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ABSTRACT 

The Oban 1:100 000 Sheet area is in northwestern Queensland between

latitudes 21 °00'S and 21 °30'S and longitudes 139 °00'E and 139 °30'E. The eastern

third of the area is occupied by a north-trending, generally westward-younging

section of the_Carpentarian western succession of theMount ISA GeoSyncline.

The oldest rocks exposed are sediments and volcanics of the Haslingden

Group. Near the base is the 'Malbon Vale Formation', a series of conglomerate,

greywacke, and sublabile sandstone shed when the crystalline Tewinga Group

basement block to the east was uplifted between about 1870 m.y. and 1785 m.y.

The sedimentary environment eventually matured and stabilised, and the labile

and sub-labile sediments of the Malbon Vale Formation were overlain by

orthoquartzite of the Mount Guide Quartzite. The sequence was interrupted by

the outpouring of tholeiitic basalts now forming the overlying Eastern Creek

Volcanics. The basalt flows are'interlayered with sedimentary intercalations

which increase in abundance up-sequence. These three formations of the

Haslingden Group were extensively intruded by dolerite dykes. Cessation of

igneous activity was followed by accumulation of the orthoquartzite and

siltstone of the Myally Subgroup.

Subsequent folding and low-grade regional metamorphism of the

Haslingden Group resulted in the formation of a series of north-trending fold

belts offset by west-northwest transverse faults. The metamorphism was broadly

contemporaneous with intrusion at about 1650 m.y. of the Sybella Granite, a

composite, medium to high-level batholith with associated pegmatites and

possible comagmatic volcanics, the Carters Bore Rhyolite. The granitoid rocks

were deformed after their emplacement, indicating at least two periods of

metamorphism.

After uplift and erosion, shale and dolomitic siltstone of the Mount

Isa and McNamara Groups were deposited in a narrow, north-trending trough.

Basin-and-dome folding and local compression'of the Mount Isa Group are evidence

of a later stage of deformation.

Flat-lying siltstone, chert, shale, and phosphorite deposited in the

Cambrian Georgina Basin during a much younger transgression onlap the

Precambrian rocks.
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INTRODUCTION

Location

The Oban 1:100000 Sheet area -(Sheet no. 6755) - lies in northwestern

Queensland between latitudes 21 ° 00'S and 21 ° 30'S and longitudes 139 ° 00'E and

139 °30'E. It forms the northeastern sextant of the Urandangi 1:250 000 Sheet

area (SF/54-5). Mount Isa is 32 km north of the northeastern corner of the Oban

Sheet area, and the southeastern corner of the Sheet area is 10 km north of

Dajarra, an important transport centre for stock at the terminus of a branch

from the Mount Isa-Townsville railway line. Dajarra is 900 km west-southwest

of Townsville.

Access

Principal access is via the sealed Diamantina Developmental Road,

which crosses the Sheet area diagonally from northeast to southwest (see Figure

1). More direct access to the Precambrian rocks occupying the eastern third of

the Sheet area is provided by a graded track from Duchess to Mount Guide (via

Bottom Yappo Bore), and a mining company track from Dajarra through to Blue

Hills and Mount Annable. Several station and mining company tracks branch north

and south from the Duchess-Urandangi road and provide adequate access to the

exposed Precambrian rocks.

The western and central parts of the Sheet area, with extensive black-

soil plains formed on flat-lying to gently dipping Phanerozoic sediments of the

Georgina Basin succession, are well-served by a network of station tracks.

Population and industry

One homestead, Oban, and one outstation, Mount Guide, accommodate the

permanent population of the Oban Sheet area. The sole industry is cattle-

raising, which is carried out chiefly on the Mitchell grass plains of the

western two-thirds of the Sheet area. All mining operations in the area, eg.

at Mount Guide, Mount Annable, Bald Hill and Blue Hills, are now abandoned.
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Object

The aims of the survey were to:

(1) present a geological map at 1:100 000 scale

of the Precambrian rocks;

(2) reassess the stratigraphy, structure,

petrology, and economic potential of the

Precambrian rocks, and present an interpretation

of the geological history of the region;

(3) undertake a geochemical examination of selected rock

units.

Present investigation

This report presents the results of semidetailed mapping of the

Precambrian rocks in the Oban 1:100 000 Sheet area, mainly by the authOr while a

member of joint Bureau of Mineral Resources (BMR) and Geological Survey of

Queensland (GSQ) field parties in 1975 and 1976. Reconnaissance traverses were

made by C.M. Mock in 1975 and a series of closely spaced vehicle and foot

traverses with some helicopter 'spot-checking' saw the completion of mapping of

the Precambrian rocks in 1976. The 1976 work was carried out by C.M. Mock with

significant contributions by R.M. Hill (especially on the Mount Isa Group), R.J.

Bultitude (BMR), and T.A. Noon (GSQ). The summary descriptions of the Cambrian

and Mesozoic rocks in the Sheet area are based on the work of de Keyser & Cook

(1972), de Keyser (1972), and Smith (1972), with additional information from

Rogers (1976), and Offenberg (1976).

Colour aerial photographs at a scale of about 1:25 000 were Used for

the detailed mapping. Black and white photographs at scales of 1:50 000 and

1:85 000 were used for the detection of large-scale structures. Soil boundaries

in the western part of the Sheet area were determined by colour airphoto-

interpretation.. The geological overlays were compiled by P.L. Blythe on photo-

scale bases enlarged from 1:100 000 topographic sheets.

About 200 thin sections have been examined, of which 50 were modally

analysed. XRD determinations were done by G.W.R.Barnes (BMR), using a Philips

PW 1010 diffractometer with graphite monochromator, and chemical analyses were

done by AMDEL by XRF, using a Philips PW 1220.
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Progress reports on the geology of the adjoining 1:100 000 Sheet areas

to the east and southeast (Duchess and Dajarra respectively) have been written

(Bultitude, Blake, & Donchak, 1978:- Blake', 'Donchak, & Bultitude,_ 1978). The

geology of the Mount Isa 1:100 000 Sheet area to the north, and that of the

Mary Kathleen 1:100 000 Sheet area, to the northeast, have been described by

Hill, Wilson & Derrick (1975), and Derrick & others (1974, 1977). .

References

Carter, Brooks, & Walker (1961) have compiled a comprehensive-

bibliography of work done to 1960 on the geology of the Precambrian belt of

northwestern Queensland. Reports relevant to the Oban Sheet area are listed in

the bibliography of this Record, together with reports of work done from 1960

to 1976. The aerial photographs, photomosaics, and maps available for the Sheet

area are listed in Table 1.

- TABLE 1. MAPS AND AERIAL PHOTOGRAPHS COVERING THE 

OBAN SHEET AREA 

1. Urandangi 1:250 000 topographic map, SF/54-5, Series R502,

Division of National Mapping, 1964.

2. Mount Isa-Cloncurry 1:500 000 Regional Series Map, Department of

Mines, Queensland.

3. Urandangi 4-mile (1:253 440) Geological Series SF/54-5, 2nd edition,

Bureau of Mineral Resources, 1958.

4. RC8 colour airphotos; 1:25 000, 1975._ -

5. RC8 colour airphotos, 1:25 000, (eastern half of Oban only) 1971.

6. RC9 black and white airphotos, 1:83 000, 1970.

7. K17 black and white airphotos, 1:50 000, 1947.

8. Oban orthophotomap, 1:100 000, compiled from RC9 airphotos, 1970.

9.^Oban photo-index, 1:100 000, compiled from RC9 airphotos, 1970.

Drainage and water resources'

The Oban Sheet area lies , entirely within the Georgina Basin drainage

system. (Stewart, 1954), which drains - inland into Lake Eyre. The southwesterly

flowing Moonah, Yappo, Kahko, and Waverley Creeks, tributaries of the Georgina

•
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River, rise in the eastern highlands, which are well-drained by an intensive

trellis pattern of small streams. A dense dendritic stream pattern

characterises the low - hills of the sandy granite country west of the highlands.

In the west, large streams crossing the Mitchell grass plains, eg. Moonah Creek,

follow mature braided or deeply cut single channels.

Most of the watercourses contain water only during and for a. few weeks

after the main wet season. Permanent or semipermanent surface water can be

found in a few waterholes on Moonah Creek, e.g. iidgewarra, and in rockholes . in

the eastern ridges. Earth dams, and tanks fed with bore water constitute the

main source of water in the Sheet area; in the western part the bores tap

subartesian water. in the sedimentary rocks of the Georgina Basin.

Climate

The following climatic details are taken from Slatyer & Christian

(1954). The area has an arid, subtropical monsoonal climate, in which the

seasons consist of a long dry winter and a short wet summer separated by brief

transition periods. Of the average annual rainfall of about 380 mm, more than

two-thirds falls between November and March, with the highest falls being in

January and February. Light rain is commonly received in early winter. The

winter season is characterised by southeasterly winds and relatively large

diurnal temperature variations. The annual average maximum daily temperature

is about 32 ° C, with November-February being the hottest months, and the annual

average daily minimum is about 16 ° C. June-August are distinctly cooler than the

rest of the year. Although the climate is monsoonal, the area is far enough

inland to enjoy relatively low humidities; mean relative humidity ranges from

24% to 45%.

Geomorphology and land systems

The following account is condensed from Stewart (1954) and Stewart,

Christian & Perry (1954). Three north-trending topographic zones cross the

Oban Sheet area: a series of planated ridges alongythe . eastern boundary of the

area, the hilly country, is separated from grassy plains in the western third

of the area, the Mitchell grass country, by a transitional zone of low rounded

foothills and undulating sandy plains, the southern, desert country. The eastern
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highland zone is part of a . major range that extends north and northwest from the

Oban Sheet area and forms the watershed between the Gulf of Carpentaria drainage

system to the nOrtheast and Lake Eyre drainage,system to the southwest.

The three topographic zones include six land systems (Stewart,

Al^Christian & Perry, 1954), shown in Figure 2. Each land system is an area of

unified topography, soil, and vegetation. The characteristics of the land

systems, including their relations to the topography and underlying geology,

are described briefly below and summarised in Table 2.

• Resistant Precambrian rocks form the eastern hilly country of steep-

sloped, immaturely-dissected ridges and plateaux separated by narrow V-shaped

valleys (Mount Isa land system). The ridges rise to 470 mi although local

relief is usually less than 100 m. The Cambrian and Mesozoic rocks within the•^hilly country are characterised by dissected mesa topography (Yelvertoft land

system) somewhat lower than the ridges. Their lateritised surfaces are remnants

of a Tertiary land surface (Grimes, 1972). The transititional southern desert

country is partly erosional and partly depositional - low, rounded granite hills•  (Waverley land system) rise from undulating plains (Bundella Land System) that

are covered with granite sand and post-Miocene coarse-textured alluvia derived

from the highlands. Finer-grained sediments have been deposited farther west,

where a thick black soil profile of post-Miocene fine-textured alluvia has•^developed on flat low-lying plains (Kallala and Moonah land systems).

Vegetation

1111^The interplay of geology, topography, soil, and drainage has produced a

variety of plant communities in the area. Perry & Christian (1954) described

ten major . communities that are represented in the Oban Sheet area. The dominant

members and habitats of the ten communities as described by Perry & Christian

are given below.
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TABLE 2. CHARACTERISTICS OF THE LAND SYSTEMS REPRESENTED IN THE
(MAN SHEET AREA

- Land system
^

Mount lsa
^

Yelvertoft
^

Waverley
^

Bundella
^

Kallala^Moonah

Symbol
^

WV
^

BN
^

KL^ MN

Geological
^

PC except Pgs
^

Pgs, M
^

Czs
^

Qf^Czr swamps
association

Dissected count-^Dissected count-^Dissected count-^Post-Miocene^Post-Miocene fine-
ry without later- ry with lateritic ry without later- coarse-textured', textured alluvia
itIc remnants^remnants^itic remnants^alluvia

Topographic
group

Geomorphological
unit

Sourthern^Southern^Mitchell
desert country^desert country^grass country

Mitchell grass
country

Post-Miocene fine-
textured alluvia

Hilly country
^

Hilly country

Geomorphological
^

Erosional
^

Erosional
^

Erosional
^

Depositional
^

Depositional^Depositional
subdivision

Description Rugged hilly
^

Undulating, some
country with N-S

^
rock outcrops,

ridges; mostly
^

but mostly skele-
rock-outcrops or

^
tal soils or

skeletal soils;
^

truncated lateri-
tic red earths;

some small alluvial valleys; mostly
lightly timbered E. brevifolia (+
E. dichromophloia)  woodlands; much
spinifex, some pastures in valleys;
rainfall 250-750 mm; high ridges
served by rock springs and water-
holes

Undulating to low • Undulating with
hilly country

^
some rock out-

with some rock
^

crops; mostly
outcrops; mostly

^
light-textured

light-textured
^

'Bundella''
skeletal soils

^
soils with low

with low scrub^scrub and
spinifex, E.^spinifex,
brevifolia^Eucalyptus ar-
woodland;^gillacea - E.

terminalis shrub
woodland;

Small depressions with alluvial
soils and better pastures; average
rainfall 250-410 mm; surface water
very poor, sub-artesian water
generally available

Very large, very gently undulating
heavy black-soil plains; heavy brown
pedocals;

• 'red soil' rises
with Georgina
alluvial red-
brown earths;

-
Astrebla pectinata grassland or Acacia 
cambagei-A. pectinata woodland,

and A. cambagei 
shruTwoodland

but mostly treeless Barley Mitchell
grass pastures; . boggy.when wet; average
annual rainfall 250-430 mm;^widely
spaced non-permanent streams, few
permanent water-holes, adequate sub-
artesian water at less than 150 m depth

• •^• •
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•
The skeletal soils of the quartzite ridges and granite hills.support

a Sparse ground cover of soft and hard zpinifex tussocks (Triodia pungens and

T. mblesta) and scattered short grasses such as kerosene grass (Aristida:

411^arenaria), interspersed with low acacias, such as turpentine (Acacia

lysiphloia), and eucalypts, mainly snappy gum (Eucalyptus brevifolia). .The tree

layer is denser on the lower slopes, where silverleaf box (Eucalyptus pruinosa)

is associated with Hakea aborescens, corkwood (H. lorea), vine tree (Ventilago

• viminalis), mulga (Acacia aneura),.beefwood (Grevillea striata), and whitewood

Atalaya hemiglauca). The shallow stony soil is colonised by a sparse grass

dominated by Aristida pruinosa and kangaroo'grass (Themeda australis). Creek

beds, valley floors, and alluvial flats throughout the Sheet area are delineated .

• by clumps of dark-leafed gidyea (Acacia cambagei), with scattered low eUcalypts

and shrubs. A shrub-woodland community of low eucalypts, such as western box

(E. argillacea) and bloodwood (E. terminalis), together with shrubby acacias

and spinifex, grows on the sandy plains west of the highlands. The poorly

• drained black-soil plains in the western part of the Sheet area are covered by a

thick mat of Mitchell grass (Astrebla pectinata—and A..elymoides) interspersed

with Flinders grass (Iseilema spp.). Near major watercourses, eg, Moonah Creek,

the flat grassland horizon is broken by an occasional spreading coolibah

• (Eucalyptus microtheca), or a stately red river gum.

Nomenclature

• Igneous rocks in the Oban Sheet area are classified according to their

modal compositions, using the terminology of Streckeisen (1973). Acid intrusive

rocks are classified according to their relative modal proportions of quartz

(Q), albite + orthoclase (Ab + Or), and anorthite (An) (see Fig. 6). Alkali-

• feldspar prefixes are applied in order of increasing abundance towards the toot-

name (eg. 'granite', 'granodiorite', etc) to indicate whether sodic or potassic

alkali-feldspar predominates. Commonly, granitic rocks that fall in the same

field using Streckeisen's scheme show marked differences with respect to

• abundance and relative proportions of mafic minerals. Where the abundance of

non-essential minerals is greater than about 10 percent, descriptive qualifiers

are added to the root-name - eg. 'biotite-albite-microcline granite' 'describes

an alkali feldspar granite with more microcline than albite, and between about

• 10 and 20 percent biotite.
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Sedimantary rocks are classified according to their modal compositions

and grainsizes, using the terminology of Packham (1954) and Crook (1960) as

modified by Folk (1968). Thus, psammites with less than about 10 percent

labiles (feldspars, rock fragments, ferromagnesian minerals and chlorite) are

orthoquartzites; those with between 10 and 25 percent labiles are sublabile

sandstones, or, where appropriate, feldspathic sandstones; and those with more

than 25 percent labiles are arkoses if rock fragments are mainly felspathic,

or grevwackes if rock fragments are mainly ferromagnesian. The term 'quartzite'

has been used as a field name for recrystallised sandstones (that have not been

modally analysed).

Metamorphic rocks are named for their metamorphic textures and facies-

diagnostic minerals, following the terminology of Joplin (1968) and Spry

(1969).

All mineral qualifiers are ordered in increasing abundance towards the

root-name.

Textural terms for igneous and metamorphic rocks are applied in the

sense used by Joplin (1968, 1971) or by Spry (1969).

Grainsizes are determined from the following scheme:

coarse-grained:^ >3 mm average grain diameter

medium-grained:^ 1-3 mm average grain diameter

medium to fine-grained:^0.3-1 mm average grain diameter

fine-grained:^ 0.05-0.3 mm average grain diameter

STRATIGRAPHY 

The Precambrian rocks of the Oban Sheet area are part of the Cloncurry

Complex (Carter & others, 1961) of Carpentarian or older age, and belong to the

Mount Isa Orogenic Domain (GSA, 1971). The domain consists of two north-

trending basins - the Eastern and Western Geosynclines of Carter & others

(1961), containing the eastern and western successions of Derrick, Wilson & Hill

(1976a) - separated by an elevated basement block of granitic and acid volcanic

rocks (Plumb & Derrick, 1975). The metamorphosed sedimentary and volcanic rocks

exposed in the Oban Sheet area form part of the western succession. Some of

the younger units known from the western succession in the Mount Isa Sheet area

to the north were either not deposited in the Oban Sheet area or have been

eroded. The stratigraphy of the Oban 1:100 000 Sheet area is summarised in

Table 3.
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A north-trending metamorphic unconformity, which in the Mount Isa Sheet

area coincides with the: Mount Isa Fault (Hill:& : others, 1975) . , divides the

western succession in4-the-northern -part of the -:Oban -Sheet!area into two similar

sequences. The westerly sequence has been metamorphosed to a higher grade than

has the easterly sequence; therefore a separate system of nomenclature has been

applied to the westerly sequence (see map legend). The difference in meta-

morphic grade between the sequences decreases southwards, however; for this

reason a single system of nomenclature has been used throughout the Southern

part of the Oban Sheet area, that of the sequence east of the Mount Isa'Fault

in the northern part of the Sheet area.

Stratigraphic nomenclature follows that of Carter & others (1961), as

modified by Hill & others (1975), Derrick & others (1974, 1976a, b), and Cavaney

(1975) in their mapping to the north and northeast of Oban. The modifications

to the nomenclature of Carter & others (1961) that are relevant to Oban are

summarised below.

(a) The Mount Guide Quartzite has been subdivided into two informal members

(Derrick & others, 1974, 1967a), both of which are extensive on Oban.

The lower member has since been mapped as a separate formation in the

easterly adjoining Duchess Sheet area (Bultitude, Blake, & Donchak,

1978) and is informally referred to here and shown on the accompanying

map as the Malbon Vale Formation*. Some outcrops shown as Eastern

Creek Volcanics by Noakes, Carter, & Opik (1959) have been remapped

as part of this formation.

(b) The Eastern Creek Volcanics east of the Mount Isa Fault have been

divided into three formal members, the Cromwell Metabasalt Member, the

Lena Quartzite Member, and the Pickwick Metabasalt Member (Derrick &

others, 1976a).

* This unit, has been formally named the Yappo Formation (Bultitude & others,

1978) as the name 'Malbon Vale Formation' has not been approved, because of

its similarity to 'Malbon Group'.

•

•
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TABLE 3. SUMMARY OF THE STRATIGRAPHY OF THE OBAN SHEET AREA

Age^Group
^

Rock unit^Symbol
^

Litho logy
^

Stratigraphic relations
^

Topography
^

Remarks

c.)

Qra

Qf

Czs

Czr

river bed gravel and sand

black soll; fine alluvium

residual sand and silt;
quartz and feldspar rich

medium-grained alluvium;
quartz sand and silt

unconsolidated present-
day river bed deposits

Mitchell and Flinders
grass black-soil plains

unconsolidated cover on
plains and foothills

flood plain and former
stream channel alluvium

distinguished on mappably
wide stream beds

extensive in western half
of Sheet area

best developed on granit1
terrains

pebble conglomerate, silt-
stone, claystone, ferruginous
quartzose sandstone, chert;
silcrete, ferricrete cappings

mesa cappings almost exclusively caps
Cambrian sediments;
Cambrian commonly exposed
on slopes of Mesozoic
capped mesas

INCA
FORMATION

BEETLE
CREEK
FORMATION

low flat-topped hillsCmi^shale, siltstone, chert

Cme
^

lower member of black and
white banded algal and vuggy
quartzitIc chert, siltstone,
coquinite, spiculite; upper
member of brown, locally
phosphatic quartzose silt-
stone, chert, shale

conformable on Beetle Creek
Formation; laterally equivalent
to Georgina Limestone and other
formations

transitional upwards into Inca
Fm; lower member laterally
equivalent to Thorntonia Ls;
upper memberconformable on
Thorntonia Ls; unconformable on
Precambrian

represents silt-shale-
chert lithosome

represents chert-silt-
stone-limestone-phos-
phate lithosome
(Cambrian shown on map is
subsurface to a thin
capping of Mesozoic).

THORNTONIA^Cmt
LIMESTONE

grey platy dolomite, dolomitic transitional upwards into Beetle
limestone with chert nodules^Creek Fm; unconfonmable on^.
and layers^ Precambrian

represents dolomite-lime-
stone-chert-coquinite
lithosome

RIVERSDALE^Cmh
^

pebble conglomerate, red
^

unconformably overlain by
^

represents basal sand-

FORMATION
^

conglomeratic sandstone,^Thorntonla Ls; unconformable on
^

stone-conglomerate-silt-
red micaceous siltstone,^Precambrian

^
stone lithosome

porcellanite

•^•



Rock unit^SymbolGroup Stratigraphic relationsLitho logy Topography Remarks

boUldery rises in granite
terrains; valleys In
sedimentary rock terrain

Includes products of
minor basic. igneous
activ-ity that accompanied
deformation of Mount Ise
Group

do^dolerite, metadolerite,
amphibolite

NATIVE BEE^Ein
SILTSTONE

' small area of outcrop on
boundary of Oban Sheet
area identified .as Pin
because of continuity with
adjacent Mt Ise Sheet
area, and presence of
possible chert marker

bedded carbonaceous sericItic
siltstone, minor .chert

conformable on or faulted against poor outcrop; broad
Breakaway Shale;^ gentle valleys between

shale ridges

•

Erw3fGUNPOWDER

CREEK^eht3

Erw l

TABLE 3 (continued)

brown, purple E. grey laminated
carbonaceous serlcitic silice-
ous shale.

dolomitic slltstone, quart-
zitic siltstone, ferruginous
siltstone, calcareous shale

conglomeratic quartzite
quart zose arenite, micaceous
quartzite, ferruginous quart-

, zone sandstone

conformable onMoonclarra Silt-
'Stone; faulted'edainst Eastern
Creek Volcanics and Myally Sub-
group

conformable on Warrina Park
Quartzite

unconformable on Myally Sub-
group; unconformable on or
faulted against Eastern Creek
Volcanics

ferruginous siltstone, sand-
stone, conglomerate •

cleaved black:carbonaceouS
shale, laminated silty and
micaceous shale

feldspathic sandstone, orange
micaceous quartzite schist
with basal pebble beds, grey
pelitic schist

top not exposed; conformable on
Er w3

.disconformable on Erw 1

unconformable on Carters Bore
Rhyolite, Myally Subgroup, and
Phe

low hills

valleys

low jagged rises

,

BREAKAWAY^.Eib
SHALE

,

..M(X)NDARRA^Elm
MTSTONE

WARRINA^Eiw
PARK

QUARTZITE

low sharp ridges
•

broad valleys covered
with kerosene grass

'sharp, jagged ridges

FORMATION



Rock unit^SymbolGroup Stratigraphic relationsLitho logy Topography Remarks

Egs4 Intrudes Egs i shown by screen on mapfeldspar-muscovite-quartz--
beryl pegmatite

• • •
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TABLE 3 (continued)

massive or foliated fine to
medium even-grained biotite
granite

massive or foliated coarse
porphyritic biotite granite

do^metadolerite, amphibolite

Intrudes Ehe, Egs i

Intrudes Ehg, Ehe, - and probably^tors, low hills set in -

Ehj^ undulating sandy plains

valleys between quartzite
ridges

shown by screen on map;
distinguished from micro-
granite dykes as being
larger and stock-like

foliated, kaolinized , pink
porphyritic rhyolite

silicified quartzite,
quartz-sericite schist,
feldspathic quartzite

sandstone, quartzite, pelitic
schist, quartz-sericite
schist, actinollte schist,
mica schist, gneiss

quartzite, feldspathic
quartzite, slitstone, feld-
spathic arenIte

metabasalt, amphibolite, mica
schist, hornblende schist

quartzite, epidote quartzite,
pelitic schist, cordierite
schist

quartzite

conformable on Eastern Creek
Volcanics

conformable on Eastern Creek
Voicanics; top not exposed In
Oban Sheet area

lenses in ehe„

nterbed In Ehe -

poor outcrop; low rubbly
rises

low sharp-peaked ridges

moderately rugged ridges

undulating

as for Ehe

Identified as Ehj i on
basis of continuity with Mt
Ise Sheet, lithology, &
relation with underlying he

not subdivided because section
Is thin & cannot- be directly
correlated with type section

undivided, high-grade
sequence west Of Mt Asa
Fault

shown by screen on map

Ehj:

Ehj i

Ehm

Ehe

Ehe
q

Ehe
s

Ehr probably unconformable on Judenan Jagged hills
Beds; unconformably overlain by
Gunpowder Creek Fm; possibly
comagmatic with Sybella Granite

disconformable on Eastern Creek
Volcanics; unconformably overlain-
by Mt Ise Group; faulted against
Ehv, Ehg

conformable on Rhg; conformably
overlain by Ehj, Ehm

prominent ridge^marker quartzite in he

2
0

SYBELLA

GRANITE

Egs3

egs i

MYALLY
SUBGROUP -

CARTERS.
BORE
RHYOLITE

JUDENAN

BEDS
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TABLE 3 (continued)

Age^Group^Rock unit^Symbol^Lithology^Stratigraphic relations^Topography^ Remarks

PICKWICK^Ehp^basalt, metabasalt, amyg^_conformably overlain by ehm,^undulating
METABASALT^daloidal metabasalt^conformable on ehl
MEMBER

Ehp^feldspathic sandstone, shaly^lenses in ehp
q^siltstone, calcareous

quartzite l pebble beds,
limestone, quartzite,
micaceous quartzite

as for Ehp^shown by screen on map

LENA^fhl^variable; maroon feldspathic^conformable on Ehc; conformably^distinctive ridges
QUARTZITE^quartzite, shaly sandstone,^overlain by ehp
MEMBER^ brown pebbly micaceous sand-

stone, white quartzite

CROMWELL^ehc^metabasalt, amygdaloidal meta- conformable on Mount Guide^undulating
METABASALT^basalt, flow-top breccia^Quartzite
MEMBER

Ehc^quartzite, epidote quartzite,^lenses in ehc^ as for Phc^shown by screen on map
micaceous quartzite

MOUNT^ehg^feldspathic quartzite, ortho-^conformable between he and ehv^rugged ridges, with
GUIDE^ quartzite^ planated tops,
QUARTZITE^ moderate ridges

MALBON^Ehv .^feldspathic micaceous^base not exposed^ undulating country
VALE^ sandstone, greywacke, sub-

abile arkose, conglomerate,
micaceous siltstone, minor
basalt
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(c) The Myally Subgroup (Derrick & others, 1976a), previously the Myally

Beds, has not been subdivided in the Oban Sheet area; areas in the

south previously mapped as Mount Guide Quartzite are mapped in this

study as Myally Subgroup.

(d) The Malbon Vale Formation, the Mount Guide Quartzite, the Eastern Creek

Volcanics, the Myally Subgroup, and their equivalents make up the

Haslingden Group of Derrick & others (1976a).

(e) A formation defined by Hill & others (1975), the Carters Bore Rhyolite,

is present in the northern part of the Sheet area.

(f) The Mount Isa Shale (Carter & others, 1961), redefined as the Mount

Isa Group by Bennett (1965), is now taken to include the Warrina Park

Quartzite as its basal formation (Derrick & others, 1976b). This

formation was formerly referred to as the Quartzite Marker of the

Myally Beds (Bennett, 1965). Only the three basal formations of the

Mount Isa Group crop out in the Oban Sheet area. The extent of outcrop

of the group is greater than was shown by Noakes & others (159).

(g)^A small area in the north previously mapped as Judenan Beds is now

mapped as Gunpowder Creek Formation, a unit of the McNamara Group

(Cavaney, 1975).

The rocks of the Cloncurry Complex were assigned to the Lower

Proterozoic by Carter & others (1961), but subsequent isotopic age deter-

minations (Richards, 1966; Farquharson & Wilson, 1971; Page & Derrick, 1973)

have shown that the western succession belongs to the Carpentarian System (1800-

1400 m.y.) as defined by Dunn, Plumb, & Roberts (1966).

CARPENTARIAN

Haslingden Group

In the Oban Sheet area, the Haslingden Group is overlain unconformably

by the Mount Isa Group east of the Mount Isa Fault and by the Gunpowder Creek

Formation west of the fault. The Carters Bore Rhyolite may also be uncon-

formable on the Haslingden Group (Cavaney, 1975). The group comprises, from
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the base, the .Malbon -Vale Formation, the Mount Guide Quartzite, the Eastern

Creek Volcanics, and the Myally Subgroup and laterally equivalent Judenan Beds.

The Sybella Granite intrudes the group, thereby_setting for_it a

minimum age of 1650 m.y. (Page & Derrick, 1973); the Haslingden Group is•

^

^
younger than granite and metavolcanics of the Leichhardt4<alkadoon basement

block to the east, dated at about 1860-1780 m.y. (Page, 1976).

Malbon Vale Formation (P.hv) •
The Malbon . Vale Formation (informal name) is equivalent to the lower

Mount Guide Quartzite of Carter &.others (1961) and Derrick & others (1974,

1976a, 1977), but it has been delineated as a separate formation (formally

• defined by Bultitude & others (1978) as'the 'Yappo'FOrmation') in the Oban,

Duchess, and Dajarra Sheet areas. The 'Mount Guide Quartzite' Corresponds to the

upper Mount Guide Quartzite, using the terminology of Derrick ByAhers (1974,

1969a, 1977). The Malbon Vale Formation is most extensive in the southeastern

• corner of the Oban Sheet area, where immature sandstone,.greywacke, and
2

conglomerate of the formation cover about 120 km of low, hilly country. It

also crops out in the northeast.

The belt of Malbon Vale Formation in the southeast was mapped by Carter

• & others (1961) as part of the Eastern Creek Volcanics. The abundance of
dolerite dykes, the presence of intercalated basalt flows, and the gentle topo-

graphy associated with Bhv produce an airphoto-pattern'very similar to that of

the volcanics.•
Stratigraphic relations: The base of Bhv is not exposed in the . Oban Sheet area,

where, as elsewhere, the formation is conformably overlain by the Mount Guide

Quartzite. In places the contact is transitional, but it is generally marked•^by a sharp lithological change from friable micaceous sandstone to feldspathic

quartzite and by a correpsonding change in topography from low hills to

upstanding ridges . . Bliv is intruded by numerous dolerite dykes and sills, and

by rare porphyry dykes that may be equivalent to the Garden Creek Porphyry•^mapped in the adjoining Duchess and Dajarra Sheet areas.

Field occurrence and lithology: Ehv is exposed in the core of a broad north-

trending anticlinorium in the southeastern part of the Sheet area The anti-•

^

^
clinorial core is broken into large blocks by northwest-trending transverSe

faults with sinistral displacement and southerly downthrow. The transverse

. faults and associated shear zone cut across tight north-northeast-trending fold

axes, along which dolerite dykes have been intruded. As the base of Phv is not
I^,
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seen, its thickness cannot be estimated, but at least 1500 m , of section are

exposed. Dips throughout the Ehv block are shallow to moderately steep (30 ° -

60°).

The Malbon Vale Formation can be subdivided into four parts, each

consisting of a dominant lithological type interbedded with the other typees.

From the base, the main lithologies of each part are:

sublabile sandstone and arkose;

greywacke and conglomerate;

sublabile sandstone and siltstone;

quartzOse sandstone and siltstone.

The two lower parts predominate in the southern blocks of the Ehv belt; the

two upper parts predominate in the northern block. In all units, individual

beds are between 20 cm and 1 m thick.

The first (basal) part consists of saccharoidal brown to buff medium-

grained micaceous pebbly to conglomeratic sublabile sandstone, in which high-

angle cross-beds are defined by trails of opaque oxides or mica, and interbeds

of friable white to grey chloritic, micaceous conglomeratic arkose; black

siltstone; metabasalt; schistose sublabile sandstone; and mica schist. The

pebbles in the conglomeratic beds are of blue quartzite, white quartzite,

sandstone, epidotised sandstone, aplite, biotite schist, and granite.

The second part consists of greywacke and conglomerate, with minor

sandstone interbeds. The greywacke is well bedded, well sorted, and graded,

with some pebble beds; high-angle cross-beds are defined by trails of mica and

opaque oxides. The conglomerate consists of pebbles of granite, acid volcanics,

biotite-amphibole schist, quartzite, and sandstone in a dark blue matrix of

possibly partly volcaniclastic origin.

The third part consists of interbeds of friable brown to buff medium-

grained micaceous, ferruginous sublabile sandstone and white siltstone; the

sandstone is similar to the sandstone of the first part except that it is finely

parallel-laminated, the laminations being defined by bands of opaque oxides.

Pebbles occur sporadically.

The fourth (top) part, which grades up from the third part, consists

mainly of interbeds of siltstone and massive ferruginous quartzose sandstone

with negligible micaceous content; it also contains interbedded basalt and

greywacke. Interbeds of white quartzite and siltstone increase in abundance

upwards in both the third and fourth parts.
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'
Along shear zones, bedding is destroyed, and rocks become schistose

and quartz-veined; crenulation cleavage is commonly developed. .

Dolerite-dykes-intruding Bhv are bordered by aureoles of -contact- =-

metamorphosed blue quartzite.

Petrography: The volume percent compositions of samples of Ehv are shown in

Table 4 and plotted in Figure 3. Sublabile muscovite-bearing sandstone of the

lowermost unit consists of a mosaic of medium, even-grained irregularly-shaped,

polygonal quartz grains (50-70%, 0.05 to 0.1 mm diameter) whose boundaries and

boundary junctions are marked by muscovite flakes. Biotite and opaque oxides

are local accessories.

Chloritic quartzite shows a polygonal mosaic of quartz grains (80%)

in two size groups: grains less than 0.01 mm diameter are interstitial to

grains of 0.05-1 mm diameter. Elongate flakes of pale green chlorite are

randomly scattered through the quartz grain aggregate.

The blue greywackes consist of rock fragments in a well-packed and

mostly recrystallised matrix of quartz, muscovite, biotite, microcline, epidote,

opaque oxides, sphene, zircon, and apatite. The quartz grains in the matrix

fall into two size groups: small grains (0.05 mm) are angular in shape but with

rounded corners and large grains (1 mm) are more irregularly shaped and sharp-

cornered. The pebbles in the greywacke include some euhedral microcline

crystals and aggregates, and quartzite. The granite pebbles have generally

retained an allotriomorphic granular texture which can be distinguished from

the recrystallised sedimentary texture of the matrix.

The overall texture and mineralogical and chemical composition of the

conglomerate (see Table 5) aresimilar to t:thoss'of a granite. Pebbles

consisting of quartz and euhedral twinned microcline . form up to 25 percent . of

the rock and are set in a matrix of recrystallised polygonal quartz, microcline,

Opaque oxides, biotite, apatite; zircon, epidote, and clinozoisite. The matrix

is parallel-foliated'and locally segregated into mafic-rich bands. The quartz

grains are irregularly shaped and sharp-cornered. These appears to have been

minimal reworking of a granitic SouilCe to produce the matrix of the conglo-
•

merate.

•
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TABLE 4.^VOLUME PERCENT COMPOSITION OF THE MALBON VALE FORMATION •
Mineral Sample 1. 2. 4. 5. 6. 7. 8.
Grouping No

Mineral 1017B3 1017D 1018 1263A 1263B 1275A 1267A 1277

•
Quartz 52.8 35.2 68.4 42.7 41.4 72.7 32.1 50.6

K-feldspar 9.5 36.7 31.1 19.3 48.2 24.6

Plagioclase 8.1 9.7 2.3 3.0 5.6 6.0 6.0

Biotite 14.7 12.6 4.5 9.9 23.5 12.0 4.0 •
Muscovite 2.0 4.4 5.0 2.0 0.4 1.7 6.4

Opaques 3.7 0.4 1.4 3.6 6.2 6.6

Epidote 8.8 5.1 6.8 8.4
1.8

Sphene 1.0 0.4

Zircon 0.2

Apatite 0.4 0.2 0.3

Calcite 0.2

Stilpnomelane 1.5

Chlorite 1.6 0.6

Muscovite 5.5 21.7 •

Biotite 4.5

Minerals are grouped in order to plot
samples in QLM and QFR - diagrams (Folk,
1968) (Figures 3 & 4); apices in the^41
QLM diagram are: Q - quartz, including
chert and quartzite pebbles; L - labiles,
including feldspar, rock fragments,
ferranagnesian minerals, etc: M-
Apices in the QFR diagram are: Q - quartz,
including chert and quartzite pebbles; F-
feldspar, granite and gneiss gragments; R - 41O
all other rock fragments, ferromagneeian
minerals, etc.

2. Sample numbers 1. to 8. refer to Figure
3.

3. Sample. numbers are second half of BMR
registered numbers.

Key:
^

1. 1017B: dark feldspathic greywacke
2. 1017D: dark conglomeratic arkose
3. 1018 : micaceous arenite
4. 1263A: volcanic arkose
5. 1263B: dark feldspatholithic greywacke
6. 1275A: micaceous quartzose arenite
7. 1276A: feldspathic arenite
8. 1277 : lithofeldspathic arenite



quartzose
arenite

25^10

•4

7 .

6 quartzose
arenite

feldspathic I lithic‘

SUBLABILE ARENITE
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( A R KO SE

/feldspathic^lithofeldspathic

(GREYWACKE

feldspotholithic\^lithic

Fig. 3 Classification of the Malbon Vole Formation in M LR and o0 F R diagrams
( Folk, 1968). For explanation of diagram apices and sample
numbers see Table 4

Record 1978/87 F54/A6/55
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•

TABLE 5. CHEMICAL ANALYSES OF THE MALBON VALE FORMATION
!

Sample No.^1.^2.^3.

1017A
^

1263B^1263C

SiO^68.06^66.48^68.41
2

TiO^1.52^.97^.74
2

Al 0^12.48^12.77^13.08
2 3

Fe 0
2 3

5.63 5.62 3.93

FeO 1.17 1.36 1.21

Mn0 .09 .08 .06

MgO 1.26 1.74 1.49

CaO 3.81 2.62 2.77

Na 0 2.30 2.42 2.50
2

K 0 3.10 4.47 4.38
2

P 0 .12 .17 .13
2 5

co .10 .05 .05
2+

H 0 .81 .64 .64
2-.
HO .02 .06 .03
2

Total 100.47 99.40 99.42

Key: 1, 1011A;: Bhv, feldspathic greywacke

2. 1263B; Bhv,. feldspatholithic greywacke

. 3. 1263C; Ehv, feldspatholithic greywacke

•

•

•
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Discussion: The sediments of Ehv are extremely immature, as they contain a high

proportion of feldspar, mica, and rock fragments, and the mineralogical composi-

tion of the feldspathic greywackes is almost identical to that of a granite.

The immaturity of the sediments, the nature of the rock fragments, and the

occurrence of high-angle cross-bedding point to rapid deposition in a high-

energy environment close to a rapidly eroding source area of acid igneous rocks

- the Kalkadoon-Leichhardt basement block to the east. That the depositional

regime Was subject to rapid lateral and vertical variations is evident from the

variations in sediment type, and lateral thickness variations. Sporadic basic

volcanic activity occurred concomitantly with sedimentation. ,

The environment inferred from the nature of Ehv in the •ban Sheet area

agrees with.that of Derrick & others (1974, 1977) and Glikson, Derrick, Wilson,

& Hill (1976), who concluded from mapping in the Mary.Kathleen 1:100 000 Sheet

area that Ehv was deposited in a tectonically active area adjacent to a rising

tectonic welt to the east.

Mount Guide Quartzite (hg) 

The Mount Guide Quartzite was defined by Carter & others (1961) and

subdivided into two units by Derrick & others (1974, 1976a, 1977). The two

units have since been given separate formation status in the Duchess and Oban

Sheet areas, the lower unit being the Malbon Vale Formation and the upper unit

the (new) Mount Guide Quartzite. The Mount Guide Quartzite forms north-trending

ridges of resistant orthoquartzite and feldspathic quartzite, and covers about
2

160 km along the eastern margin of the Sheet area. Probable Mount Guide

Quartzite is also exposed in the north along the western edge of the

Precambrian.

In the northern part of the Sheet area the formation is exposed in two

north-trending anticlinoria flanking a broad synclinorium of Eastern Creek

Volcanics. In the southern part of the Sheet area, Rhg is exposed as two

elongate fold limbs overlying the anticlinorial zone of Malbon Vale Formation.

A belt of quartzite north and south of the Waverley Creek Tank mapped

as Mount Guide Quartzite by Noakes and others (1959) has been remapped as Myally

Subgroup, as it conformably overlies Eastern Creek Volcanics in this area, and

is intruded by fewer basic dykes than is the Mount Guide Quartzite.
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Stratigraphic relations: The Mount Guide Quartzite rests conformably on the
. _

Malbon Vale Formation, and is conformably overlain by the Eastern Creek

Volcanics., Thg , is-intruded by swarms of dolerite dykes. - Two stocks of grey

porphyry of possible Sybella Granite affiliation intrude - Ehg at its contact with

- Phv in the southeast.

Field occurrence and lithologv: The formation shows tight to isoclinal folding, .

as indicated by frequent dip reversals, along the north-northeast-trending axes;

axial-plane fractures have localised most of the numerous dolerite dykes that

intrude Ehg. Blocks of Ehg within the fold belt are locally offset along north-

northwest-trending faults. Beds - dip steeply but are overturned at only one

locality, 0 402498*, where the limbs of a tight anticline are oversteepened.

The maximum thickness of hg in the Sheet area is less than 1500 m, Which is

considerably less than in the Mary Kathleen Sheet area (Derrick & others, 1974,

1977), where up to 6200 m'of Malbon :Vale Formation equivalent and Mount Guide

Quartzite are exposed. The Mount Guide Quartzite in the Oben Sheet area may

represent a thinner sequence deposited near the edge of the depositional basin.

. Although contacts between Ehg and the overlying Eastern Creek Volcanics

are faulted in many places, the faults phase out into conformable contacts along

strike and apparently little - or no Section is missing.

The lithology of Ehg is generally uniform but an overall upward

transition from predominantly feldspathic quartzite to predominantly

orthoquartzite can be traced.- These two rock types are compared in Table 6.

The feldspathic quartzite is buff to cream, thin to medium parallel-bedded,-

medium-grained, and rarely locally epidotised. In many places, and more

commonly westwards, it is multiply jointed; joint planes are usually

ferruginised. Intercalations of brown feldspathic sandstone, siltstone and

shale occur, more commonly in the lower part of the section. The orthoquartzite

is thicker bedded and is characterised by high-angle cross-beds.-

! Su= grid references, shown as six digits prefixed by '0' (Oban), refer to

the accompanying map.

•
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TABLE 6. COMPARISON OF UNITS OF THE MOUNT GUIDE QUARTZITE

Classification^buff feldspathic quartzite^white orthoquartzite

Topography^low .^ _high

rounded ridges and broad
^planated ridges and sharp

valleys^ valleys

Photo pattern^buff photo pattern^white to pale green

Vegetation^dense, tall^ sparse, short

Bedding^thin to medium-bedded; low^medium to thick-bedded;
angle X-bedded sets of thin

^high-angle curved X-
parallel-laminated beds

^bedding'defined'by heavy
defined by heavy minerals^.minerals
or iron-staining

Sedimentary
features

Fracture

Distribution

ripple marks and mud-cracks
common

slabby or rubbly

occupies roughly three-
quarters of areal extent of
Phg in Oban Sheet area

mud-cracks common

spherical or blocky

occupies roughly one-
quarter of areal extent
of Ehg in Oban Sheet.
area

Both the transition from the immature sediments of Phv to the lower

unit of Ehg and then to the upper unit of Bhg represent increasing maturity of

the source area, and stabilisation of the depositional environment. The clean

quartzites of Ehg probably represent shoreline sands.

Eastern Creek Volcanics (Elle) 

The Eastern Creek Volcanics (Ehe) were defined by Carter & others

(1961) as a sequence of metabasalt and intercalated metasediments. Robinson •

(1968) subdivided the sequence into four members, based on the distribution

of the sedimentary intercalations. Later Derrick and others (1974, 1976a, 1977)

combined the two lowermost units of Robinson's subdivision so that three members

are now recognised: a relatively thick basal metabasalt unit, the Cromwell

Metabasalt Member (Ehc), is separated from a thinner, upper metabasalt unit,

the Pickwick Metabasalt Member (Bhp), by a prominent quartzite marker bed, the

Lena Quartzite (hl). This threefold subdivision is followed east of the Mount

Ise Fault, where the formations are metamorphosed to greenschist grade. West

•
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of the fault Ehe is metamorphosed to amphibolite grade and its stratigraphic

relations are obscured. In the southern part of the Oban Sheet area, the Mount

Isa Fault cannot be traced with certainty, and, as the metamorphic discontinuity

across it is not evident, it is taken to have less fundamental significance in

this area. The basalts have not been subdivided west of the fault or in the

southern part of the Sheet area, and a prominent quartzite lens, probably

equivalent to Ehl, is shown on the map as Ehe •

Minor quartzite lenses within Ehe, Ehc, and Bhp are shown on the map as

he , Ehc and Ehp respectively.
2

The Eastern Creek Volcanics cover a total of 180 km in the Oban

Sheet area, most of this being occupied by the Cromwell Metabasalt Member.

The Cromwell Metabasalt Member and undivided Ehe form low undulating

hills which contrast sharply with the prominent cuestas of the Lena Quartzite

and Ehe . The Pickwick Metabasalt Member produces topography similar to that

of the Cromwell Metabasalt Member, but with slightly higher relief due to the

greater proportion of interbedded sediments.

Stratigraphic relations: In the Oban Sheet area, as elsewhere (Derrick &

others, 1974, 1977; Hill & others, 1975; Wilson & others, 1977), the Eastern

Creek Volcanics conformably overlie the Mount Guide Quartzite. The Lena

Quartzite Member conformably overlies the Cromwell Metabasalt Member and is

conformably overlain by the Pickwick Metabasalt Member. The Pickwick Metabasalt

Member is unconformably overlain by the basal formation of the Mount Isa Group,

the Warrina Park Quartzite. The Warrina Park Quartzite and also the Myally

Subgroup locally disconformably overlie the Cromwell Metabasalt Member. West

of the Mount Isa Fault, the base of the Eastern Creek Volcanics is not exposed

in the Oban Sheet area, but it is in the Mount Isa Sheet area, where it

conformably overlies the Mount Guide Quartzite (Hill & others, 1975). The upper

contact west of the fault is mostly obscured by the younger Sybella Granite, but

in the northern part of the Oban Sheet area the formation is conformably over-

lain by the Judenan Beds and unconformably by the Carters Bore Rhyolite and

the Gunpowder Creek Formation.

Field occurrence: The Eastern Creek Volcanics are exposed in the keels or limbs

of broad north-trending synclinoria. Dips are variable but are usually less

than 50 ° . Most of the Eastern Creek Volcanics show evidence of low-grade

regional metamorphism and are cut by numerous narrow quartz veins.
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The Cromwell Metabasalt Member is the thickest unit of the formation,•^reaching a possible maximum thickness of 1000 m; the thickness-of Ehl is

everywhere about 500 m, and yhp is generally less than about 500 in thick. The

Eastern Creek Volcanics are thinner in the Oban Sheet area than in areas to the

northeast (Derrick & others, 1974, 1977; Wilson & others, 1977), possibly•^because of southward decrease in volcanic activity.

Lithologv: The Cromwell Metabasalt Member consists of variably altered massive

actinolite-plagioclase metabasalt, schistose epidote-chlorite metabasalt, and•^chlorite schist. Individual flows can in places be distinguished by their

densely amygdaloidal flow tops or, more rarely, by flow-top breccias. Quartz

and epidote occupy the amygdales. Flows are from 10 to 30 in thick, and, in the

upper part, are interlayered with blue or grey glassy quartzite, feldspathic•

^

^
quartzite, and epidotised sandstone; the sedimentary layers are between 5 and
20 in thick.

The Lena Quartzite Member is a lenticular unit that crops out

41

^

^discontinuously as three north-trending ridges. In the north a prominent ridge

of resistant maroon heavy-mineral-banded quartzite overlies the Cromwell

Metabasalt. The quartzite is cut by quartz-tourmaline veins. Farther south,

east of Mount Annable, the Lena Quartzite Member is represented by brown thin-

*^bedded shaly sandstone interbedded with white quartzite and brown feldspathic

micaceous sandstone containing quartzite pebbles. In the far south a ridge of

Lena Quartzite consists of white thin-bedded feldspathic quartzite with some

interbeds of buff pebbly siltstone and brown friable coarse feldspathic

41^sandstone.

The Pickwick Metabasalt Member, though similar in lithology to the

Cromwell Metabasalt Member, comprises basalt that is generally less altered,

41

^

^and sedimentary intercalations that are more abundant and more varied in their

lithology. East of Mount Annable, fresh amygdaloidal basalt and epidotised

metabasalt are interbedded with coarse-grained friable feldspathic sandstone;

shaly siltstone; dark blue calcareous quartzite with pebble beds; limestone;

41

^

^glassy grey, blue and white quartzite; epidotised quartzite; and schistose

micaceous quartzite.



-25-

_West of the Mount Isa Fault, the Eastern Creek Volcanics have been

metamorphosed to amphibolite grade. Wept of the Big River pegmatite and south

of Barnhams Dam they consist cif 'hornblende schists spotted Muscovite-biotite_

sdhists, and pelitic and quartzite schists, all showing vertical conjugate

jointing.

Basalt surrounding the elongate stock of Sybella Granite north of MOunt

Annable'shows a range of high-grade, low-pressure contact effects decreasing

gradually eastwards and sharply westwards. The rocks within the aureole all

show a strong north-northwest-trending foliaticin. Apart from themain granite

mass, numerous small stocks and dykes of leucogranite and white pegmatite also

intrude the VolcaniCa; directly adjacent to these small intrusions, the country

rock is massive amphibolite Which is commonly thinly veined, migmatitic style,

whereas away from the intrusions the rocks are brown or black Mica schists,

black hbrnblende schists, or cordierite schista._ Gneissic rocks in which

granitic bands alternate with micaceous or muscovite pegmatite bands are

commonly 'interbedded' with the schists.' Crenulation cleavage and kink-bands

in the schists are indicative Of multistage folding.

Except for minor shears and quartz veins, thermal effects are not

evident along any of the other contacts between Eastern Creek Volcanics and

Sybella Granite.

• he consists Of white thin-bedded orthoquartzite, and forms an

'almost continuous ridge from Kahk0 Creek to the southern margin of the Sheet.

area.

• Petrography: The volume percent compositions of samples of Ehc, Ehl, and Ehe

are shown in Table 1. The' least altered tesalts of EhO and BlIP are composed

of about 60 percent actinolite, clinozoisite and chlorite in. varying

proportions, and about 40 percent albite. The mafic minerals are usually in

• subradial to bubparallel fibrous aggregates Of laths, the'interstices'hetween

the laths being occupied by subhedtal orahhedral'untwinhed plagiOdlase.

Accessory minerals are ephene, quartz, biotite, relict clinopyroxene, and

hematite.

• The More metamorphosed basalts are even-grained with an average

grainsize of about 0.08mm.

•
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TABLE 7. VOLUME PERCENT COMPOSITION OF THE EASTERN CREEK VOLCANICS

ample ND. 1.^• 2. 3. 4. 5. 6. 7.^.
10048 1005. 1008 1054 1051 1157 1041G

Minera

Quartz 8.8 1.5 33.7 41.3 51.6 42.9 60.6

K-feldspar 0.4 1.1

Plagioclase 34.8 26.1 9.6

Hornblende 46.0(act) 34.8(act) 50.6 14.0

Clinozoisite 28.9 1.5 15.4 0.9 12.6

Biotite 8.3 0.5 28.1 6.8

Muscovite 36.0 24.2 2.1

Opaques 3.6 6.1 6.7 8.6 3.7

Sphene 6.8 6.3 5.8 2.3 1.0

Zircon 0.2

Apatite 0.2

Chlorite 0.6 1.7 0.5 3.7

Calcite 4.3 0.2 0.1

Tourmaline tr 0.5

Vesicles 1.0 5.0 8.0

+ actInolite

Key: 1. 1004B:Ehc; clinozoisitic metabasalt

2. 1005: Ehc; vesicular metabasalt, vesicles filled
with chlorite-sphene-plagioclase+quartz+biotite

3. 1008: Ebc; vesicular metabasalt, spherical vesicles
filled with quartz-hornblende-sphene-stilpnomelane-
biotite

4. 1054: Rhc n ; dark current-bedded, graded-bedded, micaceous clinozoisitic
litMic arenite

5. 1051: Ehl; foliated muscovite lithic arenite

6. 1157: Elle i coarse mica-feldspar-gneiss; alternate bands are muscovite-
bioilite schist and quartz-plagioclase-muscovite pegmatite .

7. 1041G: Ehe q ; foliated basalt/quartzite hornfels

•
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TABLE 8. CHEMICAL ANALYSES OF THE EASTERN CREEK VOLCANICS

1.

1002

2.

1054

3.

1167

SiO 50.88 60.84 69.52.
2

TiO 1.35 2.49 .1.00
2 .

Al 0 14.20 12.32 19.32
2 3

Fe 0 3• ?3 8.19 .69
2 3

FeO 8.50 1.89 2.99

MnO . .19 .09 .07

Mg0 5.89 2.96 6.85

CaO 8.64 5.17 .28

Na 0 3.2,5 2.94 .46

KO 1.02. 2.48 .74
2
P0 .16 .20 .18
25

CO .05 .10 .05
2+ -

HO 1,97 1.15 1.78
2 -
Ho .08 .05 .08
2

Total 99.41 100.87 100.41

1002.; Ehc,.vesicular metabasalt

1054; Ehc , micaceous
. q

3. 1167; he cordierite

clinozoisitic lithic arenite

schist
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The amygdaloidal basalts :Contain up to 20 percent vesicles. Vesicle

size ranges from 1 mm to 1 cm; vesicles are well rounded to amOeboid,

symmetrical, and filled with coarse-grained clinozoiaite and.quartz in varying

proportions, and accessory Minerals.

The occurrence of apparently primary quartz distinguishes the basalts

as tholeiitic.

Chemical analyses of a relatively fresh metabasalt and two sedimentary

intercalactions are shown in Table 8.

The association of actinolite, albite, and epidote (clinozoisite)

indicates that they have been metamorphosed in -the greenschist facies

(Miyashiro, 1973). At higher grades actinolite would be replaced by hornblende,

and plagioclase becomes more calcic, at the expense of epidote:

The schistose metabasalts are composed of actinolite, chlorite,

sericite, and clinozoisite in varying proportions.

Medium-grained well-sorted epidotised sandstones from the west side

of the Mount Isa Fault show a foliated or granoblastic polygonal Web texture

(see Spry, 1969, p. 187) in which a network of equant quartz grains encloses

nuggety epidote grains; the reverse relation is also present. Accessory

minerals are orthoclase, sphene, garnet, muscovite, zircon, allanite, and opaque

oxides. The assemblage indicates that the sandstones have been metamorphosed

in the lower,(albite-epidote-almandine) amphibolite facies (Mayashiro, 1973).

The amphibolites Within the Sybella Granite aureole north of Mount

Annable are composed of about 50 percent hornblende, 40 percent plagioclase,

and 10 percent quartz in a granoblastic polygonal aggregate. The tendency for

hornblende to mantle plagioclase may be relict ophitic texture. Grainsize of

both minerals is about 3 mm. Plagioclase is untwinned and carries abundant

poikilitic inclusions of quartz and hornblende.

Hornfelsic rocks occur close to the granite contact and appear to have

been derived from mixing of basalt, sandstone, and granite. The groundmass is a

recrystallised polygonal mosaic of quartz and feldspar. Up to 30 percent red-

brown biotite, acicular and euhedral opaques, cordierite, and garnet are

included in the groundmass minerals, forming a sieve texture. Retrogressed

sillimanite, consisting of masses of fibrous white mica with sillimanite cores,

was found in one sample at the contact.
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• The gneissic rocks within the aureole are most commonly composed of

a granitic component and a micaceous schistose component; layers of

leucopegmatite are present in places. The granitic component can be identified

as the coarse-grained porphyritic phase of the Sybella Granite. , The schistose

• layers consist of quartz, muscovite, and biotite arranged in sinuous foliae

winding through a groundmass of equant polygonal quartz, feldspar, and micas.

The leucopegmatite veins contain coarse-grained;quartz, alkali feldspar, and

usually some muscovite and epidote. Less commonly the gneisses contain bands

• of plagioclase and actinolite or hornblende.

Dicussion: The origin and chemical -affinities of the Eastern Creek Volcanics

in the Sheet areas to the north and east of Oban have been well documented by

• Robinson (1968), Derrick & others (1974), Hill & others (1975), Glikson & others

(1976), and Wilson & others (1977). These authors concluded that the Eastern

Creek Volcanics are the products of a history commencing with frequent:

outpourings of continental Atoleiitic flood basalts onto an initially shallow

• but deepening epicontinental basin. The eruptions were followed by a lull in

volcanic activity and an influx of detritus into the basin. A final but quieter

stage of volcanism was accompanied by the.accumulation of more abundant and more

varied sedimentary interbeds than were deposited during the first stage of

• volcanic activity.

The nature of the Eastern Creek Volcanics in the Oban Sheet area is

consistent with the inferred history outlined above.

• In the Mount Isa.Sheet area, to the north, the Mount Isa Fault is

• considered to form the eastern limit of the Sybella Granite intrusion, which

_may have initiated it (Hill & others, 1975). The trough in whidh the Mount Isa

Group was deposited lies east of the fault. The inferred sequence of events

is: granite intrusion, accompanied and followed by deformation and faulting,

• subsequent deposition of the Mount Isa Group, and a . second stage of faulting

(including reactivation of the Mount Isa Fault): In the southern part of the

Oban Sheet area, there is no evidence of a metamorphic discontinuity between

Ehe near,the Sybella Granite.-and he near outcrops of the Mount Isa Group; Elie,

• Ehm, and Eiw south of Barnhams Dam have been physically deformed to the same

extent. It therefore appears_that,the main , period.of. deformation postdated .

deposition of the Mount.,Isa Group.:,.This - deformation'may have coincided with

the second stage of faulting. AlternatiVely,Amrts of the Sybella Granite may

• be younger than the Mount Isa Group i . althoughthis seems unlikely in view of

the most recent isotopic age determinations on4he..Sybella. Granite, which may

be as old as 1750 m.y. (R.W. Page, BMR, personal communication).

•
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Myally Subgroup (Ehm 

Most of the Myally Beds as defined by Carter & others (1961) have been

redefined as the Myally Subgroup by Derrick & others-(1976a). The redefinition

and subdivision of the subgroup into, four formations - the Alsace Quartzite at

the base, and the overlying Bortaia Formation, Whitworth Quartzite, and Lochness

Formation - is based on exposures where the subgroup is thickest, in the

Prospector 1:100 000 Sheet area. A very much condensed section of the subgroup

is exposed in the Oban Sheet area, • and although its lithology corresponds mostly

to that of the Whitworth Quartzite, the thickest and most widespread formation .

of the subgroup, a direct correlation is not possible. For this reason, the

subgroup has not been subdivided in the Oban Sheet area.

Up to 1200 m of interbedded quartzite and siltstone formerly mapped.'

as Mount Guide Quartzite in the southeastern corner of the Sheet area have :been

remappped - as Myally . .Subgroup. A small outcrop in the south lies within the.

Mount Isa Group synclinorium. The subgroup forms steep-sided ridges covering
2

about 100 km .

Stratigraphic relatiOn -s.: The Myally Subgroup forms the upper part of the

Haslingden Group. In the Oban Sheet area the subgroup rests disconformably on

the Cromwell Metabasalt Member of the Eastern Creek Volcanics, as the two upper

members of Ehe are missing from the .sections in contact with the Myally Sub-

group. The subgroup is overlain Unconformably by the basal formation of the

Mount Isa.Group, the Warrina Park Quartzite. The eastern contact of the main

belt of Myally Subgroup is faulted against Malbon Vale Formation. The Judenan

Beds exposed West of the Mount Isa Fault in the north are probably equivalents

of the •Yally - Subgroup.

Field occurrence and lithology: The Myally Subgroup dips eastwards at 40

to 90 , and is locally overturned.to the west.' In the main outcrop between

0 370350 and 0 370220 the basal beds of the subgroup are white or greyish brown

thin parallel-bedded locally ferruginous glassy quartzite with interbedded cream

silty sandstone. Ripple marks are common. The quartzite-sandstone sequence'

is overlain by a sandstone-siltstone sequence; in which red to brown friable

feldspathic ferruginous pebbly sandstone is' .interbedded with buff pebbly

siltstone. The upper-part of the subgroup consists of interbedded massive white

cross-bedded quartzite and white sandy siltstone. - Beds throughout the Myally

Subgroup are 'generallyless than 1All thick..
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West of the main outcrop belt the subgroup is exposed along a

structural high within the Mount Isa Group synclinorium. This outcrop of Myally

Subgroup is more deformed than that to the east, as shown by its well-developed

cleavage, vertical conjugate joints, schistoskty, and flattening. The basal .

part of the subgroup here consists of alternating beds of White schistose

quartzite and pebbly ferruginous sandstone. This is overlain by white schistose

sublabile muscovite sandstone. The top third of the subgroup consists of

highly compressed vertically jointed orange schistose quartzite (including

sample 1209A - quartzose arenite). The nature and extent of deformation in this

block are, similar to that in the Big River area.

TABLE 9: VOLUME PERCENT COMPOSITION OF THE JUDENAN BEDS AND MYALLY SUBGROUP,
AND CHEMICAL ANALYSIS OF THE JUDENAN BEDS

ample
No.^1.^2.^3.^ 1.41^Mineral^1021C^1033^1209A^ 1021C

Quartz^6.6^79.6^54.8^Si02^54.12

Feldspar^38.7(ser+)^13.4^Ti203^.92

41^Hornblende^22.6^0.4^Al203^13.10

Biotite^ 1.6^Fe2 03^4.42

Muscovite^ 0.6^40.3^FeO^3.95

41^Clinozoisite^5.8^2.0^MnO^.12

Clinopyroxene^13.7^ MgO^6.00

Zircon^ tr^ CaO^9.96

41
^Sphene^ 0.8^Na20^5.35 -

Opaques^5.8^ K2 0^.32

Allanite^6.8^ p205^.12

Apatite^ 0.2^CO2^.15

• Chlorite^ 1.4^H20+^1.08

Stilphomelane^ 4.7^H20-^.05

Total^99.66

•
+ sericite

Key: 1. 1021C: Ehj; granofels consisting of bands
of basalt and epidote quartzite

2. 1033: Ehj; foliated...feldspathic arenite;
• pendant in Egs

3. 1209A: Ehm; foliated muscovite-rich quartzose
arenite
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Petrography: The volume percent composition of one sample of Ehm is shown in

Table 9. The quartzose arenite of Ehm along the southern boundary of the Sheet

area is medium-grained, well-sorted, and highly compressed. It consists of

about 50 percent quartz, forming"parallel-aligned lensoid grains, separated by a

matrix of narrow muscovite trails.

Discussion: Wilson & others (1977) presented a detailed model of Myally palaeo-

geography in four stages. The first stage was the development of an extensive

stable shallow shelf which received detritus from quartzitic sedimentary rocks

and feldspar-rich plutonic rocks to the west and possibly to the east; the Oban

Sheet area represents the southwestern margin of the depositional Shelf. With

the onset of a delta-slope environment, a series of silts and clays were

deposited (stage 2); this was followed by a period of steady subsidence, during

which the thick feldspathic sands of the Whitworth Quartzite accumulated (stage

3). The final stage, at which subsidence ceased and a nearshore environment

took over (Wilson & others, 1977), is not represented in the Oban Sheet area.

Some evidence for the first three stages is found in the Oban Sheet area, where

a quartzite sequence is overlain by a sandstone sequence. The section is very

much condensed, however, which is consistent with the location of the Oban_Sheet

area near the boundary of the depositional shelf. The Myally Subgroup rests

disconformably on the Cromwell Metabasalt Member in the south of the Sheet area,

which implies non-deposition of the upper Eastern Creek Volcanics, and uplift,

before the Myally Subgroup sands were deposited.

Judenan Beds (MO) 

The •udenan Beds were defined by Carter & others (1961) and have been

informally subdivided by various workers '( -Hruska, 1970, 1971; Brooks & ShipwaY,

1960; Wilson, 1972; and Hill & others, 1975).

The subdivision of Hill & others (1975) into three units - a basal

quartzite unit, a middle metasiltstone and schist unit, and an upper metabasalt

unit - was revised on the basis of mapping in the Kennedy Gap 1:100 000 Sheet

area, north of the Mount Isa Sheet area. As a result of this work, Hill &

others (1975, in an addendum) noted that the upper basalt unit was a fault slice

of Eastern Creek Volcanics, and should be deleted from the Judenan Beds.

Correlation of Judenan Beds with exposures to the north is made difficult by

their restricted occurrence and their metamorphism.

•
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2 Outcrop's of the JUdenah Beds in the Oban Sheet area cover less than

10 km and are restricted to two small'afeas.in the northern part of the Sheet

area. In one of these, a discontinuous strip of silicified quartz and quartz-

sericite schist whose"outcrop appears to be .mainly-fault-COntrolled forms low-

• rubbly hills flanking the western edge of the main outcrop of the western

succession. In the other area, the Big River area, Ehj - crops out as low jagged

hills of various highly schistose rocks. These outcrops are continuous to the

north with the lower Unit of the Judenan Beds, Ehj , mapped in the Mount Isa

• Sheet area; Ehj has not been subdivided elsewhere in the Oban Sheet area, where

less than 1000 m of section is exposed.

Stratigraphic relations: The Jude/Ian Beds are conformably underlain by the

•^Eastern Creek Volcanics and were thought by Carter & others (1961) to be

conformably overlain by the Gunpowder Creek Formation or equivalents. Hill &

others (1975) have shown, however, that they are unconformably overlain by the

newly defined Carters Bore Rnyolite and (in the Mount ISa Sheet area) by the

•^Gunpowder Creek Formation, which in that area is also unconformable on the

Carters Bore Rhyolite. The Judenan Beds are' restricted by definition to rocks

outcropping on the western side of the Mount Isa Fault, but they are probably

equivalent to the Myally Subgroup. In the Oban Sheet area, the Judenan Beds

•^are intruded by the main phase of the Sybella Granite.

Field occurrence and lithology: The Big River outcrops of Judenan Beds consist

of well-cleaved strongly foliated schists with vertical conjugate joints as a

•^result of multiple folding. A sequence of interbedded blue-grey schistose

quartzite, buff schistosesandstone, and spotted grey micaceous schist overlies

schistose metabasalt of the Eastern Creek Volcanics. This sequence is overlain

by softer grey pelitic schists and schistose sandstone and gneiss in which^•

micaceous bands alternate with quartzose bands. The mica schists are locally

retrogressed to chlorite schists. The schists have been metamorphosed 'at

moderate pressure and low temperature as a result of multiple folding on

northerly and easterly trending axes, and shOw minor contact effects as a reSult

•^of intrusion of . the Sybella Granite.

The Judenan Beds in the discontinuouS outcrops to the southeast of the

Big River area are heavily silicified but appear to be less deformed than those

to the northwest.. The main lithologY is rubbly WSathering white or light brown

quartzite, commonly.fertuginised, with;:some Medium . to coarse-grained quartz-

sericite rocks.
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Petrography: The volume per cent compositions of two samples of Ehj and the

chemical composition of one of them are shown in Table 9.

Discussion: The stratigraphy of the Judenan Beds is obscured^the Oban and

Mount Isa Sheet areas by complex faulting, metamorphism and poor exposure of

lower and upper contacts. However, mapping in the Kennedy Gap Sheet area, north

of the Mount Isa Sheet area, where the unit is less deformed, has revealed that

there is a general stratigraphic succession through the Beds from quartzite to

metasiltstone to quartzite. The lithology of the Judenan Beds is thus similar

to that of the Myally Subgroup, and the two units are regarded as stratigraphic

equivalents. Hill & others (1975) concluded that the Judenan Beds were probably

deposited in a shallow low-energy marine environment.

Carters Bore Rhyolite (Phr) 

A thin but distinctive porphyritic rhyolite overlying the Judenan Beds

in the Mount Isa and Kennedy Gap Sheet areas (Hill & others, 1975; G.M.

Derrick, personal communication) has been defined by Derrick, Wilson, & Hill

(1978) as the Carters Bore Rhyolite. It was included by Plumb & Derrick (1975)

in the Haslingden. Group, but Cavaney (1975) considered it as equivalent to a

sequence of acid volcanics that are unconformable on the Haslingden Group. This

relation has yet to be resolved. In the Oban Sheet area, the Carters Bore
2

Rhyolite covers less than 0.5 km , and is less than 300 in thick.

Stratigraphic relations: Deformation has obscured the relation between the

Carters Bore Rhyolite and the underlying Judenan Beds, but it is probably

disconformable on the Judenan Beds (Hill & others, 1975), and is unconformably

overlain by. the Gunpowder Creek Formation. Page (1976) determined a zircon U-Pb

age of 1678 + 2 m.y. for the Carters Bore Rhyolite. The rhyolite may therefore

be comagmatic with the Sybella.Granite.

Field occurrence and lithologyi - The Carters Ebre,Rhyolite crops out in a narrow

belt on the - limb of a syncline in the Big River area, where it forms low jagged

hills. The rhyolite is strongly foliated and cleaved; and dips steeply south.

It is maroon when fresh, but is most commonly mottled pink to brown, and

consists of phenocrysts of clear quartz and white partly kaolinised feldspar

2 to 3 am across in a very fine-grained quartzofeldspathic groundmass.
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•^Petrography: The volume percent compositiOn -Of a sample of Carters Bore

Rhyolite is shown in Table 10. The rhyolite contains up to 25 percent each of

subhedral embayed K-feldspar phenocrysts up to about. 0.5 .Cm_ap.ross and ovoid':;

•
- TABLE 10. VOLUME PERCENT COMPOSITION OF THE CARTERS BORE RHYOLITE

Sample -

• No

, Mineral^ .1143C

Quartz phenocrysts^18.0

K-feldspar phenocrysts^16.8

Groundmass^ 43.4 (40% qtz, 40% Kspr,

20% muscovite),

Muscovite^ 0.4

Opaques^ 5.0

Zircon^ 0.2

Leucoxene^ 0.2

Vein quartz^ 16.0

Key: 1. 1143C;. porphyritic flow-foliated rhyolite

quartz phen6crysts which have been recrystallised to aggregates of polygonal.

quartz grains. The groundmass :consists of quartz (20%), K-feldspar (20%), brown

Fe-rich muscovite (10%), and kaolinite. The feldspar phenocrysts carry

inclusions of quartz, muscovite, and kaolinite. Foliation of the groundmass,

around phenocrysts is a result of later shearing. Leucoxene and zircon make up

about - 0.3 to 1.0 percent of the rock ; the former occurring in crescent-Shaped

bands.

Discussion: The thinness and restricted -extent of the Carters Bore Rhyolite

may indicate that the rhyolite represents a minor volcanic event; alternatively

it may represent the edge of an extensive sequence of acid volcanics to the

noorthe. The results of chemical analysis of the rhyolite and the Sybella

Granite being undertaken at preSent may show whether or not the rhyolite is an

extrusive equivalent of the granite.

•

•

•

•
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McNamara Group

Gunpowder Creek Formation (Erw) 

• The Gunpowder Creek Formation and Mingera Beds were defined by Cartel'. &

others (1961) as contemporaneous units conformably overlying the Judenan Beds.

Cavaney (1975) has redefined the Gunpowder Creek Formation to include both

units, which are now known to be unconformable on the Judenan Beds, The

redefined Gunpowder Creek Formation is part of the newly erected McNamara Group

(Cavaney, 1975). A small syncline of Gunpowder. Creek Formation in the Big River

area of Oban was mapped as Judenan Beds by Carter & others (1961); however,

rocks here extend northwards into the Mount Isa Sheet area, where they have been

remapped as Gunpowder Creek Formation by Hill & others.(1.975). These workers

have subdivided the Gunpowder Creek Formation into four main Units and several

more subunits based on the alternating sandstone-siltstöne-shale lithology.of

the formation. The basal sandstone-conglomerate unit and an upper siltstone-

shale unit are exposed in the syncline of Gunpowder Creek Formation in the Oban
2

Sheet area. About 400 m of the formation is represented; covering about 2 km

of low rises and gentle valleys..

Stratigraphic relations: Tne- Gunpowder Creek Formation is part of the McNamara

Group, which is equivalent to the Mount Isa Group. The McNamara Group uncon-

formably overlies the Eastern Creek Volcanics, the Judenan Beds, the Carters

Bore Rhyolite, and the Sybella Granite (Hill- & others, 1975). The Gunpowder

Creek Formation is conformably overlain by the Paradise Creek Formation and

unconformably by the Pilpah Sandstone in the Mount Isa Sheet area (Hill &

others, 1975). Its top isnot exposed in the Oban Sheet area.

Field occurrence and lithologv. The Gunpowder Creek Formation occurs in a

shallowly northwest-plunging syncline, the limbs of which dip inwards at about

50 ° . The basal unit of the formation (Erw ) consists of micaceous quartzite

schists and orange feldspathic schistose sandstone, with some pebble beds at

the base. These are overlain by well-cleaved black carbonaceous shale (Erw ),
3

ferruginous siltstone, and thinly-laminated black siltstone (Erw ).
3f
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Petrography: The shale unit Erw is a laminated aggregate of quartz,
3

muscovite, kaolinite, and accessory carbonaceous material and microcline.

The Gunpowder Creek Formation is considered by Hill & others (1975)

to have been deposited in a subsiding trough on the eastern margin of a trans-

gressive sea that lay to the west of an eroding highland made up of Sybella

Granite and Haslingden Group.

• Mount Isa Group (Pi) 

As the host to the Cu-Pb-Zn orebodies of Mount Isa, the'Mount Isa Group

has been studied by a large number of workers. The structural complexity of

• the Leichhardt River fault trough (Glikson & others, 1976), in which the Mount

Isa Group occurs and the similarity between alternating lithologies within the

group, however, has obscured the stratigraphic relations in many areas, and

several conflicting subdivisions of the group have been proposed. The history

• of work on the. Mount Isa Group and the stratigraphic schemes that have been used

are documented by Carter & others (1961), Hill & others '(1975), Derrick & others

(1976b), and Wilson & others (1977). The nomenclature used in this report is

that of Derrick & others (1976b), who redefined the Mount Isa Group of Bennett

• (1965), by adding a new basal formation, the Watrina Park Quartzite, formerly

part of the Myally Subgroup, to Bennett's sevenfold-subdivision of the group.

The Mount Isa Group thus contains eight formations, of which the lower four crop

out in the ()ban Sheet area; the Warrina Part Quartzite, the Moohdarra

• Siltstone, the Breakaway Shale, and the Native Bee Siltstone. Carter & others

(1961) mapped wedges of undifferentiated Mount Isa Shale north of Widgewarra

and south of Mount Annable. Riley & Duris (1967) extended both these belts of

Mount Isa Group, and remapped as Mount Isa Group two areas west of Widgewarra

• (around 0 373700) and south of Bottom Yappo Bore (around 0 355510) mapped by

Carter & others (1961) as Judenan Beds; they distinguished the Moondarra

Siltstone, Breakaway Shale, and Native Bee Siltstone, and mapped a quartzite

underlying •the Mount Isa Group as the top of the Myally Subgroup. This

• quartzite is here identified as Warrina Park Quartzite, and is included in the

Mount Isa Group (Derrick & others, 1-976b). ..The extent of outcrop of Mount Isa

Group as mapped by Riley & Duris .(1967) corresponds closely with that shown on

the Oban 1:100 000 Sheet accompanying-this report. Mather (1967) identified

• Myally Beds overlain by Moondarra Siltstone'.and overlying units as high as the

•
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Urquhart Shale in the Blue Hills area, but Weber (1968) concluded that the

highest stratigraphic level represented in the area is Native Bee Siltstone or

equivalent. No definite Native Bee Siltstone equivalents were found in the Blue

Hills area during the 1:100 000 mapping program; it is considered that the

youngest Mount Isa Group sediments in this area are Breakaway Shale or

equivalent.

Stratigraphic relations: The Mount Isa Group is the uppermost group of the

western succession and overlies the Haslingden Group unconformably (Derrick &

others, 1976b). The top of the group is not exposed, so the upper units may

have been eroded or not deposited in that part of the depositional trough now

exposed in the Oban Sheet area.

Field occurrence and lithology:  The Mount Isa Group in the Oban Sheet area is

confined to a narrow north-northwest-trending belt extending from near the

northeastern corner of the Sheet area to the middle of its southern boundary.

The belt is a tight synclinorium, and the Mount Isa Group is tightly compressed.

The narrow northerly parts of the belt are overturned to the east. Where the.

syncline widens in the south, dips are shallow in the middle of the basin, and

basin-and-dome folds predominate. Parts of the synclinorium have been faulted

out along the Mount Isa-Mount Annable fault zone, so that it is exposed in four

fault blocks: the Mount Guide block extends for about 12 km south from the

northern boundary of the Sheet area; the Yappo block extends for 9 km south

of Yappo Creek; the Mount Annable block extends from 4 km north of Mount

Annable south to Waverley Creek; and the Blue Hills block extends from Waverley

Creek to the southern boundary of the Sheet area. The Mount Isa Group covers
2

a total of.about 100 km .

In the Mount Guide block the western limb of the synclinorium is

overturned to the, east; the Mount Isa Group dips westward at 50 ° .. The

synclinorium is truncated on the east by a major north-northeast-striking,

. locally gossan-filled fault, as a result of which the eastern limb of the

synclinorium and the upper two formations of the Eastern Creek Volcanics have

been lost.

In the Yappo block, folding on east-trending axes superimposed on

north-south folds has produced tight basin-and-dome structures. Deformation

was not as intense in this block' asin the Mount Guide block. Strongly

outcropping gossans and quartz veins locally mark the eastern boundary of the

block.
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• Prominent ridges of sheared sandstone and quartzite frame the Mount

Annable and Blue Hills blocks, which are locally faulted against the uppermost

units of the Eastern Creek Volcanics on both their eastern and western margins.

Faults in the eastern part of the Blue Hills block are strongly gossanous.

• Riley & Duris (1967) correlated the fault along the western boundary of the

Mount Amiable block with the Mount Isa Fault, on the basis of the difference

in metamorphic grade across it. The greater thickness of the Moondarra

Siltstone in the Blue Hills block compared with its thickness in the 'other three

• blocks may represent local deepening or structural flattening of the basin, as

the underlying Warrina Park Quartzite remains at a constant thickness. The

faults enclosing the synclinorium in the Mount Annable and Blue Hills blocks are

gossanous. The Blue Hills block shows internal highs of Myally Subgroup and

• Eastern Creek Volcanics which may represent original irregularities in the

depositional surface.^.

The marginal zones of the Mount Annable and Blue Hills blocks,

especially in the areas north of Mount Annable and south of Barnhams Dam, are

• highly-compressed and sheared by a low-temperature, moderate-pressure

metamorphism, which has altered the rocks to greenschist facies •(biotite zone)

grade (see Metamorphism). The Eastern Creek VoIcanics, Myally Subgroup and

Mount Isa Group south of Barnhams Dam are metamorphosed to the same extent as

• the Eastern Creek Volcanics and Judenan Beds in the Big River area. If the

compression and metamorphism were related to granite intrusion, either part of

the SybelIa Granite is younger than the Mount Isa Group, or the granite is

entirely older thamPi, and faults initiated at the time of intrusion were

• reactivated after deposition of the Mount Isa Group with accompanying

metamorphism. Mather (1967) considered that the Blue Hills and. Mount - Annable .

blocks represent a complex syncline plunging south at the northern end and north

at the southern end - i.e., a structural basin.

• The extent of deformation of the Warrina Park Quartzite (Eiw) varies

from one part of the trough to another. Exposures - on the western limb of the

synclinorium are' generally - strongly sheared, pOssibly because of their proximity

to the Mount Annable Fault zone, whereas those on the eastern limb are

• relatively undefOrmed.

The lithological composition of 21w varies from.north.tO south. The

total thickness of Eiw, the proportion of conglomerate in the.formation, and

the average size of the pebbles, all increase' southwards.

•

•
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41
^pebbles are siltstone,.; and at one locality in the western, side of the block

basalt pebbles were found. The pebbles are smooth and well rounded; many are

spherical or ellipsoidal, but some irregularly shaped pebbles were found

alongside perfectly spherical ones.

41
^ In the,Yappo block and the northern part of the Mount Annable block,

the conglomerate beds have been strongly deformed so that pebbles are flattened

elongate ellipsoids, with their long axes in the bedding plane parallel to the

north-northeasterly strike of the beds, and their short. axes normal to the

41

^

^bedding plane. The ratio of long axis to intermediate axis is as high as 20:1

and of intermediate axis to short axis as-high as 6:1. Few pebbles in these

blocks are longer than about 20 cm. As in the Blue Hills block, the pebbles

are mostly of quartzite; some are siltstone. Bedding in the matrix can be seen

41

^

^to warp around the flattened pebbles; there is no evidence of fracture of

either the matrix or the pebbles. Pebbles in the Yappo and Mount Annable blocks

constitute about half of the total rock.

The conglomerate in all blocks grades upwards into gritty, shaly

41
^sandstone as the amount and size of the pebbles gradually decreases.

In the southern part of the Blue Hills block, the conglomerate is of

quite a different character from the beds just described. Even-grained well-

bedded, well-sorted, graded-bedded quartzite contains pebble beds 10 cm thick

4G

^

^alternating with even-grained beds. The pebbles are generally less than 5 cm

across. The well-sorted nature of the conglomerate in this part of the.

synclinorium indicates a lower-energy environment with lower depositional rates

and more persistent sedimentation than in the narrower parts of the synclinorium

41
^to the north.

The Moondarra Siltstone (Rim), which conformably overlies the Warrina

Park Quartzite, ranges from massive black quartzitic siltstone with a flinty

fracture to soft grey thinly parallel-laminated well-cleaved carbonaceous •

41

^

^siltstone that weathers bluish white. Chalcopyrite films and gossans are

associated with the latter. Ferruginous siltstone is also common near the base

of the formation, and grey banded -dolomitic siltstone.and black calcareous shale

are common near the top and predominate in the southern part of the Mount

41

^

^Annable block and in the Blue Hills block, where the formation is thickest.

The dolomitic siltstone and calcareous shale show intricate polyclinal and

cylindrical folding (Mather, 1967) indicative of basin-and-dome multiple

folding, although their average dip is less than 30 ° .

•



Sample

• Quartz

K-feldspar

Biotite

Muscovite

Opaques

Zircon

Stilpnomelane

Tourmaline

K-feldspar

Biotite

Muscovite

-Opaques

Epidote.

Sphene

Calcite

Chlorite

1. 2. 3. • 4.
1201D 1210 1215 1216

41.3 62.7 64.9 77.9

0.2 11.9

6.0 7.5

11.0 1.4

2.0

0.7

0.4 2.3

•0.5

7.5 0.5

0.8 6.4 7.5 3.6

9.5 11.0 1.4 .^16.0

2.6 0.5

20.6

1.4 0.4 0.5

11.4

4.9 2.3 0.5

Miner al
Group ing
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The overlying Breakwav Shale (Eib) forms distinctive low rubbly, shaly

strike ridges devoid of vegetation and soil cover. The formation is less

extensive than the Warrina Park Quartzite.or the Moondarra Siltstone.'

present overlying Pim in the Mount Guide block; where it is faulted against'

Eastern Creek Volcanics on its eastern boundary; similar ridges are present

in the Blue Hills block. The Breakaway Shale is variegated red, brown, purple,

and 'grey fissile, ripple-bedded sericitic, and siliceous. Dips are generally

shallow.

The Native Bee Siltstone (Pin) is similar to the Moondarra Siltstone.

TABLE 11. VOLUME PERCENT COMPOSITION OF THE WARRINA PARK QUARTZITE

Key: 1. 1201D: epidote quartzose arenite

2. 1210: micaceous arenite

3. 1215: micaceous feldspatholithic arenite

4. 1216: Muscovite quartzose arenite

For explanation. of miheral grouping and sample numbers, see Table 4 and Figure
3.
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•

•

labile

( feldspathic)^(lithofeldspathic)
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(feldspotholithic) (lithic

Fig. 4 Classification of the Warrina Park Quartzite in MLQ and OFR diagrams
(Folk, 1968). Diagram apices as in figure 3; sample Nos refer to Table II

Record 1978/87^ F54/A6/56
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Petrography (Table 11, Figure 4): The ferruginous micaceoUd quartzite

(quartzose arenite) of Eiw consists of a medium to fine Aggregate of poorly

rounded, subspherical to polygonal quartz grains (60 to70%), interstitial fox-

red biotite, muscovite, and minor opaque oxide, feldspar, and stiipnomelane.

Dark bands contain concentrations of biotite and opaque oxides.

The blue quartzite of Eiw in the southern part of the Blue Hills block

consists of about 60 percent moderately well-rounded subspheriCal quartz grains

in a matrix of epidote (15%), muscovite (10%), calcite (10%), and minor sphene

and opaque oxides.

The banded dolomitic siltstone of Rim consists of an irregular to

polygonal aggregate of quartz, calcite, dolomite, and minor K-feldspar, plagio-

clase, and chlorite.

The carbonaceous siltstone of Rim consists of a dense aggregate of

quartz., muscovite, calcite, opaque oxides, and carbonaceous Material.

In the Rib shales, parallel-aligned quartz grains are separated by

trails of muscovite, carbonaceous material, hematite, and minor kaolinite. The

variegated colours of the shale at any single locality are produced by variation

in the amounts of carbonaceous material and hematite present. Quartz is

generally about 30 percent, but muscovite ranges from 30 to 50 percent and

carbonaceous matter and hematite correspondingly range from 40 to 20 percent.

Discussion: Derrick & others (1976b), Wilson & others (1977), and Hill & others

(1975) interpret the sedimentary features Of the Mount Isa Group as indicative

of deposition in a broad, shallow sea. The basal conglomerate was deposited

on a shallow shelf, and the overlying sand silt, and shale were deposited -

during a subsequent, possibly tectonically controlled', transgression. In the

Oban Sheet area, the relatively high ratio of conglomerate to quartzite within

the Warrina Park Quartzite, the discontinuities and thickness changes of -Eiw

within the synclinorium, and the apparent non-deposition of the upper units of

the group, suggest that the depositional sea shallowed.to the south.-

CAMBRIAN 

Palaeozoic sediments of the Georgina Basin crop out in central and

western parts of the Oban Sheet area, and onlap eastwards onto the Precambrian

belt. Most of the Palaeozoic area is covered by Cainozoic alluvium, but

isolated remnants of Cambrian rocks are exposed along the western edge of the

•

•
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Sybella Granite outcrop area. The Cambrian of the Georgina Basin has been.

extensively studied and a comprehensive bibliography presented by Smith. (1972).

De Keyser (1972) and .de Keyser & ,Cook (1972) revised the stratigraphic

nomenclature of the Cambrian, and have simplified,the problem of mixed

biostratigraphic, lithostratigraphic, and chronostratigraphic nomenclature by

referring the rocks of the system to six, distinctive mappable lithosomes. Each

li ,thosome is represented by different formations in different areas, and may

straddle several time zones. The lowermost four lithosomes are represented in

the Oban Sheet area, including the Beetle Creek Formation of the third

lithosome, which has been successfully prospected for phosphate deposits

elsewhere; however, the concentration of phosphate in the Cambrian of the Oban

Sheet area has been found to be uneconomic (Offenberg, 1976; Rogers, 1976).

Stratigraphic relations (Figure 5): The Cambrian is unConformable on the.

Sybella Granite, and the youngest exposed Cambrian formation is unconformably

overlain by unnamed Mesozoic sediments. The basal Cambrian formation, the

Riversdale Formation, is unconformably overlain by the Thorntonia Limestone;

these two formations are overlain conformably or disconformably by the Beetle 

Creek Formation and the Inca Formation.

Field occurrence and lithology (Fig. 5): The Cambrian rocks form distinctive

low, flat-topped hills of gently folded rocks, the more extensive areas of

outcrop being capped with a veneer of Mesozoic sandstone and conglomerate.

Contacts between formations are gradational. Some slump and convolution

structures occur. Lateral facies changes are common and rapid. Although

unmetamorphosed, the Cambrian sediments have been locally,faulted.

Discussion: The lithosomes were deposited under various shallow marine or

supratidal conditions (de Keyser & Cook, 1972). Shoreline sandstone-mudstone-

chert-phosphorite deposits give way westwards to limestone in the deeper parts

of the basin, while dolomites are thickest in the deepest, central, part of the

basin. The Cambrian deposits in the Oban Sheet area represent shoreline or very

shallow-marine sediments.

•

•
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INCA FORMATION Well- bedded , thinly laminated siltstone, grey silt- shale, siliceous shale,

fine -grained sandstone, thin-bedded chert , bituminous limestone

BEETLE CREEK
FORMATION

Quartzose, grey, brownish -pink or white phosphatic silts/one, nodular
chert and chert .breccia , shale , phosphatic limestone

•
ARDMORE CHERT

MEMBER
Black and white bonded convoluted chert, alga/ chert, vuggy grey
guortzitic chert • yellow nodular abed

•
THOR NTONIA
LIMESTONE

Sandy basal sect/on, cream to brown to grey, platy dolomite, dolomitic

limestone, chert nodules and layers increasing upwards

RIVERSDALE
FORMATION 10^0 

Red micaceous siltstone and sandstone, polimictic quartz pebble
conglomerate, sedim entory breccia, silicified feldspathic sandstone,
massive parcel/on/tic s///stone and muds/one

  

Quito Formation is not exposed in the Oban Sheet area

Fig. 5^Stratigraphic relations of the Cambrian in the Oban Sheet area
(after de Keyser, 1972)

•^Record 1978/87^ F54/A 6/ 57

•

•
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kEsozoic 

Thin cappings of poorly consolidated Sediments on Cambrian rocks in

the central-part of theTSheet area have be -en mapped as Me-bozblic. The base of

the capping is marked by a white quartz and black pebble conglomerate

(Offenberg, 1976)6 - The conglomerate is overlain by a mixture of varicoloured

siltstone, silty claystone, ferruginous quartzose sandstone, and chert.

CAINOZOIC 

Abcording to Noakes & Traves (1954), the Cainozoic was a time of

erosion and terrestrial deposition. Deposition of the unconsolidated alluvia

now covering extensive tracts of the Oban Sheet area followed land movements

at the and of the Tertiary. The following four Cainozoic units have been mapped

in the Oban Sheet area,

Czr consists of medium- -grained alluvial quartz sands and silts deposited in-

former stream channels and on flood plains.

C.zs consists of residual tedium to coarse-grained sand and Silt, and is best

developed over granitic terrains, where transport of the quartz and feldspar,

rich detritus has been Minimal; it is generally coarser-grained than Czr.

consists of fine-grained alluvia forming well-developed black-soil profiles.

Deposition of this unitbccurs in the low-lying, poorly-drained plains

surrounding the larger :rivets.

.Qra has been distinguished where a significant amount of coarse river bed sand

and gravel has accumulated in the wider stream channels. The pebbles are mostly

of quartzite, sandstone, and granite,

PROTEROZOIC INTRUSIVE ROCKS 

Sybella.Granite

The Sybella Granite and some porphyry dykes associated with the granite

(see following sectiOn, 'Porphyry dykes') are the only acid ihtrusive bodies

in the Oban Sheet 'area. The SybeIla Granite was formally defined by Carter &

others (1961), who recognised several types of granite, only one of which crops

out in the Sheet area. The SybelIa Granite has been described by Joplin (1955),
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Joplin & Walker (1961), Wilson (1972), and Hill & others (1975); theIast-named

authors subdivided the granite into three main and three minor phases in the

Mount Isa Sheet area. This subdivision is followed in the-.0ban -Sheet Area,

where one main and two minor phases can be distinguished.

The main phase, Egs , is coarse-grainedT. generally porphyritic
1

foliated biotite granite; the two minor phases are-microgtanite, Pgs ^and

pegmatite, Egs . Egs crops out discontinuously : in a southward widening
4^1

belt, from 4 km to 10 km wide, along the western edge of the - Precambrian area,

and disappears under Phanerozoic sediments to the west. -Exposures consist of

jointed tors and pavements that form low hills and inselbergs. Ego forms
3

two small bodies at 0 269365 and 0 298595, and Egs crops -out in an elongate

mass at 0 325735.

Field relations: Egs. probably-intrudes the Malbon Vale Formation, as it
1

intrudes the Mount Guide Quartzite in the Mount Ise Sheet area; Ega 1 'intrudes

the Eastern Creek Volcanics in the Oban Sheet area and probably also the Judenan

Beds. .There is no direct evidence that the Sybella Granite is older than the

Mount Ise Group; however, quartz-tourmaline pebbles present in the equivalent

Gunpowder Creek Formation(Hill & others, 1975) are thought to be derived from

the pegmatites of the-granite, indicating that the granite is probablY older —

than the Gunpowder Creek Formation and hence also older than the Mount Isa

Group. In the Oban Sheet area, both the pegmatite and microgranite phases ...

intrude Egs . Hill & others (1975) have summarised the results' of
1

geochronological work on the Sybella Granite. The currently accepted ages of

Egs and Egs are 1646 + 15 m.y. and 1557 + 40 m.y. respectively, based on.
1^3

total-rock Rb-Sr isochrons, but a zircon U-Pb age of 1678 + 2 M.Y% on the

Carters Bore Rhyolite (Page, 1976), may be a minimum age for the Sybeila

Granite. Recent zircon dating of Egs indicates that it may be as old as 1750
1

m.y. (R.W. Page, BMR, personal communication).

Field occurrence and lithology: The Sybella Granite is exposed as remnants of

an elongate north-trending complex. The contact of the granite with the

surrounding rocks, and the. foliation, in the granite, are parallel to the north

to north-northeast regional-structural trend. This- trend is also followed by
.^.

numerous quartz dykes and shear zones - that cut the - gtanite east of Newmans Dam

and south - of Waverley Creek; between Waverley and-Kahko Creeks, the quartz

dykes define a secOnd, - east-northeasterly trend-.'- The' rocks in the shear zones
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are quartz-muscovite augen schists containing porphyryblasts. (or xenoblasts?)

of quartz in a. dense muscovite matrix. Some of the schists are feldspathic and

may be sheared granite, but others may be pendants of sheared metasedimentary

rocks, as-some of the quartz augen -are probably former pebbles.

Six large basic pendants have been mapped in the granite, mainly in

the areas north and west of Mount Annable. - They consist of massive hornblende-

plagiaclase hornfels.

Egs , the predominant phase, varies from coarse-grained to medium-
1

grained, from porphyritic to even-grained, and from massive to foliated or

gneissic. Mafic mineral content (mainly biotite) ranges from about 5 percent
to about 20 percent, and feldspars may be red or white. In the poorly foliated

or Massive types, phenacrysts are single subhedral or euhedral crystals, but

in the foliated types, the phenocrysts are ovoid-shaped aggregates of anhedral

grains whose boundaries radiate from the centre of the aggregate.

In the Big River area, the granite is coarse-grained, strongly

foliated, and rich in mafics, carrying about 10 percent each of biotite and

hornblende. The foliation is defined by the alignment of red feldspar augen

separated by sinuous bands of groundmass minerals, and is considered to be

deformational (see Discussion).. Some quartz-feldspar-muscovite-beryl pegmatites

(Pgs ) occur here and have been consteaned at-Big River.
4

The degree of foliation decreases southwards; east of Newmans Dam and

between Nine Mile and Kahko Creeks poorly-foliated medium to coarse-grained

white-feldspar-biotite granite containing plagioclase and K-feldspar pheno-

crysts, predominates.

The elongate stock of Sybella Granite intruding Eastern Creek Volcanics

north of Mount Annable consists of a core of -foliated me'dium-grained red-feld-

spar-biotite granite with K-feldspar augen, surrounded by a zone of re-

crystallised crenulated microgranite. The microgranite is pink to dark bluish-

black, being darkest where fully recrystallised. Very rarely is the granite

parallel-foliated, but the microgranite is commonly parallel-foliated and

compositionally banded. Aplite dykes, quartz-alkali feldspar + muscovite

pegmStites, and small foliated banded quartz-plagioclase-epidote-leucogranite

stocks also intrude the granite and metabasalt. Various hybrid rocks are

present along the contact between the granite and the country rocks - quartz-

rich granitoids represent mixed granite and quartzite,. and granodiorites

consisting of alternating narrow hornblende-rich bands and feldspathic bands

appear to have formed from granite contaminated by basalt xenoliths.
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Sybella Granite exposed between Kahko and Waverley Creeks is

lithologically similar to granite in the Big River area, but shows evidence of

greater deformation in its gneissic texture: feldspar augen are elongate and

connected by narrow feldspar 'necks! togive the appearance of boundinage -

structure. : The feldspar boudin layers are separated by bands of recrystallised

aligned groundmass minerals. Granite in the southern part of this area e.g. -

around 0 245335, is massive coarse, even-grained, red-feldspar-biotite granite.

South of Waverley Creek, the granite is much less foliated than to the

north. Here it is massive coarse to medium even-grained to porphyritic red or

white feldspar granite, with mafic content ranging between 10 and 20 percent.

Petrography: The modal volume percentage compositions of selected samples of

the Sybella Granite and related dyke rocks are given in fable 12. The relative

proportions of quartz .„ . microcline, and plagioclase are plotted in Figure .6 .:

Both Table 12 and Figure 6 illustrate the wide range of compositions 'spanned

by the granite and the dykes. All the samples examined fall in the field of

alkali feldspar granites (Streckeisen, 1973), except for the:White medium to

fine mafic-rich granites (nos. 4,-5, 6, and 22 of Table 12), which fall in the

field of normal granites (see Fig-. 6).

The petrographic characteristics of four.types of-Pgs are described
1

below. Coarse-grained foliated porphyritic red-feldspar mafic-rich granite -

e.g. nos. 1, 2, 9, 21 Of Table 12 - is allotrimorphic'granular (foliation plane

sections show minerals aligned.in narrow bands separated by sigmoid boundaries).

Winding irregular boundaries separate mafic-rich bands from feldspathic bands.

Within bands, monomineralic sub-bands are locally developed. Quartz forms

aggregates of elongate, interlocking grains with sutured boundaries and undulose

extinction.



1.
1144C

2.
.1099

3.
1088

4.
110313"

5.
1073E1

6.
1080A

7.
1093E

8.
10701

.9.
1151A

10.
1077B

11.
1080B

_

Quartz 21 32 35 30 23 29 30 27 35 26 /23

Microcil ne 34 34 32 18 15 20 32 40 25^. 26 41

P lag loci ase 22 21 24 35 36 37 28 26 25 23 29

Canpos It I on An An An An An An An An Ah
3 65 • 65 27 10 0 10 0 3

Biotite 9 5 12 22 11 5 5 10 10 4

Muscov ite 0.1 0..3 0.4 0.5 0.3 1.9 0.1 0:2 6.5

Horn b I ende 11 0.1 2 0.2 0.1 1.2 1.0 0:3 3.8 .^8.5 0.7

Epidote (id. cl ino-
zoisite)

1.3 - 0.7 0.4 0.4 0.3 0.3 1 1.7 05

'Opaque ox ides 0.5 1.0 0.1 1.2 0.6 0.2 0.1 0.1 0.8 0.4

Sphene- 1 0.6 0.6 1 0.6 0.3 0.3 1.4 -

Zircon 0.4 0.2 0.1 0.,6 0.9 0.5 0.5 0.4. 0.1 1 0.2

AI lanite . - 0.2 0.7 . 0.5 0.3 - 0.1 - 0.1 0.5

Apatite 0.2 0.1 0.1 . 0.3 0.6 0.3 0.2 0.6 0: 1

Fluorite tr 0.2 - tr - tr 0.3 tr .1 tr tr

Chlorite 0.2 - - 0.2 0.6 - 0.3

Calcite- - - - 0.1 - - 0.3 0.3

12.
1146

13.
'1t47

14.
-1062

39-26 28

38 ' 29 52

17 27 15

An An
10 3

5 10:

6.6

0:5

^

th 2^1:

.^O3^02

^

0:1^0.2

^

--,
^

0: 1

•^•^•^•0^0^0^•^•^0^0

TABLE .12. %VOLUME !PERCENT .COMPOS 111 ON OF THE SYBELLA 'GRANITE

*approximate compositions (+ 10%) estimated from kRD data.
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TABLE 12 (contId)

15.
1045

16.
1046

17.
1160C

18.
1144E

19.
1160E

20.
11548

21.
1150A

22.
1082

23.
1086'

24.
1041H

-25.
10770

26.
1093C

27.
1023

Quartz^. 33 26_ 31 31^. 44 24 30 . 19 46 27^
.:.

25 31 32

Microcline 35 31 40 37 17^. 34 22 21 21 .^33 37 33 35.
.,

Plagioclase 25 25 17 32^. 23 33 26 40 23 24 21 23 9

Composition An An An An An
15 22 3 23 5

Biotite 2 10 2.8 0.1 - 13 13. 7:2 • 11^• 11 5. 10
,

Muscovite 3.5 1 6 0.5 9 0.1 1.5 2.6 2.2 0.3 7 2

Hornblende 0.4 - - 6 1.4 - - 1.4 -

.Epldote.(. incl.^cilno-
zoisite)

0.5 3 0.4 14- - 0.6 0.9 0..1 0.7^, 1.9 0.3 0.7

Opaque oxides 0:5 1.8 0.6- - - 0.3 0.4' 0.3 0.6: - 1.3

•-•^-:.^- ,
Spherie 0.5 -: 1 0.5 1.5 1.1 -0.3 0.1 - 6,

Zircon.... 0.5 0.3 - 0.2 0.7 .0.6 - 0.5 0.5 : - 3'

Altanite.,„. - 0.6 0.7 - 0.5 0.5 0.6 0.1 0.5

AppIite, 0.1 0.3 0.4 - .0.4 0.3 0.5 -

Fluorite 0.1 tr - - .2 0.2^.. tr - tr, 0.2

Chlorite 0.1 - 0.4^- - - - tr.

Calcite - - - 0.2.

• •^•^6
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Explanation of rock types: Table 12, Figure 6.

^

1.^1144C*^Coarse pOrphyritic red-feldspar foliated biotite-hornbleride

granite; Egs i
• 1099^Coarse pOrphyritic red-feldspar foliated granite; Egs

• 1

^

34^1088^Cbarse porphyritic white r-feldspar foliated granite; Egs
1

4. 1103B^Fine white-feldspar.mafic-rich foliated granite; Egs

5.
1

1073B^Mediura white - feldspar mafic - rich granite; Egs
• 1
^6..^1080A^Medium White-feldspar mafic-,rich granite; Egs

1

^

7 1̂093E^Medium White-feldspar granite; Egs
1

^

8•.^1070A^Coarse red-feldspar granite; Egs
1

• '1151 A^'Coatse pOrphyritic -red-feldspar granite;

..10.^1077-B^Medi-UM white-feldspar granite; Egs
1

11'.^1080D^Cbarse •ed -=feldspar granite.; Egs
1

12. 1146 Coarse -.porphyritic -white-feldspar granite;^Egs
1

.1 3 * 1147 Coarse porphyritic 1,rhite-fe1dspar 'granite ;^Egs
1

14.. -1062 Althite,--féldspar microgranite4^Egs
3

15. 1045 'P-ink recrystallised microgranite;^contact of Egs
1
^with Ehe

'1'6'. 1046 'BlaCk :redrystallised ,follated microgranite;^•contact of Egs
1

- with Ehe

1160C -Pink crenuiated -mibrogranite4^chilled contact of Egs^with
1

-Ehe

18. 1.144E 'Aplitet;^.intrudes :-Egs

19. '1'160E 'Epidcite 'VegMatitel^intrudes -Ehe

20. 1154B Muscovi-te ,pegmatitel^intrudes The
21. "f150A 'Coarse :poriinyritic 'red-'feldspar :granite -4^Egs

1
-22. '1082 Meditim white-feldspar - mafic-'rich .granite;^Egs

1

•
-*-'6Einiple numbers are ,second half -of BMR registered -rock - numbers; the first half

'of all --excet inos. 15, 16, and 27 is 7653. For example, no. 1 -is 76531144C.

• The 'firSt haff of nos. 15, 16, and 27 is 7553. 'For example, No. 15 is 75531045.

•

•

1

•

•

•

•
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• ,^ ,

23. 1086^Medium white-feldspar granit-WithUartz phenodrysi's; Es'
1

24. 1041H^Porphyritic red-feldspar microgranite; chilled contact of

PO with The
1

25. 1077C^Black microgranite; intrudes Egs

26. 1093^Black microgranite; intrudes Egs
1

27.^1023^'Grey quartzfeldSpir porphyry dyke

•

•
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Massive medium to•coarse-grained porphyritic white feldspar granite

- e.g. nos. 3-, 7, 10, 12, 13 of Table 12.- carries phenocrysts of microoline
and/or plagioclase in an allotriomorphic,granular to interlocking, locally

recrystallised - grbUndMass. Most of. thequartz is recrystallised to a polygonal

mosaic. .Biotite and minor hornblende form up to about 17 percent of the rock. -

Plagioclase is commonly rimmed by microcline, and the reverse (rapakivi). •

relation is evident in severalsamples in the centre of the poorly foliated

plutons east of Newmans Dam and between Nine Mile and Kahko Creeks.

Medium to fine-grained white-feldspar mafic-rich granite - e.g. nos.

4, 5, 6, and 22 of Table 12 - does not appear foliated in hand specimen; but
in thin section shows evidence of extreme deformation. The rocks is made up

of intersecting bands of elongate recrystallised minerals, the band boundaries

following irregular winding paths through the rock and enveloping lensoid

feldspar aggregates (Fig. 7a). These rocks are characterised by a. higher

plagioclase/microcline ratio than in other types. Accessory minerals are

hornblende, sphena, muscovite, apatite, epidote, allanite (Fig. 8a,b), fluorite,

and opaque oxides.

.^In the massive coarse-grained,.porphyritic red-feldspar granite - e.g.

nos. 8 and 11 of Table 1,2 - intertwined bands of. recrystallised minerals wrap

around anhedral feldspar phenocrysts. Quartz has an annealed ribbon texture

and occurs in monomineralic aggregates (Fig. 7b). Biotite is less abundant than

in the other granite types.

The microgranite - e.g., nos. 15, 16, 17, 25, 26 of.Table 12 - consists

of equal amounts of allotriomorphic granular to polygonal quartz, microcline,

plagioclase, and.biotite in an interlocking mosaic. The parallel-foliated

microgranites are compositionally banded -, bands consisting of the following

.combinations: quartz-microcline, plagioclase, plagioclase-spidote, hornblende-

epidots, sphene-hornblende.

Discussion:.. Characteristics of all of Rigs exceptthe elongate stock north .

1
of Mount Annable indicate that it was emplaced at an intermediate crustal level,

i.e., between the deepest zone Where granites are gneissic and. surrounded by.

country rocks regionally metamorphosed to amphibolite . grade, and the shallow

zone of circular subvolcanic granites with associated volcanic rocks

(Buddington, 1959). These characteristics include the elongate, generally

concordant form of the batholithi the paucity or absence or recognised

associated volcanic activity, the, scarcity of aplite dykes, the absence of

contact aureoles, the variation in mineralogical composition reflecting



incomplete homogenisation' of the-Egs meltbefOreeolidification, and the low
1^_

(greenschist)'grade of metamorphism of the. -SUrrounding - rocks.-

In the area - north Of-MOuht-lnháb•el-hOweVer, characteristics of the

granite stock and dyke: rocks suggeet:that . a-deeper, possibly: ,root, zone of
_

emplacement is' exposed. The:granitoid=roCks: , are.here quite inhomogeneous,

pegmatites and migmatites are:;common,.and intrusion's are concordant with the

country rocks; . which Are metamorphosecLto'amphibolite . grade-

The foliation :of-the Sybella.Granite is considered to be a tectonic

rather than an igneous feature. -The degree of foliation is variable' and bears

no systematic relation to pluton boundaries, which would be expected if the

foliation were an igneous flint structureThe'extensive recrystallisation and

deformation that have been described have metamorphosed the granite to-roughly

upper amphibolite grade; 'the development of foliation would have 'accompanied

the early stages of metamorphism.

Porphyry dykes

Three intrusions of feldspar porphyry are shown on the accompanying

map. A narrow dyke cuts.a dolerite sill' that intrudes Mount. Guide Quartzite

north of KahkO Creek. Two wider bodies intrude Mount Guide -Quartzite near 'its

basal contact, respectively 7 and 10 km east-sOutheast of Mount Annable.

The structural control on the emplacement of the porphyry dykes is

evident. from their 'form and orientation along fold axes or faults and from the

localisation of the larger-bodies At contacts between Ehv and Ehg..

The smallest :dyke consists ofeubhedral microcline phenocrysts and

smaller quartz -lphenocrysts in a metamorphosed groundless of quartz,-microcline,

plagioclase, biotite,.chlorite, And accessory muscovite, opaque oxidesi.sphene,

clinozoisite, zircon, And apatite. The microcline phenOcrysts are up to 2 cm

across, and are rimmed by plagioclase. Both feldspars, especially plagioclase,

are heavily clouded with. red ,iron oxides. .The'olinozoisite is zoned from a

metamict core to a,clear rim."

The larger porphyry dykes have similarlaineralogy, but are.less

extensively replaced by iron ,oxides.. Myrmekite rimming microcline phenocrysts

is abundant..

The stratigraphic level reached. by.' ^feldspar porphyry intrusions•
and the occurrence Of the distinctive•zoned clinozoisites which - also.bound in

the Sybella Granite provide circumstantial 'evidence that-the feldspar porphyries

are associated with the granite...
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•^Dolerite dykes

Dolerite dykes and sills inttude all units of the Haslingden Group,

but are most abundant in the Malbon Vale Formation and Mount Guide Quartzite.

Far fewer dykes cut the Myally Subgroup than the underlying formations. Only

two dolerite dykes were found cutting units younger than Elm - they intrude the

Sybella Granite 7 km west of Mount Annable.

In Ehv and Ehg the dolerite bodies were emplaced parallel to north-

northeast-trending fold axes. They are concentrated in areas adjacent to fault

and shear zones, but are not associated with the major northwest faults, which

they antedate; these faults have affected the Mount Isa Group, which is known

to be younger than the dolerites. The intrusions in Ehv include wide

•^irregularly-shaped sills and narrow linear bodies, in contrast to those in Ehg,

in which all the intrusions are narrow dykes with the exception of one large

zoned dolerite sill north of Kahko Creek.

The dolerites emplaced in Phg are usually rimmed by a metre-wide

contact aureole of glassy blue recrystallised quartzite.

Alteration and metamorphism of the dolerites are variable and in Ehg

and Ehv younger dykes have not been distinguished from older ones. Compositions

of several unaltered dolerites are shown in Table 13. Most of the dykes in the

Sheet area, however, are now composed of variably sericitised plagioclase (55%),

actinolite (35%), opaque oxides, quartz, and epidote. Texture varies from sub-

spherulitic in which ragged subradial fibrous aggregates of actinolite are

separated by allotriomorphic plagioclase, to hornfelsic or schistose. In the

actinolitic metadolerites, no original crystal form or igneous texture is

discernible.

More rarely, the main mafic mineral is hornblende rather than

actinolite. Hornblende metadolerites are composed of plagioclase (55%),

poikilitic hornblende (35%), biotite, chlorite, and quartz + clinopyroxene.

The hornblende grains are subhedral and subophitically moulded around

plagioclase grains.
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TABLE 13. VOLUME PERCENT COMPOSITION OF DOLERITES

•

Sample
No. 1. 2 .^3. 4.

Mineral 1007 1011C^.^1.012A 1019

Plagioclase 43.1 25.5 24.0

Hornblende 3.2 48.5^55.3 58.6

Clinopyroxene 36.3

Opaques 10.9 3.8^4.8 8. 1

Quartz 1.6 19.4^29.9 7.7

Chlorite 4.9 4.6 1.6

Epldote

Blot its

-

tr

quartz^in myr-
mekite only;
CPX shows fine

2.8

samples frcm^large sill^in-
truding Ehg;^plagioclase
largely sericitised and

Comments OPX exsolution epidotised;^hornblende,
lamellae; horn- opaques concentrated in
blende is CPX

^
irregular bands

alteration

^5 .^ 6.
• 1218
^

1044

^

36.8
^

18.5

^

25.5
^

64.8

10.6

^

2.4
^

3.8

^

16.5
^

12.9

1.8

0.4

6.0

banded rock; bands
^

coarse-gralned
are: quartz/CPX-

^amphibolite;
hornblende/biotite- Intrudes Egs
plagioclase; due to
inclusion of quartz-
ite and granite
xenoliths

TABLE 14.^CHEMICAL ANALYSES OF DOLERITES

1.
1007

2.
1010A

3.
1010B

4.
1031

5 .
1044

SiO2 4.8.65 .48.42 50.74 50.76 49.50

TiO2 2.52 1.31 1.40 1.74 2.82

Al 203 12.91 15.75 16.33 14.79 12.65

Fe203 4.63 5.92 5.19 3.78 5.35

Fe0 11.07 6.58. 4.66 9.00 11.00

MnO .23 .18 .20 . .19 .27

MgO 5.09 8.02 6.34 5.64 5.50

CaO 9.07 9.44 10.76 9.61 8.46'

Na20 2.12^' 1.43 2.51 2.28 1.67

K 20 .96 .36 .21 .51 .45

P20 5 .24 .28 .29 .25 .30

CO2 .05 .05 .05 .05 .05

H2O 1.54 2.35 1.37 1.67 1.55

H20- .04 .04 .02 .04 .03

Total 99.52 100.13 100.02 100.26 99.60

1. 1007;^dolerite
2. 1010A; dolerite
3. 1010B; dolerite
4. 1013; banded dolerite -
5. 1044; amphibolite.
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Relatively unaltered . dolerite intrudes Lena Quartzite at 0 415647,

(sample 1, No. 1007 of Table 13). Subhedral clinopyroxene (36%), plagioclase

(43.%),, ppaque_oxides,011L-andiinterstitiai myrtékite make up the rOck.

Clinopyroxene carries exsolution lamellae of orthopyroxene and is locally

chloritised.

Chemical analyses of this and several other dolerites are shown in

Table 14,

S^ - METAMORPHISM

Criteria used for 'delineating metamorphic zones: The distribution of

metamorphic zones. in the Oben Sheet area is shown' in Figure 9. The delineation

of the zones is based on ; the observed metamorphic mineral assemblages which are

summarised, in Table 15, using :the zone, definitions of Winkler (1976). Winkler

defines four broad zones of metamorphism, from the very low grade through to

the low grade,. medium., grade, and finally high grade. The zones correspond^.

roughly to the, lower. (chlorite) and upper (biotite) greenschist facies and the

lower (cordierite) and, upper (sillimanite) amphibolite facies of Eskola (1939)

respectively.

Minerals, that define the zone boundaries are; clinozoisite appearing

• at the boundary between, the. very, low and low-grade zones; cordierite appearing

at the boundary between the low and, medium-grade zones; and muscovite breaking

down and sillimanite appearing at the boundary of the medium and high-grade

zones. Melting curves, mark , the upper limit of the high-grade zone.'

• The transition from low to medium grade is recognised in metabasalts

by the replacement of the. typical low-grade assemblage actinolite7(albite-)

clinozoisite by the medium-grade- association,hornblende-oligoclase or andesine

(Turner & Verhoogen, 1960. This criterion was found to be a more useful

• indicator of the onset of medium-grade metamorphism than the incoming of

cordierite in the metapelites,, because of cordierite's strong susceptibility

to retrograde alteration.

•

•

•
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TABLE 15. METAMORPHIC MINERAL ASSEMBLAGES IN THE OBAN'SHEET AREA

GREENSCHIST^ AMPHIBOLITE

Zone^Chlorite^ Biotite
^

Cordierite
^

Sirlimanite
(very low grade)^(low grade)^-(medium grade)

^
(high grade)

Formation

Ehv^ quartz-albite-blotite-epidote
quartz-muscovite-biotite-

epidote-chlorite

Ehc^ actinolite-albite-quartz^.hornblende-quartz
epidote-actinolite

Ehc^ quartz-blotite(-epldote)
quartz-muscovite-blotite

Ehl^ quartz-muscovite

Ehp^ actinolite-epidote-albite
epidote-chlorite-actinOlfte

Ehe^ quartz(-hornblende)epldote-^quartz-cordlerlte
oligoclase^ (-muscovIte)-blotite

quartz-muscovite (andesine)- (-sillimanIte) (-chlorite)
. biotite
quartz-actinollte-cordierite
quartz-biotite-muscovite-
, ,andalusite

Ehi/Ehm^ quartz (-epidote)(blotite)-^ollgoclase-hornblende-clino-^quartz-epidote-muscovite--
muscovite^ pyroxene-epidote-quartz^garnet

.El^quartz-epidote-^quartz-muscovite-biotite
muscovite-chlorite

•^•^•^•^•^•^•^•^•^•
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Similarly, the incoming of silliManite, although diagnostic of the

transition from medium to high,grade-metamorphism o- could not be applied in the

Oban Sheet area, because of the aluminosilicate's very strong susceptibility•^to retrogression. Instead, the crystalline form and abundance of muscovite were

used in the Oban Sheet area to distinguish local high-grade belts of rock from

adjacent medium-grade rocks; for example, in the Mount . Annable area, a boundary

representing the start of muscovite breakdown was drawn between metapelites•^containing 35 -50 percent of coarse well-crystallised muscovite flakes (medium

grade, to the east), and metapelites containing up to 20 percent of fine-grained

poorly crystalline muscovite showing evidence of being replaced or of replacing

high-grade minerals (high grade, to the west).

Distribution of zones: Low-grade metamorphism is the most wide-spread zone in

the Sheet area (Fig. 9). All of the exposures of the Haslingden and Mount Isa

Groups east of the Mount Isa/Mount.Annable Fault Zone show typical low-grade

• metamorphic assemblages (Table 15), except for some small areas of very low-

grade metamorphosed Malbon Vale Formation and Mount Isa Group. Medium and high-

grade rocks are confined to areas west .of the Mount Isa/Mount Annable Fault Zone

- the Big River, Mount Annable, and Barnhams Dam Areas.

• The overall metamorphic picture shows a narrow westerly belt of medium

to high-grade contact-metamorphosed multiply folded foliated rocks thrust up

along a north-northeast-trending fault zone, against a wider easterly belt of

low-grade regionally metamorphosed sediments and volcanics. The rocks on both

• sides of the central fault zone are strongly foliated.

Metamorphic history: An inferred metamorphic history of rocks in the Oban Sheet

area is as follows. Three major events produced the metamorphic effects now•^seen. The earliest event was a regional metamorphism which culminated in

intrusion of the Sybella Granite at about 1750 m.y. (R.W. Page, BMR, personal

communication). The only structural effect identifiable with this event is the

first phase of folding of the multiply folded outcrops of Phe and Phj in the•^Big River, Mount Annable, and Barnhams Dam areas.

The second event was a medium to high-grade contact metamorphism

produced in rocks intruded by the Sybella Granite at intermediate to deep crus-

tal levels (see Sybella Granite section: Discussion). Contact metamorphosed•^rocks crop out east of the Mount Isa/Mount Annable Fault Zone only, but they

•
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do not occur adjacent to all granite contacts. In the Big River and Mount

Annable areas only, The and Ehj have been metamorphosed to medium grade within

about 2 km of intrusive contacts, and to high - grade within about 0.5 km of

intrusive contacts. It has been shown (Sybella Granite section: Discussion)

that these areas represent deeper cross-sections through the granite and its

country rocks than elsewhere in the Sheet area where contact effects are

absent.

Major faulting along the north-northeast trending Mount Isa/Mount

Annable Fault Zone preluded the final metamorphic event, a low-grade moderate-

pressure regional metamorphism. During that time, the Haslingden Group east
-

of the Mount Isa/Mount Annable Fault Zone was folded, the Sybella Granite was

deformed and foliated, and the whole area was imprinted with low-grade

metamorphic effects. A second stage of major faulting, along north-northwest

trending faults, followed the metamorphism.

Contact metamorphic effects in the area north of Mount Annable: The best-

developed contact aureole of the Sybella Granite is east of a north-trending

elongate pluton intruding The north of Mount Annable. Numerous small pegmatite

and leucogranite bodies also intrude Phe within the aureole. The mineralogy

of the intrusive and country rocks is tabulated in Table 16, in which the

arrangement of the sample columns corresponds to ,a progression from the centre
,

of the pluton eastwards through the high-grade zone of migmatites into the

medium-grade zone of schists and gneisses. Chemical analyses of some of the

intrusive rocks are shown in Table 17.

The pluton (1160D, 1041C of Table 16) is somewhat heterogeneous,

ranging from medium even-grained to coarse porphyritic; phenocrysts are augen-

shaped red K-feldspar or white oligoclase or andesine; biotite content ranges

from less than 5 percent to about 25 percent; more muscovite is present than

in other outcrops of the Sybella Granite. The pluton shows local zoning in the

development of an incomplete more mafic outer rim (1042, 1160B, 1169 of Table

16), which consists of dark fine-grained biotiterich tonalite containing white

circular plagioclase phenocrysts with compositions varying among samples between

oligoclase and labradorite. Both the main pluton and the mafic,rim are

recrystallised to microgranite along contacts. The recrystallised granite

(1043C, 1045, 1160C of Table )6) is bluish-grey or pink, foliated, and finely

parallel-banded or crenulated; the recrystallised mafic rim (1046, 1048A, B,
-

C, 1160A, 1163 of Table 16) is a black foliated locally schistose rock.

•



Zone Main pluton^Macif rim Recrystallised margin, main pluton^RecrystalliSed
margin, mafic rim

Leucogranites, pegmatites

Sample No.'
(B1R regid^11600.^1041C^1042^11608 1169^1045^1160C^1941A,H^1043A,8,.0^1046 '1048A,B,C^1160A^_ ....1154B^1160g

Rock
type

microgranite^microgranite peg-^leuco^epjdote
“natlte granite pegmatite

granite tonal ite

i,f41P, Oak to blue, recrPT,.
follated parallel-banded .

dark, fine-grained^. relic K-^fine-grained, black

foliated grOundmass;^spar^ hornfelsic to

white polkilitic^ phenos^•schistose
„

Pla9 Ohengs

biotite

chlorite

• K=sper -^plag;^- plag

,plag^muscvte

^

- -biotite^;chlorite

muscvte KTspar

oljgo
clast

oligo-

catse

Plagioclase

composition -

ande= labrad-

sine^orite

byt
own -
ite^albite

andeslne^oligó-

clase 01 igoclase

albite ollgo- albiterfolig(A). 
ollg-andes (B)

clase ollgoclase (C)

•;coarse, augen of

• K-spar or plag;
groundmass recryst,

foliated

coarse medium coarse

_massive, white to pink
Or green

Lithology

texture

Mineral

asseMblage.

(In order'

of abundance)

quartz^.quartz^quartz 1(spar

quartz

plag

muscyte

chlorite

piag

quartz

11114cYte

'biotite

quartz • quartz .,quartz^plag

plag ' K-spar ,quartz

biotite ' K,-spar^plag^epidote

muscvte

max microci ine

95% Or^ 95% Or^91% Or^88% Or IA)^90%

Or

K-feldspar^max microcLine

(triclinicity,

wt% KAISI
308

max microcline^max Microcline

•^•^ _^•
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TABLE 16. MINERALOGY OF THE MOUNT ANNABLE CONTACT AUREOLE: a) INTRUSIVE ROCKS

Comments 1. AccessorymInerals . are abundant_in all
zoisitei ailanite, apatite, opaques, fl

intrusive rocks except for, the.leucogrankte and pegmatite dykes. The accessory minerals are:- zircon, clino-
uorite, sphene, chlorite,

2. Muscovite is appreciably more abundant in intrusive rocks In 'the Mount Annable area than in outcrops of.Sybella Granite elsewhere'tn -the -Sheet area:
Its abundance decreases sharply in the. high grade zone of the aureole and increases in the medium grade zone.

3. Feldspar compositions and triclinicity determined using standard XRD methods.
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TABLE 16. MINERALOGY OF THE MOUNT ANNABLE CONTACT AUREOLE: b) COUNTRY ROCKS

Zone
^

Migmatites^ Schists^gneisses

Sample No.
(B1E regid)^1041B,F,G^1158^1166B^1167^ 1155C^1157^1156^1159^1154A^1168

'Rock type' -•^granite^meta-^metapelite^ granite-veined metapelite^ metapel ite
,veined^basalt
metabasalt

• d
fine-brained

Llthology.,^foliated,^foliated^medium-grained
•

banded Ibrns-^amphibol-^massive, dark blue to
texture.^felsic^ite^brown, etched surface

amphibolite^„

mica gneiss m• c a^ schist

Mineral ,,„,., quartz hornblende quartz
-assemblage--- plag - quartz'.^.. cordierite
(in order.-.- -hornblende -actinoilte muscvte^--
of abundance) clInozoisite

•

piag
mutcvte . .

— epidoie

blotite.„
sIIIIMOlie
chlorite^,
tourmaline

v

q u :.a r t z^ quartz^muscvtemuscvte

. m - u $ c-v t e -^ 1. muscvte^quartz .quartz.

plag^ biotite^biotite cordierite ,.

K --s p a r^ andalusite^hematite

Plagioclase
composition ollgociase endesIne' oligociate andeslne

Metamorphic
grade^high 'grade (upper emphibolite)^ medium grade (lower amphibolite)

• •^•^•^•^•^•^•^•^•^•^•
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TABLE 17: - CHE2UCAL ANAL1SES OF INTRUSIVE ROCKS IN THE MOUNT ANNABLE AREA.

•

Sample

No.^1042^.1160B^-1160C^.1043A^1043B^1160A^1160E

SiO^69.12^62.70^72.16^70.13^71.76^71.23^71.25
2

• TiO^0.79^1.26^0.48^0.56._^0.55^0.62^0.27
2

A0^13.43^14.53^12.81^13.40^13.93^13.04^13.53
2 3

Fe 0^3.66•3.60^1.63^1.91^2.00^2.47^2.60

23
FeO^1.93^4.49^0.75^1.96^2.05^1.56^0.28

• MnO^0.05^0.09^0.03^0.05^0.05^0.02^0.03

MgO^1.24^2.11^0.53^0.73^0.31^0.98^0.29

CaO^3.07^3.98^1.07^1.45^2.71^1.11^6.21

Na 0^4.61^3.94^2.13^2.51^3.59^2.79^4.33
2

• K
2
0^0.95^1.81^7.14^5.75^1.78^5.44^0.24

P
2
0
5^

0.21^0.31^.07^0.12^0.12^0.16^0.06

CO^0.05^0.05^.05^0.05^0.05^0.05^0.05
2+

HO^0.67^0.86^.51• 0.84^1.73^0.64^0.68
2 -

• HO^0.03^,0.07^.07^0.07^0.03^0.04^0.08
2

Total^99.76^99.80^99.38
^

99.48 - 100.66 -- 100.15^99.90

;

•
For sample descriptions, See Table :t6a..

•

•

•
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Intermedia0,stages in the recrystallisatibmcan be seen in 1041A,• H,

(Table 16) which carry relic phenocrysts, and in 1043A, B, C, in which the wavy

augen foliation of the original granite is successively more compressed to

narrowly spaced parallel-foliated bands. A slight tendency for plagioclase to

be less calCic in the microgranites .than . iTC±he'briginai 'granite reflects

exsolution of calcium during - recrystaliisation and it crystallisation in

clinozoisiste; clinozoisite replaces plagioclase in several of the microgranite

samples.

Small bodies of leucogranite and pegmatite intrude the main pluton and

the country rocks, .indicating that.they were products of the last phase of

- intrusive-actiVity. The bodies (e.g., 1047, 1'154B, 1166E of Table 16) are

massive coarse-grained white or pink ,dykes or stocks with different mineral

components. Many are characterised by the presence of albite or calcic

plagioclase rather than K-feldspar, and carry up to 20 percent muscovite,

epidote, or hornblende.

The country rocks are metabasalts and metapelites of Phe. They have

been metamorphosed to high-grade rocks within the zone Of migmatites, which

extends for about .0.5 km along the eastern margin of thamain pluton, and to

medium-grade rocks within the zone of schists and gneissea,'which'extends a

further 1.5 km away from the plutoh (see Fig. 9). The mineralogy of the country

rocks is summarised in Table 16. The metabasalts in the zone of'migmatites

(1041B, F, G, 1158 of Table 16) are massive hornfelsic acid 7yeined,amphibolites;

the metabasalts in the zone of schists'and gneisses are schlstose - actinolitic

or muscovite-biotite rocks, gneissic where they are acid-veined. The_meta-..^_^. 

pelites in the zone of migmatites (1166B, 1167 of Table 16) are massive,

cordierite-quartz-bearing rOcks; the metapelites in the zone of schists and

gneisses (1155C, 1157, 1156, 1159, 1154A, 1168 of Table 16) are'cleaved,

foliated quartz-mica schists and quartz-feldspar-mica gneisses.

ECONOMIC GEOLOGY

Mineralisation and mining: The calcareous sediments of the Moondarra Siltstone

of the Mount Isa Group are host to sporadic low-grade copper mineralisation.

The mineralisation is not of the same type as that of the ore mined at Mount

Isa; its occurrence coincides with gossanous silicified fault zones along or

near the eastern boundaries of the outcrop blocks of Mount Isa Group. Copper

•
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has teen minediat Mount. Guide'.(lieiVer"s.Iease), Mount AnnatIe, and Mue Rills

(the Mebber,Ajme),,where maladhite,',Chrysacalla,.oUTrite, dhalcocite, And native

:Copper - together with tyalineapal — line 'cavities and joints Ingossanous
• ,

Auartt "Veins. 'The country roaka -are StetplYrdIpping laminated hue-grey

IP^caloarepus shale and Siltstone, 'and sandstone.,; and stow TW surface

mineralisation, but ahaloopyrite has been recorded from drill core of the

Aoondarra - Siltstone in the Mount Annable tlodk:

'Although prospecting -of the Mount isa Group in the Oban Sheet area has

40^been largely motivated by the possitility that mineralised Urquhart Shale

equivalents are present, it Is maw generallytelieved that, except for a small

wedge of Native TeeSiitetone at .0 .3,90Vb9 1 the yourgest stratigraphic level

represented in the Sheet area is "that of the Breakaway Shale, and that

mineralieatiOn in thellount Isa ;Group is restricted to small uneconomic deposits

located Slang faultzonesandiaraontacts.

Coppermineralisatian has teen 'found In the :Eastern Creek Yolcanias

In a mode Of :occurren -ce Similar - ta that Am the :Mount Ita•Group deposits.

• Otr-040-.Y..511043T-04 satihalite, -ahlarite, And^sahists host disseminated
malachite and azurite atSald Mill, amB in thelhg River area.

Noneaf the above-descrited•deposits Is aurrently being worked,
operations at the Vebbermine having been the mostrecent to discontinue:

• • Beryl 'occurs In pegmatitesaf the Sybella Granite at 'Big River, and
the nearby •Bong 'Bong and Weloome:Strikepraspetts. -The beryl occurs in sections

of two haughXyTaralIel , north - to ,northwest-trending Tegmatites 7 and 10 km long.

The pegmatitesintrudeIOliatedgranite, 5andmuscoviteschists, and actinolite'

• schist, biotitesahist, and epidote ,Auartztteafthe -Eastern Creek Volcanics.

The pegmatitesoansist of different proportiansrof K- ,.feldspar, albite, quartz,

muscovite, beryl, taurmaIine,apatite,=garnet,-graftanite (Fe, 'Mn, -Ca)
3

P 0 and bertrandite, Ahydrated Teeudomorph 'of beryl. 'The beryl Is
2 8

• generally clouded, green to yellow, and :massive, tut individual crystals up to 1

M long 'are 'not -uncommon.

Exhloration: Exploration in -the Oban Sheeta,rea.has teen focussed on the search

• for base'meta.4s in the ,Mount Isa Group •southwards along strike from the Mount

Isa ore deposits, And, more recently, prospecting for phosphate in the Cambrian

strata, :principally in the Beetle •Creek _Formation.. :Details of the areas

sarveyeda.nd the results:obtained;haveloeen,dacumented by Noon (1977).



In the Mount Guide block near the Mount Guide. mine, Carpentaria. .

Exploration Company and Ausminda found C11, Pb,. and Zxanomalies related to

mineralisation at depth along the Moondarra Siltstone/Eastern Creek Volcanics

contact. . As grades of channel and drill samples were generally. less than 0.2%

Cu, it was concluded that no economic deposits were present..

Diamond drilling by Brci,ken-Hill ...South through Moondarra Siltstone

the Yappo and Mount Anna ble blocks gave similar results - sporadic low-grade
• t^. r^„

mineralisation but no economic deposits.

The area with the most potential appeared to be the Blue Hills block,

where Longreach Group,Management-Pechiney carried out detailed geological .

mapping and geochemical and geophysical surveys. The results defined four areas

of carbonate-rich pelites, black shale,, and marble anomalously high in Cu, Pb,

and Zn, the main anomaly being centred on a gossanOus, jasperoid dyke north of.

the Webber mine. Mining here stopped in 1973, and the anomalies have not been

followed up.^ ,

Mount Isa Mines Limited have costeaned and sampled the three beryl

prospects Big River . , Bong Bong, and Welcome Strike, and concluded that although

Big River has fairly, extensive reserves they are not quite of high. enough grade

for bulk mining.

• .
Three exploration projects by,Australian,Fertilizers Limited, ICI

Australia Limited Phosphate Joint Venture, and Queensland Phosphate.Limited

found that the main phosphatic unit of the Cambrian, the Beetle Creek Formation,

had a very restricted , outcrop'and subsurface distribution in the Oban Sheet
1:^•

area, and contained no economic phosphate deposits.
•

1^'7t1

\

-^ •

;



•

•

•

•

•

•

-67-

REFERENCES 

BkNNETT,^1965^Lead-zinc-silver and copper deposits of Mount Isa; In

McANDREW, J. (editor) . GEOLOGY OF - AUSTRALIAN.ORE DEPOSITS 2nd Edition.

Eigth Commonwealth Mining:and Metallurgical Congress, 1, 233-246.

BLAKE, Deft., DONCHAK, P., & BULTITUDE, R.J., 1978 - Precambrian geology of the.

Dajai'ra 1:100 000 Sheet area, northwestern Queensland - Preliminary data

record. Bureau, of Mineral Resources, Australia, Record  1978/46

(unpublished).

BROOKS,^& SHIPWAY, C.H., 1960 - Mica Creek pegmatites, Mount Ise,

- northwest Queensland. Queensland Government Mining Journal, 61, 511-521.

. -
BUDDINGTON, A.1?-., 1959 - Granite emplacement with special reference to North

America: Bulletin of the Geological Society of America, 70, 671-747.

BULTITUDE, R.J,, GARDNER, C.M., & NOON, T.A., 1977 - A recently discovered

uncOnfoimity near the base of the.Proterozoic Cloncurry Complex south of

-Mount Isa, northwestern Queensland. BMR Journal of Australian Geology and

Geophysics, 2, 511 - 514..

BULTITUDE, R.-J., BLAKE,^& WICHAK, P., 1978 - Precambrian geology of the

Duchess 1:100 000 Sheet area, northwestern Queensland - Preliminary data

. record. Bureau.of Mineral Resources„Australia, Record  1978/112

(Unpublished).

CARTER, E.K., BROOKS, J.H., & WALKER, K.R,, 1961 - The Precambrian mineral belt

Of northwestern Queens-land. :Bureau of Mineral Resources, Australia, Bulletin

51,

CAVANEY, R.j., 1975 - The stratigraphy of the Mount -Isa Group equivalenta..in

the Mount Isa --Lawn.Hill area; ,in Proterozoic geology, abstracts of 1st

Australian Geological Convention,.Adelaide, 12 - 16 'May 1975. Geological •

:Society of Australia, ,Sydney, 57.

•

CROOK,.K.A.W., 1960 - Classification of.areni -tes. American Journal of Science,

258, 419-428.



•
-68-

DERRICK, G.M., WILSON, I.R., HILL, R.,M6 GLIKSON, A.Y., & MITCHELL, J.E., 1974 -

Geology of the Mary Kathleen 1:100 000 Sheet area, Queensland. Bureau of

Mineral Resources, Australia, Record 1974/90 (unpublished).

DERRICK, G.M., WILSON, I.-11.,_4HILIde,R.11976a WevIsion of stratigraphic

nomenclature in the Precambrian of northwestern Queensland. II: Haslingden

Group. Queensland Government. Mining J6urnasli, 71,•300,-306. 
.;

•

DERRICK, G.M., WILSON, I.R., &^1976b- Revision'Of stratigraphic

nomenclature in the Precambrian of northwestern Queensland^III: Mount Isa

Group. Queensland Government Mining Journal, 77, 402-405.

DERRICK, G.M., WILSON, I.H., HILL, R.M., GLIKSON, 'A.Y., & MITCHELL, J.E.: 1977 -

Geology of the Mary Katnleen 1:100 000 Sheet area, northwest Queensland.

Bureau of Mineral Resources, Australia, Bulletin  193.

DERRICK, G.M., WILSON, I.R., & HILL, R.M., 1978 - Revision of stratigraphic

nomenclature in the Precambrian of northwestern'QueenSland. VIII: Igneous .

rocks. Queensland Government Mining Journal, 79, 151-156.-

DUNN, P.R., PLUMB, K.A., & ROBERTS, H.G., 1966 - A propoSal for time,

stratigraphic sub-division of the Australian Precambrian. Journal of the

Geological Society of Australia, 13, 593-608. ,

ESKOIJA, P.,.1939 - Die Metamorphen-_Gesteine; in BARTH,,T.Y.W., CORRENS, 0.W., &

ESKOLA, P. - DIE ENSTEHUNG DER GESTEINE. Springer-Verlag, Berlin.

FARQUHARSON, R.B., & WILSON, C.J.L.,.1971^Rationalization of geochronology

and structure: at Mt Ise. , Economic Geology; 66, 574-582.

FOLK, R.L., 1968 - FETROGRAFHY OF SEDIMENTARY ROCKS. Hemphill's Bookstore, 

Austin, Texas.

GLIKSON, A.Y., DERRICK, G.M., .WItSON;.^R.M:, 1976^Tectonic

evolution and crustal setting of the Middle.ProterozoicJaeichharot River fault

trough, Mount Isa region, northwestern Queensland. BMR Journal of Australian

Geology and GeophysicW1,,115-129:
 

"•-••



-

lifig,lEb K. G . 1972 , The -Mesozoic . and Cainozoic geologyHof. the, .Clonourry 11250

000 Sheet area, Queensland. Bureau of Mineral Resources, Australia, Record_
1972/57 ( unpublished) .

7 7 7:^ -^
,,

GSA (qpi,o.GT_QAL ,SOCIRTT OF ,AUSTRALIA ) 197t -,-,-,Tectonic • Map of Australia and New

Guinea, 1:5 000 000, Geological Society of Australia, Sydney.

7^.^! or:3^o^-^,^1

1444,^ , 8c DERRIC,JC,,,Geology of .thallount Isa 1:100

0,00. Sheet- area, northwest Queensland. Bureau. of Mineral Resources, Australia, 

Record,_1975/175, (unpublished)„,

'
HRUPKA, p,G„ 1970. Report- on areas relinquished from Authority to Propspect

66,8It• (Paroo)... Anaconda , Australia Inc.. Report. (unpublished).

-^ . .

195,5 .7.1 .A-PreliRina?7Y• f199Annt-of .the petrology of : the. Cloncurry

mineral field', Proceedings of the- Royal Society of Queensland, 66, 33-67.. •

•Azi^!)!F.'";^f^ _^.•

• JOPLIN , C A , *1968. -., A PETROGRAPHY OF AUSTRALIAN METAMORPHIC ROCKS,.
-
^ Angus .&:

Robertson, Sydney.,_

.^ f.^')..^.•^—1,^ •

1971: A yETROGRAP,HT OF:AUS.TRALI•N, METAMORPHIC.. ROCKS 3rd editi

• Angus & Robertson,., Sydney.:,

-
J,PPLIY„,^& WALKER,,^The; Pre,cambrian granites. of northwestern

Queensland,. Proceedings of the Royal: Society,- of Queensland 
- - -

.^if -: a ",'' --', ; ' a , .),?. 2 A^J . t.i, :'. C. ;: ..7^.i ., :: '-',,:. .D- L1..,„17..^jj^, :,:1'^.t.:^, ::.''.,)^.J 1, -:. W f; A^:^. .1.:' ) i^• :, - . • 6.,..,;

de.. KEYSER., T,,.. 1972 , A reviaw: of . ,tha Middle , -Cambriam,stratigraphy in tb. e. .•,^.^-,.•,^•^•^• _ 
Queensland', portion of. the Georgina BA-Sd41:, Bureau, of Mineral. Resources,. 

^

Australia, Bulletin 139,^_^
•^,

de KEYSER, F.,, & COOK, P.J.,, 1.972 -. Geology- of the Middle Cambrian phosphorites

and associated sediments of northwest Queensland. Bureau of Mineral, -

Resources, Australia, Bulletin 138.,

^: ^
f^,

MATHER,. A.L. , 1967 - Authority to Prospect. NO-.323M :Geological.. and , Ge,ochemical.

Suryey of the Blue . Hills area. Longreach Minerals Pty Ltd.., Report 26.

•

•



--70-

MIYASHIRO, A., 1973 - METAMORPHISM AND METAMORPHIC BELTS. Allen & Unwin,.

London.

NOAKES, L.C., CARTER, E.K., & OPIK,^1959 - Urandangi - 4-mile Geological

'Series. Bureau of Mineral Resources', Australia, Explanatory Notes  SF/54-5.

NOAKES, L.C., & TRAVES, D.M., 1954 - Outline of the geology of the Barkly

- region. CSIRO Land Research -Series, '3; 54-41.

NOON, T.A., 1977 - Mineral exploration surveys in the Urandangi 1:250 000 Sheet

area, northwest Queensland. Queensland GovernMent Mining Journal, 78, 516—

319.:

OFFENBERG, A.C., 1976 - ICI Australia Limited: First and final report on

exploration: A to P 1561(M), Mt Isa-Urandangi area (unpublished):

PACKHAM, G.m., 1954 - Sedimentary structures as an important factor in the

classification of sandstones. American Journal of Science, 252, 466-476.

PAGE, R.W., 1976 - Response of U-Pb zircon and Rb-Sr total rock systems to low

grade regional metamorphism in Proterozoic igneous rocks, Mount Isa,

Australia. Annual Report of the Geophysical Laboratory, Carnegie Institute, 

Washington, Year Book 1975.

PAGE, R.W., & DERRICK, G.M., 1973 - Precambrian geochronoiogy in the Mt Isa-

Cloncurry area, northwest Queensland. Report of the Australian Association

for the Advancement of Science, 3, 13.6-13.9.

PERRY, H.A., & CHRISTIAN, C.S., 1954 - Vegetation of the Barkly region. 'CSIRO

Land Research Series, 3, 78-112.

PLUMB, K.A., &_DERRICK, G.M.; 1975 - Geology of the Proterozoic rocks of

northern Australia, in KNIGHT, C.L., (editor) -.ECONOMIC GEOLOGY OF AUSTRALIA

AND NEW GUINEA. VOLUME 1: METALS. Australasian Institute of Mining and

Metallurgy monograph series',. 5, -21-7-252.

-•



'71-

RICHARL)s, J.R., 1966 - Some Rb-Sr measurements on granites near Mt Isa.•

^

^
Proceedings of. the Australasian Institute' of Mining and Metallurgy, 218, 19-

23,

RILEY, R,J., & - DURTS,,L.q...., 1967 - Authority to Prospect No. 378M - Ardmore.

• CEC Pty Ltd., Technical Report 125. -

ROBINSON, W.B., 1968 - Geology of the Eastern Creek Volcanics in the Mount Isa

District (with discussion). Proceedings of the Australasian Institute of•^Mining and Metallurgy, 226; 89-96.

ROGERS,.^1976^Final report on exploration, Authorities to Prospect

903K(2)(portion relinquished), 9b91'l, 970M, 971M and 972M (portion

• relinquished), Mt Isa. - Urandangi area. Queensland Phosphate Ltd, Report

1976/6 (unpublished).

SLATYER, R.D., & CHRISTIAN, C.S., 1954 - Climate of the Barkly region. CSIRO

Land Research Series, 3, 11-33.,

SMITH, K,G„ 1'972 - Stratigraphy of the Georgina, Basin. Bureau of Mineral

Resources, Australia, 'Bulletin, W..

SPRY, A„ 1969 METAMORPHIC TEXTURES:. Pergamon Press, Oxford„

STEWART, G.A., 1954: -. Geomorphology of the Barkiy Region. CSIHO Land Research

• Series, 3, 42-58.

STEWART';.^CHRISTIAN:,^& PERRY, R„.A., 1954 - The land systems af the

Barkly region. CSIRO Land , Research Series, 3, 113,.-149f.•
STRECKEISEN, A4, 1973^Plutonic' rocks, Classificationland nomenclature

recommended by- the 1,T.G,S. Subcommission. on. the systematics of igneous

rocks. Geotimes, 18, 26-30,

TURNER,^&. VERHOOGEN, J., 1960 -.IGNEOUS AND METAMORPHIC PETROLOGY. 2nd.
edition. McGraw-Hill, New York. 



-72-

WEBER, A., 1968 - Authority to Prospect No. 523M - Blue Hills area, Mount'Isa.

Annual Report. Pechiney . - Queensland Pty Ltd, Report (unpublished).

WILSON, C.J.L., 1972 - The stratigraphic and metamorphic sequence west of Mount

Ise, and associated igneous intrusions.. Proceedings of the Australasian

Institute of Mining and Metallurgy, 243:v27-4,2. •

WILSON, I.H.,,DERRICK,,G.M., HILL,-R.M., DUFF, B-.A.,-NOON, T.A., & ELLIS, D.J.,

1977 - Geology of the Prospector 1:100. oop, Sheet area (6857), Queensland.
Bureau of Mineral Resources, Australia, Record 1977/4 (unpublished).

WINKLER, m.G.F., 1976 - PETROGENESIS OF .METAMORPHIC ROCKS. Springer Veriag, 

New York-Heidelberg-Berlin.^.




	Front Cover
	Title Page

	Table of Contents

	Abstract

	Introduction

	Location
	Access
	Population and Industry

	Object
	Present Investigation

	References
	Drainage and Water Resources

	Climate
	Geomorphology and Land Systems

	Vegetation
	Nomenclature

	Stratigraphy

	Carpentarian

	Haslingden Group

	Myally Subgroup

	McNamara Group
	Mount Isa Group


	Cambrian

	Mesozoic

	Cainozoic

	Proterozoic Intrusive Rocks

	Svbells Granite

	Porphyry Dykes

	Dolerite Dykes



	Metamorphism

	Economic Geology

	References

	Tables

	Table 1

	Table 2

	Table 3

	Table 4

	Table 5

	Table 6 

	Table 7

	Table 8

	Table 9

	Table 10 

	Table 11 

	Table 12

	Table 13

	Table 14

	Table 15

	Table 16 
	Table 17 

	Figures

	Figure 1

	Figure 2

	Figure 3

	Figure 4

	Figure 5

	Figure 6

	Figure 7a

	Figure 7b

	Figure 8a 

	Figure 8b

	Figure 9





