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Cainozoiec basaltic rocks outerop over an area of about
1,600 square miles, or about 6 per cent of the land surface of
Tasmania; and from the distribution of pfesent outerops it
would appear that the basaltic magma from which they were de-
rived underlay an area of perhaps 15,000 square miles. As may
be seen from Fig.1, they are most extensively developed in the
north-west of the island, particularly in the triangular area
extending westwards from Deloraine to Waratah and Preolenna.
In this region they occur as a series of extensive lava f1e1d§1)
capping parts of the sea-warg)sloping plateau that is known as

the North-Western Peneplain . The plateau has been deeply

(1) .

R. A. Keble. The significance of lava residuals in the
development of the Western Port and Port Phillip
drainage systems, Proc.Roy.Soc.Vic., n.s.,31, 129 (1919.

A. B. Edwards. The age and physiographic relationships of
some Cainozoic basalts in Central and Eastern Tasmania,

Pap.Proc.Roy.Soc.Tas., 1938, pp.175-199.

(2)
P. B. Nye and F. Blake. The Geology and Mineral Resources o

Tasmania, Bull.Geol.Surv.Tas.,No.44, p.4 (1938).

dissected by streams flowing into Bass Strait, leaving the
basalt as a flat capping, about 100 ft. thick, on the ridges
and broader plateau areas between the valleys. The surfaces
of the basalt plains are diversified by the shallow valleys of
streams that are as yet confined to the plateau surface (upland
or hanging streams), and by occasional more or less coniecal
hills marking points of eruption (Fig.2). In places the
plateau surface rises step-fashion across small scarps that
trend parallel to the north coast (Fig.3).

Further to the west there are extensive basaltic areas
south of Smithton, and near Marrawah and Balfour.

Numerous areas of basaltic rock occur in eastern and
central Tasmania, at varying elevations. These are commonly

confined lava fields, not extending beyond the interfluves of

(3)
R. A. Kegble, loc.cit.; A. B. Edwards, loc.cit.
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the pre-basaltic valley into which the basalt erupted. /

In the north-east such lava fields have infilled the
old valleys of Pipers River and Pipers Brook, St.Patricks River,
the Little Foreséfhivulet, Bessel's Rivulet, and the Ringarooma
River. Small lava fields occur east of St.Leonards and between
Perth and Breadalbane, fringed by small residuals. Basalt flows
filling old valleys occur on the Central Plafeau, in the vicinity
of the Great Lake, Lake Sorell, and along the Nive River, and
occur as small residuals capping a number of isolated hills along
the margin of the Western Tiers. In the Midlands, basalts form
broad plains in the old valleys of the South Esk and Macquarie
Rivers, the latter field extending from Conara Junction to
Tunbridge. Small conical hills, marking points of eruption,
can be observed in the vieilnity of Campbell Town, Conara Junction,

and Fordon (south of Nile). (Fig.4).

In the south-east, basaltic areas are found at Bridge-
water, at Campania, in the valley of the Coal River, and near
Sorell at the head of Pitwater, and in the viecinity of Rokeby.
Basaltic residuals occur at intervals along the valley of the
Derwent at New Norfolk, Macquarie Plains, Hamilton, Glenora and
at Ouse; and isolated small areas lie south of Hobart, near

Kingston, Ranelagh and Hythe.

In addition several unusual differentiated basaltic

types outerop as small volcanic cones or plugs on Shannon Tier.

Age of the Basalts.

The age of the basalts is not everywhere well est-
ablished. In the neighbourhoecd of Wynyard they overlie Miocene
marine sediments, and in the vicinity of Launceston and Hobart
they overlie leaf-bearing sediments of the Launceston Basin and

the Derwent Basin, s? §hat in these areas they are regarded as
4
Pliocene or younger. A similar age ?e§ been assigned to most
of the occurrences in eastern Tasmania ? chiefly on physiographiec
grounds.

(4) R. M. Johnson. The Geology of Tasmania, pp.268-289, 1888.
(5) Nye and Blake, loc.cit.; Edwards, loc.cit.
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A Miocene or pre-Miocene age has been established for
certain basalts at Marrawah, in north-western Tasmania , yand
there is a tendency to correlate the basalts capping the
dissected plateaux of the North-Western Peneplain (the Waratah
and Middlesex Plains basalts), and the residuals of high level
basalts along the margin of the Western Tiers, and at Branxholm
and Weldborough, in north-eastern Tasmania, with these pre-

Miocene basalts of Marrawah.

(6)

Nye and Blake, loc.cit., pp.25, 50, (1938).

The Pliocene, or younger, basalts have been correlated
tentatively with the basalts of the Newer Volcanic Series of
Victoria, and the pre-Miocene basalts with the basalts of the
Clder Volcanic Series of Viectoria.

PETROLOGY.

Previous Work.
The earliest p?trologieal study of Tasmanian basaltie

rocks was made by Ulrich who recognised the presence of olivine
basalts among them, and also recorded a nephelinite (possibly

one of the nepheline-bearing rocks of Shannon Tier). Thig early
examination was amplified by the studies of Twelvetrees ( ),
summarised in his statement of 1908, which records the prevailing
types as "basalts and olivine-basalts," with occasional develop-
ments of limburgite and more alkaline types, as at Table Cape,
Circular Head, Shannon Tier and Sandy Bay. No detailed account
of these rocks was published, however. Aurousseau (9)analysed
and described in detail the nepheline basanite of S%?$§ Bays

(10)
and Paul , and later Erdmannsdorffer and Nieland and

R. M. Johnson. The Geology of Tasmania, pp.249-251, 1888.

(S)I.H.T'alvatrees. Report to Sec.for Mines,Tas.1908, pp.159-162.

(9)H.Aurousseau. Analyses of three Australian rocks, Proc.Lin.

Soc.N.8.W., 51, 614 (1926).

(10)
F. P. Paul. Foyaitisch-Theralitische Gesteine aus Tasmanien,
n._i__.Pgtl‘.mtt., 25 (n-f.), 269-318’ (19%).

(11)
0. H. Erdmannsdorffer and H. Nieland. Uber melilithfuhrende
Fasinite von Tasmanien, Fennia, 50, No.4 (1928).
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gave detailed descriptions and analyses of the
melilite-bearing nepheline basalts of Shannon Tier. Brief
petrological accounts of local basalt occurrences are recorded
in several Bulletins of the Geological Survey of Tasmania,
notably Bulletin No.41 (Smithton District), which includes two
chemical analyses; and Edwardg13)has described the differ-
entiated crinanite laccolith of Circular Head (Stanley), with

five chemical analyses.

12)

C. E. Tilley, Monticellite-nepheline-basalt from Tasmania,
o Geol. Mag. 65, 29 (1928),

4. B. Edwards. The Crinanite Laccolith of Circular Head,
Proc.Roy.Soc.Vic., 53, n.s., II, 403-415, 1941,

This Paper.
The object of this study was two-fold:- (1) to provide

a more detailed petrological account of the Tasmanian basaltie
rocks, and (2) to discover whether any petrographic distinetion

can be drawn between suppos?dl¥ "Older" and "Newer" basalts,
14

“such as obtains in Vietoria. It is based upon the exam-

ination of more than 300 specimens collected as "grab samples"
during a number of Jjourneys designed to traverse most of the
major and minor basaltic areas in Tasmania. It can be expected
that this method of collecting has failed to include some of

the rarer and more strongly differentiated rocks types, which
would normally be of small volume; but it has provided a
reliable sample of the prevailing rock types, and so yields

a pileture of the petrological character of this basaltic pro-
vince, from which the likely nature of strongly differentiated
rock types that may occur, but are not represented in the

collection, can be deduced.

Rock Analyses.

Eleven new chemical analyses are presented. These were
made by Mr. W. St.C. Manson and his associates, of the Mines
Department Laboratory, Launceston, by permission of the Director
of Mines for Tasmania, in connection with a study of the bauxites
of Tasmania, which required as an integral part, a knowledge of

the petrological characters of the basaltic rocks.
(14)
A. B. Edwards. Petrology of the Tertiary Older Volcaniec -

Rocks of Victoria. Proc.Roy.Soc.Vic.,51, N.s.,I,73-98,1938. 5
The if?ﬂf{ oleenie hocks ¢ "L’ (:»l%-?-./ Fif- > dv-ar/'- J;.;'.-'?- CZ/ teﬂ.ag-ﬁs'
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The Rock Types.

The rocks of the collection consist predominantly of
a varlety of olivine-basalts, with associated limburgites,
limburgitic-basalts, olivine-nephelinites and nepheline-basanites,
all clearly the differentiation products of an olivine-basalt
magma type. The melilite-bearing nepheline basalts and
fasinite of Shannon Tier so closely resemble the nephelinites
and basanites that they must be included as more extreme
differentiates of this magma. Other differentiated types are
the oligoclase-basalts of the south-east, the highly felspathie
olivine-basalt of the Smithton district in north-western
Tasmania, and the nepheline-bearing facies in the Circular Head
laccolith. No acid or intermediate extrusives have been found,
but if they occur they can be expected to be of a phonolitie
or trachytic character. Ié is possible that the syenite-
porphyry stock of Port Cygnet and its related dykes(15)are
differentiates of this olivine-basalt magma, but the only
evidence for this is a possible similarity in age between these
rocks and some of the basalts, and the trachyte-like character

of some of the dyke rocks.

(€3]

A. B. Edwards. Alkali Hybrid Rocks of the Port Cygnet
Distriet, Tasmania, Proc.Roy.Soc.Vic., 58, n.s., 81-115,
1947,

Classification.
The more differentiated rock types in the collection

are easily distinguished microscopically and chemically, and

are readily classified, but the basalts are more difficult to
classify. Some of them are sufficiently distinective in thin
section to be grouped into types or varieties that recur in
different parts of Tasmania. Descriptions of the characteristic
features of these types are set out in the following sections,
amplified by photomicrographs. Chemical analyses have been
made of representative specimens, and the analyses show
variations in chemical composition in keeping with the petro-
graphical variations; but there are too few chemical analyses

of any one type, or of related types, to eatablish the full
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significance of textural variations.

The bases of classification are three, and are given

in the order of their apparent significance.-

(i) the type of pyroxene predominating, whether augite or
titanaugite.

(1i) the texture of the groundmass, whether ophitie, inter-

granular, or intersertal, and the relative pro-
portions of felspar, pyroxene and glass, with

especial emphasis on the pature of the glass,

whether green or black.
(iii) the nature and relative proportion of the phenocrysts,

olivine, plagioclase and pyroxene.

On these bases eleven types of basalt have been
established, as indicated in Table 1. For convenience of
reference, each type has been given a distinguishing name,
such as Midlands Type, or Mersey Type. The names derive from
a distriet or locality ;n which the type is typically developed,
and are intended for local use only. Some of the types are
of wide occurrence, others are more restricted as may be seen
from Fige.1, in which the location and classification of the
specimens in the collection are shéwn.

As might be expected a number of specimens are inter-
mediate between two or more types, and from such transitional
relations it appears that there are three main groups of

olivine=basalts in Tasmania.-

Midlands Type, Bridge-
water Type, Ouse Type.

(1) basalts with black glass

Mersey Type, Waratah
Type.

(3) basalts with titanaugite : Hampshire Type,Deloraine
Type, Burnie Type,
Harford Type, Branxholm

Type.

(2) basalts with green glass

The close relationship of the members of these three
groups is borne out by their similarities in chemical composition,
as may be seen from the analyses of specimens selected as

representative in Tables 2, 3 and 4.




- 530009 /46
Basalts with Black Glass.

Olivine-basalts containing more or less black glass
comprise 20 to 25 ﬁer cent of the collection. = Three related
basalt types containing such glass can be distinguished. The
three types are of similar chemical composition (Table 2), but
are texturally distinct, though a gradation from one type to
another can be traced, corresponding to a progressive crystall-
ization of the glassy mesostasis.

Ouse Type.

These rocks consist of corroded idiomorphic phenocrysts
and microphenocrysts of fresh or serpentinized olivine, grading
down to granules, and small laths of plagioclase, set in an
abundant mesostasis of black glass (Pl. , Fig. Yo The
plagioclase is labradorite, of a composition about Anéo, and some
crystals have hollow cores that have become filled with the black
glass. The felspar laths generally show a random arrangement,
but an exception 1s provided by a specimen from Marrawah, in
which there is well marked flow alignment.

The glass, when resolved under high magnification, is
found to consist of myriads of minute granules of iren ére in a
brownish glass, which is traversed by feathery "ghosts" or
skeletal crystals of pyroxene and felspar. Occasional patches
of green glass (brown in some weathered specimens) occur in the
black glass,and calcite may accompany such green glass. In some
specimens, particularly those from Quse, the skeletal crystals
of pyroxene and felspar in the black glass occur as curving 6
sheaves of microlites that form a striking dendritic patternf1 e
(P1. , Fig. :

(16) '

These sheaves correspond to the raunoids of H. S.
Washington (Amer.Jour.Sei.,I, 380 (185&,, and ghe sphaerokystall
of Lehmann (see Johannsen, Descriptive Petrography o e Igenous

Rocks, Univ.of Chicago, 1937, vol3, p.253, and Fig.113).

An analysis of a representative specimen from Ouse
is given in Table 2, Analysis No.1. The chief features of the
analysis are the high 8102 content, as compared with the
titanaugite-basalts (Table 4), the lower magnesia content, Mg0O
and CaO being in about equal proportions, and the low potash
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content. Titania and phosphorus also tend to be low.

Bridgewater Type.

With a slight increase in crystallinity, the pot-
ential augite in the black glass of the Ouse basalts appears
as uniformly distributed granules, and the black glass is
restricted in amount, so that the appearance of the rock in
thin section is quite changed (Pl. [Figs. ), despite the
fact that there is little or no change in chemical composition,
as may be seen by comparing Analyses Nos. 1 and 2 of Table 2.
The resultant rock consists of phenocrysts of olivine, which are
commonly slightly resorbed, in an intersertal groundmass of
plagioclase laths, augite granules and black glass. In some
specimens a proportion of the felspar laths are sufficiently
developed to appear as microphenocrysts (Pl. y Fig.
The pyroxene tends to be brownish, and has a positive optie

axial angle of more than 450, indicating that it is augite.

This variety of basalt is widely distributed through-
out Tasmania, as may be seen from Fig.1l. The occurrence at
Bridgewater wgs selected as typical and conveniently available.

An analysis of a specimen from th;s locality (Table 2, Analysis
No.2) shows that it is a siliea-rich basalt, practically identical
in composition with the analysed Ouse basalt.

Midlands Type.

This basalt type, named from its widespread occurrence
in the Midlands region, represents the product of more or less
complete crystallization of the black grass. The rocks are
commonly grey, and finely vesicular, and consist of phenocrysts
of olivine in an intergranular groundmass of labradorite laths,
brownish augite of varying coarseness of grain size, but
generally granular and ophitic or sub-ophitic towards the fels-
par laths, and lath-shaped crystals of ilmenite. In some
specimens the granular augite crystals have become "welded" into
larger ophitie plates, but this is not common. A little dark
glass is commonly preserved in the interstiees, but is absent
in some specimens. The olivine phenocrysts commonly have a

narrow rim of iddingsite, but this is not always developed.




5. 530011 4,0

The appearance of a typical specimen in thin section is shown
in Pl1. y Fig. .

The basalt outcropping at Viney's Sugarloaf, a dis-
tinctive small point of eruption close to Fordon (Pl. Fig. )
was selected for analysis. This Sugarloaf is just west of the
road from Nile to Conara, about midway between Nile and the
bridge over the South Esk. Its close resemblance in composition
to the Ouse and Bridgewater basalts is apparent (Table 2,
Analysis No.3). The higher FepO3 content of the Viney's
Sugarloaf rock reflects the partial conversion of the olivine

phenocrysts to iddingsite. The low K20 is possibly abnormal.

Comparison with Victorian Bgsalts.

As may be seen from Table 2, this group of basalts,
the Ouse, Bridgewater and Midlands Types, closely resembles in
chemical composition the widespread Footscray type of the Newer
Volcanic Series of Viectoria. In the case of the Midlands
basalts, the resemblance extends to the microtexture and mineral
composition, the alteration of the olivine to iddingsite, the
presence of black glass, and the grey colour and vesicular
character of handspecimens. The Ouse basalts cannot be matched
in Victoria, but occasional flows in Victoria resemble the
Bridgewater type.

Basalts with Green Glass.

Two closely related types of olivine-basalt, with
green intersertal glass, and differing chiefly in the nature and
proportion of their phenocrysts, are strongly developed in

northern Tasmania (Fig.1).

rse e.

This type of basalt is widespread, particularly in
the region between Deloraine, Waratah and Preolenna. It consists
of idiomorphic to slightly corroded phenocrysts of olivine, set
in a groundmass of stumpy plagioclase laths, lath-like iron ores
(ilmenite), granular, colourless to pale brown augite, and pale
green glass, which resembles serpentine when devitrified. The
texture is intergrgnular to intersertal, depending on the pro-

portion of glass present, and the grain size of the groundmass
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. varies somewhat. In the coarser-grained varieties (Pl.

Fig. ) the olivine phenoerysts are about 0.5 to 1.0 mm.

across, the smaller size being the more common. They have 2V
about 90°, and are optically positive (in some instances neg-
ative), so that their composiﬁion in about Fo . They
commonly show partial alteration to serpentine, the serpentine
developing along fractures and around the margins of the erystals.
In some sections there are occasional phenocrysts of labradorite,
and of somewhat inchoate phenocrysts of augite, marking a trans-

ition to the Waratah type of basalt, described below.

The groundmass plagioclase is a labradorite, with a
maximum extinction angle in the symmetrical zone of about 339,
indicating a composition of about Ab . It occurs as laths
0.1 to 0.15 mm. long and 0.01 mm. thick. In some specimens the
laths show a sub-parallel arrangement, as a result of flow.
More often, however, they show random orientation. The iron ore
laths, chiefly ilmenite, or ilmenite with intergrown lamellae
of magnetite, are about 0.1 mm. long, and the pyroxene granules
are about 0.05 mm. across, some of them prismatic. In some
specimens, particularly those with flow texture, the pyroxene
granules tend to form fringes around the olivine phenocrysts;
and in some of the coarser-grained rocks they have coalésced to
form inchoate phenocrysts, or coarser grains that tend to be

sub=-ophitiec towards the felspar.

Green glass 1s present in varying amount in the inter-
stices. In a few specimens the iron ores have not crystallized
completely, and the green glass is studded with globules and
trichytes of iron ore, that give it a dark appearance under low
magnification. In some of the finer-grained specimens of this
type of basalt, the pyroxene appears rather more abundant in the
groundmass than is the case with the coarser-grained basalts,
and the iron ores occur as squarish crystals, indicating that

they are predominantly magnetite.
The basalt outcropping at sea-level on the east side
of Mersey Bluff, near Devonport, which is a moderately coarse-

grained variety (Pl. y Fig. ), was selected as typical,
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and an analysis was made of this rock (Table 3, Analysis No.1).
Comparison of this analysis with those of Table 2 indicates that
the Mersey basalts, though generally similar in composition to
the group of basalts with black glass, contain somewhat less

silica, and slightly more magnesia, soda and phosphorus.

Haratah Type.

Closely related to the Mersey Type, and occurring in
the same regions, but to a more limited extent, is the Waratah
Type of basalt. This differs from the Mersey Type in the
presence in it of phenoerysts of labradorite, as laths up to
1.0 x 0.2 mm., in about the same abundance as olivine, and
occasional phenocrysts of pale-brown augite, from 0.25 to 1.0
mm. across. The augite is optically positive, with 2V about
500, and tends to occur in small clots, associated with olivine
phenoecrysts (Pl. s Fig. ) Some augite phenocrysts are
inchoate, and appear to result from the "welding" together of
small granular crystals of augite, such as occur in the ground-

mass.

The basalt outcropping at the northern end of
Waratah township was selected as typical, and a chemical analysis
of this rock is given in Table 3, Analysis No.2. It closely
resembles the Mersey Type in composition, but has a somewhat
higher 11205 and lower MgO content, corresponding to the greater
abundance of felspar and the lesser amounts of olivine and

augite in this rock.

Comparison with Vietorian Basalts.

The Mersey basalt has an almost identical counter-
part in the Trentham basalt of the Newer Volcanic Series of
Victoria, though as may be seen from the analyses of Table 3,
the Victorian rocks tend to be richer in potash and poorer in
titania, than their Tasmanian equivalents. The Mersey basalt
also bears a considerable resemblance to the Flinders basalt

of the 0lder Volecanic Series of Vietoria.

The Waratah basalt bears a general resemblance to
the Gisborne basalt of the Newer Volcanic Series in Viectoria,
the Gisborne basalt being related to the Trentham basalt much
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as the Waratah basalt is to the Mersey Type. The Gisborne

basalt tends, however, to contain a little hypersthene, a

feature not noted in the Waratah basalt.

Comparison of the analyses of Table 3 with those of
Tables 2 and 4, indicates that these basalts with green glass
have a chemical composition intermediate between those of the
basalts with black glass, and the titanaugite basalts.

Bagsalts with Titanaugite.

Basalts containing titanaugite are strongly
developed in northern Tasmania - at Branxholm, Scottsdale,
Derby and Weldborough in the north-east; near Perth, Longford,
Deloraine, Harford and Latrobe in the centre; and in the
Burnie, Smithton and Wynyard districts in the north-west, -
but they do not occur to any extent in the Midlands or in the
south-east. They are commonly associated with Mersey and
Waratah basalts.

Five types of titanaugite basalt may be recognised
on the basis of recurrent textural differences, but the chemical
analyses available of these types (Table 4) show that with the
exception of the Smithton type, they are practically identiecal
in composition. Presumably the textural differences are
related to degree of crystallization prior to extrusion, to
the rate of chilling after extrusion, and to variation in
content of water and other variables, as indicated by the

presence of analcite in some types.

hire e (Titanaugite Por ies).

Distinetive coarsely porphyritic titanaugite-olivine-
basalts occur as a point of eruption and flow from it on the
east side of the railway line just north of Hampshire railway
station (P1l. , Fig. ); as a flow at a point about 6 miles
from Somerset on the road from Somerset to Yolla; as a flow
about six and a half miles from Burnie on the road to Ridgely;
and at Mara, in north-eastern Tasmania. Related rocks, in
which the titanaugite is ophitic rather than phenocrystic,
occur on the road from Deloraine to Devonport at 33 mi}es from

Launceston, and at Main Creek, near Derby.
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In the Hampshire, Mara, Yolla and Burnie rocks the
titanaugite is present as phenocrysts 5.0 mm. or more in dig-
meter. These phenocrysts are composite rosettes, in which the
individual erystals show idiomorphic outlines, with re-entrant
angles toward the groundmass, and allotriomorphic faces towards
one another (Pl. 5 Figs ) o Small inclusions of olivine
and plagioclase have been caught up as inclusions during the
growth of the clusters. The titanaugite is strongly zoned,
as many as 30 narrow zones being present in a single crystal.
It is optiecally positive, with 2V greater than 450, and is
strongly pleochroic with X = deep violet, Y = pale violet,

Z = light yellow.

Associated with the titanaugite phenocrysts are
smaller idiomorphiec or rounded phenocrysts of olivine, and
micro-phenocrysts of magnetite, some of which have skeletal
forms. The phenocrysts are set in a wvariable proportion of
fine-grained groundmass, with an intergranular to intersertal
texture, consisting of short plagioclase laths, granules of
titanaugite, skeletal iron ore, apatite needles and colourless
to greenish felspathic glass. The plagioclase is labradorite,
of composition about Abyp, The Burnie and Yolla specimens
have fewer titanaugite phenocrysts than the other two, but have

more and coarser crystals of titanaugite in their groundmass.

The rock from between Deloraine and Devonport contains
very little olivine, and in this rock the abundant zoned, purple
titanaugite occurs in clusters of crystals which are ophitically
intergrown with plagioclase laths about 0.5 mm. long. The
iron ore is coarse-grained, and scattered through an abundant
glassy base, which is studded with myriads of fine skeletal
rods of iron ore, oriented in parallel or rectangular growths,
or in triangular lattices. Associated with the groundmass
are occasional small flakes of red biotite, pleochroic to
straw yellow.

The Derby rock is ophitic, but in it both the
titanaugite and the labradorite occur as crystals 2 to 3-mm.
across, ophitically intergrown with one another. Olivine

occurs only as occasional corroded phenocrysts, much smaller
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than the plagioclase and titanaugite grains, and there is _
only a small proportion of fine-grained groundmass. This con-~
sists of small plagioclase laths, skeletal rods of iron ore,
apatite needles, titanaugite, and a greenish glass felted with
microlites of felspar. The glass is sodic, since titanaugite
associated with it i1s fringed with green aegirine-augite.

These rocks bear some resemblance to specimens of
analcite-olivine-titanaugite~dolerite from the Table Cape and
Circular Head laccoliths. _

A chemical analysis of the Hampshire rock is shown
in Table 4, Analysis No.1. It is distinetly undersaturated
with repect to silica, and has a rather low alumina content.
This, together with the high Mg0O, Ca0O and TiOp, reflects its
richness in titanaugite and olivine. The potash content of
this rock is unusually high for Tasmanian basalts so far
analysed. Presumably the felspathic glass is potassiec.

urnie e.

Basalts of this type are prominently developed in
the vicinity of Burnie, Somerset and Seabrook, and in the
vicinity of Harford, Sassafras and Latrobe. They consist of
rounded phenocrysts of olivine, set in a relatively fine-
grained groundmass, consisting of small olivine granules, narrow
laths of plagioclase, abundant purple titanaugite, coarse iron
ores, coarse needles of apatite, a little felspathic glass,
and in some instances, some analcite. The plagioclase is
labradorite, about Lb4o, and the titanaugite is strongly
pleochroic from deep violet to pale straw with a posifive optic
axial angle greater than 45°. The distinctive feature of this
group of rocks is the characteristic occurrence of the
titanaugite as isolated more or less lens-shaped patches, which
are in intimate ophitic intergrowth with sheaves of narrow
sub-parallel plagioclase laths (Pl. , Fig. The
titanaugite areas show up strikingly when viewed with crossed
nicols.

Where analecite is present in any abundance it occurs
in interstitial patches, and has replaced the felspar in part.
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Such rocks approximate to crinanite-basalts.

The excellent exposure of fresh rock in the cutting
on the road that rises above Burnie Park on its south-east side,
at Burnie West, was selected as the type locality, and an
analysis was made of this rock. The analysis (Table 4,
Analysis No.2) closely resembles that of the porphyritic
Hampshire basalt. The slightly higher 8102 and A1203, and
lower CaO suggest that it contains slightly more felspar and
less titanaugite than the Hampshire rock, but the differences

are not very significant.

Deloraine Type.

This variety of basalt may be regarded as a coarse-
grained variation of the Burnie Type (Pl. s Fig. : A
The olivine phenocrysts tenﬁ to be larger, and more clustered
than in the Burnie Type, and the ophitic titanaugite is
gathered into larger crystals, with fewer intergrown felspar
laths. Moreover, the felspar laths in the ophitic intergrowths
lack the parallel orientation of their counterparts in the
Burnie basalts, as may be seen from a comparison of the photo-
micrographs of (Pl. , Fig. ) and (P1. , Fig. ), which
are of the same magnification. As a result,the colourless
patches of groundmass, consisting chiefly of plagioclase laths,
appear larger and more prominent in the Deloraine basalts.

An analysis of a slightly weathered specimen of the
Deloraine Type - selected for analysis in connection with a
study of the weathering of Tasmanian basalts in relation to the
origin of bauxites, rather than for the purpose in hand -~ is
shown in Table 4, Analysis No.3. TWhen allowance is made for
its weathered condition, its close resemblance to the analyses
of the Burnie and Hampshire Types is apparent. An analysis
of a fresher example of a basalt of this type is provided by
that of the olivine-enriched layer in the Circular Head
laccolith (Table 4, Analysis No.4). This analysis is some-
what richer in iron oxides, but closely resembles the others

of this group, and in particular that of the Hampshire Type.

From these similarities it is apparent that there
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is little if any significant difference in the mineral com-
position of these three rock types. The difference is only
in texture, and this is a reflection of the conditions attending
the crystallization of the titanaugite. In the Burnie rock
the titanaugite had scarcely begun to crystallize when ex-
trusion occurred. The titanaugite crystallized ophitically
about the felspar laths after extrusion had occurred, so that
the flow alignment of the felspar laths is incorporated in the
ophitie patches. Even so, cooling was sufficiently slow to
permit considerable diffusion, or else the lens-like crystals
of titanaugite could not have formed. In the Deloraine rocks
the titanaugite apparently crystallized prior to extrusion,
so that the felspar laths included in the ophitic areas show
no flow alignment, and are fewer, though not necessarily larger.
The slower onset of crystallization permitted freer diffusion
in the melt, with correspondingly fewer centres of crystallization
and larger growth of individual titanaugite crystals, making
for larger interstitial areﬁs of predominant felspar.

In the Hampshire rocks the crystallization of the
titanaugite either commenced at a higher temperature, or more
probably the period between initistion of its crystallization
and extrusion of the magma was longer. As a result of pro-
longed free diffusion in the melt the clusters of early-formed
titanaugite crystals were able to grow large, pushing aside,
rather than incorporating the olivine and felspar crystals in
the melt, except where these were trapped between adjacent
titanaugite crystals. After the individual crystals of the
clusters came into contact, their external surfaces continued
to grow freely, forming glomeratic macrophenocrysts bounded
by crystal faces, with more or less obtuse re-entrant angles
between individual crystals of the cluster. The high Ca0O
content of the Hampshire rock suggests that there was some
gravitative concentration of the gugite during the period prior
to extrusion, and the prominent zoning points to their being
carried about by convection currents during their period of

growth.
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These three basalt types can be regarded, there-
fore, as closely related variants of the same magma, deriving
their textural differences from different lengths of cooling
prior to extrusion. 4s might be expected, there are
titanaugite basalts transitional between these types. The
Burnie Type might be expected to approach most closely in com-

position to the source magma.

Branxholm Type.

Where conditions, presumably rate of cooling,
inhibited diffusion, myriads of erystallization centres dev-
eloped, as cooling forced on crystallization, and basalts with
intergranular textures resulted, in which the titanaugite is
restricted to minute prisms and granules, with only an in-
cipient tendency to form ophitie intergrowths with the felspar
laths. In such rocks the groundmass appears dérker from the
even distribution of the pyroxene through it. Olivine-
titanaugite-basalts of this texture, and with varying coarse-
ness of grain size, are common in northern Tasmania, particular-
ly in the vicinity of Harford. In ome specimens the
titanaugite occurs in part as microphenocrysts. With decrease
in titanium content, they grade insensibly into the basalts
of the Mersey Type.

In some of these intergranular titanaugite basalts,
the plagioclase laths occur partly as microphenocrysts, when
the rock becomes a titanium-rich equivalent of the Waratah
type. There is also a tendency in these rocks for the small
titanaugite prisms to form clusters and rosettes (Pl. ’

Fig. j Basalts with this habit are developed at Branxholm
and Scottsdale in the north-east, at Longford, and near Wesley
Vale.

Aﬁ unusually coarse-grained variant (Pl. , Fig. )
occurs about 7 miles west of Wynyard, on the road to Stanley.

In this rock the individual felspar laths are 2 to 3 mm. long,
with some tendency to occur in sheaves. The felspar is some~-
what analcitized, and there are interstitial areas of colourless
glass and analcite, together with a little green chloritic

material, and skeletal crystals of iron ore.

= = -
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Smithton Type.

An olivine-basalt of unusual composition occurs as

(16)
the lowest of three flows in the Smithton distriect. 1) 4

e 530020 - 07

consists of phenoerysts of olivine in a relatively coarse-grained
groundmass of ophitiec titanaugite plates and laths of plagioclase,
coarse iron ores, and a little felspathic glass. In thin
section the rock appears as a somewhat coarse and felspathie
variant of the Deloraine Type, but two chemical analyses
(Table 5, Analyses Nos. 1 and 2) reveal that the rock has an
extremely high alumina content, with a correspondingly high
content of lime and alkalis, and a remarkably low magnesia
content. It is clearly a differentiated variety, but one not
matched by known basalts elsewhere in Tasmania. The nearest
approach to it so far recorded is the rock at the summit of the
Circular Head laccolith, but this rock contains more magnesia,
and less alumina. It appears to represent a magma from
which olivine has largely crystallized and sunk, without
sufficient accumulation of soda to transform the residue into
an oligoclase~basalt or mugearite.

The basalts overlying this felspathic basalt are
of the normal types found in north-western Tasmania, including

- the Mersey Type.

(16)
P. B. Nye, F. Blake and K. Finucane. The Smithton .

District, Bull.Geol.Surv.Tas., No.41.

Oligoclase-basalts.

Fine-grained oligoclase-basalts, of rather unusual
chemical composition, occur at a number of localities in south-
eastern Tasmania, namely, at Sorell, Cambridge, Rokeby, between
Rokeby and Bellerive, at Kingston, between Kingston gnd Margate
and between Kingston and Longley. These may be called the
Rokeby Type for convenience. They consist of idfﬁorphic pheno-
erysts of olivine completely altered to iddingsite, with occasional
larger phenoerysts in which the iddingsite forms a rim round

more or less completely altered olivine, set in a fine-grained
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groundmass of plagioclase laths and microlites, prisms of brownish

pyroxene, abundant small and uniformly distributed granules or
octahedra of iron ore, small granules of iddingsite, and some
colourless glass (Pl. , Figs. ). The plagioclase shows
almost straight extinection when present as microlites, and a
maximum extinction angle of 15° when present as laths, so that
it probably has a composition on the borderline between
oligoclase and andesine, of about Abpp. A specimen from Rokeby
contains a small clot of relatively coarse crystals of labrad-
orite and pyroxene, while one from Kingston contains an in-
clusion of a fine-grained basaltic roeck with corroded but fresh
crystals of olivine.

In addition to these specimens in which the olivine
is more or less completely iddingsitized, there are occasional
occurrences of this type of basalt in the Midlands and in
northern Tasmania, in which the olivine is unaltered.

4 specimen of the rock occurring about midway between
Rokeby and Bellerive, adjacent to the road, was selected as
representative, and analysed. The analysis (Table 6, Analysis
No.7) shows that for a basalt with so sodic a felspar, the
composition is unusual. The high Fepy03 content reflects the
abundant iddingsite. The general resemblance to Analysis No.6
of Table 6 suggests close relationship to the iddingsitized
nepheline-basanite of Sandy Bay. The Rokeby basalt is slightly
the richer in silica and alumina, and distinctly richer in
magnesiaj but it is poorer in lime and soda, and particularly
in potash. There is also some resemblance to the limburgite
from Llewellyn, near Avoca (Table 6, Analysis No.1), but this
is a more basic rock, with less silica and alumina, and much
more magnesia than the Rokeby basalt. It would appear that the
Rokeby basalts represent an intermediate stage in the diff-
erentiation of these basic and ultrabasic types. The nearest
match in chemical composition is provided by a limhurgite from
Woodend in Victoria (Table 6, Analysis A4).

Limburgites and Limburgite-Basalts.

Limburgite has been recorded from the vicinity
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of Burnie and further occurrences were found during this

7
W. H. Twelvetrees, Rept.Aust.Ass.Adv.Seci., 1902,p.299

study at Llewellyn, near Avoca, at a point 20 miles south of
Somerset, about 7 miles south of Burnie on the road to Ridgely,
at the northern end of the Green Hills on the Stanley Peninsula,
and about 8 miles west of Smithton.

These rocks consist of microphenocrysts of olivine,
generally fresh, and frequently idiomorphie, in an extremely
fine-grained groundmass of minute prisms of brown pyroxene,
uniformly distributed granules or octahedra of iron ore, and
a considerable amount of glass. Occasional microlites of
felspar are present, and in some sections there are crystals
in the groundmass which show very low double refraction, and
appear to be nepheline.

The specimen from Llewellyn was analysed with the
results shown in Table 6, Analysis No.1. The distinctive
features of the analysis are the high magnesia figure, and the
high soda, indicating a close relationship with the olivine-
nephilinites (Table 6, Analysis No.2) and with the melilite-
basalts of Shannon Tier (Table 6, Analysis No.3).

Rocks closely resembling the limburgites, but which
are better called limburgite-basalts, because they contain a
small proportion of plagioclase microlites, have been found
at a number of localities - two and a half miles from Forth on
the Forth-Wilmot road; at Rosebery; New Norfolk; near Castra;_
four miles from Ulverstone on the road to Castra; at Interlaken;
on Flinty Top, near Oatlands; and at Don Heads.

In these rocks the pyroxene occasionally occurs as
idiomorphic microphenocrysts, while in the rocks from Don Heads
the occasional felspar crystals are unusually large. Flow
structure is present in the Interlaken and Ridgely specimens,
and the specimen from Flinty Top contains an inclusion of

dolerite.

0livine-nephelinites and Basanites.

Nepheliﬁe-basanites occur at One Tree Point, Sandy

Bay near Hobart, and at the Nipples, west of Antill Ponds, in
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the Midlands; olivine-nephelinites outerop at the 014 Man's

.Head, near Lake Crescent, on Flat Top, near Oatlands, as the

upper and middle lava flows at the Briseis mine, Derby, and
near Ledgerwood and Branxholm, where they form extensive flows
filling the old Ringarooma Valley, at Scottsdale, and on the
west side of the Forth Gorge, about two miles from Wilmot on
the road to Sheffield.

The Sandy Bay rock was first described as a fayalite-

(18)
basalt but was later shown to be a nephelinezba§anite in
19
which the olivine had been altered to iddingsite. The

(18)
0. E. White and W. A. McLeod. Notes on a fayalite-basalt
from One Tree Point, Pagéfro?.ggx.goc.Tas-, pp.77-80,
(19)
M. Aurousseau. Analyses of Three Australian Rocks, Proc.

earlier analysls of White and MecLeod is inaccurate, and is not
quoted. The later analysis of Aurousseau is shown in Table 6,
Analysis No. 2, The general resemblance of this analysis to
that of the melilite-fasinite of Shannon Tier (Table 6,
Analysis No.5) is evident.

The olivine-nephelinites vary somewhat in grain
size, but are all fine-grained, and they have a distinctive
texture in thin section (Pl. s Figs. ). They consist of
microphenocrysts of olivine, sometimes partially or completely
replaced by iddingsite, set in a felted groundmass of short
prisms of greenish to brownish pyroxene, small olivine grains,
numerous relatively coarse octahedra of iron ore, idiomorphie
prisms of apatite, and an abundant mesostasis of nepheline or
felspathoidal glass. In some sections the nepheline occurs
as well-shaped crystals, uniformly distributed throughout
the groundmass (Pl. , Fig. : N

The olivine is present in crystals of two generations.
It forms mierophenocrysts about 0.1 mm. long, which are
idiomorphic with a tendency to be corroded. It also occurs
as idiomorphic erystals, about 0.02 mm. diameter in the ground-
mass. The pyroxenes occur as prisms and needles with an

extinetion angle of about 45° parallel to the prism face,
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and are restricted to the groundmass, with an occasional pheno-
cryst the size of the olivine ecrystals. In one section a
corona of pyroxene prisms encloses a partially dissolved grain
of quartz. The iron ores occur as rectangular or angular
grains of a size comparable with the other groundmass con-
stituents. Apatite oeccurs as fine needles in the felspathoidal
base, and as prominent prisms larger than the pyroxene prisms.

In some sections there is an abundant mesostasis of
colourless glass, interspersed with erystals of nepheline.

In others the glass is largely replaced by nepheline, which in
some occurs as idiomorphic crystals. This is particularly

so in the specimens from the Forth Gorge, Scottsdale, and the
top flow at Derby.

The latter rock was selected as typical, and an
analysis made of it (Table 6, Analysis No.2). Comparison
with the other analyses of Table 6 reveals its close affinities
with the limburgites and the melilite-basalts of Shannon Tier.

Melilite-fasinite.

An occurrence of melilite-fasinite at(sg§nnon Tier
2
has been described by Edrmannsdorfer and Nieland, and from
thin sections of the Mines Department of Tasmania, it would

appear that it came from the hill known as the Beehive.

(20)
0. H. Edrmannsdorfer and géaﬂieland, Fennia, 59, No.4,
1 .

The fasinite is a coarse-grained rock, consisting of laths of
black pyroxene up to 2.0 cm. long, in a grey-white zeolite-
bearing groundmass. The pyroxene is a brown titanaugite, with
corroded cores of colourless augite, and rims of deep-green
aegirine-augite. It contains inclusions of magnetite, apatite,
olivine, nepheline, melilite and perofskite. The olivine 1s
optically positive and has a composition about Fa17. It occurs
as occasional rounded grains about 2.0 mm. across, and shows
partial alteration to serpentine, iddingsite and chlorite.

The melilite occurs as grains and tablets about 3.0 mm. across.

It is uniaxial, negative, with refractive indices m = 1.632,
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e = 1.623, and is yellow with weak pleochroism. It is idio-
morphic against the enclosing pyroxene. Some of the melilite
is altered to a greenish serpentine-like substance. PeroSkite

‘and apatite occur in some abundance, the latter in prisms up

to 2.0 mm. long. There are also subordinate amounts of red-
brown biotite, a soda-hornblende, tentatively identified as
lavenite, rohnite(?) and cancrinite.

The remainder of the rock, the groundmass, consists
of zeolites, chiefly hydronephelite, and natrolite, with minor
amounts of thomsonite. phillipsite and desmine, derived from the
alteration of nepheline.

It seems likely from the description that this rock
is a "pegmatite" in a somewhat finer-grained melilite-fasinite,
of generally similar composition. The analysis of the finer-
grained melilite-fasinite is quoted in Table 6, Analysis No. 5.
The general resemblance of the analysis to that of the
nepheline-basanite from Sandy Bay (Table 6, Analysis No.6), as
distinct from that of the olivine-nephelinite (Analysis No.2)
agrees with Lacroix's contention(21)that the fasinites are to
be correlated with the basanites - "La forme microlitique de
la fasinite serait une basanite tres riche en nepheline."
Johannsen(zz)relates them to the monchiquites, but this is not

borne out by the limburgite analysis (Analysis No.1).

(21)
A. Lacroix. Les Mineraux de Madagascar, II, 644-646; III,

58, 307.
(22)

A. Johannsen. A Descriptive Petrolography of the Igneous
Rocks, IV, 377 (1938).

(237 '
It may be noted that R. A. Daly mistakenly refers

to this rock as a plutonic rock.

(23)
R. A. Daly. Igneous Rocks and the Depths of the Earth,
p.526, 1933, McGraw Hill.

Melilite-basalts.

Several small plugs of m?li%ite-basalts and related
24
rocks occur on Shannon Tier. Paul described a melilite=

(24)
: -Theralitische Gestei en
F. P. Paul Hggya:tifﬁgt .?ral %nf%.? gg gog? %%6 Tgsgg?. 3

214
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nepheline-basalt a?d5§ nepheline-eudialyte-basalt from this
2
locality. Tilley in 1928 re-examined the latter, and re-

ported that the identification of eudiolyte was incorrect.

He also established that the unidentified mineral reported by
Paul as probably CapSiO4, and previously referred to b& Tillegzé)
as "shannonite," was in fact monticellite, (Calig),8104, so that

he renamed the rock a monticellite-nepheline-basalt.

(25)
C. E. Tilley. Monticellite-nepheline-basalt from Tasmania,
Geol.Mag., 65, 28 (1928).

(26)
C. E. Tilley. Geol.Mag., 64, 143, (1927).

The melilite-nepheline-basalt is a dense greenish-
black rock showing phenocrysts of olivine. It has a granular
hypidiomorphic texture and consists of olivine, pyroxene,
melilite, nepheline, perofskite and magnetite. The olivine
occurs as small idiomorphic phenocrysts, but is relatively
inconspicuous compared with the melilite, which forms numerous
elongated tabular or prismatic crystals ramifying the rock
(P1. , Figs. ) It is optically negative, with straight
extinction, and is studded with minute inclusions of magnetite,
perofskite and pyroxene. Paul separated some of the melilite
using Thoulet's solution, and had an analysis made of the
acid soluble portion of the powder, thus rejecting the included
minerals other than apatite. This analysis is shown in
Table 6, Analysis No.8.

The pyroxene occurs only as small sparsely dis-
tributed prisms. The perofskite occurs as ifregular, late-
formed grains of a reddish-yellow colour, with anomalous
doublg refraction. Nepheline is present as quadrate and
hexagonal sections in some abundance, (Pl. s Tl )
and there 1s a considerable amount of coarsely crystalline
apatite and magnetite. Paul's analysis of this rock is shown
in Table 6, Analysis No.3, and reveals its close resemblance
to the olivine-nephelinites and the limburgites .

The monticellite-nepheline-basalt is a fine-grained,
hypidiomorphic granular rock, consisting of olivine,
monticellite, nepheline, titanaugite, perofskite, apatite,

&)

’
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magnetite, (?)sodalite, and colourless mica partly altered to
chlorite. The monticellite occurs as rims (chadakrysts) around
cores of olivine (oikakrysts). The pyroxene is more abundant
than in the melilite~basalt, as is the perofskite, and both are
coarser-grained. An analysis of this rock, presented by Paul,
is shown in Table 6, Analysis No.4. It shows that it 1is
distinetly richer in alumina and lime and poorer in magnesia

and titania, and in alkalies, than the melilite-basalt. Except
as regards titania, its resemblance is towards the melilite-
fasinite, so that it lies more or less intermediate between the

two.

CONCLUSIONS.
This study indicates that the Cainozoie basalts of
Tasmania are all olivine-basalts, ranging in composition be-
tween two extremes:-

(a) a group of basalts with about 44 per cent $i0O2, 14 per
cent A1203, and MgO:CaO about 11:9, namely the
titanaugite basalts, which correspond to the "olivine=-
basalt magma type," as defined by Kennedyfa?) being,
if anything, more basic than it.

(b) a group of basalts with about 50 to 51 per cent 8102,
14 to 15 per cent Al1203 and MgO:CaO about 8:8.5, namely

the basalts with black glass, which are intermediate in

composition between the "olivine-=basalt magma type? a?d
27).
the "tholeiitic magma type," as defined by Kennedy.

(27)
W. Q. Kennedy. The Parent Magma of the British Tertiary

Province, Summ.Progr.Geol.Surv.Gr.Britain for 1930,
Pt.2, pot TG s

Intermediate between these two extremes is a wide-

spread group of basalts with green glass, (group ¢).

As may be seen from Table y there is a con-
siderable resemblance between the titanaugite basalts of
group (a) and the Older Volcanic Magma Type of Victoria, on
the one hand, and between the basalts with black glass (group b),
and the Newer Volcanic Magma Type of Viectoria, on the other,
the latter resemblance being the closer. The group (¢) basalts
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also have their counterparts in the widespread Trentham basalts
of the Newer Volcanic Series of Viectoria, and in the Flinders
Type of the Older Volcanic Series in that State. However,
despite the tholeiitic affinities of the group (b) basalts,
there is a clear distinction both in chemical and mineralogical
composition between the various olivine-basalts and the

. (28)
Mesozoic dolerite magma of Tasmania, which was truly tholeiitiec.

(28)
4. B. Edwards. Differentiation of the Doleritfes of Tasmania,
Jouro GBOL., 50, 463-'4'65, 1942¢

In Victoria, titanaugite-basalts are sufficiently
characteristic of the Older Volecanic Series to serve as “markgigz
and the iddingsite-basalts with black glass (Footscray and
Malmsbury Types) are equally characteristic of the Newer
Volcanic Series. The basalts with green glass in the two Series
match too closely to permit their classification as Older or
Newer Volcanic on petrological grounds, and can be classed only
according to their association with more characteristic types
of basalt, or on stratigraphic evidence. Such a relation

does not hold in Tasmania.

(29)
A. B. Edwards. Petrology of the Tertiary Older Volcanic
Rocks of Vietoria, Proc.Roy.Soc.Vic.

Fig.1 shows the approximate localities of the
specimens studied in terms of the main basalt types, and hence
the relative distribution of these main types, assuming that the
sampling has been adequately random. The map reveals some
intermingling of types, but it also shows :=

(1) a predominant association of titanaugite basalts
(Hampshire, Burnie, Deloraine, Branxholm types) and
basalts with green glass (Mersey, Warftah types) in the
north-central and north-western areas;

(ii) a predominance of basalts with black glass (Midlands,
Bridgewater, Ouse Types) extending from Launceston thrqugh
the Midlands (strongest development) to the south-eastj

(1ii) a small association of basic oligoclase-basalts inter-

mingled with (ii) in the south-east.
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The olivine-nephelinites are associated with
titanaugite basalts at Forth, Scottsdale, Ledgerwood and Derby,
and together with limburgites, nepheline-basanites and melilite-
basalts, accompany the basalts with black glass in the Midlands
and south-east.

It thus appears, on petrological grounds alone, that
in Tasmania either (a) there were, as in Victoria, two major
periods of basaltic vulcanicity, deriving from source magmas
of different composition, which gave rise to petrologically
distinet basaltiec types, or (b) that contemporaneous extrusions
developed from two or more co-existent basaltic magmas, occurring‘
either in separate reservoirs, or as layered magma differentiated
within a single magma reservoir of considerable dimensions.

The distribution of the basalt types relative to one
another, and to sediments of known age, such as the Miocene
beds at Wynyard, and the Launceston and Derwent Basins, favours
the second alternative. In this connection the relationships
of the basalts in the area between Breadalbane, Perth and
Evandale to the sediments of the Launceston Basin is critical.
These basalts include typical titanaugite basalts, as at Perth,
and if as appears, they overlie the Miocene sediments, then
some at least of the titanaugite basalts are post-Miocene.
Basalts of the Midlands Type at St. Leonards and near Nile,
are definitely younger than these sediments, and the Bridge-
water and Ouse basalts are younger than similar sediments in
the Derwent Basin. Petrological studies, therefore, provide
no criteria for distinguishing between pre-Miocene and post-
Miocene (Pliocene) basalts in Tasmania. They do, however,
indicate the more or less contemporaneous existence of the two
extreme basalt magmas in close proximity to one another.
Relationship between Tertiary basalts and Jurassic Dolerites.

A comparison of the distribution of the Tertiary
basalts and the Jurassic dolerites shows that the basaltic
magma must have underlain almost the same area as the dolerite
magma, or possibly a wider area, since basalts occur on

Flinders Island, although the volume of basalt extruded was
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probably less than one-quarter the volume of dolerite magma
drawn off from its source reservoir. In each period, there-
fore, a more or less continuous sheet or body of magma underlay
an area of the order of 15,000 square miles; and unless it is
assumed that the dolerite intrusions completely drained their
source reservoir, some layered arrangement in depth of the two
magmas must be pictured.

These crustal layers must normally be layered. If
they were fluid, the tholeiitic layer would need to be upper-
most in Jurassic time, to permit the intrusion of so homogeneous
a tholeiitic magma as the dolerite, on so wide a scale; and a
fluid layering with tholeiitic magma at the top is not com-
patible with the early extrusion of olivine-basalt magma in
the Tertiary.

These successive periods of igneous activity must
have resulted, therefore, from the melting of sheets of these
crustal layers. The possibility is that the tholeiitic layer
overlies the olivine-basalt layer, and that the vigorous
erosion that followed the dolerite intrusions was accompanied
by an isostatic adjustment that by Tertiary time has raised
the tholeiitic layer above the critical level for melting, so
that it remained solid while the deeper-lying olivine-basalt
layer melted. The more or less contemporaneous extrusion in
Tertiary times of undersaturated olivine-basalt, and olivine-
basalt with tholeiitic affinities, together with intermediate
types points to a gradational layering in the olivine-basalt
of the crust, presumably an upward transition to the tholeiite
layer.

There is a close parallel between this picture a?§0)

the crustal layer hypothesis evolved by Kennedy and Anderson

(31)
and recently invoked by MacGregor to explain the sequence

30)

W. Q. Kennedy. Petrological aspects of the problem of
erustal layers and the origin of magmas, Bull.
Voleanol., Ser.2, iii, 24 (1938).

W. Q. Kennedy and E. M. Anderson. Crustal layers and the
origin of magmas, Bull.Volcanol., Ser.2, iii,
p.38-39, (1938).
(31)
A. G. MacGregor. Problems of Carboniferous-Permian
Volcanicity in Scotland, Quart.Journ.Geol.Soc., 104,
p.144 (1948).
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of extrusions during the Carboniferous-Permian volcanicity
in Scotland. They postulate that basaltic rocks originate
from sheet-like reservoirs of fluid magma almost constant in
depth, and extending for long distances, in many instances
hundreds of miles, at certain critical levels in the earth's
crust. The reservoirs are pictured as originating at different
times and at different levels by the fusion of crustal layers
of different composition, distributed as indicated in Fig.2.
The tholeiitic layer is thought to result, possibly, from con-
tamination of original alkaline olivine-basalt magma by the
granitic layer.

Crustal Lageriﬁg in a an—OrEogenic Region.
after cGregor .

g )
Granitic ( 3 Essentially homo-
Layer ( ) geneous
(11 km). ( )
Upper Inter- ( Tholeiitic (oli-) Essentially
mediate Layer ( vine-free or oli) homogeneous.
(18 Em.) ( vine-poor)
( basalt )
( )
Lower Inter- (ATkaline olivine- ) Graded: more
mediate Layer ( basalt ) mafic downwards
(6 km).
Lower Layer Ultrabasic rock

Fig.2.
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> TABLE I
PETROGRAFPHIC.
Classification of the Widespread Types of
Basalt in Tasmsania.
sivg
Groundmass Phenocrysts Content
%
Type of Texture Olivine | Olivine + Olivine
Pyroxene Plagioclase -
Pyroxene
absent or intersertal, OUSE - - 50-51
vestigial with abundant | TYPE
' (colourless)| black glass
Colourless intersertal BRIDGE=- - - 50=51
augite to intergran- | WATER
ular, with TYPE
abundant
black glass
colourless ophitic to MIDLANDS - - 50=51
auglite intergranu- TYPE
lar, with or
without a
little brown
or blac
glass
colourless intersertal to | MERSEY WARATAH - 48
auglite intergranulsr, TYPE TYPE
mostly with
some green
glass
titanaugite ophitic, med=- DELORA~- - HAMPSHIRE | 44=45
ium to coarse- | INE TYPE TYPE
grained
titanaugite | ophitic pat- BURNIE - - 44945
ches, flow TYFPE
structure
titanaugite | intergranular |BRANX~- - - 44-45
HOLM
TYPE
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TABLE 2.

Analyses of Basalts with Black Glass_in the Base.

8102
Al1203
Fe203
Fel
MgO
Cal
NagC
K20
Hg0+
Hg0-
co2
TiOg
P205

cl
S03

1. 2. 3s A. B.
51,48 51,48 50,04 50e44 49,86
14,32 14,18 14,47 14,47 14,35

2.17 1,56 . 4.26 6.32 4,21
8.98  9.61  7.69 5.01 7,02
8,02 8418  7.89 7.95 8425
8.33  8.95 9,35 875 8445
2,48 2,61 2,47 2,59  2.80
061  0.82  0.26 1,11 1.23
0458 1,00 1443 0460 -
1.54  0e24 0452 0460 -
0405 tr. tr, nil  0.04
1,445 1,60 1,56 1,80  1.62
0021  0e29 0423 0031 0438
0.14  0.15 0,17 0,19 0,18
nil tr. tr. nil -
nil tr. tr. nil -
100,16 100.67 10033 | 100,12 -

1.

2e

Se

A.

B.

ouse Type, glassy olivine-basalt (No. 15)
(Pl. Flge )s from near Ouse township.
Analyst: W. St. C. Manson

Bridgewater Type, olivine-basalt with intersertal
black glass, (No. 13), from 400 yards upstream
sbove bridge, Bridgewater township (Pl, Fig. ).

Analyst: W, St, C. Manson

Midlaends Type, iddingsitized olivine-baszlt,
with a tendency to black intersertal glass
(No. 300) from Viney's Sugerloaf, at Fordon
No. 22 lateritic bauxite deposit, south of
Nile (Cf. Pl. Fige o
Analyst: W. St. C. Manson.

Iddingsitized olivine-labradorite-basalt (Footseray
Type), from the Newer Volcanic Series, municiple
quarry, Werrnembool, Viectoris (guart, Jour. Geol.
S0Ce, 94, p. 209, 1938) »

Average of 16 olivine-labradorite basalts, from
Newer Volcanic Series of Victoria. (Quart. Jour.
GEol. Soc. 94, p. 209, 284, 1938).
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TABLE 4.
Analyses of Basalts with titan-sugite.
1. e Se 4, A. B.
Siog 44,12 | 45,44 | 45.76 | 43.35 44,91 45.86
Alg03 | 135,94 14,82 13.585 | 13.60 13.77 13.19
Feg03 2,60 1.27 5490 2.62 5.28 2.82
Fe( 8.98 | 10,68 720 10.94 5.81 8461
Mgu 11,45 | 11,12 | 10.24 | 11.84 12,19 1C.58
Ca0 9.40 8423 8.28 9485 8456 9,09
Nag0 2.83 2.98 1.70 3,02 1.73 2.44
K20 1.99 l.41 .47 1.18 0.94 1.00
H20+ 0.10 0.52 6.68 0.15 3.4‘0 1.53
HoU=- 1.94 2.62 2.06 1.74 1.34 1l.66
Cog tr. tr. tr. nil tr. Ce6C
Pglg 0655 040 QeS8 0.71 0e32 0«51
MnoO O I Uel4d Vel2 0.1l 0.53 .24
cl nil nil tr. - nil tr.
803 nil nil UelS - nil nil
10032 | 100.56 | 100409 | 100¢34 100.39™ | 100.16™"
EN10 0,03  *® N10 0403
Coe0 tr.
(HQ. 119) (Pl. Fig. )

l. Hampshire Type olivine~titanaugite-basalt, with mecro
phenocrysts of titanaugite, 3 to 5 mm, diameter, from
prominent 'point of eruption east to EBmu Bay rallway
line, a rt distance north of Hampshire Railway
Stetion. (Pl. Figc

, Analyst: W. St.C. Manson

2. Burnie Type olivine-titaugite-basalt (No.1l16) (Pl. Fig.
from road cutting above Burnie Park (south of), Burnie.
(P1. Fig. )

Analyst: W. St.C. Manson

3. Deloraine Type olivine-titanaugite-basalt (No. ) (Pl. Fig.
fromucore of a somewhat weathered boulder enclosed in
deeply weathered material, road cutting at sharp bend
midway between Deloraine and Elizabeth Town. (Pl. Fig.

M: W. 8t.C. Manson

4, Olivine~titanaugite-basalt from 70 ft. above the chilled base,
(olivine enriched layer) in the Circular Head laccolith,
(Proc.Roy.Soc.Vic., 53, N.S. P. 407, 1941).

A. Mirboo Type basalt, Older Volcanic Series of Victoria from
Berry's Creek Bore No. 20, depth 90 ft. allct. 34, parish
of Marden, Victoris.(Proc.Roy.Soc.Vic.,51,N.8.,p.20,1939).

Be. Camperdown Type, olivine-labradorite-basalt, Newer Volcanic

Series of Victoria from Harvey's Well, top flow, allot.
26, parish of Colongulac, Victoria, (Quart.Jour.Geol.Soc.,
94, p. 288, 1938). Fro
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TAELE 5.

Analyses of Differentiated Titanauglte Basalts.

1. 2u Se
8102 44,48 45,68 46,15
Alo03z 20460 21.18 18,95
Fe203 5.98 1,42 3.68
FeO 738 11,45 6441
Mg0 3.73 3490 5420
ceo 8410 8485 9.16
Nag0 2,67 2,51 3.79
K20 2,01 1.71 2445
i $1.56 $1.70 ottt
Hy0= ( ( 1.49
cos nil nil nil
T10g 1,80 1,80 1465
Po0pg 0e51 Oe44 0650
MnO 0.°91 2,04 0.10

cl - & =

S03 - - -
99,76 100469 99,70

le Smithton Type, olivine-basalt, Myrtle Hill, east of
Irishtown, Smithton District, probably from the
base of the third flow, (Bull.,Geol.Surv.lTas., No.4l,
Pe76, 1934). e

2. Smithton Type, olivine~basalt, Lileah, Smithton
District, probably from the top of the third flow,
(BulleGeoeS0cC,Tas. ,Nos4l, D.76, 1934).

Se Differentiated basalt from the summitof the Circular
Head laccolith, Stanley, (Proc.Roye.Soc.Vic., 535, N.S8.
P«407, 1941),




Analyses of Differentiated Basaltic Rocks.

I

]

TABLE 6.

(1906))

00ES

o
L€

l. Al 2. 5. 4. 5. 6. 7. 8.
810g 46,64 | 485,10 42,44 42,44 39,12 36417 36,08 37,60 38435
Alg03 13,22 12,86 12,48 10,24 10,29 11,88 15,19 15,27 10,92
29
Fe0 4,16 7e10 2.84 8,79 B.44 4,17 0458 6.72 \g'
MgO 7«01 856 4,71 14,25 14,098 14,22 8660 4,78 6459
Cao 7055 9.10 8.26 7.75 10.40 11.54 15.52 14.Ub 22.48
Nago 4,11 5099 5,51 4,18 5053 5.38 4,23 3,76 7«62
K 0 1,35 1,02 5416 1,83 1,23 2,07 1,85 Ve 87 2,55
Hgu+ Ve 52 1,53 1,64 0«18 0,88 - ( B.61 -
HzU-' 2.14 lalo 1,75 1,52 2046 - E Us B8 1,15 -
002 t:l.‘. tr. nil 0036 tr. - - nil -
Tiog 2,50 3650 2410 2,50 2,73 2e15 1,13 5,78 -
PgUs 1.00 IOUU 1065 1.61 1. 25 0084 1.58 U.98 1-55
Mno Vel9 UeUB Uel6 Vel8 Ue I8 tr. 0,17 Ve28 -
cl tr. tr. Uel6 nil nil - - Ve 28 -
805 nil nil - tr. tr. - - - -
Zno - - nil - - - 0,21 - -
99,98 | 1luwe60 100406 100401 100437 99,79 100,38 100,47 97,93
Bal, 0605
1, Rokeby  type, baslc 1ddingsite-oligoclase=~basgalt, from midway between Rokeby; and Bellerive,
Analyst:- W. SteC. Manson,
A. Limburgite, No.3 Quarry, Woodend, Victoria (Newer Volecanic Series). (BullesGeolo.Surv.Vic,,
No. 24, P, 28, 1912),
2. Iddingsitized nepheline~basanite, Une Tree FPoint, Sandy Bay, Hobart. (Proc.lLimm.Soc.N.S.W.,51,1926).
S5, Limburgite, Llewellyn, near Avoca, Analyst:- W, St.C. Manson,
4, vlivine=nephelinite, top flow at Derby (roasd cutting), Analyst:- W. St.C. Manson,
5. Melilite-besalt, Shannon Tier, (Min.Petr.,Mitt., 285, 305, (1908)).
6. DMonticellite-nepheline-basalt, Shannon Tier, (Min.Petr,Mitt., 25, 512, (1906)).
7 Melilite-fasinite, Shannon Tier, (Fennia, 50, No, 4, (1928)).
8e Melilite from the melilite~basalt (No, 5) of Shannon Tier, (Min.Petr.Mitt., 25, 305,

S
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Photo 4,

Photo S,

20041

Ouse Type, analysed specimen, X 25, Ordinary light.

Glassy basalt consisting of phenocrysts of
olivine, which may be serpentinized, and micro=-
phenocrysts of plagloclase, about the size of groundmass
laths for a holoerystalline basalt, set in a black
intersertal glass wilith radially arranged or plumose
trichytes of auglte.

Bridgewater Type, analysed specimen. X 25, urdinary light,

Phenocrysts of olivine, in a groundmass of
plagloclase laths, granular augite, and intersertal
black glass. There is some tendency for the plagloclease
to form occasional microphenocrysts,

NOTE: pNo Preios' 1 - 3 A&gﬁaﬁ%ﬁ
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Photo 6, Bridgewater Type. X 25, Ordinary light,

Phenocrysts of olivine in a groundmass of
plagioclase laths, granular to prismatic augite,
and black glass,

Photo 7. Midlands Type, ansglysed specimen. X 25, Ordinary light,

Shows typlcal texture, with abundant colourless
to slightly brownish augite, sub-ophitic towards
plagioclase laths (labradorite), and enclosing
phenocrysts of olivine with rims of iddingsite.

Iron ores tend to be lath-shaped, and a little dark
glass may be present in the interstices. The rock
tends to be vesicular,



Mersey Type, analysed specimen, X 25, Urdinary light,
A relatively coarse=grained example, with intergranular

texture, and tending to contaln more or less intersertal
The groundmass of plagloclase laths, granular

green glass,
auglte, iron ore, and glass encloses phenocrysts of olivine,
and occasional inchoate phenocrysts of auglte and plagloclase.

Photo 8,

Weratah Type, analysed specimen, X 15, Ordinary light,

Phenocrysts of olivine, augite and plagloclase in
an intergranular to intersertal groundmass of labradorite

laths, augite granules, iron ore, and green glass.

FPhoto 9,
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Photo 1lu. Hampshire Type, analysed specimen., X 15, Ordinary light,

Characteristic coarse rosette of zoned titanaugite
crystals, forming macrophenocrysts in an intergranular
olivine~titanaugite-~-basalt,

Photo 11, Burnie Type, analysed specimen, X 25, Urdinary light,.

Shows olivine phenocrysts, slightly resorbed, and a
typlcal patch of ophitic titanaugite and plagloclase
laths, with parallel arrangement from flowage. The
lens-1like shepe of the ophitic titanaugite areas is
particulaerly obvious with crossed nicols,



Photo 120

PhOtO 15,

Deloraine Type. X 25, Ordinary light,

An olivine=titanaugite=basalt in which the olivine
phenocrysts are more clustered than in the Burnie Type,
and the ophitic titanaugite is gathered into larger
crystals, with fewer and random oriented plagioclase laths,
leaving larger and more prominent areas of colourless
felspar laths between.

Branxholm Type. X 25, Ordinary light,

Microphenocrysts of olivine and labradorite in an
intergranular groundmass that contains a high proportion of
brown to vl olet auglte, and a little coarsely crystalline
magnetite, The abundance of auglte in the groundmass glves
the rock a dark appearance, even in thin section,



Photo 14,

Photo 15.

-~
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Branxholm Type, X 25, Ordinary light.

A coarse=greined variation, approaching an
ollvine-dolerite in texture, and conslsting of phenocrysts
of olivine and plagioclase in an intergranular groundmass
of cozrse plagloclase laths and coarse granules of brownish
saugite or titanaugite. 1In places the felspar is somewhat
analcitized, and colourless glassy areas occur in which
there 1s a little greenish chlorite and skeletal iron ore.

Basic oligoclase-basalt, analysed specimen, X 45,
Urdinary light.

Shows microphenocrysts of olivine completely altered
to iddingsite in a microlitic intergranular groundmass of
oligoclase laths and augite.,
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Photo 1l6.

Photo 17.

530047 24 J

Olivine-nephelinite, analysed specimen, X 45, Ordinary
light,

Typical texture of a fine-grained olivine=-nephelinite,
showlng microphenocrysts of olivine in a groundmass of
nepheline crystals, micro-prisms of greenish to colourless
auglte, and squarish grains of iron ore.

Olivine-nephelinite, analysed specimen. X 1595, Urdinary
light.

Central part of field of Photo 16. magnified
to show the texture of the groundmass, and the inclusions
in the nepheline crystals.



Photo 13.

Photo 19.

Melilite~basalt, X 45, Crossed nicols.

Shows two bladed crystals of melilite, with numerous
small inclusiong, and phenocrysts of pyroxene in an
intergranular groundmass,

Melilite-basslt. X 45, Ordinary light,

Same field of view as Photo 18, showing the
ebundant nepheline and granular iron ore in the
groundmass.,
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