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THE CLINOPYROXENES OF A MONZONITIC COMPLEX
AT MOUNT DROMEDARY, NEW SOUTH WALES
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Lr nitersi,ty, C anberro, A.C.T., Awstralia.

ABSTRACT

IxtnooucrroN

rn this paper, "tholeiite" is meant to indicate the oversaturated rather
than the undersaturated types unless otherwise specifi.ed, whereas ,,aikali
basalt" refers to alkali olivine-basalt (Til ley, 1950) as described by wil-
k i nson  (1956 ,  1958 ) .

from the Garbh Eilean sil l  (Nlurray, 1954) and the Black Jack sil l  (wil-
k i nson ,1957 ) .

The monzonitic complex at x{t. Dromedary has been emplaced in a
previously stabil ized orogenic belt. chemically it is characterized by rela-
tively high figures for potash, alumina and lime. The alkali-lime index
(Peacock, 1931) is about 53 for the whole comprex, and" about 50 for the
alkali-rich rocks.

'rhis paper contains a brief account of the petrography of some mem-
bers of the complex, and the detailed results of optical and chemical stud-
ies of their clinopyroxenes. These are compared with pvroxenes from
other alkaline complexes, and the relationship of the trend from Mt.
Dromedary to that established for rocks of alkali basalt parentage is dis-
cussed.
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Ins Mol"zoxrrrc CouPrnx

The monzonitic complex at Mt. Dromedary consists of a number of

stock-like bodies of probab),e Middie cretaceous age (Evernden and

Richards, 1962) intruded into tightly folded argil laceous and cherty

beds ,,regarded tentatively as of middle or upper Cambrian age" (Brown,

1933,  p.  335) .
Mt. Dromedary is the eroded remnant of a composite igneous intru-

sion. The older of the two members is composed of monzonite and has a

nearly circular outcrop about 4] miles in diameter. The 1-ounger member

is a banatite with a strongly porphl'r it ic marginal zone;its outcrop is also

nearllr circular, with a diameler of 3 miles. The banatite crops out within,

and concentric with, the older monzonite, cropping out from the summit

(in plan, approximatel-v the common center of the intrusions) to near the

foot of the mountain, where the porphyrit ic marginai phase intrudes the

monzonite of the lower siopes. One half of the total outcrop of the com-

plex is taken up by banatite, one quarter b.v monzonite; the remaining

quarter consists of small outcrops of rocks with monzonitic affrnities,

minor amounts of volcanic rock, and a iarge number of narrow dikes.

Several bodies of pyroxenite are closely associated in the field with the

more felsic intrusives and are thought to be related to them'

The satell i t ic intrusions crop out in the countrv rock within about 2

miles of the outer contact of the monzonite at Mt. Dromedarv, around

the southern aspect of the mountain'

PBrnocn-A,pHv

A petrographic description of the complex was given in an earlier sttidl,

of the district (Brown, 1930) and wil l be revised bv the present author

elsewhere; consequently onlv a brief outl ine of the reievant rocks is given

below.
The numbering of the rock descriptions corresponds to that of their

respective pvroxene or pyroxenes which have been analvzed'

(l). Laminated, pyroxenile (loc. Poole's Point). The rock is dalk gral',

medium-grained and rather dense, and consists of a repeated alternation

of laminae about 1.5 mm thick, one rich in stronglv aligned, tabular

bvtownite grains, the other rich in prismatic clinop-vroxene and tabular

forsterit ic olivine. Timenite-magnetite intergrowths are common, and

there are small amounts of magnesian biotite and stump.v euhedra of

apatite. This writer believes that the lamination is analogous to the inch-

scale layering described by Hess (1960) in the Stil lwater igneous complex.

However, the laminated rock is clearly not in situ, as it is enciosed bv a

coarser, more massive pyroxenite, ver.v much like (6) below'
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pyroxene grains and a host of t iny acicular apatite crystals.

(3). Basi'c dike (loc. Poole's Point). This narrow dike intrudes the mas-

(4) . M onzonite (loc. Mt. Dromedary) . A dark gray, coarse-grained, rather
micaceous rock, composed of zoned plagioclase grains (Ans5- An36) set in
plates of alkali feldspar, and variable amounts of biotite, hornblende,
subhedral pyroxene (which may or may not be associated with the other
mafic minerals), opaques and trace amounts of'qrartz. The pvroxene
commonly makes up 10 vol. per cent of the rock.

may or mav not enclose the few, rounded grains of pyroxene), a small
amount ol qtartz, and opaques.

(6). Pyrorenite (loc.3 miles east of Mt. Dromedary Trig). As mentionecl
above, this rock closely resembles the massive pyroxenite at poole,s
Point,2| miles to the east. Roth this exposure and (7) are surrounded on
three sides by nepheline monzonite (10, below). The rock is very dark
green' coarse grained and densel it is composed very largely of pale green,
equant pvroxene subhedra, interstitial labradorite-bytownite, numerous
small grains of magnetite-i lmenite, and equant subhedra of apatite.

(7). Garnet-pyrotcene rock (roc.3 miles east of Mt. Dromedary Trig). This
assemblage has been developed from place to place in the pyroxenitic
rocks which are associated in the field with the nepheline monzonite. The
andraditic garnet has formed chiefly at the expense of pyroxene and, to a
lesser extent, plagioclase of the original pyroxenite. The proportions of
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the constituentsvarl,.widelvover veryshort distances, but garnet* pyrox-

ene makes up about 70 vol. per cent, and intermediate plagioclase*

minor alkali feldspar about 20 vol. per cent; the remainder consists of

apatite, opaques, sphene and epidote. The mid-green pyroxene has been

extensive\ replaced by the other minerals and has a poikiloblastic form.

(8). Shonhi'nile (loc.2 miies south-east of Mt' Dromedary Trig)' The

rock is medium-grained, dark green-graY and micaceous' It contains

euhedra of pale green pyroxene set rn plates of alkali feldspar rn"ith vari-

able amounts of biotite, olivine, nepheline, magnetite-i imenite inter-

growths and apatite.

(9A,  98) .  " I jo l i le"  ( loc.2 mi les south of  Mt '  Dromedary Tr ig) '  Hand

specimens reiemble medium-grained diorite, but in thin section the rock

has a most unusual appearance. The felsic minerals include alkali feld-

spar, strongly zoned plagioclase, and nepheline; the mafics include very

dark green hornblende subhedra, very minor biotite flakes, pyroxene

euhedia with pale yeliow-green cores and mid-green rims, and andraditic

garnet. Apatiie and calcite are common accessories. The grain size and

ab.,ndunce of each mineral species varv erraticall-v. P1-roxene 9A is the

core fraction and 98 is the rim fraction'

(10A, 10, IOB).l iephelinemonzonile (loc.3 miles east of Mt' Dromedary

irig). This body also shows local variations in the proportions of its

minerals. The felsic constitttents are alkali feldspar, zoned andesine, and

nepheline; the mafics inciude pvroxene' usually with pale green cores and

-id-g.."r, borders, dark olive-green hornblende, and yellow-brown bio-

tite. I few smail grains of andraditic garnet have been noted, associated

with the ptro*"r. in mafi.c clots. Pyroxenes 10A and 10B are core and

rim fractions respectively' and 10 is the bulk p1'roxene'

The Jorm oJ tie clinopyrofrenes varies from one rock type to another'

ac.o.d,i.rg to the particular conditions of crystall ization. For exampie,

the pvroxene grains in the laminated pyroxenite are roughll 'prismatic in

form but have nibbled outl ines, which, together with other microscopic

features, indicate siight recrystall ization of the rock. ' lhe pvroxene in the

massive pl,roxenite has almost identical optical properties with those of

the laminated pl,roxenite, but lacks the recrl 'stall ization textures. In the

monzonite and banatite the mineral occurs as rounded subhedral grains,

at t imes enclosed bv biotite or hornblende. The "i jolite" and shonkinite

contain equant euhedra, but the plrroxene of the nepheline monzonite

occurs as subhedral grains which are commonly enveloped by the other

mafic minerals. The pyroxene textr.tres in the garnet-pYroxene rock are
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t.vpicalh- metamorphic, and poikiloblastic piates are common in thin sec-
tions.

DBrnnluwerrvE TECHNTeUES

Considerable diff icultv was experienced in the separation of co-existing
pvroxene and amphibole, since the range of speciflc gravity and magnetic
properties of the minerals are very similar. Where the pyroxenes are con-
spicuouslrr zoned, as in the "i jolite" and nepheline monzonite, and inti-
mately associated with hornblende, a portion of the most ferroan fraction
was discarded because of hornbiende impurit ies. As a result, the quoted
limit of iron enrichment of these pyroxenes may be verl ' sl ightly in error.
For similar reasons the actual composition of the diopsidic fractions of the
zoned pyroxenes may be verv slightly more magnesian than is stated here.

The optical properties were determined both from crushes of the
anall-zed material and from appropriately oriented grains picked from
thin sections. The B indices were measured using ordinary immersion
techniques on (100) parting tablets (Hess, 1949); d and y were measured
on grains giving centered BxA and BxO figures in thin sections. Care was
taken to minimize the effect of temperature variations during index de-
terminations, and the index of the matching oil was immediately checked
nsing an Abb6-type refractometer. Z\c was measured on twinned grains
(Hess, 1949). 2V was determined conoscopicallv (following Hall imond,
1950) by rotation from optic axis to optic axis. All determinations were
carried out in sodium light. Maximum probable error of the index deter-
minations is considered to be * 0.002 and that of the optic axial angles,
+ 0.5".

The classical methods of chemical analysis were empioyed, with the
f ollowing modifications: colorimetric techniques were used in the determi-
nation of total iron, residual sil ica and chrome; alumina was determined
directly after its extraction by ion exchange; and alkalies were determined
using the flame photometer. All samples were ground under acetone and
dried for four hours at 105' C. to drive off HzO-.

Specific gravity was calculated from the loss in weight of a small sample
(about 20 mgm) on immersion in toluene. AII measurements were made at
20" c.

Oprrcar, Pnopnnrrps
'fhe pvroxenes of the undersaturated alkalic rocks show distinct mar-

ginal iron enrichment; other pyroxenes are relatively homogeneous and
optically ver)r similar. They var\. from almost colorless to a pale apple-
green, and pleochroism is r,veak or absent. The cores of the pyroxene
grains in the "i jolite" and nepheline monzonite have a yellow tint rn'hich
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grades rapidll '  to olive-green at the borders. Pleochroism is moderate,
with X: yellow, Y: olive-yeilow and Z: olive-green; absorption is
x<v  <2 .

The optic axes show inclined dispersion which is distinct in pvroxenes
from the pyroxenites, monzonite and banatite, and strong for those from
the alkaline rocks. The color fringes are mnch more pronounced for the

Frc. 1. Twinned pyroxene crystal showing zoning by inclusions. Note abundant
plagioclase inclusions in the outer zone and the narrow bands of rutile rods in a sagenitic

lveb. Crossed polars Scale mark is 1 mm in length.

'B'optic axis emerging near [c], in (001). Twinning, either simple or mul-
tiple (Fig. 1), with (100) as the composition plane, is not uncommon.

The optical measurements of the anal1,'zed pyroxenes are listed in
Table 2. The refractive indices and 2V are consistently higher than those
shown in Hess (19+9), but the birefringences are comparable.

The effect of minor elements on the optical properties is not fully
understood. Titania apparently causes an increase in the principal refrac-
tive indices (Segnit, 1953; Murray, 1954; Wilkinson, 1957; Chail is,
1963), and the acmite moiecule appears to give higher values lor 2Y
(Yagi, 1953). Although the increase in 2V with increasing soda is appar-
ent in the pyroxenes of this study, their titania content is usualiy only
slightly greater than the 0.4/6 considered by Hess (1949) in drawing up
his determinative curves.
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ZoxrNc

The relativelv large-scale and irregular core and rim structure of pvrox-
enes from the "i jolite" and nepheline monzonite has been mentioned
above and is not dealt with further. I{olvever, the pyroxenes of these
rocks show zone phenomena common to the other pyroxenes and are in-
cluded in the follorving account.

Except in cases where there is evidence of considerable post-consolida-
tion metamorphism, such as in the garnet-pvroxene rock, the zones are
oriented parallei to the crvstal faces or, where the texture is such that
these are suppressed, parallel to recognizable crvstallographic directions.
There are three distinct tvpes of zoning, all of which may be developed in
the same grain.

In the first tvpe, the zones are picked out by minerals included in the
pvroxene, oriented in ror,vs parallel to the crystal outi ines. The minerals
more commonly found as inclusions are plagioclase, i lmenite-magnetite,
apatite, alteration products such as biotite or hornblende, and sagenite
(Fig. 1). The zones free of inclusions mav or ma1' not l ie nearer the crl.stal
margins (Figs. 1, 2).

The second type is characterized by small local variations in color,
birefringence and optic orientation of the pyroxene itself, and the zones
are relatively broad (Fig. 2).

In exceptional cases these can be seen in thin section without the aid
of a microscope. Their average width is about 0. 1 mm, with a few reach-
ing 0.5 mm. The difference in optical properties between the zones is
slight; the l ighter colored portions have slightly lower refractive indices
and higher birefringence (up to 0.003) but 2V and Z\c are virtually un-
changed throughout the grain. There is a tendency for the sagenite to be
developed in the zones of lower birefringence.

The third t1'pe is not usually visible except between crossed nicols, and
preferably verv near an extinction position. Under these conditions the
zoning appears as an alternation of verr' narrow, closely spaced, l ight and
dark striae parallel to the cr1.stal margins. Very commonly i1 it only the
small difference in dispersion between the zones that makes them visible
near their extinctionposition (Figs.3,4). I 'he thickness of each zone is of
the order of 10 a cm. Hour-glass structure is in some cases associated with
this zone type. The zoning closell '  resembles the fine-scale, oscil latory
type common in the plagiociase phenocrvsts of andesitic lavas. Examina-
tion on the universal stage has shown that, although discontinuities in the
zorring are verv rare, the adjoining zones grade quickly into one another.
There are verv few structures analogous to those resulting from resorp-
tion during the growth of plagiociase cr)-stals, and the zoning is charac-



Ii'rc. 2A. Pyroxene grain showing broad outer zone relatively free from inclusions. Abun-

dant tiny rods of rutile (?) are zonally arranged in the inner portion of the grain, and im-

part a darker color to it. Plane light Scale mark is 0.2 mm in length.

Frc. 28 Same, near extinction position. Note difference in extinction angle between the

core and the zone free of inclusions
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Frc 3. Shonkinite, r,r'ith pyroxene

Iameliar zoning. Area marked is shown

mark is 1 mm in length.

crystal very near an extinction position showing

in Fig. 4 Convergent light, crossed polars' Scale
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terized by its regularity. No measurements of 2v, refractive indices, Z,z\c
etc. couid be made, because of the ver1. small scale of this zoning. The
interference figures obtained on finely-zoned grains were as sharp"ry de-
fined as those obtained from apparently unzoned grains.

Grains of pyroxene showing both types of zoning were examined using
an electron micro-analyzer in an attempt to determine the chemicar
differences between the zones.

Frc 4' Detail of pyroxene grain in shonkinite, showing fine lamellar zoning. convergent
Iight, crossed polars. Scale mark is 0.2 mm in length.
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Frc. 5. Diagram of zoned pyroxene studied using the electron microanalyzer' Area marked

'A' is shown in Fig' 6, and area marked 'B' in Fig' 7'

scanned. The relative abundances of an element are roughl-v propor-

tional lo the densitv of points on the photograph' and if the bulk chemis-

try is known, as it i, in ttt i , case, then the absolute variation in the eie-

ments can be estimated. since this method gives a picture oI relaliae

abundances, a variation of l/6 in the content oI silica in the pyroxene

\ t r 'ou ldbedi f icu l t todetect ,whereasat /6var iat ioninthealuminacon.
tent would be much more apparent'

Thebestcontrast indis t r ibut ionbetweenLhezoneswasshownbyiron
and aluminium (Figs. 6, 7), whereas titanium, manganese' chromium and

magnesium vary weakly or not at all '  The micro-analvzer was not capa-

ble of determining sodium, and results with the relatively abundant sili-

con and calcium were, as expected, noncommittal '
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Frc' 6' scintillation picture showing distribution of Fe over the area marked ,A, in .F.ig. 5.
Broken lines enclose Fe_poor zone.

, 
rn summary, the pyroxenes of the monzonitic complex differ textura'y,depending on their host rock ty-pe, but appear to have verlr similar opticalproperties' Very fine, ramelrar zoning is iharacteristic of the pyroxenes,but the structure usually is not visibie.*..ft between crossed nicors andvery near an extinction-position. Appreciable composition a"r zoningoccursonlf in the pvroxenes from the "i jolite', and nepheline monzonite, bothnepheline-bearing rocks. Reratively broad zones of l ighter color than the

Frc' 7' copy of scintillation^pict'res showing the distribution of Al over the area marked,B' in Fig. 5. Broken lines enclose Al_poor zone.
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major part of the grain commonly occur within and parallel to the cr1-stal

outiines. Preliminar.v studies oi tt'" chemical variations between the

zones, using the electron mrcro-anal1'zer' indicate that the l ighter-

colored zones contain considerabl-v- less A1 and Fe' and approximatel-v

constant amounts of fi, lntt, Cr and possibl-v- Mg' The variation in Si'

Na and Ca were not determined'

Pvroxenes more diopsidic than that of the shonkiniLe (e'g' 1' 2 and 3'

Table 2) are also l ightir colored' Examination of Table 1 shows that the

more diopsidic pyroxenes are poorer in A1 as well as Fe' so it is verv l ikelv

that the l ighter-colored, broad zones are more diopsidic than the remain-

der of the grain, and thus reptesent reverse zonlng'

Kuno and Sawatari (1931i described crvstals of augite *'hich are zoned

in a verv similar *u-u to the p-vroxenes from the monzonitt-t 
::.T:'"" 

u'

Mt. Dr;medary. The augites are made up of numerous concentrtc zones'

sometimes of an oscil latJr.v tvpe, often combined with hour-grass struc-

ture. The zones are *tttt Utoui"r than the lameliar t1'pe described in this

stttdl ', and the authors were abie to make detailed measurements of the

optical variation between the zones' Their tentative conclusion was that

crt,stall ization tended io*u'a clecrease in CaO' FezOr' AlzOe and TiOr' and

increure in MgO. It is interesting to note that these pvroxenes are very

pale green, weakiy pleochroic, anl chemicail l '  verv similar to those at Mt'

Dromedarv.
The explanations proposed for reverse and osciliatorr'' zonrng rn plirox-

enes are virtualiy identical with those put forward to account for similar

zoning in plagiocias" f"ld'put, and include intermittent additions of the

parent magma' *ut"-tt i of the cr1'stail izing grain within the magma'

diffusion between grains of differing composition' and fluctualions in

volatile concentration'
Microscopical and field' evidence leaves no doubt that the various

p.vroxenes have cr1'stallized from their host-rocks' except in the case of

theal teredpvroxeni tes. I t fo l lowsthat thecondi t ionsleadingtothezonal
growth of the p,"-to".".' persisted throughout the differentiation and

emplacement of the comPlex'

TuB PvnorENE ANALYSES

The lo rmu la fo rc l i nopy roxene ,a f t e rWar renandBr i scoe (1931 ) ,Be r -
man (1937), ff.r, 1tO+Oi and Kuno (1955)' is W'-n(X' Y)r+pZzOo' where

\\' : Ca2+, Na+, Kr

X : Mgz+, p"z+, NIn2+, Ni2+

\ -  :  . \ 13 . ,  P . r - ,  f r r ' , ' f i a '

Z : Sta+, AI3+, Ti4+ Fes+
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The chemical analyses are shown in Table 1, and are recalculated on

the basis of six oxygen atoms in Table 3. Although the optical study

which preceded the separation and analysis of the pyroxenes gave the

fi.rst indication that there was probably little variation in their chemis-

try, such close similarity of the analyses was not anticipated, since silica

ranges fuom38/6in the pyroxenite to more than 62/6in the banatite.

Silico remains fairly constant except in the "ijolite" and nepheline

monzonite pyroxenes, where it decreases slightly' The fi.gures for silica

compare fairly closely with those of calcic tholeiitic clinopyroxenes with a

similar degree of iron substitution (Hess, 1949) ' The Garbh Eilean pyrox-

enes (Murray, 1954) contain abott l/6 less silica, and those from the

Black Jack sill (Wilkinson, 1957) have 2-3/6less.
Titania is relatively low, resembling the amount contained in tholeiit ic

pyroxenes much more closely than the alkali basalt types. There is no ap-

parent relation between the titania content of the pyroxenes and of their

host rocks, nor is there any svstematic increase or decrease of this com-

ponent through the analyses. Indeed, the zoned pyroxenes in the "i jolite"
and nepheline monzonite show, respectiveiy, strong marginal enrichment

and moderate marginal  deplet ion of  t i tan ia (Table 1;anal .9A,98,  10A,

10B).
The amoun? oI alumina varies considerably, but is more abundant in

the pyroxenes of the more alkaline locks' The alumina figures are rather

higher than is usual in tholeiit ic clinopyroxenes, but are very similar to

those quoted by Murray (1954) for the teschenitic Garbh Eilean sil l .

Manganese foliows ferrous iron, with the ratio FeO/MnO approxi-

mately twenty to one, except for analyses 6 and 98, which are low in

MnO.
The figures Ior lime, magnesia andferrous iron are very similar to those

of Murray (1954) and Wilkinson (1957). Ferrous iron enters the pyroxene

structure chiefly at the expense of magnesium. The range in values for

ferrous iron in these analyses is small compared to that of pyroxenes from

tholeiit ic rocks showing a similar degree of fractionation (Brown and

Vincent. 1963).
Sod,ais fairly high throughout and increases sharply in the pyroxenes

from the nepheline-bearing rocks. The increase in soda is reflected in the

increase in the optic axial angle (Table 2). A similar but much stronger

lrend is recorded by Yagi (1953) for the alkalic rocks of the Morotu

listrict.
Kushiro (1960) and Le Bas (1962) have described, and attempted to

account for, the amount and distribution of Si, Al and Ti in calcic igneous

clinopvroxenes. Kushiro has shown that when Al is plotted against Si or
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Ti, the pyroxenes of tholeiitic, feldspathoidal and non-feldspathoidal
alkalic rocks fall in three roughly defined fields. A more detailed study
along similar iines was made by Le Bas, who effected a clearer distinction
between the pyroxenes of the major magma-types by considering only
groundmass pyroxene. Le Bas discusses the relation of the amount of
aluminium in tetrahedral co-ordination (Al,) to the total aluminium and
to TiOz, and his plot of Al, against TiOr wt per cent (p. 280) indicates fun-
damentallv different trends, during differentiation, of pyroxenes from the
alkaline rocks and from tholeiitic, high-alumina and calc-alkaline rocks.

Comparison of the data from the present study with those of Kushiro
and Le Bas shows:

(1) The pyroxenes of the monzonitic complex have relatively small figures for Al, com-
pared to other pyroxeneswith similar proportions of Car+*Na+f K+, Mg2+, atr6 pse+f Fe2+
*Mn2+. This is a consequence of relatively high SiOr, and has been noted above.

(2) The proportion of the total Al that is in tetrahedral co-ordination is consequently
low, and compares more closely with the values for pyroxenes from tholeiitic, high-alumina
and calc-alkalic rocks than with those of the alkali types.

(3) In the diagrams of Al, versus TiOz wt per cent and of AlzOs wt per cent versus SiOz
wt per cent, the pyroxenes plot in the field of the tholeiitic, high-alumina and calc-alkaline
t)?es.

The relations between oversaturated tholeiite, undersaturated tholeiite
and critically undersaturated alkali basalts are iliustrated by Yoder and
Til ley (1962, p.352). They point out that the norms of the pyroxenes
from the alkali basalts studied by them contain nepheline, while the
norms of the pyroxenes from the tholeiitic rocks contain considerable
hypersthene or even qtrartz (p.365, Table 5).

A11 the pyroxenes in the present study contain normative nepheline
except 5 and 98 (Table 4); the amount of hypersthene in the norms of
these two pvroxenes is small, and indicates only a verv slight excess of
silica over that required to satisfv the NazO for albite. Although norma-
tive hypersthene appears in 98, the amount of nepheline in the norm of
94' ensures that the bulk pyroxene would also have nepheline in its norm.
The absence of normative nepheline in pyroxene 5 is hardly surprising
since the host rock, porphyrit ic banatite, contains about 60 wt per cent
SiO2, and aboft 5/6 of qttartz appears in its norm.

TnBNt oF PyRoxENE CoMposrrroN

The analyzed clinopyroxenes are plotted in Figs. 8 and 9 on the basis of
atomic per cent Ca-Mg-Fe, where Fe:pse+{ps2+f Mn2+. Figure 8
shows the detailed relations of the various pyroxene fractions. The upper
and lower limit of iron substitution occurs in pyroxenes 98 and 1 respec-
tively. The trend of pyroxene compositions is from Caae rMgao.sFera r to
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ATOMIC %

Irrc. 8 Plot of analyses of the pyroxenes from the monzonitic complex on the conven-
tional Ca-Mg-Fe atomic per cent diagram, where Fe:Fe3++Fe2++Mn2+. Cross-hatched
area in locality diagram is shown in detail immediately below, Solid circles represent anal-
yses of pyroxenes from nepheline-bearing rocks. Numbers correspond to those of the
analyses in Table 1.

Frc. 9. Plot of analyses of the pyroxenes from the monzonitic complex on the conven-
tional Ca-Mg-Fe atomic per cent diagram, where Fe:Fe3++Fe2++Mn2+, together with
the trend for pyroxenes of the alkali basalt magma (A-A) after Wilkinson (1956), and
the tholeiitic Red Hill intrusion (T-T) after McDougall (1961).
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Caa3.6Mgar sFezs r. The trends of zoning in the "i jolite" (9A, 98) and the

nepheline monzonite (10A, 10, 108) are very similar to each other, and to

the pyroxenite-banatite trend (2,5 respectively)' The plots of the three

pyroxenes from the pyroxenitic rocks at Poole's Point (1, 2,3) neatly

coincide. The pyroxenes from the altered pyroxenite (6,7) are more l ime-

rich than !,2 and3, whereas 7, separated from the garnet-pyroxene rock,

is noticeably poor in titania and alumina and rich in silica'

The pyroxenes from the monzonite and banatite (4, 5) plot very close

to one another, slightly below the mid-point of the line joining the analy-

ses of the core and rim of the "i jolite" pyroxene. The plots of 4 and 5 are

curious in that they show that the pyroxene from the banatite is slightly

more diopsidic than that from the more basic monzonite.

The trends for the pyroxenes from the tholeiitic intrusion at Red Hill

(McDougall , 196I) and for those of the alkali basalt magma (Wilkinson,

1956) are compared in Fig. 9 with the pyroxenes studied herein.

PvnoxBNBs rN OrHER MoNzoNrrrc Rocrs

The analysis of a pyroxene from the Mt. Dromedary area given by Wil-

shire and Binns (1961, p. 19S) has not been used in this study because the

present writer was unable to determine either the exact location or the

nature of the host rock.
Other examples of relatively potash-rich monzonilic intrusions em-

placed in a late or post-orogenic environment occur at Port Cygnet, Tas-

mania; Milton, about 100 miles north of Mt. Dromedary; central Mon-

tana; the kentallenites of the South-West Highlands of Scotland; and

possibly at the type locality for monzonite at Monzoni, in the Tyrol.

The pyroxene found in such intrusions is typically a lime-rich mono-

clinic variety. It is only rarely ophitic in form, and is colorless or pale

green and very weakly pleochroic. In the highly alkalic rocks the pyrox-

ene grains may have a deeper green rim or, more rarelv, occur as aegirine-

augite' Zoning bf inclusions, color and birefringence is not uncommon

(Hill and Kynaston, 1900, Plate XXIX; Larsen et al., l94l). The striking

constancy in composition of the pyroxenes from this type of association

has been commented upon by Larsen et al. (1941), Pirsson (1905a) and

others. Larsen et at. (194I), writing on the mineralogy of the igneous rocks

of the Highwood Mountains, state (pp. 1843-1844) "the augites are pale

green and characteristically zoned with recurrent zones of somewhat

different color and extinction angle but with not much difference in com-

position . . . The augites show a remarkable uniformity in their optical

properties in nearly all the rocks."
The anal1'sss of the pyroxene from the shonkinite at Square Butte in
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the Highwood Mountains district (Pirsson, 1905b, p. 98) and of that
from the shonkinite at Mt. Dromedary are compared in Table 5.

The alkali basalt magma has a definite preponderance of soda over
potash which is maintained in the strongly fractionated rocks, despite the

Teer,r 5. Al+ar-vsrs or Pynoxu.rrs rnou SnoNrrxnns

sio:
TiOz

CrzOr
AlrO:

FezOr
FeO
MnO
Mgo
CaO
NazO
KzO
PzO;
HzO

50.  14
0 .65
0.05
3 9 0
2 . 7 0
6 .56
o 2 5

13 .06
21 .88
o . 7 6
0.05
0.04
o . r 7

100.2r

49.42
0 . 5 5

4 . 2 8
2 . 8 6
.) - .)o

0 .  10
13 .58
22 35
1 .04
0  .38

0.09

Total

Composition, atomic per cent

Ca
Mg

rFe

46.9
39.6

8: Pyroxene from shonkinite, Tilba Tilba (analyst R. S. Boesen).
A: Pyroxene from shonkinite, Square Butte (analyst L. V. pirsson).
I Fe:Fe3++Fe2++Mn2+.

fact that in the more felsic differentiates potash increases at a greater rate
than soda. The igneous rocks at Mt. Dromedary, on the other hand, have
a preponderance of potash over soda in all but the ultramafic types, and
there is a trend towards relative enrichment in potash. This difference in
potash-soda relationship between the alkali basalts and the monzonitic
suite is reflected in the pyroxenes. The soda content of the pyroxenes from
monzonitic and s1'enitic rocks derived from alkali basalt (Yagi, 1953) is
greater than that of the pyroxenes from comparable rocks at Mt. Drome-
dary and similar occurrences.
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CoNcr-usroNs

The pyroxenes of the monzonitic complex at Mt. Dromedarl ' and of

some other similar occurrences are l ime-rich monoclinic varieties with a

range of composition similar to that proposed for pyroxenes of the alkali

basalt magma. They can be distinguished chemically from the alkali

basalt pyroxenes by their slightly higher content of sil ica and lower ti-

tania, soda and perhaps aiumina. In thin section thev are usually pale

green, weakly pieochroic, and fairl;- euhedral, whereas the pyroxenes of

the alkali basalt type are most often pink or mauve, distinctly pleochroic,

and commonll '  ophitic. The pyroxenes of the felsic differentiates of alkali

basalt magma appear to be more sodic than their counterparts in the

monzonitic complex at Mt. Dromedary.
It is suggested that the relatively small differences between the two

groups of pyroxenes is related to the trends of fractionation of the parent

magmas, with Nazo)Kzo in the alkali basalts, and Kzo)Nazo in the

monzonitic suite.
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