
ABSTRACT 

The Silurian (?) to Lower Devonian Mathinna Beds have been 

folded during the Tabberabberan Orogeny and later intruded by the Royal 

George Granite Complex of probable early Late Devonian age. The Complex 

is a high level stock, with sharp margins and a narrow contact meta

morphic aureole. Its major rock types are coarse-grained granites, 

porphyries and microgranites, which are alkali-rich and have a low 

K/Rb ratio. The latter is suggestive of strong differentiation. Low 

grade tin mineralization is associated with the Complex. 

A Permian marine and non-marine succession is unconformable 

on the Mathinna Beds and granite. It is only 150 feet thick over a 

basement high near Royal George, but thickens to 406 feet at St. Pauls 

Dome to the west. The basement high may have been above sea level 

until the time of deposition of the Grange Mudstone Correlate. Sill

like (?) Jurassic dolerite intrudes both the Permian strata and the 

overlying Triassic non-marine, arenaceous sediments. 

Fluvial and lacustrine (?) sediments may have been deposited 

behind Tertiary basalt which dammed (?) the South Esk River near Avoca. 
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INTRODUCTION
 

The Purpose of the Investigation 

This report describes the geology of about 70 square miles of 

the St. Pauls River valley, in the vicinity of the hamlet of Royal George, 

eastern Tasmania. The region will hereafter be referred to as "the area". 

The main part of the investigation was a field and laboratory 

study of the Royal George Granite Complex. The laboratory study con

sisted of petrography (including modal analysis) and whole rock and trace 

element analysis, using X-ray fluorescence techniques. The tin mineral

ization associated with the granites was also studied. 

Stratigraphic studies were of a purely reconnaissance nature. 

Particular attention was paid to the Permian sediments, and their 

relation to a basement high in the pre-Permian rocks. Cainozoic sedi

ments were not examined, except where exposed in creeks and alluvial tin 

workings, and at Milford Bridge, where they are overlain by Tertiary 

basal t. 

Procedure 

Between January and December 1966 a total of twelve weeks of 

field mapping was carried out. The geology was plotted on to aerial 

photographs on a scale of 1 inch to 40 chains and subsequently trans

ferred to a 1:30,000 slotted template base map. As trigonometric station 

control was non-existent, the only controls for the base map were two 

road intersections takne from the state 1:250,000 series. These are 

accurate, at the best, to ± 100 yards. The final geological map was 

•
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plotted on a scale of 1:20,000. In the field, formation thicknesses 

were measured by aneroid barometer or more usually, estimated visually. 

Specimen numbers referred to in the text are those of specimens 

lodged in the Geology Department museum at the University of Tasmania. 

All bearings cited are relative to magnetic north. 

Sediment grain sizes are given according to the Wentworth 

Scale (Pettijohn, 1957). 

Access 

Royal George is eleven miles by good second class road from 

the village of Avoca, on the Esk Highway. The latter is approximately 

45 miles by road from Launceston. Access within the area is good, so 

that it is rarely necessary to walk more than three miles when mapping. 

There are a number of third class roads branching off the 

Avoca-Royal George road. They include 

the road to the Merrywood Coal Mine; 

the road to the property of Mr. E. Williams, to the 

south of Royal George; 

access roads to the properties of Brookstead, Glenaire 

and Snow Hill. 

A large number of the many all-weather and dry-weather vehicular 

tracks are now inaccessible. Those which are still usable include 

Glenaire to Brookstead; 

Merrywood road to the Bullfrog; 



~ 

Figure 1. Locality Map. 
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track up the divide between Main and Bailey Creeks to 

the saddle between St. Pauls Dome and Fingal Tier, and part of a branch 

track to the foot of St. Pauls Dome; 

Avoca-Royal George road to Brushy Hill. 

Access to the area west and south of St. Pauls Dome and· 

Mt. St. Peter is best gained by means of the ridges, which are generally 

clear of undergrowth. 

Acknowledgements 

The writer is greatly indebted to Dr. A. Spry, Mr. R. J. Ford, 

Mr. M. R. Banks and Dr. M. Solomon for their guidance, criticism and 

discussion. Mr. Banks provided fossil identifications. The writer had 

many fruitful discussions with the members of the 1966 Honours class and 

with Mr. D. I. Groves and Miss E. B. Mclntyre. 

The writer wishes to thank Mr. and Mrs. J. W. Rubenach, who 

provided accommodation, and Mr. D. Cocker, who acted as a field assistant 

for one week. 

Mr. W. Peterson assisted in the preparation of petrologic~l 

slides and rock slabs. The writer is indebted to Mrs. D. Stuetzel and, 

in particular, to Miss. B. Martin for assistance with drafting and to 

his sister Lesley, Mr. M. Rubenach and others who' helped with the many 

ancilliary tasks associated with the preparation of this thesis. 



•

 

P
la

te
 

1.
 

S
t.

 
P

au
ls

 
R

iv
er

 
v

a
ll

e
y

, 
sh

ow
in

g 
S

t.
 

P
au

ls
 

'D
om

e 
on

 
th

e 
fa

r 
ri

g
h

t 
an

d 
th

e
 
S

t.
 

P
au

ls
 

R
iv

er
 

in
 t

h
e 

le
ft

 
fo

re
g

ro
u

n
d

. 
T

ak
en

 
fr

om
 

8
0

0
,4

9
0

. 
(J

1 



6 

GEOGRAPHY
 

Climate 

The district has a mild, temperate climate with a rainfall of 

about 20 inches. The rainfall is distributed throughout the year, with 

a maximum in the winter months. 

Vegetation 

The uncleared areas are covered with light to heavy eucalypt 

forest. Undergrowth, dominantly bracken, dogwood and wattle, is gen

erally restricted to shaded slopes and gullies, particularly those under

lain by Permian sediments. 

Relief and Drainage 

The broad floor of the St. Pauls River valley and the dolerite

capped ranges in the north and south of the area comprise the two main 

physiographic units, the former of which will be discussed in relation 

to drainage. The area is one of moderate to high relief, rising up to 

2500 feet above the level of the St. Pauls and South Esk valleys over a 

distance of two or three miles. The highest areas are the dolerite 

capped St. Pauls Dome (3368 feet), Fingal Range to the north and Snow 

Hill (3175 feet). Snow Hill forms part of a range extending along the 

entire southern boundary of the area. The foothills of Palaeozoic and 

Triassic rocks have been deeply incised, producing numerous steep-sided 

youthful valleys. 



~. 

Plate 2. St. Pauls River. 

Flowing along the northern margin of the 
Tertiary basalt. Photograph taken [Tom 
600,498, looking south • 

•
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a) Drainage 

The St. Pauls River, which drains almost the entire area, 

flows down a gently dipping mature valley (Frontispiece, Plate 1), 

over one mile wide in parts, to join the South Esk River at Avoca. The 

streams are largely dependent on sheet runoff and thus m?ny are dry, 

except after heavy rains. Even the St. Pauls River, which has its main 

catchment in the high rainfall area south of St. Marys, has only 

limited flow and eroding power except in times of flood. That is, it 

is a misfit drainage system. There is no completely satisfactory 

explanation of this misfit drainage pattern, or in fact, of the misfit 

nature of the whol,e South Esk system. 

i) Raising of the base level by faulting is probably of little sig

nificance, as the Castle Carey Fault at Avoca has the wrong direction 

of throw. Movements on the Brookstead Fault would produce a mature 

valley only on the upstream side, i.e. to the east, of the fault. 

ii) There is little evidence for east-west faulting, producing a 

graben structure. 

iii) It was not possible in this investigation to determine whether 

the St. Pauls and South Esk Rivers originally flowed east, through the 

St. Pauls valley, giving a larger stream flow. However, the river has 

probably always flowed west. The old valley floor apparently slopes in 

the present downstream direction as doleri te, apparently in s.i tu, occurs 

in the river near the Merrywood road, while downstream at Brookstead, 

Reid and Henderson (1929) record over 80 feet of Cainozoic sediments. 
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iv) The most important factor was probably the extrusion of the 

Tertiary basalts over the Benham Plains area. The basalt probably 

dammed both the South Esk and the St. Pauls Rivers and displaced the 

latter to the north side of the valleyobetween Glenaire and Avoca. 

The base level of erosion was raised by the basalt,allowing alluvial 

deposition in what SUbsequently became broad, mature valleys. The 

St. Pauls River is at present cutting down beside the basalt ~o the 

east of Milford) (Plate 2). The lowering of the base level by erosion 

has allowed the formation of erosional terraces in the Cainozoic sedi

ments (for example at Brookstead - Plate 3). Also the lower reaches 

of many streams haVe been rejuvenated, so that they are now deeply 

incised into the Cainozoic sediments. 

The broad, alluvium-filled, mature tracts of the tributary 

streams in the south of the area have a poorly defined drainage pattern, 

often with two or more streams occupying one valley, as in the valley of 

Snow Creek. 

b) The Effects of Structure and Lithology 

The resistant microgranites and fine-grained porphyries 

usually crop out. The coarse granites however, are commonly deeply 

weathered, producing extensive areas of arkosic gravel, with little or 

no outcrop, as occurs east of the Royal George Mine and south of Brushy 

Hill. In general, the only areas of fresh outcrop of coarse granites 

are in gorges and creek beds, for example at 706,536, in Bailey Creek. 
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The Mathinna Beds are usually represented, even in rugged 

terrain, by a thin mantle of angular boulders of sandstone and siltstones. 

Outcrop is normally restricted to creek beds or to· under the unconformity 

with the Aberfoyle Formation. 

The outcrop pattern of the flat lying Permian units depends on 

their lithology. The Aberfoyle Formation commonly crops out as cliffs, 

but is readily weathered when it has a high content of weathered feldspar. 

The Castle Carey Mudstone usually forms a scree of small angular cobbles. 

The Burnt Gully Limestone and Risdon Sandstone, because of their resis

tance to erosion, commonly occur in the form of angular boulders capping 

hills of Permian s~diments. The Grange and Ferntree Mudstones rarely 
/ 

crop out. 

The Triassic Sandstones almost always crop out well, particu

larly at the Bullfrog and south-west of the Snow Hill homestead. 

North-west of Brookstead, the Brookstead Fault has a deeply 

incised fault-line scarp several hundred feet high. The Fault has 

probably caused rejuvenation of the drainage on its upstream side, pro

ducing precipitous gorges in the microgranites and porphyries in Bailey 

and Salmon Creeks. 

Above the limits of rejuvenated erosion the creeks are at the 

stage of early maturity. This is probably due to the porphyry acting 

as a temporary base IBv~l, rather than the present geomorphology being 

a relict of the pre-faulting landscape. 
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HISTORY AND PREVIOUS LITERATURE 

Previous Literature 

The earliest reports are those of Thureau (1881), Montgomery 

(1892, 1893a,b), and Twelvetrees (1899). The area was also mentioned 

by Hills et al. (1922) and Nye (1926). 

The most comprehensive report to date is Reid and Henderson's 

(1929) bulletin on the Avoca Mineral District. Little work has been 

done in the area since 1929. In 1955, Hughes prepared a report on the 

Royal George Mine, and the limestones at St. Pauls Dome were mentioned 

briefly in Hughes (1957). Banks (1958) describes the Permian section 

at St. Pauls Dome. 

In 1966, the Royal George Mine and the northern part of the 

Royal George area were mapped by G. Urquhart and V. Threader respectively, 

of the Mines Department. The results of these investigations had not 

been published at the time of writing. 

History 

The first discovery of tin in the Royal George area was in 

the eighties of the last century. The Roy Hill and Main Creek Mines 

were being developed when the area was visited by Montgomery in 1892-3, 

but hadcceased operations by the turn of the century. Concentrated 

development of the Royal George Mine did not begin until 1911. When 

the Mine closed in 1922, some 900 tons of cassiterite had been produced. 
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Between 1922 and late 1955 tin mining and exploration was 

largely restricted to alluvial deposits. Following the discovery of 

torbernite, in 1955, several diamond drill holes were put down near the 

Royal George Mine. In late 1965, the Royal George Mine was acquired by 

the Cornwall Coal Mining Company. This company has dewatered and 

rehabilitated the mine, and is at present engaged in an intensive 

program of sampling and diamond drilling. 
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Age 

Cainozoic 

Triassic 

Permian 

Siluro
Devonian 

Unit 

Ferntree 
Mudstone 

Risdon 
Sandstone 

Grange 
Mudstone 

Burnt GUlly 
Limestone 

Castle Carey 
Mudstone 

Aberfoyle 
Formation 

Mathinna 
Beds 

STRATIGRAPHY 

Description 

Talus, clays, sands and
 

gravels.
 

Protoquartzites, lithic 

arenites, quartz grits, 

siltstones, pebble and 

clay pellet conglomerates. 

Grey, fissile and non

fissile siltstones, sandy 

siltstones. 

Brown, cream, grey or 

greenish-grey greywackes, 

greywacke conglomerates. and 

sil tstones. 

Grey or brown, fossilifer

ous mudstones and calcar

eous mudstones. 

Light grey, shelly lime

stones, bryozoal calcaren

ites and calcilutites. 

Cream, pinkish-cream or 

brown, fossiliferous or 

unfossiliferous mudstones. 

Fresh-water conglomerates, 

arkoses, feldspathic sand

stones. Finer near top. 

Sub-greywacke sandstones, 

sil tstones. 

Thickness 
-in feet 

up to 300± 

150± 

3 - 20 

o - 54 

o - 40(?) 

o - 147 

o - 76 

unknown 
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Siluro-Devonian System 

Mathinna Beds 

The oldest rocks in the area form a sequence of folded aren

aceous and argillaceous sediments, of unknown thickness, that crop out 

in the centre, west and north-west of the area. They form part of the 

arenite-lutite association (Banks, 1962a) of the Mathinna Beds, which 

crops out in much Qf north-eastern and eastern Tasmania. 

They consist of well lithified, interbedded, medium to fine

grained subgreywacke sandstones (spec. 34531) and siltstones (spec. 34532). 

Bedding is rarely visible, but where present ranges from a few inches to 

over four feet in thickness. The sandstones and coarse siltstones are 

poorly sorted, with the grainsizes of the former ranging from silt to 

medium sand grade. The siltstones are almost absent in some areas, for 

example, at 688,564. The majority of the sediments have apparently been 

thermally metamorphosed by the Devonian granites, forming biotite

muscovite hornfelses near the contacts (specs. 34522, 34524). Sedi

mentary structures were rarely observed, probably due to the predominance 

of massive sandstones in outcrops. However, a graded sandstone-siltstone 

bed overlies siltstone, with an erosional. interface (spec. 34523) at 

655,516. 

The conditions of deposition probably resembled those deduced 

by Wil.liams (1959) for similar sediments at Upper Scamander. Here, the 

deposition of the normal sedimants (fine clays and silts) was inter

rupted from time to time by turbidity currents bringing in sand and silt. 
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Gill (1958) considered the absence of macroscopic benthos and the lack 

of disturbance of the fine laminations in the Mathinna Beds, implied 

deposition in quiet, probably deep water. 

No fossils have been found in the Royal George area but 

Cookson (1937) described the vascular plant Hostimella from lithologi

cally similar rocks at Warrentina. Fragmentary vascular plants have 

also been found at Ormley (just to the north-west of the area), Scamander 

and Upper Scamander (Banks, 1962a) and Elephant Pass (McNeil, 1965). 

Hostimella occurs in lithologically similar, Silurian to Lower Devonian 

sediments in Victoria (Banks, 1962a). Corals, including the Upper 

Silurian to Lower Devonian Syringaxon, (Banks, pers. comm.), brachiopods, 

possibly including the Lower Devonian genus Notanoplia (Banks, pers. 

comm.) and other marine fossils have been found at Scamander. It appears 

that the Mathinna Beds have a Silurian or Lower Devonian age (Banks, 

1962a). 

Permian System 

The Permian System consists of 150 to 406 feet of ark0ses, 

feldspathic sandstones, greywackes, conglomeratic greywackes, conglom

erates, siltstones, mudstones and limestones. It has been divided into 

five stratigraphic units. 

A panel diagram of the Permian sections in the area is 

presented in Fig. 2. The sections measured by the writer, and in partic

ular that at 742,462, should be regarded as approximate only. The diagram 
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shows that the Permian as a whole and most of the individual units 

thin on to the basement high (Fig. 3). 

Aberfoyle Formation 

The Aberfoyle Formation was defined by Blissett (1959). It 

is an apparently unfossiliferous and non-marine sequence of dominantly 

rudaceous and arenaceous beds in the lower part of the Permian, below 

the Castle Carey Mudstone. In this discussion, the definition is 

expanded to include the worm-bored sandstones, below the Castle Carey 

Mudstone, at St. Pauls Dome. In the Royal George area the Formation 

appears to transgress across the Castle Carey Mudstone, and on the 

basement high (q.v. and Fig. 3) may directly underlie the Burnt Gully 

Limestone. It unconformably overlies the Mathinna Beds (Plate 4) or the 

Devoniim granites. 

The base of the Formation may be marked by a boulder conglom

erate, which is up to 15 feet thick at St. Pauls Dome (Banks, 1958). 

At Roy Hill, Twelvetrees (1897) records up to 20 ~eet of conglomerate, 

carrying locally derived cassiterite, but the writer observed a maximum 

thickness of only six feet.- However, over much of the Royal George area, 

the conglomerate is thin, or absent except in small depressions in the 

pre-Permian surface. 

The conglomerate is essentially of local derivation. Where 

underlain by Mathinna Beds it consists dominantly of large angular to 

small, well rounded boulders of arenite derived from that succession. 
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Plate 4.	 UncorfnTmity between sands tones nf th 
Aberfnyle FoTmatin and the Mathinna 
Beds at 699,516. 

Plate 5.	 Mathinna Beds intruded by a granite dyke 
(J0wer centre and left), and ~vellain by 
congl~merate and sandstone, at 706,511. 
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These are set in a matrix of feldspathic and arkosic sands and grits 

(Plate 5). At 578,508, five feet of conglomerate (Plate 6) overlies 

coarse-grained granite. It consists of well-rounded, deeply weathered 

cobbles and boulders of coarse to fine-grained granite, up to three feet 

across and occasional well-rounded cobbles of Mathinna Beds arenite up 

to five inches across. The matrix of the rock is a medium-grained 

arkose to arkosic grit. 

The greater part of the Aberfoyle Formation sediments are grey, 

light brown or dirty cream, fine to coarse-grained arkoses and feld

spathic sandstones (specs. 34534, 34537), and arkosic or feldspathic 

quartz grits (after Pettijohn, 1957). 

A bedding thickness range of nine inches to about two feet is 

normal, but beds can range from a few in'ches to several feet in thick

ness (Plate 7). The dominant minerals are quartz and fine to coarse 

sand grade weathered feldspar. The quartz ranges from angular to well 

rounded pebbles to fine sand. Tourmaline (up to one or two per cent) is 

the dominant accessory mineral. There is usually little argillaceous 

matrix present. 

Although the grain size tends to decrease up the sequence, 

grits and conglomeratic bands, with well-rounded pebbles and small cobbles 

of Mathinna Beds arenite, and occasionally of quartz tourmaline greisen, 

may occur throughout the succession. 

Variations from these basic rock types occur at several 

localities in the area. At 663,454 there are several feet of fine
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grained grey to purple laminated, micaceous, argillaceous or subfeld

spathic(?) sandstones (spec. 34535). They are overlain by 15+ feet of 

protoquartzites (Pettijohn, 1957, p.291) and quartz grits. 

North of Glenaire, at 658,523, six feet of dirty cream, impure, 

fine-grained, cross-bedded sandstone (spec. 34540) occurs near the top 

of an incomplete 20 feet section of paraconglomerate. The conglomerate 

consists of 10 or 20 per cent of well-rounded cobbles of Mathinna Beds 

arenite, and quartz, in a fine-grained sandstone matrix. Just to the 

west (656,522), in place of the conglomerate there is a fine-grained 

sandstone with occasional worm casts. This apparently grades into the 

worm-bored, fine-grained, feldspathic(?) sandstone (spec. 34539) at 

651,521. At. St. Pauls Dome (637,552), there are 61 feet of worm-bored, 

pebble sandstones and sandstones (Banks, 1958). The sandstones apparently 

contain little feldspar. However, normal non-worm-bored Aberfoyle 

Formation sediments occur at 630,519. 

Between 691,458 and 696,458, up to ten feet of bimodal para

conglomerate directly underlies the Castle Carey Mudstone. It is in 

turn underlain, at least at its western extremity, by the normal arkosic 

sandstones. The conglomerate (spec. 34536) contains up to 20% each of 

deeply weathered feldspar and angular, coarse, quartz sand. The matrix 

consists of grey to purple mudstone. A similar paraconglomerate, but 

with no feldspar, and apparently interbedded with arkose, occurs at 

Salmon Creek (692,531). 
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At 734,470 there is apparently a thin veneer of tourmaline 

breccia (spec. 34538) overlying veins of quartz tourmaline rock. The 

large angular fragments of tourmaline are set in a matrix of fine

grained, well sorted, quartz sandstone. 

The Formation is very variable laterally, even over a dis

tance of a few hundred feet. One example of this is the previously 

discussed series of outcrops north of Glenaire. A second example is at 

708,511. Here four feet of coarse boulder conglomerate is overlain by 

ten feet of paraconglomerate, with pebbles of Mathinna Beds arenite. 

The paraconglomerate is in turn overlain by pebbly feldspathic sand

stones. However, 300 feet west, the boulder conglomerate is overlain 

by feldspathic sandstones. 

Apart from the worm casts, tne formation is apparently un

fossiliferous. An exception is the thin (seven feet) feldspathic sand

stone at 692,~27, which contains spiriferids and gastropods (spec. 34532). 

Cross-beds at 658,523 and 640,432 (Plate 8) indicate a pre

dominant N-NW current direction. 

The Formation has a very variable thickness in the Royal 

George area, but in general thickens to the north (Fig. 2). It thins 

from 150 feet at Rossarden, through 76 feet at St. Pauls Dome (Banks, 

1958), to zero in a zone running to the south of the basement high 

(Fig. 3). It re-appears to the east of the high. 

Castle Carey Mudstone 

This name was given by Blissett (1959) to the chiefly 

argillaceous beds resting on the Aberfoyle Formation, and overlain by 
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the Burnt Gully Limestone, or by the Mistletoe Sandstone where the 

Limestone is absent. In the Royal George area, it overlies granite 

where the Aberfoyle Formation is absent. 

The dominant lithology is a cream to pinkish cream, or brown 

weathering, fine to coarse-grained mudstone. It is poorly sorted and 

is occasionally sandy (spec. 34541). A thin paraconglomerate is present 

at 680,443 (spec. 34542) and 713,452, where the mudstone directly over

lies granite. The conglomerate contains well-rounded pebbles of quartz 

and Mathinna Beds arenite. Rarer fragments of slate and microgranite, 

and feldspar grains, are also present. The matrix is a dark grey 

(spec. 34542) or reddish brown mudstone. 

The formation is apparently unfossiliferous, except for the 

upper 25 feet or so which is richly fossiliferous, particularly in the 

upper few feet. The fossils include Strophalosi~ jukesii(?), Tomiopsis 

sp., Atomodesma (Aphanaia) and the bryozoans Streblastopora marionensis, 

Polypora, Stenopora and Fenestella. 

The formation is 120 feet thick at Rossarden (Blissett, 1959) 

and 100 feet thick at 698,453 with a maximum thickness of 147 feet at 

St. Pauls Dome (Banks, 1958). It thins on to the basement high at the 

expense of the lower members. For example, the unfossiliferous beds are 

only about 25 feet thick at 713,452 and are apparently absent near 

Salmon Creek at 688,527. The Castle Carey Mudstone is thin or absent 

east of an approximately north-south line through Royal George. For 

example, the Burnt Gully Limestone directly overlies the Aberfoyle 

Formation at 741,471. 
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Burnt Gully Limestone 

Blissett (1959) gave this name to a thin, commonly silicified, 

poorly exposed limestone, probably less than ten feet thick, which over

lies the Castle Carey Mudstone. In the Royal George area it overlies 

either the Castle Carey Mudstone or the Aberfoyle Formation, and is 

overlain by the Grange Mudstone. 

Light grey, impure brachiopodal limestones, and bryozoal 

calcarenites (spec. 81975), in variable proportions, are the most 

common lithologies. The bryozoal calcarenites contain 15 to 40 per cent 

of coarse sand to pebble grade bryozoal fragments set in a matrix of 

recrystallized calcite (spec~. 34549-51). The limestones may contain 

0-25 per cent or over (spec. 34544) of fine to coarse sand-grade quartz. 

The Limestone, in particular the shelly variety, is commonly 

silicified to a cream or brownish, almost chalcedonic rock (specs. 

34547, 34548). In general, the limestones tend to become more fine

grained away from the basement high. Hence, in the vicinity of the head

waters of Long Marsh Creek and at 689,561, impure calcilutites, rather 

than calcarenites or shally limestones, predominate. In these areas it 

is difficult to define the boundary between the limestone and the under

lying Castle Carey Mudstone. 

South of Mt. St.Peter, at 651,521, the limestone may be 

represented by a six foot, unfossiliferous, silicified unit, 25 feet 

above the Aberfoyle F~rmation. However this is probably part of the 

Castle Carey Mudstone, as it is overlain by fossiliferous mudstones 

similar to the Castle Carey Mudstone. The limestone may be absent, or 
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cut off by the dolerite, as limestone was not observed between 651,521 

and Mt. St.Peter. 

Just to the west of the basement high, beds, probably of 

limited lateral extent, of arkose and calcareous feldspathic(?) sand

stone are present in the limestone. For example, at 705,519, twenty 

feet of coarse sand-grade arkose overlies eight feet of impure, often 

pebbly limestone. This may be in part equivalent to the Grange Mudstone. 

At 688,527 a three and a half foot bed of calcareous feldspathic sand

stone (spec. 34546) occurs 20 feet above the base of the limestone, 

while further west at 686,532 there are two beds of quartzo-feldspathic 

sediments. 

Epigenetic fluorite occurs in cavities in fossils and as 

disseminated replacements in bryozoal calcarenite at 692,531. Its 

origin and significance is discussed in Appendix I. 

Fossils, especially brachiopods or bryozoans, are abundant 

in much of the limestone. They include Strophalosia jukesii, 

S. brittoni(?), Terrakea brachythaerus(?), Terrakea sp., Grantonia 

hobartensis, Tomiopsis sp., Spirifer avicula(?), Spiriferillina 

australis(?), Streptorhynchus and dielasmids. Rryozoans, including 

fenestellids, Stenopora ovata(?) and Stenopora sp., and the pecten 

Eurydesma are common in some horizons. The coral Euryphyllum aff. 

trizonatum and crinoidal plates are also present. In addition Banks 

(1958) records Martiniopsis, Lyroporella, Mourlonia, aviculopectenids, 

ostracodes and Pteroblastus. 
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The limestone is usually 0-10 feet thick. It is 14 feet 

thick at St. Pauls Dome. The thickness of 40 feet given for the lime

stone at 688,527 (Fig. 2) is possibly too great, due to the inclusion 

of some Grange Mudstone. 

Grange Mudstone Correlate 

The correlate of the Grange Mudstone (Banks and Hale, 1957) 

is represented by hard, grey to brown, fossiliferous mudstones and 

cal careous mudstones (specs. 34555, 34556, 34559) (werl ying the Burnt 

Gully Limestone and overlain by the Risdon Sandstone. 

The mudstone is 25+ feet thick at 688,527 and 25 feet thick 

at Snow Hill. It thickens to 54 feet at St. Pauls Dome and thins to 

zero over the basement high. East of the Bullfrog (755,526) seven 

feet of thinly bedded, shaly, "Fenestella" mudstone (spec. 34558) lies 

between the limestone and the Risdon Sandstone. 

A thin, poorly fossiliferous, coarse mudstone (spec. 34557) 

overlies granite at 715,535 and 717,527 and is probably equivalent to 

the Grange Mudstone. 

A richly fossiliferous, light grey mudstone containing quartz 

pebbles and other small erratics overlies microgranite at 722,538. 

The presence of the pelecypod Volsellina(?) myltiformis(?) suggests that 

it is equivalent to the Grange Mudstone. 

Bryozoans, particularly fenestellids, are the most common 

fossils in the Grange Mudstone. Small gastropods, spiriferids and 

strophomenids are present, but large brachiopods are rare. 
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Risdon Sandstone 

The correlate of the Risdon Sandstone (Banks and Hale, 1957) 

overlies the Grange Mudstone and conformably underlies the Ferntree 

Mudstone. It consists of variable proportions of brown, cream or grey 

greywackes, conglomeratic greywackes and mudstones. The formation is 

about five feet thick over much of the Royal George area. It is 20 feet 

thick at St. Pauls Dome (Banks, 1958) and is only one or two feet thick 

over the basement .high. 

In a hand specimen examination, the sand-grade material was 

found to be dominantly quartz plus up to five per cent of weathered 

feldspar (spec. 34564). 

Glauconitic greywackes crop out at 732,533, 715,535 and 

718,533 (specs. 34561-63). They contain 25 to 60 per cent angular, 

fine to medium sand-grade quartz. One to two per cent of sand-grade 

schist, quartzite and muscovite fragments are present, but the rock 

contains no feldspar. The glauconite content ranges from less than 

one per cent to about five per cent. In comparison, values of 15 to 

40 per cent glauconite were obtained in the St. Marys area (McNeil, 

1965) and one per cent at Maria Island (Banks, 1962b). 

The Risdon Sandstone is pebbly throughout. The pebbles 

generally amount to only a few per cent of the rock (specs. 34564, 

3~566) but at some localities may be present in sufficient quantities 

for the rock to be called an orthoconglomerate. The pebbles are usually 

well rounded fragments of quartzite, slate and schist, up to five inches 

across, and of granitic quartz. 
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Mudstones, lithologically similar to the basal units of the 

Ferntree Mudstone occur at 756,525. They are interbedded with pebbly 

greywacke (spec. 34564). 

Although the Risdon Sandstone is usually unfnssiliferous, 

fossils (especially spiriferid brachiopods) may be present in the basal 

beds. 

Ferntree Mudstone 

The Ferntree Mudstone (Banks and Hale, 1957) conformably 

overlies the Risdon Sandstone and is overlain, probably disconformably 

by Triassic sandstones. It consists predominantly of light grey or 

purple to light brown, fissile and non-fissile siltstones. The basal 

beds are commonly non-fissile sandy siltstones (specs. 34570, 34571). 

The formation is apparently non-fossiliferous. 

The fissile siltstones are composed of silt-grade quartz, 

argillaceous material, fine-grained sericite and opaque minerals. 

Specimen 34568 also contains less than one per cent of angular, fine 

to medium sand-grade quartz and quartzite. 

At 714,436, 30 feet below the base of the Triassic, there 

is a single three feet bed of sediment containing one or two per cent 

each of feldspar, including plagioclase, rock fragments such as fine

grained quartzite and sedimentary rncks and muscovite (Plate 9). 

Angular to slightly rounded, medium sand-grade quartz constitutes 

60 per cent of the rock. About 50 per cent of the voids are filled 

with carbonate, which replaces both the argillaceous matrix and the 
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Plate 9.	 x 32 Greywacke from the Ferntree Mud
stone with cI0ssed nicols. Feldsoa 
grain (patchy grey) and qU3rtz with 
authigenic carbonate (light jntergranular 
patches) and an argillacenus matrix. 
":)pet ';"f-'O{, 7, 
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quartz and feldspar grains. According to Pettijohn (1957) the rock 

would be classified as a greywacke. The bed was not observed elsewhere 

in the area and is probably only of small lateral extent. 

Few thicknesses could be measured for the Ferntree Mudstone. 

It is about 150 feet thick at the Bullfrog and Snow Hill, at least 

50 feet thick at 742,462 and at least 95 feet thick at St. Pauls Dome 

(Banks, 1958), where it is cut off by Jurassic dolerite. In comparison 

there is over 200 feet at Rossarden (Blissett, 1959), 90 feet at 

Mt. Elephant (McNeil, 1965) and nil at Rays Hill (Walker, 1957). 

Correlation of the Permian 

Thin carbbnaceous shales occur at the base of the Aberfoyle 

Formation in the Rossarden area (Blissett, 1959). This suggests equi

valemce with the base of the Faulkner Group of Banks and Hale (1957). 

Blissett, however, does not discount the possibility that it is a non

marine equivalent of the Bundella Mudstone. Banks (1962b) suggests 

that the basal, uraniferous (Blissett, 1959, p.114) oil shales may be 

a marginal phase of the Quamby Group. However, oil shales are also 

present in the Mersey Group (Banks, 1962b), to which the Faulkner Group 

is equivalent. In the Royal George area, the Aberfoyle Formation is 

probably a facies equivalent of all units from the lower part of the 

Faulkner Group to at least the top of the Nassau Siltstone. 

Blissett (1959) considers the Castle Carey Mudstone to be a 

correlate of the Nassau Siltstone and the top of the Faulkner Group. 

The lower, unfossiliferous to poorly fossiliferous mudstones may be 
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equivalent to the Ferguson Siltstone of Banks and Hale (1957) (Banks, 

pers. comm.) and to the Rayner Sandstone. The richly fossiliferous 

siltstone at the top of the Castle Carey Mudstone is correlated with 

the Nassau Siltstone on the basis of their similar lithology. The 

Castle Carey Mudstone is probably also a correlate of the Gray Siltstone 

and Sandstone (McNeil, 1965) and the Binns Gully Mudstone (Walker, 

1957) near St. Marys. 

The Burnt Gully Limestone is probably equivalent to the 

Enstone Park Limestone (Walker, 1957) and the Berriedale Limestone 

(McNeil, 1965) in the St. Marys area. These have been correlated with 

the Berriedale Limestone in southern Tasmania (McNeil, 1965). 

The Grange Mudstone Correlate in the Royal George area is 

lithologically similar to the Grange Mudstone (Banks and Hale, 1957) 

in the Hobart area. 

The presence of glauconite suggests that the Risdon Sandstone 

at Royal George is equivalent to the glauconitic sandstones at 

Mt. Elephant (McNeil, 1965), Rays Hill (Walker, 1957) and Maria Island 

(Banks, 1958). These sandstones have been correlated with the Risdon 

Sandstone (Banks and Hale, 1957) in the Hobart area. The Ferntree 

Mudstone at Royal George is lithologically similar to occurrences else

where in Tasmania. 

Environment of Deposition 

Prior to the deposition of the Aberfoyle Formation, the whole 

of north-eastern Tasmania, including the Royal George area, was above 

sea level. 
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The base of the Aberfoyle Formation was probably deposited on 

a sandy coastal flood plain. Current directions suggest a northerly 

source for some of the sediment. Additional sediment was derived from 

the north-south trending basement high in the Royal George area. There 

may have been a second basement high west of Rossarden, which contri

buted the arkosic material in that area. As deposition proceeded there 

was gradual reduction of the source area relief, producing a decrease 

in grainsize up the sequence. Banks (1958) recognized a single marine 

transgression at St. Pauls Dome, which apparently did not extend into 

the Royal George area. 

The sea level then gradually rose, covering much of the 

flood-plain. During the deposition of the Castle Carey Mudstone and 

the Burnt Gully Limestone, Aberfoyle Formation sediments were laid down 

in the flanks of the basement high (Fig. 4). The high area was probably 

an island at the time of the limestone sedimentation. Shelly and 

bryozoal limestones were deposited in the shallow near-shore waters, 

while the finer-grained, less fossilifeTous limestone was laid down in 

deeper waters to the west. The sea had covered, or almost covered, the 

basement high at the time of deposition of the Grange Mudstone. 

Uplift, probably with slight emergence above sea level, 

followed the deposition of the Grange Mudstone. This prevented the 

deposition of the Malbina Formation and may have caused the erosion of 

the Grange Mudstone in the Rossafden area. 

The sea again spread over the area allowing the deposition of 

the Risdon Sandstone, the environment of which is uncertain. 
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Icebergs may have contributed the erratics of regionally metamorphosed 

rocks. Sedimentation was probably fairly rapid allowing the preserv

ation of feldspar grains. 

The Ferntree Mudstone may have been laid down in a "wide, 

shallow sea •••• , bordered by low source areas" (Banks, 1962b). 

Triassic System 

The Permian and Triassic sediments are probably disconform

able in the Royal George area, as the Cygnet Coal Measures are absent. 

The Triassic sediments are a succession of yellowish or greenish-brown, 

lithic arenites, protoquartzites and grits, with rarer siltstones, 

conglomerates and mud-pellet conglomerates. South-west of Snow Hill 

homestead and north-west of the Bullfrog hhere is an estimated 200

300 feet of Triassic sedirrents. At 745,457 there are 90+ feet of 

sandstones. The thickness is probably greater in the vicinity of the 

Merrywood Coal Mine. The Triassic succession has been cut off by 

Jurassic dolerite. 

Sandstones similar to the lithic arenites ("feldspathic" 

sandstones of Hale, 1962) predominate over the protoquartzites. The 

sorting ranges from poor to moderate for the lithic arenites to good 

for protoquartzites. 

Specimen 34573, a protoquartzite, is composed dominantly of angula: 

angular, sand-grade quartz, with 1-2 per cent rock fragments, 1 per 

cent biotite and scattered grains of feldspar. The rock fragments 
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are dominantly of fine-grained chert and quartzite. The feldspars are 

commonly fresh, and include albite (An5) and cross-hatched microcline. 

There is almost no matrix. Regrowth of the quartz grains (as in 

spec. 34573) has given rise to "sparkling" sandstones. 

The lithic arenites (specs. 34576, 34579, 84580) contain a 

ligher proportion of feldspar, rock fragments and mica. There is too 

little matrix for the rocks to be classified as greywackes (Pettijohn, 

1957), so they are called lithic arenites. 

Quartz grits and very coarse-grained sandstones (spec. 

34575), occur scattered throughout the sequence. 

Shales are uncommon in the area covered by the geological 

map. A light brown, micaceous shale (spec. 34581) is present just 

above the base of the Triassic at 709,438. A thin unit of light grey

brown siltstone (spec. 34577) occurs interbedded with lithic arenites 

(spec. 34578) an estimated 240 feet above the base of the Triassic, 

at 744,545. Lithic arenites, with interbedded coal and grey carbon

aceous siltstones crop out at the Merrywood Coal Mine, just to the 

north-east of the area. 

A mudpellet conglomerate (spec. 34578) occurs at 744,545. 

It consists of angular pellets of silt set in medium-grained lithic 

arenite. The lithic arenite is composed dominantly of fine to medium 

sand-grade quartz and chert. Scattered grains of biotite, muscovite 

and feldspar are also present. There is up to 20 per cent of argill

aceous matrix. The pellets contain up to 20 per cent of coarse silt 

to fine sand-grade quartz, chert, feldspar and mica. 
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The sandstones are thickly bedded with a bedding thickness 

of nine inches to over two feet being normal. Truncated cross

bedding, commonly slumped, is usually well developed. The currents 

are dominantly from the W - NW but also come from the SW. 

Fossils were not observed in the area but Cladophlebis and 

Linguifolium are common in the coal measures at the Merrywood Mine. 

Rarer Dicroidium and ginko5 are also present. 

The presence of mud pellets, and coarse, commonly slumped, 

cross-bedding suggests the sediments were deposited under shallow 

water conditions (Hale, 1962). Hale considers the sediments possibly 

represent fluviatile or deltaic condition~with coal being deposited 

in lakes. Coarse grains of weathered feldspar occur in a quartz

pebble-mud-pellet conglomerate (spec. 34574) from near the base of the 

Triassic at 747,539. Feldspar grains are also present in a coarse

grained sandstone (spec. 34575) from 745,~42, about 210 feet above 

the top of the Permian. This suggests that there were outcrops of 

granite in the Triassic. The nearest occurrence is on the East Coast, 

where Triassic sediments directly overlie granites (Hale, 1962). 

There is no completely satisfactory explanation of why the currents 

are from the W - NW,when streams would be expected to flow from the 

high areas east of Royal George. 

Cainozoic 

In the Royal George area, there are Tertiary sediments over

lain by basalt, and Quaternary alluvium and talus deposits. However, 
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without further study there is no good criterion for the division of 

a great part of the exposed Cainozoic sediments into Tertiary and 

Quaternary. All that can be said is that much of the sediment was 

laid down prior to the present period of apparently rejuvenated 

erosion. 

Alluvial and Lacustrine(?) Sediments 

The St. Pauls River valley, and-'the lower reaches of many 

of the tributary valleys, have been filled to a considerable depth 

with terrestrial sediments. In the vicinity of 743,488,at least 

80 feet of grey clays is overlain by 12 feet of sandy clay, gravel 

and dolerite shingle (Reid and Henderson, 1929, p.123). West of 

Brookstead homestead there is at least 40 feet of shale, with plant 

fossil~which is overlain by about 40 feet of doleiite shingle 

(op. cit., pp.130 & 138). At Milford, seven feet of shallowly 

dipping,fine sands and sandy clays are overlain by Tertiary basalt 

(Plate la). Reid and Henderson (1929) suggest a Tertiary age for the 

clays. They may be lacustrine deposits, laid down in a lake dammed by 

the basalt, or flood plain deposits. 

Sands, gravels and dolerite shingle are usually the most 

common sediments in the tributary valleys. Cobbles and boulders of 

granite (particularly microgranite) and sedimentary rocks may also be 

present. 
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Talus 

Deposits of talus are common, particularly below areas of 

dolerite outcrop. The dolerite talus can reach thicknesses of 

15 feet and more, even on steep slopes. 

In the headwaters of Main Creek, just east of the Brookstead 

Fault, there are two tongues of dolerite boulders. These deposits 

end abruptly, with a steeply inclined terminal face, on alluvial 

material. They may have resulted from either periglacial action 

during the Pleistocene glaciation, or from the normal processes of 

scree formation. 
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IGNEOUS roCKS 

Devonian: The Royal George Granite Complex 

The "Royal George Granite Complex" is the name given to 

the series of coarse granites, granite porphyries, microgranites and 

associated minor rock types which intrude the Mathinna Beds in the 

east and south-east of the Royal George area. Several satellite 

bodies are also considered to be part of the complex, and are almost 

certainly connected to the main body at a shallow depth. The southern 

outcrops continue to the west of the area covered by the geological 

map. The total area of the complex is about 18 square miles. 

In the following discussion the name granite (~ lato) 

is used as a group term embodying all granitic rocks, except where 

senso stricto is used to denote a rock in which the potash feldspars, 

and/or albite, ·comprise more than two~thirds of the total feldspar. 

Most workers prior to 1929 (e.g. Montgomery, 1892, l893a,b; 

Twelvetrees, 1899) discussed the granites primarily in relation to 

individual mines. The most detailed study prior to the present 

investigation was that of Reid and Henderson (1929). Reid and 

Henderson gave a brief discussion of the granite types and suggested 

an order of emplacement (ibid."p.95). 

McDougall and Leggo (1965) have dated two specimens from 

the nearby Ben Lomond Granite (Blissett, 1959) using the potassium

argon method on muscovite. This method gives an age range of 342-352 

million years. Rubidium-strontium dating yielded an age of approx

imately 370 million years (ibid., p.306). McDougall and Leggo 
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consider the discrepancy between the two dates to be due to either 

"argon loss from the micas", or to "an anomalously high initial 

Sr87jSr86 ratio". "The Ben Lomond Granite has a minimum age of 

350 million years and possibly the true age is close to 370 million 

years." (ibid., p.306) The Royal George Granite Complex is very 

lithologically similar to the Ben Lomond Granite and is only three 

miles from the latter at the nearest point. It therefore probably 

has a similar age to the Ben Lomond Granite. 

Structure of the Granites. 

As most of the Mathinna Beds-granite boundaries are obscured 

by Permian and post-Permian rocks, the complete structure of the 

granitic stock cannot be ascertained. The intrusion is apparently 

not elongated parallel to the Tabberabberan structures, which probably 

trend about 3200 in the Royal George area. The contacts, which are 

almost always obscured by Mathinna Beds, are sharp, implying a 

definite intrusive origin for the granite. 

Although the contacts may be locally steep, in general they 

appear to have dips of about 10_300 
• For example, at the Roy Hill 

Mine the contact dips shall owl y west (Montgomery, 1893a), although dips of 

up to 45 0 were noted on the surface. The shallowness of the dips, 

and the occurrence of what could be regarded as a roof pendant of 

Mathinna Beds in the vicinity of 700,510, suggests that little erosion 

of the granite stock has occurred. The outcrops in, and just to the 

west of Long Marsh Creek, may either be local microgranite cupolas, or 



windows eroded into a large granite body underlying the area at a 

shallow depth. 

Two steeply-dipping sets of joints are commonly present. 

The earlier set carries much of the tin and tourmaline mineralization 

of the area, and is commonly represented, particularly in the micro

granites and porphyries, by closely spaced, sheet-like jointing 

(Plate 11). The jointing may be present even on a microscopic scale. 

For example, specimen 34864, a greisen from the Royal George Mine, 

contains micro-jointing (Plate 12) parallel to early joints, which 

trend at 300-3400 and dip 70-80oSW at this locality. The later, 

unmineralized joints are less well developed and trend approximately 

at right angles to the earlier set. 

\Vhen the granitic joint directions for the whole of the 

Royal George area are plotted on a rosette diagram (Fig. Sa), no 

significant trends can be observed. This is because of variations in 

the joint directions over the large area of the stock. However, the 

two sets are more clearly defined for joint plots from a restricted 

area (e.g. the Royal George Mine - Fig. Sa). North of Royal George, 

many of the early joints strike at about 2700 ± 200 and dip steeply 

south. 

The mineralized joints were probably caused by movements 

within the nearly completely crystallized granite stock. These move

ments could have produced the deformation twins in the albite 

(Plate 16) and the undulose extinction in many of the larger quartz 

grains in the granites. 
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Plate 11.	 Closely spaced joints of the early 
set, striking at about 340°, in 
microgranite, at 599,498. 
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Plate 12.	 Micro-joints in quartz-mica greisen,
 
Royal George Mine. (spec. 34864)
 
Crossed nicols. x 53
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The Granitic Rocks and their Field Relations. 

The nature of the contacts between the major rock types does 

not unequivocally favour anyone order of intrusion. However, the 

following is proposed as a possible emplacement sequence: 

1. The approximately contemporaneous formation of coarse
 

granites (s.s.), granite porphyries, microgranites (s.s.) and micro


granites by crystallization from a single granitic intrusion.
 

2. The intrusion of microgranite (and aplite) dykes. 

3. The intrusion of leucogranite dykes, pegmatite veins
 

and patches. (Their order of formation is unknown.)
 

4. The formation of quartz-tourmaline veins, patches and
 

nodules; greisenization and tin mineralization.
 

The distribution of the major rock types of the area is shown on the
 

accompanying geological map. The coarse granites, the most common
 

granitic rock in the Royal George area, comprises the greater part of
 

the areas shown as "granite (unassigned)" to the north and south


east of Royal George and east and south-east of Brushy Hill.
 

The microgranites occur as large irregular bodies, con


sidered to be part of the first intrusive phase and as narrow dykes •
 

. The dykes	 will be discussed later. The "first generation" microgranites 

include the large outcrops in Salmon Creek and on the southern bank of 

Bailey Creek, and possibly the satellite bodies in and just to the west 

of Long Marsh Creek. 
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In addition to the areas shown on the geological,map, the 

granite porphyries form major outcrops in the vicinities of the Royal 

George and St. Pauls tin mines, and near 652,445. 

The best exposures of granites in the Royal George area are 

the gorge tracts of Bailey and Salmon Creeks, just west of the 

Brookstead Fault. 

The contacts between the first generation microgranites and 

the porphyries may be sharp (e.g. at 701,526) or gradational over a 

few inches (spec. 34670). The contacts are commonly similar to those 

at Blue Tier (G. Urquhart, pers. comm.) in that they may have cross

cutting orthoclase phenocrysts (e.g. at 716,476 and 701,526). The 

porphyries contain variable amounts of phenocrysts and may grade into 

slightly porphyritic microgranites. For example, several per cent 

of phenocrysts are present at 643,440 and 640,455, near the contact 

of the porphyry with the coarse granite, but they are rare at 641,448. 

Some of the porphyries (specs. 34603, 5, 6, 7) have a 

medium-grained compared with the normal fine-grained groundmass. 

These porphyries could be variants of either the normal porphyries 

or coarse granites, or intermediaries of the two. Their field 

relationship with the major granitic types is not clear. 

The coarse-grained granites occur in contact with both the 

"first generation microgranites" (e.g. at 700,538 and 697,518) and 

the porphyries (e.g. at 706,541 - Fig. 6, Plate 13, and 270 feet 

from the north-western end of the Royal George Mine open cut 

Plate 14). The contacts are very undulose (Fig. 6, Plate 14). 
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Plate 13.	 Granite porphyry (top) acd coarse 
granite (bottom) with a mjcrogranite 
dyke on the contact between the two. 
At 706,541. 
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Plate 14.	 Contact between porphyry (top) and 
coarse-grained granite (bottom) in 
the Royal George Mine. 
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Near the contacts irregular lobes and patches of the fine-grained rocks 

may occur in the coarse-grained granite and vice versa (e.g. at 

703,530, a 15 by 10 foot lobate patch of coarse-grained granite is 

set in fine-grained microgranite). 

The previously mentioned porphyry in the Royal George Mine 

occurs in the central portion of the open cut. The southern contact 

with the coarse-grained granite is obscured by strong late stage alteration. 

An unpublished Mines Department plan, compiled by G. Urquhart fr6m drill 

logsi shows an apparent dyke-like form for the porphyry, with steeply 

dipping, approximately east-west striking contacts. However, as the body 

has an irregular outcr6p pattern it is suggested that it is a segregation 

or very large inclusion in the coarse-grained granite, rather than a 

dyke. 

A single ten foot dyke of granite porphyry in coarse-grained 

granite was noted near 702,502. Apart from a narrow dyke of coarse 

granite at 706,510 (Plate 15), just above the contact of coarse-grained 

granite with the Mathinna Beds, no dykes of the coarse-grained granite, 

porphyry or microgranite were observed intruding the Mathinna Beds. 

Dykes of microgranite intrude the coarse-grained granites 

on the banks of Bailey Creek between 702 and 712E. For example, at 

710,532 there are at least two dykes, one of which is at least 

450 feet long and averages four to five feet in thickness. The thick

ness and dip (which is usually shallow) of the dykes vary irregularly 

along their length. In other areas, such as 703,502 and 706,541, the 

dips range from flat to almost vertical. For example, in the latter 
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Plate IS.	 Dyke of coarse-grained granite intruding 
Mathinna Beds at 706,510. Note thin 
pegmatite vein along the upper contact, 
near the hammer. 
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area, there is a nine inch microgranite dyke sub-parallel to the 

contact between the coarse-grained granite and the porphyry (Fig. 6, 

Plate 13). About 20 feet east of the figured outcrop, there is a 

seven feet wide dyke cross-cutting the coarse granite-porphyry boundary. 

A large number of the scattered, small, poorly exposed microgranite 

outcrops in coarse-grained granites in the Royal George area are 

probably dyke-like. 

It is commonly difficult to determine the boundary between 

granite porphyry and the intruded microgranite dykes. However, fine

grained microgranite (specs. 34631, 2, 3) can be seen intruding porphyry 

on the eastern side cif the Royal George Mine open cut. It is up to 

ten feet thick with a dip of 10-400 E or NE along much of its length, 

but is only two and a half feet wide, with a dip of BOoE, at its 

northern end. Several other dykes of fine to medium-grained micro

granite (spec. 34630), up to about two feet wide, intrude coarse granite, 

150 to 200 feet from the southern end of the open cut. 

The presence of a complete range of compositions between 

"first generation" micrograni te and granite porphyries, with 30-40 

per cent phenocrysts, and the occurrence of cross-cutting feldspar 

phenocrysts on the boundary between the two, is evidence for their having 

crystallized from a single melt. The micro granite may have crystallized 

before the porphyry, on the margins of the intrusion. Simultaneous 

crystallization, after the segregation of the phenocrysts by crystal 

settl ing is also possible. However, the micl'ogranite dykes are very 
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similar in composition and texture to the" first generation" micro

granite, which they apparently do not intrude. Thus it is also 

possible that many of the larger microgranite bodies, particularly 

the satellite outcrops, are the same age as the dykes rather than 

an early crystallization. 

The irregular contact between the "early" fine and coarse

grained granitic rocks appears to be explained best by: 

1. Crystallization from a single melt 

or 2. Later intrusion of the coarse granites by stoping of 

the still hot microgranites and porphyries. 

However, if the porphyries are the same age as the porphyry 

dyke at 702,502, the order of intrusion could be: 

1. Coarse-grained granites 

2. Granite-porphyries and some microgranite 

3. Microgranite dykes. 

The satellite microgranite bodies could belong to either 

1 or 2. 

Thin leucogranite dykes intrude the granite-porphyry (at 

699,546) and the coarse granite (at 710,532). At the latter locality 

the leucogranite cuts across a microgranite dyke. 

Pegmatites are best developed in the vicinity of the Royal 

George Mine and at 742,485. They usually occur as dykes and irregular 

patches in granite porphyry. In the Royal George Mine, pegmatite 

patches also occur in the microgranite dykes and along the upper 

contact of a large dyke. 
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Quartz-tourmaline veins and patches, and greisened and 

tourmalinized joints are common in the granites east of 566,000E, 

but are rare south and south-east of Brushy Hill. As mentioned in 

the structure of the granites, only one of the two sets of joints 

present is usually mineralized. Tourmaline nodules occur in porphyry 

at the Royal George Mine and at 702,542. 

Mineralogy of the Granites. 

a) Deformation Twins in Albite 

The albite in all the granite types commonly shows deform

ation twinning. A typical example of deformation twinning is shown 

in Plate 16. The wedge-shaped twin lamellae commonly terminate within 

the crystal. Normal albite twinning in comparison, extends the full 

length of a plagioclase crystal. The deformation twins may be bent 

and tend to be terminated at fractures (Plate 16) (A. Spry, pers. comm.). 

p) The Origin of the Perthites 

Perthites occur in all the major granitic types in the 

Royal George area. The ctthoclase in the coarse granites and ortho

clase phenocrysts in the porphyries are almost invariably perthitic. 

The main forms of the perthite are: 

1. Irregular, sub-parallel blebs and lamellae of albite, 

ranging from over 0.3 mm." to less than 0.05 mm. in thickness 

(Plates 17 and 18). 
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Plate 16.� Deformation twinning in alhite in 
a leucogranite (spec. 34852) 
under crossed nicols. Minor peri
cline twinning is also present. 
\ (;I;e the termination of the 
deforraL5on twins by the fracture 
zone. x:')3 
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Plate 17.	 Phenocryst of exsolution perthite
 
in granite-porphyry (spec. 34607).
 
Crossed nicols, x 33.
 

Plate 18.	 Twinned exsolution perthite in
 
granite porphyry. GS0ec. 34603).
 
Crossed nicols. x 43
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2. Embayed albite patches associated with optically parallel, 

lamellar albite. 

3. Irregular intergrowths and patches of albite in ortho

clase and vice versa. Albite lamellae are rare or absent. This form of 

perthite is developed best in the microgranites and the groundmass of 

the porphyries. 

There is a complete gradation between the first two types. 

Only two modes of origin of the perthite will be considered 

in the following discussion. They are: 

1. Unmixing of an originally homogenous alkali feldspar. 

2. Replaceme0t of plagioclase by potash feldspar. 

The lamellar perthites, particularly those similar to that 

figured in Plate 17, are probably exsolution perthites (Deer et ~., 

1962) • 

Patch perthites similar to type 2 may be interpreted as 

being formed by the partial, high temperature replacement of plag

inclase with subsequent exsolution of optically parallel albite on 

cob ling. With this mode of origin it might be expected that most, or 

all, of the plagioclase inclusions in the orthoclase would have 

embayed margins. This is not observed. Many inclusions, in partic

ular those which are not optically parallel to the perthite lamellae, 

have straight margins and subhedral outlines. In specimen 34582 

subhedral inclusions of plagioclase with twin directions sub-parallel 



bj 

to the perthite twins, may be rimmed with albite. The rims commonly 

have irregular margins, resembling the embayed margins produced by 

replacement. The rims are optically parallel to the perthite lamellae. 

There is a slight discontinuity in optical properties across the 

boundary between the rim and the inclusion, which may represent a 

compositional change. The presence of rims, apparently of exsolution 

albite, on plagioclase inclusions, and the existance of subhedral 

plagioclase inclusions suggests that many type 2, patch perthites, 

originated by exsolution. 

In the third type of perthite, the orthoclase forms irregular 

intergrowths in the p~agioclase crystals (e.g. spec. 34647). The 

patches are commonly in the plagioclase cores, and may be subordinate: 

to the plagioclase. This type of perthite could possibly be produced 

by the migration of exsolved albite to the margins of an orthoclase 

crystal, but the form of the perthite appears to be more readily explained 

by replacement. 

There is apparently no unequivocal criterion for distin

guishing replacement from exsolution patch-perthites. Many of the 

exsolution lamellae have closely spaced, discontinuous twins (Plate 18). 

Thus patches with this form of twinning may have an exsolution origin, 

but patches with normal albite twinning are not necessarily inclusions or 

replacement perthites. 

c) Origin of Graphic Quartz 

Subgraphic and rounded intergrowths of quartz (in feldspar) 

are common in the granite-porphyries and microgranites. 
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Wahlstrom (1939) showed that, in general, graphic quartz intergrowths 

do not have any constant orientation with respect to feldspar crystals. 

He considered that while graphic quartz may "result from the partial 

replacement of feldspar by quartz or by the simultaneous growth of 

(the) two minerals, most of the intergrowths appear to have been 

formed by partial replacement 0f potash feldspar) by quartz, along 

fractures or complex zones of weakness in the feldspar." This 

ap~ears to be true for the Royal George area, as, in general, the 

intergrowths are developed best in the more altered rocks. For 

example, graphic quartz is rare in the comparatively unaltered 

specimen 34649. It has its maximum development in specimen 34629, 

a rock in which there has been much shr~dding and replacement of the 

biotite and sericitization of the cores of the plagioclase crystals. 

Petrography. 

a) The Coarse-grained Granites. 

Coarse-grained granite' (~.) (specs. 34582-34602) is the 

most common rock type in the complex. It is usually a coarse to very 

coarse-grained, approximately equigranular rock (specs. 34585, 34597), 

but may tend towards a porphyritic granite (specs. 34599, 34600). 

The rock is grey when fresh but weathers readily to a brown or dirty

cream coloured rock. Orthoclase, plagioclase and quartz are the 

dominant minerals. Lesser amounts of biotite and accessory tourmaline, 

topaz, zircon and fluorite are also present. 
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Plagioclase occurs as anhedral or subhedral, fine to 

coarse-grained, grains and tabulae. It may be present as inclusions 

in potash feldspar but usually occurs as separate crystals. Albite 

is commonly crystallized between adjacent orthoclase crystals. It 

may be optically continuous with exsolution lamellae in the orthoclase 

(spec. 34584) or disoriented (spec. 34584 - Plate 19). 

The plagioclase is usually less cloudy than the orthoclase, 

but is commonly partially altered to sericite. and fine-grained 

muscovite. The alteration is usually greatest in the cores of the 

plagioclases, particularly those of the frarger crystals. For example, 

in specimens 34597 and 34599, the cores of large (7 mm. and 5 mm. 

respectively) plagioclases have. been almost completely altered to 

sericite, leaving a thin (less than 0.5 mm.) rim of comparatively 

unaltered, zoned plagioclase. 

The fresh or slightly altered plagioclases usually have the 

composition of albite (An8)' Zoned plagioclases, with little alter

ation and commonly surrounding an altered core, occurs in specimens 

34584, 34585, 34593, 34597 and 34599. It was not possible to determine 

their composition. However, the lack of alteration suggests an albi tic 

composition for the margin, possibly grading to sodic oligoclase near 

the altered core. 

The albite is twinned according to the Carlsbad, albite 

and pericline laws. Deformation twins are usually present. 
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Plate 19.	 Albite anhedra (light grey-white)
 
on bounoGTy between two perthitic
 
orthoclase crystals (dark grey).
 
Biot He (mediu,"" grey, on left).
 
Coarse granite (spec. 34593).
 
Crossed nicols. x 33
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The potash feldspar occurs as medium to coarse-grained 

anhedral grains and tabulae. As microcline twinning was observed only 

in specimen 34582, the feldspar is presumed to be dominantly ortho

cIa se. Simple twinning is common. The orthoclase is almost always 

perthitic with patches and exsolution lamellae of albite comprising 

up to 30 per cent plus of the grain. The lamellae commonly show 

small scale multiple twinning. 

The granular, fine to medium-grained quartz rarely forms 

intergrowths with the feldspars. Undulose extinction is common, 

particularly in the larger crystals. 

Anhedral crystals and aggregates of crystals of biotite 

comprise several per cent of the rock. The biotite may form inclusions 

in orthoclase, plagioclase or quartz. Specimen 34583 contains an 

0.5 cm. aggregate of biotite and quartz. The biotite is usually 

pleochroic from dark brown or reddish brown to neutral green. 

Inclusions of zircon with pleochroic halos (Plate 20) are common. 

Concentric inclusions of zircon (Plate 21) may occur rarely. (Rare 

euhedral crystals of zircon also occur in quartz in the biotite-quartz 

aggregate in specimen 34583.) Rounded grains of grey or brown sphene 

and associated fragments of purple fluorite occ6r in the biotite in 

biotite aggregate in specimen 34583. The biotite is usually fresh, 

but may be partially altered to green biotite ~r more commonly, 

muscovite. The alteration~ usually parallel to the cleavage (Plate 22) 

or marginal, may be accompanied by shredding of the crystal. 
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Plate 20.� Zircons with pleochroic halos� 
in biotite. (spec. 34599)� 
Ordinary light. x 43� 

Plate 21.� Concentric pleochroic halos in� 
biotite. (spec. 34590)� 
Ordinary light. x 82� 



0:� 

Plate 22.� Bioti ce (dark grey) altering to� 
muscovite (light grey) parallel� 
to the biotite cleavage.� 
Ordinary light. x 43� 

I' €-t. 34,,>(j°r 
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Topaz is an almost ubiquitous accessory mineral. It usually 

forms rounded grains, up to 2 mm. across, which are almost always 

partially altered to fine-grained muscovite. Topaz is most commonly 

associated with biotite, which it appears to replace, and quartz. 

Tourmaline is less widespread than topaz. The pleochroic 

greenish-brown or light blue, irregular grains of tourmaline can 

comprise up to one ot two per cent of the rock. They are commonly 

associated with quartz. Tourmaline replaces biotite and feldspar 

inspecimen~34583. In specimen 34597, orthoclase bordering a joint 

plane has been replaced by strings of tourmaline apparently aligned 

sub-parallel to the exsolution lamellae. 

b) The Granite Porphyries. (specimens 34603-34629)· 

The majority of the granite porphyries have a fine to very 

fine-grained groundmass. They are very similar lithologically, and 

differences in hand specimens appear to result solely from variation 

in the size and proportion of the phenocrysts, and the degree of 

weathering. 

A minor group of granite porphyries, with medium-grained 

groundmasses (specs. 34603-34610), ~Te included in this section 

for convenience. Although they are similar to the normal granite 

porphyries in all aspects except grainsize, it is not known whether 

they are related to them or to the coarse-grained gl'anites, or whether 

they are intermediaries. 

The phenocrysts, dominantly of orthoclase, but also of 

plagioclase and quartz, range from less than one per cent to 40-50 

per cent of the rock. A value of 5-10 per cent is normal, however. 
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Although the orthoclase phenocrysts are usually 1-2 cms. long, they 

may be over 5 cms. in length (e.g. spec. 34620). The orthoclase 

is almost invariably perthitic, with well developed exsolution 

lamellae, and contains rare inclusions of plagioclase and biotite. 

In specimen 34620, a rim of largely sericitized plagioclase encloses 

a core of orthoclase perthite. 

The plagioclase phenocrysts (normally less than one per 

cent) are smaller than the orthoclase phenocrysts. They normally 

have strongly sericitized cores and moderately fresh rims. The latter 

.are commonly zoned (spec. 34621), becoming more sodic towards the 

crystal margins. 

Granular or subhedral phenocrysts of quartz, up to 1 cm. 

in diameter form one to two per cent of the porphyry. They commonly 

have undulose extinction. Incipient graphic quartz (Plate 23) occurs 

around the outer margin of a quartz phenocryst in specimen 34627. 

The groundmass consists of plagioclase, orthoclase, quartz, 

with several per cent biotite and accessory tourmaline, topaz, sphene,: 

fluorite and chlorite. 

The fine, anhedral grains and subhedral tabulae of plagio

clase are commonly partially serici tized. The unaltered portions are .• 

usually unzoned with a composition of about An7. However, zoned 

plagioclases, commonly with intergrowths of vermicular quartz, are 

present in specimens 34627 and 34628. Twinning is according to the 

albite, pericline and Carlsbad laws. Deformation twins, with some 

bent twin lamellae, are well developed. 



72 

'} 

Plate ?3.� Incinient graphic quartz bordering 
a quartz phenocryst in granite
po{'(:hyry. (spec. 34627) Crossed 
nicols. x 43 
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Orthoclase occurs as fine to medium-grained anhedral 

grains and tabulae. Some orthoclase forms irregular replacements (?) 

in plagioclase. Lamellar perthite, usually in the form of minute 
c 

wispy patches, is unqommon, particularly in the smaller crystals. 

The orthoclase is usually somewhat cloudy. 

Quartz occurs as small equant grains, Rounded to sub-

graphic intergrowths of quartz in feldspar (particularly orthoclase) 

are common (e.g. specs. 34618 and 34621). In specimen 34629 the 

quartz even forms intergrowths with biotite, producing patches of 

optically continuous biotite grains. Two or more sets of quartz 

intergrowths may occur in the one crystal of orthoclase. 

Fine-grained flakes of dark brown or green biotite are 

present. The green biotite is probably an alteration of the brown 

biotite as the biotite occurring as inclusions in quartz grains has 

been protected from alteration and retains its dark brown colour. 

Small grains of biotite, altering to dark greyish-green chlorite were 

observed in specimen 34621. Muscovite is the most common alteration 

product. Biotite inclusions in orthoclase may be rimmed or partially 

rimmed with qeartz (Plate 24), which appears to replace the biotite, 

Its significance is unknown. 

Greenish-brown and light blue tourmaline, and fine-grained 

granular topaz are commonly accessory to quartz and biotite. Tour

maline replaces orthoclase in specimen 34626. 

Rare, minute grains of purple fluorite were noted in 

specimens 34605, 34607 and 34621. In specimen 34617 it replaces 

biotite or is associated with sphene grains in the biotite. 
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Plate 24.� Biotite (medium grey), rimmed with 
quartz (white), forming an inclusion 
in perthitic orthoclase (dark grey). 
Granite-porphyry. (spec. 34607) 
Crossed nicols. x 33 
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c) The Microgranites. (specimens 34630-34650) 3k--g,'3)1,>5"> ~3i.1-Sq7·- ~4-qvtr) 

The "first generation" microgranites (e.g. specs. 3464D 

and 348QS) are indistinguishable from the microgranite dykes and 

the two will be discussed together. Apart from the almost complete 

absence of phenocrysts, the microgranites are mineralogically and 

texturally very similar to the porphyries and will hot be discussed 

in detail. 

The microgranites are normally fine-grained (e.g. 

spec. 34649) but may be medium-grained (e.g. spec. 34901) or aplitic 

(specs. 34l.1'tn., 34aO~, 34850). 

The plagiotlase usually has a composition of An6 or An7. 

A zoned plagioclase in specimen 34847 ranges in composition from 

An8 near the margins to An13 near the sericitized core. 

Albite(?) exsolution lamellae are uncommon, but, in the least 

altered rock (spec. 34649), very fine lamellae are present, even in 

the small orthoclase ~rains. Replacement(?) perthites are present 

(e.g. spec. 34844). Orthoclase apparently replaces biotite in 

specimen 34639 (Plate 25). S11ght sericitization of the orthoclase 

has given rise to scattered crystals of muscovite, which commonly 

form an interlocking network in the orthoclase crystals. 

Sub-graphic or rounded intergrowths of quartz may be present, 

particularl y in the more altered rocks (spec. 34Sl1,Q). Rhombic inter

growths of quartz occur in a feldspar phenocryst in specimen 34631 

(Plate 27). The quartz commonly has undulose extinction. 
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Plate 25.� 8iotjte replaced(?) by orthoclase 
(medium grey). Quartz - light 
grey. MicrogranHe. (spec. 
34639) Ordinary light. x 

Plate 26. Tonaz (medium grey, high relief) 
replacing biotite (dark grey) in 
icroglanite. (spec. 34649) 

Bintitp has a pleochroic ha In 
bordering the topaz. Ordinary 
1ight. x 63 
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Plate 27.� Rhombic intergrowth of quartz in a 
feldspar phenocryst in microgranitc. 
(spec. 34631) Crossed nicols. x 43 
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The alteration of the dark brown biotite ranges from 

negligible to almost complete, with the formation of pseudomorphs 

of muscovite in the latter case (specs. 34640, 34889). Several per 

cent of biotite are usually present in the aplite ~pecimens 34802, 

34848) but it is absent in specimen 34850. 

Up to one or two per cent of accessory tourmaline and topaz 

are present. In specimen 34899 the tourmaline commonly forms a 

network replacing orthoclase. The topaz is commonly associated with 

biotHe, which it replaces in specimen 34649 (Plate 26). The biotHe 

figured in Plate 26 is pleochToic dark to neutral brown near the 

topaz. This may result from traces of radioactive material in the 

topaz. Optically continuous grains of topaz are intergrown with 

quartz in specimen 34639. 

Specimen 34641 shows the contact between coarse-grained' 
. 

granite and microgranite. The microgranite is characterized by very 

fine-grained intergranular albite(?) and quartz. If this is a chilled 

interstitial melt, it suggests that the microgranite was probably 

about 90 per cent crystallized at the time of intrusion. However 

the fine-grained material may be a late stage recrystallization. 

Similar intergranular crystals are not present near the contact in 

specimen 34644. 

d) The Leucogranites. 

The leucogranites (specs. 34851, 34852) are fine-grained 

rocks consisting of anhedral to subhedral albite and granular quartz 

with a lesser amount of muscovite and accessory tourmaline and topaz. 
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The albite (An7) is very fine to medium-grained. It is 

twinned according to the albite, Carlsbad and pericline laws. 

Deformation twins are common. Little sericitization has occurred 

and it is generally confined to the larger crystals. Irregular 

patches of an untwinned feldspar, resembling orthoclase, are assoc

iated with the muscovite. However, it is optically positive and is 

probably albite. 

Quartz is present as equant grains with weakly undulose 

extinction. 

Muscovite in the form of sheaves and patches of radiating 

crystals comprises about 10 to 20 per cent of the rock. It is pleo

chroic from pale yellow to colourless (spec. 34851), or colourless 

(spec. 34852). Accessories are brown and bluish-brown tourmaline 

and rare topaz and fluorite. 

e) The Pegmatites. 

The pegmatites (specs. 34613, 34853, 34854) consist dom

inantly of potash feldspar, quartz and tourmaline, in varying 

proportions. Muscovite, biotite and topaz (spec. 34853) may also be 

present. Although normally coarse-grained, medium-grained varieties 

do occur. 

A microgranite dyke near the southern end of the eastern 

side of the Royal George open cut contains elongate patches of medium

grained pegmatite. The pegmatite apparently grades into the 

microgtanite. Similar pegmatite occurs in microgranite at 742,486 

(spec. 34852). It could be produced by: 
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1) Recrystallization of the microgranite by volatiles. 

This mechanism was suggested for the granite pegmati tes described 

by Aspensky (1943) and for the intimate associations of pegmatite 

and aplite in the Cormish granites (Exley and Stone, 1964, p.154). 

2) The crystallization of a late stage intrusion of micro

granite in the presence of excess volatiles. 

f) The Mineralized R0cks. 

The proce$ses of tourmalinizatiori, greisenization and 

cassiterite deposition, although commonly occurring together, appear 

to be independent. For example, many tourmaline veins and patches 

contain almost no mu.scovite ,~specs·.'34857-34860) and some greisens 

contain little or no tourmaline (specs. 34865, 34865, 34871, 34872). 

Although cassiterite normally occurs in the strongly greisened 

rocks it has been observed in partially greisened microgranite 

(spec. 34868). 

The quartz-tourmaline veins and patches range from fine 

to coarse-grained (specs. 34857-61). The tourmaline, which is 

usually light blue or brown in colour, tends to be granular in the 

finer-grained rocks, but may form needles in the more coarse- grained 

varieties (spec. 34861). 

Although cassiterite may be present (spec. 34863), it is 

not normally present in the non-micaceous quaetz-tourmaline rocks. 

The tourmaline nodules (spec. 34855, 34856) are predomin

antly fine-grained quartz and tourmaline but may be bordered with 

radiating tourmaline crystals (spec. 34856). The tourmaline replaces 
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Plate 28. Tourmaljnized jnint, 
striking about 270°, in 
coarse-grained granite at 
701,523. Nnte the resis
tance to weathering of the 
a1tered marginal granite. 
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the feldspar in the enclosing porphyry or, as in the case of specimen 

34586, pegmatite. 

Specimens 34864-34867 show a gradation from moderately 

altered porphyry to quartz-muscovite greisen. Although the ortho

clase is cloudy, some moderately fresh plagioclase is still present 

in specimen 34866. In comparison, the plagioclase in parts of 

specimen 34867 has been completely altered to fine-grained muscovite. 

In both specimens the biotite ~as undergone alteration to muscovite, 

except where preserved as inclusions in quartz. 

The greisens (specs. 34864, 34865) are predominantly quartz 

and fine-grained radiate clusters of muscovite crystals. In 

specimen 34864 several biotite flakes have been largely pseudo

morphed by muscovite and dark brown iron ore. The latter is also 

disseminated throughout the rock, commonly staining the muscovite. 

Fresh biotite inclusions in quartz grains are present in both greisens. 

A dark, yellowish mineral forms irregular structureless patches 

enclosing and replacing the muscovite in specimen 34865. A probably 

similar, bright, medium yellow mineral occurs in cracks in specimen 

34864. 

Both specimens 34864 and 34865 were strongly sheared prior 

to the deposition of the yellow mineral and at least some of the 

muscovite (Platel~). However, many greisens (e.g. specs. 34871 

and 34872 from the Roy Hill Mine) are not sheared. These greisens 

are dominantly quartz,with several per cent of muscovite occurring as 
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large, smooth-margined crystals (spec. 34871) or forming intimate 

intergrowths with the quartz. Specimen 34871 also contains several 

per cent of tourmaline and topaz, the latter having largely altered 

to fine-grained sericite(?). 

Specimen 34862 from a narrow, approximately north-south 

dyke, at 742,486, is apparently intermediate between quartz-tourmaline 

rock and greisen. Fine-grained granular quartz with serrated margins 

is the dominant mineral. Irregular grains of brown and blue 

tourmaline and interstitial fine-grained radiating muscovite, each 

comprise about 10 per cent of the rock. 

S~ecimen 34868 is a partially greisened microgranite 

carrying cassiterite. It contains 10-20 per cent of albite (An7), 

much of it fresh. Irregular patches of a feldspar resembling ortho

clase, some of which apparently replaces the plagioclase, are present. 

It is optically positive and may represent albitized orthoclase. 

~ale green muscovite comprises about 5-10 per cent of the rock. 

It replaces the albitized orthoclase or, more rarely, apparently 

pseudomorphs biotite or occurs as fine-grained sericite in the albite. • 
The cassiterite replaces the albitized orthoclase(?) or forms brown 

to grey, colour zoned, subhedral crystals. 

Modal Analysis. 

Fourteen modal analyses of the granites were carried out, 

and are presented in Table 1. The specimens chosen were not obtained 



TABLE 1 

Modal Analyses 

Mineral 
Coarse Granites 

34585 34599 I 34603 

Porphyries, 
:1 

34621 34627 t 
\ 

34628 34626 34637 34644 

Micrograni tes 

34646 34649 348qg 34Q03 

r Leucogranites 

34852 

counts 
3097 1985 6333 4357 4583 3203 4000 2096 3106 4037 3093 2899 2390 3443 

a 0.15 ins. 0.177 ins J-
~  

I 

~ 

,-
~ 

, 
3 

I...
3 

I 

3 
I 

~ 

I 

~ 

. 
--3 ~ 

..L 
.3 

I-3 

% 31 33 32 37 35 38 37 33 36 39 36 35 32 37 

Quartz R 0.088ins. 0.105 ins 0.44 0.18 0.20 0.35 0.32 0.22 0.27 0.25 0.26 0.20 0.17 0.3 

cJ2(p) 1.5 2.7 2.3 3.9 4.2 2.0 
-
% 46 39 36 34.6 33 39 29 52 30 28 22 28 25 

Orthoclase R 0.154ins. 0.18ins. 0.68 0.19 0.30 0.34 0.57 0.34 0.24 0.27 0.21 0.28 0.23 

o2(p) 4.6 6.0 6.3 3.8 7.8 1.9 

% 16 19 25 21 
• 

27 19 26 11 29 28 35 31 37 44 

Plagioclase R 0.07lins. 0.135ins. 0.37 0.16 0.17 0.29 0.31 0.11 0.27 0.31 0.26 0.16 0.15 0.27 

((2(p) 1.3 2.0 1.42 1.4 2.0 2.3 
-

% 7 10 3.4 5.7 5 4 6 3.2 3 5 4 2.6 3.6 

Biotite R 0.025ins. 0.055ins. 0.14 0.26 0.19 0.23 0.44 0.17 0.20 0.16 

1J2( p) 0.6 0.8 0.2 

% 3.2 1.5 0.4 0.1 0.9 0.1 18 

Muscovite R 0.19 

a-2(p) 

Tourma line % 1.5 0.2 1.1 0.4 0.8 

Topaz % 0.3 \ 0.2 0.8 1.1 0.3 1.5 2.4 1.7 

a: grid spacing R: average radius A: counting area 

a and R in mm. unless otherwise stated.� 

o2(p): theoretical variance (after Solomon, 1963), see Appendix 11.� 
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by systematic sampling, but are apparently representative of all the 

major granite types except the porphyries, with a medium-grained 

groundmass or high phenocryst content. The number of analyses of 

the coarse-grained granites was limited by the availability of 

sufficiently large specimens. Modal analyses of the phenocrysts in 

the porphyries were not included, as the counting areas available 

were too small for these to be statistically significant. 

In addition to the 14 analyses, a study was made of the 

variance in the composition of a coarse-grained granite (spec. 34585). 

This, and the theory and practice of modal analysis, ·is discussed in 

Appendix 11. 

a) Results~ 

Although the number of analyses is rather small, a number 

. of conclusions can he drawn. 

In general the plagioclase increases at the expense of the 

orthoclase, from 16-19 per cent for the coarse-grained granites, 

through 19-27 per cent for the granite porphyries, to 28-37 per cent 

for the microgranites. An exception is the microgranite (spec. 34637) 

which contains 52 per cent orthoclase and only 11 per cent plagioclase. 

The difference between the a~alyses of the coarse and fine-grained 

granitic rocks is probably due to the greater proportion of exsolution 

lamellae (which were counted as orthoclase) in the former. The 

difference between the granite porphyries and the microgranites would 

have been greater had the phenocrysts been included in the analyses~ 
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It is not possible to distinguish between the microgranite 

dykes (specs. 34644, 34903) and the supposedly "first generation" 

microgranites (e.g. specs. 34649,34843). 

The biotite tends to decrease from 7-10 per cent, for the 

coarse-grained granites, to 2.6-5 per cent for the microgranites. 

All species, including the leucogranites, contain between 

30 and 40 per cent quartz. 

Averages of the analyses were not calculated, as these 

would have little significance because of: 

1. unsystematic sampling 

2. insufficient analyses. 

Whole Rock and Trace Element Analyses 

A number of granitic rocks were analysed for their major 

components and selected trace elements using X-ray fluorescence 

methods. The results are given in Tables 3, 4 and 5. For a brief 

discussion of the techniques and sources of error involved in X-ray 

analysis, the reader is referred to Appendix Ill. 

a) Major Elements (Tables 2 and 3) 

Although they are too unreliable for the calculation of 

norms, it is possible to draw some conclusions from the analyses. 

With the exception of specimen 34629, a biotite-rich 

porphyry, the analyses agree well with the average alkali granite of 

Earth (1962) (figured in Table 2). The alkali granites are character

ized by low CaO and high Na20 and K20 values. Blissett (1959) gives 
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TABLE 3 

Greisen Analyses 

34872 34867a b c d 34867e 34876� 

Sr 
46 NO NO NO 7 NO NO(ppm)� 

Rb� 
679� 367 787 575 574 525 466�(ppm)� 

Sn� 
9 16 18 38 llO 294 1982�(ppm) 

K/Rb 178 136� 

Si02 76.7 74.71� 

A1 203 12.9� 12.6 

Fe203 2.1� 2.5 

Ti02� - Tr. 

0.07P205� 0.07• 
CaO 0.06� 0.07 

MgO 0.12� 0.09 

Na20� Tr. Tr. 

K20 3.8� 4.2 

I gn. 2.37� 2.46 

TOT~L 98.12� 96.70 

34872 :� Quartz-muscovite greisen, Ray Hill Mine. 

34867a-e :� Series from moderately altered porphyry to sheared 
quartz-mica greisen ("a"-"e"), Royal George Mine. 
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analyses of the albitic granites, microgranites and porphyries from 

the Ben Lomond Granite. Apart from a slightly lower CaO content, these 

are also similar to the Royal George granites. 

There are only minor compositional differences between the 

three major granite types. For example the coarse-grained granites 

tend to have a slightly higher Fe203 and lower maximum Na20 content 

than the granite-porphyries and microgranites. 

Potash tends to vary inversely to Na20 (Fig. 7). A similar 

trend has been observed for the Cornish Granites (Exley and Stone, 

1964, p.162). Stone (1961) attributed this to potash metasomatism of 

plagioclase. However, Exley and Stone noted that as "most granites 

contain about 30 per cent of quartz ----, and feldspar forms the bulk 

of the remaining 70 per cent, as one feldspar diminishes the other, 

in general, will increase. Thus there is a tendency for K20 to vary 

inversely with Na 20 irrespective of the processes causing variation." 

Two greisen analyses are given in Table 3. Comparison of 

these with Table 2 shows that greisenization is accompanied by the 

almost complete removal of CaO, MgO and Na20. Potash is retained in 

the muscovite, and therefore remains relatively constant. 

Trace Elements. 

The coarse-grained granites tend to have higher Sr values 

than the microgranites (Fig. 8b), while the granite-porphyries extend 

over the fields of both the above types. The Sr content of the granites 

tends to reflect their CaO content. Kolbe and Taylor (1966) give a 
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series of analyses of granitic rocks, including leucogranites and 

granodiorites, from the Snowy Mountains. The leucogranites are com

positionally similar to the Royal George granites and have comparable 

Sr contents, whereas the Sr values for the more calcic granodiorites 

are much greater. 

Most of the granites have Sn contents comparable with the 

values of 2-4 ppm. obtained by Kolbe and Taylor (1966). These values 

are about normal for granitic rocks (D. Groves, pers. ~.) and the 

anomalously high values of up to B.7 ppm. may be due to the action of 

mineralizing fluids. 

In gener,a1 the Rb content of the microgranites is greater than 

that of the coarse-grained granites, while the porphyries extend over 

both fields (Fig. Ba). A more useful index of the geological environ

ment is the K/Rb ratio (Taylor, 1965). The ratios (Table 2), which are 

similar to those for the Heemskirk Granite (Heier and Brooks, 1966), 

are much lower than the average crustal value of about 220 ppm. (Kolbe 

and Taylor, 1966). The relative enrichment in Rb with respect to K20 

is indicative of strong magmatic differentiation (Heier and Brooks, 

1966; Kolbe and Taylor, 1966). Heier and Brooks suggest such an 

enrichment could be produced by: 

1. Crystallization under oxidizing conditions 

2. Retention of the volatile phase during crystallization. 

The latter is particularly attractive for the Royal George 

Granite Complex in view of the presence of tourmaline, greisens and 

tin mineralization within the granite. 
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During greisenization, Rb remains relatively constant 

(Table 3: specs. 34867a - e) due to the ret~ntion of the potassium 

in the muscovite. In speCimens 34867a - e, the tin values increase 

eighteen-fold with increasing greisenization from a to e. However, 

tin values vary from locality to locality. For example, specimen 

34872 contains only 9 ppm. and specimen 34876 contains 1982 ppm. 

Economic quantities of Sn are present in some greisens. Considering 

their low CaO content (0.06-0.07 per cent), the greisens in Tables 3 

have anomalously high Sr values. However, the number of analyses 

is too small for conclusions to be dra~m on the behaviour of Sr 

during greisenizatiop. 

Six samples, from the top 300 feet of the 600 feet Mines 

Department D.D.H. No.CAl from the Royal George Mine, were analysed 

to determine the change in Sn and Rb as the main orebody was approached 

(Table 4). 

TABLE 4 

Rb and Sn from D.D.H. No.CAl 

Rb Sn Depth Petrology 
(ppm. ) (ppm. ) ( ft. ) 

34591 420 36 Coarse-grained granite 

34592 410 2.4 81 " " " 

34877 779 53 195 greisen 

34595 384 13 205.5 coarse-grained granite 

34596 367 2.0 305.5 medium-grained granite 

34618 357 1.6 329 porphyry 
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Only local trends were observed (e.g. high Sn in specimen 

34877), possibly because of the limited number of samples and the 

distance of the samples from the main mineralization. 

Petrogenesis 

The phenocrysts, biotite and the now sericitized plagioclase 

cores,possibly crystallized at depth from a calcium-rich magma. 

This magma apparently became more sodic, allowing the 

deposition of albite, on its intrusion into a high crustal position. 

Concentration, by the volatile phase, in the roof of the stock is a 

possible mechanism for enriching the magma in sodium. The albite is 

probably a primary crystallization, rather than a product of soda 

metasomatism, as zoned sodic feldspars are present. The sharp 

boundaries between the altered cores and the albite suggests the change 

to a sodic magma was comparatively rapid. 

In the coarse-grained granites, much of the feldspar 

crystallized as homogenous grains which formed perthites on cooling. 

However perthites are rare in the microgranites and the groundmass of 

the porphyries. This could be due to separate crystallization of the 

feldspars or to migration of the albite to the margins of the orthoclase 

crystals. Potash metasomatism was apparently limited or absent during 

the crystallization of the coarse-grained granites, but some replace

ment perthites may have been formed in the microgranites and porphyries. 
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The late stages of crystallization were characterized by 

plentiful volatiles, which probably altered the biotites and plag

ioclase cores, and tourmalinized and greisened the granites. 

Alteration of the biotite included removal of Ti, which 

was probably re-deposited as sphene. (A high Ti02/Fe203 ratio is 

responsible for the dark brown colour of biotite (Deer et ~., 1962)). 

It is not possible to determine the time of plagioclase sericitization 

accurately. However, it post-dates the formation of the perthites, 

as some perthite lamellae have been sericitized, and could be related 

to the greisenization. 

The irregular grains of brown or blue, accessory tourmaline, 

which are interstitial to the quartz or replace minerals such as 

biotite and feldspar resemble the "pre-joint, primary tourmaline" of 

Exley and Stone (1964, p.169). EXley and Stone also describe a second 

generation of tourmaline, the "post-joint tourmaline", which is 

commonly blue-green and may in some cases be deposited on corroded 

nucleii of primary tourmaline. The "post-joint tourmaline" in the 

Royal George area is also commonly blue or blue-green, but no evidence 

for their being either second generation tourmaline or the same age as 

the interstitial tourmaline was observed.: 

The relative ages of tourmalinization and greisenization 

is open to debate. Many tourmaline- veins have selvages of greisen which 

would be interpreted by Exley and Stone (1964) as tourmalini zation 

following greisenization. However, these occurrences could also be 

interpreted as being due to contemporaneous formation, with the tour

malinization being the high temperature mineralization. 
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Jurassic Dolerite 

The }urassic dolerite, which caps the hills to the north and 

south of the Royal George area, possibly has the form of a slightly 

transgressive sill(s). The contact of the southern dolerite body 

with the Triassic sandstones apparently falls to the east, i.e. it 

is sub-parallel to the dip of the underlying sediments. 

At the northern end of St. Pauls Dome, the dolerite is in 

contact with Triassic sandstones, but it intrudes the Ferntree 

Mudstone west of Mt. St. Peter (Banks, 1958). The dolerite here could 

be either a sill or a dyke. 

Although no contacts were observed, the dolerite near 

706,495 apparently has a dyke-like form. 

Two low hills consisting of blocks of dolerite up to 10 feet 

across, occur just east of Glenaire. There are several possible modes 

of origin for this dolerite: 

1. The dolerite was faulted down from a simi lar level to 

that of the dolerite on Mt. St. Peter. However there is little evi

dence for faults of this magnitude in the area. 

2. The dolerite is intrusive. This does not explain the 

presence of scattered blocks of Permian sediments along its boundary 

with the Mathinna Beds. 

3. The dolerite is a talus deposit. This accounts for the 

Permian sediments, but the nearest doletite is at St. Pauls Dome, over 

two miles away. 
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Specimen 34893 (Plate 29) is fine-grained, sub-ophitic, micro

porphyritic dolerite from about 100 feet below the top of St. Pauls 

Dome and several hundred feet above the lower contact. Anhedral crystals 

of neutral-grey augite and pigeonite (?), some forming microphenocrysts, 

comprise about 10 per cent of the rock. An estimated 65 per cent 

of fine-grained subhedral labradorite, some with compositional zoning 

is present. The unzoned labradorite has a composition of about An60. 

Mezostasis and accessory chlorite and iron ores comprise the rest of 

the rock. 

Petrologically, specimen 34893 resembles typical "middle zone~ 

dolerite (Spry, 196~). Its composfution, determined by X-ray analysis, 

is shown in Table 5. It has a higher MgO and CaO content than the 

normal quartz dolerite from Red Hill, but is lisghtly lower in total 

Fe, Na20 and K20. 

Specimen 34894, from the dolerite dyke, is similar to 

specimen 34893 except that augite and pigeonite comprise an estimated 

25 per cent and mezostasis only 10 per cent of the rock. The 

labradorite (An63) is unzoned. 

Tertiary Basalt 

During the, Tertiary, basaltic lavas flowed over the Benham� 

Plains and the western end of the St. Pauls River valley. Their� 

source is unknown. At Milford the basalt covered Tertiary sandy clays� 

(Plate 2) driving off water, which caused strong vesiculation of the� 

base of the flow and bleaching of the sediments near the contact. The� 

basalts are almost invariably somewhat vesicular (specs. 34895, 34896).� 



Plate 29.� ~pecimen 34893. Sub-ophitic dolerite, 
St. Pauls Dome. Labradorite (light 
grey), pyrnxene (medium-dark grey, 
high relief) and mezostasis (medium 
grey, low relief, intersert11). 
Ordinary light. x 33 



99 

TABLE 5� 

DolerHe and Basalt Analyses� 

1 2 3 4 

Si02 53.80 53.64 50.05 42.44 
(43.22) (48.92) 

A1 203 16.20 16.32 13.93 10.24 
(14.88) (12.57) 

Fe 0 *8.80 0.87 ~1l.19 4.382 3 
FeO 8.41 8.79 

~gO 6.85 4.83 6.66 14.25 

CaO 11.53 10.81 10.00 7.75 

Na20 0.77 2.00 2.70 4.18 

K20 0.86 1.54 0.80 1.83 

Ti02 0.50 0.85 1.69 2.50 

P205 0.06 0.16 0.28 1.61 

19n 0.92 1.00 2.74 1.86 

Total 100.29 100.43 100.04 99.83 

1. Dolerite, specimen 34893. 

2. Normal quartz dolerite, Red Hill (Joplin, 1964). 

3. Basalt, specimen 34895. 

4. Limburgite, Avoca (after Edwards, 1950)., 

* 2+ 3+.Most of Fe probably occurs as Fe but was calculated as Fe 

(14.88): Values obtained using Syenite Standards (see Appendix Ill). 
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Edwards (1950) records a limburgite from Avoca. However, 

at Milford the rock is a true basalt, with an estimated 40 per cent 

of fine-grained, lath-like plagioclase and 30 per cent of pyroxene 

grains (probably augite or titanaugite) up to 1 mm. across. It has a 

marked ophitic texture (Plate 30). An interstitial, almost opaque 

material of unknown affinities, and several per cent of greenish-

brown, interstitial glass (?) are also present. Reddish-brown 

limonite (commonly with colour banding) and carbonate, fill many of 

the vesicles. 

The composition of the basalt is markedly different from 

Edward's limburgite (Table 5). Its silica content is similar to that 

of the saturated olivine basalts of Spry (1962). 

, , . 
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Plate 30.� Specimen 34895. Fine-grained hasalt, 
Milford. PJagioclase (light grey), 
. yroxene (medium to dark grey) and 
limnnite (dark grey, tr;p right hand 
quadrant). The large light grey 
areas are vesicles. Ordinary light. 
x 43 




