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**gidfl» «hioh includes tfe* wofit recently aotiv* 

volcanic osnt** on the island of st» iaoia in the '#e«t lndl*»» is the site

of a r*le lively aaoiest volcanic caiasra. This nt^iioturo, with a diam«t«P 

of appvexiaBteljr 4 ailee^ fed&e an &&® of definitely sore than 50,000 yea*ft 

and probably of several tiraoe ibis aira* Apart &ea oontizwumc Bolfatario 

AetiTity» th«r« have baen no historic «3puptions» &nA tfcc aorpholo^y of tht 

oaldsra has ba«i or^siaarabl/ aodifi^d ty «roaioji einc^ ths tisto of it*»

histc?y of vcloiinic 0v©at» in the Sfiurrisre region faa^ b«» 

inte four n7»i.fn^pal phAn^ei tfe« first involved tfcs rtfftision of 

lava froa v«nts both within and to th > oats-t of tho aito of tb@ ultiaot* 

. urlru- th@ 8*«oa i ph»e«i following what wae prcbebl^ « l&nL; tieie- 

intoar/al, n group of anad£i;io ctrstc-voloanw«s ^ov^iot>0d in as 

slight 1^ to tte« ncrth^act of th® ultiaato oald«r&« These «aitt 

fle«» and, apparently, s very leye« wluo* (oetimat ^ at 6 cubic sdleg) of 

pyrcolavtio aat»srial» pro^®bljr aainly ae ^Lowinc &vala»ch 

op«ned with t&« eetisaicn of aad^eit* pwdc« fall and p«vdoe flow fro0 a vant 

probably la^ withia the ultie^te <Mild«ra» -ftis? an 

was raaawed «m a fflcr« violets* scale, la a e^rit» of 

isj snu  ,'.-, . -.-,-. :'ollcw«d ^r a noo«i*i ^ri©4 of

imr.ic'diat-l/ prcKJoda-:! oalde?a ^br-i.loncc. Th» fo-irth and

the rel*tiv«ly Ion- ^?i&i eince ocllapo©, ciui-1 

which fift««5 volcanic d«O4Mi aM e«v«n craters have developad within tha

ijidtiallgr of attteiitio oofflporitlon, an)un.: the mar^r; of the 

«nd subsequently of daoit@ lavu, tc«MurSe the centra of tho ool lapsed 

area. The efrusion of these lavse *&& acoospaRi^d ^ pyroolastic



of puaioe fall (with an aptissted volu*R@ of 1*23 eu. «U*»J *a& pusioe flow* 

(with an *st*»fit*d voluuwi of 0.27 <nu sdle). Th 

<iat«d b# the radiocarben rastbci, oooirrod 39»050

of the tit* f^saiaa lava» oo«^«r*» olo&eljr with 

that of typical, e&lete»-ri0!x, iElcn^«ro euiisa* All ^^eks e&ntaiw ealelo

plagieolas© i*^w^igr«tftf ths oorou of wbieh gmirally oenslet of tgrtc^iits 

whllo tha rljee, oap«oialV Ir. the and»aitee a«d da«it«s, include oooillatory 

in -.;>hich the caloium cont^t ooaraonly dwar«fts«s to a eiii^tua of 

tat.fi c ainsrals in ih«j basalte include

olivin«« whilst in tho

pr«ooi3iiig.te3» fha

(*joaeKJn hor:^';;nd«, o^rjhornbl^^ncle, oy o^Min^rfeonitcs) and blotite, 

irlth «ulx*rliKato ortJ^py^o^^ne n^d oodasional olivlfi« phonocr^'?;t6, 

5 - 15/£ cf la:r;:e, ro»3a4*d or Mpy3?«»«i<ial ph«nocrv/^is tf quart*, 

daoitdtt of tho :i<Hifil@ra region *r© mm«ual in that 

of oaloiua-poor,

of whclft r^ck^ fro^a -t» Luoia are

sad th«?se O3Tt0rid over a eilioa yan^n fr^«i 50.,^ in th« oerliu^t tc 66,, in 

aost reoent products* The guli* i,^ r^lativ^l^ rich in aluolaa (15 -» 

a«4 poojr in alkmlia (Ha^O tip to 3»5^t ^ up to f*5£} 9 altbom^j ^ 

Indian atundaj'ds ll:--i potash aontnct is K i^. vhw wck^ &ss a whcle

of th« oalo-<- .^a/*l'aoifior4 s«i-iesf ohaTaotevietio &t aobila

1&*lts» Tho silioa variaUoa -iiagmwi fey 3t« I«<da illuetratcs the 

tional twit«J?o^«MaQiV &f tha baaalta, an.; th* gsp (froa ^3 - 5%j in 

ocntent, /liioh also oo3*?$s&««i&i to the gap in ti«s betwooa the erup­ 

tion of the btfialto (9iuw»« 1) *&d ;ha audajjitaa (ph&o« 2)* The andeaitas,



on the othw hand, «pjnwir to b« olo&oly related to tfe«s d*0it<9®, fo*»Uig « 

t continuous &«*i**» A ooeqwufiaon of th« F« t % I 3fc*£ *»tio»

the closo o&«d<»l sisdlarity of the and*sites ai»t te*lt«* of St» 

to then® of aratea? Lafce, Orsgoai and to the " fcg^er-.tiianio1 * eeriws of

Hakoa« volcano, Jftpaa* '"h* Oa t B« i K ratios 0bcw tr.st tha roofce of 5t« 

oontaiti a hi^Her j^popcrtion of potash relaUv-3 to sod* and lia« then

 toet cthor suit®* of tho oro genie

distribution of th» ttinor elataantt-: in t*R rockc £HMI >t. Lucia 

closely to that found in oih«* i**$ Indian and orofranic 

i, with th* nt^ablQ «3E«t«ptiCR of ruM :!iu«, which

in the aaid rooks of Bt* Lueie th&t) in thce© of other sultfttj froa tha 

Antilloe. A oo-^arianoo plot of eavan cdao? el«sa«nte in the 

frota ^t* Ltioia provides an ar^angwasnt of apaoiBifcne ^lo^- the 

is olo««l/ parallel to tha crd«r according to adlioa oontent, aud tbie in 

tuns co??®^:>oad« to ths ohrcnologio &0qu«ooe of eruption.

of -1, Lucia ar« bsiisv^d to

of twe l»ealt vmrieti«sf naa^ly pen'^^ritio and

y«*ttlt of the- ao^ujaul&ticu at d«$>tb y;. 

, or alt@?oativeiy may IN* attyl&itod tc th* in 

two p?isary MA^BRB, ef thol*iitic and alumina-rioh typos, ^hare ism support 

in tfea 8$ufFi^?$ r<^icR for diff^r^tistion of b&®&lt, or aasiasilation 

be salt 4MMp»» on a aufficicntly axt&rmiv® soald to ae th« 

voluias and s»^uo«ce of th@ i-scre acid lnvaa. It i t-;>

the ftmi®eit««p «»4 cJa&itss; of ' t. 

Belting of looal oru&tal aaterial.
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1.

1  

subject or -this thesis is the geology of the most

recently active vole nie centre on the ial.*uJ oi wt« ^uciu. 

The field geology, petro^r^ph;,* , aueralOejr &nd chemical compo­ 

sition of the erupted materials iu*e described *ind 11*^1 y 

genetic processes are discussed.

Field worK wus carried out in the early nonthc (the 

».er-t Ii.   : dry seaeoa) or 1962 and 1963. ^ total ol" 16 weeks 

was spent on -.."&  .Lucia 9 and &n additional 3  ". ceks on other 

la land a ol' the xOitiLleiAii arc between -t. Vino en fc ^nd St» K 

A further week w.=ia epent at the- UniverBity of the eat ind 

.-e-i^mic ^@a.e^rcii ^nic, ?rlnidad» For field m^p;..in^ f the 

1 i 25 t 000 topographic sheets ^ubliuhed by the Directorate of 

Overtifc^s urveye (D»0»w. Io.345» 195^-0 were reproduced on a 

scale of 1*lO f 5C>G. ">?heec were uae-j in conjunction --.ith 

vertical air ^i.o&o^r-ihfe of sc&le 1«15t200« y, ^eolcvical roap

produced of an ar@& of 65 t -^ ttil^s around "oufrlere (the 

osterii quarter of the island) and, a reconnaissance survey

a .-::.& of ;, . -::,)le ia

779 rociL ?in^ c*ch ;; , aol^.ohc ,,,-erc ^lii;:.;;^:, . to Uxfo.: 

where l^bor-.tory -*ork incluied petro^raphiu i^^,^ o* 246 thin 

sections, chemical analysis of ?2, -,nr? partial chemical 

aiu-lyBis of a further 1? e?Lrr,-le£;. 10 of these rocks 

analysed erectro&r^.-hi cully far minor ^lement^* . 

eitione of all analysed rockt were aaiierainr.^ by point counter,



and the constituent rainsruit: -..-:' . >: .-ar.-v&eo lor r 
index measurement. 65 oaaplee of unconsolidated pyroe^ 
ffiateri;tl were analysed granulometrically.

This investigation .forms? the eecond regional stu'" 
in ^ prufc-; :. y of vuicujiolo^icuj. r .,rcii ic sue iis.a,vara and 
Leewarn Island.^, financed by a Special Grant irom B.S.X.1U, and 
directed by Professor X». H. --ager and :r. 0, M. Brown at Oxford 
University, with the ^ctive collaboration of r-r. G. H. Hobson 
01 i;-i« -,eij::mic '.rch Unit, University oi' the «eet ' 'ies f

.'he p^vgect w^s Initiated by ^rofea&or .-Li^ur .*aa -x» 
soon, who made a recon;:?iii.-i.^nce survey of the Lessser /.ntilles' <f

uctob^r and l^ovemb^r, 1^5^* - - i'irst re^icmal iitudy, on the

of Mt. Hisery volc,^no» t. i.itts, was subioitted a© a 

D.Phil, thesis at Oxford by vr. *. .... Baker (1S63). the project 

ae a v&ole is concerned with the active or potentially activ© 

volcanic centres in the lesser Antille** It seeks to provide 

account 01 their p;-i©t eruptive habits, petrology anA 

try, rind thereby to explain aore lully the «Yoiution 
of thu Antille.m isl-.nds f in ter^, r th types and ©equ^nc^- of 

JE^aiaa which hiive risen to thv.- uurfuce in this part of thtj 

^iijuc. . -atailed Investigation of fche geology of this £,..rt of 

the vQrlf. sccr:>.:') particularly aaeirnble in view of the ler^e 

aaoiant of ^eonhysical and eeissological <!ata obtained in chc 

region durir^, the pact decade.



2. TOE LESSER ASTI-i.:.*.. .:i .-. VOLCAHI" IS&'BP ARC

1.

the Lesser Antilles (Flg«1j are a ch^in oi" ial^ndo 

linkln,. the northeastern corner o^ ,-outh . ;.,ric,, ..-itti * u^rto 

Rico and the Greater .Antilles. They extei-u: c*ox*e .... ler- north 

soufch Tor a distance or 450 ailes, ^4ii" ^irk the hi^s&t points 
along a series of arcuate rid^cF» convex toward, the Atlantic 

Ocean*

The ja^in ridge describes a smooth curve froui 

in thfcs south to t>aba in the north* tJUe^e isl^^nd^ couaiet oi" 
Tertiary and ^uatoru^ry rolc.-jiic eiateriul* locally flc s by 
thin lenticleit: of marine calc-arcoua sediiaents* it is noteworthy 
that the crest of this rid.ge liea at about ^»v> .•, ieet below 
level between all the more widely separated inlands north of 
St. .>ucii> (see but hyxse trie m .. -. , .ig-2;. ?>n the islands, tue 
highest peajcs etand Jf uuu to 5> f uuu .. ---:, 'ibov© sei* level, BO 

that each volcanic pile rieee ^,000 to 7fOOO feet xbovc trie 
general level of the ridge*

An extern..! are, composed of lower-lyii«0 limestone 
isl,4idu ;,iuii eubordiii. 6e volc,iAict5, dlvt : fro.>i the 

vole nic ;rc in Guadeloupe, ,,nJ includec the eat.-.uviii h 

(Gra&de Jerre} of ,,, .eloupc, oair.-.-®, Antigua, Burbuda
the vln^ullla ^roi«.- . '..l^.se "liait^tone ^arlbbae©" ure separated 
from the volcanic ^--..ura jLttl^ndB by w&ter not deeper th^n 

6,000 ft. -nd moEt o' theis stand on broad tub^..rine a
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FIG. 2
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which ere nowhere nitaerg** tyr more thai 600 ft. To th« north 
fcind east of the fee »,-.mu;» by contr .*t, the sea floor ^ lunges
steeply int.- .::-• s-out^— •,.-' -r<3 extension of the - uerbu «JLCO 
deep, 20 tha* tl ... -iver 18,000 ft* deep outsl-te the 
entire length of the limestone ure. I© extern..*! trench 
shoals: southward to lees', thun 12,000 ft. depth feetwc •_ I.
Lucia ,;nd Barbados*

flie outex«0Bt feature in the arc sycteu* is the 
on vhic\ lies; the 1 idee tone i&lr-.jui of Barbados. Thi^ h.-,» been
ex|:l^iiMja t*y several authors (e.g. ^oodrintif 1920} as .,:. --xt^n 
eion, through the Morth^ru xiafi^e o- ,;rinld;-.-, 01 •; • fold

reeponeible for -he Vaoesuel- n Cordillera de 1^ Coata.

On the Caribbean, or inuer eld^ of the laain volc-uaic 
arc, sea depths are the conv^ree of tho&e on the outer side? 
the western a&rgin£; of she aouthern (^lnd^*ra> • iclaude deece-nd
rapidly to over 6,000 ft. to form the G-rtfBada rroui^h i^i^«3), 
whilst to thi; southwest of the northern (fjeewardj islands th» 
water ron-iiins co»par^tivel^ eh^llov/, eapecially in the area 
south of Liaba, known ae the Cabit i

fourth und innermost no^th-south rid^e in the 
eactorti Caribbetiia is< th.,;tt of the Ayee ii*ell, lyiritr parallel to 
:ond 150 mil©s west of the vdadwurd leleti. It ri*~ ^o within 
6,000 ft. of 0ea level ^lon^ its entire length, but only pro- 
trudea above ^ea level at its? north^rr, cxtr^raity lr- the 

d of ;,
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2. 2. iJL^ OH 21L- _ . . . .J

keeks at the aurfu.ce ir the- G-reater ....ntillea 

northern Venezuela are largely oi ..r&tac^o.; ; ;,we f and repre­ 

sent a thick ^eofsynclinal sequence (with volcanics) which haa 

undergone low grsae f&t&Borphia&t lar&e-soaltf folding, and 

lgp.oQU& intrusion* rhoec oi" the Lesser ^Etillea, ou the other 

hand., i^ro of tertiary 4mc5 Quaternary age, largely volc-uaic, 

unmet«iaorr.hoscd an<i relatively undistiarfeed by folding or 

fault i&&* Ko rockc olde, «han Tertiary h^ve beon identifiifd 

in th* liess«r Antilles.

Theories on the structural development of the

notable for their variety* They fall into two 

categories f dej--0nd©Bt upon whether the Author ir nuec

the Caribbean cru&t to be oceanic or continental. 

ir^ views were stated by two of the earliest writers,

and Hill* S^enc^r (1695; regaivasi Uio i-er-.-r -.. 

relics or i: formerly widespread land area» the valleys of 

which made the present-day ocean deeps. Hill (1905, p. 276;, on 

the contrary, regarded tb- ita as simple volcanoes built up 

fro® tl.:e ocean flocr, **as oceanic in origin rind relations as

of tfift -aciiic".

(19^B, 1954) supposed tVvt «? submarine ridge 

below febe pre&snt isl^.nd& rorsed ourin^ th<j late Cretaceous 

(I.arasicie; oro^eiiy. He believed thut share ^ust hav . a 

volcanic l,,ii<J tirc^ in t\e prv^uut sc^eaueiur. ~J,-^in, from ^nich



6.

the thick Cretaceotui geosyaclinal deposits of the Greater 

Aatillcc

fcichuehert (193:>, p»393) appears to **urrt;ort tha 

that tectoaie procoa^ey were responsible for formation of the 

arc, on which the voleafcOve eubt-i --tly &rew as "youn^ volcanic 

islands j.-,irj-*eifcic y^oi* the folcea Xoraatious . ... iri^ tac is,uch 

older tii&eisc&t ^ r t;?^ (Greater) Antillean and V 

ain chains"*

Theories up to thio timfj ba^ not b^-en influenced by 

geo;:tiy&ioal conaiiieriitiouiif wiilch ii^vo oeon quoted as iiipor

evidence by uli subsequent writers, fhe earliest geophysical 

work (.ueea, 193*i) consisted of gravity meaaurem-nto, and revealed 

a belt 01 ne^ntive unoatallsfi alon^ a line connecting the .^c rto 

Klco trench with the barbydoc iiia&«» ^nd a belt or : itive 

running along the volcanic island chain*

To accouct iTor the negative anoa^ly* Ycnin^; M 

(1954) Bu^^ected that the ruerto «.Ico Trench . . . cite of 

a deec^rfaing convection current, cau&ing d' :ilng of the 

cruet an. "topographic deficiency of aattcr . -wii^

Worssel O954M without off6riri4 any explanation of its 

of formation, su^fcoVe... i,.,.,.t the Puerto ;Lic-j . ,.ch v ined a 

thickness of sediment whicii alone could accoi^ii, for the

The most recent phuse of ^eophyeic->l research in the 

a region hv.vs concen trotted upon the sieasuroffif-nt of eeiemic



velocities in the crust (Fl^*3) umd a lar^e i,iu.;tir cu tr^t *: 

velocity i^ruiii.. vc uuc-u ^roduced by -win&t Officer ot al. 

(195?;, an- Officer, wine et al*(l959)« ^y fouii,:- fch . & 

beneath ttu- Caribbean --«a no £-k.:,.rp ch.c^c in selsnic velocities 

existed between the aantlii -^nd overlying 1 velocity layers, 

stated (Officer, .wln& et a* 195S, p.t07;$ f! a majur differ-

I*, an oceanic section and a Caribbean section is that in 

the former there appears to bs «n abrupt ch'.in^e li. velocity from 

about 6.5 to 0.1 km/sfcs- at the cruet-m...ntle bovt y» ?^her«.ia 

in the latter we usually fUid uateri .:»! whose velocity is 7.1 - 

7.7 fcsvfcsc* be-twoen the mantle and the 6.5 kiV^^^. cructal 

materiel". ?he aTera^c Caribbean oru&t vsae also found to be 

thicker t sith lower velocities Isi the upper p'^rt, thai, a typical 

oceanic section, .and this they tentatively 

p*lu7) ^c the roftult o* u^*^i*^i.ve it.vrua

»igratiii0 upward fro^ deep in the Pintle H . they concluded 

th© Caribbean was not a drowned coiitincnt^l art- a, but ar, altered 

ocsuriie r$£,ion in tii€ process of becomir^ an addition to the 

cai^xiu.n-t f iiji-j tauw j»i.ic outtjr d^ep— ee-.. tr-^uch itx«i i>eeu aepree&ed 

by averthrufifclng of the expanded Caribbean crust. Beneath the 

volcanic ial-.ade the intermediate velocity layer© ^pr«» JToiaid to 

be thicker an-; t-; rise cloeor to the eurf&ce.

"Sl-i-^t ifcl..-nol arcs developed in 

regions of oceanic crust. ,.c eapha&ieeti \,i^ wi^ii'ic-irice ol

cTifciriised peridot ite ir, the cor-^ of , uerto -;ico anticlinee 

that n«,- iir.viaitic b ...cut h,,.d been found in all the Greater



, in contrast to the granitic bae; ; ox tne Veru^u;,- 

lin Cordillera de la Coet^* ae i ested th.--t 40# serpentiniaed 

periaotite be-ic.- th« Caribbean might be r«s oneible for anoma­ 

lous sieieialc wave velocities in the lower p rt of the crur.t. 

Elsewhere, however, he h, t e sug^eeteO (I'j6ub, p«180) that "Dust 

calc-alkaline aagaas are derived' from p-'.-rti.-.! fusion a,, the 

continental crust"* f frc- -fhioh he aee®in.gly infers that even if 

the lO'-'er crufit bene^tli the Caribbean oca consists largely of 

serpcr*titii2&d v^riaotite* tk©re is an abur^.!:int £•• / of contin­ 

ental iau^teria'1 c .1® of yielding acid c;,lc~uikali^a iaVaB 

beneath the present volc^&ic urc*

In this context» the existence of a diorltic to 

granodioritic batholith in the Vir^i^ lel^nda (Helsley, I960) 

^tL.:.rt»-dioriteB on ot« Muriiu and i>t« Barthelmy, in the

^roup (Cliriat^a., 1953) and ot. vsirade, near 

Guadeloupe (3strrab£, 1942, p*14^-52) f mur-t be regarded as sig- 

nific^nt.

la spit© or the l&r^e amoiint of . sic^l ira""or~ 

Bkitiiou zreceiitly compiled» which has led to ^ relatively detailed 

knowledge of t!i« phyeical pror-^^l-r; of th^ crust 5r; thi> enptffrn 

Caribbean region, th^ coiiipositian of this cruet iii tern:-: of rock 

types if? etill not \v«ll wftuerutood. fthe reason i& that 

velocity d&ta ara open to a Variety of iLfcQrpretatiariB, and 

caisuiot be tr^utel^ted in so definite rock types. Values of 

6-8 k«/i:ec., lor example, c^n bt> explained either by eerr^ntin 

peridotite (Hes,, 1960s, p.237;, or by a relatively dense



alalic rock. It is, however, conclusively eet

1) ?h<* cru . .:,ku the Caribbean sea la not typically

oceanic.

2j There is a definite thiekenir.^ beneath Uiu island arc-

complex t rel tive to " and Atlantic oceanic

crust, of crustal 1,..,; with a velocity or lesfc uiu i. « 5? loa/aec 

correspond irig, to sl&lic material and not to normal or hydr-ted 

 antle material.

'From the gee leal evidence it can be concluded 

that She i^es^er ^ntilles are neither simple volcanic ^ilea 

rising Iron an oceanic-type cruet, nor do they oitaply represent 

upetan 31ng relics of an extensive ^ubjserged cor.-tincmt f although 

continental aateri./.i IB definitely concentrated bene&th tfie 

arc.

s OA volcanic amd seitBmio eyenta on the 

»ith continuous colonimatiui. u^ -urove^uiK is, uxi-> late 

t-enth century f though tb^ accuracy of report f ^ tliig before 

1UUO 1*3 often in - oubfc. Of the eibht islciidc fro«i Lt* .i':itts to 

St. Vine out on ryhdch historic activity of some kind li- reported, 

(x^c^rti^or f V^j^t p»7^f oniy tnree* ^;. ^iac^nt, ..^r&Uii^ue and 

Guadeloupe « aro definitely known to have h-d eruptions involving 

fresh iricand.es cent lava. The distribution -jn (*,:.:teo of the-oe 

eruptions are shv ^ in /lg.4«
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On Guadeloupe, none of i " -r recorded i
of the Uoufriere volcano involved ^oi^ than mildly explosive 
ash and scoria emission or lasted longer tn-...n &. Tew weeks. It
is only on ot» Vincent .. •. ^rtini^ue th~ ;- violent historic 
eruptions or Vulcanian-^el^an type have occurrc . . ee sucii 
eruptions have t^ken place at the Coufrit'rt; volcano o- -«. 
Vircent, in 171B, 1812-14, and 1902-03- <V- :artini]Ue, .5. 
Pelee produced two entail lateral eruptions, iii 1792 cinvl 1051$ 
prior to the violent outburst of 1^ ; '2-05 f led by ^lo^in^ 

r:es, waich bec.-^u the wy^e-^x^inple ol / ^lean activity. A 
phase o^ ^ele^^n activity occurred rror,: 1929-3^. both 

1902 :,nJ 1929 eruptions or Mt» ^'el^e were accorapanied by the 
growth of a l^rge sum^dt doraei these are the only two ex^-s. lc» 
ol ion^ation in bi&torlc fiia*;8 in the vi'est Indies.

h« MTicertviinty of the early record, it ie
clear thy,t only five ^. jor eruptions h>:,ve occurred if; the- 
Leeeer .^.tilles, since 1700, and ttire© of th-.-ise h^ve taken plac« 
in the j^res&nt century. It t^sias a reusonabl^ supposition th;,t 
t-k iic h^s bsen the order of frequency oi" Vuleani&a-i-elciu-, -.ruu- 
tions tiirou^hout th« Qu..ternary. ;.5ioc.'.irbon dotinc ^LG^C, thcit 
a large glowing avalanche occurred on Gu,>delaup@ about 1400 A.!), 
(Bruet, 1933, p»106) f .- ohi^ method of a^tlne, ti r xvith

evidence, u^ou un^t kt* ^eloe h*-ia a record of 
em^tlor^ ov-r the last 10,000 ye^re (Grun-evald, 

1961 1 p»8}« Jt is unlikely thut the ixscurren^e of three 
eruptions in the Lesser /.ntillee in thy twentieth century,



ftit*r only one each in the cd nineteenth . uriec, 

has any significance t particularly u.ii.uu fch«- Soufrlsre QX .-i.

Vincent, reap«j-i;j^ie lor three of fcLe five, hue erupted at 

regular int&rvula sp&ced "by about too ye^rs.   The i , ,iv«iy 

brief historical record of role&noee witb s»o long an eruptive 

cycle does not justify g*' .liautione ol tniB

In addition U; the a*i.Jor eruptions* the occurrence of 

minor historic eruptions* Including four submit erupt iouij 

froia La liouTriere volcano of Guwidelouj..o an J two flank eruptions 

fr' t» ielee, rtiow t»h..:it activity in the W^Bt Indies do«» not 

alimye 1'ollow tbe a,,se ^t&vrii OA extreme violence. The 

recent oi* theo@ minor eruptions, ^hlch occurred on Gua 

in October 1956 (Mrrab4 an£ ^' oil vet f 1"J^8)f involved 'v. . 

eairelo.i5 of cinders aver a period of four Aays f fron a fiBsu.r« 

on the fio-ni-, of the eummit dome. I'he thloknes^ of these cinders 

reached U'i laches near the source, whilst fine ash, carried 

mistv^^rd by thr:,- «find» fell over a narrow sector ext .- .. _, 7| 

mileG,as far at, ths

»/     Sic activity has been reetrictod to 

three ib.L<-.-;£idc ir: ' toric ti8*eL' f there <" -vldeace that all ten 

of th# l\rger 1^,1 -.nrts nf t^e volc:-nic nrc» fros l^aba to St. 

Vincent, have been violently active in the ^uutc.: - era. 

Glowing av»l:.-nche site have been reported on each of thrise

, ajid 1*0^ e^Mbit youthful luad forms in uru^s    aicn iaut-fc 

considered otill to be rotentl .lly votive volcanic centres. 

It is worthy of note th:.>t i. -uela, situ I in the part of the
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arc h h'.ss been mo: t violently .^-tive in hi;
between t#o islands which erurtea aii. .. .-. I. ^ly
1902, aae shown u-- t .. of aagm&tic activity in the historic

soufrier* activity is xao£;t conspicuous on 
the island e ~,u -,ucic,» jominioat ou- a-u^de loupe. On all three 
islands, lurt^-sissed soufri&rcr, with bollln; pools *n& 

jfumarolee, have been i-,et throu^out historic tiis&* On 
uu ; o.s.ou;:e t;ic £.-,•-..." -tar- .-field is near the smandt of La Soufriere 
volcano, and the intensity of activity has varied <preu.tly. 
Activity oti the oth r two isl ,ndr has sshown little variation 
vsflth the «xcey.'tion of a p::,ull -:-;_rc.j.tic eruption in Dominica in 
1880. Hobsoft un ; illmore (1^55» p«30) h:ve calculated that 
th« »ean heat output fro:;* «ach of these soufridres i# of the

•7

order of t*5 x 10 f cals/sec. (A nlrriiar v^ilue i. calculated for 
he..'> loss through t;,e crater LJce of the :,oufrierc vole no, -t.

figure ie about h.'-lf thut quoted (Hobc-on and 
e, 1955* p. 39) for tuc. e^Ldvalcnc oi ot.t?. rca^or eruption 

per century, which corj*€srondB to a continuous rate of 3 JC 10^ 
cale/eec* It is possible _...;t the continuous release 01 heat 
-3jiur4^y ^t ihe souTrierec on Guadeloupe, o inica c,nd ^. 
hae soiiie c.u^u^l cuuu^xyi* WAS a iii* absence 01 ssu^Jor 
on thi cs islands in historic time*

Less vi^orotMf ft»arolie or thcra-.-.l spring activity 
occura o*, ao&t 01 i: e ot*u.r is} of the volcanic arc.
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______ ity

, oi" " . nt Btr a so i* 1 .-u. uy

-.. ' ..-5S urc jXA-atAVwAtf ftrfcnuent A*, the icluadfi: several 

j/^r year are felt on .. . aeiL. ^ora severe ehock;-., of i- 

up to VI or VII, aoet cot ~y occur aurinto ' .e cr "*

y b<; ., jd at Sue r^te of several per day 

over a period of isuuths* -> typical cri^x^ otuuA'ruu *n 

MottBii-i-au u^uw^ci. uj*r-j^ v;owcl^ f 1936;, in which the more 

intense tr«-mors caused, rock-falls t.jid o. _e to building* 

SimiliAT crl^«8 aff^ctoci Jt» Kitts urid Uevie in 195^-51 ( illmor* 

1952) aud in 1961~6«2 (Hob&on and others 9 1 !̂ t>2/« xi^ the l^ter 

&t of tins 1961-62 £.erie&« a 1 .trg© number of earthquake foci 

were concentrated below Kevins peak at 1-10 kra. depth* wLieh 

sbu___ .ted that a boay Q^ s^^t^^a w^© in mov t» .or^ of 

thi& tyr-e cocaiuonly precede volcanic erupti-jn.fi> providing a

of prediction* tui-a to thi^ «uu H the :>eisad.c Research Unit

was set up in 1952 with headquarterf in Trinidad and equipped 

with a network of vertical component ?-: illmore-vi&ttc seie-.uiO£rapho,

one iti^truja&nt bQict^ ii& tailed in each of tho larger British 

Ielande iii uiis eastern Caribbean" (liobcon, 1962)* TL^ epi­ 

centres and depths of eart^ u i?r^s recorded in the vicinity of 

the . rd lel.-jids between 1953 ana I960 are ehown in ?ici*5* 

This aenongtratea a cone- .;tion of shallow foci in a subia 

north-sou-iii belt 5^ fflil«.r ,.i\ L.:v.,:diatfc;ly to the eatat of the 

volcanic arc, m- ,* traiisver?--^ K-it of olightly deeper foci
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Historic accounts ©hov? thut seismic crii^r. ; . r« likely 

to precede & l^r^e ^r- ..noi^x* eruption* ia 

tremors; "became abnormally frequent during the 

the 1312 and 1902 erupt loiia* There was a further iacre^cc ir. 

th^ frecuency and ylolence o.i" earthquakes a week, or two before 

the 1yuk: eruption.

Mont l ;ele« in Martinique has give?; lee» wttming of 

activity! in 1902 slight shocks? occurred on tha 

western Ilankts of the volcano at about th«: i - i a& explo­ 

sive pheiavirifcna be^un, 12 days before the destructive climux. 

In the month priced in^ the 1929 eruption of £t» Tel^e, ground 

£: and uutoterraneun coun^r were reported at the



. T* nrrsicAi* cr.ognv.pHY.

•Jt. Lucia lie© In latitude 14°K, longitude 61°..'. It
is separ^teu Iroj. , -c,rtiniatte to the north by a channel 20 mileo 
y:"Mia iaid 4,500 ft. deep, and fro;B ;>t. Vincent to the south by a 
chanuel 24 »li«s wi.'p -ms 2 f OOC ft* deep, ih* ls>iatid has a 
•nrliauLu length of 27 milas and a taaxixtwi wl^t^ of 1-* ; 
Its area is approximately 233 «<i« miles.

the ial^n<2 riees from a &ubm-irine b^;nk extend 
alles frosi land on all aides exce r « v .- wvi,- fleets her^-, 
water IB lese than half a mile offshore. ])c*vthB of up to 200 ft* 
are recorded, afc the seaward ed^e of the b&n& 9 beyond which they 
descend abruptly to over 1 f uuu ft. Ilae contrast between sub- 
Buirin© depths off the eastern imd western. eo^Dtte iss reflected 
in the ... - of the ca^&tlinei the eastern (windward) coast 
has lon^, lots^lylng s-.c-its sjid deep emb^yst^ntSf wh:il«t along the 
weeterti shore , especially the central section, the land Eurfn.ce 
descend® rapidly tw^w»o."d thf wuribbean B©a« '""'/ e contrast botv/een 
this -.x,d the lower :>ivw more even relief of ^iv euateni h^.lf of 
the island ie illustrated in Hate n

?h© axial region of the ielam! is mount&irioiis ^
deeply dissected, so th^.t rid&e« and pealce rising to 2,000 ~ 
3,000 ft. overlook valleys at leas th&u 1,000 ft. above
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level. ?he predoain&nee of sub-parallel longitudinal ridge a 

has left K cowrie* river system in which several of the main 

river® run parallel to &;ie length of the ieiond ieubha^ueii 

for a lur£e p^rt of their course, the northern &n.d southern

extremities oi chc izU-unu are co. . ^::ad of io\*t;r iyin& Mils 

representing worn-down volcanic r^^ants. Broucf terraces of 

marine deposit e north of : -.<kluit o.nd near Vieux art, ^t not more 

than 10 ft* above eea lovel,' l&die&te that the sioet recent 

c} '   > ?at each end of the iaU-ii'i involved a slight uplift of 

the land.

Climate

fro® April to Kov@mljcrf aftarnoon 2 temperatures 

are in the middle and - ,-r 80 f s { O if! )f though heat is generally 

aodermted by easterly trude winds which average 6 aup.ii* (lees 

In iloui'riere. -nd mor« on th<» windward couet)» K'vcniagt night 

and e airly isorniri^ temperatures are in the TO's or lo^v 80 f t>, 

cool season aldday temperatures are similar.

Hainfall ie subject to oro^raphio control. Tr:e lower- 

n^ north and eoutb ends of th^ Inland are relatively dry, 

with ?^bout 30 inches per year, whereas the high central ridge 

receives over 100 inches* In Castries the mean aui.ua! pr^c 

tation IB 7& inciifcfj, witn rain falling on an average of 279 

days in the year. , ._^ ricir m.o&thc are February to i>ril f 

an average of 3 inches rvjr mouth, when rain falls ue brief 

re on two days in ti^r- e« Jhe wettest month© arc July 

ii an average of 1o i ^> of rain on 26 :
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faili, _ .onerally as se% I hesry showers a C iftt»i llty is 

often close to 100£ at; danat and av-: .- .s 7>v- over uhe year.

natural veget.rttio» of 3t. ucia consists of dense 

tropical raits forest in wetter a.' deciduous scrub forest 

at the drier extremities of tha island. At lower altitudes, 

most of the f-or^t hay been cie^reft iur ero^s, »o *~*~u rui^.

JLUJL r^^.-iR$ ii.i*^,uu ^^ s/i. vi^e higher central raa^ee. Tree* 

include boiff blane f balats, bols pain aiarron, bois tan rou>.;e, 

gocL.J. , luurier, cerise twl t red ced^r. :« are 

<; . -i colonized by ^atailEh iaOE6 ^i^.. tree p 

apples. JLL. :..... . .: .=.^v;x-s i&e original forest h&& bsen cleared f

it hi-t» soaeti^.^" been replaced, by a eecond-:tr\* growth of tree 

ferns ?, i cafc\ _ • palma. On the lower rocky slopes of the 

lit one where treee ar@ sp'..xse» the undergrowth conciets of a 

dense t^njle of bri-,r; ,, •, cti«

Agriculture is aklxedi h-;r,aaas are grown ubiciuitoue-ly» 

and steme are hauled by truck to Castries or vioux i'ort t whs re

cars.,' is trrowrr -uiv i ri the bro^d alluvial vallf-wn; -south of 

f where it is proceeee* at a Kindle factory. Coconut e t 

cocoa ar.v' coffee are cultivated eo^&ciully in th@ wet .aid 

fercixa valleys of trie ^oufriere re&ion, whore t;:e • ucts are 

dried on the estates. *£uoh o. the copra ie proces&ed at » local 

factory i& i>oul"ri^re« Lmali aret.fi or tv.it turf? lan^ t^xirt <it She



no  n and

citrus I'ruits, bre

pa*?£j..v t avocado, n ^izu, rlce 9

nutse^, olives,

cotton, y.-iae,

sweet potatoes and

2. 1

e«rli@st settlement of ci»« ^uclu is beli^vod to

K from South via

probably near the bc^irj^inr of the Christian ^rs. At 

a lati: s date, Carib Indians followed amd replaced the jkrav; -.-.,.;.., 

killing the sseefolk and iTi&rr^ing the ^ornen. The Caribs had 

a-i^rcutljr established theuoelves in tite *.«ttje«r .-^itillct; only 

shortly K^rnrt* f-e arriv--! of the first ;.uroj.:^ens. 

both <';.-:.rib cutsd .. cultures have b**u i rifled by 

(1964).

of

was p0««ibly sighted by ••.-olosubus oii bin 

fourth voyag© in 1502. French tradition, however, relates that 

eiiipwreckod seaa<?r. of their nation found the i ;.<i in a eubee- 

quant ye^r, on f i. I.ucy f e day ( 1.3th Deceaber) and named it after

of ^yriicuse* ^he earliest record of th*

^ucla occur® on •••; Vatican globe of 1520 (Jesse,

tbe course of the seirei . . (,ry both British 

Je n^ . . ^ , ^ so occupy the i&l,.-.nd f but no
settlement wai . c until 1744 

lieshed a garrison. In 1765 the first nu^ar plantation
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established near Vieux Fort, ur,« oy 1772 the total population,

including African eluvo£- f WHB report--^ to b^ mr-r tS t O-00. In 

1803, fter more than a cerfeurv of diBT.'Ute and skii 3 

between tho British - r^ . h, th<:- Irl. /,K«- waff finally 

to the British >:rown. The dace, however, continuo-l to 

speak trench aiKi &e^t in cio^t; contact with Fr«&ch 3ferti 

BO that today St. .'..-aclK in still characterised by Fronch 

and personal n,; »i«s, ..onch patoie, and by Many Creole

!7j: to thy late 1BOO f is» 8U^ar y coffee, anr> cocoa in 

that orcer were th«-. . . I. ^riuultural product &• By the turn of 

th«? O'vm&ury, a c'rl tish military b«r<» h/*«! been establi; • at 

Castries, wiiich had also toecoae the principal coaling station 

for ehlpe in the Eastern Caribbean. "Vie value of coal tr «'ed 

in 19^ : -- ^-Jsotmtv-.d to 54. oi ^c^iii exports xro:a the leV'-nd* By 

1920, however, t^--- coaling trade ^-^* v-^t-^ii*- ^r;^A.^. «r_: ; 

perio-1 of economic depression - -. • 1 • r remained t 

ci i'..l sx, ort t thouf*Jt>. coconuts and bar ' to be r 

c;-?.nt« In the pti^"6 10 years* bum/iiae h-. v- become incrc-^ 

nt, and in 195Q overtook sugar bot v -? quantity 

of exports. It *M*eas likely thtit in the near future the 

export of bu&.-r will, virttuaily

. Tt?--.COnT)S .OP Y

j-'^iC oiily joi^t.- of historic Mctivltv ., . .-ucl*-: is 

at the ,.uli-hur .pringi:.. ,,11 descriptions of this area indicate 

that BoiijAtixric and fuaarolic activity bae continued at a f 

constant level throughout historic time. ^]/<r one e^ls^.e of
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greater violence haa      -   ... ;; : i- -.-, - first 

by the Purvey or-Generai i,~ ^~v jftrcnch vovcxiuaentt 

I/atour, who stated ir. ?? report in 1789 that "thei*e pools front 

time to tifii© are the site of isinor explosions. It iis about 20 

ye*re oince the laat one which .spread a thin layer of cinders 

far *in<i wi,.- ," This ^xplocion eee^,. to have be«r? only a- KKkijii 

phreatie eruption, Involving no fresh incandescent matter 9 since 

he adds i ''there i& absolutely no truth in the popular belief 

that there is subterranean fire which one sees sometimes issuing 

froa the fumaroles* Fever, neither by clay nor by ni.--;ht have 

the inhabitants of the neighbourhood of the crater seen sparks 

or

1. 4

Published geological deoeriptiiuna of St. /jucia ccmsiet 

alaocfc entirely of brief accounts of field observations» in

wMch attention has been focuseed principally on the Sulphur

The earliest writings on the nature: euonena of the

island, were by n<*^ ^t?-> vie!ted it primarily for other pro- 

feoiiion;.--! ^ork f arid v,•„•... w;:re not geolo^iiii^s. .-ofort de Latour 

(I7o?) aad a Swedish ptiysicii-in r» .san (1790), however, 

both gave descriptions 01 sue sulphur '"-. ^rin^s shc^in^ that 

activity then w^e each ass today.

On the fe&sie oi' an eight-day vieit r; ;M >, t r; j&nuary 

: ' , y of 1303, ;.. ,r (1903) $&ve , first accurate
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u-:v

account of the general geology or the IS!-<BU He 

the mature stage of development of the island* uuu 

that there -^9 no recent rtratovolcano of £he type foim- t;. 

Yi . ut and l*L-.rtirii^u.j. Ho rejectee Uie vi-^vre of Hill and 

Spencer that the *ltonc were re lice of &u t-ld enter. - r 

expl*iiu-ev the umi^uai • e of &Jifc*.e Ktt&Keo to uc tii© resuis of 

landslips. He also rejectee; ilia popular belief that the -; 

Spring, r, occuni^d the site of a former volcanic crater. He 

included with MJS report L. ^..otcii-ia^p of t. 

t, .; with temperature i-teusurcm^nts ra?ide in this are;-.. Be 

correctly identified dacit^ ct& tua iao^u Important rock tv^j at 

the surface of the Soufriere region, and ande&lte ae the pt»«— 

domiiii-Jit rock on the island as a whole* He • . - .. .. • .-\ outcrops 

of cor 1 lijaestonc iri the " V * region, on Coubaril f at 450 
ft. .,..^^v: • , •,. lev^l f ixjad 

^t. ab^v '--c.. level.

(1904, ^»59t) si 1*©© a brief petrogra;>hic

description of rocks fro. . ola. . f,ointB out ti:.*t the

on£e&lte and basalt,. and h& compares dacite from the 

let it i'itoiA on -t» :.ucla to that of the Tit ana du  ' rb?*t ^r 

Martinique.

Ilovey U905) recorded a vi^is to t,: ; " ur 

In March 1903, Hi© photograph of the area (tS ^ ^late 93) 

closely reueablea ilate I6a in thie report. He concluded,

. .. .- : . atly of _..,r, th^ti "Jha eulphur springe
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f*Y*a*... .seam* not t^ ** th* remains of or COT ir. any 

with «i* /sclent crater.**

.-arle (1^23) 9 && Government u^olo^lst to t

*-v.. -•. cursory degcri^uiv-u u^ • ••*» ueia t 
i <"*•' •*<-•. He dlfl, howrer- f»s:---c-ribo "a

£iauili pocket of llmeotoxi^ situated at ubout 100-150 ft. a«8«l» M 

..l^retoute. He stated (19^3 f P«3) that n ln thits the only 

ii i~ ^r ... i- A _oi.:i,ular is f -ili^ ^.mct ^oi*, fehich i- : 

cataract eric tic of .-. leietocene ^n-.I Recent cor^i. xO~i'y 

in th<ri ./est IndieSf ,aid there is? little doubt th;rt t?.e deposit 

is a raised coral liise^toii® 01 / leictcoo, •. :^."

in 1939 and , io .,.in in 1940* In the correopondduce eolumja of a 

local newr_ _ ..T (rtrrretf 1 j4U; he expressed his views or; G v -e 

structure of th@ ,,ul,;iiur -prin^fo, -vhich h® coti&iaer&d to 

"forsieu -tr* tji«. cr.>oor 01 «* true volcano*" He ulso put l 

the hypothesis th&t the litoiia w@r« "like the fciffioue but eu 

epinc oi' &t« -el^e, a forxa of aocolithic «x(;ru8ior. or gianfe

Te^o&rcUart- , ::. : u.r-«,-.nte f.:.n-, er/^;ir. of heat flow at 

the -ulphur Sprlu&i »cr^ ^^^, «/ iiobeon und ^ilimore (1953>. 

Their siap (p. 23) aho-./s i;hc dietribution ci tae heated pools f

virtually ujiiu.. ..-...-..., in 1^63. ..obson und 

&d roc*i-t. . in the vleiriitj of the Sulphur 

.ii : 3 th* extent of alt^ruw^ok cuuuea bj fum:,roiic ^a 

pper ^n.! liavey* they rejected the -belief that the S



th« site of *•*. former volcsnic crater.

A series of umibliched ^ro-ress Rerorte on the Geolo­ 

gical Purvey of the . rd Ie»l . by -:.artir;~. - ;-"3, ms.de 

Governs int Geologist to the • .^eew-mi lol ' between 

1951 -r-'- : 1^61 » JLiiUJLmiKs* Bc"vw*~a. i*S4.yrvuc;ei, iu thy ocu-u^j of .-t* 

Lucia, The present author h^3.d access to theae reports .-.t t^e 

U@ee.~rch Unitj Vrinidad* In report :.o.11 (1^6U, 

ay© described for the fircfc tin^ the calilera e true turd 

of the ^oufridre region? W A o^iaera-ty^e bollow as ulna &ne fco^n

^u^ri^re contaiii^ only the two well-known Pitone -:. : -t. 

Lucia but « nuisber of oth-er doiaee* epin^s rind er&terleta* 1'4 In 

report Ko«tO (I960; f he recora.«d i*n attempt to date focicll

from ^ond Gt» Jactiu-tte* Determiri<.vti-Jtid lagide on this 

M. 545/1 ; ^ r^r« f« *v« kafter f oi' the iviaion of I5uelear 

, Lc^/er Hutt, Few Zealand t g&v® an age of greater than 

/ears (i*e* beyond the ran&e of She method),

Froa air photc ;is or the ^cufrisre region, ". 

s-,. ^u^ogrfsphic feature sattp* collets ui whio^ ar« held in 

the Department of S solely and idzi«ralogy, Oxford, anci in the

B© is ale a€ search limit , 'Jrinidad*

10 ^eolo^ic^i map ami xe^ petrogrupJaic 

of the rocks of ^t, -.uciii eAj.,, ue^ beTory wiie ^re 

there y?ere two e;^rli»r chemical analyses s one, of the Petit 

iltori dacite, i& given ir, Lacroix (19^6, jj.403); the n0cona f 

of Balfcmd dacite, w-.^o inade fo>r Ivlartin-Kuye at «; he Geological 

Survey -^p^rtnentt Britiaii Guiana,
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3.

A gravity and magnetic eurvey of &t. :.ucia wa« under 

taken by ^lisson-'^ith an- .^ruirew f 01 tue C/vert-a^s v^a~u«^iu~,L 

.•urveyc (Sopurtmci.t of i'echnical Co-operation) fro;a 1 -17 

February* 1963. rhair vrovl signal results are repro . -cl in 

fc 6 and 7»

.1th reference t-.- the 

Or. Haeson-^uith etateci (personal comjeimication, ."-flt^v-r 1. ; -; 3;! 

"The gravity picture is cisil'^r in all the ir:l . (of the 

Lees«r ^ntilleGj. A positive IW5 rid^e with steep .1 in^ 

grudi®nta is Intersected by jvW ne^^tive trc " -.•.«, I tiiin-. th-.,t 

the interpretation will show th.-*.t tfcs major gtruutui-e i» u. string 

of F-S block© of high-densiuj rock dipping steeply on alt 

»eiii.tratcd by narrow iv-,i belts of i . .,; density rock. It 

boen au£gease3 thut the anomaly chtut^res Bay be due to rapidly 

changing thlckLee&ee of aah cov-.r tiincf; wut- jien i^ very satu*i less 

dense thun the consolidated, ear face material, but topographic 

correlation oug&estc th-it the ash caver in fairly thin anf? 

uniform ou I^A- ! , at leest*"

The preseiifc author adds tho following 

to >>!>. Lucir-ss

1; Jhc hl^h toeitive anoiai.tli«e oi' over 1^0 agals correeponti 

approximately to the surf etc c outcrop of I ...tic rocks 

(eee ^.eolo^ical o^atch-ia/ip, ^i^.S).

2} Uhe lowest anom-ilies (of leas thun 160 Eieals} occur aid -

along the western margin of St. ,ucia, ncrt- ?f -- c. caldsra
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FIG.8

ST LUCIA 

GEOLOGICAL SKETCH MAP
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region. It Is in thle part of t!;c- id rvJ th ;it the thickest 
sections 01* pyroclustice are exposed, consisting of over 
1,000 ft. or consolidated -^, ^cml-con&olld&ted uiiuwsite 
aggloiaer.itee*

3) The area of cal<3era collapse ghows slightly higher gravity 
values than tha adjacent areas to north and &outh« so that 
tfaw isogale sv^in^ .; €it :-.rd to fora* a small salient over the 
coll&p&ed area. This at firat eight is unexj>ecu^u f since 
the founderlr^ 01 higher iijnd prenua:;.bl 
aad eiibeequant mantlii^ by thicker unc 
tiuc f v/oui.i hav*2 b^^i. i^oro likely to lower th« ajnomaiy. In 
only ona out o^ aix ealcieru^ x«, *i~^<^i iur wuiuii ^r^vity 
swrveys h;ye been r-.de (Tokoyaaa, 1963* p.?u), IP. - higher 
gravity anc-aiily recorded -within the area ol collapse* 
I't- .>ucia t nowev&r t fc'_« >>r©se.,ce of & relatively l,mrt.. 
proportion of &

, : ueritly to Its formation, mui;t contribute to the 
,u-etJ e^;-^lty value relative to t], -t ol the t^l.ov ^/ 

lou;.rate«tuTl to &h@ north of the calder.^, r.,XKi of trie 
unconsolluated ash deposits.south of tha coll 4 area

4) ?h^ .nnh cover ^ r;t. -'TICla appears to^ IK? no-, very

on i^ad. ..;-.ore has certainly been muo'h -^Iffarential 
and redistribution*

The .-. ;.:Uc -r.-:'naly sap (ljlg.7) shows etron^ positive 
a»o»alies which correspond clouely to thti surface outcrops; of 

(c.f.
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6.

A geologies! sketch, ni.p, based on a reconn&iseance
f the whole island, is shown it, Fig.8* i!he oldest i- 

at the surface are probsbly the deeply weathered basaltic 
agglomerate ij* th*. northern quarter of the lelsjcti, the source 
of which has not been identified. Occasional limestone lenses 
in these -A^.iQ^itirafcec nuvc • -;n 'classed ^e ~ow&r Miocene by

(1961), who states thi;t "aaon^et the foraxsinifera i 
cojiaare.Reis M . Th© basalt a£^:lomer3.tf»s are int­

ruded by pla£ioclase-pyroxene(-oliviR«)-phyrie bji^alt in the 
CaGtriuji r^^ion, aii<2 sisal l;..,r lavas lorm a cluster of conical hills 
at Heduit. vfc the eouthern extreialty of t.^e ioland » near Vleux
Fortf a &roap of hills con^oded of similar pla^;iocla«e-^yroxenc 
(-olivine)-phyric ba&alt leva occurs, t,n<J these resemble the 

conos iileu iu their morphology* .. 1 x\,e lava flow
into the eea from Mt. Gomier is aiEilur in .•• v;ce 

to lavae of the Vicux >'ort centre, • '
At isolated localities alon^ the central ridge of the 

d i deeply altered apriyric baealt luva flows and breccia are
d, and elr*ilar lavas outcrop eouwh oi! »...oiuri^re. The ti^e- 

relationship of tht-ao to the ^orr'hyritie lava© at the northern 
and ecu thorn ende of the isli-r*;: ie not clear, although a smull 
exposure oi' plagioclase-phyric baiialt outcrops aJjucoiit to apliyrio 
lava south of /oufriere, BU^i^ebtin^, tb-.t these two at lei.ct ::\o,y 
have been ne-trly c

Biark acdeoite lavae outcrop on the flanko of -;.;t. Gin:ic
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and mjighb juring mountain?, and overlie aphyric fcaa&lts south
Of xoufrl&re. These peaks probably murk the source or sofct of 
the thick anclesit© pyroe last ice occupying the central peat i 02 
of the island.

The you&^eat rocks of 3t* , 
weet and include »a»«iTe pule L nJe^ite fmd daoite lavas, and 
rel pyroclaetics*

The api.rojciiaat« location of eruptive centres an.- tiiei 
chroriolo^ical sequence is indicated on the map by thu letters 
A f B, » and l« It itt . . ^r ol note that 'these ahov* a progres 
sive westward shift *ri&].i ti^*#t u feature to which .: runcvald 
i1j61, rp»25-6j laua aravm attention on the iel.iixcl of Martin 
.-a , omluicuf also, the youngest; centres apparently lie near 
western margin of t^e
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In contrast to the remainder of the ir»l.-=\nd t - the 

region is aa oraa 01* relatively youthful vslc-jjric

It can be divided into three morphological unite:

"••"IS-

The topo^rapMc map of th>2 ^oufriere rer.ior*. (?i,!? 

show® ><m area cf deeply dissected, older volcaTiic rt- .&s 

the north aud ea«t y enc^ • ^»t« Gijnie, * it on Canaries, "..;t. 

Tabac ;uid the prominent hills *fc,wfc ol i^i^y* "iiisin^; to ovt?r 

3,0.,, _t. a*E»l., this iiioludea the highest peaks of the islund 

The irregular drainage «;uttern in this srua (ssee ijti^»10} 9 

refine >s V!u; aiore zauture «. ' develoraent 01 thia y . .rt 

of the 'J-

<; . •

This occur/lea the central £&rt, i^n-:l form& the iaont 

lmportan& Ltructui*e 01 &:,e iaoufriert; region. It conEd^tfi of a

Bteep mill to the north .JQC east, up to 1,000 ft. hi^h (-l^t^ «.a), 

which beeo^^c leec eonspicuouB OK. the southern eiue, fror Victoria 

Junction weBtw,-rd. If &!;« c^ldera v:ue onc^ ^, cou^l^fce, oiruulur 

featur«t its western i ', n ifiiu»t sii.ce li-^ve foundered beneath 

the eea* Ths struct a. ., uw t;ic prer.- ;-it i&; t cherefore, by no 

means a ele^r-eut example of ••• c aid era. Yet other fv .-UU^^K 

contribute t<> the ifflpree^ioc that collapye of the area within 

tb* wall has taken pl&ee. ^ these art the occurrence of



FIG. 9 SOUFRIERE REGION: TOPOGRAPHIC MAPyiw?a
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FIG. 10 SOUFRI£RE REGION: DRAINAGE MAP

FOOT OF CALDERA WALL

- 13'50'N
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unexpectedly flat ureas on top of the wall southwest of t. 

Gisiie, at 2,000 ft. a. 8*1* (Plate 2), arid in Belle Pl&ir.c at 

the foot or the eastern «rall t lyii.w 1,?00 ft. a.s.l. If these 

two love lf> i».re taken to represent parts of a former* reiikviv 

even i.^uv; surface, it ^u^u •.:-. u, ̂ eluded that collapse of the 

aret& •--•?? thin- the wall Involve* a vertical dovnnwartf m-wer.ent <jf 

about 300 ft. 2h?it ti.i& wall liafc vu&v ^enuine E-i^nificance is 

?klso suggested by the positions of th« Goufri&re and Ivro^ne 

iriver£? f ttie only two large otreamB within the. de^rc.:: ed -rer 

(see drainage map, i-"iu .tO} t whose courses run around thp foot 

of the wall, and may posaibly 1m ve exploited a raore easily

sono.

i?he exiatence of a sutoi.2rir.:.; c.c^?nrion of the c^ldera 

ou the j.?e&ter£ @I^'Ti "eiBaixje uncertain^ 7he .'•driiralty chart 

(!i0.12?3, 1B<5^>) does not </ive souridia^g in the ar-su where a 

relic f-.?-tuie sni^hb b<3 exi.;aoted f and no opportunity for ai^king 

such uurvsy offered it^sll Jurir*^, ins ^rssjcus iir^-Hi^Gi^r;. 

Furthermore, accejting tL . .1012© klad of rivige did once f^rs: 

the •-.vefitcrr. imr^in, it v?ould be possible to account i'or its 

absence today by t vA*o L-ltcrnativesi

1} north-couth vertical faulting or & flexure with it® ajtis 

alon^ the pre^enS coastline, since the time of caldera cco.j.^j,-i3e« 

Thir would eilso account for the t-teeply ohalvin^ shoreline 

alor^ tiic cioet westerly eectiuh of the isl-,ad. 

2; wimble marine orosion during tiie lon^ time interval eince 

the oaldera was foi-med. 

T r». view of fche f&tct that the water depth reaches 600 feet only



30,

mile offshore in Soufriere Bay, equivalent to a submarine 

elope of 25°, the firtrfc ej^^te; felon seeme aot

(1941, p. 242) elves the following dtjrir.iti.nni 

are lar^o volcanic depressions^ more or lea& circular 

or cirque-like in form, She diameters of which ure many times 

gr«v, &er tii^n tho^e 01 tut ijiciuaea ve&t or vent&, no matter 

what the eteepn«8fc? of the walls or form of the floor'*   

In the 'x>ufriere region of ,,t« i/acia, a Irx^e topographic 

depression axistis on lihe present land, and ie at leuct cirque- 

like IK form. It also includes u cluster of craters .*nd domes. 

Ihifc structure it> therefore considered to correspond sufficiently 

well to the accepted definition of a caldera to warrant the name*

c.-.tures within the caldera include- a nueib^jr of 

or lass independent dome- -ed hille or ridges;, whose flank® 

-A-C o^aipooed of either solid lava or large loose bouiueru* .. 

are interpreted as viscous lava protrueion^ or volcanic doiaes 

in various? ata^es of morphological decay* Tliie sequence of 

disintv- ';ion is believed to be represented by 1) Terre Blanche 

(one oi $[•*& ,yuu*i^r icatur«i::-/ , 2) the ^itonis, and 3) /and Doux 

(one of the older j-rotruBlana v--ithiti the caldera. Hvidence xor 

this will be examined In detail at ,1 l::ter stage (sections 5.2.3*, 

5*2. 5* > 5»2«6.j. Between the cluster oi' ^..ller hills to the 

south of Terra Blanche lie eeven volcanic craters, of which the 

five eurroun^ iii^, ^elfond hill ap; e^r to . ;o logically 

intact ";nd therefore recently forced.
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4 3

• third

(Plat* 3)

O: .ical unit ii.i the ^oulriere region

occupies the southern area, and will ba referred to ass the

southern lacie. thie & a tabular tt h slopes trntiy

southward froa an elevation of 1,3!>G rt. at Victoria function 

to sea level between the Groa 11 ton and Laborie* It consists

y of puaice flow glowing avalanche/ :;••• ..M:±±: -, v.. ui.cn in 

their characteristic manner iuive accumulated to lonn - ouiooth 

and entle elope* -since the deponition oi" the mont recent 

avalanche .• ;erial« I'.i • ,^. f^ce hae ^en die sooted by .;. . r;.. 

of parallel riv-'-.-c fl • ' *3 f which h ve eroded ^ 

up so 150 ft. deep (e»&» liivifer® ?or^e f ea^b or ^

4. _ 4. .. , ...

The ]

rock

JfallB /lore Treciuently

L climute of St. :.ucia 1

in wJu-^ higher regions wnc -•:••.

...terial above 1,200

to

and often a r

that remains.

lon^ at the i-iurfac^ is deeply altered, 

clay containin^ ^uartz cryetula ic ,;,ll

muchthe ttout^*" ^lacie, by contrast, rainfall 1 

lower, and mo^t exvos- ire fre^h, though sometimes e-^rea 

by a hard pan up to 2 It* thick. Coils, where present, are of 

the terras type, cc ••-•••• of sticky, y# 11 owioh-^rcy cl ;;,

To the northwest of oufri&re tovm y leea weaUiejxu boul- 

dery material, or lithosol, covers a lar^e pirt of the surface.
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Attention is drawn briefly to problems encountered in 

attempting to reconstruct thfc geological history of the Soufriere 

re&ion* iwo ^. Apailcl ae-^uenees exists thut of lava unite situa­ 

ted mainly within the caidera, tin;* that of &iie ^yroclaetic 

i, i.^ruphy exposed beet in and beyond t'ln calders rim.

Lava unit© aeldom display clear tirac relationships* 

cont-L..ctc> bet^aei* ntfi^iioourin^ bodi^o are rarely seen, due ©ithor 

to geographical separation, or to blanketing by &or^ recent 

py roc lectio 8* thus, in order to establish the chronologic,:-.,^ 

sequence of extrusion of the lavas, recourse umtit b  had to 

other icinds of evidence, of ,.i !... .. =  :iract and Ifesst, reli^Mo 

nature. the&e includei 

1} frhe depth of weathering of lavas.

2) The raorpholOtiy of the ss&jor structures.

3) .'lie fitratifcraphic se^uetice of petro^rsxphicU.ly similar 

pyroclastics.

The depth of weathering varies appreciably with altitude, which 

Wist therefore be taken into account. Present ; .-.olo^y is the 

outcome of two factors: original form, and extent of subsequent 

modification by erosion. Th© r.te of waathsrin*;* und uuuye tuent 

»orphological change, al^o vary accorain^ to the texture of the 

original aateriul. rhuc, for example, ^ v ric basalts are old,
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but art hard and relatively fresh in shoreline 0: r ilet 

much more recent vesicular dacite and dacitic a^h found above 

1,500 ft. altitude, is profoundly altered t ) a depth oi1 t^o to 

five feet.

-lyroclastice form the bulk of the aaterial e>: .d 

outside the c&ldera, an<i six m<.*jor units have been distinguished. 

Kone of the^e t however f could "be subdivided and correlated in

detail, so tint it was not r-osoible to est^Mirfh n det?<il«d 

strut i&rai..hy of the type described by Baker (t963) on ^t* itts. 

The srceeeEiutt ie also complicated by the recurrence of sim

fore structureleas deposits eho^'lng great lateral variation in

'Croeion between successive eruptions has caused 

uioi- of unconsolid-jted pyroclaetlca, leaving mud flow 

ami iiuviutile mbi Serial, thus ar« acvelo^oa aifferent fucie® 

of the eara original depoeit« There is little doubt that there 

h ;'-sve been more unit«5 of pyro-c lactic deposits in the Soufrl^re 

re.. '. n the number reeo&nieed, and of greater total thick- 

s than ^iveri here. urin^ a single historic eruption tn

frora 1929-32, "or exaxa^le, Perret (1937, p«86) 

recorded several hundred f?mrll pyroclastic flo*'B» -uiid it is 

likely lih^*t eru^tion^ of a simil\.r kind have taken place in t. 

Lucia*

on. 

.-or the aost reoenb pyroclastice, correlation ^ith
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the lava sequence can b$  etabU*1^* without difficult;-. or 

 aiiier "yroclaetico, however, equivalent luv^isj In many c : 

'• v@ not faeei, identified with certainty* It is probable ei^t 

vents either were buried or diaiiite^raii*.j «. explosively » 

ii!, others ultimately may have been blocked by doises whoee 

coaporitlon differed fro;i earlier emitted clastic material* It 

is, there for« f not re..,e0nabla i*o expect to find a siuoBive lava 

equivalent to e^ch pyrocl^stlc unit, ^nd the further b^ck In 

tiae the recons truutiwi; i& projected, the less likely will fchie 

become. The ^oufrierc region haa had a lon^ history «© ar* 

eruptive centre f and the pyroclastic sequence itaelf either 

not been completely preserved or ifc not ©x^ojjed in present-day 

outcro??.

The field characteristics of uniti^. conEiotiug of lava 

will lirst "be described, and the evidence for fcheir relatioti- 

ehip0 iii time will b^ c^xaaioed ^aect;ioii !> «:  >. Xni& will be 

followed by a detailed account of the pyroclastic stratigraphy 

(eectioR 5-3»)§ in vhich til© mode of eruption of the&e unite 

and their possible relationships to structure a compofcied of lava 

will be di8cu*>e«cl» ;>,11 field localities in the vioufriere 

region f to which reference io ui...ae» ttre sbu^n on the Geological 

Map (end ^.ocket). In all &eolo&ical nomenolatiu?e t the author 

hae atteopted to conform i^itn the definitions ^.Ivea 

Bchieferdeckcr (1959)*
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5._2.

B

Aphvric fe .;j;

lavas are exposed in only ft email part

of the area napped* Vhey outcrop along, the ohor*6- to the. north 

and youth of the ^etit i'lton, arid werfc- alec found at 2,000 ft. 

a* e*l* oii the island watershed, ea«t of >r « 'lie latter 

locality ie outsit tiie ealdera t whilst »ue L- ^ 

inside the ux-c- ; of collap.s® (see fteologieal :

rock in all three loctilitles is f 

and d<irk* Flow-btaidin^ 10 visible In the shoreline outcr-M %.B ae 

layers or lenticles up to 1 cm. ^ici« of rook of slight iy pul«r 

and darker colour? while ealoite v^inlcsta up t^ „ ^-... wide, 

coTTt^lnin^. rsc^ttered pyrlt« crystals, are relatively coflBaor.. 

Outcrops are frequently shattered, sosetiiioB so otroi^ly that it 

le impossible to re^OY© whole fragments larger than one or two 

inciica uuron*?. this ?i:-^iiee particularly to expo^urea t-iong the 

coast north of the Petit Pi ton (j'late -1-^'. In t>» latter area f 

the attitude of the flow-i . ^.n^ is visible, in cliffs ubout 

60 ft. hi^h, between eea level and the roud. By the shore due 

weet of ioubaril, dips aru- verwic^i over u zone j<, i Tta . bicroaa t 

and to the north and south of thlfc locality can be seen &.^ 

flatten fan-wise over a lateral diat,»iKS« of about ?0 f*, to an 

almost horizontal attitude U1&.11). It ie possible tb::,t the 

vertical flov>-banctin£, mt^rks* the site of a fieeure thx- which
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tfeft «ft£S» wae extruded. ..:.- ....astence of &aeaiver cliffs u^ to 

75 ft. thick and i Mle lonii indie .-.tea a copious r ly of 

nagma* The we cliffs are overlain by up to 30 ft* u-. uc«ij.y 

reddened, ©coriaceous ttbole*% indicating long sub-aerial

exposure of the flow after extrusion*

To the south of the I-'etit ^ it on, no basalt was found 

in oitu, but loose bouldero of bonded lav?j, (it»424) occurred ue

;  .  ? 40;) ft, a«&«l« It sceme likely that they have come 

^ flov/e similar to those north oT the litoru

the mode of occurrence of the baaalt lava on the 

central ridge of the island, east of Mlgny, is lest; cle»r* It 

outcrops in t"-o Uxialiti^^ about 400 ft. apart in a region of 

deeply altered, compaet f fine tuff. The larger outcrop is 12 ft< 

wide, and of similar vertical extent, b^irit fresh in itB lower 

(ij*34) but pasaiuc? upward into Candy-coloured , tuff-like, 

ered lava containing eaall eavit:.^« which look like old 

vesicles (L»36). The latter suggest that th® material wao extru­ 

ded at the surface and wae, ther E>re, probably a flow, ro flow- 

lMUDdin t^, hovrever, was observed ̂ at &hls locality.

fl ow .6QU6h....of ^

Baealt of a diju ..t type occurs locally to forsi low 

cliff© extendib& into the sea just > eyond the northern eud of 

exposure ; already described north o- ^etit -.it on. rhis rook 

(L*251) contains numerous att&lL felepar phenocx'yctB, but .<. art 

from these it rewimblee, in ito field occurrence, exposures of
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aphyric ba&alt to which it if* closely related both in space und f 

, time; •

~c l.i v in * . br '

In the southeastern p^re of the ar*2a r . ••!» a lr.r£,e f 

apparent? t-w • «* In, vie flow of bu&alt extends from La Haut southward 

to tfc*f"<Jf»9et at Leborie, creating a north-south ri<l-*a» on wnich 

thtf .highest eisinence ie numod I-'t* Oomier* Tais laT-i (ij»570) 

contains 9 ii'i addition tp felspar > Bum^rous pyroxene phenoeryate 

It io similar iu ^^^earane© to tlica older ^ux^ny-ritie baealts of 

tha Vieux Fort and Caetrift* centres (see Fig.8), and. probably 

belongs feo an early period in th^ rolc-xnic history of the 

Soufricre region* It Is over'' -^ by the an/'esit* sjid d-joite 

pu;aics A'Iotfe f ^.nd is therefore certain Ly older thiiii both of 

these.

LUsee co&po&ed of derk-eoloureci andesite l&va and 

consolidated agglomerate are responsible for the aain topographic 

features to the northeast of the culdera, including ,. ; *. Uiiaie f 

3,117 ft. a.s.l. (Plate 2/» &t* Tabac, 2 t 224 ft* a»s*l., aii^. the 

ground e^»t of ...'d$ny« Inside the cal^era, the hill of

is n^ade of similar uwv&crial* fhe high elevation of the 

iioi'th-e^st of the culdere (fig.9) is responsible for heavy 

, thick forest cover f and con&e*:uei;t intense ^Iter. tion 

of all material which h:-s Iou0 been within 10 ft. ox the surface* 

ueeful exi-osuree therefore occur only in etreaa sectione or road



cuts, or fctsep slops s exposed uy recent x 

slopftSf moreover f are usually untied by youn^r 

material from the 3oufri£re centre.

Mascive rock is exposed aloa&eide the road northeast 

of <-i,,nyt where dark ^reerii*m-grey lava can be obtained iroii 

the eonso of the larger f jointed blocks. Similar arterial ia

expo«?»d in r. trp-'r^ eeetlons on tfcfr flanko or • t. ;3i^ie. Sr.:iplea 

Troia Mt» bac and Coubarii are of cli^htiy pcler, greenish-^rey 

colour, and contain rare« large quarts crystals. In this respect 

they difi'er fro-*., rocks- £ro& the Gimie arid Mi^ny area* I'he 

of weathering, however, is closely comparable, and it seems 

likely t&at all four masses belonged to the same period of 

volcanic activity.

erosion has deeply modified the shape of 

these mountairu*, so that their original structure cnn only b@ 

guessed. However, their proaiuent shape aGvl gcOfor^piiic isolation 

from one another au&j&attt that th«y probably ^rew fro^ separate 

eru^ tivd vei*t^ f ucu- tac- ucuiAiiioiial putchoL3 of lav.- roucd ,.,rouiid 

their present flunks are interpret-. .lie© of rio*®. Ko&d- 

cut exposures on the northwest fl^nk of Couburil reveal, in 

•dditiofi to massive lava t b^ds of dark anclesite 'breccia und 

in4ur?ited a^.lomerute (rlate 4b> dipping at 3^° of I W. elopee 

of the hill, conforactbly with the present topography. These ar« 

interpreted ae pyrtxslactic fra^ni^nte eject^?^ from a central vent 

and deposited on the slopes ol : ^rowin^ cone. 7he present 

«or ; hology of th« up.er ^.-,rt of Ooubarll hill consists of a horse-
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 hoe~&haped ridge (eee Frontispiece } opening to thn north, which 

may represent an old, partly disintegrated crater rim.

'xhotse -;:;ite masses, at th*3 ti.ie of their 

active growth, are ei-;v.i^4J c<- . a^vii^ AUXY . ,ii s 

volcanoes composed of lav- flows intsrfeedde*! with 

each broadly COE^ , bits in structure tv> the con© of Mt. Misery 

on St. r<itte (Baker, 19«3» P. 26). It is probable thut the dark 

«»4eaite cones on St. Lucia, like °M, Misery, were &uii> up Iiy 

a eyries of alternating effusive an -3 explociiv© phaeeis.

. . . ite uiiits outside the caldera underlie the 

earliest known poat-c<.',l;ier<4 pyrocln^tics. By analog, it ie

o tliu* vau^r^ri.-. ^IwO exit teu prior »o Xormation o* the 

. It must, therefore, have subsided bodily at the tias 

of c

5. 2. 3.

Doux uiuu Home Bonin ere two larg® hills lying 

 ear tlM ttar&in «f the caldera (eee Frontispiece and Geological

Map), cosipoeed ol pale-»grey atulesite lava. Fond x?oux is situated 

near the southern rim of th^ c-i.lcl.era, ,>nd riaee to 1,663 ft. 

a«8*l* - parec ouGcropu oi -.^-.SijiVf palo ^.<'i--o^ice are ^xpo^ed, 

especially on tho aouth^ea&terc fl^nk. at about 1,000 ft. a.o.l., 

in vertical cliffs up to 50 ft. hiv ; i. The hill a?* n whole is 

fairly deeply dissect ,-d, and slopes are not v ... .;er . 

Occasional outcrope oi Dlocky agglomerate cota^ot'cd of 

lava occur on the hill, and Iso to the eouth oi «:,u
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river near its mouth. Ttece are Bade up almost entirely of 

angular Imva fragrant 8 from i to 6 in. across? with little or no 

fine matrix* On two oaall circular Mils to the south, rising 

to 1,tOO and 900 ft. a*a.l», bouldere identical in ap^cui^iice 

to the !*on6 Doux rock are common, and from this evidence the 

hiilfi &re bellevea to be satellites to the' Fond Doux extrusion.

Morne Bonln let an elongate hill with twin audits* 

2,200 ft. a.s.l.f which project*; from the eastern wall of she 

caldera* OB its southwestern side* it overlook® Bell© Plain© 

which liee at 1,201) ft. altitude, so that its relative height ie 

1,CX>0 ft. the Borthwestera and southwestern flanks consist 

largely of talus, IB which loose blocks up to 6 ft. across ar« 

coassori. Dome of these ehor/ cooling crudes or the type common 

in brendenast bosibe. Identical block/ , _e gilco found on the 

ca!4tra rin south of Belle i-Taine. Broad bantling r on a scale 

1*3 in* wide, of ali&htly paler a»d slightly darker lava, is 

present in several of the block© (©*£  I»*5)« Ko lava was found 

situ on Morns Bonin hill, on the higher parts of v/hich 

made access vc^ry difficult.

occurrence of steep slop©© of blocky talus forcing 

the flanks of *^orne Bonln, and the morphology of this hill and 

the Fond T?oux group, suggest tbst th«se aa®Bes probably had an 

original dome-like structure, and were extrusions which, judged 

by t^ftlr considerably modified morphology, ire relatively old and 

probably developed at an «&rly stage after o&iderm formation. 

It Is not unlikely that the rising aa&to took advantage of the
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fractures along which ealdera collapse had occurred, being the 

easiest route to thr: eurface. Williams (1942, p*336, tHagraa 5) 

demonstrates how tha earlieot activity after col 

Krakatau-type calderaa is roost likely to occur near the ria»

5. 2. 4> ST, PHILLI;;

A email outcrop of gsassiv® lava ie seen in a tributary 

of the Mlgny river in the northeastern part of the caldera. 

This rock is dark grey in colour t slightly vesicular. and con- 

t&las a relatively small number of large quarts ph«ttocryete, as 

well as plagiocl??,se and hornblende. It fea« therefore b»en nased 

a quartz-poor dacite* Though the amount of maa^ive rock exposed 

is not large , much of the surrounding aaree coneitrta of aggloaei'u 

contaiEsiia^ blocks of similar appearance up to 6 in* acrose, in a 

lightly- consolidated, crystal- tuff matrix* Sections In Ravine 

Claire show this to be up to 60 ft* thick* blse where, exposures 

are «uch confused by recent, land slipped debris from the northern 

wall: this applies particularly to roadside outcrope between 

Soufri&re and Fond St» Jacquee.

fhere ie no definite indication of where or how thei 

rocks originated. It seems probable, however, that the massive 

lava represents a saali, iiidependent extruBion from a vent below 

Ite present site* The pyroclaeticis may have been emitted earlier 

from this sane vent*

fi«e relationehi^r of this material to other intra- 

««l<ierai unite were not clear. Th$ s©ai-conaolidate^ state of



the pjroclaetle* eHggests that they were prob-ibly a»on^ the 

•«rller of the- dacitic rooks. The location of tb« • t. <hillir>*

quarts-poor daoite near if er of tfcs ealdera l&pllgb that 

it nay, like the pale ai< tes, have been emitted through the 

fractures alon^ which c^ldera collapse took place.

£• 5* PITOfr-TYI-'JS lUCiya. . - 3

The two Fit on B are steep-sided, conic il aasses coapoaed

el^ of caclte I^VE* Both lie inside tht oaldera* The *'etit 

Piton (Flate 5a) rises abruptly froia the eea to 2 f 400 ft* alti­ 

tude, with an aTer&ee rlope of 5^° an^ an apical an^le of 70°. 

The Gro*j I'l ton (flat© 5b) f r.ith a maximum elevation of 2,550 ft., 

tiallex* but less steep. The southwest flarili, in particular,

a relmtivel^r gentle (30°) elope, the loiter part of whleh ie 

etrewn with l§ur,re liotsl^err: rtora^ o.f th^re -Arc over 20 ft. acros-:\*t*

and the average else ie 2 - 3 ft. (Plate £a). Jlaleujace is an 

eloftgatu hill which is lees eteep-elcled than the Iltons, and. no 

solid outcrops .•••!•-. e^ ,-u ou its n^nke* The abundance of rather 

weathered Irloc*... v . 0 . ii.234), of a variety closely similar to 

the Plton lava, ouggeeta that s^assive rock of this type in 

pveaent aot far below the surface, the Htbot rld^a ie a north- 

south trending etructure, similar to

Bare rock exposed on the eteeper faees of both x 

Ie often deeply weathered and not easily aeceeaible, and fresh 

expoeuree are ©ore readily seen alcmg the coast west of the Petit 

, iton. E^re, in additio?i to isaesive lava, relatively small area*



*) Pot it Pitta* •••a fros th* eauth. tn& pnototfiMi/ht lu.^n fr< 

tfe* uttHttit of on<3 "QU* (1,665 ft* a.a*li»J» *how» in tra* ,«r«$>*oti»*

of thu flanict, *hioh *r« aq«po««4 ^la^at *ntir*Xjr of 

lacrit* lava, ,, t a ai»a toy ?airt fo**«at which i* ^csaatjf on tb* 

lo»«r p*rt tout t»*eo«e« l«a«*r ta«fard« th* «Wffliit. the latt«r

of tat? v/ros itoa fru* tiid <§A«t (&autn of Viatorta Junotionj. 

?orm& the aar^r at th* wouatatOj but Uu» ^^roa round th* 

^iit, to th« 1-^tt of ,h& piatur* y ccnui^ta of loo** 

(»*« r I at ft (-a,, bb'li.^^j to b« &h* r»«n*nt of a foryMrljr stor* «jKt«n«iv* 

-hi-;n coliaotsa arcuftd t^i« tlari^i of ti«« growing protrusion*

o th* rifcht of tht piatur*. th« southern half «f I^WId 9*tut i*

, with it« sur^it on ths «xtr« « ri^ht* this i» A »sor*
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of strongly sheared daelte are seen. Irregular flow-banding, 

visible locally in fresh dacite (Plate 6b) f dips approximately 

northeast (inward) at angles of up to 20°. Similar, gentle dips 

were observed in vertical faces at between 500 - 1,000 ft. a.s.l. 

on the western flanks of the Petit Piton. The Piton dacite lava 

contains angular inclusions of aphyric basalt up to 5 ft. across 

(Plate 7a) as well as smaller, rounded inclusions of dolerite 

and gabbro up to 2 ft. across (Plate 7b)* A single, small inclu­ 

sion of pale-grey, quartzitic hornfele (L.724) was found.

There have been a number of conflicting views on the 

origin of the Pit one. -ipei.cer and Hill are reported by tapper 

(1903» p»274) to have described them as remnants of a former 

crater, the western part of which had been removed by the eea, 

This opinion was reiterated by Larle (1923, p.t). Sapper (1903, 

p.274)» however, rejected Bpencer's and Hill's explanation, and 

stated*: "the enormous dacite masses which form these mountains 

show no bench-like arrangement or any other signs of their 

formerly belonging to a crat«r, BO that I like to think of them 

as stock-shaped masses of rock, whose remarkable form (like a 

sugar loaf in the case of the Petit ?iton) was created by sub­ 

sequent transformation, mostly by landslips." Perret (1940) 

put forward the hypothesis that the Pltons were examples of 

aacsive, solid protrusions comparable to the spine whidb grew 

from *it. - el£e on Martinique in 1902-3.

The present author agrees with Uapper that there is no 

definite evidence that the region between the Pitons resembles

translated from the German by the present author*
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the eastern half of a former cratar. The high proportion and 

variety of rock- type e surrounding this area are not tyjical of 

a crater-structure, and no bedded pyroolnstice are seen in the

eastern rim, formed by -iroiKl "ouac oiH Ilaieance.

r in undoubtedly correct in his etateawnt that 

the present eteepncbi* «f the i'itone is due to land Blips* He did 

not, however, state how he balievec the * it one were initially 

eaplaced * Though he compared their shape to that of stocks, he 

did not state that they w«r« intrusive rnther thti,

s analogy to the hirtoric spine of ;4t. ; - : 

ie difficult to accept, px*iucipally bdeau^e of the relative 

aigee of the phenomena, whilst the Martinique spine, with a 

naxiaun height of 1 t (X>0 ft. &tnd fea^al diaaetcf^ oi* 450 ft*, had 

a voluse of 0.002 cubic nilee t the fcttit Viton rioee to isor« 

than twice the hai^ht, and h&e a calculated prueeut volume above 

e«=i level of 0.061 cubic mils®, i*@* 30 tiMes greater than the 

Mt. iel^e spine, it is, therefore, a phenomenon of a different 

order of aa^ni-tuda. Moreover, the spine of Mi;, I'elee grew on 

the ftQtt&it of a newly formed done, and io tas largest undoubted 

ex^imple of this kind of feature ii3 the geological record. Other 

spines, for example those formed in 1924 OR the doaa of C-anta 

Maria in Guatemala (tapper, 19^6), wer^ very much emaller, with 

a maximum height of 218 ft. Yet nuac?rous «xamplee of vise cue, 

expanding protrusions, or volo-^nlc domes, have formed in historic 

tia-s, and wrreral of theue huve reached a comparable si^ei e.g. 

Santa Maria in Guatemala, on the flank of wui.cn a dome grew
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between 1922-25 to a height of about 1*300 ft. with u basal 

disaster of 3,000 ft. (Sapper, 1926), i.e. with a voltaw of 

approximately 0.057 cu. mile. In the , ouf rier© region of :.*. 

Lucia, rerre BlaMfce Hill, rising 1,400 ft. above the surrounding 

toi>O£rai>hy and with an estimated volume of 0.076 cu* mile, is 

believed morphologically, to be an intact exesple of such a 

feature, uid ie coaponed of daeite lava closely similar to that 

of the lit one.

Definitions of doae->typeft were given by *lllia»s (1932,

pp. 52-4), who distinguished I

1} Plug domes, repreisentlr^ upheaved conduit fillings}

2) - ' ;;enou© dome®, ^rawing essentially bj expansion from 

within;

3) i-jco^cnoue dome& 9 built by surface effusion, ueu&lly froza a 

central suiaadt crater.

villi-atta ulso defined 6|dne-B, as slender, obelisk-like 

s?ions from the upper surface of a dose.

As has been Indicated t it is believed th,vt the litons, 

like the younger dacite domee on St. Lucia, formed as viscous 

extrusions which grew largely by endogenou© ^ro^th at the surface 

to fora more or less hemispherical hills. The core co&sieted of 

viscous lava, a»d from th« flrinkss, a^ they cooled, boulders of 

solidified material broke a»J £<sll to fona un apron of scree 

(c.f. JUaeroix, 1904, p*134# with reference to the 1902-03 doat 

of Mt. i'el&e), of which only a omali proportion, on the we&tern 

and ©outhern flaiaks of the Groe liton (Plate 5b), has survived
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erosion* I& the Ciuse of tlie *etit -iton, <xlM»t all 

talus hats disappeared and the staaeive cons is at present being 

reduced, i^nd Its profile sharpened, by lar^e-ce^le land 

of massive segments.

discussing the identification of dome 

(1932, p«53) comments on the relative rarity of 

, compared \tith endogenous doEies* and state** <l *.*if there 

gocxi reason to regarfl a protrusion ae due .to the- upheaval of 

an actual plug**** »....»» ami if the mass then rleee distinctly 

above the crater floor t it maj witb reeeon ba reJTex*red to as a 

plug d©m@. «*•»»*** ?hou&h thie remains a possible alternative 

explanation for the origin ox the A it one t it is con^idsred by the 

present author leas likely than the Becheualsia of endogenous growth*

fhe occurrence of fewer blocks on the land-ward than on 

the seaward sic!® o-f the G-ros Pi ton suggest© that there was l«sa 

original talus h@r© f sine© no satiefactory ejcplanatlon c&n b© 

given of why removal should have been mcr© effective on the land­ 

ward side* The presence of a £i"ton daeite boulder in limeston* 

north of Malgre* touts, howovert in^icateg that the e«a wms once 

at least 100 ft* higher at a time subsequent to l :iton lorisation, 

iAnd if tapper's o^s^mitloBe (1903, p»2?8, tm£ section 5«4* of 

thle thesis) are correct, and involved the same limestone, it 

seems that the sea met once have washed th© flanke of the i- it one 

at a level 450 ft. higher than today.
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5* 2. 6*

Domes in this grou .:• include the hill of Terre Blanche, 

and four nmuller protrusions, of similar lava-type, lying

to the south anr? routh-eaet (Fig. 12 and Pl«ite 2b).

Terre Blanche hill is almost hemispherical in shape, 

d rieee to 2,OUQ rt» a*e*l* from a surrounding topo^aphic 

level of about 600 ft* Its volume, calculated aft & eon® of 

radius 0.4 isile. and bei^ht 0*3 mile, i© O.OT6 cu.mile. Ihe 

flankt of the hill are commoted of looea blocks, up to 6 ft* in 

diameter, of pink, slag^y dt cite which is occasionally inter- 

banded with dark grey daci^e. Only at th«j summit of the hill ie 

massive IfeYa seer*: this rock (1*245) outcrops within an area of

about tOO x 40 ft* at the western side of th« enxmlt of the hill.
colqur and 

It is leae sl&^gy, having a pink or ^rey /compact texture, ^

irregular darker and paler flow -bands up to £ in. wide, and

fewer lar^e phenocrysti" thaia in the talus lava»

Smaller Settee to the nouth of Terre Blanche are com­ 

posed of similar, pirtk daoite l£ivaf sad OR account of thit. ^n^ 

their proxiiaity to Terre Blanche hill, are attributed to the 

same period of extrusion*

Three craters lie adjacent to the ferre Blanche domes t 

these are b^.ein-©haped depreosions, about | mile in diameter 

from riii to rim, and up to 300 ft* deep* they have fi&t bottoms, 

filled with iillttvial crystal ash, which are intensively culti­ 

vated oind very fertile* the inner walls are eos^Ofied of loose
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blocks of piuk ducite lava* The two crater® north of Belfond 

hill f lying between the two southernmost pink dacite domes, fora 

an intersecting pair.

The ehaptg and structure of Terre Blanche is 

to that of volcanic domes for»ed in historic time (e.g* 2ft* Pelee, 

Martinique, 1 929-32 J Cant a Maria in Guatemala* 1922-5)* The 

hill is therefore believed to be an extrusion of this type, 

whlcb hae undergone little eubeequent modification by erosion. 

flow-banded, massive lava exposed near UK: su^adt probably

viecous material rfhlcli has been squeezed through 

cracks in the solidified carapace of the dome, in the 

described by Lacroix for Mt» Pelee (t904 f pp* 135-6).

of craters indicates that explosive 

activity probably accompanied the extrusion of the ferre Blanche 

<lo»e» f though related pyroelastie deposits nav« not definitely 

been identified* However, it is possible that some of the pyro- 

elastic 8 north of the ^ouTriere river, attributed tentatively 

to the . fc. - uillip ^mirt^-poor dacite phase, were in fact ejected 

fro;, the 'i'erre iilajicas craters* Aii r.ucite bouia •..-:.• . to the south 

of the Soufriere river, around the flanks of the Terre Blanche 

dones, can adequately be explained as talus derived from the 

donee, vdiilst further south, any pyroclustie material «hich may 

belong to the ferre Blanche phase is likely to be buried beneath 

younger, thick Belfond pumice ash.



5« a* . 1. BELFOHP PACXfK ^....,3 AMP CHA

group consiete of a cluster of five dome and

three ermtens located in the 8outher&*central part of the e&ldera 

(Fig. 12} » and is naaed after the most prominent hill. The domes 

are ooapoeed of a distinctive, very pale-grey daoite lava with 

large, frcrh naphibole phenocrysts. Phese protrusions are up to 

i mile in diameter, with a relative height of apprcoeisately 400 ft, 

Their surfaces consist al&oet entirely of loose lava blocks, 

though outers £8 of macaiye lava occur rarely» J?he anapes of soae 

of the domes seem to h£tT« be«( n modified fey explosive eruptions 

fro® the adjacect craterc, which are similar in ehap« and ©is® 

(eee profile, Fi^.12} to the t'erre Blanche cratera* rheir inner 

elopes coneiEt of loos«t pale-grey dacite blocks, comaonly between 

one and four feet across. Two of the craters form an intersecting 

pair.

the Belfond er&ter;: are tealieved to have been formed around 

ve&te etsittirig ash .ad pumiceoua lava blocks* Lava fragisonts 

found in the youn^@8t pyroolastic unit of th^ iioufriere region 

are identical in appearance to blocks forming the crater sides 

and flanks of the do&ie&* It eeeme possible that the domes have 

grown on th«5 cite of former oraterst thereby blocking the conduit 

and leading to &?v -»: enin^ of new adjacent veatt*. iixtrueive and 

explosive activity in this area may have been ic part contempor­ 

aneous.
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3. FTriOCLASTIC DEPOSITS. IN SB

3*

Two type® of pyroclastlc deposit are of particular 

importance in the Uoufriere region: thsee are called pumice 

fall and pumice flow* -i'h« tersse were first used by KOKU in 

1934t to describe th« two types of deposit foraed during the 

Vulesni<i<n-?elean eruption of Koaogatake in Japan in 19^9- Kozu 

(1934t p«136) st&tedt

"In this &reus, activity, the volcano syectad OA 

doue quantity of dvcite pumice newly derived from magjaa 

pumic® »ay be classified into two varieties i one of which ie

w<& call the 'puiaiee fall 1 and the eeco&d the 'puiaice flov 1 ^ 

differ in th« manner of ejection frost the craters, opened 

on the guffisitf not in their essential nineraloglcul conpoaition. 

The former wc.c ejected atri-ight up as h%h a© 12 ki?i. >,bove aea 

level arid fell over u vuat area east of the volcano on &ea and 

land, influenced by the wind from the wecstf reaching to a 

distance of more than 200 km, The latter wa® •Jeefe^u in large 

coluaaae froia the crater in an cnormo«a quantity, but not so 

high as the former • and fell atrui^ht down on to the cum,iit, 

then rushed down alon^ $&$ valleys of the •oimtuin in different 

directions."

The importance of the uMiner of ejection WSUB

particularly emphasised by Kosu. Uedimentury featuree and si£« 

characteriotics of the depoetite frojsa eruptione of these two
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types war* pointed out by Kuao (1941)» who described the »t rati­ 

fied nature of All depo&lts aad the s&nber in which they 

characteristically aantle the older topography, in contract to 

the structureless appearance of flows f which are typically

concentrated in topographic depressions* Kozu's terminology 

w&e mdopted Tap vmii. ;.,.. (1342, p. 68} in his description of the 

young«st deposits around th< c&ldera of Crater Lake, Oregon.

The occurrence. of blocks of non-vehicular or vesicle- 

poor lava instead of puaice, ii* deposits formed by the two 

types af eruption described by Kozu» appreciably alters their 

character. 'The actual fonaation of deposits of this typ« has 

been observed ia the large historic eruptions of L'artltil^ue and 

St. Viricent in the '.Vest Indie© , and these deposits have been 

subdivided i& detail according to the t;/p^ of structure 

they were ejected an^ their precise jaode of eAi«0 

f 1930* MacOregor 1952)* However, ac stated by 

(1 i52» p. 72} i such variety cannot be recognised in ancient 

deposits, which on St* iiucia are described by the terms block- 

pluft-Nish fall (corresponding broadly in isode of origin to 

pumice fall), and block-plus-ash flow (cor re ©ponding to pumice 

flow}* The relationships of th-©e four types of pyroclastic 

deposit are suaaarise^ in Table 1.

pyroelaetic deposits in the Soufriere region 

have developed by redistribution of the primary materi- 1 

already described. ?hc«€ include four principal typees
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lava blocks
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ei»o variation
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t) -.'low or Isiharic d$i-OBi.t9c composed of imported material 

olo&elv ro&«nblic^ y both in lithology and In distribution, th« 

primttzy biock-plua-ash flo»v material* He-mobilisation of the 

latter through the agency of torrential rain, or floods of 

water escaping from a lake f leadn t-^ thick flows of viscous 

mud, capable of oerryin^ e.lon.£ even the largest boulders* 

Deposits of this typ« were observed to form during the eruption 

of the uoufriere volcano of St. Vincent in 1902 C»nder&on and 

Flett 1903, p.423)» Jft^flow deposits obviously may form by 

rt-Hsobilie^tijn of any incoherent ssaterial at the surface, i.e. 

fro» any of the primary :yroclaetic doposite shown in Table 1.
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2) Fluyiati1e aatcrial, although ulso transported by water, 

differs in aode of transport from that of the laudflo*? in that 

a large &asou»t of water carries only a email amount of detritus, 

and the finest or f given equality In isise, the least dens* 

fraction8 are transported farthest. The maximum ai«e of material 

transported varies according to the velocity or :, vie crater* 

thus the deposits are stratified, with alternating aanvl;: -;nd 

f«bbly layers («.g« Plate 15fc).

3) choreli.n.e con^loiaeruteg are formed by rolling of boulders 

on th® contemporary sea ahore, and mixing with finer 

material. AS with fluviatile deposits, the finest, 

fraetione tend to ba completely removed, rhe ooare«r boulders 

are often co^tletely rounded, and the deposit usually acquiree 

a crude stratification (e»g. 1-lifce 10b}»

4) JLaaAglipr^edf or hill^creep.jaq^er!_%!.• displays a variety of 

facie®; on the flanks of a dome, It is normally composed of 

large, loose blocks of the dome-forming lava (e»g» Plate 63), 

Elsewhere, it stay con&i&t of a heterogeneous mixtur© of tuff, 

lava ttmd recent coil* Older acaterl&i with such an origin i© 

likely to • . .*IaQ&t indiscin^uiebable froiu mid flow isM priiaary 

block-plus-u fa». i1ow•

t.L'<

The largest vertical section across th© caldera-wall 

is that exposed along the aain road north froa ^oufriere. 

Road-cuttings «ade only a few yeare ago expose relatively freoh 

•aterial in acre or lees contlnuoua outcrops 9 thou^ii in r-Xaces
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large-seal© landslips have obscured or modified the original 

faciee. A vertical thickness of about 1,000 ft. of consolidated 

agglo&erate ie exposed (Fig.lja; con si is ting train ti ally of 

angular block© of andeeice lava up to 6 ft. ^oro^s in a ere la- 

coloured, tuffaceoue matrix*

Lava type* are notably varied in colour, from almost 

white to pink and dark greyt the rock texture varies frc;a 

non-vesicular to mildly vesicularf beiag more frequently the 

latter. Bsmdln& is visible in numerous of the included frag­ 

ment®, and consists of parallel gone© i - 4 inches wide of 

different colour* All slse? of block® are found frois 6 ft. in 

diameter down to fragments eo s®?jll that they grade into the 

ffliitrix of uu^w ^na crystal tuff* Tha average proportion of 

blocks greater than J iKCh across veries between 30 *»nd 70,« 

(Hate 8b). throughout most ol ito vertical tiiiakueefo of 

1,000 ft., the «ggl«erste ie oojapl^tely without str^tific ,tion f 

, or eynteaatic variation in structure, and no difference 

observed between lava types from the lower and upper parts 

of the mas&* One notable exception, however, was found by the 

r&ftdside due north of UmXrl&re at about HO £t. a.e.l., where 

a bedded, fine, creaa tuff horiaon 2 ft. thics:, with pieolitic 

layer© (L»240) wa& observe^ to dip eouthv?ard at 43°» Phat this 

represents an original dip seems most unlikely in an ash fall 

deposit of even thickuct-s* i'hie im^liet* that she *hole outcrop 

repr«»«at« part of u. large, shifted mass which was tilted either 

«it the time of caldera collapse or by subsequent lar^e-scale 

landslip. , similar tuff, without pisolites, was found at



FIG, 13. GROSS-SECTIONS THROUGH THE NORTHERN rfALL OF THE CALDERA.
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100 ft» &»8«1* -above lU oint, <u t 4"*
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deeply altered pyrocleeties of which the flanks of Hi* Gimie 

ftpptar to consist in part, was not satisfactorily established. 
It is possible that the two are oloaely related in tiae and 

place of origin*

The fact th it the agglonerate-tuff forme the colder** 
wall shows that it must have existed and been well-consolidated 
before caldsr&-collapf;e» Stratified horizons ar€ rare und in 
one case, north of ^oufi'iers, the dip ie probably iunomalous. 
The thickness observed in the a^rth wall indicate 5: t ,c- v .at 
volume erupted. Moreover, the base is nowhere visible.

the absence of bedded structures invites the supposi­ 
tion that the material was pyrocl&etie flow rather th&n fall* 
It is probable that redistribution by imdflov? ^nd oiin •- . .-licies 
IkiB affected »oae of the £)«qaence« I'he abeerice of conspicuous 
erosion &urfa.o«e or soil horizons suggests that it caae from ' 
eruptions whicfc were not separated bv lon& tiffie-lntervals f 

though recognition of ©uch breaks lii material so old and 
structureless ®i&ht expectable be difficult.

The greater thickness observed to th® north side of 
the calder* (l f GOO ft.}» by co^pariaon with the maxiisun visible 
thickness of 150 ft. in the south, ic undoubtedly to some extent 
due to the higher elevatior. and deeper dissection of the 

northern region* j?hls higher elevation, however, Is : robafcly 
due to the fact th;>t tne original sequence of Calders-wall 
agglo»erate-tuff w&& thicker* froaa this it is concluded th^t
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tfee area to the north of the reseat oaldera wa« nearer than 

the southern &i,ie to th source* It seaias likely, then, that 

the agglomerate-tuff ori ' ted froa; tills hi^hl^n-1 area, u 

may have issued fro® eruptive- centres connected with the 

aiiiesi tes oi* the Glaie-?afeaG &rou;.-»

5 3. 3* 0£b£a. AE - . UMI'Ji PAL *

Pualc© fall In c ,••• grand collie

o& ihs uorth side of -oufriere Bay re'/eul a 

maximum of 18 ft. of consolidated, bedded, acdsslte pumice 

(Plat© 9a)t made up of eight unite *hich show ijwertad grading, 

overlying finely stratified tuff at the base, ^ach graded ui.it 

is between 2 and 4 ft. thick , aad exhibits a passage upward 

from fine ash, eoxspoecd of pumice* frageeutfe uu^ crystal;;., ut the 

clearly defined base, into wub-sagular pumice lumps with a 

Ekulmus; si«c- of 3 iuche® at the top. Th<2 ©i^hi ^ruded unit 3 

are all oi" similar thickness f uscl ovc-rlie finely stratified 

•ffi»terii.i t.t &h« u^^yi OJL */,£ ivJi'i.^iiioii. *.'^.: \ic l;c<U: lie on 

as ©rodod, reddened surface of Caldera-wall aggloe^rate, and 

dip gently northweet at 5°. ^trutified pumice with siiailur 

charact eristics was round o& the north iside of Grand Caille 

AOint, only 700 ft. distant froa the firi;t locolltys this la 

almost certainly a northw&rcl extei*nion of the sojae deposit.

fine Gratification of the lower jjart of the 

deposit, and evea thlc:. ..1 grudin^ of h%htfr units,



) i ,«r a*Vu4Bitt punia*-i'»kll units allowing luv«rt«d &r>- » a&st of 

w»»ill« . oinr, t ou iho north ai<i» of ~*oufri*r« ia#. fh« pu*le« unit*

f and

of

of

IS ft. f and «aa»X»t» oi uf> io ei^-nt rwvjrs-v*^. ;.;•.• ^ :-i-> ..;-;:

^n« aaa four f«*t thicit, ov«rlytn;i firi»l/-«tratii *t«»rial ^t th*

Th« ^raift •!*« of m gr*d*d aait tnure»»*« upward, .. ..: c

<i in* lapilll at th* )MMd» to jfttaia* fr«fwiat« of 

top*

strongly oro«»-u.iju«j; . ..;loB»r»t* f ov«rl»ia without visible dlasordaao* by

12 ft* of struotur^I&SB %ad9)iii%0 yunioa whiaii ^.^ int»r

of tfttt p9ffi4Q« "fr-&«ns8fits T*ar»l Bv dxo«44a oft* inch*
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indie .it® almost certainly that the mmterlal represents ptutiee 

fall. ;.'h*> inverted gruding may be explained by two poesibili- 

tieo: either a© the product of & series of eruj ticuB which 

threw up progressively coarser raat^rial, or as th® result of 

some for® of mechanical sorting after deposition, e.g. floating 

of the lighter puaice luiaps in water until , fir&t it; the case of 

the smaller fragments^ they beoaiae waterlogged, £he rsctdened 

surface oi' the uuaerlying afe0iiHaeruc£-»tu£i* no'/rever v indicates 

probable sub-aerial e^osure of this deposit prior to the 

pumice eruptions* H©nc© it is believed that the pumice fell on 

l^nd, not in water, &nd th=it the grading is the result of a 

steady increase in the eise of m^tterial ejected during each 

explosiv

Trou 'Harbet Silvers puaioe ̂ all .and . puaice . flow

Str&itlfied an^e^ite pumice, overlain by eimilar

mstratified material* was al&® i'ouna a& i'^ foot or tiie southern 

glads. In the Trou Bajc-bet river valley, in the yer&ical-fiiided 

gor^e ^u^t upfstraas of the point «here it is crossed by the 

minor road northweet of U&oi&eul 9 10 ft. of irregularly bedded 

pusaice are overl-iin by 12 ft* o£ aiiailart though unstratii'led 

material (ilute 9b)* The lower, etr-utified portion consists of 

sildly cro@a-bedd«d,fine layers f in two of which there i^~ slight 

inverted grading. , _ j of pumice reuch a ia?jjiijau£i si^e of 

1 Inch, b ^ eaf-ill?»r thaii in the •xposures north of Soufrlere* 

Unlike tht letter, the stratified matarlal in the Trou unroot 

ralley shows marked crose-beddin^t eug^estlng partial reworking 

by water or wind* However t on the evi -erce of tho? cor^orition
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of the mterl^l ? i*M the fit rue tare of the >.= , It, in addition 

to its str^tigrap&ic relati .pa to th« Vole .^.l-n a&^lcr^r^ 

it is tentatively correlated with the stratified axufeeite 

porsiee north of ooufriere.

The etr ttifi^d ^ualoe in the Trou Barbet river is 

overl in by 12 ft. of unstrutlfi^d arterial » which is inter­ 

preted us puaic^ flow* In all other respects, it appears 

ids&sical to txi« uaaei--,yiKt , £,-tr^-5iii©d puaioe* the level at 

which bandir^ dijs^ppeaxr® undulates ^eiitlyt but showt. no evidence 

of a si^nific nt tii.ie-»interval»

Source., of ,U^e ol^er pusilce f^ll aj^ flow

1»0 iv^e

identified, ^ince tlic Bi^e of fragments Al . thf- fall deposits 

is lior^er in the exposures north of J.'oufrlc-rc , it ie tentatively 

concluded tiuit these were closer to the eruptive centre. It is 

preeuaea thsit tui:v lay within, or cloe© to the site of the 

present caldeia, ajad that the vent froa which the arterial was 

erupted no longer exist a* The gentle northward dips visible i» 

e, .t r«?5.- neur Qr-and Gallic? „• oint BU^^j^t thai the source of 

t-4 materinl prob;*bly lay to the south, i»e« within" the culdera*

graded fac f es

i'hiR daposit IB aofct clearly exposed on the northern 

i of the c&lder^, ulo&& the isaiii roue northeast of Coloabette. 

Uhirty-three crudely graded units occur, each 2 - 4 ft. in



60.

thickneo* and eompoeed of steel-»gr«y» angular, qj art s-ande cite 

laTa blocks in a semi -consolidated aah satrix of similar 

colour (Plate 10a). 'he rnaxiata si«e of blocks decrea&ea 

from 1 ft. at the base oX a unit to 1 inch at the top* Junction* 

between successive units are not distinct, ana the lar^e blocks 

at the baee of the higher layer eeeia eoae tinea to &«ve embedded 

themselves in thu fine, upper txart of the underlying, unit. 

Block* vary In texture from solid, grey, crystalline lava to 

glaesy and mildly ve&icul =.«r type» t sooe of whicb show flow 

banding* Breadcrust bombs also occur.

Bo evidence of erosion or weather ing is seen between 

any of the uniis,wnloh are etrlklmgly eimilar throughout the 

whole se^usnce of s,bout 100 ft» The liatsr^l porfti&tence rid 

planar attitude of th« units ic* revealed by outcrops up to 

J mile further north along the road* the graded beds dip 

consistently northwest at 7 - 10°, is "ieatin^ th'it they were 

deposited on an even, gently slowing surface.

Similarly graded unit@ are foim4 IB ro&d section® 

north of CanaritrS, where tii& average thlckne'S^ tends to be less 

(1 - 3 ft.) -iir,.{ the isaterial is finer, rdth a Maxittuat •!«• of

6 iriuhes. Outcrops ±n ciiit: • x'-' \ cjv'Ofofc only 6 coit&ecutive units*

To tne south 01 the ealdera, crudely graded 

of &lailar litholo^y to Lh& oolo«betta d^po^it is seen in the 

deep gully of the 2?rou :aarc river, where 11 units fora the 

apper 40 ft. of a vertical section. The material 

br^adcrust boiabs*



*) ialy i*»A*d ?ula*ni«a ?mcia«ita *&;lo&arata« Thla 

a* v o&ura, northaaat of u'olo*te«tta f siiO*« 6 oi tha 

bloc*-flua-Aim fall uait« vi^:l.li u««r tha* tup of

,vacu u.u4v ^M a %fctekn*»* of appro* iff.atv»Iy ;• ft., &a<! contain! 

of -rey ^4art£.and€»ait« lava ^rho®« sdxioua di*» >jorea»i*« /rot-; 

ft, *t th« c/afld to 1 in* at th« top.

ara not tharp* ±a* l^*«r« dip ocrth^at At 7 - 13 .

of

la ooaatal cliffs south cf 4iui« i^haut* T'ha nhoto^raph ehdtrs &

40 ft* hi^h, .i^^rO'-'^j of ia^^r«t ami i-j.';.»^* Q! boald«r« up to 4 ft* aorcus 

4 loo*«ly <3o«^iot«4 t ^r*y taff matrix* fha rounded ^u^^a of tha

iOiauii ;. , .:•- i ti'j^t •':......\.„> r j/r«»«?sta & nhoralioa

f»«tea, u pi if tad ralativ, .,, ^raaaat aaa
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.. _!£.

In nueeroua localities, 

containing lava blocks identical to those in the graded units, 

including glaftsy and vesicular quart£-andeoitee, banded andesite 

blocks, und breadcrust bombs (Tlate 11u}» is seen in completely 

unstratified, or stratified conglomeratic ^ jo^ite* The latter 

type are well exposed along the coastal cliffs of Grsmd Caille 

Poiftt, and are the predominant type outcropping from here 

northward to Canaries (see Plate fOb). riludely bedded, lenticular 

horizons of eubangular to rounded boulders up to 1 ft. across 

(and occasionally larger; interfinger with beds of finer, largely 

0£iK$~8i2$ material* The lateral imp^rsietence of these beds 

contrasts greatly with the planar nature of the graded unite, 

thia, together with the roundin^; of the bould©r«t indicates

form of redistribution in an aqueoue, probably shoreline 

enviroument *

Similar deposits are al&o foun-i aloi% th* coast north 

west of Choiseul. Here there is ooau^only no fona of stratifi­ 

cation £>re&;,at (c»f« ij lat« S?b) oud tn« material ic interpreted 

ae the product of redistribution by mud flows. In eoae of these 

, banded blocks are particularly conspicuous.

The graded faciee of thi» «««i-con&oiidated andeeit^ 

agglcM»erate 1» too planar und Uvter^lly extensive to be the 

product of pyroclastic flows* It is, therefore, believed to 

have been formed by a eeriee of repeated v^rtic^l eruptions of 

t violence. The occurrence of bread crust bci/ibi* eupi orte
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this hypothesis that the material was ejected hi. c;h Into the air f 

whilst the banded blocks invite the conclusion Uiat a massive 

structure, possibly .a dome, was disrupted to contribute e^ecta 

of this type, these banded blocks hive not* however, b 

with any lava structure existing at present.

The gruded Vulcanian units appear to be evenly distri­ 

buted around the ^re&snt caldera, and dip regularly away from 

t>ii& centre. It is, therefore, concluded tfcist they were erur>ted 

froo thifc urtj-i-. They are, moreover, the youngest deposit in 

the ;joufri^r-i; region which cannot satisfactorily be correlated 

with uiuceive titructur^ij wit MIL the caldera. and for th^&e 

reasons it is tentatively ^u^^est^d ttiat this aggloaerate 

represents tht daj.o&ifcy of the la&t ^re-caldera sru^>t.ivv pii.-eei 

a sequence of at least 33 repeated Vulcanian eruptions of &reat 

violence which reiaoved an estiatited 1*8 cubic isilee of ;• ;urf ace 

and sub-eurfu.ee mut3ri&l fro their source*
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ifcc o* white, anu&cite puaice occur ir. tne 

region, pririeifMfclly in the lo. rt of tk« southern 

glacis. :J?he«« are well exposed eaBt of Ohoieeul , anvi in 

numerous sections alongside the ir^in road between Chol^eul and 

Victoria Junction. A& a^gj?eg*ato thickne»8 of t36 -ft. im» 

recoiled i*. the area southeast of Choiscul, co&^o^-ed of at least 

two flow units separated by a block-rich horizon 15 feet t

Typical ruateriul i© eenl-coriSQlidutedy containing up 

to 60£ of alfioet ^->tlte pumice blocks from £ in. to 3 ir*. across t 

in a p,le, powdery to tu££&ceou£ ma-trix* (ilute t2a). Strati- 

float Ion and vertical variation is completely lacking, except 

in a few local! ties where fine tuff bed® not sore. thr.ja 9 in. 

thick intervene v e.g. beelde the a&in ro-^t north of Ohoiseul, 

at 35^ ft» abov© eea level,

Character! e tics of the deposit clo^ly reaeable t'to 

of typical pumice flov/s (see Table t) f in the absence of sise- 

sorfciii^ iiXid the existence of lateral variation in thicknees, 

with cofccentrextiou in ^rc»exii.:tin.£, &0juo^r*ipiac; ufe^rv-bdi .•&&• 

The intercalated, fin© tuff horlaso&B probably repreuont material 

ejected to a grater altitude duria;; a ^uatlce flow eruption, 

which landed r? lightly later, on top oi' tfie sain flow de 

alternatively the fine isateri&l Jsay represent wii;ci-blo*na 

redistributed duriii^ ths interval between succeeaive pumice 

flows.
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On the western aide of tne I ortaleee Carpet river 

valley f beside the road f a sequence of three tmits of ijadesite 

pumice Is exposed (^lata 12b}« 1'he units vary in thickness 

from 1 - 6 ft* There Is no etr&tific ,t,l >n, ;ri) the material

Is identic..,! to typical -.t^y^its pumice flow* Bet^o-i. each unit* 

however f a thin white tuff layer occurs, acid efech of thwt-c is 

perfectly horizontal.. It Is suggaiVted that the tuff layers 

r ^present fine uoh Bh •:•'-. .;i',. -Moh fell before and bet-^en «;;e 

s. These tuff layers and the two intervenir^ puiaice units 

aaistain i etri^in^ly conet^^t tlile&aess, lying perfectly

ili and th«»e feature e are unusual in a eequence of 

pyroclastic flows deposited ©ubaerially. ?or t!;ls reason, it 

eeests possible th^t the material .^y have been deposited in a 

quiet, aqueous ^javiroB^cnt, ;.osKioiy an iiasliore l^oon. There 

is, on tha oth^r h^nd f no gr&dittg present in tht; thicker units, 

which ffil_,lit have been expected in subaqueous deposits, due to 

floating of the less dense? puaice frogaente* Vhe precise 

enviro»»«Rt of depoiiitioa of thete depo&ita ie therefore not 

definitely established. If tht6 interpretation of these bede ae 

lagoofial deposit ti is correct, the fact that they are now 100 ft* 

a.#«l. indie -.tea .; relative uplift by this amount since their 

formation*

Identification 01 rrOIder an4 Youn^r.^aa^esite .^umice •' -

In appearance i*nd coiui-ositioc, the -...n^csiu^ •• 

depoeitf? described as "Younger*1 elo^iy re&emble the Older 

•Adeuite , usnice flows» ar^i in cutcroii-: where rel -tioriL-hijjfii to



65.

overlying uuu underlying format iu^e cum« not visible, the 

could not be differentiated with certainty, fh^t two separate 

periods of arid e site -pussies eruptions did occur, however, is 

revealed by the rel< tionehipe of this material to the Vulcariian 

agglomerate, which it both overlies and underlies 

Plate 9*}.

of .&ndeal.tct puaice, flow, at other lQcj$iitie£ ir. the 
southern p-^rt of S t • : :.uc la

A notable feature of the structureless -sndesite 

pmice it that similar material is exposed at wiaely ^eparuted

throughout the eouthorn half of &t« uueia, on the 

as well as the vrcatepn side of the island • Fig«15 shows 

the principal outcrop® and thicknesses. Exposures commonly 

lie on the ai*J«s of pre»ent*d.ay valleye, aM appear to be the 

relies of flews which have co^e to reet in contemporary topo­ 

graphic depressions,, la moat cases, it couia not be aecertained 

whether a particular deposit repr@s@nt@ii Older or Younger 

andetaite pumice. However, since the younger deposits in the 

Choiwcul region are thicker and appear to be entirely the 

products of pvLtelse flow®, with no otratiiied a©li fall unit^, it 

seeaa more likely that these are the equivalent of the pujaice 

flows which reaciied th« eastern side of the

The wide distribution of the and e site :ujtlce, in 

oontraet to that of the your^^r clacite puaslce which is alaoet 

entirely restricted to the ©outhem glt^ie, iudicutes th, t the 

eruptions responsible for it produced a large voluse of



FIG. Ha.
SKETCH OF SECTION SHOEING STR*TIGRAPHIC RELATIONSHIPS OF THE 

YOUNGER ANDESITE PUMICE, in a roadside exposure on the north 

side of Canaries valley, 100 ft. a.s.l. Younger andesite 

pumice flow overlies an eroded surface of graded Vulcanian 

agglomerate.
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DIAGRAMMATIC SECTION ACROSS THE SOUTHERN GLACIS, showing the 

relationships of pyroclastic units.
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which was carried lon& distances a»d across th« island water­ 

shed*

, 3. 6. rj;£.>

Seai -consolidated agglomerates, containing boulders 

of dacite siailsr in appearance to that forming the ?iton» f 

are seen eouth of the Gros I. it on (La lolnte and aiornc ">ion) v 

and along a belt about | mile wide around the present rim of 

the c aid era t between uorthtaat and southeast* Kxpoauree south 

of the C*ros > iton, ancl in particular along the coast at ;U& 

Pointe f ar© of saat«rial which varies from li^.htlj coi.^olidat«4

containing about 70^ of sufean^ular blocks up to a 

un of 6 ft. across, to utrutlfiea cryetal tuff bando up 

to 1 ft. 'wide* r,lB@wh@re» blocks of ^r@y or piuK d-acite form 

only 30fi of the whole deposit and lie in a more or leae eou&ol- 

idated aah onu crystal tuff* further north, ir; the vicinity 

of r>«rriere ilorne, deposits of daoite breccia containing highly 

angular blocks up to 12 in. across 11$ in a seal-consolidated 

matrix of fine ei@bris which represent « no more than 20$ of the 

whole (flat® 13a). At ^altibuss and north of Migny, dacite 

agglomerates with about 50;' of angular or duban^;ular bloolcgs up 

to 18 in. across (Plate 13b} are seen in «xpo&ure8 with a 

aaxiaum thickness of 15 ft. Finally, on top of the northern 

part of the caldera rim, ©ou&h of ^.uatre Cheiairt, 30 ft. of 

dacite a&&loiB@rate arti seen to overlie unconfomably ;;n eroded 

surface of the Vulci^nian agglomerate



to

.»• ,^t«ri.al fin«r than 4 BJUB* la

to

of

»ize only abmit 2K>1 of

at

.Iook.» of ft

tuff n« »feol«

y dad to up to IS la. aaros*, in

t we»th»r«di
tui! i« £MirtiHlljr J«nv«rtftd to clay, and &b* felspar pi>«nocr/*t« in

the l&va ar* &auiiiilsed. ^u^rroyis,, iwg» riaarti jr/etalo r«aaln Intact.

oan t^t -- ..l by tha ^ (0«* section 4»4)«
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Although there is great variety In the structure of 

different outcrops of the e^rly dacite ^yroclustics, the lava 

types all appear to be similar* /it I*a iointe, blocks are 

fresh and seem identical to the ciaeite of the Groa iitou. 

bpecimeue from other loc all t lets resemble the ir'iton type more 

closely th n ,uny other lavas stts-n in situ in the ^oufri&re 

rev ion. It In, how^vor, by no aeane certain th^t all were 

ejected fro» vents now sealed by the iitonei, and it seems Ukely 

that they repr^eect thj; products of several independent 

eruptions of varying character.

Material froa within a »ile of the ritona* and 

particularly that to the south of the Gros /iton, probably 

represent s 9 to a' lur^e extent f talus fans froiu the lit on domes* 

It is possible that incandescent blocfc-pltts* a*h flows iesuing 

fro.r. the Il^iLfce of the growing doaee ^loo contributed to these 

deposits. The breccia deposit of Oerriere Morne (Hate 13^) 

souit rt x r^btui,t either talus material wMcfe, since it is highly 

aagul&r, appear® not to have been transported f&r, cr alter­ 

natively* it may be s&terial from block-rich pyrocla^tic flows 

of a typ«s similar to sofitte of those wuich w«r*s emitted from the 

1929-32 doae of It. ?elee, described by Ferret (I937 t rig. 40). 

If the former was the @ase y the? original talus slopes of the 

Groe iiton muet have extended farther eastward tliaxi the ^resent 

height of the solid core would, lead one bo suppose* iror this 

reason f the second explanation is preferred*



the agglomerates which lie on the eastern and north­ 

eastern rim of the cal era are unlikely to have been deposited 

in thie position by pyroclafctic flows. It seens, therefore, 

that these represent the .products of vertical, Vulcan! an 

eruptions, though i^o gr^di&g wa& observed in the deposits*

3* 7* ________ ̂..... ... ICK PALI, A-HS IIJMIC.& 1- j

Unco*i&oli<* : ash deposits containing blocks of 

very pule grey, dacite pumice ure of two distinct tyi.es>; lithlc, 

and completely structureless, i'he&e correspond t respective iy f 

to ash fall and ash flow deposits (see fable 1). In addition, 

local deposits of highly sorted .ptnaice pebbles occur, which 

repreeemt secondary, flwrlatile asatcrial.

jelf ond d ac i t e . umic e

Stratified deposits, composed of aucite puaiioe lapilli 

ii f are seen eapaeially in the southern part of the c alder* v 

east of Fond Doux* the 3t* ^leiay river h^,© cat deeply into the 

unconsolidated ash, exposing over 100 ft* of this aatarial 

(Plate 14a) In the canyon-like river valley sides. ipe of up 

to 20° are visible, and . the- attitude of the bedding frequently 

conforms with the present i-w! surface.* The 0-tratific ^tion 

cotislots of altern&tu^ lupilli arid aeh horleons of 1 - 12 in. 

thickneee. Irregularities of bedding include inconsistently 

thick and lenticular hoi^isons, oaci £o&€ 2iili eross-stratificatlon* 

blocks are up to 4 iii« aeroee t n^ul-iri and consist of

*In his description of ducite pumice u^ Tall deposits in eouthem 
HI Salvador, -illlame (1955* p«27) aptly refers to this 
phenoaenon as "m&utlc



14.

a) Bwlfond daoit* puxlo« fall. .*irt of a a»otion exposed in th»

ot. ttiey rlT«r. Th# «tr*a& has 3ut dee^i^ lato th« uaoon0i>U dated aah

to for* % v«rtlo*l*«i4«4 r^vin« 130 ft*

•ntir«l/ of •tr&tifiea s»lfon& d«oit«

taux^ u^ o* *U«raatia* o^«ur»«r (impllli} *nd fla*r (ash) horizon* of

1 - 12 in* in tuia&tttM* -ip» usoa.ll/ ^anform irith th«

.ri option, probably b/ torrent iatl rsia a* *«J.i ^3 wind, h»s

b) Solfoad daolto pueio« fall, Aorth«a»t of Colosioatt**. Thin road»ld« 

•xpoaur^, ej 1«500 ft. a.g.l., ocn^i»t« of irregularly «tratifi*d 

lapilli ttlteraatin^ with pu&is««plu$~aiNstal aah. It for«» th*

(i.«. most r*oant) deposit on th« caldsra-ri^. laaividual lay«j*» art 

i aad 2 in. thick, md »one shov 

of <mtla*0t 20 in. )
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finely vesicular pale-grey dacite co>* twining larg^, fresh 

aaphiboltfS, identical to tl; ,ii forming tL .,,_,.„.,... >JLCB (section 

5,2«7*)» Sm-ullor rr--i£*ayntfi of pumice in this deposit ure 

relatively dense: althau^i vebicul^r* :-hey coiu-,.i& a high 

proportion •..-*

Belfond d&eite Dtadce fall deposits extend south-. . 

to ea£>t of La rointe t whore obrervp* thicknesses are greatly 

reduced, fhe e&gterm margin of th« saae eheet outcrops at 

Victoria Junction, whare ip ft. of slightly finer, lithic aish 

of pinkish colour for& the topi&o&t layer on Vi® c.-^ldera rim*

37 ft. of stratified wiiite dacite aeh are seen to lie 

horizontally on top of the r !<.%€• east of Mal^retoutc* On the 

northern rim of the ealdera, northeast of -'Jolom'bette, 30 ft* 

thickness of similar lithic ash (Plate 14b) dip northwestward 

at 6°. Northwest £ro& here, 10 ft. thicknec; t> ^.r--: teen at Bouton 

Finally, beyond the eastern a&cirgin of th© ealdera, 1 mile north­ 

east of Klgny, 40 ft« of deeply weathered stratified ducite ash 

containing white ptaaice blo^kr, are believed to belong to the 

same eruptive ph&s-e. natural carbon from this locality ha© 

been submitted for age ««asur eaent (isartin-Koye, 19-60/, imd 

proved to b« older than 50,000 years, '^he dating of the Belfond 

dacite putslce deposits io discussed in full on p.73-

Blocks oX white, vuaicular dacite, which occur abun- 

damtly in the stratified ash, are identical to the lava of the

region, an1 there seems little doubt th'.it it was
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erupts^ frotr, Uiis southern &roup of craters. fhe prei**s,uov; of 
well-defined stratification indicate* that tn« rat^i^l fell. ie 
&Bh BhowerBf during or bet ween «riiica fcrli&iit redi&tributioa 

(probably by torrent! 1 rain as w*ll ac by wind) h&& cau&ed the 
mild croee-bedding observed . In addition so the clear atr&ti- 

fiestlori of tiiis c;epo0^ & 9 the f&et that it appears to ffeve 
evenly maBtlec! the pre-existing fcopograyfcy aay also b« cited as 
strong evidence in favour of its format ion froft vertical asn 
eruptions. v;ide variation in the grair* &iac oi" iKdiviLtua.! 
layers and the abs@»ce of distinctive* laterally corr«latabl« 
horizons, «ad« it impossible uaefully to compare eaasples 
collected tit different dietancee from the eruptive centre* The 
present distribution, of the Bel fond ash fall is tshowii in Fi£» 
The northeasterly extent! oe oi urw* 30 ft» and 10 ft* iesopaehs 
is not considered to be specially Bignificant, in particular 
because the area to the south and eoutlwiest of the caldara is 
krown to have been crossed by glowing avalanches, which are 
likely to have scoured incoherent matcirial fro-m the surface in 
the initial part of their course, lii the iogoaner described by 
Williams (1942, p. 79) ^ith reference to the glor.ing avalanches 
of Mt«

Belfond

strutif led uaoite puudce aeh f coiitaitiiii^, pale &rey

blocks, .,:. rae found iii thick depoeiec in tne lo»®r 
part or the southern glaci©, between Choleeul ano' Laborie. 
Four individuul units were identified, each separated by a soil 
layer ("i&.19)« the highest of these units forwe a
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deposit up to 80 ft. trick at Choiscul, in which 

blocks of nluD; t vMte -Ir-cito i umice rcpre^-u :•!)..;at 50 

volome, in a Matrix containing a high pr tion of fine, Hour- 

like vlust (Plate 15a)* Stratification is completely lacking, 

™A t** material oeemp t hp.ve filled a pre~exlf*tiirig valley* 

l?he isopach map (Pi(r«18) for this youngest pumice flow show** 

that the thickness incre^aes away froia the source, and reaches 

a maximum at the southern end of the glade* Although in «?oa» 

places appreciable redi&tributl=-;-. of this pisalce flow baa 

occurred, it seerss probable that tJ-^iickm^saes otMwrrtci today 

atill represent fairly faithfully the original dlstribu&ion of 

the deposit. Un»tratified daclte pumice ash la fotmd only to 

the south and ooutheagt of the calderat with the exception of a 

siailar deposit of 15 ft. in the Canaries valley, and one of 

7 ft. f\t Bout on*

the absence of stratification, and the laterally 

variable thickn«*ee» of fche deposits (ae« ^i^*19) strongly 

suggest tlmt they are typical pumice flows i^ilch, pouring over 

tht- southern u£d suwterrt rim of the Cald&ra 9 caa» to r st . 

principally on the lower part of the southern glaoic. An 

eetimata of the total volvase ox tfelfond d.^cite pumice flows t 

based on the isop&ch map (fig.18, f le given in faJble 2 (p»72). 

;i?liie slioule! be regarded o^e » miriimiBB value, since it is y.onsi 

that several tim«8 this volua«» has been curried out to sea t 

the aoutb and west of the caldera.



PUT

a) Balfoad dttoiU jAialo* flow on th« southern gl*oi* v at Loadoadsrry,

4>0 ft. **.«.!. *:>und«d to «ub«n^uiar fcloofce up to 1 ft* aoroaat of *hit*

daoit* pualoo, Ii» in a t^uri* 

of fine, *ftU« powdor caa«I»tlim of 

af h«sfiw»r fe«M^i 7

of oryataia and a high proportion

shadow* ar«

b) &*h and lapilli, on th« wast sidi* of th«daoit«

rivsr valley, la a ro*daida

. . r, of d^aitu pumlod flosr, this deposit aonsist^ of

and to > La.

0/1 tain a admix tur* of

material* -»t*ri»l of th* finest gra4* y abundant ta th* 

abaent in the



si aivid



FIG. 18

BELFOND DACITE PUMICE ASH FLOW
ISOPACH MAP OF PRESENT THICKNESS

in feet

1 2 miles

13* 50' 
N

SOUFRIERE

BELFOND

OL/,--> / 15;;3Q/7/,." • i """ //15,.

.'
/ 10 \

20
10

15

LABORIE\

erw



FI
G

. 1
9. 

SE
C

TI
O

N
S 

SH
O

W
IN

G
 P

YR
O

C
LA

ST
IC

 S
EQ

U
EN

C
E 

AT
 T

H
E 

FO
O

T 
O

F 
TH

E 
SO

U
TH

ER
N

 G
LA

C
IS

LA
P

O
IN

TE
TR

O
U

M
A

R
C

 
R.

O
 

0
0
 

0
_

Q
 

C
\ 
_

-^
*— 0 

0
—

 —
 —

O
 

0

0
 

0
0

 
O

1
0
0
^

o 
o

o 
o

o 
o

0
 

0

v 
v

v 
v v 

v
V

 
V v 
v

V
 

V

V
 

\/

v 
v

v 
v

V
 

v/

V
 

V

V
 

V

V 
V

V
 

V
v 

v
V 

V
v 

v
V

 
V

V
 V

rr
-r

-
o 

o
0 

o

o 
o

-£
_

!

\

O
 

O
_

^
_

-

0
 

O

0
 

0
O

 
0

0
 

O
-»

~^
>-

*-
*-

. 
0 

0

0
 

0
o 

0 
0

0 
0

0
 

0
 

l

0
 

0
t 

o 
u

0
 

0
0

 
0

 
0

o 
o

e, 
o 

&

0
 

0
0 

0 
o

0 
O

'

/

//
/

h

j

. / 1

. .
._

._
"s

T
?

"

0
 

0
 

0
 

0

0
 

0
0
 

o
0

 
O

0
 

0

0 
o

0
 

0
o
 
^
^

0 
0

0 
°

0
 

0
o 

o
0
 

O

DHH

\ \ \ \ \ \

/ / ' 1 1 1 1 i , '

o 
o

C'
 

<^
 

(- 
(.

v 
v

v 
v v 

v

PU
M

IC
E 

F

PU
M

IC
E 

F/

FL
U

V
IA

TI
L

B
LO

C
K

* 
A!

in
cl

ud
in

g

BL
O

C
K 

* 
A

(V
ul

ca
ni

O
 

U

o 
O

 
O

 
O

D
 

O

JJ
iL

/

FO
RM

ER
 S

OI
L 

DI
SC

O
NF

O
RM

IT
Y

TR
O

U
 B

A
R

B
E

T 
C

H
O

IS
EU

L 
C

H
O

IS
EU

L 
C

H
O

IS
EU

L 
E.

 
N.

W
. 

N.
 

R
 M

O
U

TH

/ /

i
-~

-o
^—

^
S

~
-

0
 

0
 

O
 

0 

0
 

0
b 

o
o 

o
O

 
0
 

0 
0

o
 

o
o 

0 j

—
 - 

- —

0
 

0
O

 
0

O
 

0

_ 
-°

_ 
_°

-\ \ \ 
> \ \ \ \

: 
1 j 1 !

1

0
 

0 
' 

O
 

o
 

\

0 
O

 
\

0
 

0
 

O
 

0 
\ 

0
 

O
 

1
~"

\ 
\ \ \ \ 

\
\ 

\ \ 
\

\ 
I

\ \ \ 
VE

R
TI

C
AL

SC
AL

E
•0 •1

0

T
r
 *

n
^
^
' ^~

t 
' i -li
i

O
 

0
o 

t
0
 

0

20 30
 F

E
E

T

Be
lfo

nd
 

Pi
to

n

Pu
m

ic
e

B
lo

ck
s 

»o
sh

D
AC

IT
E

AN
O

ES
IT

E

I f 1 1 1•s
-^ o o o 0
o 4L- c
^̂, o L J c

l_
-*

3 _x

0 
O

o 
o

1 1 I 1 1 / 4 1 1'J

\ \ , \ l\ 1 1 1 1 " 1 1 1 1 1C
H

O
IS

EU
L 

G
R

A
N

D
E

R
. 

D
O

R
M

ER
. 

D
O

R
EE

 R
. 

B
A

LE
M

B
O

U
C

H
E

 
P

IA
Y

E
 

SE
. 

C
H

O
IS

EU
L 

M
. L

E
ZA

R
D

 
D

E
S

G
A

IT
IE

R
S

 
R 

R

\ \ 1 1 1

i o

I

0
o o

o o
o 

.o
C

 
0

 
0
 

0

s 
s

o

1 -s 0

t

\
\
\

\

\ \ \
k 

\
\
\ N<

~~~
^.

^
^
 

--^
,^^

.

^— u

> -
\ i

<^ ss
 s

0 
0

o 
o

0
 

0
t) 

<-• 
p 

o

D

i o
o

3 O
o

o
(J

o

I 1 1 1 1 1 1 1 1 1 1~"
~-

\._

<
\ <
r 1 r^
^ ~̂
^

^
^
^
^
"^ ^~

1 1 1 1 1 1 1 1 I i i

...J '

<

i
\ \ \
, 

\ 
1 

\
1 \ \ 1 t . 1 1 1 1 1 1 1 \

,



\

••^

-T
.j

r.

o 
V
o

/
O 

V
r

1

Y

.x-

—

^
^ >

0

^J

V

<
-•*

f

J

\

—

o 

o
s~~\

J

<J
•"•
0

0

<^**' 
•^^^

r**'

•^ 
x^
"•-•-^

g

—

£
>

0 

^X

s^ ^

/
BELFONO 

DACITE PUMICE FLOW 

CholMul

? interval of > 10.000

BELFOND 
DACITE PUMICE FALL

SI. Remy River

BELFOND 

DACITE PUMICE FLOWS

? » MUOFLOWS 

Trou ft«rb*l K.

relttlonthlp 
un«trt«ln

t*

-

1

•**,

o

o

^

t

^•^

0

o 

o
o

0

o

o

0

0

o 

o

0

o

«

X-

0
c

D

c
^

> 
0

^-—

0 

0

a

0 

3

5 
< 

D

5 

0

D 
C 

0

0

I

o 

0

s^1
o

> 

C

J
N.

0

***•

o

0
< 

o

0 

5 

O 

0 

0 

O 

O 

0
(

3
< 

5

0

0

1

^J 

C

> 
c

0

ô
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OF
All or« in oubic rallss

Lava Lava lyrool^stioe 
(flow) (fall) (flow)

Total

Bellcnd dscita

iacite 

St. Phlllip

andecite

pttadc*

Vulcanian

0.015

0.082

0.243

0.007

1.232

1.8

0.229 1.476

? 0.062

0.021 0*264

0.016

71*0

md to

All others 
dajr out crepe.

tho vtlt«M «6tiaat«d en the Of

0.023

tw*» *- 1 '\a fTT5'""
iVA KJLt ,-j5W J. i .

Morae Bonin 
andeait©

lend JDUZ

0.347

0.021

0*031

1.232

0.003

«. -

0.26^

-

0.006

1.545

0.024

0.044

Cld£.^e3ite
Caldera-mll - 

a^lotaorat c-tuf f

B«rk MklwiU

1WAL AH^-^T?E 0.059

Aphyrio basalt ~

fcrphyritie "b®«&lt •»

TOTAL M^AW -

*

-

0.315

0.315

0.002

0.77

0.772

0.67

-

f

2.50

-

-

•

sm« 0.67

6^> 6.0

0.315

7.006 9.183

0.002

0.77

0.772



73<

of B»3JTon4 ffigsiee flows to _^u^ice .fall 

At Bout on, c nd above the oree river &outh*£8t of ~it. 

Le**&rd, Belfcmd pumice aeb f&ll overlie© pumice flow. It i8 

thus clear that ftoae pueioe ehowere fell subsequently to 

glowing avalanche eruptions, though it f e«at« lively that con­ 

temporaneous eruptions ©f fall and flow aleo occurred, as 

observed in the historic eruption of &0fc£igata*'.e in Ja)>an (^ozu, 

1929)* Th« existence of three ©oil horison© ©eparatine Bel fond 

dacite pumice flowe indicates that eruptions fro® the Belfond 

vente occurred at intervale epread over a long period of time* 

fhie fact is corroborated by radiocarbon dating evidence; 

whilst the youngest Belfond dacite pmdce flow has an epti§!ated 

Jt>- o£ 39 1 050 (~ t f 500) years (appendix A), charcoal frora a 

similar pumice fall depoait exposed ©ast of ^igny g^ve an age 

of more than 50 , 000 jeuri) (Martiii-ilay@ f 19^0)* the BelloM 

dacifc© pumiee fall at this latter locality, moreover, is 40 ft. 

thick, sugge-stif,^ that it *.-., y well be equivalent to tue tiiick, 

fall deposits iii the -t« iveiay river gorge. Ihu® the Belfond 

dacite phase has occupied the last $G f OOG yeurs at least, and 

a period of ash fall eruptions occurred at least 10,000 years 

before the most recent punice flow.

dacite

tat: ^oi-t recent pumice flow deposits in 

t iail^ between ihe ^ore^e i*nd iiay^ 

river©, bede of well-sorted &sh «aiiu rounded, puuiioe 1-pilli 

(ilate 15b), containing u small proportion of foreign pebbles,
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differ greatly in appearance from the etratified puaicc aeh 

fall exposed in th£ southern part of the c^ldera* At 

Beefcai tiers, the whole succession of 95 ft. coju&i&ta oJf laat 

of this type. li< ,.,r« f 10*15 ft. typically overlie unstr tl- 

fied piod.ce flow. Lenv— huxed beds are coupon* Gratification 

seldom diverges from the horizontal ^y wore than 5°t and often 

le not parallel to the preo^nt l^nd eurface. In both of thaee 

features, as well as in the higher proportion of foreign 

fragments, the fl-uviatil« material differs fron normal dacite 

fall.

The round e<? ahape of the larger pumice lumps, 

efficient size gorting f and almost complete absence of the 

finest, £ttet-«iaed fractions, art* all characteristic of fluviatile 
tlerosits, examples of which have been described by illiajns (I955t 

p. 29) in southern £1 Salvador* It i® probable thiit raoot 

deposits of this type in the lo^r pi:rt of the southern glacis 

r*pi\ - nt the redistributed upper portion of the youngest dacite 

puaice flow, v&ich -as originally thickeist in this area.

5* 4. CORAL .1*1

only rook of non-volcanic origin iii the ^o

region ie coral lia&^tone, ?hich *as found in one locality as 

boulder« up to 6 ft. across, at between 75? and 125 ft. a.B.l. 

*aloti£^iae uud above the roacJi io Kal^r4toute. One block 

5 It. aoroaa, on the preaeat &hore beiow th«^e outcrops, contained 

boulders of Piton type.



the occurrence of limestone north of Hal^retoute. on

top ol OK« ol the highest hills in thiu region, wae first 

described by i^efort tie i&tour (17U7) ^a tub; **• u@ntly by Sapper 

(1903t p»278). Sapj/er r^orteu t« outcrop of coral lieeetoae 

&nd llnestone conglomerate QYyrijiia& aasvive rock on Ccmbaril, 

at up to 450 ft. above sea level, (i.e. ns&r the muB&it}* 

Earle (1923) reported % ©auill pocket of Hoes tone situated at 

about 100 - 1!>u it. a»8«l* near tha main road at Mal^retouts" f 

which is b«li«vM to b© th« aa&@ outcrop a« thut found by the 

pr«»ent author* A tho-rough 0«&rohf however, failed to reveal 

th« exposure at the higher altitude d«ecrib£<2 by SL,^ ^ . r*

the discovery of boulders of litor; dacice in the 

limestone 1@ important, since it ladlott«e that the limestone 

wae forB«<? »ub«*qu«iitl3r to the 1*1 tons »n;i thtit s^s level, at 

the time when the ll@©@tOft3 wa^ formed 9 suet h..ve been at least 

125 ft. higher than at praeent* rhus t if ";r*s obaerv^tion 

rrecti ts. r*la.tiv** uplilt in this area o^ uvor 450 ft. must 

ooourred since the ror^tatiOK oJT the Pltone* l*her« &T# no 

dome lav&® younger than the liton& 9 in the ittBt&di&te vicinity, 

which mi^ht have b^en reeponoible for th<* local uplift of the 

line at one as on brimstone ill 11 f ^t. ..itcu <^.Jcer, 1963, p. 36).

5. 5* ?H '3

Th@ Sulphur ^ prints (Plate I6a) occupy ai* d>rea of 

about 300 x 450 ft» in the valley southwest of f«rre Blanche 

hill (see Frontispiece} 9 and present one .of the lar^oat and
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«o«st iapreeelve spsct ole& of aolftitaric activity in the V,est 
Indies. In the southern part of this area* eleven large pools 
up to 30 ft. in diameter c^ntaiu *.iter as urea cloee 
to boiling. The impression of boilin^, is oivcn in several of 

pools f due to steam which blasts through the water «nd 
Jete to ri&« 3 ~ 4 ft* hi^h (Plut>, 17a^. Jhc- pool© e*re 
d with water Isy springs on the southern an.i western 

flanks of the valley f und' rivulets* coniit^t, iauj.,--j .. • L -)o.ie and 
finally lead infeo n larger ?»tresaa flowing vlown tJ- > o^ turr- side 
of the valley. In several of the smaller pools f 0l@am 
through thick black mud» keeping it continually stirred 
throwing clots a few inches ucro&e up to 2 ft« into the air

In the whole of the area, deoite $Bh and blooke have 
been strongly altereu uy the steam and sulphurous ga®ei! t from 
which enoruetatiuu& of crystalline c-ui^aurt ^fpsuia and other 
minerals have fceen deposited. Of the original minerals *u the 
ii8h, only auarts remains a® scattered o rye tale in a ;vhite 
kaollni&^di residue (ir'late 16b}* Bum^rous sj*mil f «iry fuia 
««iUi^, ^t««i.ru viuintsly from vents 1*4 inches in diameter 
occur on the sur^c,,vw= of a mound 60 ft» high in th«* uoxthcrn ha 
of the area* •• ,„ I; at ion is atosenfc froia the whole are-L described, 
and stunted on (he _, v ..v../t valley sides*

x.'n-.nt;.; of teatperatui*e and heat flow at the*
Sulphur Springs were mati© by iiobeon aii<l '= illaore (I95t>)t ana 
no additional work of this typ« wne done during the pr<
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"foiling" pool, ->ul>.",ur ^ri,v:«'» ^his £ool» oft«2> o.t t,

*ativ* ia i?&3» i*» .'*t<Mt 20 ;'t, 

frow th*
o (l?55t pool no« 9), was 91 C« *s»f,.- :." i!i« »*•*• forcia^ through

th« *,'.,.• fails to oon^ftiUMt -7A;*,:ir»^ faaat&i^s up to 5 ^* Hlgfe* U>tt»4 

daoitt

o; * Bo 111114^ and pot,

th* tni«A Biud, tr.rw^ir^ aioi^ 2 ft* into ih* «.ir. fh* ^hotermil «how»

About d *t. *cro»». fh* t*«f»ratur« in this pool, ii*^aur«d by 

aad «tllt-ior« (1^^>» f»3? v pool no. 10;
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inveetlgutioru There spaaed to have been little change in the 

general character of activity between 195:> i^nd 1963. The 

Sulphur 'JpringOf in faot t appear to have aai. 1 a aiorc or 

leee constant level of activity throughout their recorded history.

It wae suggested originally by Casean (1790) th&t the 

Sulphur Spring© occupied a former volaunic crater, and this 

view was repeated by ferret (1940), and is firmly held toaay 

fey many loc&l residents.* The present author* however, fully 

concurs with the opinion expressed by Sapper (1903, p»275) 

denied that the Sulphur Dprin^s occupied the site of a 

explosive vent.

f> *,, . , ,...-._ ^. -f., ̂  ̂  .,.,„, :,, . ...... . . ._ . „. V ...
• ,P» " • .rlj.^ j. v «,i j_*

fae history of volcanic events in the Goufri&re region 

le divisible into £X*ur aa^or phases (see table 3, p.83 and Pig.21),

1} .Iiueion of baea.. w

2} Growt' of and*title Btrato-volcano«» around a centre

northeast of th<s future caldera.

3) The first eruption^ 01 e^ifeic pyroclj»»tlce froa the site 

of the .future ealdera» buildii^ up to violent activity and 

terainutiac. wiuit t. . ujixuyfccj*

4) i-ffusion r^<i eruption froa* witMa the oaldera of acid 

**no dacit^s luvaa and p

* A leaflet about the Sulphur prince, entitled "^t.
Drive-in Volcano", wee preee&ted to the author, as to all 
visitors to the island, by th* Ct. ,.ucii* l-ourist Boerd.
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first afyfftl jr.* .. -____b^a^.tr . - .9

i'he earlittot known events in the ^ i&r@ region 

involved the quiet offu&icr* of aprtyrio bae&lt i&vaa, Troia vents 

which have not been located with certainty but which *$„>*? a* to 

have- been situated near the central ri%e of the 

also n«jar th«« present ohorellnd south of I>oufrler6* 

flow of porpliyritlo basalt forming the Mt. Uomier rid^e i*

aouthwaapfi pa^c .uaborle probably belonged also to thie 

A lon^ period of ©uba^fial denudation appears to have 

followed, for fca»mlt expo@iAr@© ®outh of i>ou£ri^re ar^ reddened 

and altered in thtdr app^r part to a depth of JO ft»

.&r« a
the ©ffGoiia J.AO&&&* u au^iU^i- ux 

developed i*i an area slightly to th%? north-east 

of the present caldcr,,,. ,'ive independent eruptive centres Imve 

been identifiedi &t« Uimie, £iton Canaries, eust of 

^t» Xabae ff and Coubaril* '^h^ee cmiits^ a^^-A ^nae&it< 

whicn flowed down tiieir fiitnka f and w®r® int^rstratified with 

ejected breccias and agglotmsryt^;. Th^y are the ^O^G likely 

source of the voluminous bio<5k-pius~&«i! flow eruptions which 

deposited the Cd&dera-wall aMlcHMrate-tuffs* i'lw latter are 

oepurated irem overlyir% aeposiid by an irregular, eroded 

surface below which the top few feet uxe reddened t indicating 

an interval €f subaerial exposure sad erosion*

the first eruption;, of the tuird j^uis« i*r«t oelieved
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to have involved vertical ejection of andeeite pu©ice. This 

Older andeclts j>umiee fell both to the north ana south of the 

present caldera* from initial eruptions of fine erystal-pluc?- 

pumice ash, followed by ut least eight cycles of increasing 

violence, each of which deposited up to 3 ft. of luap pumice 

near the source* fhie r^umloe ws* a new rock type in the 

Soufriera region, and aay have ooise froaa a new vent within the 

site of the future caldera« Juese' pvattee showers appear to have 

been followed directly by relatively si^ll pi^iee flow erupt tone. 

Much of thie Older aodeeite pumice wa« removed by ©ub^equent

an shown by exroeuras on tha north side of ?ou.fri«re Bay 

u;. At eome time during this eronlon intcrv 1, . struc­ 

ture composed of banded dark and pale gr@y anJeolte ie believed 

to hav«3 forned at the surface. This was possibly a doss€ t which 

blocked -she vent frois whic>i the anc?«6lte pumice was previously 

ejected* Blocka of tfci© bunded lava are found ae inclusions in 

th® next pyroclastic fomuttloiit th^ Vulcanian a^glotserate, which 

is interpreted ne. tiie ^ruduot of at le«et 33 ooneecutiva 

Vulcanian eruptions of ©xtr«me violence, each on« of which left 

a depoeit about 3 ft. thick, ooneiotin^; of course bloeks aad 

aah, oov^rin^ th* entire area within a nile or two of the 

source* These eruptions retaov^d an e6iiai»ted 1«8 oubiu mij.^^ 

of imterlalt conaisting largely of fresh ^a^ma t from a eub- 

surface reservoir beneath tht* future cnl^iera* :«xtenoive redis­ 

tribution of fehls Vulcanian agglomerate f as ^u^flow&t si-.. .-»ts 

that torrential rain® accompanied or followed th*ree eruptions.
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fhe next eruptive activity , apparently following 

aft<*r no detectable time~interval» consisted of at least two 

tar}.;--1 ptnic'% flowe which, near the foot of ths ecu .ci^ f 

reach a thlc3tn«B8 of 1$& It. AncieBlte pwaiee IB believed to 

have flowed down all the laajor topographic depression© in the 

southern half of St« J4&eia at this period (Pig*!5) f indicating 

that an enormous ^uantity of material wae emitted, for which it 

is Impo^mibla to &iv© an accurate eatlB^tef but which possibly 

aaouuti^G to iaor«j tbun on« cubic? iall«* $h«9O are believed to 

have been th« .final eruptions before e&ldera eoll&pee*

fourth haei^otlm.effi^
fourth and final phase of activity in t

region includes th© .growth ol ^cia ande^ite ana ducito dome© 

wifchin the o&ldera t «uaiS eruption of r®lst@d pyroclacstiCB. 2 he 

earliest po&t~caldera exferusiont; appear to hav« been of acid 

a&desite» forming the doate& of J^ond Doux *>oid :..vorne Bonin* 

Breaderu^t bomb® found to 6h« weet and ooufch af i^orne Bouin 

indicate th-at sainor pyrocluetic eruptions pr-eeededf or accom­ 

panied the growth of thia tlome. The St. iliillip quarta-poor 

dacit© probably belongB also to this early period of roet-cald 

activity. These erupt lona eeeia to hav© been concentrated around 

the margin of the calclera* fhe next events within the caldera 

involved the extrusion of the r items, j-laigioiC6 f and R&bot as 

dacite domes » It i® believed th^.t dome growth was preceded f or 

aocoapanied by vertical Vule*.4Kia^ eru^tion :̂ wl^ioh dt.^. oolted the 

blocks and ash (Pit on jaeite agglomerate) which outcroj; in



m»erGtt£i places aroun^ t>s* rim of the ealdera. Uome 01 suls 

may b« possibly related to the later, Terre Blanche

Terre Blanche dome is, morphologic lly, much younger- 

looking than the * it one uiki, together with a^jaceiit ^sailer 

domes to the south, probably developed at a considerably later 

date. In addition to Terre Blanche and four smaller «!o!f*~like

protrusions, three adjacent cr..-/.c... .h >.:,:;•,.. L-'..-..L .., .'.-"eive 

eruptions accompanied extrusive activity*

The latest activity in the Soufriera region took 

place in fche southsm-centrel part of the cald«ra, ana involved 

th© opening of several ven&s between aeifoudi and Ltan&st 

eniaeion of pale grey dacite meh aad blocks, cji.l extrusion of 

five cioi^e of el&iiur miteriul. the greater proportion of the 

pyroclaetics appear to have been erupted vertio&llyt falling 

puaice aeh showers, though pumioe flows were aleo emitted 

during at least four period* 9 which wer« separated ^r intei-v 

Ion efeougb for *oil formation* these flows welled over the 

southern rim of the caldera and poured down the southern glacie, 

accumulating to forts the thickest deposits towards the bottom 

of this slope, m&r Choieeul* An unknovm quantity of pumice 

flow material must also h&ve travelled southward and westwcini, 

out to sea. 'i'he aoet recent of these daoite pumioe flown occurred 

39,050 years ago, according to JBeasuremente aade on earbonissed 

re»ains 01' vegetation from the base of this deposit (Appendix
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activity Involves the relatively

•mission of steam ^d sulphurou& £>«••> s y.t the Dulphur up 

(see auction 5»5«)» and this type of activity is often quoted

as efcaraeteriaing the <!yir*& eta^es of u volcanic cycle. It 

howrv^rt equally eosssson during p«ri0da of dormancy at a

volc«mic centre t and t^i-rr@ is no reason to suppw* that activity 

involving freeh lava h ~. .led in the Coul'riere
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70LCANIC HI3TCHY OF TRS SOUfRIEKE HBGlUlTi KSSIBia RSLATK l.'SHIPS C? PYTOCUaTIC TO MA33I7E LAVAS

PHASE 

1. BBL/ONT)

ic. TSHRE BLANCHE

. PHUN

i. PALS AHUESITS DOUBB

- PY7DJ .ASTIGS - 15ASSIV2 LAVAS
FALL FLOW

Pumice + ash fall, 
maairaum ax^sure 10o r't.

Pumice + ash flow, ostimatod Belfond DOlLiS (5) + crateru.
c.g£rer"'t.e "136 ft, 4 major Pale grey daoite.
unite.

? DISCO*? 0'ItliITY? ( S 1, C S I C !i SURFACE)

Piton-type agglomerate 2 aah + blocic flow unite 
eeparf^3ii by thin tui'i hori­ 
zon. . tul 24 r t.

Terra Blanche and adjacent 
DOMES + craters. Pink 
dacite

2 i-iton JL^l?i3 4 Plaisance 
+ Rabct. 'ire/ dacite.

comrarrs

Laet Inrge flow eruption 
39f r -'5C years ago.

S CORAL LST. 
(younger than Piton 
daoite) 150 ft. a.s.l.

(St. Phi Hi-

****»*«»*

OVERI.AH; BY
looal breadcrust bombs T 
3. of ilorne Benin I

* * »GALLE2A* » * • • *COLLAP5-E* * * » * * •* » » • • » * *

Llorna 3onJn 2LI.1E. 
DOVLT IX ..S.

136 ft. "it Choisaul. At 
least - units, sep-rated 
by 15 -t. of block. + nch 
flow.

. VUi-JATIAH

eb. CALD3(A-'A;ALL nO -v-TUFF

100 ft.
3? crudely graJei unit.i,
each 2 - 4 ft. thick.

r* ~* <>• i > \ t 'a f \ T; i' T 'iv 1^ j. £> </ J ii J J ft A. J . I

3*> ft. LvJdi-oonacii.latod 
white andseitu pumice flo.

fal-

D I ii J c i> / 0 H Ii 2 : Y

pirolitic tuff Layer.

2 H L 5 1 C K S

uu if ID-.- ^acies (;.lao 
GOMOLU. .JVTIC faciej).

( ii a f s I o i: a i; a p A c B )

( E .. '(. S I C i. b U R P A C S )

Vertic . '.hiokiies^ o. 1,000 
ft. in ... wall. Pyroclastic 
flovo + mu If low 3.

;..! in part by 
destruction of banded 
aniocite sti-ucture 
(7XME).

Scurca possibly high 
e^01^- : to K.E.
(? Ler'i sniesite

BAC.-J.T LAVA

darfc .r.n'.3tU
oi-ct as (ii^.inp off

„ U J I C ! SURFACE

Giraic, -lt ,
Cc ub. ril, 'Jcoiiar FLL'.'.J (?)

porphyritic lavtl ,'low of
Mt. Cooler (T20«'i ft. tWo,:)
aphyrjc l ?iVH flc ;c (u,j to 6j ft. thick)
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samples of unconuolldat&cL pyrocl >otic 

including Yuloetni&n and e site agglomerate and younger 

deposits, were mechanically analysed for particle ©i«« distri­ 

bution t using a method deecritoed in Appendix. B» Kisto&.r^ras 

w«re dr?iwii for «ach ^uaplet and the&e ehcw the dietinct cliarae 

teristice of aeh fall, a^h flow t ana fluviatile material 

as such in the field*

-?l8togra»« of pyroolaetic fall deposits (2l£»22.) are 

Q'i by ®o«'3 -rataly good ai^e-^ortln/it <^ut to the 

c cabined effects of explosive foroe t which transports the largest 

lurapo cmlj short distanoes fro® the i*ru^tive centre, and eollac 

differentiation (v/illi^.mo 1957 t p«62; " ich removes the finest 

particler? to great distances* This paucity of very co*ree ^aad. 

very fine o&terial is viell displayed by the Belfond pumice a»li 

fall depooita (L*258 t i^*345)» Becre^.-ise in «axiwtua anc! average 

8i»e of particles in this deposit away from the eruptive centre 

•annott however, be deaonf-.t rated for thie material, eince it ie

of finely stratified particle® of c>u;-:ica '.-.nci 

average eiae alt@m&te«« between IHt and 1-2 ®su from 

layer to lays*. This i0 de»on«tr^t^^ In saiaple® .l>«344 and 

from horizons 18 ins* vertically apart at the saner locality.

ftltexnatiotitft involviit^ different grain »ls« in 

one inch or lestj in thickness, can also produce a biiuodul



FIG.22. GRAIN SIZE DISTRIBUTION IN PYROCLASTIC FALL DEPOSITS
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histogram resulting from the superi;,., it ion of two modes* An 

of thits ia provided by J«»259t which includes layers of 

(16-2 liisu) and finer (J~i &&*) grain aise. This comee 
from the »a»e locality as sample L»258 f which represents tha 
material from a single layer (and shows the ehar&oteristic 

unimodal ^rain slae distribution. Although there was no single 
distinctive l«y*r which could be traced throughout th^ Soufriere 
r@glon f which mi^ht &^v& O^ivliioi^iy ae»onfetra"&od a induction 
in grain sis* away from t.*« eruptive centre« a repre 

ssapld of lielfond pumice ash fall from 3 milas distant 

shows a notably higher proportion of th® finest else (lees 

fractions*

Vulcan .i«m tudebite ^^lomeryte was not wholly 
for gr&aiulc«a^tric aaalyeia on the coals her® employed, 

cince it oontain^ aomerous blocks up to 1 ft* (JOO B^B*} ia 
axu*ii«i*^r« ine aietiotfrstt i~or -»*237 therefore repressnte oni/ 
the fir^r fracti ., ti **.., the deposit» whos^ real mode ..• ^ probably 
ooarser than 3^ 4^?J» i'his aaaipld also coutains a relatively high 
proportion of &Ue iiu^e-t saatari.J., &a that it is not dissimilar 
to pyroolu&tic 1*1 o%» ospo&ite* However f frosi ite 

in the field (ga^c-AUii ^« j« 4*}» it le beiiev&w so O'r «, 

vertioally erupted, air-fall depoelt» an4 seems to correspond 

to a type described by Murai (1^61, p«199) **ho etstee thati 

'Boae air 1V11 deposits 10 the vicinity of eruptive V'.;iv;.; ::.-.,;- 
show ill-sorted sl&e ch&r&oterlotleoi and are occasionally

from the pyroolaetie flow
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Reworking of meh fall ci«po8it& by fluviatlle action 

leads to further c one em t rat ion of the intermediate fractions, 

with the result shown in ^«4®0* In this material f tfee fineet 

fraction has been removed in euftpe&oion. arii the

the hietogya* for pumice fall from Crater Lake (Ou«153)

demonstrates the eeaentially similar § well sorted, unimodal 

nature of ash fall deposit* from tht» volcano, though the 

•!•• (I**® BBS.) is slightly c oar seer.

6*

f p»6t) otatee lhatt *A»<ai^ the feature* 

which characterise u^iaoet all . el^-.u ...t^oeits, none is 

distinct ive than the ohaotie miti^lin^ of fra^n«nt8 of all 

from dusty particle* to gigantic block© and fcoatos* 1* Tnl0^ ^ ^»^ ^w^

abeenoe of si«@ sorting io eirldent in the hi«£to^raa0 of pyro- 

cli stic flow deposit, sihown in

M..,tt**rlal fr*>« *hs» youngest tielfond daelte 

flow ie: represented fey L«498« fhis sample was collected at 

Choieeul* 3f mites south of its sources unlike the 3elfond aeh 

fall from a ooapars.bl« di.t^tenc^ (®*g« I»»47)» it still contains 

fra£iaenti5 of large eiee, *;• well as a high proportion of fine 

powder. '>mplep from fcbe- ««^*f»lt<? ^umice flows (e»g,. L.4^1 ) 

eliow similar grain ©ise distribution* Both of tb.-Ka depocita 

enow a elicit aode between i - 1 naut due largely to the crystal 

fraction of the deposits which falls mainly within this range*



FIG. 23. GRAIN SIZE DISTRIBUTION IN PYROCLASTIC FLOW DEPOSITS

20

%WT.

10

L481 ANDESITE PUMICE FLOW

1Vfc miles S

L498 OACITE PUMICE FLOW

3*4 miles S

20

10

L412 DACITE PYROCLASTIC FLOW

h mile NE
L73 DACITE PYROCLASTIC FLOW

r 1 mile NW

20

10

BV 14 PYROCLASTIC FLOW 

ST VINCENT 1902

CL34 PUMICE FLOW 

CRATER LAKE

V10 MUOFLOW 

20 ST VINCENT 1902

10

L31 REWORKED DACITE PUMICE FLOW

. 1Vz miles NE

32 16 8 4 2 1 V* \ % V16 32 16 8 4 2 1 Vfc V4
GRAIN SIZE IN MILLIMETRES

V,6



Meither contains the extremely high concentration of the finest, 

comminuted pumice characteristic of the da$ite vusiaa flowu of 

Crater Lefttf a feature which may be the r*f*i& or tk& greater 

diesfc&nos traversed by tfe& Crater !*ake flov?t3. Jaoit* block- 

plus- eh flow«9 vvhich for® ei-rucsur^ltss^ depoeise within the 

oal^«ra f are iHipreeenteci bjr eample© L.412 ^mcl L*73*t ^'hieh ehow 

extremely little si.s-sorting and aye clo»elj co^purabie with 

an historic Ijlock-plue-a©) flow deposit iro^ the 1902 eruption 

of the Boufriere of St* Vincent, (B?.14).

The result of reworking of the St« Viaoeat pyroclastic 

flow material i« shown in aaaple V,to, which wae collected from 

wdflow deposit® believed to ooneiat aaitiiy of former Rowing 

ayalanofee i^aterial* li*J1 cone a from & v.v^sit from. St» L-ucia

which appear© to have had a similar origin.
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7. 1, EQCiC

of th*.' aoufrisvs region have been classified 

into three principal groups t baealta* anda^itt-s, and dacltes* 

The divisions are based primarily on ferrornu^aesian £<h<2noory«t 

mineral aseesiblageSf and also on the abundance of c-uartsr pheno- 

These &ud rtlat^d textur^l differoiuies fere

lu Imad s^eciasnt and largely reflect the 

composition. This scheme of olassific-:itio& is outlined in 

Table 4r ^ ^hioh the approxlmttta silica r . / for each rocic 

type is also

Although kacroix d926 f p*394) has emphasised thut 

the abundcincs of j&odsl quarts bears only a broao relutioaahip 

to the total &iliea content of the laTa in andeeites and 

from the jesser Antilles and other ^rovincee 9 the present author 

foui^d that in 8t. liucia the saoist acid rooks Invariably contain 

•ore than 5$ of large quarts phsnocryste (soe Table fC), whilst 

the anclesites (fabl^ 8) all contain fewer and smaller quarts 

phenocryste* Plagloolaset tho^h ©bund ant as phenocrysts in 

all rook types except the aphyrlc basalt e, i@ al-v....^/^ relatively 

rich in calcium and shows no sy&tett&tio variation in core or 

average composition from the basic to the acitf rooks (sse Tables 

7t 9 1 and 11). Xhe cort;-c.- arc usually of bytownite t and the 

outer parts of many crystals sire strongly soned in an oecilla-
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tory fashion* fh* aineral is t therefore, of no value ae a 
means of differentiating between rooks from 8t* Lucia*

ifr ion ;;; _ usff cl_ , by o t hernr , au E

Rocke of ~U Lucia belong GV n .at-aadeaite- 

rhyolite association of burner and Vcrhoo^v.*, (1960 t p*272) 
arid to tli© calcic eyries of Peacock (1931)* Jhi« ^roup has 

proved particularly difficult to ol&ssif^i ^ad th« ue« of 
different criteria by variuna :,uthore has led tu 

different Jivi^ior^, £-,o^ttiae© ever, in the fc^uu^ 

province* u'liia ie illu^tr&ted in Table 5t v/hioh attempt a to 

equate eoawf of the more important @y@t«MB of classification*

Laerolx (1904) irdtially subdivi<3-;u t-o lavae of 
Biartinl tu« on a alnsralogleal busi& livto bac-altb, an^esitee and 
ducitest Iii 1926» however f he reel^esified them according to 
their chemical cliaractferistics f paying particular attenfci a to 
tilt <ixbundanc« of nonaativc and modul quart** 1'hc meaning of 
the term &dGit* wa» extended t© include an extrenely wide ron^e, 

defined as &ny lar^ eontainiiig pla^ioclase as the predom- 
felspar* and modal quart 2 f whilst the terffi Mdacitolde v 

wae introduced for OB© of eliailar chssilcal composition but 
without jaodal ^uurfe^s i>s* with free ©ilica expre^;; ".:a in the 

norm, but present only in the glassy or eryptocrystal line matrix 
of the rock. *tLabradorltew wae the name applied to rocks of a 
aore basic character » approximately equivalent to b&eulta of 
the present ol&86ification f whilst Lacroix used the teris basalt 

only for rocke without normative ©ilicu, hich extreaely rare
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in the w«st Indi«».

(1936, p. 48), in his classification of l 

of Monteerr&tf revived the ter© "bandaite" (Iddin&s, 191 3 f 

vol.2» P*111) for L<ibradorifce-oeazkia4 anisettes containing aodal 

silica*. Like .ut&eroix (1926)» hs dt*£tr*ca s^- boundary between 

labradorifce-andeslfce and basalt by the criterion »* normative 

quarts* he classified rocks with less than 10^ 01 the latter &« 

bafialtSf aed stated that these wire generally found to have a 

Bilica percentage o:f 1«»» than 55* MaoGregor, th8refore 9 like 

Lacroix, used criteria involving a eoKbinatloii of &odal and 

chemical compo sit ions, yet dietlti^uiehed only two effective 

groups * feandaltes (labradorite diicites}, ^td olivir*e basalts*

of vrat«r .bake region w«re oXao&ified by 

(1942, p*130) largely on th» baftie of chemical aaalysi©» I'h« 

rpok num«e and allica percentages correspond closely with the 

divisions adopted by Bake-r (t963t p«10o) a^t: $•-,% present writer 

with reference to the Leeser Antilles though in the Crater 

Lake series «laoites ^r^ clearly separated froca aadesit^^ by a 

gap from 62$ to 6a# SiO«** £

In hit account of the petrology of Hakont1 volcano f 

Japan, Kuno (1930 f p.95B) claeeiried the rocks according to the 

colour invlex of the &round&a@&» He stated thatt wfhia is 

based on the idea that the bulk composition of the porphyritic

ladings (I913t vol*2 t p*112) introduced the term baadaite
*lat>radorlte~dacil;e®, whether with modal quartz or occult 
quart 2. w
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rocks Btoy o& affected by wrystax sorting while the &roundaa»e 

composition® represent those of possible saagsatio liquids 1*. In 

St* oucia, however, many of the rocke have a gl&aqy or orypto- 

crystalline groundjo&s&t rendering such a classification impossibl 

Kuno (19!K>i p«984) also introduced a new, detailed clarification 

ba««d on the ferromagnesiaz; i,iiic,,te mineral as©@mblag@ t witii 

a&jor divisions ttcoordln^; to |>h©»ocryat minerals present, and 

•ubdivisiona based on groundiaase. Thla waB adopted sand extended 

by Katsui (1961, p»7)« St» Luclan basalts fall into cutogoriea 

o, ITc and Vc, andoeitee chiefly into class*® le, ?, Ve, ?I and 

Tie, whilst dacit©» almost all fall into class XVI1«

flagioclase ooi&poeition «wun •vtioftted by

of the maxim ua extinction an^xe in the 

perpendicular to (010 } f uein& the determinative curve of Winchell 

(1951 1 p»262)« Heeulte are believed to be accurate to »5$ Aaf 

althoiigh the relative uoouraoy (e*^« the range of aonin^, in one 

crystal; ie probably ^ucurate to *2> j&* For cryetals? with 

evah extensive and fine-^scale oeoillatory sonlnc afe tho^e in 

»08t of the St. Lueian rock^, this proved the only practicable 

sethod*

An eetiwte of the average composition of the p 

in a rock wa0 aa^e by selecting 10 representative crystals 

(e.g. large and email, aoned and imeoned 9 iii approximate pro­ 

portion to their abundance in the rock section}* e^timatin^, their
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by measuring B&xinun extinction In the sone normal 
to (010) 9 and making a correction fox the area end compositional 
ran&e of soning, if present* It i® clear that many or the 
crystals will not be traneseettd exactly through the middle by 
the plane of the section* and therefore will probably not show 
the maximum An value of cry etui they r-^reaent. ?hi» doee not, 
however » prevent u true average composition from being eatiaated, 
nor does it affect th© validity of the figure obtained for the 
minimum An eo&tentt estimated froa the extinction aa^le of 
outenaoet sone.

For orthopyroxenGf 2V (*1° w«us i^^siu?«d by direct 
rotation between optio ox€S8 f and H« wan aet^niincs? on ml&era 
concentrate^ by the immersion method. The curve«§ used wer** 
of xCuao (1954> p*4G).

the composition of clino^yroxeiuis wae entiia^ted from
of Hy and 2V (^1°) uein^ fcht* method <*nd curves of 

Hees (1949).

Olivine ph^ncroryets) were relatively so rare* that it 
was not practicable to weaeure 2Y in thin ««otione« B« wa* 
therefore determined on uiB@ral concentrates or h&nd-plcked 
phenocrystBf an<2 compositions were estim^ited by reference to 
the refractive index curve e of Bowan ^md !>cliuirer (I935i p»197)t 
quoted by Deer, Howl* and Swaaan (1963, vol.1, p. 22).
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rwc principal varieties of basalt have been identified 

in the ^•oufrie' re. regions aphyrle, and uorphyrifcic* V 

rooks. appear .to lorn; a fairly homogeneous and distinct

cry » talline or ^lae^y groundBa&8 9 and show a wide variation in 

their content of phdnocryet minerule* On fehe baeie of this 

latter feature , they ha,ve been divided into two eubtrou^si 

plaglocl«u:e-phyrie basalt e » containing almost exclusively felspar 

as pftffnocryetftf ant? pla^i^lase-p

in whioh pla^ioclaee ie accoapanied by clinopyroxe$e f with or 

without orthoi-yroxent and oli¥i&e

!• .Ap.teyrr.^c r basalt g.

The aphyrio basal t* are so extremely 

that in hrind specimen they could be &i&tak*n for har?^ f dark,

silt stone. They do however contain extreasly r^re y-henoory0t8 9 

up to 2 am* acros€? f of plagiocl&ee and ferroma^neeian minerals. 

The rock i© hard t*nd splintery* it frequently &how«s flow-banding 

in the form of al tempting sub-parallel layers or l^ntioles up

to 5 ®J£« Liilcfe, of ©lightly d&rker and slightly puler colour* 

Veinleta of calcite, UBU«lly less than $ «i&* wide, out irregu­ 

larly across the rjcii. t ant* cinuios© occat»i'.'iiai oryatiilo of pyrite.

In thin section (Piste 18a t 1Qb}» the essential con­ 

stituents are seaii to be plagioclase and clinopyroxen*. 

rare / >cry»te, of whicii not more than one occurs per sq^ cm. f
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Plagioolaee phettocryatai are subhedral f often elongate, 

and of average eissa t uu fhey frequently occur In £lom&ropOT>- 

phyritlo patches* ;\lao$t all crystals &re Kur®al~eotitiiiu0u.aly 

zoned i in the laierophenocryetig (up t^ 0*5 ay&u lon^> aonii^ 

alwaya l^ginjs at the cor€ f the composition oC which ©hows fairly 

constant values of between An.-g -*Ang-« The larger phenocrycte 

have core compositions of up to AnQ^* ®&& unaoned cores usually 

occupy at least half of these crystals by area* the outer 

part a of these crystals show sones whioh are usually of normal- 

diecontlnuoas type* A few posseas slight oscillatory aonlrig. 

Grouadmaee plaglo01-^@e consiete of pri ;.. Jovn to 0*02 tt&* in 

length. There is no ole^r diatinotioti between th- oiac of 

larger ^rouacimase crystals and aioropheaocry0t8 9 and their 

composition 10 closely cf i:;dl ,r.

Clinopyrozene is the most abundant 

mineral. It occurs as relatively amall y subhedr&l 

of up to 0*5 ao« whlohi like plagloclaee^ ?*re often ouisulophyric. 

Iiike pla^ioclase f also f pyroxene crystals grade downward In slse 

fro® ph«tRoeryi*t8 to groundmaes of 0»02 vm* Larger pyroxenea 

are *ttb-ophltic t and completely enclose occaeional saaii crystals 

of felspar and ore. Variation in the extinction an^le 'i AC of up 

to 5° indicates eli^hfc sonln^ at the awLrgir.£ oi lar^^r orystale t 

and 2V aieaaureiuc-nto range fro& a ffiaxi£iua* Q£ 52° at tfc« core to 

at the rim* Values of 1*700 (~G,Ou2/ were r^eordea for the
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refractive index Hy t indicating a composition oiv app 

0a42M*34Fe24 (Keen, 1949, p.634).

Accessories

Minor accessory minerals include aaagnetite as sub- 

hedralf 0*02 ram. crystal ;i in the groundmass, and patches of 

interstitial calcite. Green, fibrous antigorite, assooiated 

with calcite, also occurs as rare, rectangular p&eaaoEiorphs up to 

0.5 a®« across s this may be after ort ho pyroxene.

_4i f Xaj^loclag^r^r^jc^ne ( -ojlivine } -phyr ic bae&I,fe (Plate I9a)

Yitrophyric plagioclase-two-pyroxenetolivine) basalt 

occurs in the southeastern part of the area mapped in detail, 

as the Mt. Goinier flow (L.57Q) and is also the character! otic 

lava type found in tuffs and bedded scoria in the northern purt 

of 3t. Lucia (e.g. L.83)* In hand specimen it appears dark and 

glaaBy, with abundant phenocrysts of translucent plagioclase t 

large, black pyroxenes and f in some rocka (e»g* L*83), occasional 

green olivinea. Vesicles 2 ma. in diameter are comi'ion near the 

original surfaces. !I e basalts of Vieux Port (L.565) and *te\iuit 

(^•189) contain similar phenocrysts in a microcrystalline ground- 

mass.

In thin section f L»83 contaiitLS phenocrysco of plagio- 

claee (25'^ of the rook/ f clinopyroxene U1'/)t olivine (3/^) aid 

rare cryt,u^Ifc ui urthopyroxene in a dark glassy matrix iu .vuich 

finely granular ore and crystallites of felspar are the only 

recognizable minerals. In the Mt. Gomicr flow (,.^.570) olivine
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is extremely rare, orfchopyroxene IB more abundant than

to
rectangular prises, raryl»& In length frou 1»5 - 0»1 iaa« Core 
oeBpoeitioM show a •iutibBii& of /,n«., f ^nd about half of the total 
number of cryetule arc uazoritMl* Oth«r« posaese &o

t in vii*^ legs calcic cr^Utlo, be^lus at the core
and ext«&4« over the up proximate

An-Q (rim}. Oscillatory conin& ie rare

tional

zone) to 

oJt narrow compoai*

occurs as subh«aural 1 mi&* crystals, 
often in cumulophjrio clusters* Many cryat&ls iur« twia»@d
the (10,; plane* Optical ;ae ^ureiaente and the inferred

are given in fable 7*

Olivirie

Rare, large

aoroo^i with broa4 serpent 
index measurement*, oads OE separated cry^tale 9 ar© ^hown in

of ollvin* ar« up to 2 ia®«

©rafcks said

Orthop^roxeue occurs rarely, ae «ubhedrmX» 
up to 1 tteu acroBa, often riaaaed by olinopyroxene. It i

»oet abundant in L.570, which contains about 2><- o.. rcch,
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153 34 83
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n.d.

32.4

3.5

10.9

0.2

fud.

40.1

For reck naeiofc and loa&liti^e, eee Table
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independent crystals, of which the refractive iadex (Ha • 1.713 
£.002) indicates a composition of

» 4* IU:IK

category includes at : a- vesicular , dark, greenish- 
grey lavas frot® Ift* Gimie and surrounding hills* fhey contain 
aburidant, pale felcpar phsmocrysts of 1 ~ 2 et^* in si2«, and 
well-shaded t elongate, black prisms of pyroxene* Similar rocks 
from Mt» Tabac ai*£l Ooubaril (e«g* L*710) contain, in addition, 

1 mm* crystals of quarts.

con@titu@nt3 in a typical specimen 
Flate 20a) ar© givea is '?uble 8« Minor aeoeaeory quarts ^nu 
green hornblende are >-rc&ciu in some aaiaplae* The groundmaee is*H^ VH IV *W

composed or cryptocrystallinet equigranular (feleitic) material 
appears to be chiefly of light minerals le©s thiin 0.01 mm*

Stout, euhedr^l pheaocrystB of pla^iocl&ee vary in 
ei«e from 2 mm* to 0*5 aa* Unlike those in the bacalts, they 
ekow Mueted oscillatory aonir. which soMetiiaeB extenru- Irom core 
to sar^in, and so&«& ooctainij^ abundant pale brown glassy 
inclusions are eomson* Bie aaxl&um recorded core compOLiiiur. ia 

, and 3?1» ecMpotiiltioKiA fall between

^ of plagiooluet 1® attach more conspicuous iii 
andesiteo djiv-1 dacitea &haji i» baaulte Iroa St* i.ucia. '-de
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feature is common to other i elands 01 viie -.t

including Hart Inline and Pontlniea (Lacroix, 1904, p. 591)

St. KittB (Baker, 1963, p. 11 6). fhe overall chtHige i» always

froa a more calcic oor& to a siore noetic ria, though n^ay minor
reversals are auperii&^o&ed on this eneral -tye/ui . Un&oned

coree are often present in the larger crystals, and soiae of

these cores are filled In their outer part by Inclusions. In

other pheiiocryet®, zoning begins at the centre. Vanee (1962,

pp.747~8) deeoribee oscillatory sowing ae a widespread feature
in the plsgiooliseea of plutonio ro^fcr wiih a similar chemical

ooapoaition, including <|ueirt» dlorites and &raaodiorit«38, and
emaarisea the rarluuB possible expl@nition«* (V«OiCe t 1962,

pp. 750-1). The more widely accepted of these include!

1) Repeated differentictl movement between p" ' >ola»e and a

thermally or composition -lly heterogeneous melt (Bowen, 1928,

2) The effect of preeaur® ohamgeet which alter the water content 
of the aagaa (buttle and Bowen, 1958)*

3) the product of alternating looal supersaturation and 

diffusion of An molecules In the melt (Harloff t 1927f Hills, 

1936, p*52)t involvingi

i) crystallisaticm of a thin normal sone of calcic pl&^lo- 

el&ee in eauilibrium wi^n whe closely au jactsiit liquid, 

beco&lng lese calcic with falling temperature, 

ii) resultant super® at urrttian In .in eolftculea of th« llcuid 

more diu&ent from ^r .••;•. - / , \l« t ^«®» ^-- ..eneity 

in the anortnlte content of the liquid phase.
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ili) Gradual diffusion of An aoleculee away from these 

supersaturated partB 9 i.e. return to homogeneity in 

the liquid pha@e*

rr hypo thesis of repeated dii rai I movement 

not readily applicable* to magaa of andesitic composition, 

whose high viscosity must limit ths freedom of movement of 

pl&gioolace crystals within th© liquid* It it> noteworthy in 

this connexion that iconir_v, ie leeo conspicuous in ba@alt& 9 which 

wert undoubtedly lees vlscou© when Bia^&a, whilst there is no 

evidence to *ug&e&t thet fehoy w«r« thisrmally or eompoeit ion ally 

more homogeneous than the

fhe second explanatiao is rejected with reference to 

pluto»io igneous rockia by Vanct (1962, p«?50) t who ststee th*it 

"repeated loss of volutilee is likely to be ei^nifio^nt only in 

a nfci*r-eurface t sub volcanic •nviroriiu^ut*'* The iB4piio»tia& is 

that thie procesa could w@ll have operated is St. Uusia, 

particularly in view ox tn* recurrent violent eruptions tstolch 

Known to have taken ^l

Swart (1963, pi *419~20) f in a dlacueeioti of oscillatory 

in pla^loclasee from sitt^tern^ry plaice a»h in the faupo 

JSew Zeal find, s»u^§eyte th;.t ocuaei anal, large co., .. 

break e in the rhythiaic pattern may be caueed by sudden 

of preaeure due to lo«a of volatil^s at Uie tisie of an eruption, 

causing re»orj tio» of previously deposited »onoa, and subse tuent 

deposition of a considerably more calcic gone. Bw&rt tentatively
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attributes these major discontinuity* to specific eruptions 

in his detailed sequence, the minor oscillations of zones, in 

hie opinion* "still eeew to be explained b@st &s the result of 

movement of crystals in «he mmgna ohasber" (op* cit» p.420). 

the pr sent author finds it difficult to accent the reality of 

a process of repeated rl&lr«& an<£ sinking o£ pla&iocl&*« in &n 

acid, presumably viscous aagB&t *a outlined by -^art. , reover, 

if solely reepo&slble t thxa process should ha-ve produced & 

unixorm pattern of major sonal oeclllutio&s in neighbouring 

which manifestly doee not ozl&t in the v>t, I<uel&n

; (e.g. Plate 20b). To satisfy tbl« 1ft«t 

s'ipersaturatlon—dilfueion mechanism &ee&L moot . 

diffusion may be looally le©» or ssor® effectiva, acoordlag t for 

eJKamplet to the number o£ cent rets toward© which It 1® taking 

plaoe in a ,^lven volume of smgmru Ooiiteaporaneously 

may thus vary iu width or composition from fcxy&t^JL to 

in the manner observed*

Plagioclase crystals frequently contain crowds of 

ssinuiie Incluelcn^ in OB*? or nore xon^s* A broad, inclusion 

&one often ocoupie^ L-itiv r t* ,:le or , • jutsr p<&rt al an 

unsoned core f -;,tnd narrower sones oonlnlai^^ Inclusions aay lie 

outride thia f within ^ac, u@ciiia i«u^/-aoned portion or a ^lisao* 

cryst (Plate 21a}» -"??»*» of the inelueiontj are so saall that 

thtiir composition i- ,. . -i^tin&ui^h&ble* Amon^ tho&e iur^o 

enough to be identified, particles of glass are aoat cowion

• Tlmte 29a, 29b) and are usually p^le bro n or colourlees,
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often being similar in apps^rtines. to the graundaass of the rock. 

Glass »ay also fill irregular cracfcs in plagioclase crystals, 

or form & oomplet® or nearly complete si on© (Plate 21b}» Los* 

phenocryste centals* trains of minute crystals of higher refrac­ 

tive 5 id ex f showily firet ^rder polarisation colour® und straight 

extinction* which are aJjsumt esrto&i&ly orthopyroxene (A late 29b)* 

o^ide aluo occure ae finely crystal line

MacClregor (193^» p*50) refere to spongy sonea 

glassy inolueione in plagioolase piumocryeta from 

Montserrat lavas* which he explains as tm result o£ ma 

corrosion at -i certain et&ge in the cooling M^tory of iht 

felap ir* Following thia« liquid was trap|>«4 and solidified as 

gl«ss in the cavities left by corrosion* MaoGregor also 

describee larger t iool&ted patches of bro^n or coiourless glass, 

parallel to cryatallographic directions*

In ph.enoc.ryet© from f>t* tuoia* th© oryst^llins inclu- 

cione have obviously been poiXill&ically enclosed durir rowth 

of the, phsnoory^t* fhe continuous glass acne© represent liquid

»hich was probably chill A onto ths periphery of the growing 

phcnoory&t* ?or tho broker «or*ee containing minute glassy

e t &tic£rsgor 9 8 explonation f involving magm^tlc corroaiot,

appropriate.

. yroxane te tl: ., s predoainant ferromac,nesian 

It occurs as smfehedr&l 2 im* phenocry; ts which grade down in
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•tfiat,, a:;:air.er to aier&phe&ocryfctg of 0*03 »&* ^fc* optical 

properties ^nd inferred co&po&l felon are given In fable 9 

L»38), Ho s$0nin& i® perceptible.

Clinopyroxe&e oorure as sparse » Independent crystals 

to 2 aeu a0ro®0 f and also an aumulophyrlc clusters of 0*3 

prisms* For oiae crystal in L»38 9 a 2V» Bwaeurement

of 53° «wi obtaiu^d. u« to the very smell .. ortion of clino 

pyroxene iii th® rock (^a-le 8} f this mineral ooulcl not 

be »Gp4irat«d for refractive Index

t e

OCCUTL- at; oco:aBional t roi- ' embayed,

Or«©n Iiomblea4^ la ,'r^s. ,ni &B ri;*r@ pheno- 

p to 3 «»• uerooo (L*11), showing m&xgln&l reeorption 

to either pyroxene an£ ore, or to biotite*

"f C ?^"' •.'• • f -'* ; ' ' •"" ,"* •:' '"*
I • 3. — --"-•^- -~ -' ; *^

Lava felooka in beta the older* G^lderm-^wall and

Vulosnian and e Bits cigglcaierateo form a group v,:hioh is

heterogeneous in hanc! spcoiaoa 'and texture but relatively

oon»tant in mineral o^s they will therefore be described under 

the came heading*

Lavas vaary gam^tiy in colour, fr^sa al^oet ?^hite to

and dark ^r©y. Pal^ to ^dium e^J tv.-v:: .,..,-/ \-,, ;. ... ..;,::

a lar&ti proportion have a ^.ilaiy vehicular texture. Sone 

blocks are bonded, eapeoiully in the younger Vuloanian agglom
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•rat*. I'henocry&tn art up to 2 n&»* ?.-:.cror.»i those recognisable 

in h&nd speciaen include ti-. lucent or cloudy pla,. . 'lace, 

elongate black prieae of pyroxene, a»d oooaeionul quarta crystals.

lara© of thie &*£«£ ^rw au^^t^ri^sd by & 

cl&etio texture, involving phenoorysto whloh are' a&hedral 

angular ia •h^pe f (see 'Plat® 22fc)» In p^rtlculur 9 th« pattern 

of occill&tory soriia^ it* the pl^ioclaae.0 indloat^e that they 

are broken fraipieiitc ol formerly lar^fir cryntale. ih©nocrys»te 

ar« rarely larger than. 1 u^gi* acroet» and conalet .prinoipally 

of plagloclnae (ubout 35/Q with eubordinato quarts 9 orthopyroxenc 

^nd h^mtlende in v&rying proportions i together -about 10,0 and 

«luor opaque oxide, The groundaaea 1» either gl-.ssy or 

oryptoc rye tall lne«

Jr* the C&lderft«waIT agglomerate, lavfir? containing 

un^?r . pfeenocrysts arc more oonmon (a.^. 1*«190} 9 air' :/riy 

closely recGabl^ th« pale ^adeeitc do;,,c l.,,,v a (e«g* L*290;» 

Others? ^A-^ u«*rictr 9 wiU* a ^lus^y matrix y (®*t>» I** 203)* ...he 

consolidated tuff matrix of thi© agglois^rate (I*«193 f Vlate 22a) f 

aoweTaTf oontaina highly angular f disrupted ory^tal^ of 

quarts und orthopyroxene» together with eryptocryetalline 

debrla*

lagioolaee in »ost roofer occure me anhedrul* or

e-. -ral cryetai fragment s f of all si see up to



texture, subhedr^l phenocryst® reaeh the »i«e of 2 jam* Oecill*** 

tory BO- . „, is QOBU&ont und soiue cry6tale contain lonee up to 

0»3 «»• broad t full o£ minute glaeay &nd crystalline ii*olunions* 

Cort-s ivire ooasaorily o~ ^odic bytowaite, with a maximum recorded 

o&lciun contort of An^e (L*203) dacrftaoiii^ to m,ndeBin© with a 

minimum ol about An-^ at tho ri»0* In the Ofel4s»ru-v?itli . O ^!QEI- 

erate, crystal© arts often cloudy, with altormtion csonoentrated 

along irragulax craoke*

crystals, like th« other -: _csy*t£?» ar^ often 

broken and angular t t ;r of the larger one*... K?,av evidence 

of baring bfsen ^obular before they ^-re &«otonioally disrupted 

(Flat« 22b)» In BOW» rocks, howerer 9 (®»g» I»«235) numerous 

relatively asall cry^tale of up to 0»2 ma* ir: di&n«ter have a 

bi '.oid^l ;: 3 f with only ell&htiy rounded corners, 

ia^ thut mey have zut been strongly ffeaorbea^ lii afe»y 

the margins of quarts ph@nocry0t© are @i&ut®ly embayed, 

ing th-:;t reeorption ha© definitely taicen place.

lions fclende in the tii^^^J rocke ie 

and is pleocitroic ^coording to the ^chemoa X * very pale yellow; 

Y « yellow-brownj Z » greenioh b^'O^n* Ir occasional crystals* 

hornblende of this colour encloses orate cor©© which are 

pleochrcic from straw yellow (;t)» to deep walnut brown (^). :;ep 

chestnut bro'wri cry^tula of o^y hornblende occur in a few rocks 

(L.4S}> and theee contain abundant email pl&gioclae* and magne-
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tite Inclusion® f «Bg$eftfcin£ that they crystallised at a later

et;-, ua th...n the greenieh-brov/n hornblendes* OUQ lar&e crystal 

in L»48 encloses a core of cliftopyroxene* -.ieh-brown 

oxyhombleade In &*9§ ie almost completely resorbed to a black, 

nearly opaque cubat Jice, containing email grain® of iron or«*

i<*48, L»95f -^n^ ^«235t which contain ojtyhornbl0nd9 t all 

ft eryptooryatalliRe ^roun<Sia«i0e« Th« association of .green 

hornblende with &las$y rocks in Mont»*rr^t WMI noted toy 

3r!&cGre t;or, (193S f p*53/t who "therefore icferroa shat the tauch 

»or© abundant brown hornblende 9 which often o0o«r& in holo- 

crvot^lline or ftli^frtly gl&ssy rock©, ha« been t>r<x1uced by 

partial auto^oxidation of green hornblende* •*

Orthopyroxene occurs ad subhedral t elongate prisiaa, 

which are- poikilisle to SBall grains of ore i;ai«1 occasional

®»&11 plugioclasee* Harrow riias of finely granular * opaque 

oxide are coi&aon in lavas from the

Minor %Q

Minor accessory odnejEmltt include opaque 

appears to be &a^i;etite* in ^rtilns of up to 0»2 »

the groundmes i» glansy or cryptocryetallici®, composed 

a&lnly of llfc>ht minerals* In &cae rocke (e«g» X»«239) it oh owe

a flow structure consisting oX p«tier (lees glassy) and darker 

(more gXaeey) braids ^nd leriticles between 0«1 and 0«5 B»S« thick.
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i • v .». .Jrtjju ,^:~«v XT & , j.

te pusice described in thiis ruction 
at two horizon®* the older occurs belov .^ t,..a y-.>uii 
the Tulc&nian &ndt&it* agglomerate* The dtpotita consist of 
block, of whit© oji4eGi .t pumice ia a find itt&trix oois^os^a of 
dust ^m€ £ucall crystals: only th« pa«ic^ blocks are described 
here* Thssse contain i.4iftRocry4»t» up to 1*5 sam* acroee of 
pla^iud. t-i;, iijroxene and quarts in a white ireaicular matrix , 
in which the larg«is vehicles ofteu ca^b^ii, L;.^,!^ v, urunds of 
dele's h,.ir« i.he pu&iee ha© a epeoilic ^r^vity 
less than

thir* sectioa, a representative rook (L.476,
23®) contains 16?- plagioola&«» 2>' ?|U4arta and 2# ortho
in a T@sieulv,ir s&trix of pai« glaes ohowing perlitic structure.

Plagioolaae eomonly ocoaars at ©tout subh«dral p 
1 ma. acrose, whieft eiiow Oaailiatory sorjin,,, over the relatively 
narrow compositional #aag« ^$9-55* v>orae cryfetais 1m v* abundant 
ttinute ificlueioroi of ;.'.;ilt ferown glase, tit»a«r in their corea or* IMP' *

oecup7iR£- « broad &one near the eor*» f h@ outer pi-trta of 
oryefc&ls invariably coutain a lar^e mi^br.r of n&rrow oscillatory 
tones*

Quartz phenocry^t© ar« up to 2 a£u across* ^oae of
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the larger cryotola show distinct crystal faeeo wilier
not to &&ve been slgnific ntly r$sorbed« icrs

a&^ r» di erupted iV .^...^»t.a» Soiae coxuaiu »aali
which are iaotropic and may be either gas ct cities or pale

Jtorme elongate f subl»4ral pri»«* up to 

2*5 •** lone, which contain abundant saall lncluii>ion& of op&^ue 

or* and oce&aional aaall p. aclaee oryotuls* Optioal proper- 

ties (^abla 9 f ^p^oliReii L.476) oorroapo^d to u ocsapo^iwion of 

approaciaately ^45* Sows oryatale have narrow coronas of 

opaque

Eornbla&de
Uoroblend-e oocuru in aoa^ s^««l»ejas (o*g* L.680) <^s 

oooaelo&al v fr^ehf 0*5 flKa« cryatalg which are subhedral and 

pleochroic frosa medium olive gr©«a (Z) to pal© yellow (£)« It 

Is poikilitio to saull ery^tals of plugioclaee*

Minor

Opaque oxide, wfeioh i« probably a^gEetite, ocours a« 

fins? particle® scattered evenly throughout the ground

l-Vf4S include rsnterial from the 

Of Fond Boux (i*»290) ana ^orne Bonlu (I**5t ^l^te 20b)« :ho

<iad texture of lav&s from theae two lacaliiiss are
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extreme iy sinil&r* ^peciaene from both ar^^c aro v ry pale 

greyt compact rooke t with conspicuous elongate alack px-ia&a of 

pyroxene up to 9 »EB* longt often ahawin.g preferred orientation.

2h* only consistent dlfferatic® ie the hi, percentage of .- •:»;. 11 

quart a phenocryete ia «arapl@® frosa Norti« Bocin* a feature which

in th« silica content of the rook (Table

In thin «tction» tihe pale tind«»lt«0 oloc^ly rseamble 

dark andeeiteJSf except th^t th«y tend to be notatbly fresher*

pheiiooryftts inoxud© pla^ioelaec (40#)» ajsd ortho- 

pyroxene (B^)» with subsidiary clinopyroxencj {dot mor« than 

0*5/0« *li« Korne Boiiin material (L«5) contains 5? of modal 

quart & » whilst- only about 1;£ ie present in sample® from Fond 

Douse. Tot&l phenooryate rftpr&eeiit about 50 • 60^ of the rock, 

which is slightly ttore than the proportion recorded iia oth@r 

&»desit^8 or dadt&d of th* Sottfrlire region, fbe grou.ndaa«« 

i» microcryotullibe to crypt ocryetftllifte (f«leitioj» composed 

of lU jit

occurs nn euhedral t ractangular prisms 

0f average' else t &u&« Oeoillatory sioniri^ is ceramon and of tea 

•arte&ds froia c^ntr^ to rim.i including xonea containing, minute 

inclu@ians of pala bro^-'!) e;l' *-^ ^^^ ^.7,^1). ur^ii*D oi i^i>«r©thene. 

Aa many as 40 oscillatory £O^es t including 4 zones crowded with 

inclusion^ were recorded in out crystal in L»5 (Plate 21a)* 

Core composition z'-;^*. .-* iK;.--xiciu® of Axugt with rim^ rv^r^ini, froa

general, crystals with more calcic cor^s also hare
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L

. mm IOR

203 * 250

Hi

75 81 77 69

57 99 59 55 63 6t 41

53 53 55-57 5t-57 54-57 55 58 

t.726 1.724 1.732 1.721 1.733 1.733 1.731

49 53 54 45 45 47

Hornblende

53 &*&*

1,686 1*666 1,687

n.d. 12*5
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caleima-rieh rina, BO th^t corrr «f "n^5 are ooaaonly 

with risia of AScc» though in ono crystal in L*

ths range measured was fro® ^7$ *•* th* cor® to ^ a* t " :'° rl;**

oonspicuou® variety in number ancl tr-.ic>:r-iS«« of annas with '

ey inclusions, and in tli© eonv'ositional mis^e of the z /ij.i^ f 

suggests E varied crystalll^aticm hintory for the 

pla^i ocla se phen oc rje t a .

-i 

Ortbopyroxeoe io 'b^ far bui ... v *»bund$Qt

er&l* Elongate § eubh*dral phenocryste. of 

length 2 sauu are poikilitic to numerous t small (0*05 aaa» ) 

of ore said plagtoclaoe, Tb« estimated oenpooition of the

i-.. , .. vc^n in fable 9* ^

Quarts ocoure as euh^dr^l to rounded phMaoorysttc of

eise 1 am* :•©»« erjstala show a bipymaidal outline 

with extr«M»l/ little evidence of resorption* In the stiics 

alide t however f others are round «4 9 with corroded edgea whioh 

obviously bo en reeorbed (o.f. Flate

About t*X 01' opaque or@ it; pre&c-at ...•£* G»Gf? rsa. 

aahedral grains in the groun&i&aea and included in pyroxene
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7.

group Incorporates all the older <t0ett«s« of the 

region, including those of the Gross fit on (I*. 329) a»d 

iton (£u13)» together with the Plai&uie* (£u287) and 

Habot (i»*27u) dome lav^s which differ only elightly* -vith these 

are ^foupeu. the i itau*^^. • . ,, Lu; - .rut©e» ,ar : u-« ^u^rta-poor 

dacites of --t* rhillip* Ion© of these rocks in thin section 

dioplay X<tatui"08 which differ aulfici^ntly to ^ujetify a more

In ban--'-; ^./eci.i.^iii ^na lawui are SBOL& cumiw^rily pai«> to 

aedltan greyi and oeea«ional.ly slightly ploki&h or, in the om©«

of tlis 3t« .chillip q^iiart^-poor daoit®, darker gr$y In oolour. 

"-"•v- ^roup i» char^et^riced especially by phsnooryste of globular 

quartz which are frequently 5 a^&« aoroB©, anci by aull charcoal- 

to brownish hombl^ad* prioaw with peeu^io-heacafioaai. croee-

, oi' similar sis&«* Both quarts and hornblende occasion­ 

ally rei*Cu 10 am* in diasreter. ^uart^ orj^t^ls are 

craokea, stria 1^ weathered rook fao@s aany have fallen out 

leaving small pi to in the

The pheaooryat ©inaral aft**ablag« in this group le 

notably varied* plagiocl&ae ie always pr«««nt and consietently 

aakts up 35 - 40 j£ of the rookf acoompanied by quart z {usually
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5 - 1Q>0* &1** varying proportions of brcnjmish-green 
-.«, orthc + . w . ,iene an<! blotlte. fhe lft.*t three minerals
seldom occupy aor® than §$ of th^ rock. * lls opyr oxen « 

d rar«> . olivine cryet *ls are f*loo present in specimens from 
the Gro* Fiton (e.g. -U329)* fhe groundmasai is cc. ' inly 
of 11- ...t nli5«ralj? f a»/j conir--lr:f» recognl cable O.j **... ,/rlBae of 
^: .., i£ f qu,,. ... ..r..ii ortbopyroateae, with 0»2 mm. grains of
m»gfcatlt«. The ooourrenoe f IB the dome lav^e of thie
{©•&. ilat« 25) t of » aor& ©oaarsely crystalline ^
in other dacite* of the Soufriere- region, undou^^cul^- reflects
the fact tluit rooks at present exposed ar« fr^r. de-eper below

the ori^iufcl surrace of th© duiaa^, au.:. chare fore crystallised
•ore slowly*

Haiti oclate.

I'lagiool@iB0 ocoure a» eubhedral* 1-2 mei* ph«nocryets 
fj ioh vary ;nuch In oompo&itlori K^xid &tru£tur&* Care ooeposi tionc 
in th« Pi ton dacite ar-@ notably rich in ealoiua (8®€ I«ble 11* 
epeciaien^. L*329 imd L, 1j)» Oscillatory sconi&g, though ^xven^i.^ 
fro® core to ri© in niiis^rous? ary&t&la v is rnrtricted to tne 
approximate range AB«Q ^ , Q un<3 thysj is not present in the 
bgrtownite cor«B* Mirny crystals are virtually devoid of inclu­ 
sions, though some have rare t tain 9 Inolusi^R-fillec! &on«t£- 9 ;:jad 
a fe?/ e.rc crowded vlth ertr^raely fine gl^0t. particlea except in

ut ion of tns aodal percentage of quartz i- ^ryate in the 
dacites could not aati rily be mde in thin wlon,

use a large , v &iou ai crystals hat", been toru out of 
slic'e, even ... ... u&prefB*t*d with : "a before ^rii

the ccr* — t — - r ••""ore estimated by «*. tranop&reni» c
»«v. vv -u^rtg ?ry®$ale a; x 0.1 in. ii^-.r-In a 1 oe or t!if Sana e, a*
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thair outermost conee* The great variety of s 'ion and inclu­ 

sions id plagio<::l^«e &ug&**&& tk\-w independent representatives 

of this rdnsral have had widely different crystallisation 

histories.

A phenomenon &e<m in the cores of ooo&slomiL large 

plugiocluxe Gr,yubul6 ooaaiste ui & j^u&ciiy iiia^.: •... -At/, ^u* 

apparently to ^"tergrowth of plagi colas* of two oompoeitioa® 

(Plate 24b}* Skeletal patches in tht- core -^re distinotljr more 

calcic in c<MBposition ttaa the reffialn£«r of the oxyet^l* I'-ii^ 

i«* shown by the .sxiii^cslon positio;. of albl^e twin l; 

which continue through the patohy :>-*.,.. , though each It 

extinguishes in two different parts, corresp ending to the two 

intsr uro'.,-tn con. ositi'-s^. 'I'he teactur^ .. rs to be th« result 

of corroaion of an originally calcic plagloclase crystal, which 

hciib bean partially replaced by arterial whose eeapooltion i« 

identical to that in the l«»c o^leic zon*s ftdj&oent tj the core*

and Irvlng (193^» pp*^29-30 describe 

pl^lool^to phenocry&t& in ''Isrtiary volcanic rocxu 

San Jur^n, Colorado » ia wnich "only a skeleton oi the 

original calcic co-re iw left^* they phow (1936, ?ig«1$a) a

or:;-. - ^-e core ic c: .-.::! of £. fi*\e f irrc .r ia 

of two felspars of very different coaipCftitionr^ the more so lie 

(,;n..*) occucrir,^ ic, • ...placing th/ ^^re calclo 

portion (Aiia<-). .^-^ note (193^t P»230) thiit "only a few of the

phcnocrr8t;& in thi£ roc^ chow csieic cores 1*, <;;] 

that **of the 8*f*nty roc&s - Lned that eon tain
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eight »&QW conspicuously thin t^e 01 

fhie occurrence ^«WBS closely comparable to that of re e orbed

ealoic cor^s i& pii^ioolase phe&oorv. . ,. * „, ucia. 

and Irving «u&ge0t {193®» p»25l) &© the siost likdly e> .--it 

"that the oalcic cor«6 tr« due to oontassiiM*&i3n ol ti silicic 

by tea© & I tic mate rial"* fhe prue^nt author explains 

«p«olfically as incompletely fused material (probably 

basaltic or g>bbrolc) picked up by & aagma £orm*4 In cltu* 

process io discu«aed in the section on the p^trogenecio c '

(section 9*3*)

crystal® are g»n«rally large » with a

of 2 - 3 »®» All are str* 1 ••• fr&etured, ^nd t1i© majority art
*• w V> V

rounded *\ ^ y®d (riat« 25af 25bj indicating aag»atlc 

tlom ii,. t , ^nould therefore be regard«d a® atenocryetp rather 

tban j, . ocry&tct although oooasioia&l crystal© have a m 

yst still reoogidsabla bl^yraald form (Plate 24ft}*

It aeems probable thai quiirt^i like th« Oi.:i:-r j..: 

oac® grc-» *>-*» euh^^ 1^^ ^ry&t&le at depth in « 

whose coKpoeiti-.. . .. probably oloeel^/ ©imil^r to the 

B??trlx of the present 4&cite lava* '": ie conclusion- is ": ^ 

on the premiee tm*t ii» ic unlikely tuat <|u..irt» would grow 

abundantly in a ab^ixi,. j.. lliceQU$ f anr? « equally unlikely that 

a more nilieeou& ma^a, if present at depth, would not be 

carried to the surface* It would therefore . j ^r that the 

growth of the large qufirta crystals resulted froa a set of
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physical conditions which oouJu •—^ '." cit uepth» though 1105 
*t the surface* J?he most obvious of these increase at 
water Vapour pr©e$ur&* ^nd reference to "Nha . rimeatal ayrt^m 
Ab - Or - SiOg * MgO (Buttle and Bawea, 1950, pp. 70-1, re; -u ueed 
in ?i£*35 of the present account) lends support to -V 
taesjiy** flinott the field o..C q.itarts is •igoifioontly 
at higher pressure© of water vapour. $he extensive reeorj?tian 
which especially ch^r&cterlces the qu.;rts la the /-iton d^cites 
pro' r res'ults frosi the fact that they rea^lned in a liquid 

Pj.r rt » i»©« at or neiir th© surface JT@r a comparatively
"A'*

period. The wider implications of this evidence €ir« con­

sidered in the-; a-iction (9*1.) devoted to the r*etroge&ef*is of
the an-1esit«s ^n^: daclte®.

Hornblende oocurs «a stout* 0.5-1 EBR« prie»e t w
h*^ve broad aoron^s of finely ^.ranul&r ore plus minute 

U>,thfi of art yrozene. It is y.lso ^r^biint; •. • r._ --r cryetalc 

of 3 * 5 B»» wi»i^h &ir© always etron^ly resorbed. the 
lesfi re^oread prisms arm ^Iciooiiroic according to the ' 

X » very pal* yellow; Y * y^llow-browni % » brownish green* 

Other optical properties *ire given in *able 11 (speei«en0

leeorptloB of the fom&erly 1- - orribleii^les (e*^* in 
is of two type s t involving!

( t S3! r V\* In the ..>t» Lucisn t*n«Vr; t n^-lio constituent^ ** 
only G* 60,' o.- -. ,... ..^ aiiisrttle. .. ^ „,., ..,.-._

-**2o cytstem *au^t be regarded ^ only broadly applicable*



1) Alteration to -<* ^^<*ty gr

plus clinopyraatene j ; - -y or*. The xene c

of fi&« f parallel laths in optical continuity*

2) Alteration to a t/ow&i&h-black substance ,viw,oh * to 

consist i&r&ely of du s ty iron oxide *uia eont^ine di$cr«te 

crystds of aagnetite.

two type« of recoration wer« deecrifeed Iqf Jfecaregor (1936, 

^L ^yroxenic" . "luck" racpeolively* the " 

type of alteration , ^ieeu^aed by ^aehin^ton (1896), 

noted tluit thse* pee ,. .i» were such more oommon in erystal* 

line 'wii'-jtt in ^laaey rooks # 4*iid eono'iudeci ta-,.5 tae alteration, vvdsr? 

due, not to resell OK with th^ mkjptik but &o i^ - „ biii'ty u^ ta« 

result of decreased pressure t occurring u»*3sr eoufllici^ik^ of slow 

in a aa&flnu cloise to feha sux-fnce* Laoroix (H-4t p«507^

(1^3^» p»34) c-..._.- to eisilar conclusions with 

to v/«ot Indian lavaiu ?i'he "yyroxenic" type of alter** 

ation» co^aon in ginftBy rocks «;*-.--. in coarsely rytt/.llins ii.via- 

elons of Monteerratt a&<* in the 1902 lavas of "'t* el6e f wn? 

interpreted by th*»ss two authors as th** result of r?-..cration of 

hornblende at greater depths than thnt pro^ucir^; the *bl:.ok w 
type*

Biotlte

Blot it® is v : aft rectajn ate» f 3 BM»* long,

which i*re pleochrolc froa deep walnut brov;n &o very pale brown, 

contain abundant amall ^ruina of ore. «!&« ui ,.^ .e^ 

they are often rinmed by finely divided black ore 

orthopyroxene*
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Oythopyroxene
2*riemf$ ol fresh ort ho pyroxene* up to 2 KSU long and 

often 8uhe<iral f are au^t abur.a^-nt in aaanlas fr .- . •-., - etit 

riton (L*13)t where they for® about 4$ of the rook* rhe compo­ 

sition of these is ^n/,-,» which cort^eponde clo?.«ly to that in 

other d^oltea of the ^oufrl^re region (fable 11), yet i» aare 

iron-rloh than th« ort . _yrox«ne of th« Oro« i*iton (t«329) for 

which th» value of Sa^^ was obtained trom refractive index 

measurements (ssee '"fable 11}* In thtit the ret it iiton lav.i 

contains a higher proportion of orthopyrox*n« than oth**r ferro-

•agfiftsiam phcnocrysts (T^fale 10), it sight be considered trans­ 

ition:;! in ::ainerulogy from &ad*eite to daclte* i-n* ^ros liton

•ptciacne differ oo&al^te&ily in c( hov,ing significant 

of olluopyroxeae.

his r '' ie oommo^ only in tb* laTa^ from the Gros

29)t i» which, up to 2»1$ was c«oord«a« I& all

other dacites it i® t3ctrem«ly rare -r absent* It occur® in the
Groa i'ltan rocka as oco&«ional y cu^iulophyrio clusters cofflt?oft«d

Of « -, is up to t !&».<«» aorofi&t ^nd as isolated, •uhe^r-l pri«ni8

to .ibout 0*3 m^* loagt whioa fr^^ueatly ehov, son«4 extinction,

01 a
Ollvins, t h extrea*lv rmr®, we,® reeort?e3 in two

thin sections of daoite froKi tre Groe riton (i**3^9a f L*225) 9 

where it for®© aahedr&lf 1 mm* cry^-talt* rimmed by hornblende 

and orthopyroxene* Occasional larger phcuoorystfi ^.re visible
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in the hand specimen of these roc KB, &nd the composition of one 

of these f determined by refractive index measureaent ($abla 11), 

was found to b« ^OQA* ^hie f i.; ~ silica- rich £roun&auec f aiu^t 

undoubtedly be & xenoery®t* The occurrence of aagne»ian 

oliviaes in daclte from Clear Jbake and Mediet&e ^Jce, California 

is mentioned by Williams, Turner and Giibart (1958, p*125)» who 

state t&it *they aignify min^lirtg of daeitie mtt&& with 

Serial*"

t

this o^ta^ory include material frorr.

Bl&nchs and four emaller comes to th' south and eoutb^ 

the rocke iu h^oid. spaoimen are usually of pir&ieh-^rey ^^ dull 

brick^red coloxir t and eontain cotkBpiououfily large » shatter** 

phtnooryjstfi of quarts, together with reddish-coated mafic 

sinerale soaongst whioh pseud o*hejca^onal pri@ms of hornblende 

and small f tabular crystals of biotite &re

The Terre Blanche dacites in auny features resemble 

the older dacifces (section 7*8.). Plagiocl^se phenocrysts for»

35 - 4Gy' of the roc*, und aost of thasc exhibit ext^neive

oeoili&tory so&l ._. ;,;. ..-.rts phenoci^fsts occupy up to I0f t red«^

brown hornbitu ,4 4, » -nc orthopyroxsne u^ i*u ^ of •«. topical

rock (e*£;. L»244t Hate 26&). Clinopyroxene i© prc-^^t in a

few ssjBplee (e«g» L«6) t ,n3 L-viue contain occasional . :

of olivine ri^iiaed by pyroxsne (L«l6 :j t L*214t ^«215, !*•

Mafic phenocrystB ar® coated with finely liviclc na^r-i.-.tite, wiiich
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also occurs a» ee pirate, elongate oryst&la which ire 
•li&htl? larger than the ground mase* The groundless 1« 
distinctly finer than t&ut of the iitoa d&cit®s f being crypto- 
cryst&lline to glaeey r&t&er than fidcrocryst^lliiie* It ie ^Iso 
darker in colour* In th^ir finer £.rou»daa6S f the occurrence of 
basaltic hornblende, ant their commonly r«d colour in hand 
»pecime£i (due to 1'inoly uviusu Jm«ttatite} 9 the i'erre Blc ncrie 
rocAt> uiiier from the older d&clt«&*

ph^mocryste &r« •iihedval to eubhcdrul f
and gr^tde in ®lz$ from 0*2 to 2 m^« Soai« ar« crowded with eisall 
inolusioas of orthopyrox«»© aad ^lys» t v/hioh are either concen­ 
trated in broad zon^e (Plate 26a; or fill tha entire crystal* 
Ae in th@ iitoti dacit@et fcbe oo^po^itloQ of un zoned pl^loolaee 
cores is extretacly calciu^-rlchi the highest An*content recorded 
was 88# C-a«244)» Uccillutory stOifii-t^ was recorded only in tba

r«e®iiU ix* so^^ tiiv.n h:.lf oX tae total
ofttn tit tending from core to ri» 

(ilata

Quarts
Quartz forms the largest ^henoorysts iii the rock, 

at*«urin£ up to 7 ffi^u acro0a« I!h6 0hap« of the crystal® v 
greatly* Thay are frequently cenapletely globular, (,lat« 26a} f 

in tht ^iton cUiCite, th-- occasional almost auhedrul 
fl occur* All *ire severely fractured.
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itera, lar&e phenoorji»te of hornblende are up to 3 

across t are strongly altered to on aggregate of ryroaceiie 

ore (the "pyroxenic* type of «JLter&ti&n of ;u-eur©gar), 

contain avail pla^iocluoe inclusions* A eeoond generation 
consists of rectangular microphenocrysts of bri^nt r*jiiuj.en-oro-.v n 
hornblende up to 0»3 sou aorosc with a narrow rim of opaque ore» 
which are saore ooarcon (vlate 26a)« In l**244 f la « 1*747, 

EAC « 6°, an<l 2Vx m 74° • l-leochroifta correct a to the ach«»e« 
1 * straw-yellow | T » yeXlow-brotmf 2 « rich, ohe-etnufe-bro^m* 
Hieee are the usual properties of basaltic hornblende 
Howie and Zue«&ant 1963,

(1933» p«52) noted that on Monteerrat "the 
red-brovm hornblande oocurci o&iy in TOCKS that are raddenad 
oxidised 1*, and that **th© analysis reflect© the oxidation, in 
the exce$& ^f ferric over ferrous ironn # Ihee^ ooaaentft apply 
equally wall to rocke froa -•£* I/uoia, and the ,,iaaly©is of L.244 
(fable 12), compare >ith other dacitea, shows the 

proportion of ferric to ferrous iron.

'uno (1950, r»981) recoiled Tfetealtic hornbleni« 
(oxyhombleride) «at HaJcone volcano only in two sub-aerial dacite 
flows, whilst green hornblende ocours in su^tarine flow*? or 
Intrusive ma^^ee* He stated that: ttfh« a««e relation Beams to 
hold sore ^encrnlly In the Cenosoic volcanic roclce of Japsn**, 
aad concluded thi-t« H Ifc ssa^ be ^u^e^t l, though not conclusively 
in the abaence of more extensive information, that the formation
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of oayfcornblende i« favoured by the 0ub&erisl co&ditioiu

Barns© (1930) showed thut on heating to 800°C common 

hornblende 1@ transformed into oxyhornblende v the oxygen 

n«eees iry for tide c ;® being provided by the mineral itself, 

as & revult of llbttr«0ric?n of hydrogen Iron* hydroxyl iouc iti the 

green hornblende. Time (195G§ p*9&1 ) found no e-rtdenee for 

reheating of the Ju?;;.anese lavas contaiziin^ basaltic hormblaad« f 

and therefore concluded thut *th« oaddatloii oay b«* broue^^ about 

during the normal cooling of lavas » if th» isinaral i» Jc«|i( &t 

an i^propriate teap^rmture far soiua tlms, under a condition 

whieh facilitates the escape of vol^vilee.'* In t:-t, :,ueia f the 

presence of ^i>e-^^ hornbl€«i<ie iii the ritoi* daoite* snc oxyhorn- 

blende in tiie ferre Blanahe lava t ssay bo accounted for by the 

fact that the jifctfu ttdkteri^l now *A^uejcw i-^^reoonts lava which 

cooled in the core -of the ^ome t t'ror^ «?*iich volatile® could not 

easily escape. The $«rr* Blaneh* dacite, on th« oth«r hand, 

would appear to reprtatttt material from the or^in^l 

of the doae*

Orthopyroxtne ie present ae an alteration product 

after hor&tl«nd«« forcing aggregates of minute granules inter- 

grown with ore» In some specimens (®*g« L*244) it also occura 

ae •uhedrnlv 0,1 - 0,2 mm* mlGroph«nocry8t0 y rlissied bv hmemati

Optical data mn^l tiw inferred composition of the ortnopyroxene 

in ^*^44 are shown in fable tU
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Biotite

Biotite occurs a* aubhedrul, 2 mis. platec, >l<§o< e 

from deep greenish-brown (S) to pale brown (A> f and often 

growing adjacent to lar^e renorbed hornblendes* HUM are often 

Irregular t and aa&ll 'ineluaiona of ore are coosson*

is present &a rare crystals in a few 
aeetioaa oalj (L«6, L.169, L»21$), where it occurs a* aub&edral, 
laaellar-twinised crystal® up to 2 a®, long*

OliTine occurs (e*g* in ii»l69J as rare ;-. • /ta up 

to 2 ma* aoro@6 9 ri«K?»d by ttttuli f eloogate crystal® of oxyhorn- 

bleed e, orthopyroxeiia $&& r>re«

Olivine phenocryata is net^Jtor^-hoaed piorite

lava XroEi Hawaii, which ^how alailar coronae of »a^t«tite inter- 

^rown v/ith hjrpersthest, iiave beea described by ^uir, Tilley aad 

SCOQR (lS57t p»247 a»d Plate t, Fig*4) f who conclude (op* cit. t 

p. 251) that; *fh© stroii^. uev .lopia^-nt of magnetite ae eooiu ted 

with th» olivine is a result of oxit^tion proceaata probably 

in the presence of watar Tap our •" It i© obvious thut the terra 

Blanche daoitaa have oryatalliaed in an environment of thi© kind.

It _ tp, ]

included in this grouc (L«267 f L.87) form the 

five small domes between Belfo&d sod Btaage* The rocks are 

fhite, veeleulf.r, and Chiract*ri^ed by
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crystal® cmd Innumerable earnll, bl ck flecks of

the microscope (L»26?» *late 27a)* large

cryst© are seen to consist of pla&ioclaee (about 30^ of the 

whol«* rock), quart2 (15^)* amphibole (6; t *nd biotite (1?')* in 
a ground?aa«i compose?^ rr.^inly of pal*1 , venioular glass 

a slightly i-erllliic texture*

latLe

phenooryet® ax*e euhedrel iiad up to 2
across. Mamy are oecill^tory»aon«d f ;-. i)d foise can tain narrow 

socea rich in miuute, glassy iriclusio0s. The pl&&iocl&s« of
the Beifond daeitea differs notably fra^» that ox tifee other 

diacit^. -&ypt38 In titat fatxny crya«.«ii;i wre .>f almoe* unaoueci lubra* 
dorite, and oscillatory jKonlr^t when presectf seldoai covers a 
soiaposltion^l rtoige oof mor^ t.fesua 5/'« She cores of s. few plagii> 
clae© lihenocryetSt however» are iu the byto^Tiite rsn^o, with a 
maximum AJX^ of 86» i*e« similar to thoae in the iiton ^nd ferre 

Blanche d.--cites.

Quarts phsiaoorycts are up to 5 ^®» across, i.e. of 
r ;,.i^f* wo w*o.^e iu the earlier ducitee* They differ* 

however f in that al^^ u « ^uhedral bipyvaailds are more common* 

and ^Iobul4*r cryatalfi relatively ratre. Yet the oargiaa are 

often minutely aabayad, indicutin^ aild

Two ^en«ratio?-^ ->f very pale gr^en aQ^hibol« <>r«
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present* euhe3rc*l prisms of up to 10 mm. in I&c^th for© the 

most conspicuous phs&ocrysta in the rook* , aay &r* poikilivic 

to* small 3>l&gl6olaa*t &«£&etit@ and biotite cryet&lti. 

Occasional ^hetjoeryete ar® soriedj trith inner da-sp gre@n and 

out«r very pale-coloured portiona f e»g. L»267t ^late 27b« the 

second generation forme mailer v 0*2 ~ 1.0 mm. lathe » wtich are 

rarely poikilitic. It was realised ^t an early st&ge that the 

pleochroio colours of the aaphiboleft were extremely p&le» either 

for oo«Mm horti blende or Jtor oxyhornblendle f ajul when the optical 

properties (fable t1 t l»«26t and Ii*87) t failed to correspond to 

any member of the common h$rnl>lende group t a partial chemical 

analysis was aade (fable 12, I>*267 Hb) on care rally separated 

crystal®. Thie revealed that the principal metallic cations 

were iron aad sagneeium &loue, whose atomic ratio corresponded 

to that appropriate to the known optical properties of an iron- 

rich cu&&in£tonit* (")eer> iiowie and iuseman, 1962 f vol. II , p#242}«

C oMKlng t onlte a^a b^en reported aa a rare conetitmmt 

of intrusive d&citeg Trda liakone volcano and other localitlee 

in J^pan 9 where it w&# firet recorded by j;uno (1938} who - 

optic d properties of 2\fc » 86-^6°, £AC • 16°, My * 1*649 t 

iin inferred atomic ratio of approxiaately '^^^^ ^uno 

a ttited fch« t the ^apuueee cu^ain^lyuit© ie olteu surrounded by 

ctoaaoc gr«en hornblende t and concluded (193^» p»2£4) tix^ti **the 

«aa«ingtouitic hornblende is a product of primary cry et alii nation 

from aag£^i. ^hft ;-iineral» upon reaction with the &ag&a* may have 

been aucceaoively aade over to the cohort green hornblende"*
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fhie relationship ie the convert* of that seen in the nt« 

Lucian daclte (Plate 27b) f its which the oaleiuis~poor aaphibole 

surround© bnd 1© t her-.: "ore abused to hmv© crystallized after 

green hornblende. Tuies suggests* in the Japanese example * an 

inc the quantity of available? calcium in the liquid 

fr&otion with progrt-selvn cry&t£lliftatio& f wirilst in nt» Lucia 

the residual liquid u^peiirs to have become Impoverished in 

calciumi probably du® to &h of ealcio plagiocla®e f «t an 

early sta^e irt tiie crystallisation hin&ory of the amphiboU. 

' The latter hypothesis is supporteJ by the f&ot th^t ubund&nt 

prl»»a of pl^loclawi ar« poikiiitical.ly enclosed by febe amp hi- 

bole in th@ -t. Lucian apselm&tu ^11 ^videnae suggests t«h,-t 

the cunimiufctonite in the 0el£ond duclte, a@ in the Japanese 

rocks, ifc the product of uitsgaaatic crystallisation*

Biotlte
Biotite oooure »e subh^^ral, 1 nm* plates t i?l*ochroio 

from pt;le to deep walnut brown. It ie poiKilitic towards email

and opaque oiclde eryet&ls*

Hare cryetalt; of ortho;;yrox«n« f usuuxlly forsin^ aub- 

rcsctsja&ular prlftiuii are up to 1»5 mm» loio^ uud poikilifcic 

towards

ore occurs a» wmly di&pereedy 0»03 
* grains in the groundm&sfc, , nd as inolugione in biotlte*
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Incite puiaice block, from glowing «vula&che deposits 

are of an almoet white, vealcul ;r rock contain!?^ large quarts 

phenocrystB* together with plagioela&e which is mor-e 

although smaller and less conspicuous* The 

phenocryets include blot it* t and ooeasiQuai 

prlsa« of amphibole which contain small white i'lecks of 

Many of the dark minerals ar$ conspicuously ^11 erupted, the

11 nt« often belia sir^uK^a ou'w into csiall achlier«n«

In thin ^©ction f the phenocryet« «ure »een to poe«*ee 

a protoclautic textur^t which is mude especially evident by 

broken fragments of oselllatory-zoned plaglocliee. r,e modal 

eo^^osxuiuD of specimen !*«7®7 is given in table 1Q» rh^Bocryets 

fora a notably lower proportion of this rock than of the related 

Bellond done lavas*

Pla '

fhe m^Jorlfcy of pls^ioolaa* eryetals are broken

•enti , of less than 1 ism* in si&e, Coae are "fer^nulfited", 

oonei8tin& of hundreds of winutc't complefef ly shattered yat

•djaoentf angular friNpwmts wMah hevt slightly difr«sr@Rt extinc 

tion f»0&itJLUii@* CgclBatoxy ^uuiu^ in the raa^e ^66-50 ^* 

ooamon. In one crystal in L*?07 an unboned cors composition of 

A»g- wae recorded, thou.-h no oUi*.ai iti the slide were aaore 

calcic
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ph^aoeryets -r« often etahedral and
clear bipyrajald&l shape t art 2-3 &&• .;cro»e« Others 

been dierupt ed t li&» the pl&giocl&0« v into fflttttll, 
a.

liotite

Biotifce phenocryats occur as subbtviral plates up to 
2 M« aero PC, and, art pleochroic froa pale to dark walnut brown. 
fh«y mr® poikllllt« to small pl«£ioolaBe& ioiu 10 airiute v 
h^xagon^l grain® 0JT aa^»«tltt» Son* cry et ale «jre slightly 
contorted.

Orthopyroxene forsis 0«5 BBS* crystals, which ar* polk* 
ill tic towards very a»all grains of opequs oxide. 2?he optical

and inferred compositio.ii are given i,a Table 11 *

amphibolic in the pwaioe blooke differs notably 
l"rosi that in she Belfomi do^ Imvae* Crystals in ^ha piBBiea 
ar« pleochroio according to fcM velieatt X m pale yellowish 
green; Y • yellowish bFO*m| 2 » <St*p bro«?nii5h red. ?h« •actiac- 
fcion anglt SAO is notably low (»** !fable 11). It eeems likely 
that this a»phibole» probably an oxyhornblend«, WAB produced by 
oxidation of th» cu2unin^;tonlto iv ;-.:>jnt in the S®lfoad -loao lava»* 
^uco 11^3^1 p«224) stated that nit i« possible.... that som« of 
the oxyhorDbl«nd« » so cosiaum in volcanic rock« f w&$ have been 
derived from such (pyrogenetic cufinsdn^tonitio} hornblecde through



oxidation*" Kuno (loc. eit.) wae able to pr duce oxyhornblende 

by heutin^ the otMwdn^toalta to 750°C for 10 hourc, and it 

seems possible th&t thie .ture would be attained, In an 

oxidising environment, la U.e ^ueicu blocks c. • - up in a
*~

avalanche*

4 rj
• Ic*

Coaxec and cedlu&~gv&iced holooryatAlline rock®,

in the Doufriere region, occur principally a© inclusion© 

dacit« and pal^ andeeite lav*** About 40 F^eoisiene of thin 

type were collected. th@y hav« beau divided Into thr«a oatt-** *• w

e t according to ^ :i*sis« and mineralogy*

1) hoarse or medium - grained, quartz >1O;' * ^vaw^^ii'&i* or
MICROTOTTAT IT3S.

2) CoarB*«^r^4.u0d» •^ul^ranul&rt quarta absent or rare » 0.^,,,^

3) Mediui&-griiinsvt t l^^quigranular, homblenie-rlch * 

So very Qoar»e~grained blocks oontai&iu^ anortfiit« t of the

on St* Vincent (Flett, 1908, pp.3l7~20| Wager, t962 f

-.--.ri<3 on ;;t* i-.'itte (!iaker f 1963, pp*t39~50)» wer© found 

In the Soufrlere region of

aod

Tonallte xenoliilie occur as ovoid bogles, up to t Tt 

a.cro8© f in ^Iton u oxta lav: . ihe^ are ^eu- ., .a., pnjUr in 

oolour then the enclosing luv^t &^u ts^ui^raBular plagiool&ee, 

quarts sm$ f a-r reaagne s 1 an cryst.^le* g.ll approximately 2 am. 

across, *ire rc»copiiea»l© IE banci apeciaen* ihese cry;. i,:I^ ^re 

not firmly cemented, .an-, tend to crumble away froc. the surface 
when handled.
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ffftb^ 11

V-nvtAmm L

•:m**l!.i )AL

244 329 13 267 87 707 313 717

0079 
<*»S»0»itlcn

«»*.
oowpegition

fyghiteol*

88

70

84 86

66 $1

74 65 54

57 63 57

8t

2?*

Cli

e hornblende

pale brosmi^h pal* browaleh

1.747 1*675 n.i. 

6 9 n.d.

1.686 1.688 n.i.

74

grooniah 0 pale

19 90

57 66

hcrnblend*

tonlte 
brown

1.656

14 (core)

(oore)

•deep walnut bi-o*
aheet- 

nut

55
1.733

45

Slfz (degrees)

53 lud. 62 a. 4. 57-62 57 o.d.

J30 1.739 n.d. 1.741 1.739 1.739 1.7C6

47 40 n.d. 30 40 40 67

57

n.d. 1.704 
lud, 64 r,. .
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Tfcs & . composition of a representative sample 

(L.313t Plate 28a) la given in Tiible 10* Plagioelaee crystals 

are subuauralt and many nave broaa oaciXla&ory scnes rattling in 

ooapositlcm from approximately ^70^4-* Larger crystals often 

have «m unsoned oora, unually occupying a third to a hit If of 

the area of the crystal, and ;'.:o.fin^ blotc'hy extinction which 

appears to be the result of intergrowth of loolaos of two

texture Is similar to that de&cribed in the Plton daclte (section 

7.B.). tUartss occur© a© anhedralt 2 nm. cr-;stals whioh are 

interstitial and poikilitlc toward® pl&^ioolaee t and display 

ehadowy extinction* Biotite 1© pleochroic froi.-- pal-'; to chestnut 

brown t anJ forms anhedralp 2 mm. crystals which are poikilitlo 

towards abundant § sm&ll pla^lo€lases f and are crowded with aaall 

inclusions of opaque orids y which eoj^ionly form narrow etrands 

elongated p,,r^llel to tae 001 ole^vj*^e pi ....•;* Orthc...> •',, .^\.^ 

foaras anhedralf 0.5 &&• crystals which in X**Jt3 appear to have 

around She &;.rgi&e of bioti'Se. In Ii«147t hariiblende 

to h*rv..- \ .-;«n completely replaced by cloudy a£&r«£ates of 

^yroxsns and saall, cU©st nut-brown Motl&esu Bi& cor«t of 

8oa« of theufc ^utohos consict •" r fresh-looking 1.3 mn* crystals 

of orthopyroxaii. 'ich ;tre r.-rob;.»bly priaaryt *&& ar^ poUcilltlc 

tov; . .,11 z .. .acl.:... . . ocescor;/ .^In.;/ J.^ iuclu .i- upu,siu^ f 

and secondary haematite which occupies cracks in quarts cryetals*

the crystallisation sequence appears to have been 

(t) plagioclrise, (2) or t ho pyroxene, (3^ hornblende, altering 

to blotlte and ortK ;oxen@, (4) quarts, (5) haetaatite * apatite.
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rocks .,re cheaioally identical to the enclosing daeite 

lava (o«f» Table 12* analyses 15 and 16)i they are therefore 

regarded ae plutOBieuIly cry8t**llifte& equivalent* of this Piton

t 1*6* cognate

A auafc®r of similar rocks from Mt. relee In Martinique 

hac been described b^ l>acroix (1904, p*544) in &U category of 

w enclave 6 hoaologuea allosiorphes". The :.t. .uclan specimcriB 

correapoa4 most closely to two rocks deearlbed "fey Lasroix as 

*norite« ^u^rtaifer®© 11 , oluuntcterized by a CQ^sely crystallise 

texture and the abundant of quarts *uaa biotltc* He aescribee 

a gradation from th«ee rocks to oorrilerlte^be&rlnfi micronorltes, 

which he b^liev^s to have formed »©ar the ®-arfao@ t being "prob- 

ablement Is re&ultat a f ime cryatc^llis^tion effeetuee dan® 

parties tre® profondss du

A alail^r gradation to fizker*grainedl« holocryntalline 

is seen ic 6peolmez;8 froia ^t» Vaciu, ^nci blocks of thie 

type are fowid in the Younger ^ndeeite pinaice flows, 

at a horigou n©.^r the base of the thicker, upper unit, 

to the east and aorth of Choiseul* ?h«5ee "blocks coRt&ln abuc* 

dact, e^uigranul{.;r ^uartft crystals («*&• L«590 t Plat® 30a and 

Tablf 8), and for thic reasoa the name microtonallte 0eeam pre~ 

f enable to micronorite* ^peolaeu L.590 has a seriate texture » 

with equldiaeneioii&lf unerlesft^^tc-* ,-ralnss rtus^inc In p.i,?.e from 

2 to Q»1 mn. 1?h© equlgranulai't almost homfeleic texture of some 

theoe rocks, a^peisxB to have developed aa a result of 

deformation in a oeid-solid etate (i««. protool^ele} f aiad some
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c*g« L«596» ahow a & true sure rearabling atrmin- 
slip cleavage.

flegioclaae occur* as sub&odral cry stale up to 2 
»erc&a» aad a large proportion chow extensive oscillatory 

zonir u3 closely resemble phenocryets in the &n3e£lte$ and 

daoitee* ^u-:,rt2 forms anhedr&l grains >thloh are rarely larger 

than 0.2 iaj'u in d tauter and i&tertstiti^l to the larger ;

Brown! 0h«*£re en amphlbole ie tlie predominant 

mineral ajad forms ragged y 2 &&• oryst'-.le w'hich are 

etron^ly poikilitic towar.;!^ oecillatory^conuci i>lagioclas« -<*nd 

ericloae or partly enclose di&rk f walnut-brown blo&ite» f eapeci 

near their margins* Oeea&ional* larg© a^gre^te« coneii-t of 

horn blond a In flB&ll. 9 &ub« parallel ^ritrat intergrom vlth skeletal » 

optically continuous LJ.r't;^ of orthoyyroxeR«. in one uv^re^. ;e, 

clinopyroxene in optical continuity was 4il0o identified. C lino- 

pyroxene and orthopyroxon? al@Q occtir aa independent « ".mhe^ral 

grains of 0*1 ®m» -;cros© f with which opaque oxide is ®om«tisi*a

the gonin^ and sise of pla^ioclaae eryt»talu 9 which 

a*e aisailur to thoce In the normal an(!esite& f atagg«atii th^t the 

mlcrotonalites are cloa^t^ related to the sore acid andesdte 

laitea * The 8 iiai larl ty i n cliemi Q al c GEV oe i t K> n be t we en L • 59 0 and v 

for @xa^pl« 9 the pale and@&lte dome lava L»5 (sea table 12} f 

supports t
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gabbrog
The rockt; Included in thle category are text or ally

similar to tn« ton&liteo* bein& h; iomor^hic-grunulur with 

an ..'.vara^e ^rain else of 2 ®m« fhey differ, nowever f in tiiat 

quarts crystals are absent or rare* Alth^u^w to chemical 

analysis waa made, it is evident that th© gabbros are 1*** rich 

i« silica than the fcon^lites ,oid the enclosing ciaclte lava* In 

thin eeotioja, the rocks contain approximately 70/^ pl^iocleee, 

and varying pru^-urtions of hornblemdet ortho yroxeae, bioti«e 

and olinopyroxene*

Ilagioclaee occurs ae eubhedral cryi-talb with an 

avera.e« elre of 2 aus.f and often shows irregularly extinguishing 

patches which extend ucrgt-s j,na entire cr, ' » These result 

from the inter^rowth of material of two different comr^^ltlons f 

e.g. A»g1 and /ua6 ^ in L.43Gt ^nd reeemble textures described in 

the melton Jucite (ft^ctiun 7*B»). Oscillatory zoning is distinctly 

rar© t although the outer j;art£ of aoi.it crya?;ulo are n-jraal- 

disQoatinuomsly soned* ..lightly elongate prisn show sub-partil- 

lei orientation in u*721 ,aid L.427» e«phaeize4 by well-developed, 

poly synthetic albite twinning. In ***310 t extrusive perlclirie 

twinning on a flu® so&le is aleo common*

Biotite ^., lesc abund^oit th, n In the tonaliteei the 

ferroiaajmeiiiaR mineral which originally pre£o»ia:;:tedl ir. the 

gabbros was undioubte^y ,re«n hornblende» which In soi&6 epecimeme 

(L.304) has altered only marginally to finely granular pyroxene 

and ore, an-.; poikiliticaliy encloses tm&ll II of chestnut-
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ferovm biotite, whilst in other samples (L.}10) it la almost 

entirely converted to flne-»graiu«4 aggregate a of s, -3 altera­ 

tion minerals* The "black* ty...-e of /Iteration of hornblende 

(see section 7.0*} ia comaon in L.721.

these rooks ar® coarse-grained aad therefore crystal­ 

lised slowly, yet contain littls or &o quarts* It eo^Aagp^tie 

with the TitOR daoitftf they mujut represent cryatal accustulatte*

(1904? p«54l) r*f*r« to aoderately

grained i quart c-fr«« rooke ooutainliig essential plaglool^^e 

hypers than* , with aeoeaeory torableiid« and auglte* Th« la?t 

two minerals ar« mora important in one epeoimen, which he ter»a 

an aisphib-ole-bearirig gabbro* LakOrolx state© th--:-. t the plaglo- 

ola««® ^re ulwaya basic (b/townlte to labradorite) but, however 9 

with little or no

I@ d olerl t e

These rock a are the most CO&&OH ty-;.-e of inclusion ir* 

the d*.clte and pale andesit^ laY*i®> in which they ooeur as 

ovoid bodies up to 2 ft* in diameter* they are conspicuoue on 

account of their colour* which is darker th&n that of the 

encloain^ lava* In lu*n& ©p©oittea they create the illusion of 

being fin«r«grala«d than the lava due to the greater rarity of 

crystals aor© than 2 MS* across* The/ consist principally of 

pl&gioclase and elor^;.,fce f t!«ap -green prisma of ajaphibole with 

occ4*eioc4il f spherical xsiioeryeta of ^u&rtif which are up to 

4 m®* across, I&Q& have coronas of dar i^ls* AA© TOCR 
contains nuaeroua, aoall f irregular cavities up to 5 MS* across,
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Into which aclcular, deep-green smphibole crystals project.

estimated modal composition of a typical specimen* 

L.717 (Plate 2Sb) is given in table !Q. The rocks* are character­ 

ised by aa in«quigranular, seeh or j,»eu<!o-laniyrophyric tenure, 

in which the lar&«Bt crystal® are about 2 mm. across un4 

downward la seriate fashion to a •groundmaBa" of 0.2 * 0.4 

o«y«tale which mak« up about fK¥' of the roek.

two &4*a* rations of fla^loclv.L-c- ap-.ftar to b* present. 

fh« larger crystals ©f 1 - 2 mm* are «%ui dimensional an^ often 

euhedral. They haTe ooree., occupying approximately a h.-:\lf of

the ar@a of a crystal » co&poeed of An^n ffia3t t contuining abun­

dant inclusioii© of glase anct or thopy rodent § oi'ten && narrow

patches elongated parallel to cj^*t&llogtt*p'hie dir&e^ioas 

(Plate 29). The outer p.-.^rts of these crystals? ar« ©t 

zoned, including alight oscillatory zoning v do^fii to •& 

aeoon^l generation of plo&ioclaee consists of sssall^r f lath-

crystals up to 0.5 «*u lon^ 9 which rmrely contain glass

inclusions, and are noraal-continuously goaed from An«^ to 

^27 min.*

Hornblende cryatala are &ubhedral f eloisgate, and vary 

in length froa 2 to 0*2 mi* Tfcey -:trt» pleochroic froxp. X * pale 

yellow, Y * khaki, to 2 » brovvniflth^reen* £h<& larger crystals

are «on@d f with core© which ehow paler pleochroieia sud larger 

extinction angles (set Table 1!) and may be cu .ii^;tonitic. 

Orthopjroxen© occurs oainly as independent crystal® similar in
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al»e ma chape to the hornblende* ..peciaen L.717 uleo contains

interstitial pate... of crietoballte*

Inclusions of a closely similar type ecesa to be 

conaon in andeelte *.a*v dacite lavas throughout the world* 

example n frosa Martinique haire bern dfcfieribad by ^r..crolx (t*504. f 

pp,558-40) f in whose cl&esif lent Ion t.. t to tL 

homoaogenee, groupe pleslomorphe, typee- antllo^uee* 'Uia rock 

le n^med a "diabase a facioc lajupro^liyrloue". liacroix noted 

that the constituent minerals w«re Identical to phenocrystw in 

the enclosing lava, «oid I'roa thi© eoncluded that they had 

cr>rstalli^ed in the &ajse mag&a at depth* He believed, on the 

other han^ t tii^u I,SM entire rock had nat cousolld&ted at aepth 

»lnoe there was no ©Tidenca of thermal alterations **elle© 

n'ont pae conetitue des aasses consolldees @n [•roi'oivssur, oar 

elles n f off rent auc»,aae aodiJtio&tion ealorifi cue** In thie con 

nexion t the ovoid shape of the inclusion* in St* iwuclsm dscite 

auy he cited as additional evidence that the inclusion® were 

probably plastic at tht« tl®& of being oarrisd to the aurface*

Laapropbyrlc lK<2lusl^ns in the dacite or Uui*«n i'eak, 

California* have be&en desoribed by t;'iiii&a* 9 who point© out 

(1932| p«312)» wfhat the Inclusions represent early crystal- 

lissationgs fro& the sja£®a ie au^geeted at once by the fact that 

they never contain blotite or acid plmgloclasse* b^ln^ composed 

rather of the earlier members of the reaction series** In the 

ftfefienoe of biotite, the St» ^ucian inolu&u--.. v-"1- r e 

from Laeeen j eak. In th« letter, however, the pyroxene is
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pale green augite imd inclusions rich in hyr

are absent, whereae in •,• ucia hypersthene ie not ; ^ 

abundant* 7-.illi»jfts, Turner a&d Gilbert U9i?8, p. 125) explain 

the be rockfr *** Mfr*ng«»iita torn from the walle o.f the feeding

and from th« roof© of the underlying ree«rvoir0*" 

inclusions h&ve been described by Brouwsr (1921, pp. 

37*46} in the Oalungguaf; and Ruang &&•*« in the Ea-;t Indies.

7 4 1 . . - -ri • r> f '•- W<r"l*l « s** - • * •>. "r . . i 
• I .3 * ^ • irf.^ IK iii i. ,-.;.._.

A few rocks were found, in the f'oufriere region, &8 

blocks In th« Younger :uv : e&ite pumice flows (e*g, L*572, I*«700} 9 

and ae xenolithe ir^ the Fiton dacite (L.724) f which appear to 

be Bettu&orpho&eti sedimento« they &re etri^in^ly irihomogeneoue 

in hand specimen, consisting of sharply defined, angular patches 

of very pule gr«y and almost black material, all of wMch is 

extremely fine-grained* In ©oai« &-peci&i6ia« (e*&. a«700), the 

pal® portion pr«daminates v »n- «?neloiu:» t:iii-all fru^ents of dark 

material which appears to h.^ve "be^ii i^trsak^d out like echlieren* 

In oth*?r eampl^ft (e*g» L.572, Plate 11b) the .. material is 

laore abundant, and occurs as angular, disrupted fragments, the 

whole? rook beiE^ transacted by a network of veins, up to 5 Baa* 

wide, co&poeed of oomrBely granular quarts*

the light r>--^tche« in these rocks (e*g;* 1>*572, Plate 

30b) are composed ^. ... /.oily of q.uart», which If expressly 

fine*graiaed, with an average «i«e of 0.05 mm* This suiterial 

ie oroGfted by occasional velnletB 0*5 aru* across of eoureer 

quarts, of which single crystals oft«n occupy the full rrltfth
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the veinlet. tfe* patches rich in dark mine rule are 

principally of greeniah-brown biotite and 

approximately e^u&l proportion®, both of 0.05 

grain sisse, i.e. similar to the quart ssi tic part ^ t** rook* 

rheee -r^ acco^dnled by large, shadowy cry&tale of cordierite 

up to 1 mm. across which poikilitioally enclose large numbers 

of pia0iuyici£c and biotite grains. Characteristic interpene- 

tration twine were obe«rye4 IE oa® ocrdierite cryetal* Aoces- 

aory Mineral® include ©ubhedral grtiins of opaque ore, aomatimes 

fey haematite, and occasional o lusters of a^utite in 

prism®.

c^uarts-rloh inclusion in C*roe *iton dacite (1. 724) 

ia a homot eneouB rock, j.ituilur ia grain size and texture to 

the pale portion of L»700# and contains ap^rojcla&tely 50;' of 

quartz ae 0.05 »»» grainsi ooi?*« oi1 ^uius-i art p-oiXllitioaily 

enclosad bj plagioolas« and poseibly &oia« corf3isrite. The 

plagiocl^ce i© full of minute du^t inclusions* and occupies 

35 - 4<¥ of the! rock. About 10,' of hypawithen® 1© present, as 

freah-lookiagt anliartral graina 0»5 mm* across, which p 

cally enclose grains of ^uarta aad opaque o«lae.

The origin of this group of rooks ie 

Their fine grain $iae &&^ • oonteBt of ^uu--'^ suggest that 

they ware probably once se4i«*iitary material f **&& fin origin of 

thi® kind could tiloo account for theix r«ffliUP)Stiible Inhomo^eaeity 

in hand specimen. The rresence of breeciutlon and veining

mech^niciil defoiriutioii, probably at depth, whilst the
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occurrence of cordl«srit@t aad plagioelaee which le ^oikilitlc 

to quartz, indiosit^ considerable recoristltutlon of tht? rock, 

probably by ssLQtJUiorphisa of a relstivtly hl^h 

rocks muy therefore reprcccnt fragments of a 

fitdlannt&ry fora-;.»tioa which exiete afc depth beneath the 

i)oufrlsre region.
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t. 1*

f*wnty~four chemical analyses of rock® fr U Micia 

are s in fable t2* iteiails of the localities »ml rock 

types ar* ^iven in Table 13» All but on© of the»« (i*.83)t oo«« 

from th« Soufrier* region* Cwenty of thee« analyse e w«r« a^de

the present writerf an,* a further two incomplete analyses 

bl& 12, analysts 23 aiid 24) w««« «&<*« ^jr Mise A* Herring, 

in the itepart&ent of 8*010^ -m! Minarnlo^gy ai wxioro, usii^ 

"rapid* i&@tho4e based largely on thoe* described by idley (l95B f 

t with the follov/ir^; axoeptiones calcium w&« det«r-

the reagent® of £eibel (I9^1 f p«289), vxiiilGt for 

tlie method 01 ^h^piro and Brannock (I962 f p»A}5) was 

•mploy«di f although titratione for both el««ent£; wer« determined 

by comparison rrltb stnndsjpd solutions, aftar th» manner of 

Riley* Details of this procedui'o ,.c^ ^iven in . ix G, 

Alk&li& were determined by the flame photometer method after 

the ressovsl of interfering eleaenta by pr^uii'-itation ^rith

solution, a* described by Vincent (In ^

So* LA.40 is un analysis ol the i-etii ,lton 

by liaoultt quoted by Laoroix (1926, p*403)« Ko*2602? is 

an analysis of the Bel fond dacite collected by ^artin-}^iye and 

analysed by M. I). H; ; ^t the Qeolo0ical :>urv«y Departaeut, 

British Guiana. Tlecrepancie® between lieoult'e an&lysie
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The rook am* la given first, follow** Iqr ltd s»d* cf 

locality, and height a»bove sea level. ?h* ^rinolp&l £dLn«ral oonstituente 

aro listed in ordar of decreasing abun&tno**

Vitropljy*i0 olliiopyfvjftafr-fdlirlne basalt. TO* bedded 
Dauphin Bejr» 3 ft. a.s«l.

it) a dark,

2) 1.153 Aphjrrlo elin»£gnox«i« basalt. l*«vm flow, fo3?«in^ 0&A«tal cllffe
worth uf M»lgr*tcuto, 10 ft. a.e.l.

, olivina, with 
teiture.

^251 Ferphyiltlc eliaopyroxwie basalt. l*«tva flow. &>jrtb«m *«4 of
©f r:«ttfri47« Say. 5 ft. e.s.l.

, in an iat«rgpamilar ^TfuntSoiaBc of t£k* 
minerals pluo opaqua

Aphyrlo olinopyrox^i© b^^ilt. Ijiva flow, 1 fail® I.H.; , of 
At 1,900 ft, &*«*!»

Hc7*tibl«»d« dglorit©, Xeno'Uh ir; ^ros Pi ton dacit^ lava, south 
of L^VTagu*. 350 ft.

oil vine, with laapTep^rlo t«aEtua?«»

6) ^jif/ZQl Drt&op3fr©x«a* aad««it«* l¥rk>*oo loured lava blo^t In
wall a^cl^acyfite-»tuff. L'lvroga® PiTay, u.i;;, of Ores Pi ton* 
600 ft. a*ft*l*

quart?,, olio$f>yi%*a£ ?, in a dtafc.

7) L»y Orthopyrox«l9 «ntl«aite. I^srk-cclciirad lava flow, IV:»
t,39D ft. a

in 
(faleitio)
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faala 13 _( coat iauad }
aait* ««glfl»6**t*-taff« F*e» th* lew** part QI taa aald«r* wall, M. of oufriore, 3DO ft* a*s*X*

i*ra fra^aeiits in crystal tuff sat?!** ?* orthop/rojtc«i«, fuart&, bt?rabl«nd»t oeleit®, olivina, oacide,

and««it« do&« lava, pii« cxvloursd. Boar t:u; 
of l'vcn^l Doux 1 f550 ft* «*&»!*

quarts, op»tju« &add@ f oliricpyror»no, in a feleitic

- ;«^* ©f Viotoyia Jimotioat b«eid« the aready at 7$Q ft* A*»«l.
pa^y© oxide, i/.; a 

Pitoa

T«rr«
quartz, ojQ^-ho cnblaade, orti^^^^aue, biotite, haematlt in a

Crthopyfcronfl>-qtiarta andoei've, palo~cclour«d* ^orne 
flairft, 1*300 ft* a,ea«

marts, op&^a orlde In a felaitl

d&oita. ^p^« Fiton, «aa* fljsnife, Ifeo ft*

quart, a, oliacv/rGxaae, biotits, c art ho pyroxene, clivin«» 691^9 oxl le, in t aloroc-yritraiine, e^uigranular
8iotit« tonalite. Xnoluaidii is Petit riten Oaoit* law. flaok of rat it : lion, 1C ft* a*©*l*

quarts, biotit*?, crthcpyro3r»n«, opaque cxide and haaeatite, with graaitio texture.

d&cite, doa« lava* P«tit •-itcn, 
f 15 ft. a

ia a

Ou««dBgtonit«*Wlotito daeit© |Hade«3 as^i fall, it* 850 ft. a«a*l*
and crystals of pdaaioola««Y qv ,rts, Mctite> orthopyroxwjo, cp«<iu« orlde, in a isstriz of ^lamsy duet.

18)
on th« a«&lo0»cal ^urv«gr of th& irjdnard Islands}.
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table !}_( c on t inued)
nloroteaalit*. Block in an : 

Hew* Baaide th« a&in yoad rcrth of vJhciMiul, 350 ft* &•**!.
, qmrts, orthcpyrcjrwaa, ellnppyroxaoe, bifctit*, op«0ie oadds, 
with taioro^anitia

lava* 
of th>3 emaRdtt 1,600 It.

quarts, ouRjajin^tcnit€ t biotico, 
in a

of Tit* 
, b«sivi« ths t^io road, 1*000 ft* a. 8.1.

,, ouwaiogl iRit©, oictite, onhi-pyix^sne, epftqfae oridn, 
ill a

block, froai pt^des flow*
the higkwt is^nr ir, ooftetaa cliffs 2/K adl« I*f» of -7hci)»«iiZ 9/./n,

qu. rta, blot its, crt x^v-rox«a«» oiy-uc^DDlenJ.^, in a
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that of the Petit Piton <!&clt* »*d* by the pr«et»t writer

involve #»2°3 ^ 2 '^ low®* in L*13)» IfeO (U5> lower in

>;nd fegO (1*1^ higher in L«13). Tbeee are relatively l^rge . 

should probably ba attributed, #t least in part f to analytical

•sthods** .Diecrep-.tucito b^t^e^ri Hope*® &#i*lyei® of the Belfond. 

dfeolte (26022) and the pr&&«mt toi&lyeie (I*#267) are not larget 

is i;.-. higher in L»267 f -nd the ferrouosferric iron rutio

• The^e raay wel'. "be discr*--^ nciea due to ;.-..;.ui. l.i.: .,*

8>

Tfcie silica, or U^rk«A« f variation diagras Me recently

in gre^t detail ^r 0hay«s (1962; I964t p»235)» 

who h-^s «apha«ie«a that it lis "0f little 

between tn.e effeote of nearly all t&e prooeseeir thought to 

of w^or importance in the differentiation of volcsajalc rooks* * 

It does, bflw<*v?>r f remain thr »«st at^jple &n£ convonl^mt 

of illustrutirt^ gr&phioally the proportions of the is&jor 

in u ^roup of r-.-c:--. . fo tbits end, the 20 new analyses of whole 

roe*.*; ,roiu . '»• ^uoi&y raoaleulated to tOO< free of w^tcr and 

other volatll@s f are plotted in

The principal fe^turee exhibited by this- di^graa arei

1) A scatter of coftpoe-itionft in the silio-a poor ( basaltic) 

rocko. The aphyrio <And porphyritlo basalt a diverge widely.

2) relatively smooth curves for the and^c-ites arid

* In a duplicate analysis* of a baet&lt from Ot, i,'itt8 f Baker
(1963> F«151) found 0»?# more soda thun in the earlier analyeia
by \aoul t*



FIG. 24. VARIATION OF OXIDES WITH SILICA IN ROCKS OF ST LUCIA
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3) A Urge g&p IK silica content, fro~i 55.8 - 60*tf' f between 

the basalts and aade©ltes» thia might have been filled by tsore 

comprehensive sampling over the lsl^n<3 as a whole* or mty repre- 

eent » natural brea&. The gap corresponds to what wa* probubly 

a long time interval in the iioufriere region* A ^ap of 

able elase la the ©iliea paapcent^e ol ,,nuly0ed rcu,. 

Mleery was recorded by linker (1963, p*t37)t though this affected 

a ell^iitly low^r r«mgef froa 53*3 to 56.8. .

4) A concentration of rocke in the ron^e 64 - 6£. . 0«. This 

is certainly not cV ^terlotie of the iekoiti a« a ??hole, but 

r^fleots the relatively hi&h proportlom of daoltes ^u *u* wur- 
f?-.;,ce in tha f!oufrle3t*o region. Tlepr«««nt-.tive ©affii.-lin^ fro^ the 

ieland &« a whole- woulu. undoubtedly inore,,ee the proportion of 

andeeltee*

The aluoina content reaches a maximum of t9*t^

about 607' ^i£U {recalculated free of water and other volatile} 

in roolco of w6» .^ucia* In this faatare* 'they differ from the 

C.t, Kitte find Monts^rrat ceri ••:£-, In which th@ basalts are richer 

in alualnsf the average content for Mt» Kitts basalts b#ing 

19«6# (Bciker, 1963, p*180}* Is thn variance relations of alumina 

and silica, the &t« -^ucian an&lyseti reaeiftble more closely those 

of ^rufcer i^^ * "*1. ^h an alumina m^ju^ma of 1S*8# at 56X- "^ 2 
1942, p»154) and &aae*ii iealc, in which the

ie 18*4p st 50^ ^10^ (miiaMB 1932, p.377)*
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The u^hyric tau»wib&. from 8t* Lucia are notably lower 

In aluzaina the.n th* porphyritic roeke with a. similnr silica

f and thifr ju-.y &e rel&ted to th-> ubt, .noe of 

*6 th* r«

CaO uoatent oX the bac^ltic rocks ahow» a wide 

ti n, and i« relatively low in tha aphyric b ialte* fbe

4&cit®^ f with chs exoepti^^ ol ^•321>-» lie or. & 

etrulght liae showing fetro»g negative correlation with silica, 

&nd retembiin^ the St, Klttfc a^d oth^r c? ; lelum-rich isl&nd ar« 

and oroeiiic suites*

Iron oxide© are plotted together f since the ferric to 

ferrous r^tio appears to vary arbitrarily , e*^« the ^in& dacite 

L.244 (fable 12) eontalnn t-^lce as sauch ferric iron a® any of

the analysed &rey dacit«0f and corrct. on^in&ly le&® ferrous iron* 

fhe curve for total iron In the antieeltea &nc1 dacite® is 

to th..,t for CaO» s&owin^ a steady decrease with inoreai:-i 

ailioa* In Sh*« basalts, there iK a miirked difference be 

porphyritic 4^nd aphyrle 0peoim«no f the iron e -on tent in the latter 

appreciably higher*

shows an almost linear descant with 

silica, there io :;leo t, lcip« pronounced scatter of icinte 

the ba&io rocke, with the exception of the hornblende-rich
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inclusion in daclte, Ii» 717* Valusa,£or a given silica p*ro«*v 
ta&e 9 are oompamble to those of -t* Kittfc ana many volcanic 
eultsa of the island arcs and oro&enic regions f with the
•Jteeptian ^ Crater J*ake and La«6en £eak y in which imgneeia i* 
more abundant* 'Jpeci&en I*«193 *® unusually poor in %Q, but 
this may be due to mechanical separation of tht r 

in fchia p3rroclfe©tic deposit*

i sh.0w& little i^yetimsitie variation* It rang** 
totvreen 2»4 &«a 3«8^f being closer to the ; r fl ure in tha 
uost moid ^acl« ... the anAcneito« feave a uli&htly low^r so4a 
content th«oi th« avaxm^:* Xor bessjlt^ ?and dacltes of "t. Lucie*

la leer abuttd£L&£, ir; $&*;• ba£> 
andeeits-daclt© series » in which it rle^B ateadily with 

silica*

.»_

Ihe alksli^liae index (Fi$»25) intro€»ced by^**F **

(t93T/» ia th« silica p$ree&ta£« at which alkalis (Ha^O 4-
ore as abundant as lime* ?ha valu© Tor the SouTrifcre region is
6?«S, which i@ notably nigh^ evsn aaong i&l^.^iuS arc volcanotie*
In the X«*0ftr Antill«8»

p»74) ha« an index of 67» whilst tv-t of ^t. Kitte (Baker, 1963,
p.l60) f i& lower at 65* - ,_. ,t;ka av@ra^« i» 62*2, the
Kuriles 64*8, A&A «h*pan 64.1 although ircUviduul vole $ have



FI
G.

 
25

. 
AL
KA
LI
 
- 

LI
ME

 
IN
DE
X 

FO
R 

RO
CK

S 
OF
 S

T.
 
LU
CI
A,
 
LO

NT
SS

HR
AT

, 
LA

oS
EN

 
PE
AK
 
AN
D 

Sl
lA

TE
R 

LA
KE

.

Ca
O

Na
,0

12 10

SL
U 

MS
R 

LP
K 

CL

ST
. 

LU
CI
A 

MO
NT
SE

RR
AT

 

LA
SS
2J
 

CR
AT

KR

(C
ir

cl
es

 
- 

Ca
O,

 
ao

ts
 
- 

Na
.,
0 

•»•

(D
at
a 

fr
om
 J

'A
cG

re
eo

r,
 
19

33
, 

p.
74

)

( 
" 

" 
'.

Vi
ll

ia
af

l,
 

l)
}2

, 
p.
 5
77
)

( 
" 

" 
'^
il
li
ar
.s
, 

1^
42
, 
^
.
 1
43

-5
2)

SL
U

.I
SR

60
62

64
66

 
63

70
 

Si
O,



156.

indleaa of up to 67 (?oneday 1963t p*423>* /uliws for the 

Lesser Antilles &re appreciably higher than for Crnt«r Lake, 

an index of 62 f and lessen Peak for which th© index is 63*9 

, 1942, p.153).

4*

The relative proportions ol lroc t aagnteiuie and 

a® atomic percentages in rocks froa 3t« ~uoia and tiiree 

othar ,u€»eer &ntille&!i lel^tidft art plotted or* a 

diagram in -^lg,26» In ?1&»27» the ei*ffl« plot© for 
shown alongside curvae for Eiikouf* volcano (data from Iockold» 

Alien, 1^56 t pp. 48-50), th« "Antilles avfcr&t,e* of Kockolds 

^Xlon (1953, p»111t biased on laYs.%i from Kartinique and 

Kontserrut; f ^rater I*e4tii and lit. lihasta Uiocjcolas ;j»d Ail^n,

P»111), and Lasgen ^eak (Koekolds &nd Alien, 1953t p«114).

Ai^lesitee a»d daoites from St* uuoifi fsll on a short 
trend showing an increase of alkalis in the aor& acid roekg. 

fhis eeriss is relatively poor in iron, falling bsfcvtetn trie 
Crater L-aJce m^- Hakone Ith3rpersthanic'f trends. 1*h^ basic rocke 
from *-t* :,ucia eo^tter wldslyi the homblunde dolerite xeno* 

lith L.717 ie rich in mt iu£& f and almost oert&ir;ly con tains 
"aCGumul*itive H hornblende. The two aphyric b&s&lts are rich in 

iron, and lie OR th© Hakone wpi£,eonitic H ti*end. ifhis eririchs^nt 

in iron zs^y b€ the result of &-, ^tion of ear ly«*crye tall 1 sing 
ma^neGlum-ric}. jElneralai 1» the SJcaergmmrd and similar differ- 
©nfeiated basic intrusions which show extreme enrichment of iron 
in th© Ifcter cryat ̂ llissir^ liquids, it h^is been explained *B



FIG. 26. PLOT OF Fe : Mg: Na+K RATIOS IN ROCKS OF THE
LESSER ANTILLES
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FIG. 27. VARIATION OF Fe : Mg : Na+K IN ROCKS OF THE
LESSER ANTILLES AND SIMILAR PROVINCES
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th» rtault of fractional crystallisation (t«ng«r una I*«r, 1939* 
P.313).

Ca

The relative proportions of potatt&luav ftOtiiu.:- . .nd 

calcium in rocks?, frooi iit. ,/uoi^ and other 101aB&9 of t&* 

Antilles (datu fro© lock old® and Allan, 1953» and from Baker f 

1963) ^re ehovna in'i?'i£«28. This diagram shown three distinct 

trends, for St* ^ucia, for fcartini.,ue plu» Montoarrat, and for 

St. iCltt&» which result jfrust uifftirenccti in the potash corii-f;t 

of the thr^o sortie* Tht relatively abundant pota«h i» the «t« 

.wuci;..,u lavas contrasts with thvJ low contsnt in lavas Xross £t» 

Ritts. 3*lg» 29 ©hows that lavas from th^es two island® also 

represent ©xtreiaee af richness and porert/ in pota@h relative to 

aoda and li«e compared with many other c&Icluas~riGh voloanlc 

suites*

An analysl® wa® made of gluflB »«parat«d from the 

d.fccite L.267. This differs fron th^> ^ole rock in that 

it contains i

4- 2.15;' ^0 - 2.0£ FeO

- 2.5# OaO

fto* decrease in aluaina and lime reflects th*? subtrciCtlga of 

33# of plagloclua« phenocryets, whilst the loss of FeO (and 

%0*} repressent the oumalngtonite 9 of -^hich i>,6;' is prc^e^nt in

s-.tl itory result for the MgO titration could not
T ^«267g f profe«bly due to it® very low abundance.



FIG. 28. PLOT OF K : No : Co RATIOS IN ROCKS OF THE
LESSER ANTILLES
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FIG. 29. VARIATION OF K : No : Co IN ROCKS OF THE
LESSER ANTILLES AND SIMILAR PROVINCES
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the w&oie rock. The &l&ft& fraction, on the other h^nd* le 

particularly rich in potash f and slightly richer in silica 

than the dacito lava*

ff
• | »

S

Spectrographio analyses were nade of 10 rooks from 

t. ; .ucin f in which the entta&ted abundance of 13 sljaor elementa 

is i^i^-j* it J bis 14. Pet&ils of th© method of snaly»i» are 

given in Appendix D. 4 diecuraion oX eaoii ©leia@nt in turn v. 

follow, with particular reference to trati^s of variation*

will b§ madt with othor iElsai^© of th© I»0ss«r 

inoludin^; l&'-^tiRiqu^ &nd Montaerrst (4mta from . . 

Alien, 1953t P*124; t -U Kitts (data frasi Bak«r, t963» P* 

I64) f iiul with other "o&lo^alfculind1 volcanic provim«0*f ••psc 

Iiaesen Ve*k an<2 Crater t»ake (Kockolds and Alleiit 1353» P*1t4 and 

p. 126). For nuotfricol correlation, th^ea data are eumaarlaed 

in table 15» In aeeaparing spectro^raphic requite obtainod at 

different labor ut or iesi, it should b* riJi^Mbered thiit «iiar« is 

likely to be soa« aiacrepancy dua to ayetntatio inter-laboratory 

errors. K«ithor this nor the magnitude of exp^ria&ntal error 
hi:;Ve b^.::n evaluated f though the close &jgreeffi^nt b^twsen values 

for saany oi the siinor «slscient* determined by l^ockolaa and ^ 

for the Let5&er ,.ntillean inlands and those raade at Oxford 

cugg^st© th^t inter-laboratory discrepaneise in this c «•*.»« are 
not

concentration or each i-ui^ur ^i^aent in perto r^o 

million has b^ea plotted e^inet the function ̂ Si -f K - Ga - ! ?4 '
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Table Id. ftPJOA :.i^ :.Jl!oIii ...-.:: W :5T. LOCIA.

Spec. L. 85

ppn. Oa 10

f 245

0* 99

XI 42

If 69

Co 18

So 58

Cr 176

La *

3r 310

Ba 169

Li 12

fib 29

K/ab 166

34 717

11 9

290 246

88 15

10 73

>0 65

17 19

47 42

10 191

-

273 305

190 190

18 15

16 22

501 277

203

17

48

8

6

94

11

17

28

44

278

296

19

48

250

;s 290

14 16

1/9 43

8 7

6 5

116 80

10 7

15 14

42 25

59

295 239

378 341

17 28

60 46

208 280

315

14

»

15

5

98

5

U

17

72

235

543

34

72

165

13

15

37

6

4

90

5

8

18

53

268

237

33

101

129

590

15

43

48

9

87

7

9

41

44

234

343

27

117

102

87

17

34

4

7

85

4

«
56

61

286

249

34

122

116

?or rock nacos and localities, see Table 1^ (pp.
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(figs* 30, 31, 32), allowing direct comparison to b« aade
similar diagram:.- vrerrented by Bak@r for 8t» <.as&& (1963, rig 
31 1 32) and fey Moekolde &»a Alien for worl&»wid© e&le~alkallne 
and other Ifpaeo-ie rock s*«rt«sa (I953t 1956)*

Seven minor constituents o£ rooks fro® Lt. Nuclei h&ve 
been plotted on a eovuri^oiee basis (H&* 33> usiri^ a

eaulc Xor fch© oocc^ntr^tiun* It is ao;»<*worthy that 
eeq,ueiao@ obtained from this plot (alon * the ubr-cissa) cor-

rea-^rkably cloo&ly to tbt &«>^aeoce according to ailica 
content (see fig* 24 t and to ttoe »«ouence of •* ruction in ti

Gallium ehowti little eyetetutic v«rl:> fcifni. It is, 
however, invariably lower ir: the basalts and dolerite 
£•717 (9 - 11 p*p»au) than in the ajtdealte—d^clte serife 
(14 - 17 p•£•&•)• It iseree'Scr* with Al<-cont#-ai; irwa basalt' fca 
ande£it^€>, -ml reaches a maximum of 17 p«p*ia» in the rock which 
i« rich@at in ttluainlu£t (L.203)* Galllu&i does not f however f 
decrease wita decre , alusiniu® in th« dacites* tfockolda 
and Alien (1953* P»117) corHaent oh t'-i^ mild et.<richaent in G* 
with resect to Al &t the txtr^ite acid «nd of eom® eeriee 
Lassen j'©ak» ^cotti^h Oal^ -an). Table 1!> ehows that FB 
tends to b'.- .•'i^K^tly leas abuiK?^nt in ;' •*• ,JUcit^n rocke than in 
other similar series* i'Ui© -^ilier eppeci Hy to the basalts, 
and »ay be explained at leaet in part by ihe f^ct th^-t c;-;: - 
rocks ^r? distinctly poorer in alumina (&v«r&£e 16*2^) than» 
for e>: ... -e, u .iir counterparts fraa St* Eitte, which contain



FIG. 30

VARIATION OF Ga, V, Cu, Ni, Co, IN ROCKS OF ST LUCIA
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FIG. 31

VARIATION OF Zr, Sc, Cr, La Li IN ROCKS OF ST LUCIA
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FIG. 32

VARIATION OF Ba, Sr, Rb IN ROCKS OF ST LUCIA
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FIG. 33. CO-VARIATION OF TRACE ELEMENTS IN ROCKS OF ST LUCIA
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an average of 19.6,' .^l^O** The &»&• *vist* aadesitee <*re 

closely aisailax i& aluminium and gallium content to andesilic 

rooks from St. ";ueia* the gallium values recorded by Baker 

(see inble 15, *t« iUtts; *nd t&e pr*j.'. -.h ;- .;.-,i,,"ior <*r« 

lower than thoae obtained "by tlookolda and Alien for :-

d Crater i,,,.^e«

minor eleaents, v.nadi^m shows up siost 

oX««rly th@ g^p f in tbe . oui'ri^re region, b@tweem the basal cio 

rocks (245 ** 290 p*p*m») ../jad liacs uau«ifii&««»',ia(;i&d s«sriss f in 

^liloh it nev«r «aco@eda 59 p*p*tt* On St. KlUtSf no e0»far6»bl« 

gap oocoret and point© ^*re ©v^aly di:^tribut«d on the curve 

which plunks steeply fro© 3uu t;o 40 p*p«2u ( Baker f 1963, ?ig. 

31). fb@ eam@ +i|*piie« iur *,^ri»inix4U« KOUX «&o&tB«rrat t in which. 

the total range i& fros 400 to 50 p. p.m. U* oak olds and Alien 

1953* p*132). ffcia rapid deereuoe in v*madiuia content 

bow«v«rv maicitte to the T*es«er Antilles ajaon^; th» wealo 

provinces iavoe tinted by i^ockoldg said Alien (1953)* Values 

for the 3s. Luoi&n andl*eite9 ^i*d daoitec t®^ to be lowtr thaia 

the av^ra^:^ for othgr islands of the Leseer ^uRtilles, but are 

»lailar to w;-;;

Copper i- itoeft abundant in the two basal te (nearly 

100 p. p.m.) and itt the Aicroton^lite L.590. It probably oocurs 

mainly in association with pyrite, which is visible only in 

the*e three of the analy*a4 rookc. It is slightly lea» ab...:. :-.
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in the d^eitss (5 p«p*as») than In the and^itss (6 p.p.m.), 

and least abundant is th« most acid aeaiber of the ©«ri®®. The 

ran,,© of values r«0a«biee that recorded &/ • .. r (1963* t»170) 

for St. Kitte, although the average abundance in ths and•sites 

is notably le«e in th.os© from St. Lueia*

is r«l;-iuiv«ly abundant ii* the 

basalt L*33 (42 p*p»&*} und moat abundant In the hornblende 

dole rite inclusion 1^717 (73 p»p«ai»)» It ie »» low ia she

it ranges frocs 4-10 p«p«is* with no syat&matio

Boclcolds und Alien (1953t |>»122} comis^nt on th« relative

of nickel in rooks of the Ledger Antill*** compared with other

eerlea Included In tm@ir "calo-alkaii'1 ^roup* ai&©9|»fc for I*»83

and I»»717i the ->t« Jjueian v&lusa oloaely reaeabls others

tha ^^

Zirconium fluctxiat** little a between 85 - SB

are present it all St. Lucian epecisk^nj) except thr««: in th«

porpayriiiu o -,:-... It an-.1 the hornblende dolerit® it is slightly 

lese abundant (63 - 69 p.p.e.). i( h@ dark a»4»©it@ b,38 contains 

116 o.tuau ^he sirconium ran^e in basalts of tit* Luoia is 

slightly low^r f but in the; and e site* ma;* daoltes is similar to 

other ielmnd© of u-s ^eseer ^ntlll«B» ?ind to the C 

province.
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Cobalt
Cobalt is twice as abundant in the basaltic roeke

(17 - 19 p.p»Ei») as in any of the a&Gie£:ite-d<»clte series, ir, 

which it falie from 10 to 4 p«p*s* with incpcMBlr^ acidity*

r for the «t&deoi£»G--d£Cit;e »«rlc © are about half those

fox* ofclte-r islands of the L«e&er AntilleB 9 whilst the 

cobalt content of fch& basaltic rocks- of :-t« ^uein is r lightly 

lower th&n averiigt* 4?he i>t* Luctan o

those of 4

follows a ci&ilnr Bittern to cobalt i 

basaltic rocke f which contain 58 - 42 p«p«i&*far* clearly separ 

ated fro» ajodesitcd and dsciteo, iii which ©candiuB 

with iucreiiid;. ^civlity from 17 to 6 p*p*a. The

of the basalts is slightly higher than th^t of other 

Antillean centres »a«l of the Cascade province*

ChromiuBt like nickel y i& eow. & uouiidaiat (176 - 191 

p«p«m*; in th« porphyritic basalt (L»83) *m<5 in the dolej?ite 

inclusion (I*«717)> and relatively rar® in all other rocks, which 

contain less than 30 p»p»su It ie least abi .t in the *„., ic 

basalt ^»34» &®& relatively scarce in the ,, iiion uiiCite V-^»13^ 

and tonulite xenolith C^.3t3)* ^ager and fcdtchell (1951 t p. 183) 

have shovii th?it chromiuBi is oo^^cinll eoncentriitec? in th^

GL-. -., -^^. ••, ^ porfiyrc j/yr. .. - o 

teve>lt0 f and thift explanation certuiiily Bae&s appropriate for
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th@ 8t» lAioian porpii^ritle feasic rocks* This hypothesis 

further supported by the faot th&t the aphyric lava I»»34» which 

contains 25# groundmase elinopyroawm** of later crystallisation 

contains only 10 p*p»su chromium* Chromium <lo®e no- e r to 

be associated with the orthopyroxen« phenoeryata of the aade* 

•lt«s« It io worthy of note that St» I«uoiatt lavae contain five 

times as amoh chromiii® ae other ielande of tht? i*v .• • .r .-vntilles* 

" v.e St* Lucian valttae v on the other h*i»d f ar® comparable with 

for the Caaeadft 40Jd oth«?r i-r evince 8 included fey liockolols and 

Alien (1953) is th@ir M oalc*^lkali n group.

t who@@ py^s^iioe 6 -anno t be detected b«low 

about 40 p»p»m*t wa© rtaorded only in 6 of the more aoid roek« 
fro.ts v>t« liiioia* It waif not r«co.fded In roek^ from *3t» 

^nd wae dtt«ot«c! by ,-./,'. olds asa ,4ll@n (1953) only in 

froa th=^ Southern walliarni^ ^tiu»lith aii.i the Loot ti eh 
Caledonian Q^ri^9 t and in &aet Central llerra Nevada rbyolite®*

of values for strontium i@ alailar to that 

quoted by Baker (1963, p. 164) for St, i:ltte (2^0 - 350 p«p.a«}» 

but lev? in coapttrifson with the Moateerrat buoaltt and with

La.0©©n I-^ak and Crater U'k» rocks, all of whieh contain ov^r 

600 p*p«m« iitroatiuEi ^ .--s no sy®te»atio variation in the rocks 

of 3t» I4tci^« Tureki&m an." Kulp (I956 f pt294) state that t»tron- 

tiuia is indepeacleat of calcium In banal tic rocks. rniia
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in tha baaalts of ^£* ^ucia t in which a &lgh«r content of 

calcium is not accompanied. by liiore^iMri! strontium*

Bariua
Bariua contents vary between 130 - 400 p»p»m*

oospar-iibl* with thoee of other i&l*»&vid of c:-;c ,,-es. er

with the Cr&tv.^ *<**<st a©ri«a* In £t. Lucia, barium iss aore 

abundant In the *inde cites &n^ dadtes (237 - 343 p.^.sa.) th^n 

in the basaltic rocke (160 - 190 p«p*&«)* If tr., .dorotonalite 

(L*590) ie ignored t there &pp«ajrfi to b© a slight decreas* in th«

as oba^rv^d in the Lasis^n I' 

and Soottisfc Caledonian Varies by ^ookolde an^ Alien (1953)»

lithium shows a steady lner©tt£30 with the fimetion 

Si •*- A. - Ca - %t from 1^ p>p*a» in the ^orphyritic basalt 

to 34 p.p.m* in the Belfond daoite L«87» A gap Trois 

- ,j3 p. p.m. exists between th« dar)£ and p&le andeeitee* fbt 

e of valuta is similar to thoc« f^r Koat6*rrt;tt Lu©

tho iit* L'iiei&ii rook& 10 of particular

interest, beceu©« it :s u sharp incr«a«« in- abu^ac!

contain between 16 - 29 p»p»m«» the •jmdesitee 46 - 60 p»p«su f 

and the dacites -from 72 •» 122 p«p»A» Tiiie last figure is 

larger than any racor^ed alaevh^ra In th« ^es^«r Antilles f aad
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oaueee a rsaarkafely low value for the K Kfe ratio,

only to the extreme acid «md of the Scottish Caledonian series

among the *calc-&lkali*f group investigated by liockolde sad

(1953)• 1th reference to the Scottish c,,le<loniun rocks, 

aut'.ors stat© (I953i P»137) tiiat in view of the ionic

radii of • the two eima-^nus, &u«- V-»%l ratio mi^ht be %xpectsd fco 

in the later rooke v but that ©uch a deortft** le ^vtry

only becomes appreciable at tho final reeidttdl stage" 

:":.i» ratio do«s t howc-verf d^or^ase ateedilj in th© :;Otite«rr&t 

and Crater Luke seriest us w«ll ae in ^ii® .->t* -uaian rook®.
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1. PEIHCIffAL fL._... .,...J Of f HB ......

the principal feature© which must be accounted for in 

a system of rook genesis applicable to the ~oufrierc> region are«

1) An iner^.,^; in allies Gjuueut with tim^» from iK&«ui»b with 

50/*» to 6*oifcc:& v/ith 6f$ SiO-* Hbere appear to hsve been so 

reversions o* this trend.

2) Jao presence of two dittlnct types of ' It. 

3} • ,.-.p iis chenio&l cc 'it ion .{«oid si me/

4) Cheaieal and mineral o^ieol oootinuity betv.reeri the

5) A tdgh proportion of undesite ,and d,,cite f relative to basal t f 

exposed at the surface*

6} The oeeurrezjc© in alsoet *ill rock® of oscillatory-soncd, 

calcium-rich pl^iaoliis^ phencx»ry^ts (including oalcic bytownlte

7} The occurreas© o.t large q^3^^^ crystals, often forming 

globular xenocryats* ixi the andeeltee und d

principal types of bs&idt occur in the 

.region? aphyric airi porphyritic. The &phyrie lav,- IB are rich 

in iron and poor in alumina* a»<2 oontaic a hi&h pert; .^e Df 

normative quarts aa^ i^piii-ijiiaene (. .. v *i*bie ]^' t - "•• oa 2 and 

4)* in theee fe&tures they eorres»on<? cioeel to
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basalt (e«g» rura<sr WB& Yefcfeoo^eii 1960, p, •)}• In the por-
iibyritic tk;.c-lt&f on £K.> oth .r bund, normative quarts ie present 
but less abundant iaou>S#)» and the rocks ure relatively rich 
in alumina, b^ifcfc chemically very clo&@ to the average high- 
alumiim basalt of Japen (Pabl@ 16, colusin 9/« "Wi« presence or

of phsnocrysta in th@ ba^alt& C;jinot be attributed 
to their cryst^llisatloii hist^ry» since their bulk 

oompoeitionc ero different (Table 12).

Ikiv© recently b««« ^l^oue»e<? (liuno, 1960j
To-der -.aid 2ill*jr t 1962} li.\ terms ')£ thi . o ^^ifujipal type« f 
n iinely alkali, tholeiitie f aiid higji-»alin2ir^« .Li 
ar« not present iji St« -ucia« ,i.phyric 
type ar« found in St. .U*cia, together with porphyrltic 
with a hi^h alumin-u content • *h^r field and. ehe&ical r^la.tion 
ehips of thi'Be two types provide H0&* evldezioe beariii^ on the 

of hih-^xu^^ini, bar,du ..f, .

hi© defitiiticn of hi^b*»ali£iiaa basalt* iCu&o (i960,

1} ,; higher content of ;JL 00^ than tholeiite with ccrree.. ing

S10,j and aljb&liet-

2} Lower total alkalis tha& alkali*-b&salt f
3) rlc texture*

to illuetirate the first two charactcrietics 9 he used a dl M

in which A190^ ie plotted agsinet Ka,,0 ^ K,0 for rocke within
e. j £ e.

a ijiven silica range (sea fig* 34 )» ^ja<i stated (Kuao* 1960, 
P*131) that rt th% points for each type of b&&&lt t -irsciu'-iiig both
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th® per itic anJ ic r lit la a dot

Yodur &nd filley (19€2, p.419)» he- v . rejected 
ths nee<5 for restriction^ Ir- tv,« altoli content of 
basalt. .'-.. ;• . .. .t nhn distinction af th
the hih al\, . eo* , -ic

Kuno (I96u f p* 141-2) teelievet? tn-^t i.i^h- ,lui,.in t bi 
a pria&ry magaa, g«tte:.-ated at depths in «.he 8Kuatl® inter- 

mediate b«tw«en tho@® of iholciite and. alkali-to&salt fom< 
end not derived from «ith^r of th'; oth&r two b&s&Lt typee by

or coatasin, 5 tian«

the
s as "important Keabere of both

nd alkali»olivli;« basalt ^roupc". • /

(p«420) th^t "wliv*v - „ jirocees uriiv.^..;.: lorih a high-alumina 
b-:i»^lt involves for the moat * ,. » ooncentrutio^ of th« p 

co£kpon«nt8 tt t und eu&^eefc fcii;;t am-, . . likely 
tho •0ttlir._. of pl&&iocl;',@e ^.henocry&t^ (i.e. ^ru

/ ai^at produce a ^-orphyritic rock rich in aluminu f 
r <£-»•« ltin& of tlie phenoery^tfc uui^^i produce an

In Ut* juuoi&t ^io b&ii dt of tholoiltic tvpe (L.153) 
is clov-^ly aesooi.-ct-v .••iuii *.-...£alt ^nicn oont ' ' 01 '.-.;- 
ol&&* pheftocryp-^" --r-.' ia rich in alumina 
»tr%tfta the Atroiig po^eibill&y 01 ;n*-r>;-»rr? n ---1 ^oneentr:? ^ x ..

c^ (; - tala and cofc-eq.u6i*t in^r,. of -ilO i;;. •,;-..-.
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porphyritie rock. In fable 16, the ehe&lt^l compositionr of 

both basalt types are sfcow& along* id« the calculated cheiaic 1 

eoapoeition of aimljsed porphyrltic rocks? isinu^ phe&ocryi-c&t 

aj&i (hose are compared 'flith the compositions of avora&e tholelite 

and average , ^luedBfc feaaalt. lo particular* *t tout Ion i»
vo £,-•:, :.'i.*ilur oo^ue^i; of atluiaina (15-16^) wa^ total iron 

) i^ the porp&yritio basalts »lsiue pheaocrysts (Table I6 t 
iRti 2 f 4» 7) f aiid IE the* apl^yrie b&sults (fable 16, ooluitma

fiot^v%jrtr^ tiiat truly , : . rio bi*3.-lULv df the t;/p« 

found in c>t* Lucia seem to be rare i»* th« i^saer Ajatillea in

although tipparisiitly wid«spr.s— at depth in the Soufrlfcrs

they occur ;» incltuilcme la several of she aore 

lavae («s«^» Pl^we ?&/• In th« island ae a whole, 

however, porphyrltie baealtB $re^tly pr«dojalEa fes at th« «urfac«

Japan (Kum> f 1960 t p.124) t and the 
Highland 0 (Andersou, 1^47 » p«3Q7) f !•«• high- 

alumina basalt, semsu etricto, havs b*s©ri identified in St* Lucia. 
fwo speclmenftf described aa ^almost ai'^yrie*1 h^^YQ o«en reported 
by BaJeer (1963, late t6, sample* £*14 wa-^ K.244) frois St. Xlttft* 
It 1@ ol*»^r th?-:t the critical f ̂ otor f in a discussion of th« 
validity of hi^h-f.lu r,lt, if? *he origin of ^ • ;1- t ^->- 

cl.:,.oe -X ;h<ixioor7sta» If 0o*aagmatic with tl^e gro:u^t3iaaso oi the 

porphyritic basalt f i*e. oricir^ting fro» fehs cajae li^uAd, then 
thl© liquid wae a ^ottnti^l hi^h-alumlna basalt, S*DSU strict o, 
in that it &i^ht h^ve crystalliE^d ae an apfeyric rock.
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In sedition to th^r evidence rro=3 ^t. ,ueia f 

occurrence on >:••&» Vincent (Wu&^r, 1962} &»d it. ^itts 

1963) of hoiG$rystalling ejected blocks which are almost 

certainly ueou&ul^tive* un4 of ei... - _.... .ic blocks together 

with highly ; ^rriti« and almost aphyric imvae in tfc« South 

Sandwich Island arc (collected oy i^ucer am; •;, :blin ir. 1964> 

currently being etudi«& at Oxford), provide additional 

r / /;e th*.t crysfeiil «3.ijfr^rentiation ia a ^rooeest which ^.ay 

, ;c iu basaltic magaae b0naath i, arcs* It fi*em« doubt­ 

ful. how*irer f tfet in ^>t* ;*ucia tMs oss fea« contributed 

slgnlficaatly to the pafoduction of th« euads^itee (t,vio soctioa 

9. 3.)*

eingle« homogeneous parent of the £t* 

ever existed * it eeeme iiitsiiy si*** thie had n 

composition lying between ttust of the aphyric (tholeiitie) and 
porphyritie (nlttb..i£fe~rich) rocks, and th&t t : o accu^nulation of

iocl.-ige iTc • . -:;r ' the almaina- 

rocks* Ae an equally possible alt

, now&yer f it is eug^eeted that thare a^y have been two 
different9 primary b^e-.ilt ffiaga'-i® in thr- ."/oufri^re region, --r-.^ 

thigj ic uup^ortei by •-':,« f/^ct that no types c .i ,; .1 bet-. ^ 

the porihyr-itic anJ ^pr<yric lavas have been f

2 & r 1*v» f f». f V A SJ ffl 1 ' '••• "• T -"' - _ , ' . "\ • 3* UjUGIr» U.c ^-.-- ,-•••- .-•*•.:•:_•—" •;-,-A^... v>,>>A^ MgmNMHVVVm^^i^Hi^MM^tm^M^w»^^"iM^'^^^^^^^vv"jiB * " •————-

fhe en^eKitee and d^eitee of the ^oui'riire 

form a series of chemically and
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typ*a, showi&g pro&r»@iiiw •nriehmeot in aiiica

to the ehrcmolo&ical 66i»ueao* of emission. Xn«y occu _, rox

isuttely 90;' of t&$ ijoui'rl^re region, said && estimated 75, of
the island &£» a wholes tauc w': c./ pro3o&.iii~,te £i ru-,wly ov*ar 

basaltic

Host theorise to explain the origin of th« intermed­ 
iate and acid ro©&» of orogenio r«@iort0 iiivok® one or more of

1) fractionatlon of a basio "parental* si^gsa formed at 

i«o» derived fro^ the isantl© by crystal fr^ctio 

2} CoBtr.vffiin^tioR of a &&atl© diff-c renti^t« by

3) M^ltln^x, In p'-^rt or whole* of cruetal si 

at^..- . ol^ly within the arust.

the fir> t proo©«s» involving ttinple fraotion«ftion of 

a baaaltic psreiit, h&e b^@n r@J«ict@d by

Turner and V^rhoo^an, I9^0 f p*2S6) a« incapable v alone, of 

accounting Tor the productioct cat miilesites ^/i tfacitea to foi .. 

arc volo<;.no«e» principally OR aouount of tha frequent, 

" • inane© of anc^ei^e over bao&l&ic a.-teri-:.. 1 .:>^o;^e

»ecoud process, involving the alxin^ of b 

acid material (e*f. .. ^ asd t«««r f 1939 1 P»335) f or •- combin­ 

ation of thie process «a*3 the firs»» *•£• sialie c on t iffii ration 

of a baa«iltio p^c^K&* followed by fractional cryetellisation
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ve.f. filley, 1950* p»59)§ have enjoysd & jauea wia@r popularity 

as a steu&@ of expl&inin& the origin of m^ny &adesites ^-iid 

d&eltcft* IB. this c<itfe 9 ho?W£r» doubt ©ay again be cart on the 

ability of a basaltic magma te aiu-.--iailati* f in tht c our it of its 

pasaa^ upward thro. the cruet 9 a sufficiently lar^e «»ount 

of granitic material to produce thft hi^h proportion of acid 

rocks often observed. Moreover 9 ucid xenolitho rbicfe adgiit

partially asslail-.t^d i»at@ri^l ar« sxtremely rare la

fro^ ^.upaxi of granitic -^nd B&odetoms 

lithe in basalta of the hyperstbenlc s«ries f Sehmldt (1957* 

p*!72) wi&h refsretice to the £arlu&& ii@lands 9 Japattt eo&cluded 

fractional oryiit^llla^tiOB <ind aeeiail tion were probably

by the tnlra proo*es 9 naatly Differential fusion* 

It oeeaiB imlik^ly that a eoMbi&ation of the ilret two pruceg«« 

(i.e. &£&i£iilJ!gti4* said fractional ery0tullistttion) 9 eirea if it 

were to occur ©jcterisivslj, would follow aucii & p-.tt»rc tb^t 

•ach aueceeoive pule® of mag&& would, be progressively more 

&ilioa-richf «A« is the obserred sequence in ..\,» ,ueia»

The thir-i process 9 which invokes the concept

,u«gr b€ derived by dc -ir*^ of the non^^llj horison 

v lly l:..y*.r^.:i cruet -m.t oonsequent ft oX a layt:r& -.l 

low^r aei<»ixit.k -t4s]3p«ruir ujrss 9 was propo^^* b-- .eunedy an^l ^ndereon 

(193«)« this hypothssie wa® elftbocat ^ b • ^dington (1943), 

who eciphfisieed th^t partial r ;r th^-n complete fueion wu& 

likely to occur in «iny ^iven lay^r. He*£ (19»0b f p*132) pointed
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out that "In oro£«&lc b©lts tho chronological se ^.^oe of intru­ 

sion of calc~&lkaliae oagaas la eoazscnly from aafio to felsic ", 

a fact which he rel&ted to the partial fusing of successively 

higher f aturs acid crust &1 layers* He,-, .,!eo ^cinted out the 

rel^vively r«etriet$3 range of solid-solution mineral c sifcione 

theoretically obtainable by partial ..extii^. As a hypothetical 

example , fee described tbe material ofet&ined by partial fusion 

at depth of a dolerite with an %OiFeO ratio of 60i40, He 

0t&te£ (I960b f p. 183) that *!?h@ firsst pyroxene cryatala to melt 

(referring to ths data by o en ana i*eiaairer ior synthetic 

pyroxene g) would have &n MgOiFeO r^tio of 35t65» feu* thle would 

iucresee to 45»5t> by th« time enough liquid v;a? forded to be 

removable from the crystal aush* j firml rutio for complete 

fusion mi^ht well be expected to be o^opped by the refractory 

brake v^heti a ratio of 55*45 ><ae reached. Thus the tot, 1 range 

of liquid* which sight b^ intruded iiito higher r*orl«oaa would 

lie between MgOiFeO ratlua 45*55 to 55H5 or ~ total variation 

of about 10 per

It i^ noteworthy that in the cj*£eelte-d&citft aerlea 

of St« Lucia, the : y-i-'V ^*A-..- fg-,11 ir :; : relatively narrow range 

I»54-3d with the higher values (^45*54^ *n ths andeeitee, which 

accordia^ to the eyete® of Haao would represent lower 9 earlier 

and mor© fully icelted crust. Hess also stated (1960b t p. 184) 

that Man entirely analogous situation exi®ts ae regarde . 

AnJAb r^tlo with p-...rtial fusion ae OOSLT : to fr.=ction ' 

eryetallisation.* In the andesites ,*K^ c , „ of ^a. ...ucia«
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the estimated average composition of

^;e^«j of pit

could account for %lm existence of corroded cores of byt0vmit@ f 

including tho*« showing r®plac««ent structure (see section 7.8) 

w> art believed by the present author to r*. t incom­ 

pletely fused, pre-existixig material carried to the surface* 

The *x*noery0t0* of global »r quarts on the oth«*r h nd, which are 

cowaon in the ar£e*itee mn^ daeit^f* of St. uci , ^re believed 

to represent not relict crystals carried away by the fused 

portion of the crust, but ratkar ( ~ne pfaenocryctfc which ^ 

in the new acid m^rs?- .-hii&t at ill • "v -^pth^ i.o» under a 

vapour preaaure at which they were in equilibrium witv; the melt 

(eee Pl£> 35)* £v.*--. „ ..a lowering of the water vapour preeeure, 

during a prolonged period in which the quarts cryetal® refined 

in a liquid ne^r the ©urfac© (e»^» in the 'Pi tori d&ciu»0 9 »ee 

section 7«8*} f allowed reeorptlon fo take plaee* If* as eereral 

authors (e»g« Laraen and Irviu^t 1S3&» p»253) have fci.w _^ated f 

the rounded <iu^rtiK cryotale are regarded, as xeiiooryrtv entrained 

irs the ascending magma iB the sacie mann-r .,.^ fch^ calcic pl^lo- 

Class cor® o f an explanation miiaic^ to be given of the oc—

e&oe of oooreely car/stiilline ^uartsi -in^ bytovmltfl ut depth.

-Joes notf of eourse f imply that all quarts xenocryets (e»^« 

in the basalt lava© of kan *»uan t Colorado t degcribed by 

Irvin^ in 193®) are the result of pay; .ical ch -a 

operating in a 8is^le f relatively hosao^eneouB

A0 finul evidence in f.ivour of a prooees of or 

fueion* He»e cites the i osition of a Dartiallv nolt^d
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xenolitn (i»ars«ia

fraction on the %GiPeO:total alkalis 
differentiation alon^ the ealc-alk&lias trend, resulting from 
partial fuaion*

fhe apparent ' -nee of gcorthite-b^rin^ blocks In
th .u i-«j.ativtii^ iiu--. Lfferenti**ui;ju / 

Be£tta by orratal acoumulation Has ti*k@n pl«to«» This 
aay explain Ui& Itir^© ^p in fiillea pero feature b»tmi«n the

,i, iu coiivrast with the

etal accuasuliit^© 1* occur, ac<* ^.6*altic rocks appear to form a 
eerie© ^- ..*. ,il irito basaltic anviecitefi f with no acid

or <*aeitefi. ':;* istry on St. Xltte ap^eara to

differentiates au^ i: few basaltic and«®it*Sf and for ti.iiK 
island Baker (1963» p»tao) concluded that "although fractional
oryftt alii sat ion of a baealtie magma EL-,y bs responsible for a 
few of the Misery an£«&ite& 9 it ii likely thet additional 
proo«««ee» such as the partial fusiondf cru«tal ^xteriai § 
contributed to the forasRtlcns of the auajority of the
Miisfco, .. .i* fcue^iii^ •-.;:->; jTr^uu^acy di^tribufcion by silica 
age of analysed lavas from i>t» Klttst -t* i.uoia and ,. • 

in

i» concluded
the thick and c ,r- Mac l^a.-l lower velocity l^yerfe bolo^ the 
volcanic i&laad arc r©pr«»tiit thickened crust f "kneaded together
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^ a heterogeneous mixture"... .which ha» "gradually beco»e

&ajusted to the no s&i - . .^.:.i Or.. . .at in the cru^t"

196QVf p*1S4)t by fusion and upward mi^r&tlcn of

ooKetituenta* Heee emphasises the possibilities Tor

in the iaafemaa formed by fusion* depending on the depth,
»it ion :.m 1 proportion* dT cruet melted, , rrhi@ coul<t .• recount for

the (xourronce of d-^citt-s on only woo**; islands, e«g* wt« l»ucia f

&»nd Uontserrat* It ie possible that f yf the 90 

•ivnicji BO.;- xitrG for the i*@sa^r ^Rsiller, the r^-lrietion 

of laT&e with a ailiea oontent of greater than 62^ to the lsl< 

between ^t» Luda and Monteerrut (i,e* the central section of 

the arc), IB related to the' fact that only ).•.:;.-•> have ^ ; .a more 

acid cruetal layer* 'been earrt@# to a depth at whieb fusion 

could

tfee pr«s©nt writer cornelude*» f with reference to St. 

f that of the thr^e fun4am3&lal process. -.- stated tc 

capable ox producing the aadeciitee &&d d«eit«0f that ijivolvii^ 

wi^i melting of oruet&l material eeeme likely to &;.»*.- 

a^injunt* ?hi« proceee i» sbls to explain most e&tief£.etorily 

t . .. ... / evolution through tin«?. towarde it&re&airigly

It acaounla ade^uat^ly for the textur^l reluii 

wiuu ox vise iheuQ^i^ufcg in the <aia^fcio- a -ajia dtiei&es f 

for th« hi&h proportion of acid and®site and daeite at 

ent exosed in tfee i
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10.1.

fhe UouTriere region of St. Lucia la ui; 1 In the 
Leaser Aatlll<s8 ir* th&t it rtpra^it^ an old ^ald^ra. X^e only 
other i&lsiad In the %£;t In4xo:& f v-« ^aic.L it i« beli^yyu u.-i...t 
co^, ole etructur«^ m&y exist, i^> "'oelnioa* Cald«rm8 f howevff 
are ooRuaon ic the Japar^ca i8i«jiG arco, whar« t feccordli^ to 
*omo» U953» p*267) f &s maay ^fi 16 have t>«©n a*rinit*ly identi­ 
fied, Cj4ia»ra» iil^o oacur ia the Cyelud^aii (A^Criii} island 
arc, in che isl^n^ of ^aatoriai (Heck et al. 9 1936; williaac 
1941 t pp«26$~9)$ in th* lndon«*ian arc, «»g* Krakatnu in the 

strait (^illl^Aa 1941 1 pp«253-65)> iu the Scotia Arc or

s 9 1^vl)j and in 
the Aleutians* e. ; , Okmok c&ldera f Umnak Island

typify m mature «si:.^e iti the volcanic cycle, 
e.g. iieck (1936* quoted in willi&Ma, 1941 f P*241j ir» >•!» discus* 
eion of SauiorlBi, atates that ^the Cc,idcra is a nark of decadence 
and age t eveii though its formation saay be followed b^ a renewal 
of activity or* the floor**. Thus thu 8oufri>re r@gios of St« 
Lueia appears to have reached a sore advoneed stage of evolution 
than ffi<vv-t of the other volcanic centres of the Lesser Antilles. 
The last lurg® eruptions > ftceoraic^ to radiocarbon measur • ,it, 
took place 39 * 050 ye^rs agc f *«e. considerably "* '-t«r than
Oaldex-ft collapse* so that the sg@ of formation of th*? o 
muat be appreciably older than this (see section 5« ; )•
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prtwmo* of numerous, younger ~.>»e« *nd or

s;,*iuer«i inuic^iies tn^w psji^-u^lderc* .ctivit.,) ;~ isiw reached

Cr&t^r Lake, ~ . _ , v .illi^a 1942), formed about 7,300 year* 

has only one po&t~G&lderb. conelet within it. ...everul of

.-,;, • i^£«j c, jL:«ritSt however, art isore closely co., . blc- in 

their morphology to the Soufri^re region of St» .uciui 

volcariOi Ja^v'G (Kuno 1953» pp.270-2)#'**..- co

'T •».

coilapee*structure* The diafcneioru ?^jid a^e® of 

of the world f e. bette3>knowt< caldera© *A W &iven in T,.^^-^

17» the large proportion of c^lderae t'or which -i^e« of lees than 

50»000 years have been obtained 9 una tiie relative rarity through­ 

out the world of pre-^ttaterr^-.ry culderu.fi 9 in^ic^tes whc.t iu mo^t

regiori--: th« "life'* of «. u^xau-.- r iwj initial w.-il , -u bi^e 

time of morphological d«c#.y b«yon*? t^^ r.olrt ©f recognition, is 

probably lese th&n. a million yeur^* -:... ..^ietaace or at le^.,t 

five c Idsra* with ataeured agea of lees than 6,000 ye^rs in<ll~ 

c^tea ^n-c relative fre^u~.:-. ;.:\ .„• cttiaere- form...tioi* fee a ^eolo • 1 

phenom^non f at !»••• st In recent geological time* The c Idera of 

St* Lucia, with an ^ge of considerably more than 5O,000

emotion 5»6.)t apr-ear» therefore- to be i-^lativ^ly old 

red with ®eaay ox s»he world's calder •••••. It is, i^a. :--3 

already appro&chiug th« limitfs of recognition*

fh* donefs which ll€ within th* c^lc!era or - t. T,ucia f 

Of irhioh *»rre Bit-mom) (^ronti»pi«c« v 2b -ri./ .-'i, • 12y
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Tafrl* 17. •OaPHDU.GT ASD ASS OF CALBJ&R. gBH^lHBfr^^jg '

CALBMA AGE (y«ars) (to*)
OF

u.,
(k.3)

KMUTAO, loaonwi.. 60 7 « 5.5 730 ? one 003)0
(Fading, 1951 f P.5D

9 Japan. 1,500

. 14)

Japan. 
(Ketsttl, 1963, p. 637)

j U# !; 
1542)

SRIKOTiU, Japan. 
(Katsui,

7,500

5,000-10,000
(no
cartxja

30,000

(/junc,

Is* 
(Hawk© e, 1961

41)

t
1951

-62)

, Alsutl&ns.

t3t. JUucia.
>50fOOO

4 3t 3

>, 500-3, to) 11

7.5 x %5

8 *9,

13

11

.6 ac 9»6

7200

390

1200

930

1000

73D

1120

300

6,4 x 6.4 240

3*7 one

70 

8*2

500 90

?

f

12
(forcing 
g iclan.i*)

one d

none above

(? craters)

6 dome* 
1 oon«

12
aa^nal oonss
4- lava flows

fiseur^o

oon«

youn^rer , oencsa- 
trio oali«ra 
(7 km. 41 am.)

15 oonoe,

15
7



th« aocst perfect •xuple, ar»? ei&il r 

and eoffipOGltiok to nuu&^roua other fu..-r;-.b in fch>. i.^sc-r 

• •£. &rimeton<& Hill, St. mts (B^ker t963, p. 35 and Hate 8); 

.i.i-j summit do»« or 3j& L>oufri^r« d« la Guadeloupe (Barrab4 and 

«Joliv«t, 195B, 1-lat® 1)| &rid the historic clones of :t. - <?l^e 

(Lacroix 1904 f p«145l ferret 1937, p.163). A cc iaon of 

the oisee und coffi^o&ltion^ oi" -t;ut lti<li&» dofaes IB ^ivet* by 

W««teraiGRr1 and Ki«l (t961 f p$>*90-1). Similar structures charac­ 

terise virtually all ©ale-alkaline volcanic provlneee where tlie 

or acid an^teite and di-*elt* 1&Y^«- fasus takeri plac«* 

exaapl'j© include sue cioaw^s of -m vaic^nic 

, in western U.t . , ( Williams , 1932t p.35^)f the 

historic dome of :>int . .^ria, Guatemala ( . ,. gr, 1926); the 

doae of Bovarupta in Alaska, formed iti 1912 (i-'enrer, 1920)j 

the 19O9 doiae of Xarusi.'.ti, in J^pim (TanaXa^ata, 19t7}| tho 

domes oJT G*lum:;gxui^ i«a<l ima»& in the Eaet Indies (Brouwer, 192t), 

of :!t» !^i»ington in P&pua (ray lor, 195^), and Sautorini in' the 

(Georgtlat-, 1962, p*14)«

V : ' -•' •»• ?' . 'V.y. .•<«'-•> *-' :

the pyroclftstie deposite on 'St. Lucia, 

predominate over fall, -m t'.:;la appears to bo the ou«e in mo< t 

other Leeaer /.ntillcan iel-^nd®. The pumice flowe of Crster 

typ«, which are present ir th* -..oui'rlere region of ut. -aci 

are, however, not commoK ^u »u«* ^esser Antilles, ^ad 

ii» the only other island ir. t re on wiiich the rseert 

hue observed comparable deposits. _• u, : -.... „:, appears, iii the
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&a eleewfaare lii the world, to D, ., 0-'.. ..'-.-.er 

of tblc*, #u&ic« flows, moid Gale-alkalis 
and c-ltiera* of J?'."miratFm type* luxssrple® of thie aseoei fcion 

include ii&kon* Uuna, 1953t p«267), Crater - — ,, (-illi^Kie, 1942) f 

K.r-ak£,tau and tantorini (vini»«fit 1941, pp» 235-69 )• In hie

i iL* ral&fciv*' Bisee 01 pyi-oclti-c^ic xlow d«po»itss# 
(1957> pp«2.4-€) points out the 'fact that vwalcft flows 
d with c^ldera formation usually have a v*ry lfsr&« 

f of ^re^t«r. th^n 15 kio.^, whilst bl0ek-plufe~^eh flow 
a («* nude ardent e it* tbe strict sense), are very much

St» .r*ucia exposes a
of lava® d«riv@d fros; on© centrt (which ehiftv.: ;-ii^ 
a rsl.^tivs^ly losg period of tlse* The abewnoe of v^r^ . ,.cent 
eruptions h . .. rie^&t (.hu-t erosloc has cut deeply Into tliti land­ 
scape, reveal:'. ag a fuller record of the earlier history th^ya is 
visible in m.^ny of th* youngest :-v«et Indian voic^nia 
«.g. the Bimfri^r© of bt. Vinc«nt f ^m5 Mt* ?el^@ on 

wher« much of the lan^?-. . . been i^antled by thick ash 
deposits fro^ hietorio activity. ,,t th© gaise tiiao, t'U?? Soufri6r« 
region of Ht« -.ucia provldea an ex«isple of a particularly full 

seouence of voloetnlo ftven^e subsequent to

In common witb nuny oth^r volcanoes of island area
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a»d of oroaeaie regions » including all the aore fully investi­ 

gated islands of the lesser Antilles, andeeitic an) o <citic 

rocks predominate ov^r tonsalt on ^t. u*cia» £he Soufri&re 

centre ie t how*?v^r, unusual in demonstrating a regular evolution

with time tovnirds mure acid volcioiic products. This feature 

contrast* with the alteration of basalt :-md ^i£e eruptions 

fro« Mt. tol«?«ry on ^t» ilitts (Bstk^r, 1963) t and with the

at Crat@r Lake ( Williams, 1942, pp.155~6) »ad I*ae@en

.,iae t 1932 f p»3?6) ir, the Cascade r;rovlrs^t> tJ.K.A. f 

where tite eruption ox* basaltic nio., ... has followed, and in the

!*asssn region alternated ^ith, d^cites ,md antlesitee.

10. .4*

chdr&ct«ri^tic ptumocxyst mineral© of iit» Lucian 

aro sunus^rised in tabl« 4» *GV are cloeely parallel to 

thoae of moc=t rooke from th« lf«ss>«r .vntillee, itl though aphyrio

f which outcrop in the £oufridre re^iori of ^6. -uola, 

t to b« r?tre In the ".;©et Indies as a whole. Basalts un3er~ 

saturated in silica, of the tyjpe described in Grenada by 

Harris on (1096;, towsve mot been founa in ot. Lucia, or in other 

islande of the Lesser Antilles except Grenada.

the arj-.'ieaitee i^tid dacitea, th^ ^rsjttoninr-nce of 

or fcrroh. athcne us :, . ..-..,.. •jilliAtor 

ned pla^ioclaee, ad the -'bt.ence of ortnoclase and fe".

characteristic of all t^w .^efeser vvntillss v®»&« croix 

1904, p.601), 5i6 of Kisny other eulc~alkaiso provincee. ,u
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occurring ae laxgtt •«- 'ral bipyramlda as well afc rounded 
xenocryists, is asore o®at&&tb i& she acid lavue of me ^ou 
region than In nost oth^r centres of the i*eefcsr .J&tilles, with
the sole exception of daeiies fro^ the Pi tons <iti Oarbet on
Martinique, .uarta phenocrjt5 ts iiad xenocrjbtGf tiiou^Ti virtually

iroia th* ^acitts or Crtit^r L^kc (.illi^KB, 1942) »

t957, p. 134)*

The compositional r^-n^a of the pl-mgioclit^e ph*»ocryets 
t« Hi\KJia Is from &&& (js&xiBmait oore) to ubout

no «8aoGiutioB of fcht> iia
rich r^lepyr© &ith the most basic lay^s, && found in 
tia^Mid plutonlc i^xxeotui rocks, exemplified by the S 
intrusion (^ligsr and I^««r» 1939)« So &Rorthite-rioh s coarse-

blocks #ero iouiid on Dt» ^acia, although tiiaae ar® 
common ia f>everui i&la&de of th© i»€8^t?r Antilles

.-*.

fhe range of c-rt ho pyroxene compositions in lavas of 
^oufriere ro^iu«, fro& ^B52*38 t *** slightly isors iron rich 

than other recorded vluee .from the Lesser Antilles. In 
£&t for eataaaple, Bak^r (1963) quotes compoeiti^ns wh 
;e mainly from ^g§_£0* --1 though in one ^naaeite 1.,. 

coned orthopyroxene of ^7^59 i» reported C ,-r 1963* p.120). 
In the iuVae of Hakone volcia&o* Japan* Kuno (1930, p.978} report© 
**a continuous reaction eerloe at le^et froa ubout ^^Q to about 

, the later-foraed ^emb«rs beinc acre ferriferous. 11
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presence of iron-rich eflMin&tORite in dacite 

from £t* ^uciti provider *>,* first knovm occurrence of this 

mineral ir the Lese^r A£till#« v though it© presence in unaeta- 

aorpiioatd duci&o lava from a few localities in t u ha» been 

previously fey Eu&o (1938)*

Biotite, tvr i*iu*v, is relatively coaaoti at* rhenacryr ••?; 

ic the «acit<sa of &t« ucia, is nut found in '^^ja^- other local­ 

ities in the li«s&&r Antilles* It i» not recorded fey Wi 

(1942) In dacit^s Xroa Crater Iakc f nor fey ^tmo Ctj50; 

phenocry^ts la a^cit^e of li&fej&e volcd&o t Jftp;un 9 air >h ii, 

the latter locality it f®rs& the only mafic silicate mineral 

i:, tha groundmaea of th& Koet aoid d&olteB^ In .this context » 

K^ufi > (I350 f p»9B2) com*icnts upoa the association of biotlte 

with Mineral ^tieeBb'i&^e ^hioh "*.,. , r to have been formed from

tQ« . .5*

Uhe »o®t noteworthy petrochemical features of the 

reeioG, ^t* Lucia , are the richme«» of ^i^2 

to the oVi&r aeee^r AAtlllean volctmio c^ntrs© (Hg. 3^)t and 

the high content of KJ3 relfAtiv© to wo3eld»wide calo-^lkaline 

voloanio suites (aee Fig* 29)* '"he rocko of ^t* ^uoia are 

relatively rich in alumina b; vforld-wide 8t^ndarci» t alt 1 ii 

they contain leea than most other islands of the Leaser Antilles 

(see eection 8.2}* Thus St* buola contain® rocks which show 

closer affinities to the tholeiitic iaag»L type than aost other
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eX*«aer ^ctillean ielando, and the apliyrle basalt c of th 

Seofrlerfe region (see tables 16; a#« s*»^y tteoleiitic* 

»phyric lavae occur in the ielasd &rcn of Japan (Ku&o I950 f 

p. 1004-5) and the South andwioh Island® (Tyrrell 1945, P»95* 

amd Tttble 8, column 3| and eturra&t

lava® from 8t* T»«oiu t except the aphyrie basalts, 

cloeslv related in both chemical and oiimralogie&l co®pa- 

sitlon to the bjrper«$thenlo merits of Japan (Kuno 1950, p«994)« 

The aphyrio basalts of St* Luola 9 by contrast, show elo^e 

affinities w u i^eonitlc series oi A.UJIO (»«« ^ig» 2?) f who 

"beli^Tee that thl,u w.>ri*» represents primary, tholeiitie «ag»a 

and its. differentiation products, uncontamin^ted by sialic 

material (Kuno 1950, p»994)» thus, according to Kuno's belie fe 9 

thare is no evidence ir^ wt* i.ucla for pure differentiation of a 

primary b^aaltic @a|^a* Ktmo (1950, p. 996) also eawaente on 

the field distribution of th« two rack series, snd obeervee 

thats *Th^ I.,,'. - ">jw .,-nio rock serief ;.,. •;* to aessociate with 

the thick deposit r x.% geosyocline . . * * , whereas the 

ii;ic rock series predomlnatefi o^^r the ^yperetheBlo it - 

voleaaic suites eteirelopod in the area whioh has sot un

@abside&oe*^ Ifi t. Lucia, tu« tholeiitic lavas 

on^ the oldest eatponed rooks,

In addition *y ^^ eoaparieons which haive already 

been aade with the Japanese and Caeoade petrographic provinoee 

(aee section 8>, ta^ lair^K of ^t» Luola are e he mi o ally
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to c&le-felfcalino euitea d«®crib«d from isluiil arc volcanoes of
the r.uriles toad Kaaehatka (Kftrkbi&i** -.~n-- ^^^inifcoy&f 1962,
p.429), th« Aleutians (%«re, 1961, ?abl@ 1i Goate, 1952* p*49B),
Indonesia C .... .., 1963, p*428), who ->outh , attdw.lch Islsads
(Tyrrell, 1945, P^IOt), and the Aegean (Davis, 1957, ;-o4)« 
,,v^*^i; cu@miaal compo^itiont: of l&vae fro^ aoa© of tLefte pro­ 
vinces are shown for ooaparl»on iu *?abl«© 16, 18 tind 19* It 
can b« fl^en that whilst rooks elae£;ifi«d as andesit^s (fable 18) 
on -"-u -ucia art ryl-itiyely aoid ooaparvd with otfc-r rrovlnceB, 
the diacit*6 (Table 19) frois St* Lucia contain ooB«iderably leac 

aore limu than tfio/--* iro,n tev^rai other areas*
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APPENDIX A. 195.

NATIONAL PHYSICAL LABORATORY 

Teddington, Middlesex, England

REPORT
OR 

RADIOCARBON MEASUREMENT

7 OR: DRPARTMENT OF GBOLOGY AND MINERALOGY, 
IWIVERSITr MUSEUM, 

OXFORD.

1. LABORATORY REFERENCE: NPL-79

2. DESCRIPTION OF SAMPLE AND
SOT REFERENCE: Charcoal St. Lucia Sample L706

3. SUBMITTED BT: J.F. Tbmblin, Esq.

4. DETAILS OF CHEMICAL PRETREATMENT:

Boiled in 1> HC1 for 15 minutes 
Boiled in &> NaOH for 15 minutes

_ c-14 Activity of Sample - 0.95 Activity of Standard5. ac « —————5755'iSU^ty" "'•"-^^—————*

7.

*10 ±1.2

6. STANDARD USED AS REFERENCE FOR C :

National Bureau of Standards, Oxalic Acid C Standard

° 12 C 12
= /C of Sample - /C of Standard x

^ 1 9/C of Standard

8. STANDARD USED AS ULTIMATE REFERENCE FOR C : 

University of Chicago PDB C Standard

-26.5 ±1

DATE 22nd July,

RBPBRENCB C«6lf

G. B. B. M. SUTHERLAND

Director

A L+tormtory CVtgSMtf or R+ort mty not
Jkttrmct hat

M* " ' mWH. emml^ct 4 m r*^*+ i^^^^w |
m mntHuhtm tk» Dincttr.

Applied Physics Division
ftr Ou publication of at
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NATIONAL PHYSICAL LABORATORY
-2-

CONTINUATION
of Beport on 

Radiocarbon Measurement

9. NORMALIZED C 1/4> ABIHDANCE (A):
r 1J < H Ar1lf* Sc14 - (26cU + 50)(1 + ——~) = -992±1.3

1000

10. ACE IN YEARS BEFORE PRESENT (BP) A.D. 1950: 39050 ^1*230

11. NOTE:

The precision quoted in 5. and 9. is thdt of the physical 
measurement only and is one standard deviation.

The half life of C used in the calculation of the age 
is 5,568 years: see Nature, 1962, 195

DATE 22nd July, 19«f G. B. B. M. SUTHERLAND

REFERENCE C.&f ^ ^ ( l*,^

for 3uperiitten^nt/tjplied Physics Division

(MI4) Wi J1728/1692 14m 12/62 CJ.W.B.Ltd. Gp.MJ
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Method of Tftnulometric

The p/yoolaetio ©ample, of which about 1 fOQG &. 

col looted, was quartered to proiride a tust eaaple ef appraxliaatdly 500 g> 

th* latter was weighed to the rio&rsat gram, and proved into the uppermost 

of a nest of 10 sieves* etaofc&d with th« taeah eia© d9er«a&lag ^omnmrd. The 

eiovac ar* 10 in, in diani«t«r t ccn struct ad of doubi-3-criap«d \n?asa wira 

with a^^?a apertures (to B* ê » 4K>/43j« Uape bet3&«n the o»eh nmgtt froia

to tha

»aaple «a« shaken for 15 nlnutois In an electrically 

aachins, in whio& tha fti«V4et ooverftd fcgr a lid &m

&& frhakert b^ 21 fl^who«l whio': ie

about; a vf>rt,ic«l tuti-.. '^t^i&i -p&oeini: through th«

finest sisva falls down an encjloaed ehute and is ooll acted in a polytfe©ae

optiama shaking tiaie ie on* whioh is lout aacmgli to 

efficiently each alse fraotion (the fin*r frftotiorts >?6r« fotind to

owl/;, out net so long as to cause •3»o9@i7e abraaion of larger, 

iusps of soft puaio^* To determine thiis, oarperiaonts 

tso topical eacijpl^Sy of which ths f!raotioxui retained b^ tha diff@y«it

»ot«4 at intsr\ml® of 5 «i«ot««t i««* aft&i1 5? 10 9 1$, 20 

fh® finar ftaetioua w®r® a*amin«d cdoi^oeoosjioiill^ fter efficdefecy 

of parting, n 1 the eoiufMar f^aotion« were «£ftaiited tsgr «sy« for extent of

options* ahakiiig tia« wa« fcun<J to be 15

tho f3?aotion« retAined by each sieve were weired 

to the neareat gram, nnd reoaloulatod as weight p©rc«ot*«»«« Th* total 

weight of th« aa^arate fractions normal ijr fell adihin ^ g« (- 0»4>) of ice 
original aaa^le weigfet,
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0.

ggthod for tho datoralnstion of JaO

oolutioiMi ar<a titratsa using the rw&aate deecribad by 

» p*289» 292), bat oa^Ioying tfe« principle of Qf»8$ari@on with & 

solution a ft or the a*tbcd ef ftil«y (1$58}» '^itool'a ^^ei* au in v^ 

Ms d«acriptlcn of the method i* hlgjilgr abbreviated, -or

it was r.«oo«8ajry tc adjunt the nty««gtka of tha fttandard ao luticn 

a full d»«oription of this

water i* uaod throughout* 

10 ml • of solution B (unknown rook ftolution, p?€Epftr«S ft« tyy Hiley, 1996)

pi pat tod into ths titratioa ^akop* 

5 •&• TricthaaolaJE a* 7*!^ &r« added fro& a tilt aaasor*. fhis r«^«

the 1% and fi«

3D «1. d*-ioniaed watar ar« added fyeci a tilt awMure* 

10 tal. 10| K«OH are add«4 frora & tilt &0&&2T9*

file uclution should no 5? have a pH . 13. It is no really mffioiant tc 

onl,/ on« or two mo£tl«e in ft bet oh, if Identically praparad* If tha pH 

below 13, Al int«rf*r$s in th© titration. At f»M 1^f & floooul*wt precipitate

Of Mg^QHj^ fo^^> wbich abeorbe « small amount of the indicator, out other- 

wiee doae not

o* 10 drops ny* added of the indicator &SSX (Fat ton aad liwdar'o

as a ^' aqa«cus solution, to *hioh f# S« :;° O1P
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for the dftmdttfctior of

of U is the uwthod

;,&api*o and Brarmoote (19^2, p. A 3^* 36), which has bo«n aodifiad to

the priitciple cf ooaperioc.n «dth a etandard eoluticn sftar th« aaft&nax' cf 

Ml«@r (1958). The ,»»iJl;itr«itcr (with filter 60S) «md EOTA wlutioti ara 

ca for the Oa titraticn, -"fh« ir^iicator la >i*ohr«39 blaofe (o, 

in alcohol), which &hould be p?$$ar$d fronul/

JH

10 ml* of acluti&n B

into

re ok sclution^ p , 195^)

tit^tion

5 «tU of 10^

is allewad to

solution

ftor 5 «in*«

50 ml, of 4«*-icni»®4 i^Ltsi1 are addsd from a tilt 

3 £tl, of coraplsxLng acluticm ar« add»d frora & tilt

KCB in 150 »!• water, and

*dd«d«

* This Its 

100 ml, of

tri et haaol^aiae •

30 ol. of Imff^ solution (66 g. WH.C1/500 al* H^D * 900 ml* 

8H.OH) ar* *dd«4 from A tilt e»a«ur«*

c. 10 tlrope ">riochrcmo blaok (solution in aloobol) are added, 

Titrate «it% B^?A 0*0033P te pure

standard solu^iea is dissclviag eaaetl^ 0.1206 g. of

ir* » f«w ml* of lilut* hydi^ohlcric acid, and diluting

te voltaw in ft 2 litre velusfeatrio fl«g|t« thi ^ ;; aticm is to

to »1* of th* atandmrd oclutiojj ar« titratsa id^ntioally to eclutioa iJ
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CAIX2UUTICJ8 Of

10 nl» £# 0tan4ft#g contain 0*001

Lot 15 ho tho quantity of I^D ia tho solution B aliouot

Henco * ***** ~ °a ****•' „ *

titr« 0*001 
And 10 al. solution 8 eontQirj 0.5 x to . 0*01 --^ rock.

500

M x tOO 

0*01 

0*001 x (aoin* 5 titr«* - G* titre*} it 100

0*01 

10 x (soln* B Utr«* - ^ tit***}

titra 

(. aclutlcn C of

•* Uley (195S) ®tet«v tfeafc acGcrdiru; to hio Sbtthed, 1^ of ^rtO in a rook require ft 0«3B ai, of KT/TA soiutioa HDT its t it rat i^ a in th« a«^ao«iufii titratlcn. In the i&tvtliod ie scribed b^ tho pr«««nt writer, th« »olght of the jpcofe (0*01 g*} In aa sll'^uot fcr tit?^feioni n»d tho strtsa^th of tho SI8?A solution are identical to thoao u*«d by Eilojf* ?bu© a eiiailftr oorrsction, of MaO£ x 0.36, shculd bo «ubtr-ict«<l froci tho ^0 total.

pi" the .-aothc

Tho Dtein Adhrantft^os of tho iaothodv,> hero .j«-,-cribs-i over th

by Kilo? (195&) «» tfe«tt 

1) Tlwor ar« twioo as r»pid f since th«3r avoid the tiato-cHmsasifig oart«iotion 
of intorfering ol«ao«t« «ith ehioroloj«f «md

Both tityatlono emu ho «8id« u^itig tho Quaatitmte* f thuo aireldijaet in tho
titr&tioAf tho visual datenaia&ticn of tho ondkt>cint uttdor ultra­ 

violet lif-ht, which w«0 f&y£u3 toy tho yrosant author to give IOM»



uo
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of 8ti@ct:r©ffiipktQ ^

detaiint

Hil&er larro, automatic, qa&jrt* »nd gleam* 
Littrow

QfTXOSs *ro 52 «a. from *lit*
6*5 <sa, focal length «£>u«rio«.l la»e 41 «** fro® slit*

3D ca, fooal let^th spherical left* 12 on, i'pora slit. 
u fooal length spheriasl 10ns at tli« slit.

rotating scoter at th 01it 9 2$t ratio, 

LLIT HK£O^Kft 11 MN 

ABO QaFt 8 an* Central cj mm. of &ro femtegad onto the

optical 5*&/**m at 3000 f and 13 A/am, at 4000 t.
Glass cpticas 4.5?/«* at 4000 1 and 35 $/«•»• at SOOO t.

rod*,
6.5 a«8. in diameter, 'aectpodc oavity wither 2j r 

or 5 x 2| atfta (B*1) ior depth x di«a«ter. 
frcna 5 wss. diataet©* ic -^anito carbon rod*

adnut^s tank dev^lojaaant with Jlfcrd I,B» 2 d*v eloper 
at 20 C. 15 seconds stop bath of distilled watar. 
10 sinutea in fdyFaa Fix*}?. 3D @iimt«« wash in sink.

VOtfAOls iW wlfca i».C. OB Oimy

0 to 50 (clsar piste) « 
takan adjaoeat to analysis line on uafilt<^<id step*

method, franmsir.&ion v««ding« ooo- 
v«rt«d to arbitrary intensity units gnpldealijr 
a S0id«l f^aaQtioa plot.

ccjz»3ont^aticn in p.p«Q« '-**—* -— •»— ensl ^ tt

intend ly intarnal 
*td*

volatile runs u^iitc #* a^ rariabla internal atandardi
int«i«ity unknown

^ intensity Ha line 

in triplicate.
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SSTTUKSS FUH JOIISi

level engtk

lit width

Current

Arc ti««

Plat**

Lines read

ffi.tgavlol.frt 

2470 - 3550 £ 

quart*

0*01 am. 

6,0 amps. 

B-2 

to completion

Crdintvy 
S.3D

3258.8

3850- 5480 8

0*01 am* 

6*8 saape

to oorapletion

Ilferd

4600 -

0*02 OBI* 

4*4

to end of alfc&H

Kodak I.H.8.B.

•'"i^

T

C*

Hi

g*

00

2944
3185

3274

3414*76

3438

3453

ri-4 %/vcft ^ J *• Ql .S^fjQ^ *WS

So 4246

Or 4254

La 4333

8* 4607

Sa 4934

u 6707
a^ 7800
21* 5666

«jx ion «JID

nltr&t« 2 port a to 1 
(per

rook
»*<&)

aots ee Internal standard

FOB A1K&13 -tUKt vook powdor is aroo4 seat.
Ha (datartained ind«^««<Jofltly ty flfttae photo»«t«r) is

ae variable intoTiK^l standard*



06U

puso

jo

*f 4

•d«

•t

€ *9^**4 *

€96*i

'f
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