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THE PETROGRAPHY, STRUCTURE, AND MODE OF EMPLACEMENT
OF THE COBAW GRANITE, VICTORIA

By A. J. STEWART

Department of Geology, Yale University, New Haven,
Connecticut, U.S.A.

Abstract

The Cobaw Granitc (Upper Devonian) is a ‘high-level’, compound granite which has a
subrectangular shape and an arca of 200 squarc miles. It consists of four main intrusions
(numbered G1 to G4), the later emplaced inside the earlier. Gl is an irregular dyke of
hypersthene porphyrite in the north-eastern part of the massif. G2 is a large ring of coarse-
grained granite, characterized by a vertically-dipping, planar orientation of perthite phenocrysts,
which is parallel to the outer margin of the ring. G3 is the largest intrusion, a virtually
massive, medium-grained granodioritc, which crops out entirely inside G2. G4 is a body of
porphyritic granodiorite which interrupts the ring of granite G1, and has a transitional contact
with G3. Numerous smuller intrusions are prescnt in the central part of the massif, and the
country rocks have remaincd undisturbed during the intrusive history. Emplacemcnt is belicved
to havc begun with the extrusion of a small flow of hypersthene dacite, followed by the
intrusion of the granite G2 by minor block stoping of a ring fracture zone, to form a true
ring dyke. Becausc of the large size of thc massif, it is thought that these fractures reached
the surface, so that restricted flows of rhyolite appeared, accompanied by slight cauldron
subsidence. Subsurface fracturing of the central block of country rock allowed underground
cauldron subsidence to take place inside G2, possibly of two main blocks, to emplace the
granodiorite G3, followed by subsidence of a scgment of G2 to form G4. A long period of
erosion has entirely removed the roof rocks, including the small amount of early extrusives.

Introduction

The Cobaw Granite is a compound granitic body situatcd in Central Victoria,
between Kynecton, 53 miles NW. of Melbournc, and Tooborac, 58 miles N. of
Melbourne (Fig. 1a, 1b). The essential featurcs of this region have been described
by Hills (1959), and indicatc that the granitic bodies found there are ‘high-level’
magmatic granites, rcpresentative of the ‘Plutons’ in Read’s Granitce Serics (Rcad
1949), or of the ‘Epizonal plutons’ in Buddington’s scheme (Buddington 1959).
Some of them arc directly associated with consanguineous acid volcanic rocks
(Fig. 1b), and the area is a typical example of post-orogenic magmatic activity at
the subvolcanic and volcanic levcls.

The study was undertaken to ascertain thc mode of emplacement of the Cobaw
Granite. Thc cvidence available, coupled with the gencrally poor exposures, is
insufficicnt to provide a conclusive demonstration of the cmplacement mechanism,
but there is cnough cvidence to allow a hypothesis to be put forward. In this
account, the term ‘Cobaw Granitc’ is used to denote the whole massif of granitic
rocks, and the four main members in their order of intrusion are referred to
as G1, G2, G3, and G4 (Fig. 2). The terminology of Nockolds (1954) has been
used for the igncous rocks.

The massif consists cssentially of a ring of coarse-grained granite G2, sur-
rounding a core of medium-graincd granodiorite G3. A prominent, irregular dyke of
hypersthene porphyrite at Tooborac forms the carliest intrusion Gl (Singleton
1949), and a fourth intrusion of granodiorite, G4, breaches the ring of granite and
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F16. 1—a. Locality map showing Central Victoria, and the area (in solid black)
covered by Fig. 2 (Geological Map of the Cobaw Granite).
b. Map of Central Victoria, showing thc Cambrian belt and Upper Devonian
igneous rocks. Position of Fig. 2 shown by indented rectangle.

forms the highest part of the area, the Cobaw Ranges. The massif is markedly
subrectangular in shape; its long axis measures 244 miles in an ENE. direction,
and the short axis 8% miles at right angles to this. The total area of all granitic
rocks is 210 square miles.

Little work has been donc on this granite mass since it was shown on the
quarter sheets of the Geological Survey of Victoria, published in the 1860’s, and
which showed only the outer contact of the granite. The name ‘Cobaw Granite’ was
first used by Edwards (1938). Baker (1942) described the heavy minerals in four
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samples from the outer contact of the granite (G2). The uniformity of the heavy
mineral assemblages, and the absence of hydrothermal minerals and of minerals
produced by contamination, led him to conclude that the granitc had been
extenstvely deroofed.

O. P. Singleton (1949) described the Lower Palacozoic sediments and later
granitic rocks of the country around Tooborac. He found (p. 76) that the rock
at Hayes’s Hill shown on thc quarter sheet 51/SW. as ‘gneiss’ was a metamorphosed
dyke of hypersthenc porphyrite, and recognized that the massif possessed a ring of
eoarse-grained granite which surrounded a eorc of medium-grained granodiorite.
Direet evidenee of the rclative ages of the granite and granodiorite is lacking in the
area he visited, and from indirect evidence hc coneluded that the ring of granite
was younger than the granodiorite. However, direct evidence from other places
along thc contact of the two rocks shows that this is not so, and that the granite
is older than the granodiorite. :

Jointing in the granitic rocks is approximately N.-S. and E.-W.; as a result,
a subrectangular stream pattern has developed over most of the area. However,
Mollison’s Ck and Sandy Ck, in the eastern half of the main body of granodiorite,
follow roughly areuatc courses some distanee from but parallel to the inncr margin
of the granitc ring (Fig. 2). Corestoncs eover the landscape, and those of the
coarse granite of the ring are very much larger than those of the medium-grained
granodiorite inside the ring. Similarly, the hills formed on the ring of granite are
considerably higher than those on thc granodiorite.

Petrography and Relationships of Rock Units

CouNTRY RoOCKS
GENERAL STRATIGRAPHY

The roeks into which the Cobaw Granite was intruded eonsist of folded and
faulted Cambrian, Ordovician, and Silurian sediments of the Lachlan Geosyncline
(Packham 1960). The trend of the folds and faults is approximately N.-S. The
faults bring the Cambrian rocks to the surface, where they form the Mt William-
Heathcotc-Colbinabbin Belt, separating Ordovician rocks on the western side from
Silurian rocks on the east (Fig. 2). The Cobaw Granite transects this belt, and
has removed a strip of Cambrian rocks some 12 miles long,

South of the granite, in the Lancefield area, the Cambrian System comprises
the Mt William Group, at least 5,000 ft of submarine basic metavoleanics (green-
stones) of the spilite-keratophyre assoeciation, with minor pyroclastics and cherts,
overlair by 2,000 ft of Goldie Shales (Thomas & Singleton 1957). At the surface,
the width of the Cambrian belt averages 14 milcs. North of the granitc, in the
Tooborae arca, the Cambrian belt is only 4 mile wide, and the voleanic rocks are
predominantly tuffaceous (Singleton 1949). . N

The Ordovician rocks are deep-water sandstones, greywackes, and graptolitic
shales. In the Lanceficld district they are conformable with the Cambrian rocks,
but at Tooborac the junction is faulted. The Silurian sandstoncs, shales, mudstones,
and greywackes occur only to the cast of the Cambrian rocks, and are everywhere
faulted against them. Though lithologically similar to the Ordovician roeks, they
are usually greenish instead of grey, and contain shelly fossils, whieh indieates
shallower-water deposition. The combined thickness of Ordovician and Silurian
sediments is about 30,000 ft (from Thomas 1937, Thomas & Singleton 1957, and
Packham 1960).
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METAMORPHISM

On emplacement of the granite (G2), contact metamorphism affected all the
surrounding country rocks, resulting in a ridge of resistant hornfels averaging from
1 to # mile wide. However, at High Camp in the SE. corner, the ridge is 1} miles
wide and considerably higher than the rest of the aureole, forming the prominent
Black Range. Only a very brief petrographic study of the contact metamorphic
aureole has been madc; fuller descriptions of thc thin sections* are recorded in
Stewart (1962). An account of the contact metamorphism in the Tooborac area
appears in Singleton (1949).

* Rock specimens and thin sections (TS) numbers 8203 to 8475 are in the collection of
the Geology Department, University of Melbourne.

Three specimens of greenstone from Mt William are typical of the metamor-
phosed Cambrian basic extrusives. TS 8437 has been cut from a specimen from
1,600 yds S. of the granite contact, and consists essentially of oligoclase and
actinolite. The larger actinolite crystals have prominent cores of unaltered augite.
Other mincrals present are abundant ilmenite, chlorite, epidote, clinozoisite, and
very rare biotite; hornblende is absent. Faint traccs of ophitic texturc remain.
The mineral assemblage is essentially that of a spilite (Turner & Vcrhoogen 1960,
p- 258), so thc rock probably lies outside the contact aurcole.

TS 8438, from the peak of Mt William, 1,000 yds from thc contact, consists
mainly of andesine and hornblende, with some actinolite and rarc quartz, augite
becing absent. TS 8445, from the contact itself, contains oligoclase, hornblende, and
quartz; actinolite is absent. This innermost rock is an epidiorite (Hatch, Wells, &
Wells 1961, p. 325).

The principal change affecting the Cambrian rocks in the aurcolc has becn the
conversion of actinolite to hornblendc. The mineral assemblagc at the contact
belongs to the hornblende-hornfels facies of contact metamorphism, and this extends
for 1,200-1,400 yds S. The cfiect of the granite on the Cambrian rocks in the outer
part of the aureole, where the conditions werc those of the albite-epidote-hornfcls
facies (shown by the metamorphosed sediments) was probably very little. This is
because the mineralogy of the grecnstones was alrcady similar to that of the albite-
epidotc-hornfels facies, owing to their spilitic charactcr.

A metamorphosed shale from the Goldie Shalcs at Mt William is a tremolite-
biotitc-cordierite hornfels (TS 8446), consisting of thesc minerals with some quartz
and abundant ore minerals. The rock is very fine-grained, and the cordicritc forms
poikiloblasts crowded with inclusions of the other mincrals. This rock-typc has been
recorded only once before in Victoria, from the Tooborac district by Singleton
(1949). Most of the contact rocks at Tooborac are tremolite hornfelses.

The Ordovician sediments are typical pclites and psammo-pclites, and have
given rise to a variety of contact mctamorphic hornfelses. These are:

1. Cordierite hornfels—onc typc recognized:
cordicrite-muscovite-biotite-quartz hornfels (TS 8465), with occasional
small crystals of oligoclase. '

2. Biotite hornfcls—one type:
muscovite-biotite-quartz hornfels {TS 8454, 8456), with oligoclase as small
crystals and less commonly as larger poikiloblasts.

3. Sericite hornfels—three types:
(a) biotite-muscovite-sericite-quartz hornfels (TS 8455);



COBAW GRANITE, VICTORIA 279

(b) muscovite-biotite-quartz-sericite hornfels (TS 8457), a retrograded
cordierite hornfcls;

(¢) musecovite-quartz-sericite hornfels (TS 8449, 8450, §451).

The cordicrite and biotite hornfelses are not found more than a few yards from
the granite. The sericite hornfels forms the major part of the aureole, and is com-
monly present at the granite eontact in association with the cordierite and biotite
hornfelses, as well as lying outside them.

The mineral assemblages in the contact metamorphosed Silurian rocks are
identical with those in the Ordovician rocks, reflecting the similarity in lithologies.
The assemblages noted were cordierite-muscovite-biotite-quartz hornfels (TS 8470,
8472), biotite-muscovite-sericitc-quartz hornfels (TS 8473), and muscovite-quartz-
sericite hornfels (TS 8468, 8469). Again, the cordierite hornfelses oceur only at the
granite contact, most of the aureole consisting of the sericite hornfelses.

The mincral assemblages and their distribution in the Ordovician and Silurian
rocks indicate a zoned aureole, with an inner zone of biotite hornfels and cordierite
hornfels of the hornblende-hornfels facies, and an outer zone of sericite hornfels of
the albite-epidote-hornfels facies. Compared with the outer zone, the inner zone is
almost everywhere very narrow, ranging from a few inches to a few yards in width.
However, where the Cambrian rocks abut against the granite, the zonc of the
hornblende-hornfels facics is wider, of the order of 1,000 yds, both at Mt William
and at Tooborac (Singleton 1949, p. 86-87). This results cither from the presence
of granite close to the surface, or from the greater reactivity of the greenstones
comparcd to the sediments. At High Camp, the Black Range consists of spotted
cordierite hornfels, so that the inner zone is a mile wide.

The narrowness of the inner zone shows that the bulk of the contact meta-
morphism took place under conditions of the lowest grade of temperature and
pressure, the conditions of the albite-epidote-hornfels facies. A high level of
emplacement in the crust is therefore indicated.

INTRUSIVE ROCKS

The Cobaw Granite has one large ring of coarse-grained granite G2, with a
weakly developed, concentrie, platy flow structure, surrounding a younger body of
massive, medium-grained granodiorite G3 (Fig. 2). The ring has becn breached
by a later intrusion G4, but almost certainly it originally covered a full 360°.
In all there are 13 members of the massif. Four small igneous bodies are situated
outside the granite ring, apart from microgranite dykes; all the other members crop
out inside the ring. No cone sheets have been found.

The order of intrusion, as far as can be deduced from field relationships and
petrographic similaritics, is:

(1) Hypersthene porphyrite dykc G1, at Tooborac.

(2) Microgranodiorite at Tooborac, porphyritic microgranodiorite at Mt Wil-

liam, and porphyritic microgranite SE. of Tooborac.

(3) Granite G2, and porphyritic microgranite between Pyalong and Glenaroua.

(4) Porphyritic microgranite dykes.

(5) Granodiorite G3.

(6) Porphyritic granodiorite G4, of the Cobaw Ranges.

(7) Porphyritic microgranodiorite dyke 3 miles IN. of Baynton.

(8) Porphyritic microgranodiorite of O’Connor’s Hill, with a small off-shoot

1 mile to the NE.
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(9) Porphyritic granodiorite of Stony Ck, with a small off-shoot 2 miles to
the NE.

(10) Coarse-grained granodioritc plug 1 mile SW. of Baynton.

(11) Eight minor intrusions ncar the boundary of G4.

(12) Porphyritic microgranodiorite and porphyritic microdiorite dykes in the
W. part of the massif.

(13) Aplite, pegmatite, and reef quartz.

The evidence of the relative age of each intrusion is discussed individually.

Petrographic descriptions are summarized in Tables 1-6.

(1) HyYPERSTHENE PORPHYRITE DYKE G1 (summarized from Singlcton 1949)

This irregular dyke crops out W. of Tooborac, and is 4 milcs long and up to
# mile wide; its area is 1-5 squarc miles (Fig. 2). The trend of the dyke is arcuate,
and the curvature is nearly paralicl to the arcuate boundary of the granite to the
south. Therc are several smallcr bodics at thc E. cnd, and many small dykes and
plugs of porphyrite arc prescnt between the main dyke and the granitc.

The dyke has been metamorphosed by the granite (G2). The Icast altered rock,
farthest from the granite, is a hypcrsthene porphyrite—scc Table 1, Pt 1. Approach-
ing the granite, the rock lightens in colour and a schistosity appears. Nearest the
granitc contact, the rock is thoroughly schistose, and local granitization of the
schist has occurred in a few places.

Only xenoliths of sedimentary origin have been found in the dyke. As the other
intrusions in the Tooborac area contain xenoliths of mctamorphoscd porphyrite
derived from the dyke, it is most probable that the hypersthenc porphyritc is the
carliest intrusion. Its own metamorphic eflects are negligible.

(2) (i) MICROGRANODIORITE AT TOOBORAC

This is a small, irregular mass, 1,000 yds long and up to 250 yds wide, which
crops out at the eastern end of the hypersthene porphyrite G1, just W. of Tooborac
(Fig. 2). Its composition is given in ‘Table 1, Pt 2. Rarc xcnoliths include sedi-
mentary rocks and metamorphosed hypersthene porphyrite, indicating that the
microgranodiorite is youngcr than G1. The western cnd of the microgranodiorite is
invaded by a mcdium-grained off-shoot of the granite G2 (Singlcton 1949, Fig. 3
and p. 94), and this indicates that the microgranodiorite is older than G2.

(ii) PORPHYRITIC MICROGRANODIORITE AT MT WILLIAM

This rock is similar to the microgranodiorite at Tooborac, except for its porphy-
ritic texture—see Table 1, Pt 3. The dykc is 1,600 yds long, and strikes south-
casterly away from the granite (G2) into the greenstones of Mt William (Fig. 2).
The biotite flakcs show a faint planar paraliclism, and thc dyke carries small
xenoliths of greenstone. A few l-inch lenticles of quartz are also prescnt, aligned
parallel to the biotite flakes. The dyke is similar in texture to the slightly meta-
morphosed parts of the hypersthene porphyrite dyke at Tooborac, indicating that
some recrystallization took place during the intrusion of G2. Hence, this dyke is
older than thc granite, and possibly contemporaneous with the microgranodiorite at

Tooborac.

(ii1) PorPHYRITIC MICROGRANITE 3 MILES SE. oF TOOBORAC

At this locality, at the contact of the granite G2, and thc country rock, the
granite intruded between closely jointed blocks of a white, fine-grained, porphyritic
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TABLE 1
Dyke rocks intruded before granite, G2, of ring
TEXTURE MINERAL CONTENT REMARKS
Phenocrysts: Secondsries: Blotite phenocrysts are generally
Phenocrysts up to 5 mm/| Quartz (rare); Calcle andesine; Blotite: Chlorite (after biotite); | secondsry sfter ilmenite, but a minor

across In fine-grained
groundmaas,

strongly zoned frem An,  (core) o
An, ; commonly veined and rimmed
o ;
with oligoclsse, An_ 3
20
Groundmsas:
Quartz, Orthoclase, Plagioclase,

Riotite (pale yellow)

Hypersthene Muscovite (possibly after
plagioclase).

Accessories:
llmenito, Apatite, Zircon, Pyrlte (rare),

modification  bas  primsry biotite
phenocryats and no hypersthene,
Hypersthene 1s usually rlmmed by sec-
ondsry biotite, limenite, andrare green
hornbiende.

Miact metamorphosed | Spotted appesrsnce, fine-) Phenoerysts: Secondaries: lyperathene is completely replaced by
Mpersthene porphyriie;] grained groundmsss. Andesine; zoned from An, (core) to  Biotiie A brown, isctroplcmsterlal clota of yeilow io dark browa biotite;
Rige 1, Ang., In sggregstes; oligoclage rims (pritnary)  is preaent In the corce of | spatite, ilmenlte, and rare green born-
(An, ) sre wider; commonly 8550¢~ plagioclase crystale; some | blende are associated.
isted with clots of blotlte; have muscovite flakes
assoclated,
QGroundmass: Accessory:
Quartz and fetdepar iniergrowths: Iron ore (disseminsted through ground-
Biotite, msss),
tage 2 Lighter grey colour; fine4 Phenocrysts: Clots of biotite {after hypersthene) are
grained groundmasa is | Sodic andeslne (core, An,,) zoned to Biotite more scattered, flakes are larger;
echistose or grano- cslcic oligoclase (An,,}, Ln sggregates; (clots), small amounts of green hornbiende
blastic. ofigocisse rims(An o are wider; apatite, and sphene are associsted, but
) qusrtz ls tssocmwﬁ: no limenlte.
Groundmass:
Intergrowths of guariz, orthoeinse, and oligoclase; Blotite,
Iage 3 Fine-gralned ground- Blastophenocrysts (or Porphyroblasts): Large garnets are present in one thin
msss, schlstose or Jackeied plagiociage; cores are zoned from sodic  Blotite (redder than In |section from Hayes® Hill,
granoblsatic, andeslne (A"as) to cslcle ollgoclase (Mso); stages 1 and 2),
oligoclase rims sre An,,:
Groundmass: - Accessortes:
Qusrtz, orthoclase, oligoclase, Blotite. llmenite, Apaiite, Zircon, Tourmallne,
liornblende.
RT3 Phenocrysts: Some ioteratitis] biebe of myrmekite
‘»‘lcrogrmodiorlw at Fine-grained, has a few jHornblende; prismatic, not abundant, and a few large poikiliths of orthoclaee
phenoeryste up to 12 mm |Groundmsss: are present,

Tooborac (from Single-
*n, 1949)

acroas,

Quartz; Orthoclase; plagloclase, zoned from calcie  Blotite; Hornblende
andeeine (core, An“) to sodic oligoclase (An15):

Accessories:

Iron ore, Zircon, Apatite, Sphene, Allanlte

Secondaries:

Rare aggregstee of colourless, fibroue amphlbole are poasibly after pyroxenc,

Modal Compoeltion:

Quartz 16%
Orthoclase 11
Piagloclase 50
Biotite 20

Hornblende __3

100 Acceasories 0.1%

*ART 3

P"z'p!xyrtuc mICrograno-
Yorite at Mt Willlam
[T.3. 8367)

Phenocrysts up to 4 mm
across in flne-grained
groundmass.

Secondaries:
Chloriie (after blotite):
Sericite {after plsgioclase)
Accessories:
Zircon, Hematite, Apatite, Magnetlte.

Phenocrysts:

Quartz; Andeslne (aggregates of seversl
individuals); Biotlte,

Groundmnrs:

Quartz; Orthoclase; Biotite.

Slightly metamorphosed,

-

PART 4
l‘&umorphosed porphy-
Atie microgranite (T.S.
34,

S

Blaatoporphyritic, fine-
gralned groundmsas.

Blaatophenocrysts:
Quartz (anhedrs!, and deepiy embayed):
Oligoclase (anbedral).

Orthoclaae (anhedral);

Groundmass hsa patcbes of different
graio-aize.

Groundmnss: Accessory;
}Quartz; Orthoclaae; Blotite (rsre): limenite,
Muscovite,

microgranite. The rock has been thoroughly reerystallized (see Table 1, Pt 4),
and must be earlier than G2.

(3) (i) GraNITE G2

: This is the second-largest intrusion in the Cobaw Granite; its exposed area is
61-7 square miles. It forms a nearly complete ring around the granodioritc G3, and
varies in width from a minimum of 400 yds N. of Baynton to a maximum of

2-8 miles at High Camp and Piper’s Ck. The average width is 1-2 miles. The
western contact with the country rock is concealed beneath Tertiary basalt, so here

the ring appears narrower. North of Cobaw, the granite ring is interrupted by the
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porphyritic granodiorite G4, of the Cobaw Ranges (Fig. 2). However, as the
granodiorite carries xenoliths of granite, and also large perthite phcnocrysts, it
seems very probable that the granite originally extended through this area, and was
breached by G4. |
Exposures of fresh granite are rare. Near Kyneton, thc granite is palc grey and |
porphyritic, with 1” phenocrysts of perthite set up to 2” apart in a grey, mcdium-
grained matrix. Near High Camp, the rock is bluish grey and not notably por-
phyritic, though its grain-size is uncven. The wcathercd granite seen clsewherc is a
coarse-grained, quartz-rich rock, in which perthite phenocrysts are abundant. Good
exposures of the granite are found in Mollison’s Ck at Pyalong, and in the creek
# mile E. of Sugarloaf Hill, Sidonia.
The petrographic description of the granite is set out in Table 2, Pt 1, The
ratio of K-felspar to plagioclasc places the rock among the calc-alkalinc granitces

of Nockolds (1954).

TABLE 2

Granite, G2, and dyke rocks intruded before granodiorite, G3

ROCK

TEXTURE

MINERAL CONTENT

REMARKS

PART 1

Granite of xIng, G2 {cslc
alkaline granite, T.S.
8327-8346 incl.).

Phenocrysts up to 25mm
fong, in coarse-grained
groundmass,

Phenocrysts: Perthite; Carlabad twinning la commen,
Groundmass:

Quartz (contains In -
numerable, mlnuto,
Irregular Inclusions);

Perthlte (exsolved plagio- Sodic  andesine, MJZ:
clase 1s Ano . csloic where zoned, cores sre
albite); usut.?ly carlsbad middle andesine, An__, and
twinnod;

An2 &
Biotlta; Xzpale straw yellow, Accessorles:
Y= Z=deep red-brown; usually in Zircon, Apatite, Magnetite, Allsnlte,

Hematite, Muacovite (primary), Garnet,
Hornbiende, Rutile, Monszile,

aggregates

Secondaries:

rima are calele oligoclaso,

Muacovite 1s present In two ¥

1. Large, anhedral crysta)g with ¥
cleavage well ahawn,; rcK““l
primary,

2. Compiex, irregular weby, orsks™
crystals, or groups of gmatl en®™
in feldnpar; regarded ag gecon®?

Serleite bas formod in tpe cort

plagioclase crystals,

Modal Composition: granits of Too™

area, from  Singleton (1949, ¥

corrected to 1007,

Kaolln (after orthoclase); Sericite (after plagioclase); Chlorite and rare sphene Quartz 43%
{after biotite); Muscovite (after both feldspars); Llmonlte staining. Perthite 32
Plagioclaao 18
Biotite T |
100 Accessories 0%

PART 2

Porphyritic microgranite
{chilied border phage,
T.S. 8368-8371, Incl.).

Glomerophenocrysts In
{ine-grained, sllotrlo~
morphic groundmass,

Phenocrysta sre absent from the mi
granite east of Back Creek,

[PART 3

[Porphyritic microgranite
between Pyalong and
Glenarous (T.8. 8475).

Phenocrysts up to S mm
across in fine-graingd
groundmass,

IPART 4

Porphyritic microgranite

dykes:

1. Most easterly dyke
(T.S. 8372).

Phenocrysts up to § mm
scross in fine-grained
groundmass.

Dhenocrysts:

Qusrtz, Orthoclase, Oligoclase, Biotite,

Groundmasas Accessory:

Quartz, Orthoclase, Oligoclase, Magnetite,

Biotite, Muscovita,

Phenocrysts: Accessories:

Quartz, Orthoclase, Gligoclase, Biotlte Muscovite, Magnetito, Zircon, Apatite.
Groundmass: Secondaries:

Quartz, Orthoclase, Oligoclase, Biotite  Chlorite (after biotite).
Phenocrysts: Acceasories:

Quartz (bipyramidal), Orthoclase, Garnet, Topaz, Zlrcon,
Oligoclase,

Groundmass: Secondsries;

Quartz, Orthoclase, Oligoclase, Limonite, Chlorite,

Blotite, Muscovite,

Biotite has been largely repiwcd‘
chlorito,

»

. Spherulitic grano-
phyre on north bank
of Jew's Harp Creek
(T.S. 8373).

Partly porphyritlc (aee
remarks),

Phenocrysts: Secondaries:
Chlorite,

Quartz (rounded and embayed); Orthoclase (sbundant, forms
spherulites); Andeslne (serlcitized); Blotite (green, not common), Leucoxene,
. Serlcite.

Groundmass: Accessories:

Quartz, Orthoclase, Muscovlte, Ziroon, Apatlte, Calcite,

Chlorite pseudomorphs after blotite™
pyroxene phenocrysts are common.
Calcite 18 present as diacrete crys
Groundmuss 1s subordinate to pb™
¢ryats and spherulitea, and forms &
creto patches,

The country rocks in general are undisturbed right up to the granite, and the
contact of the two rocks is sharp and transgressive, except where local felspathiza-
tion has occurred in Mclvor Ck at Tooborac (Pl. 32, fig. 1). In this area, veining
of the country rock by the granite is sufficiently extensive to resemble a ‘stockwerk’
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(Singleton 1949). In Mollison’s Ck at Pyalong, a small granite tongue intrudes the
Silurian sediments parallcl to the strike, and sends a number of veins of pegmatitic
granite into joints and along bedding planes.

Xenoliths arc present throughout the granite, but arc not plentiful. They are
described later in the section on xenoliths.

The granitc has been little affected by the later granodiorite G3, but W. of
Ben Loch, close to G4, thc granite G2 is much fincr-grained than normal, and
has an aplitic appearancc. In thin section (TS 8350), thc rock is scen to be
porphyritic, with phenocrysts of quartz, orthoclase, oligoclasc, and biotite, in an
aplitic groundmass of the same minerals. Unlike the biotitc phenocrysts in the
chilled border phase (Tablc 2, Pt 2) the prism faces of thc biotitc crystals are
wispy and shredded, and this suggests that heating has occurred, for biotite is the
first mineral in a granite to show effccts of thermal metamorphism (Harker 1939,

. 114).
P The ring of granite G2 is older than thc granodiorite G3, on the direct evidence
of dykes of granodiorite and porphyritic microgranodiorite of G3 which invade the
granite, particularly at Sugarloaf Hill, Sidonia (Fig. 2, and PL 32, fig. 2); these
are described latcr. Other reasons are given in the scction on G3.

(ii) CHILLED BORDER PHASE

This rock is found in patches along the northern contact of the granite with the
country rock, and consists generally of porphyritic microgranite (Table 2, Pt 2).
Microgranite cxtends for 4 milc along the outer contact E. of Back Ck (Fig. 2),
but generally the chilled border phase forms a body only a few yards in extent.

(iii) LARGE DYKE WEST OF TOOBORAC

Described and mapped by Singleton (1949), this dyke is similar to the granite
of the ring, but is medium-grained and equigranular, and has no flow structure
visible. There are three off-shoots at the castern end, and many smaller scattered
plugs are also present here (Fig. 2).

(iv) PORPHYRITIC MICROGRANITE BETWEEN PYALONG AND GLENAROUA

This stock is roughly rcctangular (Fig. 2); its length is 2-9 miles, its width
1 mile, and the area 2-6 squarc milcs. The composition of the body is shown in
Table 2, Pt 3. The microgranite contains very few xenoliths, and its contact
metamorphic effects have not been sufficient to produce a resistant ridge, although
the northern boundary of the stock is exposed along the southern end of a
prominent range of hills, which extends for 34 miles to the north. Aplite in masses
several yards across is present along the northcrn margin of the microgranite.

(4) (i) PORPHYRITIC MICROGRANITE DYKES

Five dykes of porphyritic microgranite strikc N. for various distances from the
northern boundary of thc granite. These arc the ‘elvan dykes’ shown on the quarter
sheets 51/SW. and 13/SE. The petrography of the dykes is given in Table 2, Pt 4.
The most casterly dyke, which strikes N. for 34 miles and is about 100 yds wide,
carries bipyramidal quartz, and some garnet and topaz; the longest dykce also
contains bipyramidal phenocrysts of quartz. The dyke on thc N. bank of Jew’s
Harp Ck is an excellent example of a spherulitic granophyrc, and contains a few
euhedral crystals of calcite,
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(ii) METAMORPHOSED DYKES

Some apparently normal dyke rocks proved on thin scctioning to have a meta-
morphic texture, exactly as in the xenoliths in G2 and G3; small erystals of fcrro-
magnesian minerals are subidioblastie, and thc small felspar grains are idioblastic.
Large poikiloblasts of quartz and plagioelasc arc common.

In a typical example from 2% miles NNE. of Piper’s Ck (TS 8383, 8384), it is
difficult to tell which of the large crystals of quartz and plagioelasc may bc por-
phyroblasts, and which blastophenoerysts. Crenulate margins are present between
the crystals and the undisturbed groundmass, and this indicates an origin by
replacement. Other crystals have clearly pushed aside thc small surrounding grains,
so that the rock was softened at some stage.

Another example, 2 miles NW. of Piper’s Ck, forms a patch of small, fine-
grained boulders at the contact of G2 and G3. The thin sections (TS 8385, 8386)
show a small sedimentary xenolith included in the metamorphosed porphyritic
microgranodiorite. On the Ridge Rd in the Cobaw Ranges, 24 miles WNW. of
Ben Loch, a group of large boulders, with stecp W.-dipping joints, is composcd of
metamorphosed microgranodiorite (TS 8387), which carries small basic xenoliths.

Four exposures of metamorphosed dyke rocks were found in the granodiorite
G3, along the S. margin of thc porphyritic granodioritc of Stony Ck. The exposures
form a strip which strikes NE. for 2 miles (Fig. 2). The rocks are hornblende-
bearing (TS 8388-8390 incl.), and so the four exposures arc probably the remains
of a large dyke, and not a resistant bed of sedimentary country roek, as hornblende
is absent from the normal sedimentary xenoliths, and from the hornfelses in the
contact aurecole. In addition, the most westcrly outcrop itself earries a ‘second-
cyele’ xenolith.

These metamorphosed dyke rocks are apparently rafts and large xenoliths in
G3 and G4, and so are older than these bodies.

(5) (i) GrRANODIORITE G3

This rock forms the bulk of thc Cobaw Granite, and erops out within the ring
of granite G2. The whole mass of granodiorite has a subrectangular shapc, and the
ends are almost perfectly semicircular (Fig. 2). It has an arca of 127 square miles,
excluding the areas of the intrusions at Stony Ck and O’Connor’s Hill.

The typical granodiorite is a handsome, medium-grained, speckled roek. Fresh
specimens are pale bluish grey, and slight variations in grain-size are ubiquitous.
The rock is described in Table 3, Pt 1. Xenoliths are plentiful throughout the
granodiorite, and are discusscd latcr in the section on xenoliths.

An adamellite phasc is present in the centre of the eastern half of the granodioritc
(Fig. 2, Table 3, Pt 2). The adamellite is more leucocratic than the granodiorite,
and contains 70% felspar and 6% ferromagnesians against 52% and 10% for
the typical granodiorite. Otherwise the mineralogy is thc same as that of the grano-
diorite, the grain-size is only slightly finer, and xenoliths in the adamellite are as
numerous as in the main body of the granodioritc. No contact between the two
rock-types was ever seen in the field. Similar occurrences have been reported by
Pitcher (1953), and mentioned by Balk (1937, p. 67-68).

The granodiorite E. of O’Connor's Hill and N. of the Cobaw Ranges is coarser-
grained than the typical granodiorite G3, and also carries 12 mm phenocrysts of
plagioelase and some of perthite. No boundary with thc main granodiorite was
found; there was merely a gradual decrease of the phenocrysts away from this area,
suggesting that this phase is similar in its occurrence to the adamellite phase. The



("lo{ massif, inside
2 of granite, G2: -
3, §203-8240 tncll). L
Modal Compositions
38

Quartz

Microperthite 17

Andestine 35

Biotite 9

Hornblende .
100

Others 0.2

Tota] feldspar = 52%,
Total ferromagnesians = 10%,

granular, hypldiomorphig

Inclustons, and some
ncedles of 7rutlle.

Blotite; two plcochronic

varleties are present:

1. Xepale straw yellow,
Y= Zadark greenish

G

2. X=pale brownish
yellow,
Y= Zadark reddish

G3).
Accessorles:

numerable tiny, Irregular

brown (western half of

twinning is rare; accom-
panted by microcline in &

where zoned, cores are
calcie andesine (An

few thin sectlons, but this rims are calcic oligoclase

15 uncommon.

lornblende; prisms up to

7mm long; generally

X=pale yellow-green

Y=olive green,

Z=dark green; ln some
thin sections,

X=greenlish brown,

Y= reddish brown,

Z=rud brown.

brown {eaatern half of

(An,; . Some oacillatory
zonlng present, and also
Jacketlng of sndemlno by
more sodi¢ plagioclase,

Secondaries:

Chlorite and sphene (after
blotite),

sericlte (after plagioclase),
Kaolin (after orthoclaee),
Tremolite and uctinollte
{after pyroxcne),

Calclte,

Muscovite,

Limonite.

Zircon, Apatite, Allanite, Magnetite, llmenite, Homatlte, Spbene, Augite, Garnet,
Epldote, Clinozolsite, Pyrlte, Chalcopyrite,

), and
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TABLE 3
Granodiorite, G3, and granodiorite of Cobaw Ranges, G4
t ROCK TEXTURE MINERAL CONTENT : HREMARKS
I1 Essantials: Jome micrographic intergrowth of
Beadiorite, G3 (main | Medium-gralned, equl- Quartz; contalns In= mlcroperthite; Carlsbad  Middle andesine, An,.: quartz and orthoclase is present in 8

few thin sections,

Allanlte crystala reach 2mm In Jength,
and fresh specimens showconcentric
zoning.

Primsry sphenc is anhedral, and
appuars {o be a late-atage mineral.
Augite 13 found only as remnants in-
side aggregatea of tremolile and
actinolite.

Garnet is colourless and unaltered.
Pyrite is always rimmed withhematite.
Serfclte 18 found In every thin section,
and hny formed in the most calcic
parts of the plagioclase crystals,
Chlorite ls very common alter biotite,
and 18 almost invarishlyaccampanied
by grains of sphene in strings along
the cleavage of the original hilotite,
Calcite forms discrete crystalsinsome
thin sections,

Uralitic aggregates after pyroxene have
cores of colourless tremolite, sur-
rounded by green actinolite, and rlm-~
med with dark green hornblende,

t‘:&;z As for grapodiorite G3 (see above). Modal Composition {(average of T.S.
1lite phase in Medium-grained, equi- 8243 and 8244):
Satern half of grano- | grasular, Quartz 24%
diarite G3 (T.S, 8241~ Microperthite 29
44 incl,), Andesine 41
Biotite 6
100
Hornblende 0.1
Othcrs 0.2
Total feldspar = 70%,
. Total ferr 1ans = 6%
apT 3 Phenocrysts: Perthite (up to 40 mm Andesine: Blotite (rare); [Augite 18 replaced direotly by horn=-
T'awyrmc granodiorlte, | Phenocrysts up to 40 mm |Quartz (up to Smm long); exsolved plagio-  Hornblende (rare), biende, (In contrast to G3).
4, of the Cobaw Ranges, | long 1n medium to across); clase is albite Ano H Modal Compositlon (average of T.S.
113, £278-8299 fncl., |conrse-gralnod ground- generally c:u-lslqu‘l . 8290 and 8321):
g 8321). mass, twinned, Quartz 3%
Groundmags: Secondaries: Orthoclase 22 This analysls
Quartz, Orthoclase, Andeslno, Biotite, Hornblende — Chlorite and sphene (after Andesine 35 exciudes the
Accessories: biotite), sericite (aftor | Biotite 8 Jarge perthite
Zircon, Apatito, Auglte, Sphene, Allenlte, plagloclase), Kaolin {after | Hornblcnde __ 1 phenocrysts.
Magnetile, llmenlte, Epldote, Hematite, Pyrite, orthoclase), Muscovite 100
Others 0.3
t&au Essentials: Modal Composition (average of T.S
ranodiorite border Medium-gralned, Quartz, Orthoclase, Andeslne, Biotite,® 8305 and 8306):
thase of G4 (TS, 8300- | equigranuwar, Accessories: . Secondarlest Quartz 33%
8309 incl)), As for G4 {above), plus lorablende, As for Gt (above), Orthocfase 24
Andosi 37 Hornbl 0.3%
Biotite __6_ Others 0.1%
!&___Li 100

C

DykEs OF GRANODIORITE G3 WHICH INTRUDE THE GRANITE G2

There are at least two of these dykes; the lar,
for 13 miles E. from Sugarloaf Hill, and the sma
Baynton and 1 mile E. of Back Ck, is 4 mile long. Both dykes are parallel to the
contact of G3 with G2.

coarser granodiorite (TS 8326) has less perthite and more andesine than the typical
granodiorite, otherwise the rocks are similar. The phenocrysts and xenoliths have
a vertical planar orientation at one locality (Fig. 8).

ger onc at Sidonia (Fig. 2) extends
licr dyke, situated 41 miles NE. of
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The dyke at Sidonia provides the best evidence that the granodiorite G3 intrudes
the ring of granite G2, and hence is younger. Thc western half of the dyke is
identical with the typical granodioritc G3, both in hand-specimen and in thin
section. East of Sugarloaf Hill, the dyke divides into two parallcl branches, and a
third, smaller ofi-shoot trends S. Scveral excellent exposures of thc contacts of the
granite and the granodiorite can be seen in the creek 4 mile E. of the hill (P1. 33;
and P1. 34, fig. 1), and both branches dip at 45° S. towards thc main granodioritc.
Xenoliths of granite are present in the granodiorite, and therc are many places
wherc the granodioritc of thc S.-trending off-shoot transects the E.-W. planar
orientation of the perthitc phenocrysts in the granite (sec below).

E. of the creek, thc N. branch of thc granodiorite dyke is very narrow, and has
branches and anabranches a few feet across. These contain many granite xcnoliths
and xcnocrysts of perthite derived from the granite.

The bulk of the dyke is similar to typical granodioritc G3 both in texturc and
mineralogy—i.e. it consists of quartz, andesine, orthoclasc, and biotite, and the
usual accessories (TS 8258, 8259). Towards the eastcrn cnd, hornblendc is absent,
and the rock is porphyritic and very similar to the much smaller dykc which intrudes
the granite 3 miles N. of Baynton (described below). The biotitc flakes have a
planar oricntation which is parallel to the margins of the dyke.

The other tonguc of granodioritc, 44 miles NE. of Baynton, is much smaller
and not nearly as well exposed. It lacks hornblende, but otherwise is typical medium-
grained granodiorite (TS 8261-8263).

Several dykes of porphyritic microgranodiorite, which are dircctly connccted
with the main granodiorite body, intrudc the granitc at a locality 14 miles SW. of
Hayes’s Hill. The dykes arc 3 or 4 ft wide, and contain xenoliths of granite and
country rock. Thesc dykes cut across the planar structurc of the granite, and the
biotite flakes in the microgranodiorite have a planar orientation of their own,
parallel to the walls of the dykes. The dykes have aplitic cdges, and are somcwhat
heterogeneous; they contain biotitc-rich schlieren, coarsc patches, fine patches, and
non-porphyritic patches. Small irregular veins of microgranodiorite have been
injected into the granitc.

In general, the contact of G3 with G2 is concealed, but where cxposed it is
sharp and distinct. The contact surface is smooth and even, but seldom maintains
a constant direction for more than a few fect. Apophyscs of granodioritc invade the
granitc in many places, and in these the rock is commonly porphyritic. A vcin of
aplite up to 1 wide occurs betwcen the granite and the granodiorite, but it is
usually associated with thc smaller apophyses rathcr than with the main contact
of the two rocks. A similar feature has been noted by Pitcher (1953) in the Rosses
granitic complex.

The granodiorite G3 is younger than the granite G2 for the following reasons:

(i) At Sidonia, a large forked dyke of granodiorite G3 intrudes G2 (Fig. 2);
it contains xenoliths of granitc (PL. 34, fig. 1), and has a platy flow structure parallel
to the contacts with the granite. A S.-trending off-shoot of this dyke cuts clcanly
across the planar structure in the granite.

(ii) At many other localities along the contact of G2 and G3, the granodiorite
cuts across the planar structure of the granitc.

(iii) Near the contact SW. of Haycs’s Hill, three detached blocks of granite,
cach measuring sevcral yards across, are cnclosed in the granodioritc (Fig. 2).
The largest appears to have moved only a short distance from its original position,
as it fits into a corresponding embayment in the main body of the granite.
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(6) PORPHYRITIC GRANODIORITE OF THE COBAW RANGES G4

This intrusion, which crops out N. of Cobaw, has an area of about 15 square
miles, and is clongated parallcl to the main axis of the Cobaw Granite (Fig. 2).
It intcrrupts the southcrn part of the granite ring for 6 miles. Owing to dense forest
cover, the only fresh exposures are provided by recently blasted boulders along the
Ridge Rd.

The granodiorite is medium to coarse-grained, and in contrast to the speckled
bluc-grey granodiorite G3, fresh specimens are a smoky blue-green, and contain
large salmon-pink phenocrysts of perthite, ranging from 15 mm to 40 mm long.
Smaller phenocrysts of quartz and plagioclase arc up to 5 mm across (Table 3,
Pt 3). The perthite phenocrysts are abundant in some places and fewer in others.
They appear to be particularly common and at thcir largest in the middle of the
intrusion. Small microgranodiorite dykes, about 2” wide, cut the granodiorite at one
or two localitics. The dykes have transitional margins with the host rock, and
in places are accompanied by basic schlieren and elongate masses of pcgmatite 1 to
2 ft across.

The contact between G4 and the Ordovician country rock is sharp and trans-
gressive, and the sediments are undisturbed. Thc eastern junction of G4 and the
granite G2 is similarly eross-cutting; the western junction is not exposed. However,
the contact of G4 and the granodioritc G3 is a zone of transition some hundreds
of yards wide.

Along the southern and eastcrn margins of G4, the granodiorite is non-porphy-
ritic; both the large perthite crystals and the smaller quartz and plagioclase pheno-
crysts are absent, and the rock is evenly medium-grained. Otherwise, the grano-
diorite has the samc mineralogy and modc (Table 3, Pt 4) as the bulk of the
intrusion, and the reason for the absence of phenocrysts is not fully understood.
Howecver, the slightly greater abundance of the large perthitc phenoerysts in the
centre of the intrusion, in line with the ring of granite G2, indicates that they may
be xenocrysts derived from the granite, and their large size suggests that some
assimilation of the granitc G2 by the granodiorite G4 occurred. Their numbers
could then be cxpected to lessen away from the region of assimilation, and this is
found to be thc casc.

Rare xenoliths in G4 arc of two types: coarse-grained granite, and medium to
coarse-graincd ‘dioritic’ rock. Thc first type arc identical in appearance with the
granite G2 of the ring, and must have been stoped off during the intrusion of G4.
The second type have a very pale speckled appearance, and consist cssentially of
orthoclase and andesine, the latter much serieitized (TS 8416). Thc other minerals
present arc mainly quartz, biotitc (alimost completely altered to chlorite and sphene),
and hornblende (practically unaltered). The origin of these xenoliths is not known.

As G4 has a transitional contact with G3, it must have bcen emplaced soon
after the latter, and before the granodiorites of O’Connor’s Hill and Stony CKk, as
these have much sharper contacts with G3.

(7) PORPHYRITIC MICROGRANODIORITE DYKE N. OF BAYNTON

This dyke, which may be a direct and contemporancous off-shoot from the
granodiorite G3, crops out 3 miles N. of Baynton. It is 970 yds long, and three
small isolated outerops of the same rock-type are exposed within 600 yds of the
castern end (Fig. 3). The rock is pale grey, of medium to fine grain, and porphy-
ritic. Specimens taken at intervals from W. to E. along both branches of the dyke
(Table 4, Pt 1) show a relative increase towards the east in the eontent of silicon























































































