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ABSTllACT 

••• E.:-;po:::cd ciikc:.:i and ~;illn trend.inc sotrtl11vost n11d l"'OUGhly pc:rpondicula;." 

to the p:.."'il1l.'.ll-y KcoL'.lu rift ~on0 in th0 ~aia.ln.o-Palolo arco. of Cl.'.lhu aro 

hyporGtl:cnc-boo.ri."l{; tholoiitic besD.lts 0 intrusive equivalent::; of tho • ba::salt la.v~ flc-;.rs of th0 l'~oolau Serio::: o Thi.--i soction studios of 26 

intrusivos .from this urca 17 including 9 modal point counts, were carried 

out.. durinc; J·...u1e-I!ovc:nber11 1967.. JJo Honolulu Sorios intrusives we1""C :found • 
alleged ~econdary rift of the Koolllu voloanoo BoW~"Uer ru.1omaly ll".ta.ps show 

no indic~tions of substantial int::Fll.Sive bodies along the southeast • Honolulu Series tronds 0 so simple dike feeders a.re inferred. 

I..-ritrusives studied were typically porp..liyritic with a fine-grained 11 

.... • hypoc:z-yst.:l.lline !'catrix~ commonly interse:rl.c11 in the coarser centers to 

hyaloophitic at chilled ~argins~ No nephelino~ melilite l1or phenoc?"'IJ3t 

augite w.'.lS obc01""Vodr1 Olivine w.:.s loss thrui 5% of moCJ.l volume except i..""l 

the \rJaialc.enui 'bud.~ lab.r.?.do:rita ot: intermodi~to composition occurs as • phenocry3ts~ nol'lll:llly zoned11 and matrix laths with clino~oxene and 

oroc~ Proportions of augite and pigeonite could not be deter.mined due 

• to tho cmn.11 siz0 of tho crystals and their abunda.l1.t. inclusions of 

opo.quo :m:inorals, RofJ:-.::i.otiva indo.x of tn.chylite in chilled margins 

indicates uppro.."tlm.::i:\:.oly 50~& silica. content.~ 

• The surmostod c:rystalliza.tion sequence is as follows a Olivine 

formed o..~rliestQ occasionally proceded by minor maGnetitos orthopyroxono 

and plaeiocluso nooct, in close Association~ with procodonoa uncortain~ 

Orthopyroxcno scpo.r.:.i.tion connes befors g-i"oundmass fo1'mation, but 

plagioclase COntinUOS to Cl"IJS'tallize ~t increasingly nu.morous nuclei 

• 
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T:10 rc::r .. ::li .. "l~"lg .fluid fir ... :.lly conr.;.::tls to 

·~ d'.:'..rk fa:cr;m t.:.chylit0 :r·n. ed. tf.1..th o:"c dust and ir.cipient c11nopyrcx0no 

Tho i:::odal count. indic.:i.tes .:i.n inv::irse relation in abundance of 

• cJ.Eopyroxonc to o:l:'.'t.'lopyroxonc,,. Furthor data arc needed to confir.n this. 

docp1to tho int::L-n.:::.cy of m.:ignotite ·with all otha1" major species presont • 

• O!'thop-.froxo:co and pla.e;ioclc.00 are commonly associated i.vi. 

glo::orocryct:. v:hich mny EYVontoolly b3 use.f'ul as a basis to infer flow 

p::-op::ii..-tics and cry::rt.all.izatio11 scquonces in xr..:ign:a.s during emplacement • 
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SK.LTING !!lJD PROCEDURE 

I:-rtru.::livo b dioo in t.J10 leci··:..ro slope of tho Koola.u. fun::;o, Oihu~ 

ll.:'..V0 bocn cl'.:om1 to outcrop nlong trends clo.coly po.2\'.lllcl to tho inf erred 

sccm:d::i:"'Y :di'·i:. zonos of Honolulu So?'ics volc.:.:ucs (Wcnt~mJ."i"..1-i and Jonec 11 

l~.'..:-0 0 P• 931)0 The Kt.nu rift~ ::;ubjcct of t.1tl.s ctudy$ i-rao hold by 

H:U.1choll (191-.~7, p.. 19) to bo E'..n ur:.dordoveloped pr:lln.:l.ey south rif'-1:. of the 

Kocbu volco.noo Fom:- distinct Honolulu Soriea vents occur clignod 

S 25 W fro:: f.a.au Crater throuGJ,'l ~'.ciu'Utl"..no Ke.ir.ru1d s.nd D:iamond Head. 

Scvo:::-3.l othoz- :;itos on "rlndward Oa.11.u suggoot the continuation of tho 

Tho~ con.:ipicuouo in topograiX>.ic ~"Prossion, the Honolulu Sorieo 

rift.s do r:ot seem to cont.rl...Tl substa.ntie.1 intrusivo bodies. A P.ouguor 

c•:::vity ~o!r..aly 17'..t.p of Orum (Str.'.l?lgo, }~chezky and Wool.lard., 19650 

Po 351) clc.:i.rly sug0octs concontl'C.tion of high density :matorial along 

·:J10 pl"':lr....:.:cy nort .. liiro::d:.-t.rondilig .Kooleu r:Lft. This anc:.naly' :P..as boon 

i:nt.orp:~:.-t.od a..:J a volcan:l.c plug (.Ada.."W and Furumoto, 1965, P• 296). The 

r...oko g l'~u~ TanUW..us and F.aiku rifts of the Honolulu So:rios chow no 

cori-0:::pon.ding Bl~avi ty ef.i"ccts o The f oodars of the Honolulu Series 

c:r-..iption:: t .. °!Lu.s aro proba.bJ.y simplo dikes. 

D.l.ko~ :-vi ·t."le fulolo lmd hra.icl.a.onui Valleys connistcntJ.y strike 

a.long tho I\.uc.u !""lit or p;lr.:illcl to the prir.u:i.cy norihwost rift 0£ the 

Kook..u volc.:i.no. The e:....'Ploito:tion of this alleged Kooll\u zone of' crustal. 

"i!c.::.knoco by hichly fluid Honolulu Sorl.os eruptives suggost,ed tho 

po:;cibili·~y .i.::.h.o.t oczr.c of the intrusives now exposed in the dooply ii"lcisod 

Pclolo C!'.d W~ .. onu:i Valleys might be derived from these late-stage 
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~.::.: ·~,;.d cf t..1.o lbm i~ift;) Outcrop r.~p::s prop,'.ll·». .. d by Stc::irns (1939) and by 

l:G~·~·::.~ :o::'L.'l c.r..d Jonas (1940) indic.uro c.pproxiln.c.toly 100 int:ru.oivo bodies 

loca.tcd in tids c.2-00.. &."})o.~:n.u"'Os soldom exceed 20 faet 0 hoirovcr, and nro 

often le~s tht:.n 10 foot. The ma1--lood ~rullolism of those outcrops 

coc:.:-Ccncivo u:ntlor t.~e m.::u~tlo 0£ soil ar...d vegetation • 

F'iold work occupied J6 d.9.ys in locatingg w.a.pping and s.sunpling 

in-'crusi vcs in the Pukele (west ) and Wa.ic..-w.o ( e::i.st) branches of tho 

ftlolo Valloy ru:1d in the wm.cl.aenui Valley. Dikes were srunpled e.t 

I.o:;~tions w01"G e~ta.blls..'tiod 'b.r Brunton compass, using utility poles 

c...'l'ld powo~ line::: as re:toroncc., The orlg-bcl pl~., was to use outcrop rr.aps 

of p1""'ovious workci•.s es a guide to dike concontrotioiw. Hoo.vy vegetation 

and r-..rg~od t.opogi•.o.phy prv"V~entcd the pi ... .:::cision in loc&t.ion necessary to 

u:ti 1 ·i zo ·U1o~e aids 0 however 11 D-lkes w-ere then sou.cht much as a. rc:.othcr 

m::ri:.c::. .. ·inJ ~ c:::.sily reooguize..bla a"1il.ong t.lie st.rerun bouldors 0 were traced 

n~tro.::...m until thoy notab:cy" thinned or changed chara.cte:ro Talus vre.s 

tho:i pursued upslopo to the outcropa Dikos and sills totally obscurod 

by v03ot.ut:ion were found in t.lrl.a 11'.:ir.."lero In most cases it was 

.1-apos!:iiblo to detormino 1m0thcr eA-posuros located in this study 

correspond to thoas mapped by S~ and by Wemtl·rorth and Jones o 
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'Iho i:.hro0 ridc;oc ,,djo::X...i11a t.ho Pclolo nnd v!.a.ia.la.omu. Valleys wo1~ 

C!.1:-;o o::pJ.orcd. Soil and voc;cte.tion co-vo1~ all but tho o::::pmwivo 'budsv 

• V .::i.lloy,, 

Tho vic::l.ni ty of l~u Cretar 'itiaS searched ·with. particu.1.a.r thorough-

ncss,. It;:, prwdmity to the pr:lmariJ Koolau rift and the nbundanco of 

• int"'..:tSivos c.lrondy r-..npped on its eastern .flnnk ma.de it a prornisinB site 

for lfonoluJ.u Sorice intrusive~. Tho exposed portions of i·'.auurnao and 

K.n.ir:;.uld do:no v:-ora cxm."linod (no dikes) and t..'1-ie rim and crater of Diamond 

• 
-· ' ( , • 1 ) noca no G:.L{os G Hitchcock (1900 0 P• 4.5) described a 00.sult diko J-6 

feet 1-rldo, str'lking N 500 W# dipping 80° no:i.-thcast on the southeast 

side of' 11 .. 1..amond Hec.d. He indicated an oxposm.~ of soverc.1 hundred .feet 

• and str-..tcturll.l relntions zuggo::;ting origin later tha..'1 Diamond Hozid ·t,u.ff • 

He hold it to rasor::.blo Kc.imuld ba.sltlto Wentworth (1926• P• 44-45) found 

two dikc:::i e.t thi:.:; location, one of thom varying 4 inches to 2 foot in 

• thiclaiosso 

A :.;carch of t.~e are.a :ln Augu.st0 1967, disclosed no mcposurao Huch 

of tho ai•e!!. hao now boc:m enclosed by :retaini.."'lg walls and other construe-

• 
'I'ho deep dicsoot:i..on of t.lto southel-n slope of tho Kool.au do!:lc h!ls 

• fom.ed o. ccrios o:f Dtoop-sided, sout.hw0st-tronding ridges with interven-

i1"lg vtllcys concont?ating drc.inage :rather .'.l.bruptly in the uplar..ds11 The 

de!i!c consiots of lavo. flows, US\1..tlly 4-12 feet in thickness, dipping 

gcntJ.y sout..liwm'd il'l ti.'10 area studied a.nd showing li ttJ.e evidence of 

wca.t.lio.r-1 ...... 'Ylg bcti.."Oon flows. Tha texturo va.rios :f'!"om coarsely vesicular 

• 
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!!one w;::is .found to ha.ve 

b~::::1 filled by int1·•u.:;icn0 ·U1oue;.~ ouch fillings lui.vo boon oboorv0d 

.D:ikc3 commonly into!'scct tho .flowa at high angloo, near t.'1-ie nort""11 

to tho flo1s pla:r.o. Of tho intru.oivoo observed• 13 dip loss t.l-uin 61', 

ho:1.:r'.rcr0 ar.d five wore bolow 35° • Dilro trends a.re commonly near 

S l.!:5-.55-:>w ru1d S 40-ScPE, but ~17 wid0ly. Umi~d oxpo3uras preclude 

c.ccur.::i.to C.otormi.r."'lation o:f dip in :rr.nny dikos (sso Appendix) • 

Tho dike fioau..""Os appear st.ructurcl.ly continuous across numerous 

s~bj.'.:.ccnt .flo~ra, ioe'" 0 the system of nows ho.s yielded as a structural 

tL'litv Evon m:ic.11 dike stringers an inch or two thick seldom give 

o:q:il"'o.:;3icl1 to structural. i."ldividu.tl.ity of flows. This i."ltogrity of the 

now syot.an ccmplicat..es the intorprotation of intrusive bodies whose 

l:lr.J.:!:..cd m.."Pc:m .... ""'O dips a.pprox:irr..!ltoly trl. th the flows o Dikes <ll.l"e occasion-

cl.1y four..d lrlt.h low d:ip~ in o.n a:i::t.itude approaching t.r-.at of' the lava 

bcdse In such ca:::os, tho roL'1.tively uncol"'.solida.wd clinker botwoen 

flo>r:J 't:as not ob!lorvcd to off or a plana of woo.kness.. Thu.a the inter-

p:rot.a.tion of np~ntJ.y oonfo~!l".41blo intrusives as sill!! requ:lred 

c::trc!i'i.~ c.:::ution in ooso1--v1.ng the contoot, and o.fton rc.~.:b:cd in doubt. 

The dip:z of f"'vo intl'•usive::J tontativ0ly ident .. i:f'ied a.s ~ills ranged 
0 

5 -14°0 

V.a.l"iations ~"l joints 0 banding mid vesiculation hti.ve beon related 

to d.opth o:f empla.ce:nont (Wonttrorth .'.JJld Jones, 19400 P• 990-995) i."l 

tho.:30 loc.mrd Koolau intru.sive3. The comparatively limited field 

obse~"i.~tions of this stu.c:iy support .!Gha:tr conclusion that columnar 

4 
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joi:::i:.1.n:; in d.iko::: incrco.::ic:: itl-i:.h. depth of cmplacomont. Fi-oportiol"'..a.l 

volt:::.:c of vo:;iclcs :1.n tho intru!Jive rock did not socm to clccre.,_se at 

lo:·rnr ol0'7<'l .. ~Lon.s, howovor. D.1.ko::; .n.t tho ho.:id of tho 1\aau outlet strcrun0 

:foi· ox ... ""Unplop avorn.god 2% vesicular volume whereas thof:e near its f'ootg 

.500 foot oolow, nvo1"3ged app1~oxi.vnataly the sruno for one group and 9% for 

another.. Tnesc comparisons aro based on center srunplas from tho dikes. 

Admittedly~ the sn.Yl1o dikes proba.bly ware not being sampled at both 

elevations~ a qualification ~i~ich may be sienificant if the intrusive 

rnc.to1"io.1 va1 .. ied considerably in gaseous content at tho ti.inc of emplace-

:n:onti or if soma dikos f.n.iled to resch the sur.fa.co of the dome, trApping 

t..'1.ou~ volatiles temporcrily o Boc~use the sU..."TOunding rocks are quite 

porinoo.ble end show no marked ind:lcat.ions of rnet.aso~tic of£0cts, trap-

ping of gcseis seems unlikoly,, 

Dikes ranged in t.hiclmess from glassy stringers a. fraction of an 

inch across and lensing out complotely, to a dense. l'?'.assively joint.ad 

holocrystalline body 78 inches wide • 

fo.bn:x-1".torv Procodura 

At least five t..'1-iin sections 'W'Sra prep::ired from stll'!'lplings of each 

i11trunive111 A general petrographic description of ea.ch intrusive wa:; 

thon complotedo Nine modal nncl.yses (1000 points each) wore porforrned9 

including two on different thin sootione of the same dike. Po'tl.'lisred 

~c..~ples were prepared for e.ach intr-1.lSive and oil immersion studies 

conducted to dete1'r.lino oomposi tion of feldspars, f erromagnesian min-

era.-$p and into1~stitia.1 glass(;) Composition of ?l".a.trix feldspar was 

dote?'T'..ined by :rr..md.mum extinction angles of microlites" (See Appendix 

5 
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'i:'ho d.il:oo and ::;:1.llr; of t."tlc arc.:i. nro typically po1~phyrltic with a 

co~1·sor centers to hy:tl.oophitic .at tho chilled xr..nr[f.i..m.. fhonocrysts 

co11ct.ituto 1-4·0~ of the rock coru:;istine cf oliv:l.n0f orthopyroxono, 

pkciocl.:lso ru-1d 17 rarely~ !"..agnetite in itldely varying con:.bino.t.io:nse 

Oliv:L."10 cor:lpl"'incs 1-45l of t.i-io dikos ru1d sills~ -t.houg.1. occa.siorll.l.1.ly 

it W3.Z not. obsorvod in ontiro scctio11s. It. may constitute 20;~ by volume 

o; t..'-10 Ulrgo_ .. intrusiv0s11 Cryst.D.ls r~.ne;e i.i"'l size from rn.:i.trix grains 

.. 02-0 .. 1 rr:n cc:-o.:;n to ph0ncc~"t:ta 3.0 mm acro::;s. lndi"1tiduals 1.0-1.5 nm 

lo:n;; axo co::.mon'" Y-indic0s of l .686-lco692 ir..dica.to compositions in t..11e 

rl!..vit:0 Fo30-850 Idd.il1e;si·C.o rlrr.s arc common, but aro generally not woll 

dovolopcd <?J""ld .froquo;1·l:J.y do not c.pperu."' in an entire section. They 

rr.:aniiest no rola.t.ion to crystal sizc11 In t..lio ~·:b.ialaonui bud t.1-ieir 

fo::':r.:lb.on w·n.:::; mo:rc ~dv;:u:.:od, nomotincs coru:uming ontire hrge olivine 

p~:~onoc:::-ysts. Hcra~tito i'l.::.koc noraetinos appear in t.hcse rims in par.o.llel 

£!:.!'j. .. :J...'1~-cr:.cnt. or wi t.li t.."ieir long dimension no!"r.lal -to the olivine ll'.nrgins • 

Pn1--ts of those rims sho-:.dng vcri.able coloi"D.tion have indices con:::;idcrably 

tolow olivlne, po1~naps an altoi·ation pl'oduct of tho ollvi110 (serpen-

til:o?). 07c.r&-•o-;rt..'1s o:f pyrcx.cno ara rare and wo:re not obsezwved to 

c.ccc2p::.r~ iddine:Jito., Sooond generations of le:te-grmrth olivine boyond 

idd.inGsito rix'.s do not occur. Soma olivlno phonocrysts aro euhom·alp 

espcci.n.lly in dike l!"..s.rt;1.ns ~ but :more commonly rounded or doopJ:y embaycd 

cr';y.:;t .. tl:J cont;rln :invc.sions of lato-fomed ma.tr:ix Ir.inorals and gl.G.ss. 

Infrequent corcc of oliv.l..ne in ort.hopyroxane p..~enocI'"'.r~ts have reacted 

tlmont. cc::nplotoly. long 17 very thin survivals o:f larger olivine pheno-

crycts sre common • 
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1 .. 690 ix1dicaJ.:.o compoaitions of En79-84• 

Oi .. tJ1op:.7ro:ccno phenocrysts comprise Ocil-6.5:,,~ of tho volume of dikos 

<:..:i1d cills~ U::>ually e:roeedine; tho olivine fraction. There is a.~ app.:i:rent 

i.nvo:;.'so :i."'alc:i::.ion bot.ween phenoccyst abundance of orthopyroxene and 

ground.TJUlss ~bu.."ldance of clinopyroxone in these rocks. 

T'i:lo oz-thopyi"oxonos are typically clear and optically homot;Emoous. 

In~lusions of nw.c,7lotite nro not common. .E:tsolution lamollao wero not 

observed. In thin sect.ions of .Ol:- .. 05 mm thickness distinct pleochroism 

t:as noted, fro;:i b:rm-mish pink in the fast direction to bluish grean in 

t.:1G slow direction. Ort.hopyrox0n0 phenocrysts also are distinctly round-

ed by l'ODOrptiong but are only occasionally embs.yed. They frequently 

form. cur.i.uloporphyritic clusters Alone or t-rlth feldspar pJ1enocrysts of 

comp .. 1..:.-able size, oft.en in subrndial nrr~gerr1ent. Some stand distinctly 

3.].XJ.!'"i:. fro:r:i such clots, however, as do all of those wit...11 olivine coros. 

Cli\r-:inc ph-::mocrysts <lo not entor &J..omerocrysts. Orthopyroxene pheno-

criJsts t·Yith clinopyi'oxono jackots rarely occur. This i::; the only assoc-

ia.tion of clinopyrox0no with the phenocryst phase and the rims probably 

fol"'.Glod dm"l11g the poriod of groundmass Cl"'JStallization. 

Foldsix:.r phonocl:"'IJSts nro evident in most. of' the intrusive bodies 

eX.'.l.!'1i;.1cd. Individuals 1.) -1 • .5 rm. • ., long are not unusUll.1 in tJ1e cur.zulopor-

phy.cyQ Y indices of la.560-1 • .567 indicate compositions An5,5-68 with the 

most frequent range 1.562-1,563 (An58-62) corrosponding to an intermcdi-

c.te ~brv.dorito . lllrgor phenocrysts show normnl zoning in a t.hin outer 

rim., Curls rod and pericliJ1e twinning are common, albi te twins poorly 
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O .. l .... :i lo::i::;. i•'.cc.aurcmont of microlito O"".;;.-::.inctio:'l a.nglos indicate.:; com-

pociticn::; of An.56-65• Total foldoP2r compriaos 32-50% by volumo of 

thoce rec kn. 01·thoclase and sanidine occur in r.dcropogm.ti.tit,c in the 

P ... lolo Qu.:i:rry intrusive .. 

ll.ug-lt0 w:it.h 2Vz o'£ 57-62 (detor.m:inad by Krunb ' s mothod) 0 pigeoni.,.c.e 

'i'-'ith 2Vz of 13-27 (dete:rF..incd by Tobi's mGthod) a11d 'subcalcio augite• 

(Kvno c.!ld Nageshima.o 1952, po 1000) w:it.li. 2Vz of .'.31-37 (Tobi) have boen 
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id01;.tifiod as grains o00.5-ol.5 mm across, but ir..dividu.als with measurable 

optical proi?0r'tios a..~ rare. Grains of clinopyroxene aro characteris-

tica.1.1.y pale broim9 anhodral and interstitial to the feldspars. Clino-

p;yTcxenos constitute 29-39% of the volume i..l'l these intrusives. Because 

they .:l!'O oo S1llll..ll~ inclusion-riddon0 and do not rnanif est dofinable 

linear properties~ composition of tho clinopyroxones re~..aina in doubt. 

fil?efrin~ox:.ce is difficult to obsor,re b$cnuso of the opt:l.cal effect of 

h:.clll:31o:ns and the s:m.all oizos of tho orysU:l.ls thernsol ves 11 which result-

cd in overlapping a.dj<lcont .feldD1Xl-l"S bolow 'the plane of focus of the 

rrl.crocoopo. The moot usof'ul dat:l. woro obtained by choosing crystals 

wit.h highcot a.pp:irent birefringonco a11d determining Illl\Ximum indices in 

oil i:r .. mo1•.sion. 'I"nis proceduro yields tr.ax:imum slow direction v.aluss of 

l.7o6-l. .. 723o \<Vithout bo.sis to dotarmina calcium content, th.case datll are 

:not sufficient to ostablis."1 the magnaeium : iron ratioe Judgments can-

not bo r.:.a.tlc, there.fore, as to the proportions of pigeonitGp augite snd 

pos:;;iblo int.crr.lcdia.te compositions in t.liese rocks • 

.Ang-..llar interstices in the groundmass are filled by amber to d.1rk 

bl'"o~m t;ichylite with index fro:n 1.576 to 1 • .588~ indicating a composition 
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•• ocr.:';)'.;,i.1:0s o:::cocd::; 80'~ of tho bulk volu:r.100 

fuct .:-..r..<l nl:clci: . .:'..l c:ey.:it..c.l:z: o:r m.agnoti to arc abund::mt in :lnte:c-

ct:i:C.icl gla~::: c.r.d :rr..atrix: pyro.::ccna, oft.on ror.dcring those ho~ts virtualJ.y 

• o~quo<> .Subordimto i.1r.lonit€l roo.y 'illl'U!l.lly be identified. Tho larger 

0111.i'iw::i e.11d ort.hopyroxcno phonooryots contain fow or no era inclusionso 

Sr:a.llcr (p:rcclll!l.'.lbly later f ormod) individua.l.s in the sa.":lo section include 

• ci.n im:rc=.sin'.; pr-opo1..i."'1on of those ores. Thoro is a. conspicuous a.bsonce 

of oro inclusions in feldspars. E.Vcn th0 microlites, ~-hoso growth mey 

bo :m.:.rgin.'.llly :1.mp.rlred by preexisting magnetite grains, stand out boldly 

• in ·t..'1.o ground:.nr..ss between pyroxon\3 and tachyllte areas overrun h'IJ 

abur..dc..."'lt octa.'1cdrons of Il"..agnc"l:.i to c.nd :flakes of ilmoni ta. 

l~cnetito gra.ins roach dimttot.ers of OoJ-0.4 :mm in tho Waicl.aenui 

• bud C..'1d actually entered ~'lo p..'J.ienoo:cyst ph<lsa in the Pa.lolo Quarry 

intl··usivo, att.:tlni.ne diruncto:r~ of loO mm in eovora.1 sections.. 0-..res ma.ka 

up 8-17% of the voluzno of these rocks 0 the mont common counts falling in 

• It is possible that ore content incroases with ale-

v.::.tion in t.hcse intrusivose Further rao&l.l counts would bo required to 

con:fil":i'l this e 

• Acicula.r apatite inclusions usually ll.l.""'G recoeniznble in l.D.rger 

feldspar p!1o::ioerycts0 ecpecially in th0 Palolo intrusiva a.nd 11hla.benui 

't".ld in which feldspar phcnocrysts e.ro psrticularly well developedo 

• Apn.tite no~.;o:- exceeds 1% modal volume. Hematite occurs o.s minute red 

or blL!.ck flakoo .along occasional joint fractures 'Where minor alteration 

" 
ms ·t.:i.kcn pla.c0111 It ::UDo appears as oriented inclusions in iddingsite 

• r ·iJ'l1s on olivil1e phcnocrystso Those inclusions are elongate flD.kes or 

• 
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shreds, bluck ::1.r. refl ected light. Toto.l homn.titG exceeds l~ of the 

·- rock volm::.;:i only in weathered W.l!torio.l . 

Vosicles comprise 1-10% of the total bulk, but may be entirely 

abzont from denser portions. T'ncy are consistently circular i..~ outline e 

• Traces of alteration products, mostly of low birefringence or 

isotropic and with indices 1.48-1.55 occur in vesicles and along 

infrequent. fractures and joint planes. These occurrences are too small 

• for critical determinations. Fibrous development often suggests 

zeolitos or chalcedony. Bright red and green patches and strips are 

probably palagonitized glass • 

• Na.ny vesicles seem simply to be voids defined by tangenitial 

feldspar microlites and intergranula:r pyroxene. Minor quartz was 

identified in Palolo Quarry roicropegmatite. Needles of tridymite also 

• are interg-rown wlth the alkali feldspars of this body • 

• 

• 

• 

. • 

• 
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COi1HENTARY 

.All intru::>ivo3 c ... .:mplod in this atudy ~ro dorivod from tholoiitic 

:r:u:..[j!'.ut. Tho diko;:; and sills are tholoii tic basal. ts in the som::e defined 

b-.f Ht\cd.onnld and Ka:t.su.ra (1964, P• 89). Olivlne is consistently less 

t.hnn 5~~ of "'c.ho bulk. This is in contrast to the more olivine-rich 

Honolulu .Series rocks. ~fo cccUl'TOnces of' nepheline, molilite o~ augite 

phonocryst!::, diagnostic of Ifo;:1olulu Series r.d.nora.logy, 'tii'Oro noted. 

l·::U-sir..:il c;la.ss in one diko con~ining only minor oliv:L"le as the cry­

st.:i.llino phase has index 1.576, indicating about 51% silica (George, 

1924, P• J65), which includes slight silica enrichment resulting fro.'11 

't;.'1.o s0p..1.ration of olivine. Another dike oos tmces of olivine and 5.0% 

hypeTs·i:.hone in a. gla.ss 00.siso The inde."'>: of the glass is 1.5880 indica.­

tL-,g about 49% silica. h'urnerous al'l31ysos of Kool.au basalts have shown 

silica cont-Onts of LJ-8-525~ (Wentworth and Winchell, 1947, p11 71). 

Honolulu Series ha.salts rango from J6 to 45% silica (Winchell, 1947, 

P• JO)o 

Tho po .. .:.rog:raphy of the int:.vu.sives studied here closely resembles 

dcscriptio:r.s of Koolau cxtru.sivos given by other authors (Cross, 191.5, 

Po 18-20s Stoarns and Valc:;vik, 1935, P• 93J Wentworth and Winchell, 

19470 P11 67-70). The greater v0siculation o.f the latter may be 

attributed to the effects of eA"'trusion • 

Aside from structural relations of material 1n placo, dike rocks 

~e dis-til1:;uishcd i'l'o:m flow f'rnc;ments in the field largely by tho platy 

oi~ cplintory jointing and lack of conspicuous vesiculation in dike 

l::1to:r:L:ll. Idding$ite rims are never succeeded by fresh olivine growth 

in tJ10 int.ru~ives oooerved11 Such second genai'ation olivine grovr'c.h is 
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cc·:i."T.on l".uw:.1G Koola.u e::trunives (Wontworth s.nd Hinchell, 1947 ~ p" 65) 

C:r-:1-;:;k.llization sequence, ~ inferred from toxtur.:il relations, 

:follo:.m., 

Oli~....no clearly cry:.:rtallized first, usually reacted with t.lio ~elt 

D-nd wns ::>lishtly altered to iddingsita, probably during concentration or 

upward migration of volatiles. Orthopyroxene and f'oldsp.'.lr folio-wed 

oli-v.ino llf'tor a conside:r."3.ble intorv.11.. In several dikes olivine pheno-

cryr;t$, alono in glass a.t dike l:ltlrein::>o "t-.rero woll developed. In somo 

rno.~gil1s thcsE:l phencci-.rsts WGl~ sharply euhedral, indicating that reso?""'r 

t.ion Md not yot bogun. In other dikes resorption was already well ad-

va.ncod in t..11.cco solit:i.ry p."1onocrysts .. 

The complicated intoro..ctions o:f f cldopar and orthOP"'ftOXeno cannot 

be cc11or.:l.lizod. A few intl"'U:3ivcs show unequivocal proccdonce of one to 

-tho othe .. , but contc:nporzmoous gro~r..h is t.'10 rulo. Ia.nor ore inclusions 

ccca.:donally a.ppo3.r in orthopyroxenes 11 but w0re not observed in the 

f'cldspa,.-s. 7his might ~uggest oo.rlior Cl"ysta.JJ.ization of tho feldspar1 

but the feldsp.:u-rongnetite o.nti!Xl-thy pe:rsists even to the fine matrix 

wxt01'ial. It a.p:ixirently is not a rolio.ble criterion of crystallization 

soquo:nco. 

~ ... horhor.ibic pyroxene could not be identified in crystals less than 

e2 mm C.C:i."oss D.nd t.lte limit is m:::utlly nearer .3 mm. Hype:rsthena 

crystall:izution appzi.rently cea.~es be:tore the groundmass period. Resorp-

tion ~ueeo::;ts an interval during which orthopyroxones were not in 

cquilibrlU!ll with the melta Such resorbed crystals often present their 

rounded s'Ul'fc.cas to intimate conteot ldth f'eldspt.Lr in glomarocrysts, 
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intorfol'ing wi t.'1-i growt •• "1. of' tho la.tter sufficiently to suggest that 

rosorption bog~.11, at least, substantially before J.:.l'le groundmass sts.e;oo 

Folds:rx:tr phonocrysts gredo imperceptibly into fine-grained 

m:i.crolitc;:;, indic.:iti.ng continuous Gepa:ration to a sharp boundary with 

intor~t!tiel glnss. fhenocrysts rn:J.Y be distinguishod from matrix 

mn.torial, if desired, on the .following basisa 
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Feldspars grouter than a particul3.r size, varying from one 

intrt.l.!:>ivo to another, aro in l"'a.ndom orientation or associated with 

ori:.."1opyroxene in glomcrocrysts • Sma.ller f'eldspar laths collmlonly, though 

not irNariably, :for.m subparallel flow patterns around glomeroc1"Ysts and 

othor phonocrysts. 

A s::r.D..11 quantity of ore may actually precede olivine in most of 

theso i..""ltrusivos, being, thus, t.he first solid phase :torroed. Octahe­

dronz of Il'.ae;netita and plates of ilmenite occur scantily in the ma.fie 

phenocrysts of dikes and sills. Host of the ore-r.dnoral crystallization 

belongs to t.~e groundnulss phase. In hyalooph:itic chilled borders a few 

rnar;.aotite and ilmonito inclusions appear in olivine, but ores in the 

r..argi."3.1. glass w0ro beyond the l'"esolving power of the microscope. With 

:more graG.ual cooling skeletal magnetite crystals grow abundantly in and 

across r.istrix pyroxene and glass. The .fine dust in tachylite imlica.tes 

sep,.raticn of the ore minsrals t.o the very end of the liquid plu!.se., 

A gap is usually evident in the sizes of pyroxenes between smallest 

hyp2rst.~cne and largest clinopyroxena. This p~obably represents a 

considcl~abla intarva.1 of timo, but also renects the change in conditions 

botwoon :roagm.::i. chi:lmbor or foeder and tho ultimate site of emplacement • 

Clincpy:roxene shells on euhedrlll orthopyroxene phenocrysts occasionally 

docu."llent a. more intimate suocessiona but this is not commonly observed • 
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It is not contended that emplacement occurred in every case just as the 

melt approached an orthopyroxene-clinopyroxene inversion. 

Optical homogeneity, and particularly the absence of exsolution 

l.1.t~ollaep suggest that orthopy-roxenes in these intrusions did not 

develop by inversion of earl:i.er-formed clinopyroxene. O:::casional 

olivine cores in orthopyroxene phenocrysts indicate formation of the 

latter in reaction riris • 

14 

Volume abundances of cl:i.nopyroxene and orthopyroxene seem to be in 

crude inverse relation. Perhaps early formation of orthopyroxene pheno­

crysts reflects lower temperature of initial crystallization, shortening 

the interval between beginning clinopyroxene separation and the ultini..ate 

freezing to glass. The substantial proportion of pigeonite observed in 

matrix material results from quenching of the melt, which prevents its 

inversion to orthopy-roxene. 

The clinopyroxenes are characteristically anhedral and int~rstitial 

to matrix plagioclase. Their intimate association with tachylite and 

the arrangement of magnetite and ilmenite inclusions in orderly arrays 

across glass-pyroxene boundaries establishes the separation of clino­

py-roxenes to the very end of the ground.mass crystallization period. Ap­

parently pyroxene, labradorite and ores continued to form together until 

the remaining melt congealed to glass. Further minute crystallites of 

pyroxene and ore dust can be seen in this glass under high magnification • 

other Notes 

Petrographic differences between Koolau lava flows and the dikes 

and sills in this area seem accountable in terms of a common magma.tic 

origin. No new chemical analyses are presented here, but the petro­

graphic evidence points to no essential differences between the 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

chemistry of th0se intrusives and that of the flows enclosing them, 

This~ porhapsp accounts for the negligible alteration of the country 

rock adjacent to these intrusives, Only a slight baked band appears, 

and that is often difficult to distinguish. No metasomatic effects 
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were observed, suggesting that most volatile material was able to escape 

to the surface of the dome and/or the magma was originally poor in 

volatiles. ~he paucity of iddingsite rims on olivine phenocrysts 

indicates low volatile content (Edwards, 1938, P• 280). These rims 

showed greatest development in the Waialaenui buds which may have been 

noa.r the flow surface at the time of intrusion, thus having opportunity 

to release contained gases. Whether appreciable liquid magma escaped 

upward from these bodies remains undetermined, 

It is clear that intrusives of the Waialae-Palolo area are much less 

abundant and show less evidence of metasomatic effects on the intruded 

rocks than do intrusives of the dike complex on windward Oahu (Stearns, 

1940, p. 49). Interser.ting dikes were not observed (except for minor 

stringers), so relative ages of samples examined in this study could not 

be assessed. 

Feldspar-magnetite Relations 

The antipathy between feldspar and :magnetite in these rocks is 

worthy of further comment. Formation of magnetite in the intratelluric 

stage is suggested by well-formed octahedrons occurring as inclusions in 

olivine and, rarely, in orthopyroxene phenocrysts, Most of the magne­

tite formed in the groundmass period alongside plagioclase laths, but 

was not included in them. In view of the positions of feldspar and 

magnetite in the crystalloblastic series, it seems that the crystalliz­

ing force of feldspar could not effectively restrain growth of the 
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:m=.gnotite ~tructuro. Pyroxenes, which do host abundant r..a.trix rnaEJletite 

in t.hoso rocks, hsvo subctruitially more crystallizing force than plagio­

claoo. £'vidontly £actors other than lattice strength are docisive. 

Possibly, forrn.ation of magnetite was not continuous in these 

i..-itrusivcs; but plaeioclase crystallization encompasses such a wide 

interval that contemporaneous sepa1 .. ation must have occurred. Contempo­

raneity is not necessal"Y to make magnetite available for inclusion in 

fcldsp~r, however. Earli0r-formed tn.agnetite could easily be included in 

late-fonnod pl.agiocl.aso. This is undoubtedly the lT'.anner of inclusion of 

mo.cnotite in oli"l.d.no phenocrysts in tJ1eGe rocks. If olivine formed by 

opit"1.:id.s on early magnetite, t.'1-ie latter might be thus del".ied to early 

pl.agiocl~se phenocrysts; but when more than one such inclusion appears 

in optically continuous olivine this mechnnism seems doubtful. The 

coalescence of several olivine crystals into an optically homogeneous 

o.ggroe;ato is unlikely. 

If, as Vogt (1921, P• J21) suggests (in an altogether different 

chemical e· ~vironment)~ the ll'l!l.gnetitGs cluster themselves by synneusis, 

this elo~ercc?""Jst might serve as a condensation nucleus for early 

olivine. The :rn~gnotito inclusions in olivine phonocrysts of these 

reeks are not ty-pically contact clustered, but they are distinctly 

localized. Such a mechanism can only eccount for the absence of 

11w.g:n~r::.i te in the ln.rg0r phenocrysts of plagioclase. The inhospitality 

of 111..a.tr".l.X feldspars rero.:i.ins unexple.ined. 

Appo.:rently some unique magnctite-plagiocla.se antipathy is acting 

heroQ In other rocks feldspar commonly includes ores, though they may 

tend to favor pyroxene hosts. 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

17 

H. is tc::npting to sue;cost thu t iron is accorn.mod.:i ted by intra­

t~lluric olivine and ort.'1opyroxm1c at elevated tem1psratures, then 

rolc~~cd by the lcto ronorption of the moro iron-rich portions of ~oso 

p1cnoc:r:>---stn . This nould offoctively remove iron from the melt, pos3ibly 

roduci."11; its concentration sufficiently to prevent. its solid-phasa 

intorat:lon with foldsp.1r forming well into the groundmass period:. 

Thin would 0A-plain the scarcity of early magnetite and the relatively 

gro.::.to:r clan.city o:'f w..:ignotite inclusior.s in the largest olivine phcno­

c:r;rsts. large much-resorbod roniduals hint t.lia.t considarably more 

olivine moy havo for.nod at an early stage t.11.an has survived emplacement 

and cooling .. 

It is suggc~tod, as a speculation. that in some of t.~ase intrusives 

o. f0111 grains of r.-.agietita fornmd before olivine began to incorporate 

iron. Oro fo:rr:.ation than ceased, both because the iron co:1tent of the 

rr.olt was slightly diiirl.nished and because the esta.blishE::d centers of 

m.agnetite nucleation wore enclosed in the gro1.;ing olivin0 p..~enocrysts • 

Orthopyroxone picked up ·(.he iron retu...-ned to the melt by oliv"..t.ne resorp­

tion ns cooling procGedod. After a.n indeterminate interval, during 

"t-:hich formation of ort.hopyi•oxeno and plagioclase considerably diminished 

the liquid phaso~ the magrr..a was intruded into the dike fissure and 

cooled rapidlyo A.~ othor components of the melt wero depleted the iron 

concontra.tion incrfiased. :i-:uch iron was accommodated h°'J the clino­

pyroxcnes forming in the groundma.ss. 

The occur:ronoe of magnetite included in these clinopyroxenes 

suggoots exsolution. But unless striking changes in oxid.s.tion potential 

~rG postulated in magrr.a at least sev0ra.l hundred feet beneath the shield 

sU?fa.co, substantial quantities of ferric iron would have to oo admitted 
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in·::.o p<J!'O::(ono structuroo on this hypothosis., In arry ca.so, it is doubt­

ful t.h~·i> cxsolutio:n from pyrOY...oneo could account for alignments of 

!i!D.g·netitc octcllGdrons that are continuous across pyro.x0no bouncbrios 

into elzi.o::;,, lattice pumos i..."'l pyroxene hosts do not seem to control 

m:;.1r~;netit.c c.lig-.mnont. 

Apat:l te inclusions wel"e observed only in pla.gioclaso··t~ 

Tho p.tiono:nonon of cumuloporphyry ( JohB.n..'l'lsen, 193lp P• 203), though 

t-rl.d"Jsproe..d in a greo.t variety of rocks, has been neglected in the petro­

v;'<lphic litora.~~ure. H, is SO."llotimes used as a diagnostic property of 

igncoUD rocks on the assumption that the kinds of' aggregates so desig­

r.Lll.tod could form only with the freedom of movement available in a melt 

(Vance ~d Gilronth0 1967, p~ 529)~ 

'l'ho rolD.tions between ir1.dividu.:il crystals in thccc a.ggi~egates 

cannot. bo ID.."Plninod as opita.xis. Crystal boundaries r...uy bo intimate, 

but. tho -individuals, 't·l'hot.hor like or unlike species, show no tc:r.dcncy to 

grow around or jackot ·i;..1-ioir neighbors. The association is most commonly 

~n~cr.cy or slight intergrolfl:.b.. Flow patterns in v.atrix feldspar micro­

lito::; have p0:: 1cd against and .streamed a..."'Ound each glornerccryst. H.ela.­

tivo raovcmo.t of those phonocryst clots with respect to the surrounding 

medium is un:rrri sta.lmble. They have beh~vod as cohersnt units. withstand­

ing uhats·\l'or :forces attondod this p:lscage o:f the fiuid • 

Vanco end Gilreath attribute the formation of glomerocrysts to a 

p1~ocoss (sy:nnousis) dependent upon " .... episodes oX turbulence and their 

timine; 1d th rcspcc .. c to the c:rystallization sequence •• e" (p. 553) • 

Vogt (1921, P• 321) observed synneusis in cooling ore malts and 

slegl) noting t.lult :msgnotit.3 and zincblende clusters formed within 30 
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minuto::; in D .. n ossontially static fluid. Spry (19531) P• 255) corr:r.ionts 

tlm"t voloci tios of magma :movcmont in dikes aro prob:.i.bly too low to 

c;onor.:ito subz:rt...'mtisl turbulonco unloes viscosity is very low duo to 

eupo~·hoD.ti."13 01· m1usually hieh volatile content. .He held observable 

str'Uctu:r'os in boctonit.e dikes to indicate essontinl.ly 1.c.ntl.nar flow. 
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1'1ow properties in the intrusives of t..h.is study a1•a less definitive 

t...'10.n tho.so 0J<:.1..'llinod cy Sprys but. tho consistent parallelism of micro­

litcG in son:o samples s~:;e3t.s laminar now. This doos net preclude 

oorli0r episodes o:f turbulenca at ei~ator depth, hert·ro\"or. 

Vance ~nd G~c~th also concluded from counting studies that pheno-

cr-.1cts h~ve .:i..ffinity for their cnm species and antip.:rt ... hy for unlike 

species in sy.r.neusi::;. Ho[;O!'s c.nd Bogy (1958, P• 471) found by counti.'l'lg 

st,udies in cra.."'litoo thnt like C:r"JSta.ls wore l C!lss likely to fom in 

contact 'trl.t.'1 en.ch othor. T'ney contend this is du.o to (1) groowth of one 

cryst.:?.l p:."0v0. ting nuclca.tion of othors in t.he neighborhood and/or (2) 

wrly cryG-t.tlliz-2tion of liko e;rains causing them to bo isolated .from 

. 'h by.,-t ~ . . ... oocn O'CJ or .J.,.U, or-1 orr.ung r-.JJ.nora.Ls., 

Th'"' foldspar e.nd orthopyroxone p.~enoCI"'JSts in this study show a 

r.lW:"kod tcndo:ncy toward hoterogcmeouc aggr3e;atea, though single-mineral 

clu.stor~ c:o ro.rely a.ppoar. 

Ii flow ~tter-:1s in ic;i10ous rocks aro velocity-rela-'oodp structures 

resuJ. tin[; from sy.nneusis rr,ay eventually provide a basia to d0·l:.ermine 

re:~::: of ll'..C..Qln movement dur:in~ emplacement. 

T'.ao question of rnochll.nisrns secr11s to be wide open. None of the 

c.u·~"lor.:> cited ?:Jontioned the possibility that flow structures around 

glomoz-oc:rr-,fSt3 might r0sult f':ro..-n gravity SE)ttli11g of these bodies in a 

Dtatic molt 
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COl~CLU5IOi.iS 

En:po::1od dikos and sills tl'Onding southwest nnd roughly perp0ndicu­

l!:.:"' ·..,o tho pz-irn.'.l.r7 Kooll1.u r:tft zone in the Ha.ia.lao-P.alolo area. of O:l.'1u 

arc hypol·zthonc-oc.:irinG tholoiit.ic rocks, intrusive equivalents of the 

Koolc.u Series rosalts. No Honolulu Series intrusives have 'been located 

tlong a. 11110 joining .K.:lo.u Crater, Hn.uu.'!iUeg I\s.inroki dome and Diamond 

Hc.:i.d 0 an allogod scconcl.:i.ry rif't o:f tho KoolD.u volcanoa 

1·5.l"!e::-.tlcgy of t.ho Kool.au int.rush·os displays a striking chemic~l 

c.-id morphologico.1 constency. Feldspar crystals in these rocks sh0t'1' a 

cm"ious antipathy to ore inclusions. Cumulopo19Jlhyritio texture is 

strongly dov0lopod and may be rala.ted to now pat.terns evidcmt in 
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APPEHDIX 

'r .:x'c:tmil.. do~orlptions, unlo~s othe:r·r.-1.sa spacif'iod, a.1~ baDed on 

ncr.:io:1clat.uro as defined in Jobmmso11 (19Jl, v. 1) and WilJ.iams, Tumor 

end G:ilbort. (19 54) o Iabo1"3.tory procedures in t.liin soct.ion preparv.tion 

.follow U-Iiin.'"Ulltl (1966), in point counting, Chayes (19.56), in iznmorsion 

mot..~od, filo:;s (1961) and in rninoral data, Heinrich (1965) and Winchell 

and t'inchell (1951). The mic:rolite extinction angle method for deter­

r.ir.n.tion of p1.e.g:i.oclase composition tm.s described 1n Heinrich (1965, 

po 362-363 0 J64), but w~s originated by Rosenbusoh and later revised by 

Wu1£·l..'1g (1908) o 

Dip~ a.'1d strikes of dikos and sills 't-."ere detormined by Brunton 

ccnp2.CS imd clinometer. Using e..xposures of' only 5 to 20 feot along the 

strike ?l"~cle thoso rnonsU.:.""Omcnts highly un.certain. Sor.!e dikes ou...'Wf/ed or 

bent thrcug;h l0-200 wit.bin t.ii0so exposures, casting considcra.ble doubt 

on tho a.vera.god values used to ropre ... o~t thoir attitudes. Vertical 

0xpo.sures woro ccm.monly only ~ few inches, l""arely several feet. In the 

latter c.'.l:;o0 when the clear margin of a dike was exposod as a continuous 

sheet nnd only slightly weathered, the choice of different looations on 

its fl:mk z-czul'ood in 5-15° dii'f crenoes in measui'"ed di po T'nera is no 

stcJ1d.:lrd t.o which ther;e moosurements can be compared. The v:::luos 

presented a..'l"'Q e.vereges of sevortl readings taken by sighting in opposite 

cll.:;,·octions clo:-ig the strik.0 direction. In both strike and dip the 

typical co.so involve::: va.1-1.ability of 100 in the attitude of the exposed 

pxct. of the body. How ropresentativo these exposu..'1"'0s a.re of the e:x:tend­

od bodies !".:??l'.ains speculative. Wider samplings by Wentworth and Jones 
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(191~0, m .. -:p , po 981) e.nd Stea.ms (1939) ror.w.in the 00.sis for judgments on 

the c.tt:i.tudoc of l eouaro Koolc.u intrusives . 

Tuu::cr:::;ion oils -ru:;cd in this study woro calibra.tod at i11torva.ls of 

.004.. Tl-:oy wore n:il.'"Od :in ap-prox:i.matoly equal proportions .1GO halve tho 

br;;.ckot,j . .n,s :J-ntcrval :tor n fil'lal Boeke line determination in ~;hite lightci 

'.l'hu.::; ::i:ny p.n<oit.icular :index is known only to be tiri thin an oil interval 

"002 -v:ide e If the cont,ral vtlue of this range is assigned as the 

1"00.clinl!, its unce:rt.:1inty is ± oOOlo T'ne calibration of the oils is 

within ± .000211 so whon possibl e o:rro:rs are additive, l'laXinrum error is 

± .0012. Bloss (1961, p .. 58) gives the precision of this method as 

± 0002,. Tnin results in m1certaintie~ of ± 4 modal pE::r cent in Ca-Na 
, 

content .. of plD.gioclaso, ± 1 molecular por cont Mg in olivine and ± 2 

:molc-..ulru:- por c;;,nt, Mg in orthopyro.."Ccno6 

Plaglocla.sc roicrolito exti.."lction angle measurements wcy ± zo on 

repetition.. 'Ynis imprecision is some'lil'J:IB.t offset by tho numoor of 

roe.ding::; takClH 15-30 for ec.ch intrusive saznplGde The p! .. Cpondoranoe of 

v.11.ues in a nai .. row ro..."1.ge sugger;ts tho:t measurelllent error is not large in 

:i. .. olation to t.'la uncertainties of composition on which it :is based. No 

data wore ll.Vailable on the precision of' this method (Wulfing's reV"lsion 

of tho Rosonbusch curvo was not .avail8.bl0). Variability of± 2° in ex-

tinction angles is equtvalont to ± 2 modal per cent in Ca-Na content in 

the r~ngo studied here • 

Hea.sur01nontS of optic a:x:ial angle (2V) by Tobi's (13loss, 1961, 

P• 20.5) and Y..a.mb's (Blo~s, P• 179-180) methods were used to detemine 

cc:.1p~sition in oli·,t:ine and pyro..~nes. P..esults by the Y..runb method waro 

so c:r!".:i.tic for or-t .. liopyroxene dctcnni.."la.tio:ns that Wright• s method (Bloss, 

P• 20J) with precision± 50 was found to be more reliable. Tobi•s 
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motl1od, us0d to distinr.,ru:i.::;h clinopyroxoncs, roads within ± )0 on clear, 

c ont erod fie;tu"'Os in opticD.lly hor.ioconoous rnater:l.al. The 5.nclusion-

rid.den clinop;yro.."'Conos o:f those rocla:; seldom y:i..old cloel', undistorted 

fi1;uros. Values r;ivcn for 2V of c1inopyroxones are baaed on a probubil-

ity distribution of sovornl hundred Tobi reactlnes. Indiv.idua.l values 

rr.n.y h~vo o.n uncertainty rango of ± 50. 

Eodnl counts were ba.::.ed on 1000 points selected mechanically by the 

unitron :microscope stage with a click-stop atta.chr.lent. A grid of points 

was cGUl.blished by parallel traverses spaced to cover the entire thin 

s ection. Tho areas of sections countOO were all greater than 37.5 ril!ll2 • 

No r opcc.t counts wore done to detorzri.ino reproducibility; but 2 different 

thin sections from t..ti.e center of dike 17 were counted to provide a 

measure of sampling 01"'.eor. Tho following variations in modal percentage 

·t-:ero notod; 

Foldspa.~ J.9 
Clinopt.}'l'oxene 4.7 
Or-os 0.1 
Orthopyroxeno J.8 
Olivine 1.4 
Glass 2.5 
Vesicles 0.6 
Alteration o.8 
ether 1.1 

Since an&lytical error for moruu counts ts.ken under these condi-

tions is small.or (Cb.ayes, 19,56, P• 81-BJ), this sampling error d0fil1es 

t..'he error i•ruige • 
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'l'ABLE 1 

I:Oll\L AlJAI:YSIS 

1-:odal Perc0nt:-.ccs 
Jntrudve Elov[J,tion l·::i.dth Fnr Cm: Ore c-ox 01 Ap_ · ; 

Glt1.G~ Vosicl r.lte1· other 1 JC':il - I _ • .._ •• 

·---~- .. -. . . r- .. ., ____ . 
h'aiom.:i.o 
dike 3 920 ft .. 18-26 " 50al} 39.1 9.,1 0.2 x 0.3 x 0.2 Oo7 

viaiomci.o 
dike 7 1200 36-78 39.,9 37.l} 12.1 o.6 - 0.1 Oo2 7.2 1.9 o.6 

Waiala.enui 
dike 10 8JO 48-57 37o5 35 .1~ n.3 4.1 2 .. 7 0.1 1.1 6.o 0.3 1.5 

Kaau str. 
dike 17 a 1500 ll~16 32.1 29.1 14.5 6.5 le8 o.~. 0.1 ll.8 1.6 1.0 1.1 

17 b 1500 ll~l6 )6.o 33.8 14.6 2.7 O.l~ Oo4 - 9.3 1.0 1.8 

f..a.au str. 
diko 19 1480 16-20 :n.8 :31.5 17.1 5.0 0.2 0.1 Oo6 10 • .5 1.5 1.7 

Wa.ialaenui 
sill(? ) 21 1070 26-35 38.2 )4.6 ll.6 2.2 0.2 0.3 0.9 9.0 le2 1.7 0.1 

Palolo Qtm.rry 
pegn'.atite 2h 560 indct. .50.6 ')3.,Ii. 7.7 0.1 - 0.9 1.3 loO 

Waiala.cnui 
bud 2.6 320 indet. J2o7 32.2 7.8 1.8 17.9 0.5 Oo4 2.6 2.0 1.1 l.O 

~ ..... 
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PIATE I 

Figuro lo Dike groundraass of labrador:tte laths t-dth 
intergranular clinopyroxone and included magnetite. 
Pola.rs not crossed, X2JO • 

Figuro 2.. Olivine phenocryst with iddingsite rim 
containing parallel hematite flakes. Magnet:lte 
inclusion at bottom oentera Polars not crossed, 
X230111 

• 
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PLATE II 

Figure J. Zoned lab:r.-adorite in matrix of labradorite 
laths~ clinopyroxene and tachyliteo Orthopyroxene 
phenocryst at lower left. Polars crossed, x:?O • 

Figure 4. 
cryst • 

Orthopyroxene and labradorite in glomero­
Polars crossed, X85. 

-


