrstlrrr lndor to

| '?f rnd tho obre.rle d 2ts to P.+"

Ecsaql{4{qg

Horrrbil,cair lr prorent Ln mtt o'f tho r$ralttcrl aftbottsb |[

r1qr og{Br lt rsoourtt fc ( O,fS. ID tb udorltm lt lr grcrat |!

the 6rounrbua prrttotrlc\y rrrFdn.r{n6 errgttc caratdor end ln 1199,

ln tbo rerotlon rtr nrncrnd|^ng en lnsludrd rrrclltb. IB tbc bon-

blondo-grrtr ilrgttc lt fo*rr trhs urJor nflo rlneml (ru. fq$.

lqlr dLf:fer.rcat Erpct of hcnblrsrb cra be d.lrtlaCBfthrit rld tb.

optloel prtlnrtiar of thsre ure llrted tn frbil'e 15.

Irlr A. 'hlc llofablcndaf

- 

-(-F-'._
lrlr rfnor1l r{f ia.Ugr bG ltrtrhen rt ftnt fgr $6nrrtf,cnt

but 1t orn bc dlrtinCd.rh.d Y # Tlchcr srt"botlo 'qclc. It
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Pole Hornblcnde

Oxy ho r nblen de

G racn Hornblendc

M tig n etite

Fig. 56.

Green hornblencle setrlarated'

by a break frm Pale horn-

blencle (ttt56).

Fig. 57.

oxYhornblencle (= basaltic
hornblend.e) with oPacite

rin (t togg).

Fit, 58.

Tlpical !trpersthene Pheno-

cryst #.th inclusions of

apati.te ancl magnetite
(lttJ+5)-

Fig. 59.

tl3ryersthene Phenocryst
with opacite ri-B (ttt51).

lmm

rtrTl

Plogioclose

Opocite

Hypersthene

Opocite

A potitc

yporst hcne Mognctite

.'G{ftErB
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oocunr dtbr^a {so f.rrmre Gorplgr ln .'rrt geatttlor in nnsbrr

od frhsfn Dcgr (< O.f) rn! 1r patrent ln ur oqTltrl tlor t|r

Berrr,bricrrltu rbhr. IB tLf oscr the clrrtdt rfit ndl, Drrst

' (p"rr. ocl ) b51 fcad r rirll,er rlnctrl tE tho ttVofftor d tb'

llrobj1lo Gorylg rnd brr lhs1n $l aj{ydr thrt I't b oud'a6t'alto'

tbo ttr"-re uryIcr bcn a mgrtiYo rl6p, hrerpr, tla firthef ;cl

rould tr nerrreff to deot'b rhrtler tb *o dnrrrb $r llf,:Frorrtl

gr tf thg optlo dGP 1r 1ryll1}lr la roil'oots @r' D

lrtter cqrld be th orrcl er onlgr tro ot6sr c-rnrcr of thr rrnorrr

rla hm to thr rltcr ta rolornlo luoft' 'llbro rn Ara r drrltr

ffr, lod {!il tba Erkcr yor-ornol Jqrrq toth ab|orlbea r rnne

(rgi8, ttSo).

eg 3.'Gnoq-lEntllcn4l'
gr=sn or o.rlrou ha.1ibil.mlo 1r prorcnt ln tbr horatl'cih-ps*r

d|olte,raillntortofthrbroll.tc.}m!rniltrpFr"Intb.
rndarlto lt umflfy fo1 n plnrtto cryrtrlr dtb I log rrlr 

.W 
tc

2 nr. ln lmgtb, rlil J.n tb ranr qurrtr rroh rrrqflerl lt l| oft E

lrtorCrm rltb blotltc.

In|t|55ltr6t'bngre'hrr83rE|llb|rthaGy'tr,rrrbr
roatgg, rr:il ln ar oglrttd ttr ooDB 1r ryprnntlgr Pr16 bonbf'sdr

ltgpa f) od tbr nn3Ir g.'1g bnrablcnfl (EC. f6)l tf,r tlo dnnlr

rcpsetca w e brcrt. lhlt lnorcrrc l$ tlrln tmrdr tno ngln tl

oorysrblr rlth tb. roaln6 &rsrlbe6 bg' K116o (f950t p.980) fia

ilroltol d ttrhoao volo$o'

twe9.'@
Drm bornbbac,rr 1r forqd |'n tbg southotln Dfi od tlorl irre

- llo

t'



tfu oryrtrb rlo EnrElly rrll (< f rr. ) rn{ frrqueatlgr tntefpcm

Itth pleglooil,arc andt tgrpontbcocr l.aipc *yrtdf Gtr tbl.a tyP. ocoE

rt tho nll1in of lotcahenr DE rnd er patlo$rrfy lcU drrufQrO

tn llltl t trsl oBCI clrrtel ta orrlr 2 lt' tB Loctt.

&p*!.'E!+$tiq, FqfFlltp$t'

dllr qrpc 1r found tn tbs ryolltc of ltrtcmp lErerr si

Botclrbrnr hl. rn rll cafsr the rnsl,oalug roohr rro fphctr|l1t|-t

rnd la fs'rerr Dere tt orn br olmr$f rlmrtratctl tltt tbo tt".
ooouulr oDIt ln th. oentrs of thc dnr. In Botcrbrnr Dac tbr

rebfioarDil,p botrcca budtfc honhl,cntb od bilD hornbbndt 1|

orylcre nd om qgrpc try ooflr tn oor outlurogr rbllc tt otf.r

oosrt rt th aert.

Xhs ruf,rrrottw frd.r ef the !il.acrr.l lt rcly dtfifrfdt to

rrutFor rnd tba ogtle ngi,o otrn ronc i[flilmlt, bcosr d tt

dbep solrut' rrid rtnms: dtqnrrlo. 2f lrr bceturr ln dll cur

rEItr brth (OOo-!Oot).

Cryrtrlr of thlr tDe rrr ofto! nrmarA ty I o}rd,t rlr
(!1g. 57) rad ln I for orraf rbsw erldsnoe otr rnrsptlo sd rb|r-
quont rltcrr$ou (D.1 65).

onEHOPIBfJIHES

-

&pcp1trsnc oodp; la root of tbe r{5ru0;[terr H la rnnfly

prcuat mly tu ra.LL quottttea (< ff d tbe totrl rod). IE

rort of, tbr B11r\y Dcor (uofuOfa3 fiertsrs rnd btmbrnr Dil.) si

fn the [ri,ohrrr rlrhr 1t ftilr tfs nJor rlloFllr roooryrntr0 F rrlf

1gnatt of hmbhidl In th Ltc Dcst lt tr rFl sdr ftr

prercat, l4r Do I ronrlt d ;3f.dlrtloo of rosld.Etd f!1ffratl 6l
- r3j-
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tbs earllor dcref.

In thr Dr'r Dsris tooLr $rpontham t r pnront ln tttc h'oip

61"i6n-qu*tr abctto rad l6rruoae endsrltarrrnd ln ths euottt r both

blrperrthmc rat boorltc ooourr

lfu cptlorl prolrrtier o? t,tre $rperltbonoa rnd b.@ttto c'tl

derortbed raprrrtcly botor rad tn Trbl,s tl.

ltrosrrt*too
G.*

In tho rtlyoltte ,gpemtheno fqro rorll sube&d. to nbhciinrf

o*yrtrlr (< 0.5 lnrr ) *rob rqy b. oreohed, ht lrrlft rbor *trorlrtl,o.

lhoy uunlly bevc nrurilrr tnlurimr d rrlnctlte rnd nr elro

oontrln rpetlte (f:,g. 5E). Irl the ocntrer otr thc daor thry rsc

rnrourdrd qgr e d.s of c6rr|.tc (gte. fg) ht tbore docr not qrpcr to

bs rryr dlff,erenm Ln coqrorltloa bcfus€rl tDaac *1rrtalr ad thorc

rltrhcrrt tb rl,sil l! fcad !y LalLt (ft6O, p.$5).

lbt rypcrltbone tn tho gpentboac rusrttc (ttgff) la rlrf,lrr
tn optlorl prqrertler to ttrt ln tho rlgrollte, aroqrt tbrt eI lt
hfgbsr (rco trbl.c tl). lts carrtdr, homwr, lro ldt r$real of
rarcrblr tbo.o d the buutd,tc , tr' rhiob tf,ry rre f*lbr'bfy Ceartl'orfly

rc1rteC.

Dqen!t?o

thl.a osorrs tE ilrbb.drst to aahr:eat oqfrtelr ts rrqrfo f f0tt
(bronslto errrlto). Ihe oqyatcls Ee lrrje rna nnrlf$ ooutrls rrf:t
inclurloa ofdtutm (rsa IIA lrb). rrig{f6 rnd ptqf.ool.us lry rlrc
bs prrgly mlorod tEr tbs dnotrl.

L33

)



gLrro.ryg@

lh op\y W prorent ln tbc Teruotr roatr 1r r$f,t t
GloD fonr tha dnfant rrfilo nlloril in tbe rnlrruXtlr rurltcr ,

br$"It' rnd ln tb rnibrilter.

fn tbo srh+rqllto nd cuqqlter , rrfredfrl to nrhsilrrl

oryrtalr (rar. d.fu3. < | r. ) & teay prfo IFootr Ed ttflFpfrocEulr.

Sqy .r€ natirr cncloreit polktlittorf\y fu fcldrpr, r|fnfnf 1|

oiloo ad le otrton nltlplrl prnllol to lO0. fic oqod'tlo b||Oa

on optlod g!ryertttr rbon roDo nrtetloo ln ralrtlrr Ib 8i If

ocntcntl ht o1lelun 1r rcrs or lclr octtnt. Qptlsr r$e u follills

B= f .69f-f.Zof (13,04), I 5ro GtP) t n^c$l (!t)o.

lwrrge artlntrit oqroril.tlm (f3er Hc;r f 9f9) Cr,o+Fcf l%.

Iry of thc abnoqrtr sc d.nA Sr prfcrtlo oqrrtel'r of

pleoobnole ;rlatn bornhllnil *lob rlryorn; to bt chatrted 1r tb

rle or?rtj.Is3npbto dlrbotts lr tb rrln *1rrtrl.

In thr rnde$tcr thr pbcaocqptr ocolrf tlth tbt n qltts

grqcrtl.cr u tbors of tlrr rnhrrr:lton od n tnrldrreal to br

oca.rctfo, Sort rro rho rrUer oqrrtdc 1< O.) n ) of clfiDo-

ntrfffis ln tbe 6rcnnfirml tor of illob tl"r ths olfvlnl Ei 1ratl
rrcaootrSntrf l"a tbo Foots

In tho bgrlt r fsr rl$onocarrtrf of $Gttf ead ra glcft}-

poryWo rtgrrcttsr of mCltc rnd frldfs ooorr Eotb rre &a

t5e g fd [n tbs radetitct rnd su pnrmlrhfy drrtrd fior tb-.

Ilnrto cgrrtrb ef ollnqryrrunm (<0.f r.), lmbrhly nf$trr occr

l,r, thc grrminrrl but rc latorfersroc flgrr ootild tr ebtrlncL

- LS{ -



.SLTTIITE

lclrterLtlo ollvle oof,rrr ar euhrd*rl to a$bdilirl eqyrtrlr ln

tb rrrhrrrrlte bloohr d tls ibbrrcor f Afhr. It Lr sl.orr rni ora be

titrttaCrrt$Gd tlt r trhe rooryrqrfag arglt U tbr gucrrl lrots d

clerrrr6r rnd H.nnlng. .l thtn of,labtlon rlr o'flon ooorra rreunn tbr

arr6l.n. Is tho rn&rlter ol,trlm hrl tlra trs optloel prryorthl e|

ln t&g rr'krr'illte!, but tbc cryetell a$e uotnl\y r*aiFr,l. lhq;r ll

amrttlar lururmdcal ty r rln of pSrrcrcru anC rrgDttit€ rild.fr b

tbet folnd rrmsrtt tb quctr. -In tbo olivlae mrtto th dnonl, 1r

lergar rtrC rcrtlrr ree*tad, but ln tte broorlte ou*ttr lt ooGtEf

onlgr *r lsolwimr ln tha ortboXpTrceac.

In b trrrrrra ba$lt o*yrtob rrrr loqf rrrtf (< 0.2 r.) .nC

ftequrntlf beve tbolLqrf rt clther ond of the lotg arlr. ttff
featlns ne rlro fouad gr ltnao (t95On p.ytO) ln t'be tla,bc Volcano,

rnd he tllnrtrator a coqilete 6rrdrtiqr bctrrean tbcn orlrrtdr ro,d

nornrl olirtns ortrrrtnlt, nggort{ nt tlre o4ntrle to bc tto flrrt rtrlp

Ln tho tforth of tbs ollvll.'

ACSESSGAI TIIIEAltr,g

Hrrn€tttrrrF----b

lLGnotLto 1r nblfuttour ln rIL tho loab of te. frrmrr Coryfa.

In the rlqtrol.its rnd grrnodltrltoe lt fonr rd:f a$rtlt to ru&drrl,

ctrrrtda (< t e.) ud lndlurloar (0.f-O.! rr) fa lrry reflo rl,mtdt,

lt tbc srglnr of thf, ilcer lt ia 
"3"6f-SteF 

ln ssfleotci llgbtr bt

tonrd! t&€ oeatrcr of thc dmsr it la oddlrsdr .d alotttqpr r rr{

lurtne. In rookc ilere hgalroth{rnrl eltstltlon hcr ooonrrdl loloop

rGDr Lr €At€ DnB$nt. Ibia la dleti.agrdrhoi Qr ttr r|rtte oolots ln

refleots{ r r6h!r rnd probab(y lndtln *&1 tirat th,o 61tl.od ugnetttc
-135-



hril I dffirlrty rt|F Sa oatmt

Iu h n'tr fg|o rn*r nprtltr fcrr r h,tfl nrnu]trp d H

Flrmlrm. Ir tr trnl.3 lt fcrr rtnto (< O'05 r.) *0rS

os:fltdr lrl tlr gt1;f .rt l^c tf,. rndrd,tr lt ff rilrfty rf{Df$ frpr
(< 0,f r.) jrd 1fbn rufoilrl rtth r 4s6e srolr pcti'cr

fne$s
lllltftr 1r r nrl rocrrrory tn I fr of lt ttroltttrl rrf

oorncr u rrLl frfrrt|l clntdrr lnnl.lJr uol.rrrd tD H'otl'trr

oot *yrtrl, th octrr ?Drsf to t Ldlllr

flna

-
lhtr fr no rr tnl,rri.or la blotttr cTrtrlrr rtcr lt

rcnrf\y ftcre rd,f nrlntfo otlrtrtl ((0't r.), ffi
fr.tr tb b[otlt ll tn E t3jri3rt€ dtb ethcr d,ncrLs l lir
cnffm Sa r&l CrfqllA fnfocfrtr U,nllt (r.3., lf05l).

Eldot.
ll tlta rlol ;t6tr fr p1;ot ln or d th. Su.dfclf,b

tl,octl rlrrrrrt (fO9fo). It ocsr f^E nll rqrrtrlr (r. ooi r.)1
rtid rrc 1llrobolo fh Ffc yrflor 3o ptfor grr'nr nl n of.dt
untrtct rltl bil.otltr (m sa Cof,re tr grrr).

!r,rFonrH,

ealdta ossr ln b rrtrtr cf r bloo|. fiil Sls !&
$ntarr Xt tecu rd,l deilrrl *frtrl.r rrudrf U frrtlf.
rail lr p*UV fic r llirtbill rdErr

Ir attrr roel fir thr r fnfl,c dlrttt lr lrrrrt.
lltlr {t'ilf frlr tir{tsrt to atrtnml oqyrtSr illl rFr frfO|r

B5



ort6{nrr\r p3fruenr. It {ro occum ln goffi rooka ar sphenriitee

rith rlternatlaeE baadr rloh a,rrd poor in iron. Tbs togtroc of tbe

gidorltc ll, lits tbe oalolte I ;:rcbab\r 4ycrothcrnrl.

-I37-



r1cb 60. Sfprr Ehaufft drrufnrr Ir ilUrlft (flftt) fHS
gGturl omdo bd (cgnrY ffubt).

glgb 61. Cotlodto rntmUf b ttteD, IbrA E aOrolf d nry
spbrafftc alq r frirofirr DIrn (c'Ury I|C!3).
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r. gPln[!'rfip rfip r$ogrr*g rf,rtntn

b tar trnlnlitrt lrr fro &Gfm0 E Eols (fil, t.At)
1;t 11ffrtfa6 gi fln @ rrofrf r|trfrr6rttr t' r
g:rrf lslft bcffift;f @trr*Il[|,l rl

iir. to tb nilrr. F lt f pl,rtrr c ddr g|terr ln r
rfros rt;lt'rtjti3lrrr $ct tilotlr cltdSt'r
Ee1ls (fgtg, D.$) j6s1f ct, tffir U g,fnnt rf b rt
fn t1ag rg6 r rtrlrt 5ldtiil, F ry flrtrcr r|rdrft dt

4h*dttl st lot lrtrdna ft tb 1lilf lr |t. W Sr adldtlr
&rgdl. f,S tollrrr tr tgrrnilrr -ilfa b o.lld rqBilldS'.
gp6cl|'fbil 1ril rq rrr0etlf ScUrfO rr ron b da
cEtrilurrr d 11 ;5. ffir €1arfs &f. ttrr Cfr tr0dflrL

f' $lfarfftrr (m rtrlrb).
t. erqstrlr ;lrD&
l.W
hil t/F b p$r{r fHrd $rr ddrsFflr||, |ilO }trr

r dilffcnt DEf.f |r tb Xrtr1f d S. ItL

F$qnittbr (W rtrrrEl
[r fcr ra rtuhr d tb. trr 4brrllb h br f]

1;-tt d W ftrn (f*O) rA r. d,t15 m llb dff. rr rqeAf
j1r113t6rre lloilL gl1.r rf tr lma b b rlrff,trr ra rlrltfr
rt ffir (rrfr. & rf fi).

15 q6rilHr dE flcUfUrtb *Jr*t'd
dil,1nugfn .fi lD. ril oE S. lrat cl$r lrfrr (|i0fr ptti)

ne3jrtt tlrt flg ;rnr mtfn$ ftEfrnc tllrr. Olln .rna F
rriln foilL lbtr,l;lrr lni ;rtl. tt rr nt ntil hthil (fff6) d,f

1n lclar r.ftdr tbt tb drxrl,r sl rdlfrd to b ffi
- L1g



Et pt$.tlo tl[a4ll r nnltln, rnd a Irry srtgrrl'r d I

1pnrn6ftl fiil I*urr odcrr rtltr tflr feCoe1lcrtdn ll.ilt

cfa|.n nr rndbrril, U ErtF (ft0t) to b rr rrrdt d lqlff

cAyrtrl[rrtlc !n r hf$ft @ lalntl,crr B b rtm

tbrt fn CIrg lt*If!il lb.r n to prre Efil*il)tra tUut

tfir gpurlltm. Il]r rfprtr t|;il tlry OrFtrfrA fi b ln

hrd 1l3g0 rgrfr5 1ld tUr fr ryrtrd 1l h fE*r *t*r o

gdg1tr c1ltr *rptry pu tffi$ b rylnlltr' IrrD-ff

(fgff , p.f!f!) b odd*C tbd Orftrlfir$'n .f a|'Ir ri lr

tryrmtnrr (< fOoO) lr n rltr thr br7i^ lr f6 ret;L nf bn

|Dutrrt. .]rrtmt r|t trb Drn tfir eodrry rr qilrtt
httr fr prtrLfT r *ttlorl, trrt* u hbrlt tll fill ltlt

Crrltclfl3rtiln t! tb F1gG!. 11lt rrtrlr ngufru aly r 1b*t iilI

rt tqn*r5rt E !o E! tb p'C. lb. l,t ro lfhrf,I lLt

rolt qDitrrlfbr fflrr ftl:|l3 $r flrrf rtrfr c? locfff d r

ffolftr dCe

Ia rd.jgltr lru tb rln of, ry nfftm lruurrr tmt
tt crErrp m oooftq3 Ir frrnrsfV dmt ft rlrlFtf

nirr og|st.ilt ltida. th, itil lcrld n*ty tffi tlr rl|.d,tfr

d;p rtfl13 Cfcrr}ftr frtAnt' It mcr frt r I.d d b

lna6;6t, rd tn tb nlrrr of, b drr lt t lcnf$ r fhrg$.
gfj1r1r t&r ;[e$ttr tnlqlr fil I il* of ptrtr I b fnar

rnd jn cfnfrtl c sfctb qltrrfftr flnt erdl rt b

f6cul,r n ratlhat tlFr tb rry eonilfft il dEr n

*yrtrll (nC. 60). @ rllf:fudr ry Plry l lrlctrt

ruL fn |llr fttFro

tu tb. obdllln bn f,fm tnfqrnt tr lerl nnftcr !a
L40 -
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Fig. 62.
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dryl. fUI Ft&rfrnrtrr l c1?fU!.f frctc rlrr to Dr rtrl,Dr

il 1ph6utttr1 f!4mt\y solf rfGC crotr ib*lQdt Dcdfcl b

thr flt fe1lUf (ffe. &), od rna a1*fc rphc11lf|jr bif b

Arccf,q frcT t[r frlr Hfry 1r rlrt octrfra" tU.t frrfril rf

d;g ;gry o lry*tnt nlrt ia tb rrdrl d mr r lnlr d

Sr13ffts sr dh frilnf**frf to fr dronfs |dlt pm.

tDr rcrrsr thfr tr foftAly thrt d Fntr lr tb 4rE ro3 rr
rnrdlf lE ltc fa11; rry .. enaocyrtrr Od Fsil.t tb dfl |f

jrilth €f th. qlb*dtt r.

9nqpntf4r ernl
Dlr rr Cnd fn fnnoran rtofftr et tt nrtE EItr d

r€rr €f tb rcltrr ilnr lrd la rn d E rsllr t{|m,l Drtl

lr Cnrrl.lt rdf (< f n tn ittr.) ad Srr dlfilUut tyD.. ..r

D. dfrttnCril*dr

f. t tg of |t; FqP 1r r lfaflt ol'pt1l, d tll'da'll
(tbfiIbt |Ilc ntnrlttn l$.r nil rpnrclrrtc lDtto dt rrffi

to b rr*.tbdrr). n|bir tllrrruff f,nlrefcr of |!Jtl ffi

ttnt Foir ttr Cruqlbrl|,l l*c*Urttr (n;. 5t).

& Hl ttF |.r Er.d !t to cr! d b f!'til |?.
Iilrrrfu to tlroUr b frraenUrlo alaDr lrllr{ f LIII|
(tF). D Fu{$r?tr |llt*5rrtt frbr. Grtlnt b t tillrt

tDo, tnt ol rttll Dr trtb3lftral (Ilc. 6l)'

I. In b ttrril ttF bilttlahtr. tlbtr affrlr fin r x6
ln tbll rn r{r rl r {Dsrlltrr IrA tllf tr lfrtflfu H .

fnnehrrfo |lncfirgrt €f tD. | rot tr nqr|'Da (tla. 5t).

lhr Gfafn cf tbr. qrcr te rrtdrd F lrrff (il$) tr t

.r to grtrlllrrttc rl rutrotlo ocilt'tar tEfu g frtr (f9ctl
].42
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nG. 6t" W |lr fiqD tr r tl* r r$rath ;fr{il
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ftryilf G"{tt (crrl rolrfrrr

ilcr 66. Hrltlrr ffi$ t' ffi h,rl* nr*'
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Dolatf ilt, r rnb$l,tr ibrr ret c5rrtdllr rt o Dafnt * flr H
gr.r,lr GrrF e por.Lod d tf^ra frm I cmtl mtrrr0r' Iddlajt (ta$,

D.n6l rcf5lb th qlbrlltbr u hrrfng 'rlrrtellt$d br'fbra tD.

lln cs to rrrtrl rndt tbla ls rqp*-tr0 ln ffftf U tbr rdf
offatsllLtcr of tb trwfirs, il* flr d b tqlrr Imf

rynrmfftm rl rfro rontlrr arrrfqloC cui thr.

ttr rrrrn tw th ffraophtr|r Stqrl' Dftrem lD lb iltc
Et d b d,ib |rr Ed trDbrr Elt |r st dl!ftnl,t to

lsterymtr fry ltlmp tnctudtr3 ffi rDf Cab (fl fcrrr)r bil
nfep;tril r r*rrldfm bhra IrTLtc fatrrrutll aO r Utl
rulrtfb ntrt, r{ thl,r rfr le I rruUfaf tlstc |l b
fbrr lr d rruql@,o lrqDf,. It FnlJl lr oartrtct dtl hlt
ooorrlm olf tn tb pdorou ryol'tt , ti tbl prlrcrr d
rnorttoolnr rrthc ts.D Dlrdoofril b tb *lntrtr (n ffi na
Colcr h nn*). tb oqlrtr rbrmar d tb ttoq)f ln tt trfrr
rlrhr rad nroolrtcd l.tr hr ceot tc ryldrcr nlar tb. ld
d clrrhf'lltrs b h 6[ur nrlt thrt ncl.l rc$r rot mrllrEr t
r*rd thrlt fcrrtil,re

11ffir
ltr tUrO ttt d qlrnllilo rbnfpnt 1r lqt nff

(< 0.f r.) lil uurlly olca tl crlln*y fl|tt. It cs tbf mlt
b t}trtltdsro udm corrdt aloolr (ncr 6r'). l dl|lr d,ac.
phmlitltr qlncr afldr ldl trr I ffi ct{rtln sf.
rrttrta tt (nrr. 65 rd 6lA). tttr ta ln rt.t crrr t8rt $d,I
tht oorel,hrffi ftElr to trrr rtrrlflt ut|notlce & rtotctl,l

tnof[ l$o, lb rrilmttn qg1hff Olltr qr llto tr ,pnub



lro;grtorr r 1ho16 tg f&r. 65 rai 678. Drtr rqf I q)frfna lf

t6g rilms6lr nreslcr tbr 3ru4[lrt,c tffiDr, dtl r d,cdllt l!

tbc mtrrr rae tbr ttbrr ld|rt.tng tlu U,ft If tb trotla l't ot

rlog ttr rlocoil.ltrr rDrrllo-tloErlrrrr dII -ntqp (Ae. 5Tt)r ht lf

th. laotlu lr of lerorf the ataolltrl trbr nclrf' rrilrtlE ciDr|

d,Il, rurtn rt r.1l pcftf,cr of rotattm (ry' 57D). fU lrtm'

rllrtr rottnr dll o(ru btr..n tb tf,.

Ia tlf, baqd.at rocb tbr rlororphruffhr tmi to ccs pcrlfrf'

to tb. filcl glgarl 1nai ts ru plrou t[ry sodses to {bGr ootlmr 1

rhrfarr

Wt1 rnr ooqrldrced to SFd. tFil tb nrd,

rsfOfrf/orfrtolrllto rrrrnfrCO to r daeb rlnanll rl lD rfl crr.a

th fifh.flt lrtm ol o\y bc l,ihatlfttrd F th. ortfrtln trtr|r

lbr nftrrattrr tnibr tr rtlU larr tDr CErd. bdrr (f.*) 8d lrr[

abtrdnrtto luglrrtl tbt lt is r.n dXrll tllatr!)ar naccrtrbfy

rilldl^no. ft b rfallffrnt tn t.blr odtgst fb.t btf,c f!!ql d

{r6re alcsaphcnr,lltl lntdrt & qlrstr st unrf$ lt}tfotr r0 try
r{r t&motrcrrr rrrnlt fror r trtterrtlc tf, tb. tro d,ntrlr.

lDrr rgh.rultter lr ftosd Dotb fn nff narEftfr cf rall*

ryofft bciturbd ln lrtc 6tF5rlcrl ann ln Dddrrr tIu 1
einc tb $36 qtJ,u, btt d iltf, t"rrrofn !r.b3€[ * tf.

rooL. Cosr (f958, n.&l) rqrrlr drl.ls frrtunr .t I rr'alt t'

Dot$h ud rlltcr rtunrtlr otr $;1ry ryofft r ;ad t|b rrl'al h

rggltcrDl,r t^D ttrr tsrrrlt roolf.

th6



h,W
grn rd,

lblrr nr ohtrtorl onalym brrr brla ndr d totrl FoI nDf.r

t1,eo trho fr1ap6 cgplorr urdrts ttr rtAoib d lltoLle (ft6e). Ih

of, tb8 lplnr uu fra fiyolftc brl fc flc &offtr t|9!mt

rnd oa reab of tbc 1*o1tr661ngr*-3r lslt r ntlcaDe Ea.rtt |nt

b18b drtae burlt. b rcpltr d l&or *r 6fiu1 tflrtlr dtt

th.lr rplrrfuot norrrr ln 1$l,el 19-llo fiVru of tb fracr

dr8:lte (rrr*t ad Bob, ln rrcrr) ad b br|dt roclr (otr|r3f t lgfr t

pc ??) lllr rlao glm. Arr*rgc *ryolltc itil nA tot|l ftrolltr
(oon + bDbrr) eaelyrrr of tbr Errurrrr crplrr rrc C"ta t'a trblcr

f i 1pil t5 f,6. ooryrlroa dtL .trn3r nrlfu d tb. Iryo Yel'crdo

!o33, rofcr rrycrft r d t"b Crtrlnr, lotcua ail bhrl Conplser

(mrrt, fg65D rne thr orfo+fldflnc ilyailtc of ilooloil'dr (fl5b P.loft)'

In gtDlc l9 enrfyrm of tho f,otortne, f, tt|,gl rlrrbtlsnfo brcltrr

rrenrgp fo3Etnlt ttpc bardt sf t{oshol,dtr (t95b p.lfilf ) sril rlrtrll

h{gh rlnntnr tetrlt d rh'o (tg6O) E! rtsn for oof,FcrLcoa rlth thr

blgb llrrlfnr brrdt'

Ib onlgr cmrlrtat acnrrtlw rrt.atlo ln tb rtyollSrl le tn

th. amrtbltr, rtlah dco*ura d.tlh ttn. ![hta om bc oor*tlrtrd. tltt

tlbr obrcg-'j ln ooqnrttlm of t}G feldrygr-'r (rc !lE. 8b). ttr

Fnrruoc d usaros,ru ocrmib or llloprlfi t tf to bc rqlrfrd to tbr

1filo dgq1.f oontrat - norantlre dtcpddo ladlcrtta; h*'abl'cadr

borrrng 116ll, rndtrtr 5 hil rn rlnorulry hr& acrrrtirr dlqrln

oontut, bmrr, ardl trhl,r ts probrbly il to the rrqr ltsll

lrol,rrtme of thc nylcar odeettr fccn ln thln lcotloa. 0f t"Do

cl|rrlttnrrnunrlytrthc*6Dhf'r"!,ItrbootaDcEot.|'
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rfco 6q

yer{attm dtegr of tb r|Ulrofftr fic trhc lbmrTcfdr Cqfr

( ftdan |n tfd! d mo.Ef,lrc ffsrru srrloa tc lrlpr
lr lbblt l! - f9 ).
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hosev€r, thst thta ;rr loaated ncor tbe oGltre of th. dcat rtmerr

rU th€ otber rorplor rGrB oolleeted iYon tha nrn6lnr of thc dflol'

thr lodrl oont€nt of thc 6renodlcltcr (frUte f7) nrggertr tbt

tlrcirooaporlttoaloveqrdnilartotltgr}prolltocoffarr;orlrlht

tns urrllfrtr 1r rc13 blrlO. Bcortrco gf thtr afaorepr[oyr e tecond,

p.rtt3f arrd;rctr rlr 33do (UAgSn rnO ttrrlg dl^fiFtred fTa tbr

or161trr.1, ht ocgorpondaQ to tbo nodrt rnel;rrla. I nelnet of th3

rlhrtts rrs nedc on th€ orl6tnel tuple (10fl8) hrt thlr Jtr|t

oorrftrartl the *:lg1nal rnalydr, It lg thersfore oonrldarud llbtgr

thrt tha prrt of f09f8 rrretrreu prerlorrly, ooatrLrd I trla of,

epldotclrlrlohtrGoElaoDinreturelotrt.hoerEsdiorltcrpeclrar
ermtard frou Tglgre"e (nt rt si6 Cole, in prrcr).

ID the bareltr th6 rartatlor ln norn btrcen lt |nd C'rraGorr

(fgfZ) enalgrrir ar€ lsreefy dna to t&B foner orqrle belD$ fartlell.y

cx,ldlred. Tbls rf,foots tlre nolrstl.ve aagletltol \rponrt'hcn'

dlqrtcle and gtrertr.

Comrrlron of the tfro ltb
tbS i rnoo-Vgl-o a4!q aonq

Its rgnt€ of the ratn o*rder ln t&3 Taruere rfotLtoa (ff6. 6S)

drd thcLr nsrurtlvo oocpansntr rro oorprrsblo to thc other ilyollter

tn thc reglon, lud t.hc lllrrgc rScsrere ooset or\7rlr 1r Er

r1q!.ls to t;1c i"€316e ryouag rlryoltter enel.yelc of Hrert (f9550o

tte trpbre litsrt* ooqrsrss oloaa\y rlth tbe dc rtsrollterr rr lould

bo crpooted, for oott res erytca rt thc t !€ ttn r| tho dcr fo*rd"

ft€ trter omtent ls blsbcr ln the tophral rxoopt for Slplc 9 - tl

rrarctdod te[tnb6tte deporlt (p. 45) firtl of blookr of eqruded pu{or'

Irtar prconnrbLy erorpod flm tbir aaaple durine tho prooerc &

eqranol.on (es tn Perllto sslrf,actgre) atd t&gr onlgT r r1.ll ugnt of
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llg. @.

Tarl^dtm dlrgrr IHEE tb @ bohn tfia lsrrr tad3l
an+'t{,m, @ asdts rd, @ d b dD
tr.d of, tb &o Yoilmb W (rCtc ldq- t96O).
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rlg' ?o'

hfEEln etltlm d n |5l)? dr6rE (aftc Cl||f,r 1966r tl& $),
15615 rrfrtlch{p dlffii s!& b obr |r| tb !ry.Trfldr

Wt
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lrtrr roald be eqlectcd to r'cf,d'E'

|Ibogrrnodrorttcrnelyltltton?ugerolrrlrllrrtornrrrlyrlr
of D €{ninlrut tool3 ft:8 Eb (nmrt rnd Cola, ln prru) Bt th'

po'ible cprdote iB th srruen epeolnen nrEcr illreot oqprr-lta

iufrlcurt. tbr rort bcato roeke .re elro dtfftodt to eor*clrtc. Dr

b6l'.sb[etiblurrtr atrsltc bg I hl€! N.gO, but lor lfp ne !r0 oqrrr i

''th othsr rooLr of tb retl6 rtth e elrtlrr rlllor !.ro|[t*p (rrc'

6g), ud thir robrbly ref,botr tb€ hrs! mild plrsloab;j' IbJ

urr*D'o uibrttr (rrtrr l8) hu r bigh rl0 rsa crO ht r lsr 8e0tt

rbiob 1r rromrbry ilc to r Llgb F$sltrc3 of pSrrcear'

tbe hlgF rlus!.n$ b3trlt Ocrysror clore\r rrt',h tbors o'f f, 1t.-l6t

lD t6c la;te Gorp1e* (C*nSo , lgnr P. 75\ rnd lotcrtual in tbe

0trBtal!3 Tolsulo Caatre (St€lnof t 19fr, pr ,rO)' ?hc blldt fru

grab13crlo (tjlofO, tn pra) tr rorc rgrlfnsr rnd L' r strFrrpa'F

lnAy lorer dJ.lor oontmt. III olllr hmnrt br allroit g btd

r.luel-ae bardtr.

llltboeralgraorfrcntbcTrrareraCouplrxlreplottaooDr

von forf1f direrrn ln Fl6. 70i rn ltx dlngrer Ln ELg. 71 , anrl rn ab-

An.ortcrroertrTdlagrr19srg.Tzfcgenorrloonprrllorrrllthotlrrr

roohr of tre ruryo yorsrnio wt rtc pctro6Eactlo tn'Gntflcrnar d

tbsrc dlr bo dligouslsa ln thr orrt lcotlon.

g*.rl.o of tUr glqgrron BosEc gith 9tuf CdE-#be BS

!b3 r"sfrgo rlryroutl of rrrmrs 1g ouparehle to thc tTonrGS

crlc-el.Lrllm rryollte d' Nootcoldr (f95L, pr l$2) e*ocpt fc tlr

Urrofto ntJ.o, (f*tr t5). In roat oelo rIE lfns roekr KZO

) Itrro, ht ln trhs Tgrs*rr rocksr .8 1o alaOst au acld rockg I'n

- 151+



b lryo yobil,,Xo ?ffi AhO > tO. Drt frrilf lr Ht fmort*

ln oorlib{I3 frrdc d tb a*ro tril'r'lo Its ! rllflUlf lill

tD tt ffir r!&1 Et 8t E to tcm Ed rrFf.f sr t&

ftn tb. Eddil'r! rcdn of t dnr. f[rl'r*r t (fiC b rct|r

t' rrltctD D[) t r |0,f€Ellr buftr hI5 tb Uo$dl t''Errpo

b Slryr t rlt 1r r tfpforf bt$ rfdnr brdtr ma 3a

Et drtls to tb ffrlrs ltrra U rsoord'r (f9ttt p'r@f)t d

b' (1g6on D"tlt). b dt dtf:ftuuer tr tLt b Ercr

brltr hn r dr.btlr lil'\or ccrot re @ HJrr

Cd stlt ltlr tr rr(lrctrd t^a b blelr Hrrtiuc itl€Ddl tf

tj15l UDr1|fne (!11l. fg). tb. rildtr lr urrqf |lf:fuutt

h61g5i, 11gr uoohotel (t9lbr p.rof9) ffrt p&dtr (ruc lc).

It 1r rotn btdo, yat hro r larrll Alfl rt tdrl. &'8 octorlBr d

r @ xclrt Gj cotrat bt frge'm m d,lillc

te tb. hr$ rfdH brrrlt eil rr ldfrot tlc lutrr bE[d ettfin.

l$rqe,t$+$ililp.f !,aFreloehr
g1'. S.l. lryf3gl (Clrrt, I)|ar. eonr.) tm lrllln fln to€

tra ttr Brrer Totaenio coryrar tD ftnt r8fftt$ atlor. il
ndtr rl llrtail tdnt

ff{ El5! rf.trrfH berdt
ffiFD El$ d.dn blrrlt
fI4 Drwr eaibrttc
f,lFD iltrnUtf,o r[roLlto
IH btoecr trolltr
Ig @ d thms rcoaltg rll.L tr lctlaal tr b ro$r

oo clgtr otr tb 'lfarrecr rvob.
tsoddldd (fg5f" g.fo$) Grn€p tootralf bradtr horur fr,filEf
pctromUiil"lr fH b Lr$ dinr *r-rtr Eil bn rEt

er4/rs rrfira
o.TuItr
o.?otg
o.?otl
0.70b5

0.7!lg

grcctfy br coqlsC. - L55



I

Plate l+. Lake Rotomahana ancl Tarawera frcm r,?aimangu VaILey. 0n the left of the
ncn-tntain is Taravtera Dome and. on thc right, Rotomahana ancl- R.erewhak-

aaitu Domes. The tscarr on Terrawer-a Dome is the Chasm.
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Gasef lflortdr arut$! aH,g ralattoalrtp brrlnrn drurlrr
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Oxyhornblendc

. O5mm

Pola Hornblrndc Bioiitc

r O25mm I

, O25mm ,

lmm J

Fig. 73.

HSryersthene surroundecl bY

o:iryhorrrblende ( =basaltic horn-

blende) in 11097.

Fig. 7l+.

Intergrowth of biotite and-

pale hornblend.e (t to16) .

Fi8' 75..

Augite surroundecL bY Sreen

hornblende and biotite in

Mognctitc

Hornbl cnde
11 110,

B lotitc

Fig. 76.

Il54:ers th ene sunfllnaleal

augite (ttoez).

H y persl hene

Augitc

Hype rsthene

Augite
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p.ffi
!?worm$r$,srDlm
ffirrul

b @ dnrlr fnnt lD t[. firfffr f b
lu*r 0Affr sr hnxrttnr l*ilnf, rf f|ltlbr XrrNrt
orf larlt hq n$rf*rftr rdU.otfb rrr rt:rdft
filn Hrtr r yrfrqr dlnfr la b n rr*.

Ittr Gfiildt brrtfl!,&effiUrt*f t'fr
I'r*rurfndr drnnr rmltrty trrr d b oTf*rEr J
iD. f^m.. Ib rnrulrerfrnfrm$ filrt t
cyrtrllbl fdlnd !trnrmr rliil tb FdF dc Dilatl,b

!D tb r$offtrr lffrmUr db.ffi |a b f$fr d cfrtfrr
s*ntil [ brErt (n,3. ?])l rC la ttr Eilrrl-llftr
&dtr' r$tr ry tr unbf hr ESnfr la I dr$r{r
(fff. nt). lD rr[ s ttr forsat rt fr fm*Ur dt

tilatttrl nilfDg ttrt ltr b rfmrfr @ trytr (ll& 7b).

Uu1lct the qfrtrlll'rrfl,a d tb lbturfrdr dlrd,t 1lfdr
d.n fFcf to fsr ho fodfr l b dnrf tr ftr ffit r
lnclnlaorr c ln ffit|l ffrrfrtrr dll Hd,tr d
trrslcfr. h tlfrf|odn ttrmoqrtr ottr.h rrrfUn d
rafiS b.l 22), fffnt*rrtfrg e .qlfr@Ertrg *
tb rtlrl GA Hrf iDil,f Dcfcd tb @ircdlrt
dt frtr hrl -lnlotrl' & .r o.ru b rUrlftr rflr ry h
DrB d!.dr FtilfG{l h dlllcrat rl,nrl u*ry" ilf fr
lEE tDlF cctrlt! tbffi rlllr rnc€amt
fr tb UO*rtn |alEmb.

Fy lblrrlrd q;tlcd$rl Cer rUOff)
158
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il^s:

5"'-5'
f:f

Fig. 77, crystarlization trencLs of tq4pensthenes frm the rtgrolites of

the Tarawera Volcaruic Coruplex 3 A-A 1\ro pyroxene pairs

frcnn the Thulean Voloarric Province (Cartafchael, 1960), X "'X

Ra,ge of conpositions frm the Taupo puaices (nnart, 1963) for

coruparisotlo

l-59



* E ffi fir F*r lr ilrtild ltr tilr f ljr tl ra
Cr lD tlab 7l. |tr rufr d oryr0tta d b ffi fir

Idrl a;od'tl d th lqlo nb-elq (mr t*l}, ra h o-
d|ttf rlfr{b a1f @ fin rda 11*r d U bln
rclnlilc fuvtrr (Cril*rl, $90), n ff*tla tb rryfl.
Sr tIryrd,urll o dd,fr fr cqd,tln to & nd5
drrr t' fr.. -rr$lmr Ea till tr metrb* rltf, b lfrg$
lnfdo d *r€t tD S. cUrtrfr. Ccitrf, (lftl fr

-m lLrt lh. ertlt eGfifil t' rtpflb *|lr b U+[a d|l,
f+mrsff Ur ff{rle |l |rr, .S tttr rltf Fdt b b tHr
6f rqor.luc,[Gffitt Ft (tt6fij,D.6t) flr fWrt r |Lrl
r tb![ffi rrfrtOffr b rwsr rGhot fdltlb tfn -
b l^l.1d,f brn tryl*nll lrr. rtrr rd,n rrf,t fD d13 f
ttbr *1;rilrfl; Slrblrt*mfttEl-ffi b
(f99b D.t0l rtrtrr tbrt b h.. br ts nnf tElrr fb
rofordo rt*rtr nra;rr t! tt da F5 d U filr VCldr
tfr nA @ lrr Et b.D *hl (m" Drr. c.).
!H,r rry fsf{lr Dr D to llr rd.f rfr d b *frtrfrr Ofitf
tb drerl to rrnil |n.1rlllbrlr dtf tb f.t1g|. b b t!rl-
Elfo*rr tb @ lr rt mdn H boclr |ln
ll$ rltb nrrf,n qtlol r tbrhr clrl,rtmt dll h dcf,
rhr

Fr nlrc lU tb c*artdllrrtio d fc$lnl -A Udiltf
nrtlr tbn orrriDiltmrr br bo ilbcrd |r lcm rt r["
(rgfr pIgI) rf m* ($51, 1t6$. l*m ro d., erd,,5rl
tlrt riln.lrr.r{f E! tb u{,t|..f fst*r, sA m (l#.,

9.G591 rffrlhtrd U rrrdf brlilr



t+*rnrr EAhfdf nlrtll, octrat SrB tb rffw

urdlrp. h drf,rb omtrst rt b tilr d ctilnl nt

Frrlrll'b b tleb rt E*r c ttr plrtrrt rfn d rt*ld

b 1a taj fcl cf rtofftc rilnrl rrd lt r fnnrbfy IEa rF

@ ooadil,tnn . lDs'r crlt|crr f*ta |! rtaddr

ilf* d,aad *frtrf}j[rd rry Dr trytrt5;r I|; tnaltrr

dtDts tb aDr fndg:llr dfr irtrdn r fridy 7Of'f0'b,

Er iDtr Ir bdt6' rtr rq*r,tr| tnflogtrc) rr ari rcudtr
tl.otf llr tlr Frn d ptr to tlil! accr c crtrtillr r

prrclodrl (rrya' l#r.

ffia frta cl,acr0 tt fft (ff5a,t Ctt) b fr

r+*trrlr ttr ffi €C te la tb *rndrldrrfr#+
ri rt rry b tgr,tto|lt |! |lb .ililc3 bt u,otil'tl ds r|rr!

rt tE-rur ls rrllt dtb r h|tt *frtrf on0r$. Itlr rfprtr

tlrt tbr fsrt[o {| ptrflodg rry fa6 @ b ff;|f

ll Ir rf gr, 5||l* lt 5.l-f !D & ilI"d .orff frr ie lto

tildng Uatftl.

h. (fgtf" D.9CO) f.. nffertrA 83 ttEl tr I Fffi

rofrttr..tfm dtlr b Sllolfl 1lr

ffitto toa1n;1' gE|aln (fflf) dBtE! (ff'),

bn|6,r lrrt rd|orErrtr ltr htnca tb @ rogfr

bcrtslh. Str rosld b oodrtnt dtb tb rrl5 rt !!-r

(If tb D.L bordroib Fa;rf to h r lr crfdr ctd) lr I

0t ttnt brit cotrr lch- tb Eo dar$r rrcrht llr r

md ory$rf fe ff$5.

Dc ftrrttc d bd.t|. htflra- llr.rlrrflnl
L51 r



.rt?.l}

Fig. 78. Biotite

, O 25mm ,

shouring alteration (t tOjg) ,
( ordinarXr liglit) .

probab\r to veruiculite
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la1 trn rhm 5r rorn, Icdll rr fd ($Zl) to t- frr d

?50'C 5r c|artfn d tr',a ail drgfrt fcr * Sr lt
tcurrr ft cllr or@r lr tt ntrrr d br turl prrnnf
o30ftr3 nr $.il' rra trftrulrnnn rrff t.b |}lI. ft ht

frolcr rrrfs' tr;rrl, r fd|ld;tbb -ilr D
llnrrttol cl tlrrln Eottb fr frrldy aftF d|l b pr||I

fordit Drdtil Hld. nrr.aF.. d.tt tf. i.b t'Sfr
fld Inl3r (rgt) 3ir r.D .nt IodI[ (ltp) ft 3na rlrt -
hrttng Uotltr 3rr[rf$ fir 50trb - !0fc U tr nflrrtlr
rtar rhrrfll y$va.?Ql a.t|rr e*c b l? E tc

drar.

llt*rtf.r € He'tttr lC.hiEnl'
Ertntr lA ffira- crr rElr FU to dtArti'c 

-|r|iJ.ofuil torfur.b trF+E|| stl[rr|ilrr cffi
ntrtfn tb for d dtntto o b i['rtlfdtl rt
Irrrnrr s r rrrnl,t d f,rrff,g ai U fir d||nfnr

bi-fry lt tr tqn d n 
-r; 

tsrtitr frrr tofifff 5$f
cf lf6l (lt3. ?I) nd tb rtbf lffi (<t.!$' Eb Irrr-
dco[.r, br.rl rd,cr cl oprtpl bO & rctnol nil dlalt

@ _ ilLr rcrtr rrrrt1j[,||t, S bcrr d ttr rff

fstfg rn ||fnfrftt - ryn$,r tEr d*rl .alC* b
oGf*rd bt IFqr.

tr*3l (t tS) rtm tD.0 l$r,rfrrfnr 4* f*rldr
or Dr f4ia fr'a Sr tildltrp Ea Sb (ftt) b. eptlf
ttrt 11l fdtdr cft 11r r-rl|rrilcrl3 r@
dt*rtfcr urfdfb b tUrar D nlur*r cdt3 h
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l;;16lry rt !*uar j.r Smr lrA r tbr nfrffoOn cqfrhfr fl
tbr ro* rr.r dlo.ltnra, ivmrrt -trltr fr fnt*lf ttr
r$ ffbry.

Etg$lprf D datr t' lla il6 U,otltr (ttrlr u'.lr||} d
hmbletbr (hrftlr brslnlm) fr dlrr{7 bG d^nna.
olllrtlln rrll tdbr tfn brfFr|lr frrrr rilm3lAtfl
ne;e$4rt@t'bdnrf bl3lrIndft
ftfd4ar a/e ntru. Ian ft d.r ($|l) br lIUra Uf

Fogj1 tlr tn JE, grllcrlr GF tbry ruffr Ir rtr;F 3
mt4rrt fr EgtLtr. tfrndy, fparr r f nGl dtrdr
fnmrrrrrt ffi Et to b b*....O lff

nrcptlo r crfis n d tb Eotttl fr rffna U flr FdIf
tbld;n' rld nC tlmr c.r oC gtffirrf....l|rdly rll rrfn t'
th. sfcrnaf t0otlt fr &rttVrf S;;l rt dr ?fffrt D.tS). D
tlri. rt{rr n llf,fitdt torrrff,r G l--t n ellil}.
dtL rfnrtl,tr srl fln 3ld$'fbl{- (tl3i ?t) dnfrrtilt o

ffLqlc+ Itrrm (nf. lI) n m. h I
drflf.s trlr d dtcrilf^n' dln dl Gdnrt cfrtrfr d lf'r-
b, rlHf flrfrfr ri rfrrtiltr u lr tl|b Ol.

Stbj-lfff mdfrf tllfl.t;1ltt'dfdlrt *

Sfn dGr Sr lm n ctltrf (fn S d.r l?!frt trlt0!
Idrl fSO, p,57) o L dfrEc br S lrrd b |l. r
frrrtur tt lrr rdrrrf jrlrfr. DPlf*r-b
dtrrlln n nt ffi Uq|G b n-' brilflf
ma lcDolrr (f6$ rt llrt Udtr tlrrdrbl tr Itfb, H
botb fmlf ld ftr;fn ElCitar d bdtlr ra blr tl$rl

$il tU.r r|tcrtiilr lo lt gr-qnffU$ trt tqlcrtrr l| b
- L65



orrt fdl.tf,|. I[!rt r ri En (tren, pff?) bf, rh b3 elt

d1f tsl* Lr fe Dotr- ttfldan lC rlptitt bF|r tsog d

Batoc, |4llrf* - ill (oqgrF futd.f). fr*in r|l1 {rr

tf tltnnsr ls lrcnf fiIt fOl lr lohltr r tf ilf b

Lustsil flL t+*r;5rr b cgt-t D lrttc dasrC

c*S ttr colflg f rtrlf'tr E lb l*ril b f,f 3nfflf

lrrrti![ tl|!r r l[|| d uhrn (lr ffi) l|r lrilrl'rernnnr

69 ln16ror d 1lr,-t tu lL. tf.r L|ttb f*fn o I

rrrtl.c at }t5b rilnr d ill,r bt iltb It t roblb rdnr b

trd,d d) rtdlrtr d dt| lr rrhr rt |lr dlsrrr br* h

to fcr ||rldul3 + ftrd,ltc.) trDcl. .|b prm drrffi lr

tbc b'lotib dntrr tlb ndr tot

t!.otl,b + 1;1'|l I dtr r 1fiffin o q)ot

uil iuls omfi FlrnOly rgnont fu t'br fnrrnr dt'U! tD d,|lrf

b{,otttr rt ffi*r U trtna d ill IA tel3r$r.f tf.i Uf

aDrfp ocotur la rt yrt bcil.

It 113' tb*$trll iLrt thf. dihilc rry t& DfrI .3

g1l rrc tlr u tb fmmc d ffin H,otl,,tr Bd trrd, l

b*rau|rodrl gnDrD(yr 5f ffittltlcd* m I b lnf

dlffuuner b trl cn t|r*Itcf rittlr tilr tI|

TIFDilil
It b rn bn -lln' tflrffaOn r lrtl r fi fl'f

1111! d3;lrl to o+frfirfffr b e lSrer|lrOftrr ra fur
Gl*tt6r E b tn ffrlr dnft JdlnArl rfrr.

Ssfatr rlrdlrtrrf ilrilr3 r. t rrDfiO. tflr dV |l b

W3daltro
-L56-
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ftlg. 65.

Iiolr,l gl,rta to ploc!,ollae rnhi's st* tiru xtIFslfte ila* d t&r

so3ggr Terrard,c cqrlcace O bltr Dcmca ruil ItillO Sdlt
nu an& ELrt | liar.Dsrr nonlet 0 Rslsrnrru $oneg I lab Dnl
D Orco l&lrs EIu6.
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If b ffittn ilgmtl d tt totrf rct rdgn.. rl
glottrd la tf. ryrtr lbfi{-(%o) (nr, Ir), nct of ttr ttU
tttDln tt rrr! oqtodtl,orf fbld d tbr rllofftrr t' b frl
Yoloof,c tor .ail Drt ID G tb frytf dll d |Lr grtr.tlffc
tmdcf cGFr tllr rltrtr trt ptr rnfi b b tl**
dnrl te clrddlln (eaonf , lgfll,-,t'ilo). Ft (ltftq
P.6t5) hr|DoilDbd ct, hr;r tbt r1f @t*ry
da.l br* tmilr the {llr'tr rtn otr tr t trrbdln c ltr
UmAlt rErrl qf tlu b fDFfr{l plc. fLrr r oqorl,tiln
llfrtlTrU tld la n*-fEtr1 tloL ltrl Dc bt ut c tb ruaffa
da. d tt Unfry dlf rmU nrrafr* o to ttr fDFilr{ fn r
tt pctr di. d th. tcfry ett.

tlsr lr tood lcrrErtlc tn tbr llrrl rl*r bhr b
Dlulocd Drrftlc. of tlo t tuf ru* .ryod.tlfl Dfdt a ll tL

ry crrFr et tb Dorit|il - ttr Ddrt G.rTr
Sldtrtdd@rnrtlo (n& It). 15a5;d
Rotouabene bt (f rA f) pgt dnrt c tb fm lr rstrrtill lr
tbrry) dlr3rtsd lf rrlltrbaa153qttr
eqtrldni Del$f |a tD. dtelrr tt fulrfi b-
to *rt t.lr pfq|oofrr hroffn Ul l33rrtr tft ffeCreflr
@tlrrL frdrDa (f) |1l tt nt Gj1r lfd d
b tlmm tD ttr tcrct alrrr rd |a b
df{lr b nr lrr d tb trtt Dnt fuJrctr trt t n3 U
IG-tl bnllrl qlrrtilry tlrt rprtr cyltrlrlri Glrrt
Elri.r Dr. (e) (ffi rb ru{r br) b rrrtcriildr rr
toilL eirgr.DA b 131. hr t$r Dnnry tfrrc h G-tr
nd f.l'd?F fLLd t! b Err*rr rootr (rlff fil u'ttr
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rnt,r-rudlmn trt mrirlfit|lr t*t rtrfrnrsrrrr
b' {!lnr .s - .h c trn I ;E I' rFilft fiildlr - rfl+l+,
rrrts .liil ffi d ffi P|Htf (F d{ilrr |lt
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Dmst) fr ftsfy llu ltr Grtr als th ?grrt r tlr
lb.&rt Ib.

Ifrr|odn
If tb rrtl,r epiltf d ft nfrffrfn tbli|nr n

Itf.ttr0 tn b ryrtr Ahfb.F (fU, Cl) ttry to*r r dl-ff[t
trut ttu r1r.qe' (qp-.). Bcrrfiro G l,nrrs ocnrncf
llllt *t!r # to .lntt f*, ttr E t orfdr rdrr lr fhr lt
tcrbfrot-1rtr dd,t hlo*f d b ffi rILr (fOn1,

mil tb 6 rodsr tb @ ffi Df.t d 1|r
rrbctor fl$f (flrr1. D nfrCoof,n fiil b rllolltlr qlt
brhra thrr dtb tb orffi Op) tb r.t cdcilr1 rar tb
Erhrrn tlrbf (6P) b DS roflc. D olt mft b trt Fr
illol b t'b yurpt ct*url,cl rr rl:teltluz E ordr ttr b
fnlcAft E.hrnoo O|rhr. lbr qr d oqrrff,a (rblclrl
oDt{o.fE/r lLUo ,) lrj hrr, ttt rr, rt hs. tt t p$rtlr
ttrt th. |lll?emc b r nrf,t d |lficlag FrD*tfa; d rg'lt
ral lrt nar0 nt ts tb nfnc'rtr. Frr fry 1g rcllr
&let *yrtrfffrrffic d} lt ptrCoOn i.r.ls D.r nbf F
h*'3 (tcr. c.) b drF'f. of lL Hlo lil,rdo lnr

ft qntdllt|rtlr Ultq f fadtrilfirf, etretr fr
oqfcr r &n V tfdr rofrg sf rrg?t1c 3rr51r b
luo*rrcr t' ro c tb itm bm ?*f dtt rumdlr
oreUlrtry n|tr tnlOfgl d,tm ncptln, tf$ sr ddlc
to thoro ibstfrd tsr Tror (|965' D.6f5) flt nfrtAr n6.
br rr nrrtl u rrln3 furd s dT'tt, ilrB tc r hrdbr r.ilr
fB tb m| Droa rr*rbd od tba llrf\t clrrtd11rd r g1
rodlt tff|Dc tr tb rurytln tan rtg6od tb rgl

- L71



ur lsrrrlrffrmqrtr Dil r* d lf*irt i$,ffffitrr

rcrnil|r llrtb|r arr|Iflr{rtsrb. FErrr ur {,ild'r
b6a111a rrddc 61cfff$ry 1andof,! rtmf tolilr ld b

rir 6; n15l *;1arut ls tb ffir Dhrry lr r t*
.alr ffii !l o dffSry tai rlr fiS ffb fo tb

rfilrr lhr cqsd,fno d tt. 16. *r d s. ill fL

GcrrlDdr to h atenrt r d lt rqlr (n tlf' !tF),

rprtft il4 tfr tbrriln t' tb Drt* rilE llr Ef fS |r b

frnitAst d fn *l|rtrf. lt !r-t dft$'tr dl rr

li 65;' dsfrdyfdrl* drfffr trrrtF S |Lr tlD

d crtrlttrhtD. t*rAr$fr dlr*qllaFtljUr 5
(D.1 Zzlt tftu rilL ry* r irog tr qlc Frrrr rt I tt t'

fb nlrnnrnfr rtrt{1r trtbr Grdn d fi ianr ln
(fffC, D.?ltb) rh tlrt |lllfot Osrrdr3 Fr.t:l dll cn

1l3r*fg1c d rrllr *16tlr ln r rlt ffi b nldlrfr

nil tll,! rt Urltrrr 6 {b th. Dffi rsr|r

r fltfr dtt E,t qlfnt|.o !s ttrt lf b tIrtll f

tb. DdtU ocl r r illlrt rrdt dmi d llr rlD b L

rfs c ci*ldnr rlf qr|rb eilla F $r tbfirr e fr.tt
ta thr 5ro tlrt tlg' cEr lnr b rr * b Dl|||rc.r Drr-
€qrtr trn thr. m rf.ldng !F rD d b rtnlrl rO D.rdt
tU{b b nt*rr d qrtrlrr Ur || rf f;r b th d b
ordff*ql rl rr1d! ds rir bho rf$r* -frtrfr |r
rc lntcr Ul h. dn Ir thf tsr ffiod lf rurffft
(Un) to b tfr C:cd n b rfrdr rlt It b rr 13
t- ilrcqrfir rtl tt tfir fr! rt.qll- rdr; br f**rEy
rfrfn rClf,lH ffiU.rtoqf tlb s-trfrr rf

- r'12 -



itr1r ry .ilb t fr b drrr of tr rlpr c b atffi*

Dry.lnr o46111il rl,thrn qr o rdle rfr ru*fr]j.

ffixp
Sl|ifn b. olf qrtgffrd rr r tllrf,r dsd lE U

@ ttil tr nsrn a*orftr Itfr*S {ililS rtrt

s loc rt|t s hrt r# e tDo n* H @ (S r'

Cclr, ln prr), V aL t|I tto ffeCfodn D[ryttr {/ H

*rd ta tor llr m lE ltr pt ocurlre l nrrurtr b

tib rtrollto rr rrrnhlv tbrt t. codtir d fr u{BiH]$

rrrlrrl t lD{l cctrotil bdEt rrtnailnr I' t'U'r fr faltl

tgLt iI to tb ltlb qo otoo t' b lucntfout r. tfltfbl

*or. IDrIiil rr d,grqt u&a d|f tlrt d |It'lr drffr

(frt" tl5lr,,f 65lllo ryrtrfff,r6 orSlrr llst * #

dll, tta rilrcledtr t trnre Ea tbr |3 rrur f,Idsr rt r

hlfl 516rllt r" totGcr @ rrErr

@
If fr ED d fr rrd^E, Offi t' tr rtr8fFr r

Dr.ffiri rs lL. ryrtr |Drrro tlry tlill, rltl c nrtl* sttr

tro rm ru,lnc rtrdrs d crsfir (f6t} ril FB (rrir) c

rb ln rilDcnlrE rilS d llrr (f#l). ltlr nfltr b n

(rrusEaI.bFdildbdrrJEtrytbldrdt']r
tbrs tt ffilf tr qnatro rbt Dotd fiuer $ilra tF HF to

*frtrfffr tn tf,D Mb ht tdt5)qFuorf reln'ft#

ibtsltri rill' rrt (t966",pGtt) rrm ftd ttr3 nrdD 
'ua 

r*

ilor., tn n r!*r -.D d,mr grots dq b €t otlft rHrr

ln otbnr tt 4d qlrlr' b errprtrd tb's tbol rrr r r9ilr

Fr.."' o6ld, |,a b qrtru,rrdn d sr rl,srr rd tsr cilr'
]..73



D*trDr r*rl+rr tb lt* t' sfiilrc ln b Crm l& ry r[tdltrr

frrtrl h (f) Dfrtr n .llrtn ffir brfdr
d,fil,lro tilr ru* lr r*Srfy rnr bd. ttn L cl-rl tO

h'lilnntlrt 0r.iltddrob b to qlf|tr bIr*lr
hrdhu eUUftl|, oi m (Dfr. c.) L rtrd m ffcrfftn
ct nd$ *Aofrd la rnllrr rt tb ugc t' |lf Crrro

+rrlef rarlI
SCE'

gprtr rnrf$ ftn {lrr! c !a1nd qrtdrrUlL c
tuDfid t' hful trysrsr r 13 {rsr (trlrtcr, tg6o, D.Sn) !a
thrr sr tlqnotly rrrtcl. llttlu (ff6a) rd 8tuln ($6t)

lilr tttrtEril t&lr fttfii tc e norefdo cldtu U U rndrt
rd,o d th. qn'tt te ffrffdrn ttqlrt r grrtl,ad* iil
(rrbrr f5) r&f tttu Fltbllr. s ($55r eJ!5) b. -F trf,
tb rcptts oD.l,- b qfdrd $r oba;r tl ntlrFrer
Cl3 c*ntrfffntfa t' tbr rtrr !lr- ddn b dnrt
DilD tartal to qlfrLr E d tb r*1lt,fa b tf,. 1tfr;|ocfn
Irfd4cr rl Ex;r b.ltzl Ei hr. .ald rff lrr orral tb
rrc?tl.n d b ;uctrf

cHr4ilqUitr
+htr daerrf olllrf t! tb ttlrfftcr cly b qltc$f l GA,

rf rr*r lr prndgr r lrtr lroibet of oqrrtlffd'o fcrd !r
br|,Hflortfo cf thr ffrr*

r40pltr
W clntllr d ttlibdb ffi la trr rddrl t'

Er qlfmfft|"o rtulltrr rAErr IEBSft inB llta tlr
-u4



*trtjfidttr to fm. Dry Fof$U fo E rfe il|r
at Oorlttn tE tfir 1rn ry thrt lom nrl $.ti (tffi] rllsf U

dnrd g furtn6 5 r!r**[t6 ltr rrnt d trltriltr |'r

rrU tD tbr *feUtrr bG lnrrrrf tf tt! tld fr bf6 ntr$od

(r.3., [r fmfrrCoa lD tb br..lt c'f tt. $e6 cqltilc), r tlri lt

qr rtre fcr rft r rol1a[.firr$.ar rr Strrtrd E ftFr (f$)t

sr@rtucf$rr
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?o gtr8lrlf.I! 116 ilrrEw $ Er4lrls rn EIB Frslp rtrE
tn0cntlsr m tb rtrlrtrlllrrttc blrtlqf d tb drrrlr tl

lDr brrte For&. lr nllrr, rr Ll.gb rl:Lor burlt 1r tb. Gft gtot

SIS rrr$rd tb rp?n ln I ll,quld rtrb; tb rdrd'trr;
rhsultc rndl rrsttcr oocrlng att rr bloob fD b !rb*n
lqnrftr' In rry olrofl o I ffir oqflllrtLal th trlrlr

rDp.rr to lrrr b..0 rdtfid @|'lt th.lt rtr to tb rrtlrr.

rEqrfirmF$,ru{ wlr|s
lt rlln f*rurCndrn dsrlr rrr ol.lttn rC rtlt r dll

hffibfldb * @ gnrrat ln sr f tl. !o*r. fF dr
of tD. drlrrlr 1r wfrhfrt ll t$r asrl,tm thr ryrtdr cr
coesrttrly hrp (rrr. I u,) rbilto |rr tb trrdtr rd rfidtrr
rort sl S rrffr (< O.f ll.). .l fi t$CF rr'rtrfr o.ilr
(< f ur) Dd tbil fqr t&. rJr omrttfirntr of tb. ullultr.

& b ol'lylr rw:ltr thclr 1r }lttb fltb!. lalbrtla3
rhroL dmorf, rtrrteil to ortrntdlltr flrttr oil lt la foldr tLt
&rInC nrt o,f th.Lr frrlplt oltvtn ril rtrdtt qpt fUrd
to3rtlr. ttr oouuu rbrilp$n otr tb oltrln ngglrtq fnucr
tbrt s tbr cqottttc d thr ff$ild SfrId, of,fvlD. c*rf
ryrtltrltd$g rtr rltb tfficr ohnlrl rt**ra to trc rrrartd"
Sk lr afprtcil tsr tbr lrt d try ol"Lvln lr tb grnlrr.

& trntna ll0l,8 b prrurrtrtp €tr olltln fr Crrrtly rbrl
ma @ (trudh) oloulr Dir dnrrf fnrqrlr€t
elorr drdrrl Luolndmt of oltrlm, qgrrtilng bt tt lr
ibtlrt flEr ft. tUl .Fru dtb thc vlc d fDc (f9:O, t.fgll
Gs rtrr tlrt r rscrtnm nlrtlcilB brhc rrgnd,u cllrlr
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Oiroze I rra77

Fig. 85, crystalllzation trenils of coeristing tg4rersthene and aug:ite from

the eucrites of the Tarawera Volcarric Cornpl'ex, w'ith an atrgite

fro the pyrolcene anitesite plotted for conrparison (llo79). 1\ro

trend.s are al.so plottecL for cmtrlarison : G.E. Garbh EiLean silIt

Shiant Isles i Sk. SkaergaarcL lntrusion (Deer, Howie ancl

Zussman , 1953).

( Positions on cliagran plottecl frm

177

optical ctata).



Gn [prrrtl'b 1r (rln) rrtUrrtrd tf tb mttprtbrtil,o rlf'rtla
t hG eq[lrr|.tto ollrln nal $r9crttmt ln tlr lt&r. tD

rerobo nqn ol'tvtr |,r iDrntl rnf, tiho @ lr r*r |lr
r1$ (rg. t5). rrylt rlrc 15atlg tj f$3a latct, rt t[;
I'nrrr b tr6 ftmn hr rry etbrr b oearu Ml3 |lffenrtrr-
tic of ttdd,ltr rad +l"dlN tcdt rfr. (r.&r hl'ffi*i rf
Hre1, fgtfr Anr, tfrlt [llbreal $t5). Iu tb !r-r n*rt
horrrrr, ttr cc|rht d tb. @ rg!f,sr ctlt (tryra

thr tffi,m polat b nfCrcftr gortul,rtri b hft (ftil) tr fr
Ssrnlt lrtrrrfo), nil lt f,rgrr jmb&f,c tbrt 1t b r ndt J
rrd.dlrtil d rdfb ltctrl. b htf*rthp cyrtdr prr*t
tn the l{frm l&rttr rrs nrrfV rlrryr rmmib0 F r dr *
frufr rcltr (trr !l& 76)' nf8rrttS tbrt tfry d^o cr ct d
r+Cff"r|n dtf, lD. rlt IIry ry tbr bo rmlntilcrp ht
Srtbr fror I rsll,"e trnlt c frn * rde rut fr renc

f,nlEeail omlrr slqt b thc ermilrrr d tho ruclrr agr
It eftca fcrr trog rofnfr c?rtdr r*roudllf qitr c hncr-
tbrr .|slr rtGr.tr tbrt lt ry Dr r nodglr d,t rrtil,c F'.llrt
d tb. IEEru Gr3 thr f,tnl rtr3lr d *ipltrlltrtnm - t tln
ihf to s ttloorrrcd rrtrr tnlrgtr.

lll$rnng

-

fia clyrtrlllrrtic tlrtor.:f of tbo flldmar itGfsr tn Sr
rrr[ce tper d brrlc mL. lt ilrll lrtb cf dfr.*odrr ll tb
Drrdt rnd 6m rndmtte sr hhrdarttc tn oqndtila (l*lr

f0) ES rbfi nff ir;dgnd rcllg. frry rl frebrDlf r rcrlt d
d.pot orptrlltrrtil,a trlof oootl.rl d thc rarr (pomlblf ro

rqt to tt tcfior). - l7g



xhel3l|ptrPr.3toorr|oerlrrtd'rrucftlos6nl.tr|lr

',?ore 
nqbdter thry hflr r rolllo 069 llrrun0d sr r clfr{t n

ni r tHD crfo$ ilr. lbr oo*lr of tfiilo dlyrtrb s]f c*lctrll

oet d r;dllb'ln dtl ter eoryorruso d tlr bort rrSrrr ffi an

|!Ey r!.dlJ) to tlos of, tbr *tSrolttr. It lc th$ufon nt Fgbrhb

tbt tDry Dj;p bc.E dg{sfl f:Fil tb ffo[ftoe tf r lrocor d

@ l*rna ft 8.r (f9Fr p.355) lrr fil t' t[. fn

oondular to glrl! drxl||) oqrtr1t ta tb 3||l illrE lrnt d)

Go1crdo.

l!h.otbfftu"cofgfylt|r|oogrlrrDt.berrrcrltrr'dtr
rd gdto nicsrtc. bre bn ra rtmlt uroil st d

rnorfifto al blrtcattc rg-:rmdra $r n51ril Filft t'bt bocc

tr',orrfrrglt s.'r rodlo ionrdr ttr r|atfs, Ed rry sorob rrrrd*atl

tn oryoliltla' lDry torrrhrc tec plrrt'oolan *yltdl ll re t'

t*re roohr 06) tbe f!;toar rolsrao (funo, l9ic' D.t6t) GI'ob gr

rsddtcp{ b 1lglrir163t rgl\y raSn6itl'ce ll tb b'jrftll r13f'

b $gnr trtLob 1r tho nrt fttdl+rr r!6f, d tbo rmrltilt Sjl lr

r [l'L btno tbc oalrilo otrt otr tb. oqyjt1f od ff,r tr D'|tr

rc;fn, *fgb f-ncfusor nob t*{'olftlo il'il' l| th"a *!r*rfr

eooll, lD tt lle r!tr l| tbr ugr.f\y llG il'h @

h. I55\r lt 1r turilt tbft tb imo. ry bt tr.6 oa;'[ pl

.|rl.llrtlno d l.la nt*trll rblcl roorn rlt# tbr ryltlo ef,

tbc llq;ild.

tprqa !rexrl4
Onrrtr

Qurrts aryrtrlr €osur ln rort of tb. f,rllor.m ndcrtt.| lnr

o6crd,onrr\t b tb. btlrlt. Il botl orlrf tlry rlr rrtuniba !l
_ n9 _



Mratlor ilo sf l[tfir&. tf tbr hoot noLr d'ro oatrln rdl

*17rtrl,r of ollrls, tb ;urtr nat D. Gnt of rglllEfn dt! {b

rlt, rnd trhia fu ffiF tdlsttr0 W tho ccn rucltlo t' tf.

d.rurrl. !f,r cyrtrlr at tlnr prubrD[y drlvril fi!'r tbc ffafftil
tD th. rG rry rr tb. lo{ifo eonr d th. Dryfoofero fsf'a*rilr

ffit rtoDdlttr

-Dlr dlanf 6otrl tn tbs grl orr{$.r d o d tb Eibd,t r

kr.rr6) EA tl rrqt nll rutr l^u ra rqibt of tbr brdt. D

botb errtf lt nl fcud rt r ilqt rs' rt{p b s' cr**rril|ilm
btrt€ d tb. rl*, rni DlslbLT rrf,fltrd flFor 6rr tn-tr rfir

rolldfflertln of, tb 3fw-rre' l.a th. trr rry n t*u Cl d.l
(Dr6) oourtdhtfl tt ts fc; ta tbo f.t1; d tb. S1a Jurn rrgl3lll

Co&onlo'
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I.:S. 86. Feflt rosr? to routlr of Istrs Rstmofrsno trtdoh tE thmgbt to
rgrcot tln aqrthsrn aordn of tho 0btfrln Rfu€ Stmsfrul.
Cnrtorrqlr ct 1dt GdSe sf F*rotffiq*t rrl of lgr&rtto.
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I. OBI8Iffi F TCID TOCTE

Sr tlrrarrr Tdlcnlo 0qler llee rtthl-a t$o cestri,nl Yolada

Cct$or frtd 1r nCrr6rd tlr $orlt (|96f) u bornrdri f r rt{
rt*rn$ro Stu fit 

"Dr"trtlso 
tr buil f*anff c bnqfn$fo

cqr*trdn d tbs ruBoln|. Gmr, but cu fn prrt r1ro br ffi
ty rlilSl6 thc frutt Drttd!. te Sr rqrth of Lb Botcrhnr bt
l,e r rrll ihrlopcd tblt Frp, *loh lr rfnlt rt rlsbt m3lrr te

th€ ractmrl tscnd (ftg. 86). It nmb$ly oootinm to ttr rmtl t'
trrrulq H lt ounot to tfratttLd, tbrrr brcru d tlt* t ptrr

drpodtr rrEtr6 tte tb firtt m rgd'n 5. fdrarrA to tb. rffi
crrt o,f fu lcntt n t lr !lc, ld tollnA fc r dlrtrcr .f $'nt
il€ rllc brfcr tcccfaC oDlurol, Uf ftrr|&c tqlerr lt t[r rcfla
loortrsrr Drir d o8ahr tqFr, f.t r & fotoltt H.. Irorlr
(fUortr*" pGtt oG.) me dfrr.otly tc thr .fitb clt d tlc
atnrrtflrr, ttilc an bld fulted nd, tl,ltrdr rrd flur ttt cttl,rtil
r|p d thc EotoLtl, hfor Ircofr ronot 1l tnllcrtri dtUD th. h$
ti6rffio 5nef (rfqrcf toctl.S, pcr. n"). IB tb. Isrwr
Crylrr (to th. D*-tb rrt of the frrrlt nit tnrldc tbo pqord r|qf
l|iltotrmr) tn* loprt DoA ldcnttfilod l,r th. Esffierftu rllbr, ilil$
lt nil te;nrr lblr rrryEcrtt thrt tb crl:lc bdrr tf, gmrott

rrrt Lrrt DfG imfbttci to r lcer fflLf dtilr tbo rtrtcEr'

Drhg e rrrlfrr hlrtorlr of, t&c 0trtrfr Yd.snfu €ttrr,
fCnhH.b rleetr (r.g.1 tfir Srtrbtlr sd fdnCrrr rlurDrftrl) rrctr

cqrtril (3rtlry' tg55t Hmfy rt d., f96f). Dn rrr! frUilrf F
erpticr of r1af,rfi["ilf lxrl.ote (r.g.p fst€l,tl, bfoo bnofr) rft
IID.l\rr ctntl,u d firol,lto dnsr rrd fiIa rocqdld !f
e4lcrl,rr crpttcr of, rrbrfrllr tqfin" Slt.r ty1lr of rotlvttf
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b1 mttnrrdt uttt tbe Unrrnt il4r (n"rfVt f959t P.lO)'

!b c'fsfn of tf,e eetdl bn hrr rmA nS q, t' D.tt{r

(lg5t) bs ntrcprtad bg tb,e r€aEr lr dlertrrrd tltn r S{ndd

ltrolcr, ni ooryrnrf tb Tryo Tolruls fu rltb Iorf-s$ n3r tbo

oaaqt o4, rot{ rtcrtd t i^lS foeord lrim tb| rrfibl ln ccJnctln

rlth bffrttlo volsnfror tr rldtly nqtr& Ioat ilj; t3dsil

pctueloff.rtrr bmrrrl friua rn or'LGta rltEn tbo *urt (C[rrf,

lgfl , 1ffiy Strtrr, f998g hrtl f96fr $551. S. rlr rUrnt

ln frrorr of eglrrteil 6l5|.n lr tho frta wln d rde lsr b U

trngo Tof,csLs larl1 prsbebly rbilt l1m0 ilbfo rtlel (hltr |!ft).

Glrr* (196O.,B'f23) bag Erloulatcd thrt .bo|rt t D aa$l3 dbr d

brglt r39 ;t!{ulred to I illffemltleter ct ouH,o rlle d aalt bnr,

ro thst frlr ltrrlVr r lttilted to}1;t lprQm 3rbl,e d.l,sr d trrdt

tilLd be nglnil. If t&tl h.d brypmd ID n t lrrfrad lt HL

ro€D lo31orl to r|lcct Err tlrn tlc @ cDilt d'f. of Drldt cryt L

f ffiher c;trcat rlrtort r tdllfifrrunttril,ot rtG*n lr b l|.f Cf

r cqp.l.fFfury rttnDrrlo ftutlor A fe bl,ootsr of n}*ufh

blru bn {rato6 rt 3rn6, ht no fry $lntltls t' pcttbtltr

ut ottc nltr$ufs roohr rrr lam or ladtcrtd $r 3l€[ldod
ltDodl.

!!bo rtelic rrtnrlal 61oh csrrld ntu&o th rttr fr r6rf{7

ryeml'etlrt. Stelnor (tf$) bu rugcart d tbrt lt 1r ;rlq ht

lf thcrlr nrt br a ]'cfp voln of frrJnre f,rgl'tod Ee tl.

nclon th.ls 1g r1ro r gil.lbl:LfQr (Cl,*t, 1960l. Sc H'Sb blV

t0 *e d lhc lbr Scrlend trq;;rnbstr rd tb oaprUfr l|lb

trteqO rltlo b b d,O rol,ontc rl*r r&r lt r rrry ilcrbfr

oboloc. W (f96$ bre Fllttted thc mttw Ab-fapQ ln r
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tctrr{t illrgns ail flarlr tbbsr colbfnttc of graJrr*o rd
rrglllltr, r rocl of rrrlr drlitrr oryodtto te thr rlld rnl,crnlnr

cs br Dmhdr

lb lSnllter d tbs Trsuen Cqlfa f*r nfl abfir0 tilofi
tf thlr coryrorftt.mr rsr gl.ottc{ on wo lolflf r lllf llr3rur (nfa
70 sr0 7f). '!trtlt rnggrrtr tbrt tAry hlr faebrblJr cfeil.rrtn ttr.
thc fmr rytr rauros. vglttio ;tt[tn lailrt{hnl 6crl3 t*ct.tr;
nt8t3ttr thrt ths hvr rry brru rirm to nptlltc lersrldir brGn
cuptlonr end ottrirrtrlltrsil unilcr tlfubtV dl,fiferrat omdltfo& lt
tlxr ttbe 16lr tlil r{tro tbm m nrenol^r ry hrr tara qtr0
rt tho rrc tlrg ail tH.a coutd |ooout for tbp vrrlrtton ln
dsoldqy Fera,t, for dqilc, ln farurrr Dcr ft fu porrftl.
thrt 1n rce .*-n"lcr tho ?trirtion €rln bc Eet tc dlft?rrurcrl

rt&tr ol ctstnrl hflc n0lr nrcrrElr. b tDr InrcGrlnlb
ttbrr honrr, rbo$t elirrf gntJ,tfcr f Eo tr}or of Infm rrrrr

rnglteri atrfltrnsourry, rrd tb hd d ry lltcmffrtf typet r&r
tLtr tnllhlJr,

tb bclrbltndr-Srytr. (boltr na grscatorltc cu bortl

rood.dr$d ccryrrt'lo ;tth tb loohl rttil ftfob tbry Ers rrytrl.
fhr rnaodl*tts bl,o*r lD pstlonler rh srtfoce etr hrvtat

oryatrtr'lfucd. hlth ts tbe orrrrt (p.t OO ) urd pr*bly rrprerelt tbc

plutonlo loot nhlah lonlil hrr *rrultrd bd tS. .raF nfetrt{y
cr5'atell!.rod rltlfft rytlo* &s tutearctr,ttsr fu oaal.rtd d|l
tbs usull sculrlooe of gultc c ffuoi['*ftr phrta fD oler dn3

rtmot'uroq rrfr; Ccatsltl filng Grylrr d ths lal.e of lrrrr (ErtU,

f9*) utl thora of, U*tra Xlcnrta (Jeoobrm; Isl€od Ed Efrof,
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fgl6), h 5rrdte lB ry d then gf$tfiI r1r c&l'blt ttr

n.3l345rrlo firtrrCfrfil frEil ts tb! Ilrnerm&.

Dr rold.Dtd rJFt f U. frbtr rrrrytln (||drHt t

Itt.) tNr frrn-bllr bG oo.t0 fD tf ttc rUoUtc 16 r ufir

b te. re?t1 rO ftc frt$rgrsro ostt\tlrtta af e.|r lrUUril

rltb tDt13 13 tb. ffi rrd"c ffir ldlrrf,ilF * hp

tbor la tb tfa3 rtllctnr ro Dr ttdrl.
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h q$'IF F nils rrc
D rat rddlnr trrf,o ruol lt trtun tr th. Ufl d'dn

brrrtt qtrc tr $61 rilrl 1r trltrorl d tbr trrdt tF eftrf Ir

tbr ffi nUlr (nmn |'60). Dsg 1r llttlr adt thri

ttr cfgg 11 ttil dfrD & rrrtlr, bt tbe re{m fc tbr lit

ddlt cctr,st tr ibbrt$lr. bno (fg€o) ltfar tb Ea! .Int!.

Drrlt fa gann tf rl ff-V rr0l fntardfrtr trho ttd,r$tr Et

rf.bll brllt1 jre froIrA U F'ttd r8till3 d tlbr ntlr rt r

a?tt d am br. todF Dd lurry (tg6r) silr tmml t|3t

br.dt dtl r ltll rfdll cotEt cu fore f+*tlt rdcr d foilL

tb. teofrfft |lf cfttfD lr||tt aInDr. Er rttrlffir| tb }t|}

d:far ortrrt to tb f,rilr ront C ffrffnolrr prntr fo||l[y

6l rrrryrf d oll"tno othtrr (f95lt p.lt) nrprtr ttrt lt lt fr

rry t&c r1;f rr11br trtr g*Log bt tr l;lctcto tr rorrLa*r

tbt bf€D rfnfm Drnl,t ttilt tsr frtrc*ptlc d b .rr.t d tf.

r{rr l^a r lor lluff! rrdm (Irrrrhly dthfn thr curt) ft|lr

frrotfmrtfc oooan rnd. r tL#,d rlnb ll a6r'tfrr ffrCfodn
rtr0tr.

ltb fuuar trrdt lrt hrru .ftta omtrlr0 | lodlGrtt -
h{6f. ectoEr d rltcrl c rbrertri rrnc o rrntc t tL l[rful

llor thr l*r trlarlrtril rld \lCrrf qrlcdrr' lfb erolnf
rl.l,t brrrlt hntl'll d thr rrB f*Ol' tb uft crrrytlrr pufictr

ry rgpr*ut mbrrut trr brfr3 fcDi [r r ddl,ng t{Ib d

t&or lrylfrL

D c'fG|l d thr drdtm b drbithbr b Er*r rfrfa

brrc ccf ftl ra adrdt uotan ctrldr{ brftrr tbr rrllrrt

rldbb dcg ri ?rrun Fmrrrl tHr lqfoto .h!!Dr |l oDr
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st t Ebt Etll thr frhffir rrq;tla r*rr tbl r+lthdfr. f frau$
r.rnlrrtlr ery (ro InuCtr f ) f.r th r aLfC!0 pod$r
rgntlo Gilrfy curt tb eltoor bt tbts *oI1 drr b. .Tfl.frd E'/

brrrft nc tlr rrfrmr rrd U'r fe.r. fF nr lfblt

Eruor n|rdtr b foLrt(V tDr ngrrt rbc|ltD!' b U.D

ddn trd,tr oeccddlylln$t raibdtr, cd tt r4tu dtl
xflr r lrr ftnowfrtr d r$l,tr ei oillrlr. Srrtr rif plrd.col,n'

Drrrclt tn ut lgrtrsr Gt gilar.blgr dclrd tltr nld !!ott, ra
br .illil b tb onr of til. hffb rilr ntrt d tf,r allnnf
rr{lh (nC hn ttr ar r&r|,ht). If tlfr tr ttr nrcr
bmrcrl the cl$rrl !d rrt Lffi El I lrfdnreU fr .lrfn
octtutr fc ln ?|,tr of lbr runal* ruqfrt b ontotlt J qb
fu llnr tAn Srt sf tr trlrltr lr ttr llrr rrt br tH filnlf
rt lcrrt t00 tr*r bfbr t&c ftiS rqrtlm (1.r.1 tdbr tb lfr
crytfn) thtr ls amrlrtat dttr OfEr-rf r rtlntlc fc tU *|.dl
d rlgh rfdn brill,t

ttr ra&dtr tatnrto lr roartdhmat to lrrt filfnd b r
flnlt:r er tb brrrltr !r tb lr0tcr cotdlr ry rrff fncfrdru
d ralltt . lln tb frlle*rl kols d rsl'olltlo nt*td, l,l tL.
trrdtl llcqlt fc hl'cb pt&d qr nr ttr rufns rffprtr thr0

tf,r rnt FI'r nr fnsf$lf fslrlt eril b.lr rn*r. Ib rrrtr
tlo fn tstsr t! th. Eir.l,tr I|u c4.rt to ndalcr rd tb
crrElrrao d Dfre Gf.rr la n rryfr. (t.3.1 f ffStL nlprtr tDrt

&r Ist*urim drrt rr*d tb Efiilr (rrnOq f96t, DofOS

rr|rcilr tb ryrrr drDtl thrt rdrllm fcr tll b Enffr rrlrf
to Dr Im fI' brfil ttr @ -tb.) fa trrr t' Ul

_197_



ttr cr nr tr fflidr bt rl tb rruat rrt trt ocqrrrrf DrFildr[
cryrtlol lt HtC pnnsly rc br Hei dG lD. ilnrr c
dc*rqnd V tbf €16 rrAtfcr

D rbnft 6,* tr hd rfnrt ltln$r.f, rryltr d
ol,lrfrr nDmtrt fr th1[t to Er m rch€m tu*, tbri !r
$ro,l3 d rf,ro*rltr tr tto rs0rrftcf rrtlrrilor str rillJ
noaot fc thr ct'rdrfla fi.r rg@o to p*"F,tls rTfor

lDn not pr*frtf,r d lbr uS *r b rryLtrrr
lltaro rn urlly rrfr*Ui lr rc\y fErO nfrrfrttlr d,Hl r
br.dtl'. rrrrlslr (mo, |950) rl tLtr fr frilrtW b rrn rt
Ir*u*rr $.fr oste crrbd aatnm qlrrtr ttrt tbry o oqls>
t$rly dql rrtr* ttry cfil0 refmrrt r rlllml, fhdlr t' I

potnfnUr todi rrrr ttr rsrrlt to tb rryotltlc d r tudtr
ad f|!sr trrErr ll tbc [rtcrrtbnr mrttr (r.6.1 tb fUrltla C
tb @ fla tb oil,l"tr| rlb Frr.rn d sito rcflnr tc

tb Ffrafoolrrr rnt it offa El .cff! nfd{lar b b frnfrrr)
n lrtrtlrtto d rlf ntrrlrl !,r ng3rttoi. Earr (f! nfsDry

rnd l'hnrrr l9!Or D.ft5) lcdirnrd thr erritrr d ffi tr
br r rrarrui lnoibtl bt tB tH,r crf,r tbr lrlrd,btto nt f$c
to frodrr r nltr of Hottt si rf.hll ftld?G Usff mltrre
lh. lrol d tbrc rl,rrrtr rt t*ur ry b -c to Sr ril*l,dr
rrdrllrtrd fr"tl3 r b Ds0r- ootrt (.r&, frlqu*r c tFDr
llo{,t ). It lr l|lrft ttrbdrflc qll'mat d tb tlnilr
ldttlt r tlo*f of rsAto rrl arf:trd trtc tb fatlrrfn, rl ttf
hlcob d rrttr truflt to ttr *frar lru drrfr mrtrd rttl r
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R, ffiSlgIrDJF,PIlnIlIG I.ffi..ilo IlTl- lqLlr trnlF.ar

ft b1r rlralff brcn .trtrd thrt trst mtr of rli lrrr Lllr

Drca cnrytod fiF6 tbc ohtt fnr Tob.nto Cutno. IeGt d thlt trr

bseu ln {trr forr of ltnhbrttcr tlob f,lan fc u4r dlcr rrff fiil

th. ecntre of onrytle, th. Irt bfnr lGntnbr{.tcl fc qrLcl f,Lanl

rg f.r cgt tr t!3 frot d tbo lbafucp1r BrnCe; tn tb. nrn6f tlhtil'

Gorgc, lO rf,lcr 6rt of ttrr proDorca of"g atruoh|rr, Lt ls ltl'Ll

ljo ft, thld. tbern f.s?c mtpewlae;a d rrtcdrl nrt bmc rCfootrfl.

tbc rtrD[lltt d tes omrt tD tb Eet, enit rrc l{l?r\t to hrtrt oF|'l

o.'rl{trg sf tbc rrt r{,rl cvrt'lyfns tb p*-ttd\t rryttril r{rr
grc*rolr (U}fftc, f9tf l ErLtL of d.' fg6f )r to prrciboc I crrifig.

lb. rlib1gpril dg,etr:ths,o of, the lgnfrEtta ls drs lllrely to lffi

tha loril gnrep l,a ttc tnilhtc rd8r0. srllr rnO to ooqlcnnte fc

thlr.dsnnr b1,1.l,t fior r{,tlhln thc rlntle oou.ldl rrc qr tnto tba slr|t

11lr rilbfntl,e d trod ooLlryrt rnd latnrrt$ of b$rl't

rflle t ad tc ornro rqf rrcfr ldt ltr tbc trrrraF ofr (nr probrb$r

usilcr e l61a5' rolatlle Drlfrrf3) to louB tmrdr tb rrrfur tmU$

f11st6ler d3|gloDed ln tb osll^qrred !od, or lFored tb IIrTIn d

th. oaldere. l&lr rtr6r 1r ml]' foon rt Yrlter 0rldaEr ftu

rnd rcrnltr in a rtag of ikrxf !.r.r thc rrrgta (gUtfr ct g1. , l?61,

Flg. 3illo.f ). In ths Olftiinr Yol,ernic Ceatrr thLs rtrCp lr lcptl-

rcntedl W ths eXle5rt d dlat (rrc Ett, 2) tE tbr mtre etr tb.

rtnroture eA tn tDo rmt-otsoulrr rrrrnGnnt sund th. Gtl

cutcra edgl.

h.. bu.lt royrd lato tbc crurt, lt oola bo rG?eotcA t9 tb
f dllfereatLrtlot proocu rntgprtrd W 0tE*r (fy65). tir ftrat

rrtcrlll to rslldlflr, prnrub$ rt tbe ril6or d tbe b.do fntrurlor
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rqfld tcad to bc lorl llr rfniltler rad &rJ-Eg ltr r{re tb*'stED tba

or.rt rcrtrd b€ u.roly to uatrirets roro of tb tryotr'lte frFlr.

l.5' rqyLag de6rec to rhloh thtr us&rtlrticl oeotEr oould nfibot

tt' Yarlrtlo lD thc rndsrltpa at $rrn*r tlu trtctr rsa€rft to

ro{ls 5Jodt . Qloe tb tr|3fad brtlo lntilfio brd *Vr|1l1l5i

lt rc,rfld Dlagl& r rfbtrt[t f,ea rry lrta br$lt Wnfffig (rr t'n

fSI6) ld rrrtrrd fiEttbr ||rtrllatlo. Sf tf bt6) GuDtfnt

muld bs rsatr to tlhe Frrcntrl conorltltn'

ln r51nant rtrlalt trlrle $potlrolr ls tbrt ao 3&rttrl utr

fcrqd rt tb retrr ta rr|ccil,rtlc rig oilb br|rltt l[ b mo

Lpu,. It ftill,o bs rryrDe1rrds b3rcrrt thrt tb Eft l:srlon forr

tbs Dtlgnr d tho endufte blodr rt 8rl|rett 1g 6o r,rrt*.Efrg

itrbrror qttfm. dtd lt mt tc6 fc thlr rrutl th. bn Filll

f41nrybly jtill b. ln plm rltEn tb du.t  t tb ob bult

erUptlre ocntrsr, thcre br13 beea no eplo$w 1jla 6lp}l6f to

rJrot btslr of crrlier l$mrlcll ud irrfitlcl'nt F** b.r b.r

dcg cn tbr burltr tbenef,rcr to cbftk for rnll udltbr l

finrf nppcrtfag pol.at 1r tb. ocotrnilr& of, rdmttor rt ldflbl

(grlnfl,cy, fg65). !bc.o oocNa ll firser tt tD. lltorilotlcr d

fflltr, rnd fcr rd[ !n flrl rbt6f, tlfD g1pfdfy gl$t fic tb

Irotr. ltry dlffir fiE tb Scmn r&rltor ln brtl,ui ao ;tr-fr

pUcrrc6yltr, ud lscfr fcldqlrrtr sD d Bdfltm rqlorttt'o. tilF

o1r33p tb olerc grcolrtf,m rtlt frr|ft'b3 tr 6qf 3fD|lI} t0 tD'

Dsslrorod oc*'rraoe rt tgmlr"

Dr f-Sn et1Cpa3at of tbc bilslt cuptln rntr t! tb 3qo

Volor111o ts. tr r6alr rtrlllry. It ooocr rt f, llla (uF|hlf$ra
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*rrrUc) rnit rt Sunlrr hst (F r. o-q..) bns rlr rCfprtr{
frm nrgnattc rrldrnor tbrt tf,ctr! lr r roord eye rt trnnrr af

rl.r{lrr orhnhtfs ed tbtohle to tb rrfs filtrels hrt rar*rl
bnndred y*{r to th &nth rrlt (r" $poilUr l). fhtr ilcr rot

rvrh tbr lrrfrrc, It oald th. D. tbt m tE tDtr mrtp furtta
lorfroot of th. lrrr lr ocffiJlail \r txr IS-|il frrltr cil tm1laf
tbs 8fllo ft b.s b..c n;3rrt.d thrt bstore thr frnh+tr oqltto rt
tr*rre*r r brdo qtb offirild3 r rool thc fr ttnflt to mc
trsr r tell to tb ratb errtl rnd, ro lt ibrr lot llt
un*trronbl,r to rrt3gilt tbrt otbor F-tf frratcu rtt cortrla bgtt
rt dcatb+ If, re, tbcn oql,d t tbc bairrfDcr of I tb fiil
roryarrllr to tb.t fcra ln tfr Ctad, rtqpr d qtln ll tfr
lbulorn wf.ornilo Drlvfn d Ecotlrd sd lod^g&
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ru$r
f . tglrura Tolorsls CilFfil ooarlrtr of trlrr r$offto dar

urti filorrr illob frll $rto frrff rnd htr nff;ra'

2. b3r na Grltc lhor ct rort nsft cadotnil fr *tfft

frffo tDr rurt rn ubrtntlrffy rqffift

,, thrrf3 ru tf,o lolEro. d fcrul ttrth|ir dryodtt tbilh fE]r

cnsothl detilr f6l oqd.6lrt|oa of thr rfirrtfsnffir c ttr mutrlr.

l. ftr6 th. fibc,sr cqltlo t.1p4'fllf ttFr nr qrtr$

#"r 1pdato! rryt aor h rsn|$G! ui crrtat dim d trbr rsrrtdrt
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ndcrltol ubruttr 1ail eusrltp rctb e,tsotcd rtth tt| ]t'offt| |tflffr

ffiS tb rllsor rqttl,c.
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SPuSUIC rcnffi
Srtr sr ihe to tt Dlrlctcr, €col.otto.f IGTIr rrl Ctnfrilry

Dlqlrloap D.8.IJ,1 for b|l llrd ooopartl.o fr dl*lrf thr rr d
tDilr .qutprt dhrts6 ttr eu,*ro of rtn{r. Ir prrttnlcr tlr
Ftt r rool{ ll.b to thrk Ir. l. trrrcrs (erd,rforf E!ry) fbr tbr

Iisry drtrrtdntirnr of tlon ooat [t ln Diotttu, sd E. J. IitolLr
(mcrfrtry Dlrrrfc) fror Llr fdD rad Detfru fn tcrntfeg tb e-t of

obrd,orl or$lnr.

fllbt d aooctr to Tcrnrrl 6lna to tb c{.tor E lrcf
fffdn nqtatrnt cd fnib re tnrqtr Dqrrtnatr lotoatr tr
rofnorfrtedr nd r glrf ertr of, thrdrr Crw to Ir. D' Im.ft
rld I!. t. Cmlll lf5prt, Crltr $.Lool, frcrdrtrrl,hr !r tt tt
coqnntl,m lnd rrrlrtur EfrC ttbr fildd r**.

otlot 6rd,trr

tfp!*t llrr l. Urttr
@ d !{De UryfrCu llt. lo ldll
Efrtcu lrr. J. lerGlcld
lnmtr Hatr ai Pbo'tortrtrr 6cdn l. ffi
thlti:Lltbill6 of ilCr. lO1 flr Z9t Bry,fr/r ttrrrrt*fd.

tewtom Ltd.
gilnal$3 DoSila6g gfUaffrrtr Ifil
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rppBt[Drr 1 - uc{qrIc .silnw,Ig .cp sg T

iBtFs&rctt.o

-
Ebr tnrrerr Voloslo Coqrlcr tl an l&nl locrtJ.on fw rgnctfo

!"nwetl,6atlca booeure of, tf6 lntcr-reletltnrh$r of r$olllts sd br$lt.

Esrollto froc tbs anrr bar e luut rrgnettn d rbout tOO r t0-5 oGr.

unltr dtle b$ult brr basn rornrasd rt rDout 50rOO0 r f0{ gfr uril,tr

(Rut, pGrlr m.). ft fu thr eily to loartc htelt d'tL& ryoUto
gTer frrm ths fomr bar not rerheil tJm aFfece.

Inrrrtlxrtiu
lbo flret tnrerilIfttl of ltgpctlo verl,rttsa tt Trrmrr lrr

rrd. fn f9!6 !y htrorhmo (f9rS). Hs trurerred tb f885 tlrasu
tD tbrlc plaoae (I1g. 8ft, - |.re pmtsct at broE of thmtr) rdnf r
8obfflt, Vertlnl Yerlmtrr, ud rdc rrndol rrsrrcnntr dllrilrre.
Ia bfu plpr, btlcr-Mo hu eur r rbtob rry of thl r!.rr rA

brr rbom drtr flu tro tnrrransrr A tDtrd irscrt€ 1r fui$srtri o

tibc lqg bg r rrll rrFore tnd tno ibtr gl.na ln r glofiLle ln blr
tl4tro l.

In f95f r l$ rlrboror rs3nctccter nsrqy rrr ogrLa0 ont otrt

tbc rbole Sotonra-trryo tbonf rrrot (Corrrd sd lrfrlrl f9t5). ts

fiff8bt ltncr omrcil frffitrae bnt m rrJor r*trtloa ltr rrnllrt

ibs mat reoent .urtqy rrr orrrl,ed fl$ bgr Euntt, rbe tn f95+

nds tbee ftrtbrr grmC trlrertar .erolf tb f886 filunrr (ttg. [7f)

dro tuliag r $ffi.itt ScrtlorL Vslatar, He rllo m-Nrrnr{ tb
t$l, r.r r prolcot ndsrbrbrn W t,H. ltBDt fu e B.Eo. (Uor. ) Argfeo
rt Tlctclr mfsurdtf d lrlltn6tc, .ai rl$ of tho bfoilotloa |!
tltlr lDp€nnfr ooror flor hlr ryuhltthcaf tbmler hof'd tn tte C'rolo6f
Drjrrtrent Lfbsy et Ytot*lr Udvorril.ly d hlllajfim.
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t5ilt r13p1tl11 of t|e ilo rrle1l 1pr| tnpr rt lfr6ar

Icritlr
b 1jrltt oC tt dr ffmal trrnrlrr IS Err. |tr Ctril|

*t .bg6 1j ltt. !f,;" F;lqfilf. f rrrollrilr ao nJc nnlW fr

jflttt rryrrfira 36roD1flv r 1a;1lt of tq)qt31ilt. Dntlib t1 1bl$

g.{of.cr ngl ttrr oratn of t$t lln of thc crtrrr dil r rrbl

ccrru (rd,n *lt c-n). tb rrr ra .DT. of luf rytJtr
Itrt tbr brillt 1r rulz m tbr ctllr lr tt crst rd r r

tftr, tO !!. d,lF, ortcrDr b ltr brldil bh.s crrtl| fOS fl.
(rppcu.) b ttr rmu ilrt, |Ltr tr nocflr. f fil'c Elt
gr De rroog|,rA tn ..3l !s*llf. to tl; f,Etib n$r r frr r lrb
fotcrbnr rfdr: tb osuttru arfnr of tbo qfb.

r root mlU rr Sm t! prof,ffc $ C ra D (tl3. gn) S
tbc ronltr rlrt of tb dr lfmtr Str tr mdffi !f m b
bc r fib rwtfor[1l pUff to tb rr|l tfrrr ls fl't &il Dt
llril trba lr*br. !b r[f.c nrdt b fcdtla Gr lqc'C dt
pro;lg E an6 D, rry ralbct *t,rtil,n lB Sr rdn lrfl*t urrAra

5l t53 pocrd Sb. It hf mt;pr to atpl ffic ftlf r|t
ths grdlb l.

$llEI,
f . I tr1dt 6rb drtr Lcrtt b l.a1th d b f8I6 crlf,rrr

Itl!|Dtl 1r*rr

2. Sfr tfir llorr rot cdLn !il'tf or$ ef iL ntdrr

't 
tirT lr pollbfy r locd qrb, d rrrllr Es6r $Cil

f5(S ft. rfiffi md of ft 1a|l tilr, -fob dnt d Ed b rfr!|'
-206-



frfHlgqsr
Tll|ll}, t& I|n IlnIE1 fJ'1 1950. rrunectl| Frryr |D rrt

tmlnitl fttf,-98' D.!.IJ. |rqftrdcrl 5lr Ir

W' 0.t.r f9$. M F.'ft of tir Islrliln t'
hlDtl. E'r |l tlr tr hlrOltmf frltn f't' Jr'
LLllr3t"r&(s)rlrx}4lr}

-2O7-



aroP..rr_i!

iiIBLIC€nfFfil otr pAPEBtl li8ltTfill AitCUf

ltB TARATSRA gAUErrSl 08 fotn JINB, |BES



EIpJ4ggEfEmL-g!. PAI'BS !$ITELlpnIr rr{E-r4gUffiA 5BgPrI.gg 3Il

I o3F {rr}18.. t.qL6

AI[oH,, f 886. The Tolognlo Wrtl.on ln licr Erelrn& ilrtur€, &
275 and t0l-!01.
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HrE. iBrt' r l& 161'fO,
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