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ABSTRACT

A porphyritic volcanic rock from Cape Vogel, Papua,
contains abundant phenocrysts of multiplyftwinned clinomstatito
with less common phenocrycsts of arthopyrozene, set in a groundmass
of pyroxene microlites, glass, and zeolites. The rook contains
54% 3102’ 13‘16% ¥g0, and 6"753 FeO, but only T-8% AJ\'203; 405-50573
Ca0y and 0¢6 = 0.8% Na,0s MNioroprobe analyses show that the
clinoenstatite phenocrycts ranges from m92 to Elle.,, and have
very low A1203 and extremely low Ca0 contentss Their compocition
differs cmsictently from that of the orthopyroxene phenocorpyots
vhich range from Bhle., to at least as Fe-rich as Eha,,a. The
olinoenctatite phenocrycts are a metastable inversion product from
primary protoenstatite. Tho crystallization of protommotatite
as the liquidus phase in this magma is attributed dircctly to the
unique magma composition. Tho occurrence of this rock in a rogion
of structural complexity betuvcen stable oceanic and continontal
crustal elements may have implications in terms of deep-crustal or

upper-mantle petrogenetic processes.

INTRODUCTION
In the course of recahainemce geological mapping an
Capo Vogel in north-eastarn Popua in 1954, J.E. Thompson collected
tvo specimens of a dark greoy, porphyritic, glassy roock uith vhite
geolitic amygdales. These worc oxamined by W.B. Dallwitz who

found that they cantained abundant prismatio crystals of clinoecnstatite

up to 8 mm. langy other castituents were pyroxene microlites,
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altered glass, unaltered gloos, 2eolites, bronzite phenoocrysts,
and traces of chrome spinel. '

No rock of this kind had been recorded im the literature,
and analysie of the specimons confirmed the high magnecia content
oxpected from the abundance of clinoenstatite. The analyses
have been publiched in a compilation of Australian rock analyces
(Joplin, 1963, pp. 182 and 189).

In Fﬁ:&‘;{’?’m, the two aforementioned suthors broucht
to the notice of Professor C.l. Tilley hand cpecimems, thin
seotions, and chemical analyses of the olinoenstatite-boaring rocks.
He supported the earlier identification of clinoemstatite, =nd at
the same time noted vestigial sotructures indicative of the former
presence of protoenstatites The assistamce of D.H. Greon was
sought to carry ocut electron microprobe analyses em the pyrozenese

The Cape Vogel area vas firet examined geologically in
1914 by Evan R. Stanley, thon Govornment Geologist far the Territary
of Papua. In an unpubliched report (Stanley, 1916) he recarded
"grey-coloured volocanic rocks...., containing emygdules and spherules
of zeolitic minerals and large idiomorphic crystals of hornblendc®
from the locality where the clinocnctatite-bearing rooks werc
subsequently colleoted. Ho did not examine thece rocks in thin
section, and the mineral ho referred to as hornblende vas probably
clinoanstatite.

Experimental ctudies on MgSiO3 composition by Foster (1951),
Atlas (1952), and Bayd and Schairer (1964) have extended the work of
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earlier investigators, and clarified the relationships of the‘
UgS103 polymorphs, Orthomnctatite, the o;;:m natural polymorph,
inverts to protoenstatite at high temperatures (above 985°C at
atmospherio pressure). Clinoanstatite, monoclinio and usually
polyeynthetically twinned, may form as a metastable inversion
product when profoenetatite io cocled through the protommctatite-
orthoenstatite inversion. Clinoenstatite ooocurs naturally in
stony meteorités. but is extramely rare in terrestrial rocks,
Members of the clinoenstatite-clinoferrosilite solid colution scries
have recently been identified as e{soluuon lamellae in an ignoous
and a metamorphic pyroxeme (Binns, Leng, and Reed, 1963).

LOCALITY (JeEeTay WeBeDs)

Cape Vogel ic an oaafcr]yéanmed péninsula on thc north-
eastern coast of Papua (Fige1)s It 45 about 20 miles lang and
10 to 15 miles wide, and ic intricately dissected to a maximm relief
of about 1,000 fect above sca level by a finely dendritic stream
systeam.

Thé two specimens of clinoemstatite-rich rook vere
collected from exposures about half a mile apart near the former
village site of Boboni on Dabi Crcek, about three miles couth-test
of the mouth of this stream on thc narihern coastline botwemn Tapio
Bay and Mogabara (Fige2). The locality is about two and a holf
miles west-south-vest of Cactle Hill, a limestone prominemce about

1,000 foet above sea levels Easicot access to the area ic by ‘foot
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from Tapio Bay, where thero ic s shallow amchorage, a village,
and a Government rest house, There i & emall vharf suitablo
for coastal lamches at Nagabara, about threc miles west of tho
mouth of Dabi Creck, and an airstrip suitable for light aircraft
at Tarakururu Mission.
The area of outcrop fron which the 4wo specimms vore

taken 15 roughly ovaly, and iec about 5,000 feet long, northerost
to south-ecacty and 3,000 fect vide (IFig. 2), Dabi Crock fleuo
around the southorn and eastorn nargin of this emall arcas vhich
has lov rclief, is only slightly disseoted and almost trecleso,
and supports a reolatively thin cover of kangaroo grasc (Themeda
australis). The surrounding; highear, more intricately dicsectcd

_ hills of bedded Miocene and Pliocene clostic sediments ond 4 vasic

- /mmppat many moro irecs, oopecially in gullies and nocar stromms;

##@ tho non~wooded and lightly.;vooded parts are characterized Wy a

thick cover of kmai grass (Imperata oylindrica vars major). Fhfeew

RECIONAL GEOLOGICAL RVVIRONMINT (J.E.T.)

Between lonzitudos 147° 0O'E and 149° 30'B, Papun hos o
mountainous core camsisting of foldod and faulted (?)Palacozoioc
schists, phyllites, and lenses of marble.. Ag ito north~vontorn
end, thio metemorphio province has sn arcusto trend - tho Marcbe
Arc (Glaesener, 1950) - cnd is intruded by granodiarite bodies of
batholithic dimmsions. Noer 149° OO'E longitude, the motamarphic
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rooks appear to have been offset some 30 miles te the north-northe
east by left-lateral, ttriky-slip displacement alomg a topographically
conspicuous, recently astive, major fauls (Pig.1). The alignment of
vents in a Pleistoome to Recent andesitic voloanio cemplex at

Cape Nelson suggests a northerly extension of this fault beneath
Recent alluvium.

The mowmtaine east of 1‘49° 30'E langitude are not composed
of the greensehist facies metasediments which ferm the main range, but
consist mainly of basic ignecus rocks, comprising dolerite and basiec
sulmarine lavas, whiekh are lecally intruded by swarms of phamolitio
and trachyandesitioc dykes, and by granodiorite at Milme Bay and
inland frem Cape Frere. Iittle iz known of the strusture of this
mowmtaineus regiom, but dislocation of feld axes im Pliocens
sediments west of Cape Vogel sugzests post-Pliecene left-lateral,
strike-slip displacement along a fault in the wmderlying basement
consistemt with displacement of the metamorphic province in the
direotien of the D'Entrecastesux Islands. The geolegy of these

islands and the islands of the Louisiade Archipclage as far east

as Sudest (beyond the eastemn limit of Mig. 1) is dominated dy
metasedimentary rocks and grancdicrite which may represent a
laterally displaced part of the metamorphic province of the mainland
of sartern Papuse From svidence of tramsourrent fault displacements
in the D'Entrecastesux Islands, Davies and Ives (1965) have also
postulated large-scale transcwrrent displacement of the metamorphio
core from the mainland of Papua to the presemt pesition of the
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D'Entrcoasteaux Islands.

Over most of its exposed length of about 230 miles,
the north-eastern front of tho motamorphic core om the Papuan
mainlend is in abrupt fault camtact with a belt of ultramafic and
basic plutanic roocks overlain by basic submarine lavas (Thompoan,
1957, and unpubliched mapc)e This belt has been variously
called the Papuan Ultrabasic Belt (Thompsan, 1957; Dow cnd Davies,
1964)y Papuan Ultramafic Belt (Green, 1961), the Papuan Bacic
and Ultrabasic Belt (Smith and Greemn, 1961), and the Papuan Basio
Belt (Dow and Davies, 1961). On the couth-west and south-oast,
the metamarphic provinco is flanked by gabbro, dolerite, basic
submarine lavas, chert, argillitc, and fine-grained limostone -

a typical ophiolitic cuites Tho contmact between metamorphio
rocks and ophiolites on the south-west and southeeast has not boem
seen.

The Owen Stanley Fault (Pig. 1), which separates the
metamorphic core from tho Papusn Basic Belt, is a profound crusctal
btreak with a broadly sinuous trace recognised for ‘over 200 mileo,
The fault forming the north-eastorn margin of the Gorupu liountains
is poseibly a dislocated oxtension of the Owaxi Stanley Faulte
Anple topographic evidence indicates that the youngest vertical
displacement on the Owen Stanley Fault and its suggested easterly
extension has been upwards on the southe=west. Stream deflectioms
a‘fr the north-wvestern end of tho fault indicate recent loft-lateral
etkko—sup displacement of about three miles (Dow and Davies, 1964).
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The surface trace of the fault plane cuggests a moderate to oteep

dip to the north-east,

The Papuan Bacic¢ Delt was probably emplaced Ly roverce

ower

faulting in post-Cretaceous to %!&iocene time. Recont upuard
dieplacenent of the metamorphic corc is attributed to icostatic
re-gdjustment concequent an tho emplacement of the heavy rocko of
the Papusn Basie Belt on top of lighter rocks of the metamorphic
rmovince;

The northern tvo-thirds of - the Papuan Basic Belt concict
of an inner non-foldspathics ultramafio cone against the Oun
Stanley Fault, and an outor foldcpothic zome overlain by bacic
oubmorine lava and dolerito (Thomneon, 1957; * Dow and Davico, 1964).
At tho southe=eastern end of tho belt this simple gominz ic not
apparent (Smith and Green, 19613 CGrecn, 1961)s It hoo been
suggested by Thompson, (in Dov cad Davies, 1964) that tho Popum
Basic Belt is actually a thiok, north-eaoterly dipping olob of
oceanio crust (of. de Roever, 19573 Heso, 1960, 1964).

North of tho faulted front of the Gorupu Hountaino,
Upper [llocene to Recent clactic sodiments and Pleistoccne to Recent '
voleanic products may canceal ultramafic end basioc rocks co-oxicncive
with those of the Papuan Basic Bolte Serpentinite bouldors vore
ejected during the 194344 cruption of the Garupu (Waiowa) voleano
(Baker, 1946), and pebblos of bocic igneous rocks are cormon

constituents of late Tertiory conslomerates am Capo Vogol;
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Lover Miocene limostones unoonformable an probable
sea~floor deposite of basic volcanic rooks have been recoried from
the following three isolated localities in nortbeeastern Papuas

(1) near tho interscotion of 8°00S latitude and

148%00E 1ongitude (Fige1) (Crespin, Kioinski,

Paterson, and Belford, 1956),

(2) at Castle Hill, Capc Vogel (Crespin and Belfard,

1955) o ,f
Mo v
(3) mmé—fmg«mme Bay (Belfard,
1959) .

An Upper Miooene succescion of clastic sedimemte at
least 14,000 feet thick (AePsO0esCey, 1930) 1s' exposed on Cape Vogel,
and an unmeasured, but conciderablo, thickness (probably in cxcess
of 5,000 feet) of poorly concolidated, quera"cely dipping
conglomerates forms deeply dissected foothills along the coast
between Gooflenough Bay and Cape Freree. Tl;e sediments on Cagpe
Vogel have been broadly folded and invaded by late Pliocane ar
Pleistooene basic intrusives and volcanics in a linear bolt éaranel
to the north coast (Fige2)e Tho clinoemstatite-bearing rocks
described in this paper occur near the eastern emd of tho intrucive/
extrusive complex on Capc Vogele Available field, palacmtological,
and geochranological evidence indicates that they are pre-lover
Miocoens (£ 1-2 stage) submarine volcaniocs.

Recent vulcaniscn in north-eastern Papua has been
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charaoteristioally andesitic end oxplosive. The most rccent
activity began in 1951 vhon [lount Iamimvton erupted violmtly
(Taylor, 1_958). | There arc nany olaer. eroded, volcanic vzmts in
tho Hydrographer Range, couthecest of Noumt I.mdn{;tqm cono of
these produced basaltic lavac, The mountain block which formo
Cape Hcleon is an entiroly maositio volczmio oomplexs native
legends sugzect that vents in thio aron were lest activo cbout
1880, Just south of Copo Nclson, near the faulted front of tho
Gorupu Hountainé, axplosive cndositic eruptioms began in late
1943, cnd continued through 1944 (Boker, 1946), in an aros uhore
no volcanio astivity had previously been recordede

LOCAL GIOLOGICAL, BIVIRONMENT. (J.L.T.)

Cape Vogel .penix'zgzula i:a composed mainly of Uppor mioccx’xe
and Pliocene ealoé.reouc ciltotone, iithie sandctone, ppl,ymiot
omgiomerate, and tuff, having on agorezgate thicknesc in oxcoco of
14,000 feet (A.Ps0.Cey 1930)e This puccescion is broadly folded
into an ssymmetrioal anticlinc baving vla roughly east-west axio
parallel.to, and about l—u miles mlaﬁd from, the morthern coaoctline
(Fige2)s This fo0ld has a gentlc couthern flank, with dipo ronging
from about 15° near tho coro to zbout 5° on the &xtqr flonk, ond a
stegper, poorly cxposed, end structurally @ietmbed northorn £lanke
No convincing lithological or palceantological cerrclationc have boel;
made aoross the axin, and it is possible that the fold nay be
crostally faultede - Throushout tho greate;r part of itc lansth, the
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axial zone of the fold ic occupied by a belt of basaltic rocks
from one balf to one and a half miles wide, Sediments in

contact with these basalts are usually silicified and indurated .
ovexr distances ranging from o few feet to several humdred feet.
Most of the available field evidence suggests tht basaltic mooma
intruded and arohed the thick ce;umnce of sediments in lste
Pliocemo time. It is also poscibleo that the linear belt of basalt
msy merely be a young lava pilc occupying an erosimal valley
along the crost.of the anticline. However, the basaltic and

‘doleritic rocks at the eastern cnd of the belt are unconformebly

overlain, at Castle Hill, by a limestone containing diasmocstioc
Lover IMioccene (£1-2 stage) larger foraminifera (Crospin cnd Belfard,
1955, cpecimen 1B109). | |

The clinoenstatite-bearing cpecimens izez'e collected during
a single reconnaissance traverse across the small Autcrq) of
igneous rocks west and north of Dé.bi Creek (Fige2). This outcrop
is overlain on the ﬁdrth—west by light brown Upper Mioceme cclearoous
siltstme, and on the south by lithic sandstones ellsewhero the
contact is 'oonqe_aled. Cpecimen 1B 105 vas ‘oolleoted vithin a few
feet of the siltstone contact, ond LB 107 came from menr tho contre
of the outcrop areas The relotionship of the clinoenstatitoe
bearing rook to the voloanioo vboth to the east and tho wost could
not be firmly establisheds
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A speoimen of glasoy, unveathered clinoemstatito-
bearing rock, collected when the area was ro-visited in 1964,
has been dated by Dr. I, llcDouwsoll, of the Department of Ceophycics
cnd Geochemistry, Austrelian Fatiomal University, by K/Ar nocourcnent
on o vholewrock cample. Illc obtoined a reliable minimunm csc of
282 1 million years, which, cecording to the timo-scalo of Kulp
(1961) correspands to tho top of the Oligocemes Tho ccmple dated
is frco fron geolites, but contains some emall, brown, dovitrifiocd

pétohes vhioh amount to o fou peroeent of the rook.

PISROGRAPHY. (1yB.Ds)

In hand epecimcn,m 107 io medium-grey to dork graoy,
and containe sbundant euhedra of cloudy to lustrous, translucont,
haney=-coloured pyroxene, rarcly up to 8 mme lang, in a groundnass
congioting of glass erowvded vith acicular mierolites, cnd containing
scattored amygdales of a vhite scolite up to 2 mme aCrocu.
Specimen LB 105 is gonerally similer to LB 1073 4t diffors in being
slightly dorker, and in contcining Eanalio:‘ ond markedly fcowor
phenoeryctc, many more,and concihat larger’ anygdales of cocolito, and
numcrous patches of greonish black, altered glassc up 10 0.5 mme
acrossy thin encrustationc of aragonite mey oocur alonzvli)i;%ghly
brokcn facose

The chemieal cnolycos and C.I.P.tle normp of theso roocks
are given in Table 1.

Hotevorthy foaturco of tho rocks aro tho wucuclly high



TABLL 1
Chemiocal analyses and C.I.P.'V. norms of clinoenstatite~bearing rocks.

CeX.Ps’’s Norms ,

.LBE' 1  LB10] 13105 - 123307 1B105

Water-jree

510, 53.97 57+58 5409 e 11.94 1500
140, 0.23 0.25 0,30 Or  2.22 a2
ﬂ20-3 7.08 7455 8.39 b 5.24 6.27
Fe,0, 3.46 3.69 3.65 An 15.37 15435
FeO 6.95 T.42 G54  Wo 6442 6485
MnO 0.21 0. 22 0.15 Hy 46.81 30,05
Mgd 16.03 17.10 13,03 I1  0.45 0.61
Ca0 4479 5 11 5046 Mt 5.10 5033
Na0 0.60 0.64 0.75 EQO+  6.07 7.36
X0 0.35 06 37 0e41 (P205) 0.06 '0.07
PO 0406 0.07 0.07

Less 110°C  1.73 m 2470

Loss 1000%C 4.34 - 4466

99.80 100.00 10020

Ng + Fe*t

Normative W07. 4Em79' I3 Wo.l. 4&1578. 0
pyroxene

(mol. %)  T®14.7 F8i4.6

Analysts  A. MoClure, 1960, formerly of Bureau of Mineral

Resources, Geology, and Geophysics, Canberra.
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wat;r content, the low alumina and alkali contents, tho hich
megnesia and iron oxide contentogy rolative to the cilica porcentose,
and the lack of correspondconce betucen the normative and modal
compositionse The analyccd rocks are unweathered - the water is
precent in zeolites; altored gless, and poscibly unaltered lacc
also. Their unusual compocition becomes even more apparcnt wvhon
the anclyces are re-caloulcted on a water-free basiss LB107 - 8102
565, M0 1743 LB105 - 810, 56 100 147

In tiain section, cpecinen LB107 is scen to conoict of
clinoenctatite and bronzite phenocrysic, abtundant pyroxenc microlites,
lime-bearing, relatively iron-rich pyroxenes occurring as borders to
the pyroxene phenocrystc and nicrolites, and also as individual
microlites, altered ond unalterocd glass, zeolitic minerals, and traceu
of ohrome spinel. Virtually all the ferric oxide must bo in the
glaso, as the percemtage of opaque mineral is very love  Tho genoral
appearance of this rock is illustrated in Plate 1, fig. A

The clinocenstatitc phcnocrysts are commonly cuhcdral,
and are characterized Ly rathcr regularly spaced multiple tuin-
lamellae (Plate 1, figs. B and C) averaging about 0.015 m. in
width, and by a decidedly murky cppearance, as compared vith bronzite,
in transmitted light. Tho murkinoss is nét- due to alteration,
but to clocely cpaced cracko, cleavages, and partings, and is
accentuated, in the cores of some crystals, by abundant, minuto,
fluid =nd opaque inclusians. Iio e:%:olution lamellae arc nrconte

The lengths of the phenocrycto ocon in three thin sectionc rango
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from 0.3 mme t0 3.6 mm., und thoir average size is about 1 mnm..
Signs of a cleavage or parting porpcndicular to the c-axis cre
visible, but individual cracko are rarely longer than about 0.02 mme.
An even more umusual feature ic a pair of strong cleavazec or
partings (Plate 1, fige D) almoct invariobly visible in ccetions

cut parallel to the tuin plone (100), and making ((?) cpperont)
ancles of 64° with (010); such clcavages or partings are, as for
as is known, quite distinet from any previously recorded in
pyroxenese. The terminal faccs of quite a few crystale arc olightly
concave (Plate 1, fige D); on cxtrene example of curvature ie
illustrated in Plate 1, fig. C.

ost of the clinoenctatite orystals are bordored by a
rim of green, calcic, iron-rich clinopyroxzene about 0.01 . vide
(Plate 1, fige D); this rin and a straw-coloured or grecnich yollow
zone of cimilar width immediontoly incide of it have & birefringmce
greater then that of the clinocnstatite (Plate 2, fig. A). ‘ledge-
cheped and acicular outgrouths of green pyroxene are dgvoloz;od on
the terminal fooes of somo crystals (Plate 1, f£ig. D).

Tho bronzite phcnoeryots in the ceectione ex-mincd range
from 0.3 mme. t0 2 mm. in length, ond their average gaizo ic about
0s6 tm.« They are colourloss, and are usually euhedral (Plote 1,
fige. A3 Plate 2, fig. B) or cubhedral (Plate 2, figs. C and D).

Two zones can commonly be scen tctueen crossed nicols, but in one
oryctel (Plate 2, fig. B) four ozcillatory zones are clourly
visidle (see also Table 5, 1'cs1)s  Some grains are partly mentled
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by clinoenstatite (Plate 2, £izc. C and D), and a few (Plato 2,
figs. D and E) also contain inclusions of this mineral. Several
aggrezates of anhedral grains of Lronzite were noteds onc of those
oggregates encloses a grain of clinoenstatite, and in another some
probable ex_tsolution lamecllac of clinopyroxene were obscrvod.
Bronzite grains are commonly rimmed by green pyroxene similar to that
surrounding olinoenstatite (Plate 2, fig. E), and/(outg;rout of
colourless and green pyroxene are usually developed on tcrminal
facen. Some bronzite groinc shou cross-fractures at right angles
to the c-axis (Plate 1, fig. A3 Plate 2, fig. E3 FPlate 3, fig. Dj
Fig 3)e

The microlitoc are acicular, and their average cize is
about 0.3 mm. x 0.035 mm. (Platoc 3, fig. 4). ldttle ic knowm of
their oomposition. Most consict of colourless pyroxene with low
double refraction bordered by a thin zone of more highly bircfringent
colourless or yellowish grcen to green pyroxene which also occurs
as foathery teminations on many orystals (Plate 3, figs. A and B),
znd as ceparate microlitcse The general appearance of tho colourless,
rather weakly birefringent corcs of many of the microlites is
strongly suggostive of the clinoonctatite of the phenocrystoe
I"inute ocurved structures roninisccnt of those found in clinocnctatite
vhich has inverted from protoenstatite (C.E. Tilley, pers. corm.)
are visidble in some of thom, but rmultiple twinning is rare, and ic
cenerally best seen in cross-scetionse The twin lamelloc ere much

thirner than those of the phenocrysts, and range from cbout 0.5 micran
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to § viorons 4n vidthe A Zov of the colourless cores arc cormevhat
clearer than the majority, and arc probably of bronzitic corpocitiang
hovever, it is mostly impoucible to distingulsh betweon microlites
of orthopyroxene and sectionc of probable clinoemstatitc cut

Hhe cores of
approximately parallel to (100). It is possible the.t,(cmo riorolites
are untuinned clinoemstatite, as wntwinned dborders clouo to
clinoenstatite composition vero meacured during electron idcroprobo
analysic of some btromzitc phenoeryots (Table 8, Nos. 2, 3)s As
the cores of many of tho microlitoc have straight extinction, ond
yet arc not as olear as tho bronziteo, it is aloo poseibleo thot cono
of them are protoenstatite vhich could have survived ac o nctactcble
phaso.

The microlites have o very well developed parting or
clesvage (Plate 3, fige. A und B) at right anglos to their longthe
This fonture was also meniioned in the deseription of tho clinomnstatite
cnd brongite phenocrysts, but it ic lesa prominent in thoeoo (eopocially
the clinoenstatite) than in tho microlites. Cross fracturcs vith
cuch an orientation seem not %o haveo been previously described in
Pyroxcnes.

In addition to tho microlites alrecdy desoribied thoro are
much emaller greoenish ones with curved, feathery shapes which mako
up about 1 percent of the rook.

Intermediato in oizo botween the acieular microlitos ond

the cmallest phomocrysts (oo arbitrarily desigmated here) cro cmell
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cryctals of olinoenstatite wnd of hronzite ‘and compositc cryctals of
clinoenstatite and bronzite, sonc of vhich are illustratod in Phte 2
£1g. Ay Flato 3, fig. C, cnd Fig. 3. The dimensianc of ouch crains
range from b.O'I mme t0 0.2 tme in cross deoﬁén, and up to 0.6 ‘nim.
in longitudinal section. fhe tvifi-lamellac in the clinocmototite
are thirmer than those of tho phencerysts, and thicker than hoso
of the microlites. Crystolo of bronéito wifb olightly concave
torminal faccs coming to a charp point are rather charasteristic.

' The ratio of altored gless to unaltered glaos chous
a good deal of variation Lfrom onc ficld of view to anothar. lhore
frosif, the cglass is very palo grceniéh arey (almostb colourlcoss) and
isotropic, and‘ its refra.dtive indox is greater than that of Canada
balsam. Hhere altered, tho glaos is light brown uvith a clight
groonich tinge, and conerclly chous ageresate polarization on an
extrenely fine soéle. In oome places it forms very Linoly fibrous-
rodiating rimo, about 0.002 mme. vide, around colourless =zcoliteo or
TLodics of altered glass with aggresote polarization. Thoe rofractive

index of tho darker varicties of altered giass is eppreocicbly leoso

than that of baleam, wvhercac that of the less cormon lightor varicties -

presnmb]:y in a less audvanced otege of hydration - 1o slishtly groater
than that of balsam. | |

Idive varictics of soclite were distinguished in ¢hin
cection, but none hng, ac yct; boen identifieds The oizoc of the

geolite masses range dovm to chout Q.1 mm. It appearc that only
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' very fa&f of the zeolite Leﬁies £i11 pre—existing eavi‘hiexa, an %heir

o shapes are cmanly qui‘be irregulsr, mam; of them geam o hmre
‘ fermed. in the glass in the some way as do sghmlites in aﬁié
rW\,oh.q/fX

velcmic mcksf, ond are B Ziﬂ hanﬁ speeimm. : '
R Except for a few Lx-ger gm,ins, chmme spinel focoura"
. balmost entirely hiﬁhin phexmcrysta of cliﬁoenstavite and brmito; S
A . its avemage gminsize is abozz‘t O.ﬁc}ﬁ mmes but a few cryst&lﬁ range ‘
| - up to Oa-4 e '(Plate 4,~ fige A)-. The sma.na' grains are dark re&--.

hrcm in. ;strong msmi‘ttea hgh‘i,.

 Spectnen 1B105 is brosdly 'mm:.ar %o L:Bm, but shows
_&i:t’ferenees in the percentag,es of some of the minerals, especially .
v e).innmetatite phenocrysts and ze&li%ﬁs, snd altemd ami wnel beme&
gla,se‘ , It$ geneml appearmee im 111ustrated S.n Plate 3 figc D. ,

In addition o the Five zeclitic minerals moted ‘in mm?, it

Y

e cmtainﬁ a small qmnti%y of & &;zather (?)zealite which is charaétariaed

. om

Zby clmely—syaaed aleavage. A fow veilee'ts af araganit@, ze.boui:
1 micron thieii, traver.:e the wlide, aﬂﬁ eroaa aame of the 3.&1*@@1*
: mssms af‘ zeclite uhmh u.}_} HGAT m ‘be nomal vesmle fﬁ.lhngs, ené

-

« .. form the. an;ygd'zles seen .’m hzmd ':pecmem. o | LB ' R
| Micrometric analyees of Spacimena L‘B’l@? ami [105 are
given in Tabie 2. . Points were comted at © ,3 fisiti Y cem%rest : The‘
i di,;tirzc‘ﬁién betwe@'z phenc@ryzai;a zm& micrmlites was more diffleult
| $0 make in LB‘iGS than in EJB1379 :md 19, therefore, more ar’hltraxy.

—7/0(,@&.2—«—%



TADLS 2

Ideronctric coalyses of olinconsiotito-berring rocko.

L2107

L8109

(45145 points) (3,145 pcintco)

Byroxcne

Clinomnstatito phenocryots

Ironzito phencorysto

Colourless miorolitos (elino-
cnoctatite, crthopyrozwnc,

(?) protoemsiatite, cnd
caleie clinopyroxonc, noctly
compozite eryctals)

Crecon ond yeilm:iéh erom f;o
greenich yollow clincpyroxencs
Dorderins phenoerysts of clino-

erstotite and bronzito
Cordering colourlecc tiicrolitcs,
and as separato nicrolites
Heathery microlites
Zeolites
Uhaltered glass
Altered glass

Chromo opinel

19

22

10 ) 14

1)

10 ) 12
1)
12
6)
34)
<063

100
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OPTICAL MEASURIMENTS O THE PYROXANES. (.B.D)
Refractive mﬁaa: measurements on the olincenstatite were

confined to the larger phenocrysts.
were those eut parallel to the twin plane (100) (Plate 1, fige D),
and in these the index « was determined. TFig. 4 illustrates the
principal é?tiaal and morphological features of eiimamtatits &x |
described in the literature, and confirmed in the ecurse of this
investigation. The curve used for the determination of composition
was that published by Hese (1949, pv643)3 1% is more ar less the
same as that of Bowen and Schairer (1953, p.198), which differs in
axpressing composition in weighi percent. Bowen and miwr’a
curves in faot give wvalnes of Feﬁi% about 2 molecular percent lower.
The results of the measurements are set ont in Table 33 all wvalues
are subject te an error of X 0.001.

Taking inte agcound s possible ‘arror of 0.00%1 at either
extreme of the walues given, the possible range of composition in
spesimen LB1OT would be 9 to 12 moleoular percent FeSi0,, and in
1B105, 8.5 to 10 perent. Host grains showed a slight variation of
refractive index aleng their lengths, i.es, parallel to c.
Interforense colours are first order yellows
ware made

Fo systematie refractive index measurements
on wonsite; tha- anly walue obiained m & mean reading Tor use in
correcting optic axial angles, This was about the same in both
reoks ~ 1,670, or a little mores




TABLE 3
Refrootive index meusurcments e clinoenstatito phenooryocts.

Composition

x (mol. % PeSi0,)
LB10] 1.662" 945
14663 10.5
1.664°1 11
LB105 1.661(5)2 9

1. Two identical mcasurcments

2. Three idemtical ncasurements
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Measurcments of 2V in olinommstatite were carricl out on
seotions cut more or less at right snsles to ¢ (Fig. 4), md vhorcver
posgible tho angle was neasurcd in both sets of lémellaog vhare thiso

could be done, & value for Y A C was obtained by the mothod of

o e L

2
entirely umsucsessful, cnl thore vere three reasons for thio - tho

A : ) ,
Turner {1942) -\/,\c,u \/1*7/2 o loncurement was often difficult or

very cmall difference betwocn X cnd ﬁ (espeeially in oryotolo with
Ve 30° .z ), the narvownesc of tho twin lamellae, and intcrfcronce

from lumellae on either cido of tho one under oxamination, /71

Tho clinoenstatito ic vptically pocitive. ‘ ™o coto of
values for 2V uero obtained - onc of 250'- 560 ('.t 20-}01‘ rooouronents
on individunl grains), nd tho other of 46°  56° ( <0.5° gor
neasurenents on individuel grains)s One quite satiofactory
determinntion, carried out on tho crystal illusotrated in Plc}\‘é 1y
fig. By gave an intermedicto rouding of 41°. The valuco or 2V
are different from those (20° - 25°) given by Bowen and Sohoirer
(1939, p.198) far the clinocnotatito-olinoferrosolite ccrico.
Fouover, one cet (460 ~ 56°%), octrcddles the valuo of 53.5° civen by
Allen and ‘hito (1909) cnd Atles (1952) for pure clinocactotito,
and alto virtuslly covers $ho wolnes 44° 2 2 ® end 0% 2 5% siven
by Turner, Heard, and Grizge (1960) for clinocnstotite Cormed by
stresc-induced inversion irom cnctatito in enstatite pyroxonito;
Tho lousr volues uwere obfcined fron come of the larger phorocryots,

wvkercae most of the hishor velucs ware obtained on the cmnll cryctals
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desoribed on page 1), and illustrated in Pla,\e 2, fig. A., Platc 3,
fig. €, and Fige3. Results of uome of the measurements of 2V and
extinction angles are cet out im Table 4. In gameral tho abscnce
of readings fory NC signifies that measurements werc not made on

the cecond set of twin lumcllace.

T Symetrical cxtinotion of 29.5° was measured on tho avyetal

showm on the left side of Fig. C, Plate 1. According to the curve
chown by Hesc (1952, p. 643) thic value corresponds to & commosition
of 10+5 molecular percent of FeSiO3, which ic the same as tho moan
composition obtained by R.I. moasurements on phenoorysts {ron the
came specimen (Tablo 3)'.

As mentioned proviously, l‘iponzito pkenocryote are commonly
goned, and so the simplest nothod of gettmg' sone idea of their
composition was by measurement of 2V. 'L‘he results of tho doterminations
are chown in Table 5; tho curves uced are those given by Hess (1952).

From Tatle 5 it con bo seen thats

(a) If the compositions of unzoned phenocryets and fff cmall cryctals
obtained by direct mneacurementf) of ZV in cpociman _LB107
ore averaged, they are found to be the samo (11 molccular
perceant FeSiO3) oo those of the oingle phenocryst ond the
einslo omall ceryctol reliably measured in LB10C.

(b) In most simply zoncd phenocxysts.(e.g., Nos 5, G, &) tho core
is more iron-rich than the outer zone (of. clcotron

microprobe rocults for branzite - Table 8).



TABLE 4

Optic axial angles and extinction angles in clinoenstatite.

2V;£ ZI\('/

1B407 31° -
30° -
34° -
32° 26° 7
36° 3¢°
410 290
53° "
56° -
49° 4° ?
47° 23° + 7
46° 8°
5¢° 2°

1B10 25° -
11° -
21° 29°

55° . Not measurable



TABLE 5

A Optio axial anglee and composition of erthopyroxeme.
a) Phenocrysts
() aig_g (no%g%?%g%%
Measured Plotted From measured From plotted
L3107 (1) Core - 83° - 16 ?
Zone 1 - 73° - 22 2
Zene 2 - 81° - 14 7
Zone 3 - 7° " 20 7
(2) 95° ? 9%° | 10 8.5 7
(3) 92° 99° | 12 8.5 )
<9 | w12
85° | Gs )
(4) 91% 93° | 12 112
18105 (5) Care 79° - ‘ 18 -
Outer zame 96° - 10 -
(6) Core 92° - 12 -
Outer zme 97° - 9 -
(n 93° - 11 .
(8) Care 87° - 73 -
Outer zame | 94° - 10,5 .
(b) Small Crystals (Plate 2, fig.A; Plate 3, £ig.Cy
S Fige 3)
107 (9) 91° - | 12 -
(10) 95° 90 10 13 g
* (101 | Csg )10.5
(11) 99° - 8.5 -
(12) | 89° 97 © 13 9)
gy (9{7 ;13
18105 (13) Core - 99° - 845 2
Quter tme | = 85° - 15 7
(14) 94°% 91° 1= 12 7
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(¢) The only meacurcd cxumplo (Hoe13) of a small cemod oxystal
)
ic in IB105; thic grein difforsé fram tho aencd
phenooryots in thot ite outor zone is moro irmme-rich

than tho corce

X-RAY DIFERACTTICY DATA. (D.H.G.)

In Takle 6, the d-sposingo for tho major rofloctiong of a
clinoenstotite phonoeryst aro licted and compared with cquivelcent
roflcetions from oynthotic clinocactatite ¢(Kwmo and Hesu, 1953) and
oynthotic clinoferrosilite (Linaslo;y, Davio, cnd Hoelrosery 1964) .
Tho corrcopondence botucch tho patterns io elear, cnd tho diffcrances
betwvoan tho maturcl c¢linocnstatite cnd tho oynthetic olinocnctatito
appoar consistent with the eficet of tho I?055.03 subotitution in tho

B wiile) o

)

lothods- An electron probo X-ray alcro-anolyser (Applicd Roscorch

ELUCTRON FROBN LIXCRO-AITALYSIS.

Laboratoriocs model ILIl.X.) wos uscd to quantitativoly aunlyco {or
polocted olcmento in o ounbsr of tho clinoonstotito and oxthopyroxcno
(bronsito) phencerystse Poliched thin scctionsef rocks 1LB105 ond
L3107 vero propared,and coated vith o thin corbon Cilme T clcotron
beam woo focucced o o spot cbout 1 miecron in Alametor, giving o

volunc of cmalysio (tho velums Srem vhich oharactcristic X-royo



\ TABLE 6

X-roy data for a Cape Vogel clinomnctotito phemocryote B - filtered Cu Ko

radiation, 51 internal otandard, Phillips diffractometer.

Synthetic Clinoenstatite Natural Clinocnstatite Synthetic Clinofarrosilite

(Kuno and Hess, 1953) (Thic work) (Lindcley, Bavio,
‘ | HacGrogor, 1964)
ﬁ 'd' - opacin i # 'a' -~ opacing py ‘d' - opocing I
021 3.287 5 3.293 1 .45 8
220 3.174 6 3.178 8 30233 8
221 2.980 9 2.986 6 3.633 10
310 2.878 10 2,860 10 2,910 6
137 2.542 3 2.5417 3 2,604 3
202 2.524 3 2.526 1 24595 2
002 2,459 3 20459 4 2.481 2
- 24453 1
221 2,436 2 2.439 3 2,476 2
2,379 2 2,380 1
2.200 vig
311 2,213 2 2. 210 5
040 2,208
2161 2

2.038 2
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vere emitted) of 2-3 microns diamcter. The aocelerating voltago en
tho zleotron besn was 12 kV, and the specimen current 0.04 micro=-ampse
Spot enalyses were made at intcrvale of 1 mioron to 10 micronc with
an integration time of 70 socondoe Anglyaes fc;r Fey, Ca, cnd either
Al or Mg were made simultancously using K« radiation. = Correctians
were made for beam current fluctuatims and for background, but
inter-elanent and matrix absorption and fluorescence eficcto wvere
minimiced by using calibration curves from glasses of lmown pyroxcne
compositime. These standard glasses, prepared from carefully woiszhed
oxide mixes, are enstatite (Ihsgo) with 2.0% Ca0 and variable 1&?!.203
content from O - 20%, and cluminouc hypercthene (m'lS' .&1203 = 8.0%)
with variarle Ca0 content fron O - 8%  The determinationg of Fe,
Ca,and Al (reported in Tebles Ty 8, cnd 9y as the oxides in
accordz;."nce with normal petrorraphic praotice) are concidored accurate
to ¥ 0.1%, this estimate being derived from the reproducibility of
results on both etandards and cemple,and the linearity of the
calitrgtion curvee Doterminatione of Hg'showed ereater ofiects of
small machine fluctuationo, and tho ectimated error is + Oe3fe

Uhere Pe, Ca, Mg, ond Al vere noasured on the came crystal it i
possible to caloulate the romainder of the composition ascuming that
these three elements occur in the pyroxene as FeS£O3, Ga,S:LO3 ’ Hgﬁibys

and Al. AlO Totale calculated in this way range from 9%.3 to

3‘
100.0, in excellent agreemont with the ideal compositions.

MnSio msm3, and Cr, 0., are likely to total to lesc than 0.5 in

3 273
pyroxenes of this compositiom.
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Resultss-  Searies of 4 to 10 cpot onalyses at $ or 10 micron
intervals were made near tho centres of several clinoenoctatite
and orthopyroxene phenocrysts in each of the two rocks. Theco
demonstrate that there is a rang;c in compositiom of clinocmmstatite
and orthopyroxene in both rocks, but that the orthopyroxecne is

oconsictently moroe iron-rich and calcium-rich than the clinocnctatite

.(Tables Ty 8, and 93 TFige 5).

- f\ﬁ

rleg/, 4?» (,?
. . A further sarios of very detailed traverses fron margin

2 -y ,‘/;\\)

a2 ! s [ to centre or opposite margin of seleoted phonoerysts of both types

[N [

S

demmstmtea extremely strongs compocitional zoing at tho outarmoot
edges of the phmo&yets, but only very slight or modercto zoning
within the phenocrystse Orthopyroxene of the type illuctrated in
Plate 2, fig. B :gge:ite soningy (Table 8, Nos. 10 and 12), or
slight zoning (Table 8, Nos. 1 und 5)e Some olinoemstatitc hao
very little zoning (Tablc 7, No.16), but in both pyroxencc the

outer zones of the oryst.l aro more ma-nesian than the cantral core.
This same trend is shoim by tho composite orystals (Ploto 2, TifGe
C and D) consisting of a hyporctheme core and an outgrowth of or
partial mantle of clinomstatites Analyces of the crystals
11luctroted 4n Plate 2, Pigve C wil D are given in Tablo 9, Nos, 1
and 4,end Table 8, bronziton Ilos. 3 cnd Se Some of thoce oxyctclo
Bave o omall inoluded groin of clincenstatite at thefr oontres(osges

Plate 2, figs.D and E§ Fire 63 Tuble 9, Nos. 3 wnd 4).




[¥eroprots analycas of clinocnotatite
Ueight por st

PARRD 7

Tlole por cent

.
LB{0S Fed
1 Clinomsotetite Tet
core
2 % ToT
3 . |
4 ® 640
5 . Ted
6 P 79
T B 546
8 . 79
9 “ 7+0
IB107

10 C€linocnctatite
caro TeT
Y @ 8.6
12 = 8e2
13 “ Be2
14 0 8a1
15 " Ba1

16 Largo ©1inow
awctatitoc ove
arozed over

Duintervalay
G Hergin TeT
b TeT
. © 19
a Bet
© 8e2
e 840

Ga0

0e2

0.2
0015
015
0.2
0.2
0.15
Ce2
03

0s2
0.2
O
0.2
Ge2

0.2

015
Ce15
015
0.2

0.2

025
0.15

Iig9

a3

Nede
BeQe
Bode
Bele
Ne e

Dele

Rede,

Nede

a2
327

RDe do,

Nele

e (10‘

Nede,

fede
Dede
o e
e Ce
nNede

Delle

_ﬂodm

Aléos eSS
045 1301
04 i4e1
0.3 1203
0.4 11.0
0ed 13.6
0.4 1445
0.6 1043
0e6 145
0.5 1249
0e4 1401
mede 1548
Rede® 1501
Cedl ?5-?
04 1.9
0e4 1449
G 142
0o 1442
0.6 145
0o 1449
0.5 1501
045 1447
0.4 149

GcSi0

3
Ded

0.4
0.3
0v3
044
0.4
0.3
0.4
0.6

0.4
0.4
0.2
-
0.4
0.4

0.3
0.3
0.3
0.4
Oed}
0.5
0.3

115940

854

851
B7e 1
8.3
8546
84.7
£8.8
8445
8640

8541
83+9
B4.2
841
8443
84.3

8540
84.9
8445
84.0
8440
8443
844

e

1003

i1e2
07
8e7
10.7
775
Ge
115
106 1

111
126
199
199
198
1.8

1ie2
192
115
118
119
11.6
118

Co

04

a4
0e3
0e3
Ced}
Ceod}
03
Oel,

Ce5

04
0ed
Ce2
YY)
0e4
0l

Ce3
Ce3
0e3

0.4

Gl
G.é

0e3

g

69¢3

€6.4
90.0
910
£9.0
€841
9146
£8.1
8944

8845
87.0
87.9
OTe7
0748
87.8

685
63¢5
€8.2
878
877
€860
0769

# commed 0655

|



TABLE 8

@*
Microprobe Analyses of arthopyroxeme

Weight per cent Mol. per cent
FeO Ca0 MXg0 A1 0, PeSi0, CaSi0, NgSiO; ' Te Ca Ng
1. Bronzite(zanei) ‘
a WW 10.2 0.9 31.5 0.9 18.7 . 1.9 8.3 . 151 1.7  83.2
b 10,4 0.9 313 0.9 19.1 1.9 T1.3 154 1.7 82,9
6 Ceme Bo~tre 106 0.95 31.1 0.9  19.5 2.0 .3 158 1.8 82.4
2. Bromsite 8.9 0.7 1ne.de 0.6 16.3 1.5 81.6 13,1 1.3 85.6
3 L 8.9 0.65 n.de 0.6 16.3 1.4 3t.7" 13,1 13 85.6
4 » 0.0 0.8 1n.d. 0.9 19.5 - 1¢9 T1.8 . 15:8 . 1e7 82.5
5 Bronzite (zomed) ' .
a Nargin 9¢T 140 nede 0.7 17.8 2.1 19.4 4.3 1.9 83.8
» 9¢0 0ed Mede 0.8 165 19 80.8 13¢2° 1.7  85.1
c 8.9 0.9 n.d. 0.8 1643 1.9 81.0 . 13.1 1.7  85.2
d 8.9 0.9 n.de 0.7 1643 1.9 81.1 13.1 1.7  85.2
. 8.8 049 nmede 0.75 16.2 1.9 81.3 13.0 1.7 85.3
b 4 8.9 0.85 mn.de 0.7 163 1.8 81.2 13¢1 1.6 85.3
g 8.8 0.9 neds 1.0 16¢2 149 80.9 13.0 1.7 853
b 9¢2 1.0 Dede 1.0 1649 2.1 80.0 13.6 1.9  84.5
i Opposite margin 9.4 1.0 nede 1e3 172 21 194 14.0 1.9 8441
Lp10]
6 Bromzite 9.4 0.7 nede 0.7 17.2 15 80.6 13.8 1.3 84.9
7 » 98 0eT Dede 0.5 18.0 1.5 80.0 14.4 1.3 84.3
8 " 9¢1 0.6 nm.da 0.5 16.7 162 81.6 13.3 1.2 85.5
9 " 9.9 0.85 n.de 1.1 18.2 1.8 78.9 14.7 1.6 83.7
10 Bronsite (strangly
somed) .
a e-urMa»ﬁ»N 9ed4 0eT nede 0.7 1T 1.5 80.6 13.8 1.3 84.9
10.5 0.8 =n.de 0.7 19.3 1.7 78.3 155 1.5  83.0
o Centre 11«4 fet nede 1.1 20.9 2.3 15.7 1Te1 241 80.8
11 Promsite 9¢7 0.6 32.8 n.de  17.8 1.2 817 14.2 1.2  84.6
12 Bronzite (scmed)
a MMUA:N 9.7 0.7 32.5 n.d. 1748 1.4 81.4 14.2 1.3  84.5
» 112 0.9 311 nede 2.6 1.9 TT-4 16,6 1.7  80.7
e 14.5 1.4 28.6 n.d.  26.6 2.9 T1.2 218 2.7 1715.5
d Oppeeite Enbder
W8 v 945 0.7 325 nede 1745 1.4 80.9 13.9 1.3 84.8
13  Bronzite 8.8 0465 Bede neda* 16,2 1.3 82.0 12.9 1.2  85.9
14 " 92 0.9 neds nede* 16,9 1.9 80.7 13.5 1.7 84.8
15 " 9¢3 0.9 nede Nede® 1701 1.9 80.5 136 1.7 847
16 " 9¢5 0.9 nede neda® 1744 1.9 80.2 139 1.7 84.4

* gssumed 0.5%.



\ TABLE 9
Microprebe analyszes of composite pyroxene arystals.

Weight per cent. Ho&._z%_&!_m_- cemnt.
80Cla

FeO Ca0 Mg0 41,0 FeSi0 C‘olSiO3 HgSiO3 Fe Ca g grain.

273 3
LB105
1+ Clinoenstat
~ite rim 6.9 (+1%.) n.de 0.8 12.7 0.6 8509 10,0 0.5 89.5 Bransite Ne.
3,Table 8
2. #Clino- ‘
enstatite 6.1 0.2 nede 005 123 0.4 8‘.8 9.7 0.4 8909 Bromsite
Opposite edge » Hoe2,
of Bremsite 703 0055 Rede 00‘ 1304 1.1 84.9 10.5 1.0 8804 Table B
3. (?)Cilino- .
mstatite rim 705 0.4 3308 005 1308 008 84.2 11.2 0.7 8801%
Inoluded | | e
clinoenstatite 8. 1 Oe1 33.7 006 ‘409 042 83.9 1108 0.2 88.0 Tabie’s
(?)Clinoen~
statite rim 8. 25 0.1 nede 0.6 15.1 0.2 84.1 121 0.2 8797
4. Clino-
enstatite rim 6.8 0.2 n.de. 004 1205 004 86.7 909 004 8907
Included :
Clinoenstat~ . Bronzite
ite 8.1 0.3 n.d. 1.0 14.9 006 83.5 11.9 005 8706 No. 5,
Table 8
Opposite rim
fim) 7. 91 0.3 nede 004 13.0 006 86.0 10.3 005 89.2
(outer) 6.4 0.2 nede 0.4 117 0.4 87.5 9+2 0.4 90.4
12107
5« 3Cline-
enstatite :
a - Centre 8. 15 0.2 nede 009 15-0 0.4 83.7 11-9 004 87.7
b = fear :
Bremsite 8;85 0.2 n.d. 0.65 16025 0.4 82.7 12-9 0.4 86.7
'} Brensite 904 0.7 n.d. 0-7 17.2 1.5 80.6 ’3.8 1¢3 8409
6. Part Cline- )
enstatite 801 0e35 nede 0.8 16.0 0.7 82.5 12.9 0.6 8605

8.7 0.3 n.d. 0.6 16-0 0.6 8208 1208 005 8607

Part
Bronsite 904 001 Nede 007 11.3 104 80.6 13.8 13 8409

903 Oo? Rede 0.‘ 170’ 1-4 8009 "3.6 1.3 8501

T. Untwinned
. central part
of very elem-
gate small
erystal 70‘ 0055 n.de 0.6 14.0 T1e1 8503 11.0 1.0 88.0

80 Micrelite 18.0 4.45 22.8 n.d. 33.0 9.2 56.8 28,0 808 6302
9. Miorolite 8.0 5.8 22.0 =n.d. 33.0 12,0 - 54.8 27:9 114 60.7
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The zoning at the outermost edge of the crystals io
towards mere iron-rich pyroxcne wvith slightly increased linc contont,
cnd then there is an abrupt chonge to a rim of augitic composition
(Figs. 6, 7, 8). In sdme caceo this outermost calcic olino;:yroxene
zone has a charp bmmdﬁzw with the inner Caw=poor pyroxanc, opd tho
analytical points in Fi{ggse. G, 'f, cnd 8, whioch occur within the
normal pyroxene m:lséibility Gops reflect the finite sizc of the
analyzed spc;rt oroscing a chorp 2-phose boundary, and do not
reprcoemt true com#esitimc of -u. mingl:‘e.-phaee PYTOoXene,

Foa b, 7, /% -

L =7 A number of travarsos vero made across small commosite
AAA Tox L AT .

phenocrysts of orxzhOpyrcfxono ené clinoenstatne. Such cryctals
ere chovn in the upper hal? of Pim‘;o 2y fig. Cy in Plato 3, Tig. C.,
and disgrammotically in M. 4.‘ Hosnltq of gnaLvses arc given in
table 9, llose 2, 5, cnd 6. Agnin tl}erev is & consistont diflorcnco
between the two pyroxcne typoo, but it i clear from tabloo 7, 8,

and 9 that these compocite crains 'ccmaiat of pyroxenct moar the
limiting Fo-end of tho clinocnstatite fiold and the lirﬂtmg [lz=cnd
of the orthopyroxene ficlde Thus, although the types aro dictinot
ctructurally they convergé tovards o common limit to thoir rocpcetive
compocition ficlds.

Attempts verc mcde to ncasure ceveral of tho nicrolitoc,
but with 1little suocess - tvo oxomples (Table 9y Hos. 8 cnd 9) gave
molecular ratios Mg s ' 3 Ca of G342 3 28.0 ¢ 8.8 and GO.7 ¢t 27.9 3
11¢4, and thus fall in tho pigconito field.

Almost all tho orthopyroxene phenoorycts shoved o dictinot
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narroy sone rich in Mg at thoir mowvgins. In tho cryciclo
1llustrated in Plgb 2, figs. C and D, this somo 1o of tho smne
chemiotry ac the eclinoenstotito phonoerysts, ond chows polysymthetlc
tvinninge  In some oryctale thero ic a very thin gono vith Iig

and Fo contents typieal of clinocastatite, but with highcr Co contant
(Cal = 0.4% to 0.55%, Tablo 9, Tose 2 and 33 sce aloo I'ig. 6),'
Those gones do not shov polycynthotic twimning, A cnall, very
thin, clongato orystel (sinilcr to that chowm in Plate 3, £ig. B)
with an outer gone of tirimned clinoonstatito containe a cloar,
wtiinned core with Cal = 0.55% (Toble 9, Hoe 7)y but 11z and Fo
contents typical of tho clinocnstatites. Theso three oxmmploo

(sce aloo Mg. 5) are oxcoptions t0 o gencralizaticn that phanooryots
Mg -

g + Fe

twinning, clinoenstatito structurc, ond very low lime content (0.1%

~ . poleoular rotioo greater than 87 shou polyoynthotic

with

to 0.3 Cal)e.

A Ca-Mg-Fo plot (molcocular proportions) of tho anclyzod
pyroxcnes is given in Fig. 5  The clinoemotatite phconoorysts range
fron at least 929 to 87 Dho, and comtain 0.2 to 0.5 Uoe Thay
are very lov in A1'203 (avoraging about 0.5 veight por cont) .m opite
of their high temperaturc of formationy this presumbly foﬂecta the
louy A2,0, content of tho vholc rock and a low confining prcscure at

23

crystallizations Theo lou 111!.20.3 contont suggscots thot tho bh;enocryste

arc not inhorited from groat depth (i.ce, bolow 20-30 ko)e

Phenoerysts more iron-rich than Mg = 87 havo normal
: Mg + Pe
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erthogymmene ﬁtmﬁure; arxd TNEG fmm E’:ms? to. i‘ha?ﬁ, wi%h |
%wament mcreasing f’mm 1‘5% to a.?% {e.é% to ,(2% €40) in the:
nore ivonerich ezszaplea. 2 3 amtmt ia again lw (averaging
abeut O 9%) s mt is hi@her ﬁmn ﬁm of ma cliaﬁamta:tﬁes.

te: '; 25 ée%at ;am- In the ﬁ‘mﬁe xsgsm MgSiG e 1’03193 ch

} er (1935} ha.ve shown. thot thez'e is & eampla%e soliﬂ.

solntion aeries at high :;emmzmmra bemseea cnneens‘tatite and
@nmhgpmthme ﬁf eemp@ﬁiﬁsn noay Ekmm Fs% On the uﬂm’
hand, B.atﬂx* expmmtal work (Mlas, 1952) has shomn :hhat

.elinoenstatﬁ@ m : mataﬁ%am@ phaee in a. lw*yl‘esm,

temperagwe mmmﬁnan% emd forns Yy irverﬁiun from ﬁm high
"éemzsem‘bure zaﬁlymerp}a, z&mtoe&z&taﬁiﬁ@. fﬁm szeme im@rszﬂn i

from pra‘haenﬁta%ﬁ@ ta Gz*%hcw umiie, &nﬁ expei‘imﬁﬁal smﬁi@s

. show that this ocours i pure Hgi0, ot 985% * 1@ (Aﬂaa, 19523 |
. Boyd mﬁ Schalrer, .1964}..;. | Glmoenntatite has & fzta,hility ﬁem |

’-a%; very 109: temperatures and big*h presmea (Selar, &mis@; and :

Sotwartz, 1964.)@.‘. | Although 98§ ¢ X 10% is the tanperamre for

" Ahe im?ersieﬂ p:mtmstatite wt.mms‘kati‘%e in g_:sxzm zagsw

::ompnsi’sion, the effect e‘i’ Fa strli:l minﬁm iﬁ the pymxene is

‘ mkmm Boyd a.na Schairer- (1964, p; 3f‘~‘8) F?é»@k a&temative
 phase. éiagrm for ﬁgSi@ - F&Si% @ampnsitims in whicn i:hfs A

. %eng;era%ure esf Snv'srsian eiishar ::.m:waaes or desmasea with mcreaamg

F681@3Gentm’§. e e L

f &4 my %a po:.nteﬁ. out that a. phase diagram 4n ;:rhi»c:}s +he:

temperature of the Aprpﬁasmg‘tsasist-@-.arthg‘ezzsji;ati:be» inversion :daem‘;és .

e -
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vith inoreacing FeS10, cantent (tho first olternatdve, Fige 118, of
Boyd and Schairer, 1964) ic not cupported by the data horc proconted.
‘o may assume that the licuidus tomperature of the rock decrcases
vith increasing Fe contont, wnd that of the two phenocryat 4ypos
orthopyroxcne crystallized at thc lower temperatures If tho
inversion temperature decreasced vith inoreasing Fe8103 cubstitution,
then the tomperature at which orthopyroxene cryotalliscd would bo
appreciably less than 985°C. Tho data of Tlley, Yoder, ond
Scheirer (1964), discucced bolou, demonstrato that vhorcas proto-
costotite is in cquilibriun with liquid at 1250°C in tho vholo rook,
orthocnotatito is in oquilibriun vith 1iquid at 115000, co that tho
invorsion temperaturo for o pyroxcnc probably around EhaSS_ 00 lioo
botween 1150°C and 1250°C.

Tilley, Yodor, ond Schoiror (1964) have reporiod somo
preliminary rccults of cxporinental melting on the rock LB107.
They found that, in the dry roek, protoenctatite was the liquidus
phase at 1385°C, and that protocnotatite was otill the only phase
cryotallizing in a 14 day run ot 1250°C.  The difference in
compocition betwsen tho protocnstatitos at the two tcmporatucs 48 <«
unknown.  Shorter runs at 1250°C produced orthommstatite tith
olinocnstatite, tho formor apparcatly being a metastablo inveroion
from clinoenstatite (Tillqy, fodeze, end Schairer, 1964). 1hc held
for 7 days at 1150°C there vero ab:mdapt euhedral orthoonstatito
phenoorysts accompanied by ninor %f\ri{%-;lf clinopyroxeme cot in laso.

Tho exporimentcl verk cupports the conclucion thot the
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magnesﬁ.m metasmeate phase- arigﬁmlly msmnmﬂ from the | )
1iquid as pmt&enstatita, "bu‘i; inver‘%eé. ’to clinomtati%e at a |
vlewem tanperatm'e (perhaps abmt 860 4[/(33,??@2' and E;mml, 1962}).7';
,'lha ﬁﬁapara*!m‘e at xmi@h prateemtatite crysta,niﬁed cmet 'bé -
r.‘sgesifie&, as the magma appammtl;r haﬂ a high valatile seentemt, -

. and u@azdns tem;gera‘burﬁs nay have heen 1emr — thase fomit 133 |
_ _ E’he cemyesi%ien of . 'ﬁﬁe Ga.pe Vagel ﬁlimenstaﬁr%e may .
- reflect emctly the eampasi tion. af ”ﬁhe prmary protaensﬁ&trbé. L
If tma is- ssoz then .the -pm%@enst u:d:e i.s distimﬁm ﬁ.n i'bs

\e:xtremely lma Gaﬂ camem. ﬁhia is m hameny vith the mﬁings o

 of Be,yd and Scmaarer (1964, D 29(}-296) ‘kha‘*.‘ pra’mems‘aati%@ '

arystalnzed :in eguilihrium wi%h caieie clinapyroxme ast temperatums

e zzear the pretcmstaﬁte«grt}memsﬁatite inversim eurve eom.@dna

v ,nm‘ch less Cad O than -orthaangmt;:te: imeéiately below the inversion
| _ Altamativelyg Gac may }mre malvad from tha pm‘ﬁasns%atit&
L auring inveraim. Stmh an interpre‘tati@n would nggas% & cﬁn‘sizmity
of compasitims of phemarysts in the Ca = Mg - Fe aia@am (Figé).
'.Seme evidence in suppemt of this i.a f»ounei in the f‘em eryatal margine

and one _m;malme core -‘mpasi*‘éion which plot with the »alincens%aﬁites

ﬁg '-s» Fe - , :
te the extrapolation fmm *t:h@ erthapymxene trend. ;Hﬂwriv@r;- there is

content, but are higher in Wo ‘contenty end lic close

in )'

no evidence in the mergpre‘be é‘e.ﬁa for exsaluﬁian from tha

-climenstatﬁe;_ detailed waverse&rg even at 1 - 2 mioron interval
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@id not reveal lamellae of Caf}-rich clinopyroxene.

The presence of two phenceryst types (olinoenstatite
inverted from pretoenstatite and the orthopyrexene), with consistent
compositienal differences between them, leads to the conclusion that,
during growth of the phenoorysts, the magma temperature moved through
the ﬁrotoonstatite Torthoenstatite inversion curve. The liquiciF
curve of the magma intersected the pyroxene inversion curve at the

point where the pyroxens orystallizing had a molecular ratio

g
m » 87. Fig. 9 showse a ligquidus ourve consistent with the

cbserved features of the rock, and a relationship betweon pyroxeme

3
suggested by Boyd and Schairer (1964, p. 308, Fig. 11A).

polymerphs in the natural MgSiO3 - FeS10 gyatm similar to that
From the analytical data on the pyroxenes, it is clear
that the magms crystallized in two distinot stages. The firot
stage gave rise o free growth of phenoeryets, and the reverse
zoning of these is possibly due to a temperature rise during
cryete,nizstion, perhaps in the uppermost parta of the magma conduit.
Thie stage was followed by ne of vm'yl rapid orystallization with
formation of many pyroxene nucleii and microlites, and by charp
normal zoning on the margins of phenocrysts. During thic stage the
Ca~poor pyroxene probably moved into the pigeonite field, m
Joined by a Ca~rich augite, commonly nucleating on the phenocryst
margins, and containing 35 - 40 mol. % wollastomite. Finally the

remaining 11quid chilled to a glass + a volatile-rich phase.
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aeek:ing re&.st;na w%y @ oensta

" ‘boen foimd 4n valasnic rocks, consideratiﬁn muet b given ‘%e ‘t;he mﬁre‘

-'msual ecmposi;tioﬂalfeamgs of the -Spaeimma hex-,e desem.‘he&a-. ,

63? pnme impﬂr%azxce in %}n’a cmeei:ion are tha high magnama '

’ erﬁm@ageﬁ 'z-elatii're ‘t}b that of sﬁzlﬁ:cat, the ’Mg‘h’#,ﬁg/ g W}M -

ratm#, and prabably a.“lsa the high wa‘ts@r content. (puseibly up ‘te

K| pv:ment, aasming th&t i*‘ is valid to imlude mest of *th@ water

lost at 110 % =), The aﬁmﬁam; zra%ar could be expecf;ea to 1011;62’

the liqni&us %@ﬁperatm; thus allma‘ing %&emﬁame to crymtal}.iza ’

at ﬁemparatares -apmeia‘bly lowor than thetse reeurdeﬁ f‘or dxy me-ltss:

' ‘i‘he high Mg/Pe vatio canmﬁ prﬁtaenﬁtatﬁ;e to crystalhze

in prefe?z‘enee to ngmt@ (Bee Fig. 9), and’ the high E@/ﬁ;ﬁ ratio .

Ly

' It is. wterestzztg 0 nc%e that ‘the Z‘Etiﬁ -

HO - (me) ff '

:aT | I———"

?'\H,ZG - (Lﬁ‘wﬁ) ¥ 56

is appraﬁmately equal to the ratio

'Zeelites -+-altered glasa (LB%G?) ’ oL

?

'Zecntes + altered £lass (1B105) 1«.65
two inﬁerpreta‘zims of 'thy.@ featuro semn pogsible pe eithe? the aeahtes

and alma& glaas lma‘k scma of their ﬁsmbizxéﬁ or emtaine& t:fater at

11@ 6, er they absarbeai mz%er when pch&ered. o ng comams a

higher pr 'ien of utrmgly altar&d 'glass *%han does LB@. '

p



 prevented arysﬁalliz&tim of ﬂinmch climp;ymxam as p‘hmoaryﬂ%es. .

The umzsna.}.ly lov A1/ca mi:m, relative ﬁs siliﬁa wcm’t;age,

‘effectwe;;zi mmm-sea the erym;a}.limtwn of plagiﬂclam Scm -

‘sf' tha lime entereﬁ la‘he climp;mamnes, ané beoawae af ‘Lhe ”higﬁ |
ua:bér c%n‘i;@nt of tbe resndual magm much of ﬁhe remining lime and ,
| almnma, %ﬁgather t»:i%h sod.a, ary%&lliﬁeﬂ as zgolites in i;he final: |
atages af e@olizg. o o ' B
| | The _:_:remwe n“ %hw zmique m in 8 t@&tanmang raa‘bﬂe
| “Zane betwaen relatively stable G@ﬁtinental ami oeeania Gmai:al S
el@nfmts izzvims fspeeula*%;mn as to whe%her ﬁ.‘b was gazera‘i;ed &amaﬂy
4n the uza@er mantle, farmeét by assimﬂatian of magnesim.-riah '
" ultramafic rock by aem magme, eef.» by assimﬁatmm of acid igneeﬁs
rock by su‘bstaﬁtmily Iiquid, ma@wsimn-nrich altramafic magna
'(whme eﬁsteﬁce in nmf? gmem&l:;r cmsiéered ta ba ma,cﬁaptable
{Turmer: end V@:hoagezi 1950, PDe 313—316)), or by mm,e of magnesivme~
- rich ul‘tsmsaafz.c mam emd awid mgma« The- eansiéezvamle eonpositional -
: rmk (aee Aﬁ&@nﬁum »

.'varmbimty m‘éeﬁ ;m i:he @lmeeasmtite-bea

t’tng mther then g@n@atian

pe 3‘!]} &pyeafﬁ to fa%ur ansini ;’atwn o i

fin the upper mantte sﬁtzmt substantial eentmimtim, especiauy
a8 the rsc? aampaeitim lies well avay fmzi the nemal 11nes of
mgmatzc ﬁiff&'enﬁatmm | v o

Tt is cbvieus that the' £inal (i

., br: "&) magma, must havo been
cemp’letely 1iquid, exaept for yﬁ@lﬁ.thg an& that it must h&ve r@a,chea
a tmperature &bcve ‘1150% (%11@3, Yader», and Schazr@r, 1964) for

Frotoenstatite to ha,vewgrys"aa,llizeé,x; Whether this magma formed hy
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assimilation of selid rock or by mixing ef differont magmas, it
seems necessary to assume (at least) one of two special conditions =
conditions centradictory to m@tly held cmcepfs of petrogenesis
based on field mmd petrographic,‘(studiea‘. These conditions are
(1) Streng superheating within acid or intermediate
magna to allow assimilation of ultramafic reck

on-an appreciahle scale.

{2) The existencs of a substantially liquia ultramafic
magma to permit ascimilation of zcid or intormediate
rock, or mixing with acié or intermediate magma.

The optimum situation for generation of the hybrid magmay uould
result from coexistence of both these cenditians, and it is pococible
that excaptional geological Bitua..tions could have developed in
north-eastern Papuay $pwedyAdw Z: early Tertiary timeg vhen tectopio
aoctivity associated with the emblacehmt -af the Papuan Ultrabasio
Bolt (Thompsan, 1957; Dow and Davies, 1964) was intense.

Trial calculations suggest tha.'t the types of rocks or
magmas which could give rise to an end-product of the desired
compesition must be fairly restricted, vig.s |

(1) More or less equal cuantities of quartz diorite cnd
bronzitite or hypersthenite (preferably wholly or
partly eerpentihize& - #®e below) v The cuarts
diorite would have to be a lime-rich and rather

unusually iran-rich variety umless the orthopyroxcnite



33

vero £airly rich in iron, cnd contained
come di#ﬁsido.

(2) 1orc or less oquol quantities of granodiarite

" and diopridc™~ und hyperothene-~bearing poridotite

(or cerpentinito derived therefrom. Accinllation
of corpentinite could account for the hish uvater
content of at leact come of tho olinocnototito-
bearing rocl, and digestion of serpentinized
rook would tolic place at appreciably louar
tempercturos thoan those reguired for cahydrouc
paridotito or tromzitite)e.

Epecimen LB107 contoinc ceveral cmall aggregotes of
bronzite grains (pe 1$; vhich could be remnants of modificd uliromcfic
inclusionse. The gppearance of individual grains in tho oggrcgatbs
ic quito different from that of tho bronzite phemocxryoctc, cnd cone
of them contain probubli/ az=Colution lamellee of olinopyroxcenc,

a featurc not found in tho phonooryots or tho microlitcoe Thio
cuggests that the agerogetes moy not have cryoctallized dircotly from
thc melt vhich was the immcdiuto courco of the phemocxrystce In

thic connection it ic intcrecting to £ind that Boker (1946, pe25)
sugpected that the notably hizh (38.) megnesin content of cndecite
from Ualowa voloano may bo due to contcmination of %a modorately

acid marma” by "xenoorysio of noshesia~rich minerals derived £rome.eps
ultrabacic bavement rockesedeses®

Suggestians hare put Jomrerd for the gmnesis of the
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olinomstatite-beaxring rocks ot Cape Vogel originated in ‘rial
calculations based on poucible or actual 'ohemical comporitions

of isnocous rock-types thot arc lmom or could rezsancbly be
expeoted o exist - eithor at tho curfaco or at depth - in tho
arca botveen Mount Lumingston and llilne Baye | ée are owaro that
important theoreﬁcal and practical difficulties aﬁsmg Lrom
current ideas on petrosenosis rmst bo mot, and ﬁhat our ruzcestions
can only be regarded as sncculative ot this stage. HQITQVOI’, {:ho
question of ganesis vill bo kopt in mind ae invostigation of tho
clinocnstatite-bearing rocke contiruocs, ond we hope that o ctudy of
inclusicns vithin them cnd othor isncous rocks in the vicinity, ac
well as information from additionol ch@ml analyses, will provide

useful guldes to a satiocfaotory colutiom.
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Thompson end Dallvitz cleo wisk to express their gratitude
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ADDENDUR,

In June and July, 1964, Thompson and Dallwitz rovicited
the olincenstatite looulity to collect more cpecimemns, ond to carry
out additional mapping in tho immcdiate vicinity. During thic
visit orystals of olinocustatito up to: 2.5 cme. long and about 4 rm.
vide were noteds Preliminary exammation. of thin sectlons chouon
that the composition of tho rock-mocs is variables Somo of ‘oh_e
variations are liéted bolows '

Orthopyroxene phenocrysts about three :times a;; plentiful ac those
of clinocnstatito.

Clinocnstatito phemoaryoto 603 to 65 of rocky very littlo
orthopyroxene.

Clinoenstatite phenocrysis cnd nicrolites together make wp ot
least 75% of rock; no orthopyroxene and no zeolitese

Clinoenstatite 70,5 of rock; no orthopyroxene or zeolitos;
talo pseudomorpho after probable olivine.. . .

Cores of clinoenstatito phonecryots altered to talce

Zeolites absent in uncltored varieties with small phenocryotos

_ some opal preconte
Zoolites locally morc abundant than in LB10S and 1B107, ond

comnonly accompanied by cheleedony end/or cuartz (up to
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- 10% ’af:f rock) as vesicle fﬂlmgsz mcka containing -
| zmiites and. ailieaa:fe more altered than those

"'fc-eﬁtainiag" nss ﬁ@@ﬁt@:& e&:ly,: and veins pf’_-nguar%“ arbe aﬁﬁ*

lant ’%mére ., -ﬁ’xgy-

'brmm ehaleedmg axre 3_QG- «7;_--; .

. outerops clﬁnnemtatite ney be campletely ultéreé,

. _or%hopwnxme fresh. .
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mepsié.a anzl i*ﬁs relahm to eaieimn ami msgaesum
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Yy ' EXPLANATION OF PLATES

PLATE 1

Fig. Ae Specimen LB107, showing phenocrysts ef olinoenstatite (grey),
bronzite (top left), and chrome spinel in a matrix of
unaltered glass (off-white), altered glass (medium to davk

gray)s pyroxens microlites, and zeolites (white). XA42

Fig. Be Specimen 1B107. Cross section of climoemstatite showing
wmitiple twinning parallel to (100). Note parting parallel

to (010), especially in long, white lamella. Crossed nicols.
- X /#7

Pig. C. Specimen LB10T7. Longitudinal sections of contigucus euhedra
of olinoenstatite with slightly different oerientations.
Note cleavage or parting at right angles to long axes,

and strong ocurvature of terminal faces. Crossed nicols. X %0

Fig. De Specimen LB107. Section of clinoenstatite out parallel to
the twin plane (100). Hote prominent cleavages or partings,
dark (i.e., green) berder, small, wedge-shaped outgrowths
of derk (green), iron-rich pyroxene, and curvature of

terminal faces. X Jb

PLATE 2
Fige A. Specimen LB107. Cross cection of cnnoenatatite. showing &
rim of more iron-rich pyroxene with relatively high
birefringences The rim is about ha.lf the usual width in
this ocrystal, whose size lies between that of the mmallest



Fig °

F:l.{g.

Fig.

Tig.

B.

C.

D.

2

phonocryst and thkat of the microlites. The minute
cxcrescences along tho (11C) and (010) faces of the
crystal are in opticol continuity with the outor zonce
Crocced micolse X 192

Specimen LB107e Luhedrol crysotal of bromzite choving

four zoness Croscod .icoloe X 35

Specimen LB107. Subhodial orain of bronzite with out:rourths
of clinoenstatite. Oinilar relationship also ficured at
top right of picture, but clinoenstatite developed on one

gide only. Crossed nicolse xqé

Specimen IB10Te. Subhcdral gredn of bronzite, with ocutsrowths
of clinoanstotite, onclosing a small grain of clinocnototite.
Crossed nicols. X /7

Speeimen LB107e DPort of lorge subhedral orystal of bronsito
vith inolusions of clinomotatite (centre and lover loft
of pioture). Thig erystal containe several more inclucions
sinilcr to the more indistinct one shown at lover loft.
Hote also narrov, morc highly birefringent rin of calece
clinopyroxene noai‘ top of picture and above scalo oorli.

Crosced niools. 2S5
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PLATE 3

Fig. A. Speoimen LB107. Pyroxene microlites showing cross-froctures
and dark (green) borders cnd feathery terminationse A
cross-section (very dark) of a green microlite appoars in
the left centre of the photograph. Groundmass is uncltered
glass (white), altered glass (grey), and a little zeolite
(white with dark (altered glass) boxder), at botton of
ploture. Note crosc-fractures at right angles to c-axes

of miorolites. X q(,

Fige. Be Ypecimen LB105. Longitudinal section of microlito of colourless
pyroxene (grey) bordered by more highly birefringent
clinopyroxene. lNoto croos-fractures at right angles to

c-axis. Crossed nicolse X%X)20

Fig. C. Specimen LB107. Ootagonal cross-section of composito orystal

of bronzite and clinoonstotite. Crossed nicols. X 12,

Fige. De Specimen LB105. General viovw showing main differeonces from
1B107 (Plate 1, fige A)e Bronzite, top right, white with
’(rare) olouded corey clinoenstatite phencorysts uneven
grey; elongated microlites of pyroxemne; altered lass
dark grey; 2zeolites whitc and off-white with altered glass
(1ight grey) as zones and coresy unaltered glacs (vhite),

top righty typical grain of chrome spinel in bronzite. X170
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