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ABSTRACT
wpoced dikes and sills trending southwest and roughly perpendicular
to the prinary Keolauw rift ¢ in the Waialae~Falolo arca of Cahu are

hyporsthene~beoaring tholoiitic baselis, intrusive equivelents of the

basalt lava flows of tho Koolau Series. Thin seoction studies of 26

intrusives from this area, including 9 modal point counts, were carried

out during June-lovember, 1967. ilo llonolulu Serdes intrusives were found
along & line Jjoining Xaau Crater; Mauumaeo, Khirnﬂcl and Diamond Head, an

alleged secondary rift of the Koolau volcano. Bouguer anomaly maps show
no indications of substantial intrusive beodies along the southeast
Honolulu Series treonds, so simple dike feeders are inferred.

Intrusives studied were typically porphyritic with a fine~grained,
hypocrystalline matrix, commonly intersertal in the coarser centers to
hyaloophitic at chilled margins. No nepheline, melilite nor phenceryst
augite was observeds Olivine was less than 5% of modal volume except in
the Walalaenui ‘buds? Ilabradorite of intermediate composition occurs as
paencerysts,; normally zoned, and matrix laths with elinopyrcxene and
oros, Froportlons of augite and pigeonite could not be determined due
to the small size of the crystals and their abundant inclusions of
opaque minorals, Refractive index of tachylite in chilled margins
indicatos approximately 50% silica content,

The suggested crystallization sequence is as followst Q(livine
formed earliest, occasionally preceded by minor magnetlte; orthopyroon
and plagloclase noxt, in close agsoclation, with precedence uncertain,
Cxthopyroxcne seoparation ceases before groundmass formation, but

plagicclase continues to crystallize at inereasingly numerous nuclei
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se The remaining fluid finzlly congeals to
dark browm tachyliteo £i1led with ore dust and ineipient clinopyrexene
cxystals,
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Tho modal count indicates an inverse rolation in abundance of

clincpyroxene to orthopyroxenc. FMurthor data aro needed to confirm this,

e
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cleclese and mognetite are antipathetle throughout these rocks,

despite the intimacy of magnetite with 2ll other major specles present.
Crthopyroxene end plagicclese are cormonly associated in

glomorocrysts which mey evontually be useful as a basis to infer flow

proportics and crystallization sequonces in magmas during orpl;.cement.
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SEITING AND PROCEDURE

Intrusive bodies in the lecward slope of the Koolaw Range, Cahu,
have boen shovm to cuterop aleng trends closely parallel to tho inferred
sozondary rift gones of Honolulu Sordes volcanics (Wentworth and Jones,
1940, pe 9GL)s The Kaau rift, subject of this study, was held by
Winchell (1947, pe 19) to be an undordoveloped primary south rift of the
Koolau volcanos Four distinet Honolulu Series vents occur aligned
S 25 W from Kaau Crater through Mawumao, Kedmuld and Diamond Head.
Soveral othor sites on windward Czhu suggest the continuation of the
Kaau rift northeastward,

Though conspicucus in topographic exprossion, the Honolulu Serdes
rifts do not seom to contain substantial intrusive bodles.s A Bouguor
gravity anomely map of Cahu (Strange, Machesky and Woollard, 1965,

Pe 351) clearly suggosts concentration of high density material along
the primory northnrest-~tronding Kooleu rdfts, This ancmaly has been
intorproted as & volecanic plug (Adams and Furumoto, 1965, pe 295)e The
Koko, Keau, Tantalus and Hailkm rifts of the Honolulu Serles chow no
corresponding gravity effectss The fooders of the Honolulu Series
eruptions thus are probebly simple dikes.

Dikes in the PFalolo and Wedalaenul Valleys consistently strike
oleng the Koau r4f% or parallel to the primary northwest rift of the
Xoolou volecanos The exploitation of this alleged Koolau gone of crustal
weakness by highly fluid Honolulu Serdes eruptives suggested the
possiblility that gome of the intrusives now exposed in the deeply incised
Palolo and Wadsleoonud Valleys might be derived from these late-stage

T 0
subsilicic mopgmase
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This ctudy 4s a petrographic examination of 26 intrusives along the
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ts Outerop maps prepared by Stearns (1939) and by
Ventwowth end Jones (1940) indicate approximately 100 intrusive bodies
lecabted in this arcas Erposures seoldem exceed 20 feet, howevor, and are
often less than 10 focts The marked parallelism of these ocutcrops
strongly sugzgests that many dikes mapped separately are actually
coexbonsive undor the mantle of soil and vegetation.

TN - & o T
FMold Procodurs

Fleld work occupied 36 days in locating, mapping and sampling
intrusives in the Pukele (west) and Walcmeo (east) branches of tho
Falolo Valloy and in the Woialaenul Valleys, Dikes were sampled at
conters and marginse For larger intrusives several samples wore taken
at intorvels imrard from margins.

Iocations wore established by Drunton cempass, using utdlity poles
and powoer lines as refercnce. The originzl plan was to use outerop maps
of provigus workers a5 & guids to dike concentrations. Heavy vegotation
and ruzged topography provented the precision in location necessary to
ubilige these aids, howsvers Dikes were then sought mmuch as a rother
lode is found from placers. I‘rasmn‘cs of the donse, angular dike
matorial, easily recogniseble among the stream boulders, were traced
vpstream until they notably thinned or changed character. Talus was
thon pursued upslope to the outerop., Dikes and sills totally obscured
by vogotation were found in this manners In most cases it was
dmpossible to determine whether exposures located in this study

-

correspond to those mapped by Stearns and by Wentworth and Jones,
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The threoe ridpes adjolning tho Palolo and Viainlaenud Valloys worn

also exploreds Selil and veg cover &ll but the expansive *buds®
(Ventworth and Jones; 1940, pe 989) on tho east slopo of the Walalacnui
V. allo Ve

Tho vicindty of lnau Crater was searched with particular thorough-

L

nesss 4ts proxdimity to the primery Koolau rift and the abundance of

intrusives already mepped on its eastern flank made it a pronmising site
for Honolulu Serles intrusives. The exposed portions of lauumae and
Kadruld domo wore cxamined (no dikes) and the rim and crater of Diamond
Head (no dikes)e Hitcheock (1900, pe 45) deseribed a basalt dike 3-6
fect wide, striking N 50° W, dipping 809 northeast on the scutheast
side of Diamond Heads He indicated an exposure of several hundred feet
and strectural relaltions suggesting origin later than Diamond Head tuff.
lic hold it to resemblo Kedrmki basalt. Wentworth (1926, pe E-5) found
wo dikes at this location, one of them varying 4 inches to 2 feet in

A scarch of the area in August, 1967, disclosed no exposure. Much
of the area has now boen enclosed by retaining walls and other construc=

tdoh,

The decp diczection of the southern slope of the Koolau dome has
formed a serics of stoepw-sided, southwost~tronding ridges with interven-
ing velleys concentrating dreainage rathor abruptly in the uplands, The
dene consists of lava flows, usually 4-12 foet in thickness, dipping
gently southward in the erea studied and showling little evidence of

weathordng botween flows. Tho textuwro vardes from coarsely vosicular

W



and clinkory material on the tops and bottoms to dense, vortically-
Juinmted blecks in tho centers of flows. lavae tubes areo common, but are
genmorally small and only & fow foobt in longth, None was found to have
been filled by intrusion, though such £illings havo been observed
elscuhore in tho Koolau Ranges

Dikes cormonly intorsect the flows at high angles, near the normal
to the flow planc, Of the intrusives observed, 13 dip loss than 65°,
however, and five wore below 35°. Dike trends are commonly near
S 45=-55°W and S 40-5(PE, but vary widelye. Iimited exposures preclude
accurate detormination of dip in many dikes (sco Appendix).

The dike fissures appear structurally contimous across numerous
subjacent flows, L.6.p, the systom of flows has yielded &s a structural
uwitts Even small dike stringers an inch or two thick soldom give
oxpression to structwral individuelity of flowse This integrity of the
flow system complicates the interprotation of intrusive bodies whoss
lirdited exposuro dips approxdimately with the flows. Dikes are occcasion-
ally found with low dips in an attlitude approaching that of the lava
bedse In such cases, the relatively unconsolidated elinker between
flous was not chsorved to offer 2 plane of weakness. Thus the intor-
protation of apparently conformable intrusives as sills required
exbremo coutdon in obsorving the contact, and often remsined in doubt,

The dips of five intrusives tentatively identifiled as sills ranged

Variations in Joints, banding and vesiculatlion have boon related
to dopth of emplacement (Wentworth and Jones, 1940, pe 990-~995) in
these loogward Koolau intrusives. The comparatively limited field

observations of this study support their conclusion that columnar
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5 in dikes incroascs with depth of emplacoments Froportional
veltme of vesicles in tho intrugsive rock did not seem to decrease at
lower elevatlons, howevor. Dikes at the head of the Kaau cutlet stream,
for example, averaged 2% vesicular volume whereas those near its foot,
500 feet bolow, averaged approximately the same for one group and 9% for
ancther. These comparisons are based on center samples from the dikes.

Admittedly, the same dlkos probably were not being sampled at both
olevations, & qualification which may be significant if the intrusive
materdial varied considsrably in gasceous content at the time of emplace=-
monty or if some dikes failed to reach the surface of the dome, trapping
their volatiles temporarily., Becouse the surrounding rocks are quite
pormeable and show no marked indications of metasomatic offects, trap-
ping of gases scems unlikely,

Dikes ranged in thickness from glassy stringers a fraction of an
inch across and lensing out compleiely, to a dense, massively jointed
holeexrystalline body 78 inches wide.

Iobaratory Precedure

At least five thin sections were prepared from semplings of each
intrusives A general petrographice description of each intrusive was
then comploteds NNine modal annlyses (1000 points each) wore performed,
including two on different thin sections of the same dike. Powdered
semples were prepared for each intrusive and oil immersion studies
conducted to detsimine composition of feldspars, ferromagnesian mine
erals, end interstltial glass, Composition of matrix feldspar was
lotermined by moxdmum extinetion angles of microlites. (See Appendix

for error data,)



FETROGRAPE
Tho dikes and sills of this area are typically porphyritic with a

. A {ine-grained, hypocrystalline matrix, commonly intersertal in the
coarser conters to hyaloophitic at the chilled marginse Fhonoerysts
constitute 1-40% of the rock consisting of olivine, orthopyroxeno,
plagloclase and, rarely, magnetite in widely varying combinations.

Clivine comprises 1-4% of the dikes and sills, though occasionelly
it was not cbserved in entire scctions. It may constitute 207 by volume
of the larger intrusivess Crystals range in sigze from matrix grains
+02=041 mm across to phencerystis 3.0 nm across. Individuals 1.0-1.5 mm
lonz aro cormon. Yeindices of 1,686-1.692 indicate compositions in the
range Fogp-gse Iddingsite rjxm are common, but arc gmneml]y not woll

- doveloped end frequontly do not appear in an entire section. They
manifest no rolation to crystal sizes In the ’,Mi“]aovmi bud their
formation was more advanced, sometimes consuming entire large olivine
phonocrystse Homatite flakes sometimes appear in these rims in parallel
arrangement or with their long dimension normal to the olivine margins,
‘arts of these rims showing verdable coloration have indices considerably
below olivine, perhaps an alteration product of the olivine (serpen~
tine?)s Overgrowths of pyrorene are rare and wore not observed to
accerpany iddingsites Seocond generations of late=growth olivine beyond
iddingsito rdms do not occur. Some ollvine phoncerysts are euhodral,

. especially in dike mergins, but more commonly rounded or deeply embayed
crystals conteln invesions of lato-formed matrix minerals and glass.

. Infrequent cores of olivine in orthopyroxene phencerysts have reacted

almost complotelys lLong, very thin survivals of larger ollvine pheno-

crysts ere cormon.
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th olivine tho early phenocryst role (Cross,

C;

Crthopyron
1915, ps 19)s Sizes range from 0.3~l.5 mm, apparently not extending
into the groundaass sizoes. 2Vy ranges of 80-85 and Z indices of 1.685~
1,690 indicate compositions of Engg.glye

Orthopyroxens phenocrysts comprdse 0s1~6.5% of the volume of dikes
and 51lls, wsually exceeding the olivine fraction. There is an apparent
inverse relation between phenccryst abundance of orthopyroxene and
groundmass abupdance of clinopyroxene in these rocks,

The orthopyroxenos are typlcally clear and optically homogencous.
Inclusions of magnotite are not common. Exsolution lamellas wero not
observods In thin sections of .O4=e05 mm thickness distinct plecchroism
was noted; from brownish pink in the fast direction to bluish green in
the slow direction. COrthopyroxene phenocrysts also are distinetly round-
ed by rosorplion; but are only occasionally embayed. Thoy frequently

form cumloporphyritic clusters alome or with feldspar phenocrysts of

0

omparable size, often in subradial arrangement. Some stand distinctly

3

apert from such clots, however, as do all of those with olivine coros.

£

o n

Clivire phenocrysts do not enter glomerocrysts. Orthopyroxene pheno-
crysts with clinopyroxeone jackels rarely occur. This is the only assoc-
iztion of clinopyroxene with the phenocryst phase and the rims probably
formed during the poried of groundmass crystellization.

Feldspar phonoerysts are evident in most of the intrusive bodies
examineds Individuals le3-le5 mm long are not unusual in the cwmnlopor-
phyrye ¥ indices of Le560-1.567 indicate compositions Angs.g8 with the
most frequent range 1¢562-1.563 (Ansg.42) corresponding to an intermedi-
to labradorite. Ilarger phencerysts show normal zoning in a thin outer

rime Carlsbad and pericline twinning are cormon, albite twins poorly
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and infrequently developeds A continuous gradatlon in crystal size ex-
tonds dnto the growndmess stages Theso matrix laths are generally ,0l-
Q.1 mn longe Neasurement of microlite extinction angles indicates come
positicns of Angg.gse Total foldspar comprises 32~-50% by volume of
those reckse Orthoclase and sanidine occur in micropegmatite in the
Falole Quarry intrusive,.

Augito with 2V, of 57-62 (determined by Kamb®s method), pigeonite
with 2V, of 13-27 (determined by Tobi's method) and °subcaleic augite®
(fwno and Nagashima, 1952, p. 1000) with 2V, of 31-37 (Tobi) have been
identified as grains +005=,15 mm across, but individuals with measurable
optical propertics are rare. Crains of clinopyroxene are characterice-
tically pale brown; anhedral and interstitial to the feldspars. Clino-
pyroxcnos constitute 29~39% of the volume in these intrusives. Because
they arc so small, inclusion-ridden, and do not manifest definable
linear proporties, composition of the clinopyroxenes remains in doubt,
Birefringence is difficult to obsorve because of the optical effect of
inclusions and the small sizes of the orystals themselves, which result-
ed in overlapping adjacent feldspars bolow the plane of focus of the
microccope. The most useful data wero obtained by choosing crystels
with highest apparent birefringonce and determining maximum indices in
oil iwmersion. This procedure yields maximum slow direction values of
1,706~1.723 Without basis to dotermine calcium content, these data are
not sufficient to establish the magnesium: Iiron ratlo. Judgments can-
not be madec, therofore, as to the proportions of pigeonite, augite and
possible intermediate compositions in these rocks,

Angaliar interstices in the groundmass are filled by amber to dark

brown tachylite with index from 1.576 to 1,588, indicating a composition



¥
of 49--51% silica (Coorge, 1924, pe 365)¢ In chilled margins this glass
scmotimes excoeds 80% of the bulk volume.

Dust end skeletal erystals of magnotite are abundant in inter-
stitial glass and matrix pyroxcne, often rendering these hosts virtually

opaquees Subordinzte ilmonite may uwsuslly be identified, The larger

o

1ivine and orthopyroxcne phencerysts contain few or no ore inclusions,

w

naller (prosumably later formed) indivilduals in the same section include
an inereasing proportion of these ores. There is a conspicuous absence
of ore inclusions in foldspars. Even the mierolites, whose growth may
bo marginally impaired by preexisting magnotite grains, stand out beldly
in the groundmass between pyroxene and tachylite areas ovorrun by
abundant octahedrons of magnetite and flakes of ilmenite.

Mognetito grains roach diamcters of 0.3=0,4 mm in the Waislaenul
bud and actually entersd the phenoeryst phase in the Palolo Quarry
intrusive, attaining diametors of 1,0 mm in several sections. Ores make
up 8-17% of the volume of these rocks, the most common counts falling in
the 11-14% rangs. It is possible that ore content increases with cle-
vation in these intrusives. Further modal counts would be required to
confirm this,

Acicular epatite inclusions usually are recognizable in larger
feldspar phoncerysts, especially in the Palolo intrusive and Walelaenuil
tud in which foldspar phenocrysis are particularly well developed.
Apatite nover exceeds 1% modal volume, Hematite occurs as minute red
or black flakes along cccasional joint fractures where minor alteration
has taken placee It also appears as oriented inclusions in iddingsite

rims on olivine phenocrysts. These inclusions are elongate flakes or



shreds, black in reflected light, Total hematite exceeds 1% of the
rock volume only in weathered material.
Vosicles comprise 1-10% of the total bulk, but may be entirely
absont from denser portions. They are consistently circular in outline.
Traces of alteration products, mostly of low birefringence or
isotropic and with indices 1l.48-1.55 cccur in vesicles and along
infrequent fractures and joint planes. These occurrences are too small
for critical determinations. Fibrous development often suggests
zeolites or chalcedony. Bright red and green patches and strips are
probably palagonitized glass.

Many vesicles seem simply to be voids defined by tangenitial
feldspar microlites and intergranular pyroxene. Minor quartz was
identified in Palolo Quarry micropegmatite. Needles of tridymite also

are intergrown with the alkali feldspars of this body.




COMMENTARY

Clomnamam ey, Py emea sy
L2000 rarma

Al intrusives sampled in this study aro dorived from tholeiitic
nagmae, Tho dikes and sills sre tholeiltic basalts in the sence defined
by lacdonald and Katsura (1964, pe 89)s Olivine is consistently less
than 5% of the bulk. This is in contrast to the more olivine-rich
Honolulu Series rockse No cccurrences of nepheline, melilite or augite
phonocrysts, diagnostic of Honolulu Series mineralogy, were noted.
Harginal glass in one dike containing only minor olivine as the cry-
stallino phase has index 1.576, indicating about 519 silica (George,
1924, pe 365), which includes slight silica enrichment resulting from
the separation of olivine., Another dike has traces of olivine and 5.0%
hyporsthene in a glass basis, The index of the glass is 1,588, indica-
ting about 49% silica. Numerous analyses of Koolau basalts have shown
gilica contents of 48-52% (Wentworth and Winchell, 1947, pe 71).
Honolulu Series basalts range from 36 to 45§ silica (winchell, 1947,

Pe 30).

The petrography of the intrusives studied here closely resembles
descriptions of Koolau extrusives given by other authors (Cross, 1915,
Pe 18-20; Stearns and Vaksvik, 1935, pe. 93; Wentworth and Winchell,
1947, pe 67~70)e Tho greoater vesiculation of the latter may be
attributed to the effects of esxctrusion.

Aside from struwctural relations of material in place, dike rocks
are distinpuished from flow fragments in the field largely by the platy
or splintery Jointing and lack of conspicuous vesiculation in dike
materdial, Iddingsite rims are never succeeded by fresh olivine growth

in the intrusives observed. Such second generation olivine growth is



coumon among Koolan extrusives (Wentworth and Winchell, 1947, pe 65)
and Honolulu Series rocks (Wincholl, 1947, p. 24).

Cryvstollization Soquonce

Crystallization sequence, as inferred from textural reolations,
followss

Clivino clearly crystallized first, usually reacted with the melt
and was slighily altered to iddingsite, probably during concentration or
upward migration of volatiles, Orthopyroxene and foldspar followed
olivino aftor a considerable interval. In several dikes olivine pheno-
crysts, alone in glass at dike margins, were woll developed. In some
margins these phonccrysts wore sharply euhedral, indicating that resorp=—
tion had not yot bogun. In other dikes resorption was already well ad-
vanced in these solitary phenocrysts.

The complicated interactions of feldspar and orthopyroxene cannot
be genoralizede A fow intrusives show wnequivocal precedence of one to
the cther, bul contemporancous growth is the rule. !dnor ore inclusions
ccecasionally eppear in orthopyroxenes, bubt were not observed in the
feldsparse This might suggest earlior crystallization of the feldspars

but the feldspar-magnetite antipathy persists even to the fine matrix

-1

materdals It apparently is not a reliable eriterion of crystallization
sequenco.

Crthorhonblc pyroxene could not be identified in erystals less than
o2 mz zeross and the limdt is usually nearer .3 mm. Hypersthene
crystallization apparently ceases before the groundmass periods Resorp-
tion suggests an interval during which orthopyroxones were not in
equilibriuw with the melt. Such resorbed crystals often prosent their
rounded surfaces to intimate contact with feldspar in glomerocrysts,
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intorforing with growth of the latter sufficiently to suggest that
rosorptlion began, at least, substantially before the groundmass stago.

Foldspar phonocrysts grade imporceptibly into fine-grained
microlites, indicating continuous separation to a sharp boundary with

interstitiel glass. Fhenocrysts may be distinguished from matrix

Feldspars greater than a particular size, varying from one
intrusive to another, are in random orientation or associated with
orthopyroxene in glomerocrystse Smaller feldspar laths commonly, though
not invardiably, form subparallel flow patterns around glomerociysts and
othor phonocrysis.

A small quantity of ore may actually precede olivine in most of
these intrusives, being, thus, the first solid phase formed. Octahe-
drons of magnetite and plates of ilmenite occur scantily in the mafic
phenocrysts of dikes and sills. Most of the ore-mineral crystallization
belongs to the groundmass phase. In hyaloophitic chilled borders a few
magnetite and ilmenite inclusions appear in olivine, but ores in the
marginal glass wero beyond the resolving powor of the microscope. With
mors gradual coocling skeleotal magnetite crystals grow abundantly in and
across matrix pyroxecne and glasse The fine dust in tachylite indicates
separation of the ore minsrals to the very end of the liquid phase,

A gap is usuzlly evident in the sizes of pyroxenes between smallest
hypersthene and largest clinopyroxens. This probably represents a
considerable intsrval of time, but also reflects the change in conditions
between magna chamber or feeder and the ultimate site of emplacement.
Clincpyrexene shells on euhedral orthopyroxene phencerysts occasionally

document a more intimate successionj but this is not commonly observed.
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It is not contended that emplacement occurred in every case just as the
molt approached an orthopyroxene-clinopyroxene inversion.

Optical homogeneity, and particularly the absence of exsolution
lamellae, suggest that orthopyroxenes in these intrusions did not
develop by inversion of earlier~formed clinopyroxene. Occasional
olivine cores in orthopyroxene phenocrysts indicate formation of the
latter in reaction rims.

Volune abundances of clinopyroxene and orthopyroxene seem to be in
crude inverse relation. Perhaps early formation of orthopyroxene pheno-
crysts reflects lower temperature of initial crystallizetion, shortening

the interval between beginning clinopyroxene separation and the ultimate

J

=

reezing to glass. The substantial proportion of pigeonite observed in
matrix material results from quenching of the melt, which prevents its
inversion to orthopyroxene.

The clinopyroxenes are characteristically anhedral and interstitial
to matrix plagioclase. Thelr intimate association with tachylite and
the arrangement of magnetite and ilmenite inclusions in orderly arrays
across glass—pyroxene boundaries establishes the separation of clino-
pyroxenes to the very end of the groundmass 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 bte seen in this glass under high magnification.

Petrographic differences between Koolau lava flows and the dikes
and sills in this area seem accountable in terms of a common magmatic
origin. No new chemical analyses are presented here, but the petro-

graphic evidence points to no essential differences between the
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chomistry of these intrusives and that of the flows enclosing them,
This, porhaps, 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
wore 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. The paucity of iddingsite rims on olivine phenocrysts
indicates low volatile content (Edwards, 1938, p. 280), These rims
showed greatest development in the Walalaenui buds which may have been
near 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 Oshu (Stearns,
1940, pe. 49). Intersercting 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 phencerysts., 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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magnotite structure, Pyroxenocs, which do host abundant matrix magnetite

in these rocks, have substantially more erystallizing force than plagio-

Q

laso, LEvidently factors other than lattice strength are decisive.
Posglibly, formation of magnetite was not continuous in these
intrusives; but plagiocclase crystallizetion encompasses such a wide

interval that contemporaneous separation must have occurred. Contempo=

Y

anelly is not necessary to make magnetite available for inclusion in
feldspar, howsver. Earlier-formed magnotite could easily be included in
late-formed plegioclases This 1is undoubtedly the manner of inclusion of
magnetite in olivine phenocrysts in these rocks. If olivine formed by
spitasds on early magnetite, the latter might be thus denied to early
plagiocclase phenocrysts; but when more than one such inclusion appears
in optically continucus olivine this mechanism seems doubtful, The
coalescence of several olivine crystals into an optically homogeneous
aggrogate is unlikely.

If, as Vogt (1921, pe. 321) suggests (in an altogether different
chemical environment), the magnetites cluster themselves by synmneusis,
this glomerceryst might serve as a condensation nucleus for early
olivine., The magnetite inelusions in olivine phenocrysts of these
rocks are not typically contact clustered, but they are distinectly
locelizeds Such a mechanism can only eccount for the absence of
mognotite in the larger phenocrysts of plagioclase. The inhospitality
of matrix feldspars remains unexpleined.

Apparently some unique magnetite-plagioclase antipathy is acting
here. In other rocks feldspar commonly includes ores, though they may

tend to favor pyroxens hosts.
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It is tempting to suggest that iron is accommodated by intra-

roleased by the late resorption of the more iron-rich portions of +heso
phenocrysts. This would effectively remove iron from the melt, possibly
roducing its concentration sufficiently to prevent its solid-phase
intoratlon with feldspar forming woll into the groundmass period,
This would explain the scarcity of early magnetite and the relatively
greateor density of magnetite inclusions in the largest olivins pheno-
crysts. Lorgo much-resorbed residuals hint that considerably more
olivine mey have formed at an early stage than has survived emplecement
and cooling.

It is suggested, as a speculation, that in some of these intrusives
a fou grains of magnetite formed before olivine began to'incorporate
irone Oro formation then ceased, both because the iron content of the
melt was slightly diminished and because the established centers of
magnetite nucleation wore onclosed in the growing olivine phenocrysts.
Crthopyroxene picked up the iron returned to the melt by olivine resorp-
tion as cooling proceeded. After an indeterminate interval, during
which formation of orthopyroxene and plagioclase considerably diminished
the ligquid phase, the magma was intruded into the dike fissure and
cooled rapidly. As other components of the melt were depleted the iron
concentration increased. Huch iron was accommodated by the clino~
pyroxencs forming in the groundmass,

The occurronce of megnetite included in these clinopyroxenes
suggests exsolution. But wnless striking changes in oxidation potential
are postulated in magma at least several hundred feet beneath the shield

surface, substantlal quantities of ferric iron would have to be admitied
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into pyrowone structures on this hypothesis. In amy case, it is doubt~
ful that exsolution from pyroxenes could account for alignments of
magnetite octahedrons that are contimuous scross pyroxene boundaries
Into glass, Iattice plenes in pyroxeno hosts do not secm to control
magnotite alignment.
Apatite inelusions were observed only in plagioclaset

Crondoporvhyiy

Tho phonomonon of curmiloporphyry (Johamnsen, 1931, pe 203), though
widespread in a great vardety of rocks, has been neglected in the potro=-
graphic ldtorature, It is sometimes used as a dlagnostic property of
igneous rocks on the assumption that the Ildnds of aggrogates so desig-
nated could form only with the freedom of movement available in a melit
(Vance and Gilreath, 1967, pe 529).

Tho reletions bstween individual crystals in these aggregates
cannot bo explained as epitaxis. Crystal boundaries mey be intimate,
but tho individuals, wheother like or unlike specles, show no tendency to
grow around or Jackot their neighbors. The association is most commonly
tangency or slight intergrowth. Flow patterns in matrix feldspar micro-
lites havo piled ageinst and streamed around each glomerccryst. Rela~-
tive novemont of these phenocryst clots with respect to the surrounding
nodiwn is unmistakable, They have behaved as cohersnt units, withstande-
ing whatever forces attended this passage of the fluid,

Vance and Gilreath attribute the formation of glomerccrysis to a

rocess (symocusis) dependent upon ".ee.opiscdes of turbulence and their
timing with respect to the crystallization sequencoece” (pe 553)
Vozt (1921, pe 321) observed synneusis in cooling ore melts and

slag, noting that magnotite and gincblende clusters formed within 30



minutes in an ozsontially static fluid. Spry (1953, é. 255) cormoents
that velecities of magma movement in dikes aro probably too low to
genorats substantial turbulence unless viscosity is very low due to
supcrhoalting or unusually high volatile content. ie held observable
structures in bostonite dikes to indicate essentially leminar fiowe.

Flow propertios in the intrusives of this study are less definitive
than those examined by Sprys; but the consistent parallelism of micro=
lites in somo samples suggests laminar flow, This does not proeclude
carlier oplsodos of turbulence at groater depth, howeveor,

Vance and Gilweath also concluded from counting studies that pheno=-
crysts have affinity for thelr own spocies and antipathy for unlike
pecies in symnousis. Rogors and Pogy (1958, pe 471) found by counting
studles in granites that like crystals wore less liksly to form in
contact with each other. They contond this is due to (1) growth of one
crystel proventing nucleation of others in the neighborhood andfor (2)
sarly crystallizetion of 1iks grains causing them to be isolated from
each other by later-forming mincrals.

The Leldspar and orthopyroxone phenocrysts in this study show o
narked tendoney toward heterogeneous aggrogetes, though single-~mineral
clustors do rarely appear,

If flow patierns in ignoous rocks are velocity-related, structures
resulting from symmeusis may eventually provide a basis to determine
rates of magma movement during emplacements

The question of mechanisms seecms to be wide open, None of the
authors cited mentloned the possibility thet flow structures around
glomorccrysts might result from gravity settling of these bodies in a

static melt.



CONCLUSIONS
Iposed dikes and sills trending southwest and roughly perpendicus
loxr to the prdmary Koolau rift zone in the WalalamowPalolo area of Cahu
are hyperstheno-bearing tholelitde roeks, intrusive equivalents of the

Koolau Serises basalts. No Honolulu Serdes intrusives have been located

3

along & 1line Jjoining Kaau Crator, lMawumae, Kaimuld dome and Diamond
Head, en alleged secondary rift of the Koolau volcano.

Mineralogy of the Xoclau intrusives displays a striking chemical
and morrhological constancy. Feldspar crystals in these rocks show a
curious antipathy to ore inclusions, Cumiloporphyritic texture is
strongly doveloped and may be rolated to flow patterns evident in

groundmass mineralse.



APPENDIX

3 s & 3 4
Soureas, Stondnyds and Preelsion

Texcbural doseriptlons, unless otherwlse specified, are based on
nomenclabure as defined in Johannson (1931, ve 1) and Williams, Turnor
and Gilbort (1954)s Iaboratory procedures in thin section preparation
follow M-Hinnawl (1966), in point counting, Chayes (1956), in immersion

i

othod, Hloss (1961) and in mineral data, Heinrich (1965) and Winchell

and Winchell (1951)s The microlite extinction angle method for deter-

mination of plegloclase composition was described in Heimrdich (1965,

Pe 362-363, 36%), but was originated by Rosenbusch and later revised by
Wulfing (1908).

Dips and strikes of dikes and sills were determined by Erunton
compass and clincmeters Using exposures of only 5 to 20 feet along the
strikeo made theso measurements highly uncertain, Some dikes curved or
bent through 10-20° within these exposures, casting considerable doubt
on the averagod valuos used to represent thelr attlitudes, Vertical
exposures woro ccmmonly only & few inches, rarely several feot. In the
latter case, when the clear margin of a dike was exposed as a continuous
cghest and only slightly weathered, the choice of different locations on
its flank resulted in 5-15° differences in measured dipe. Thers is no
stendard to which these measurements can be comparede The valucs
presented aro averages of several readings taken by sighting in opposite
cdirections elong the strike direction. In both strike and dip the
typical case involves vardability of 10° in the attlitude of the exposed
part of the bodye IHow representative these exposures are of the extend=-
ed bodies remains speculatives Wider samplings by Wentworth and Jones
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(1940, mop, pe 981) ond Stearns (1939) romain the basis for judgmonts on
the attlitudes of lesoward Kooleu intrusives,

Imersion oils used in this study were calibrated at intervals of
o00%e  They wore miwed in approximately equal proporiions to halve the
brackeoting intorval for a £inal Bocke line determination in white light,
Ihus any particular index is lknown only to be within an oil interval

«002 vide, If tho central value of this range is assipgned as the
reading, its wicertainty is + 00l. The calibration of the oils is
within + ,0002; so when possible orrors are additive, maximm error is

+ +0012, Hloss (1961, p. 58) gives the precision of this method as

I+

+002, This results in wcertainties of + 4 modal per cent in Ca~Na
content of plagioclase, + 1 molecular por cont Mg in olivine and + 2
nolecular por cont Mg in orthopyroxence

Flagioclase microllite extinction angle measurements vary + 29 on

repetition, This dmprecision is somevhat offsot by tho number of

H

cadings taken: 15-30 for each intrusive sampled. The preponderance of
values in a narrow range suggests that measurement error is not large in
rolation to the uncertainties of composition on which it is baseds No
data wore available on the procision of this methed (Wulfing's revision
£ the Rosenbusch curve was not available)s Vaeriability of + 2° in ex-
tinction angles is equlvalent to + 2 modal per cent in Ca-Na content in
the range studied here,.
Veasurcmonts of optie axial angle (2V) by Tobi's (Bloss, 1961,
Ps 205) and Kemb's (BEloss,; pe 179-180) methods were used to determine

conmposition in olivins and pyroxenes. Results by the Kamb method were

so crratic for orthopyroxene determinations that Wright's method (Hloss,

Pe 203) with precision + 5° was found to bo more relisble, Tobi's
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mothod, used to distinguish clinopyroxenes, roads within + 3° on clear,
contered figures in optically homogonoous materdial. The inclusion~
ridden clinopyroxenes of those rocks seldom yiold clear, undistorted
fipguwross Values given for 2V of clinopyroxenes are based on a probabil~
ity distribution of soveral hundred Tobi readings, Individual values
may havo an uncertainty range of + 5%,

liodal counts were based on 1000 points selected mechanically by the
Undliron microscope stage with a click-stop attachment, 4 grid of points
was established by parallel traverces spaced to cover the entire thin
sections The areas of sectlions counted were all greater than 375 mmz.
HNo repeat counts wore done to determine reproducibility; but 2 different
thin sections from the center of dike 17 were counted to provide a
measure of sampling errore. The following variations in modal percentage

wero noted:

Feldspar 3.9
Clinopyroxene 4.7

res 0.1
Crthopyroxene 3.8
Clivine 1.4
Glass 205
Vesicles 0.6
MAlteration 0.8
Cther  1P%

Since analytical erxror for modal counts taken under these condi-
tions is smaller (Chayes, 1956, p. 81=83), this sampling error defines

the error range.
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TABIE 1
FODAL ANATYSIS
Fodal Percentages

Intrugive Fleovaticon Width Fpr  Cpox  Cre  Opx 0l  Ap Hem Glass  Vesicl alter other
Walomao
dike 3 920 fte 18-26" 50,4 39,1 9.1 0.2 = 0,3 =x 0.2 0.7
Walomao
dike ? 1200 36“78 3909 3701} 121 006 - 0.1 0e2 ?'2 199 016
Walalaenui
dike 10 830 4857 375 954 113 H 2.7 0.1 1.3 6.0 03 1.5
Kaau str.
dike 17 a 1500 U=-16 32,1 29.1 14.5 6.5 1.8 04 0,1 11.8 1.6 1.0 i R

17 b 1500 =16 36,0 33,8 146 2.7 0k Ot = 9e¢3 1.0 1.8
Kaau stre
dike 19 124'80 16"20 31.8 3105 1?-1 5.0 0«2 Del 096 10-5 105 1-?
Waialgenul
s111(1) 21 1070 26=35 38.2 34,6 11.6 2.2 0,2 03 0.9 9.0 1.2 1.7 0.1
Falolo Quarry
pegmati’te 2h 560 indste 50.6 38.1" 7.? 0.l - 009 l-3 1.0
Walalzenul
bud 26 320 indste 327 32,2 7.8 1.8 17.9 0.5 O 2.6 2.0 1.1 1.0

g4
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