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Abstract
The stratigraphy of the Mount Read Volcanics in western Tasmania is complex and

difficult to correlate due to the complicated nature of the original relationships and

subsequent extensive faulting. Placing local stratigraphic sequences into a regional context

is vital to unravelling the overall stratigraphy. This thesis describes the geology of the

Bulgobac Falls area from a structural and stratigraphic perspective and correlates the

geology to local and regional stratigraphy.

Structurally, the Bulgobac Falls area is simple. The sequence forms part of the eastern arm

of a regional NNE trending syncline. Bedding dips and faces west, and strikes NNE. Two

cleavages are weakly developed and axial planar to folds that trend NW or NNE. These

are related to D2 and D4 of the Tabberabberan Orogeny. No significant faulting was

observed within the area.

The Bulgobac Falls area is part of the Western volcano-sedimentary sequences and is

bounded to the east by an intrusive quartz-feldspar porphyry. Overlying this is a

sedimentary sequence of course and fine grained turbidites deposited in a sub-aqueous

environment, below storm wave base. At the base of the sequence is a calcareous

volcaniclastic sandstone containing calcite clasts with abundant Mid-Cambrian trilobites.

Above this is a series of course grained volcaniclastic sandstones interbedded with finer

sandstones and mudstones. The sandstones are crystal-rich, initially with feldspar and

pyroxene and minor quartz. Higher in the stratigraphy they become quartz-rich. The

Bulgobac Falls sequence is correlated to the Tyndall Group based on this trend, together

with the textural, mineralogical, and geochemical similarity. This places the Bulgobac

Falls sequence in the upper portion of the Mount Charter Group, within the Mount Cripps

Subgroup, which has previously been correlated to the Tyndall Group.

Basal Tyndall Group rocks and there correlates are distinguishable by their highly

magnetic character. Local correlations and aeromagnetic data suggests the base of the

Mount Cripps Subgroup is a part of the Bulgobac Falls sequence. This was determined to

be at the first crystal-rich sandstone unit within the sequence based on its mineralogical

and geochemical similarity to Tyndall Group rocks. The underlying calcareous unit is

correlated to similar units within the Southwell Subgroup, which underlies the Mount
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Cripps Subgroup within the Mount Charter Group. Significantly this unit is not highly

magnetic. suggesting the use of magnetic data is not reliable in precise definition of the

stratigraphy of the Tyndall Group. The low magnetic signature of this unit is related to

alteration of magnetite.

The Bulgobac Falls sequence was also correlated to outcrop of the Mount Charter Group in

the Pinnacles area to the south. The stratigraphy was shown to be continuous between the

two areas based on their relative positions within the Mount Charter Group and

aeromagnetic data.
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Chapter 1: Introduction

1.1 Background

The Bulgobac Falls area incorporates a sequence of volcaniclastic sandstones and

mudstones of uncertain stratigraphic position. Recent work in and around the area (eg.

Kirsner, 1992; McKibben, 1993) has led to tentative correlation of the local area to the

Mount Charter Group. The study of the sequence within the Bulgobac Falls area will help

to place the region into its correct stratigraphic context and so lead to greater understanding

of the complex stratigraphic relationships that occur within the Mount Read Volcanics.

1.2 Location and Access

The Bulgobac Falls are located approximately IO Ian. north of Tullah (Fig. 1.I) in the

southeast comer of the study area. Access is gained to the area via the Bulgobac Falls

Track, which runs north from Boco Road just west of the Murchison Highway. The track

terminates in the south of the study area, giving access to outcrop along the Bulgobac and

Que rivers and the Emu Bay Railway. Mapping was restricted to these areas, the tracks

and three east-west grid lines cut at 200 metre intervals north from 5391800 mN AMG.

The topography of the area is dominated by a northeast-southwest trending ridge up to

560m above mean sea level, which drops steeply to 300m into the Que River to the south

and east. Vegetation within the area is mainly dense rainforest with occasional areas of

more open eucalypt forest.

1.3 Regional Geology

1.3.1 Introduction to the Mount Read Volcanics

The rocks within the Bulgobac Falls area are part of the Middle to Late Cambrian Mount

Read Volcanics. This belt of diverse lavas intrusives and volcaniclastic rocks (McPhie and

Allen, 1992) stretches for 200km through western Tasmania between Elliott Bay and

Deloraine (Fig. 1.2) and constitutes the eastern side of the Dundas Trough (Corbett, 1992).

The Dundas Trough was a Cambrian depositional basin lying between the Precambrian

Tyennan and Rocky Cape regions. The presence of trilobites, turbidites, hyaloclastite
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breccias, pillow basalts and massive sulphide mineralisation indicates the Mount Read

Volcanics were mainly deposited in a submarine environment, below storm wave base

(McPhie and Allen, 1992).

lOkm I

CAMBRIAN
, MT READ VOLCANICS

II Tyndall Group

I
r~ Western Yolca.no-L2J sedimentary sequences

I

I~ Eastern quartz­
~ phyric sequence

I:~":JCentral Volcanic Campls

D OTHER ROCKS

!

5320

4J"'S

'<8"

Figure 1.2: Mount Read Volcanics showing distribution of major lithostratigraphic units (McPhie and Allen,
(992).

Most of the Mount Read Volcanics rocks have been subject to considerable deformation

and have been moderately to highly altered. The original textures and compositions have

been variably modified making original facies relationships difficult to determine (Corbett,

1992). Further complication arises from the prominent NNE trending Henty Fault, which

bisects the belt longitudinally and disrupts the stratigraphy.

The Mount Read Volcanics can be broadly divided into five main lithostratigraphic units

(Corbett, 1992): The Sticht Range Beds, the Central Volcanic Complex (CVC), eastern

quartz phyric sequence, western volcano-sedimentary sequences and the Tyndall Group.

3
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Their stratigraphic relationships are inferred in Figure 1.3. The geology of the Bulgobac

Falls area is within the western volcano-sedimentary sequences.

CONGLOloiERAnOWEN

NORTH AND WEST or HENTY rAULT

r!: SOUTHW£U. SUBGROUP

I: • r I.~I ""'" ......'" SOCIIi' I.OW[::""""
8~ .~~
Ii ..- CIC GII(YW~ ;::::;

1ILACK H.AMT .os

Eastern Quartz Phyric Sequence

This sequence overlies the Sticht Range Beds along the eastern side of the Mount Read

Volcanics. It comprises quartzofeldspathic lavas, syn-volcanic intrusions and

volcaniclastic rocks (Corbett, 1992; White, 1996). Deposition in a subaqueous

environment is inferred from bedded sandstone, siltstone and mudstone within the

sequence (McNeill and Corbett, 1992; Corbett, 1992).

The Sticht Range Beds are a thin layer of siliciclastic conglomerate, sandstone and minor

siltstone that lies unconformably on Precambrian basement along the eastern margin of the

Mount Read Volcanics (Corbett, 1992). Bailie (1989) suggested the sequence shows a

progression from a fluvial environment, to a shallow marine environment and the to a deep

marine environment.

Figure 1.3: Schematic diagram showing inferred relationships of major lithostratigraphic and lithological
units of the Mount Read Volcanics. DG =Darwin Granite. MG =Murchison Granite (adapted from Corbett.
1992).

The Sticht Range Beds
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Figure 1.4: Stratigraphic column and terminology for the Mount Charter Group in the Hellyer-Que River
area. (from Corbett. 1992)

Western Volcano-sedimentary Sequences
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To the north and west, the Mount Read Volcanics are flanked by sequences of interbedded

mass-flow deposits, turbiditic sandstones, laminated mudstones, micaceous siltstones and

black shales that comprise the Western volcano-sedimentary sequences (Corbett, 1992).

These are interpreted as having been deposited in a submarine setting, below storm wave

base, based on the bed forms, the fossils present, pillow basalt lavas and the associations

between hyaloclastite breccias and rhyolitic, basaltic and andesitic lavas (McPhie and

Central Volcanic Complex

The Central Yolcanic Complex occupies the central portion of the Mount Read Yolcanics

and is separated into two parts by the Henty Fault (Fig. 1.2). Corbett (1992) describes the

sequence as mainly feldspar-phyric and dacitic lavas, pumiceous volcaniclastics and

massive dome shaped lavas. South of the Henty fault, the complex is intruded by granites

and potassic lavas. These are not found in the northern portion of the CYC.

•••
••••
•••••••
••••
••
•••••••
•
••
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Allen, 1992). Corbett (1992) divides the sequences into four major units, largely focussed

around the Henty Fault. The Henty Fault Wedge occurs between the North and South

Henty Faults, the Yolande River Sequence is found south of the Henty Faults and the

Dundas Group is to the north of the faults. The fourth unit is the Mount Charter Group

which is found in the Pinnacles - Sock Creek - Mt. Charter - Mt Cripps area (Corbett,

1992; McKibben, 1993). The stratigraphy of the Mount Charter Group is outlined in

Figure 1.4. Of particular interest for this thesis is the Mount Cripps Subgroup, the

uppennost unit, which is the name given by Corbett (1992) to correlates of the Tyndall

Group within the Mount Charter Group.

The Tyndall Group

The Tyndall Group is a belt of predominantly mass-flow sandstones and breccias overlain

by abundant volcaniclastic conglomerates, that outcrops discontinuously south of the

Henty Fault (Corbett, 1992; White, 1996). It is the youngest sequence of the Mount Read

Volcanics, overlying the CVC, the eastern quartz-phyric sequence and the Yolande River

Sequence. In the north, correlates of the Tyndall Group are at the top of the Mount Charter

Group, and in both areas the Tyndall Group and its correlate are overlain by the Owen

Conglomerate (Corbett, 1992). White (1996) and White and McPhie (1996) have defined

the stratigraphy of the Tyndall Group (Fig. 1.5). The Zig Zag Hill Fonnation is dominated

by polymict volcaniclastic conglomerates and sandstones, with minor laminated mudstone

and rhyolite (White, 1996). The Comstock Fonnation will be discussed in detail in chapter

4. Corbett (1992) and White (1996) suggest a subaqueous depositional environment

adjacent to a subaerial to shallow marine volcanic terrain.

1.3.2 Tectonic Setting

The tectonic setting for the emplacement of the Mount Read Volcanics has been the

subject of much conjecture. Various models have been proposed, which have been

reviewed by Corbett and Turner (1989). Corbett et al (1972), proposed an extensional

plate boundary fonning an intracontinental rift. Both east dipping and west dipping

subduction zones at convergent plate boundaries have also been proposed (Corbett and

Lees, 1987; Corbett and Turner, 1989). Berry and Crawford (1988) and Crawford and

Berry (1992) put forward a model based on comparisons with modem day settings that

have produced similar distinctive lavas to those found in the Mount Read Volcanics. This

6
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model involves the collision between a passive continental margin and a forearc.

1.3.3 Deformation and Metamorphism

TwO" major periods of defonnation are evident for the Mount Read Volcanics, a Late

Cambrian and a Middle Devonian (Williams, 1989). The Cambrian event is mainly fault

related and is responsible for the Henty Fault, which significantly disrupts the stratigraphy

of the Mount Read Volcanics. The Rosebery Fault also became active during this time

(Corbett, 1992). The Cambrian event has similar structural trends to the Devonian event

although the Cambrian event has only locally developed cleavages that are largely

overprinted by the Devonian event (Corbett and Lees, 1987). The Darwin and Murchison

Granites (Fig. 1.3) were emplaced by an intrusive event in the Late Cambrian that resulted

in K feldspar/magnetite alteration (Polya et ai, 1986). Andesitic-basaltic magmas and

quartz-feldspar porphyries were also intruded during this period (Pemberton and Corbett,

1992).

Owen Conglomerate

IJukes Conglomerate

Zig Zag Hill
a. Formation
:::Je
CJ

'iii Mount

" Juliac:
>.

Comstock MemberI-
Formation

Lynchford
Member

Figure 1.5: Tyndall Group stratigraphic scheme(White, 1996)

The Devonian event can be correlated to the Tabberabberan Orogeny and has been related

to four defonnation phases, outlined in chapter 3 (Table 3.1) (Seymour, 1980; Seymour

and Calver, 1995). In the northern Mount Read Volcanics, prehenite-pumpellyite facies

metamorphism is thought to have developed during this event. In the south, the

development of lower greenschist facies metamorphism is related to the Devonian

7
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defonnation (Offler and Whitford, 1992 and Eastoe et ai, 1987 in White, 1996).

1.4 Previous Work

The area covered by this thesis has a brier"exploration history. It has been included within

exploration leases since the early sixties, however detailed exploration work has mostly

been done on parts of those leases to the south and west of the Bulgobac Falls. Rio Tinto

geologists mapped within the area as part of a regional mapping program and suggested

that the contact between Dundas Group rocks and underlying porphyries in the Bulgobac

Falls area represented an angular unconformity (Campana et ai, 1960). Banks and

Solomon (1961) disputed this, arguing that there was a disconformity at this point but no

evidence for an angular unconformity.

From 1963 Comstaff Pty. Ltd. focused on the area from Boco Siding through to the Silver

Falls prospect southwest of the field area, as a result of stream sediment sampling, and

conducted reconnaissance soil geochemistry. EZ Co., with various partners, held the lease

encompassing the area from 1972 to 1987, focussing most of their exploration on mapping

and geochemical analysis of base metal anomalies to the northwest and southwest of the

area (Green, 1995).

Pasminco Exploration operated the lease from 1990 until they relinquished the portion that

includes the Bulgobac Falls area in 1995. They mapped extensively as part of a regional

mapping program and correlated the local geology to the upper part of the Mount Charter

group (Poltock, 1993). A regional aeromagnetic survey was also conducted at this time

which showed a change in the magnetic character of the rocks within the Bulgobac Falls

area (Kirsner 1992).

Collins (1980) compiled a 1:36680 map that incorporated the area for the Tasmania

Department of Mines. This was accompanied by an explanatory report prepared by Collins

et ai (1981). The more recent production of the 1:25000 'Charter' sheet is largely based on

the older map (Corbett et ai. 1995).

During the 1980's the Hydro Electric Commission also mapped the outcrop within the area

as part of a survey for proposed dams along the Que River. The geology of the area was

8
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correlated to the contemporary Dundas Group sequence (Wilson, 1989). They also

conducted an extensive program of shallow drilling along the river bank and the Emu Bay

Railway, however much of the drill core has since been destroyed.

McKibben (1993) mapped in the Pinnacles area approximately 5 km south of the Bulgobac

Falls area. This region included a finger-like projection of intrusive rhyolite surrounded by

sandstones, siltstones and greywackes which were equated to Southwell Subgroup and

Mount Cripps Subgroup.

1.6 Aims and Method

The principle aims of this thesis are:

1) To map the structure of the area to the northwest and west of the Bulgobac Falls and to

test the structural models of previous workers.

2) To produce a detailed description of the stratigraphy to the above of a large porphyry in

the Bulgobac Falls area.

3) To correlate this stratigraphic sequence with the Tyndall Group and its correlates

elsewhere in the Mount Read Volcanics.

4) To recognise the base of the Tyndall Group correlate in the Bulgobac Falls area.

5) To compare the aeromagnetic data for the area with the magnetic susceptibility of the

rocks and determine the reason for magnetic variations within the rocks.

To achieve these aims, data on the field area was collected by mapping and sampling

outcrop during March 1997. The magnetic susceptibility of the outcrop was also measured

during this time. Samples were subject to petrographic analysis to determine the mineral

composition of the rocks and their variation through the stratigraphic sequence. This

sequence was then compared with Tyndall Group stratigraphy. Geochemical analysis,

including XRF analysis and isotopic analysis of carbonate units, was conducted to enable

correlation of the rock units both within the stratigraphy of the area and with similar

stratigraphic sequences elsewhere. Heavy mineral separation was carried out to enable

comparison of highly magnetic rock units with those that had a low magnetic signature, to

determine if the different magnetic character was the result of differences in source

material or the result of alteration.

9
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Chapter 2: Stratigraphy and

Sedimentology

2.1 Introduction

This chapter examines the stratigraphy of the Bulgobac Falls area and the sedimentological

processes involved in deposition of the sequence. Figure 2.1 is a stratigraphic column

prepared from measurements taken along the Bulgobac and Que rivers, with some

adjustment due to this not providing a straight line perpendicular to the stratigraphy and

variations in bedding thicknesses along strike. The approximate line represented by this

column is indicated in Figure 2.2.

2.1. 1 Terminology

Lithofacies: A mappable subdivision of the overall stratigraphy, which can be

differentiated from the rest of the stratigraphy based on lithology or sedimentary processes.

Unit: A mappable subdivision within a lithofacies.

Volcaniclastic: A non-genetic term for a rock with a clastic fabric resulting from volcanic

processes.

Calcareous: A rock with >50% calcium carbonate.

Rhyolite: Volcanic rock with abundant quartz and common feldspar phenocrysts in a

highly siliceous groundmass.

Andesite: A volcanic rock with no visible quartz, abundant plagioclase and common

clinopyroxene phenocrysts in a groundmass of plagioclase microlites and granular

pyroxene.

Basalt: A volcanic rock with abundant mafic and common plagioclase phenocrysts in a

groundmass of plagioclase microlites and granular pyroxene.

10
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Variations between units of the same lithofacies will be discussed at the end of each

description where they are considered significant. The units are labelled in Figure 2.2 and

the stratigraphic column (Fig. 2.1) according to their lithofacies and there stratigraphic

relationship to each other ie. unit 18 is the oldest unit of lithofacies S, 28 the next

youngest and so on. This has only been applied where variations have been described.

Facing direction within the field area was determined from the fining upwards sequences

particularly evident within the mass flow units. These all fine in a westerly direction

indicating the sequence youngs in this direction.

2.2 Lithofacies

2.2. 1 Facies A:

Calcareous Volcaniclastic Sandstone

The calcareous sandstone is the basal sedimentary unit in the 8ulgobac Falls area. This

unit contains abundant sub-rounded limestone clasts up to .s metres in diameter in its

upper 40 metres (>80%). The limestone clasts are either sparry or micritic calcite (Fig.

2.4a.) with some of the micritic clasts having sparry calcite veins woven through them.

The limestone is generally creamy white, while the sparry calcite veins are pale to dark

grey. The sparry calcite veins were mauve when stained with Alizarin Red Sand

potassium ferricyanide, indicating they are enriched in iron (Adams et ai, 1994). Isolated

clasts contain abundant fossils, including trilobites (Fig. 2.3a.) and ostracods (Fig. 2.3b).

One of the trilobite fauna has been tentatively identified as a dolichometopid trilobite of

the genus Amphoton, dating the original limestone source as Middle Cambrian (J. Jago

pers. comm.).

The limestone clasts are contained above and within a medium to coarse grained

volcaniclastic sandstone. The sandstone is poorly sorted, pale yellow to grey, crystal-rich

(40-80%) and grain supported with generally angular to sub-angular and occasional sub­

rounded clasts. A volcanic source for the sediments is indicated by the presence of

rounded, embayed quartz crystals, sanidine lathes and lathe fragments and minor rhyolitic

lithic clasts «5%). Feldspar crystals have been extensively altered to sericite throughout

13
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the facies.

Below the bouldery upper layer, the unit is interbedded, with layers in which there is a

greater percentage of matrix to clasts. Some layers have up to 30% matrix, while one layer

was seen to have as little as 5%. The matrix in all cases appears quartzofeldspathic and

contains chlorite and carbonate.

2.2.2 Facies B:

Laminated Micaceous Mudstone and Fine Sandstone

The laminated mudstone and fine sandstones (Fig. 2.4g) occur throughout the field area.

Considerable variation in colour was be seen, with the most common being dark grey­

green and pale grey, but also dark grey, creamy grey and yellow-green. The mudstones in

particular frequently have a micaceous sheen and muscovite is pervasive in thin section as

is chlorite. There are both graded systems where the fine sandstones with sharp basal

contacts fine upwards to mudstones, and distinct layers with sharp upper and lower

contacts. Quartz is cornmon (15-20%) throughout the coarser layers and is generally sub­

angular to sub-rounded. Bedding is parallel, laterally extensive and generally thin (3­

15cm), and with the exception of the fining upward sequences, no sedimentary structures

were observed. The fine sandstones occasionally occur as massive beds, up to 1.5m wide,

but are more frequently thin layers of less then Icm within the mudstone.

An outcrop of mudstone within the porphyry is considered to be a continuation of the

oldest bed within, however it should be noted that this correlation is based solely on the

outcrop occurring along strike from the contiguous sedimentary sequences and a similarity

in bedding orientation. Outcrop of the isolated mudstone was poor and highly weathered

making a compositional correlation impossible.

2.2.3 Facies C:

Interbedded Mudstone and Medium to Coarse Sandstone

This facies occurs throughout the stratigraphy of the area. Thin beds of sandstone and

mudstone dominate, with sandstone beds never exceeding 1.5m thick. The sandstone beds

have sharp basal contacts and fine upwards to mudstones. Mudstone beds become

increasingly dominant upwards within each unit of the facies and the sandstone beds thin

14
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and fine.

Variations

Unit Ie

Just below the upper contact with the overlying volcaniclastic sandstone along the Que

River is a finely laminated dark grey mudstone with considerable framboidal pyrite (10%)

and minor idiomorphic pyrite grains (Fig. 2.4h).

2.2.4 Facies 0:

Quartz-Poor Crystal-Rich Volcaniclastic Sandstone

The quartz-poor crystal-rich volcaniclastic sandstone is distinguished by the lack of quartz

crystals (<10%) and a relative abundance of clinopyroxene (>15%) and feldspar (>30%)

(Fig. 2.4c). Lithic clasts are common (15-20%), usually andesitic to basaltic porphyries

but angular to sub-angular crystals are dominant (>50%). Occasional sub-angular quartz­

rich schists with strong mica foliations are also seen, as are rounded chert grains. Where

seen, quartz crystals are angular to rounded, with the rounded crystals tending to be

embayed suggesting a volcanic origin, and may show undulose or straight extinction.

Fractured grains with jigsaw fit patterns suggesting in-situ brecciation are also found.

Feldspar crystals are mostly sanidine or plagioclase and show significant alteration to

sericite. The matrix is dominated by chlorite, in most cases Fe-rich, indicated by deep

violet birefringence (Fig. 2.4e) (Deer et ai, 1992). In hand specimen, this facies generally

has a dark green-grey appearance.

Variations

Unit 1D

The initial bed is a medium grained, pale grey-green sandstone which coarsens upwards to

a course sandstone. Dark grey mudstone intraclasts were found locally at the base of this

bed. Repeated fining upward sequences then occur, with conglomerate bases containing

3cm rounded lithic clasts and sharp basal contacts. The uppennost bed is the dominant bed

within this sequence. The rock is a creamy white and pale green-grey in contrast with later

units in this facies. The clasts are contained in a chloritic matrix which is distinct from later

beds in this facies by not being iron-rich.

15



Figure 2.3: Photomicrographs of fossils from calcareous volcaniclastic sandstone

A)Trilobite, showing characteristic hook shape. in clast of sparry and micritic calcite.. Sample

]2, plane polarised light.

B) Ostracod in of sparry calcite. Sample J2, plane polarised light
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Figure 2.4: Photomicrographs of principle lithofacies of Bulgohac Falls sequence

a) Calcareous volcaniclastic sandstone showing sparry calcite clasts (left) and micritic calcite

clasts (right) in a sandy matrix with qnartz and sericite altered feldspar. Sample P73, crossed

nicols.

b) Embayed quartz crystal showing rome evideuce of recrystallization. From quartz feldspar

porphyry, sample P14, crossed nicols.

c) Quartz-poor crystal·rich volcaniclastic sandstone showing abundant sericile altered

feldspar (fld) and clinopyroxene (cpx) and minor quartz(q}. Sample P54, crossed nicols.

d) Quartz·poor crystal-rich volcaniclastic sandstone showing abundant sericite altered

feldspar (fld) and magnetite (m) and minor quartz in a chloritlc matrix. Sample L9, plane

polarised light.

e) Fe-rich chlorite(el) in a qnartz-poor crystal-rich sandstone with abnndant altered feldspar

(fld), minor qnartz (q) and a metamorphic quartzite grain (mqtz). Sample P35, crossed nicols

f) Quartz.rich crystal-rich volcaniclastic sandstone shmving large rounded lithic porphyritic

andesite (L), minor chlorite (el) and metamorphic quartzite grain (mqtz). Sample P44, crossed

meals

g) Laminated fine sandstone showing fining upward trend. Sample P52, plane polarised light

h) Laminated mndstone with framhoidal and eubedral pyrite. Sample P29.
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Figure 2.5: Clast from quartz.poor crystal-rich volCaniclastic sand,tone containing fossilised

calcareous algae. Lower diagram indicates differing types of algae within clast. Sample P35, plane

polarised light.
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Unit 2D:

The next quartz-poor crystal-rich facies begins with a medium grained, moderately sorted,

dark grey sandstone (Fig. 2.4d) which is distinctive because of its high magnetic signature

(2600x 1O-5nT). No lithic clasts were seen in this bed, with sericite altered plagioclase and

sanidine crystals dominating (40%). Opaque minerals are also abundant, with magnetite

comprising 20% of the rock and hematite approximately 10%. Euhedral pyrite grains, a

few with goethite rims, form veins through the bed and constitute about 5% of the overall

composition. This bed also contains traces of chalcopyrite and muscovite and coarsens

upwards. A normally graded bed overlies this, with little overall variation in texture.

Further north along strike however, the unit coarsens, with lithic clasts up to 5mm at the

base of the bed.

Unit 3D

Along the southern intersection of this unit with the Que River, the sandstone is well sorted

and a single, thin bed. At it's next two intersections of the river to the north, this bed

thickens, becoming coarser, poorly sorted and has a conglomeratic base. In this region, the

bed is texturally similar to earlier beds of this facies, with abundant clinopyroxene,

feldspar and lithic clasts of volcanic and metamorphic origin. At the point of its

northernmost crossing of the Que River, this bed has thinned again and become a medium

to coarse, moderately sorted sandstone. The lensing of this bed is interpreted as being a

result of the bed being deposited in a single mass flow event that has been channeled,

possibly by topography, or has been a small localised event. As a result, the thin, finer

grained section to the south represents an edge of the flow, where only finer material has

been deposi ted in later and more dispersed settl ing from the main flow. The northern

intersection is given a similar interpretation, however the bed has not thinned as

significantly and so may not lens out as rapidly.

Within this bed there are also fossiliferous clasts containing calcareous algae (Fig. 2.5).

Although precise identification of these algae is difficult and not within the scope of this

thesis, at least two different forms appear to be contained within the observed clast. The

net-like strucrure in the upper potion of the clast is most similar to calcareous red algae,

possibly of the genus Solenpora. while the central stem-like is possibly the calcareous

19
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green algae, genus Palaeoporella (Wray, 1977).

2.2.5 Facies E:

Quartz-Rich Crystal-Rich Volcaniclastic Sandstone

Two factors separate this facies from facies D. First, this facies contains significantly more

quartz (>20%) and second, clinopyroxene grains are rare (Fig. 2.4t). Beds generally fine

upwards, and have a conglomeratic base, with rounded lithic clasts up to 3cm across. The

sandstones are grain supported with angular to sub-angular grains in a chlorite-rich

quartzofeldspathic matrix, although some igneous lithic clasts and quartz grains are sub­

rounded to rounded. Lithic clasts are more common (25%) than in facies D and include

porphyritic andesites and basalts, minor mafic lavas, quartz-rich schists and sandstones and

chert clasts. Feldspar crystals predominate (30%), with both sanidine and plagioclase

present, although there appears to be some reduction of the feldspar in the upper-most beds

and a corresponding increase in quartz content. The feldspar crystals show some evidence

of sericite alteration. The units within this facies have been correlated along strike based

on their relative positions within the sequence and there increased quartz content.

2.2.6 Facies F:

Quartz-Feldspar Porphyry

The quartz-feldspar porphyry is a creamy white to pale green or pink quartz and feldspar­

phyric rock. Phenocrysts of quartz and feldspar may be up to 4mm in width. Quartz

phenocrysts are typically embayed, rounded to sub-rounded and have melt inclusions (Fig.

2.4b). Occasionally they also show evidence of recrystallisation around their rims.

Feldspar phenocrysts are either sanidine or plagioclase, with plagioclase slightly dominant.

The phenocrysts are frequently euhedral, but some subhedral to anhedral grains are

observed and all show varying degrees of sericite and chlorite alteration. The matrix is

quartzofeldspathic, with partial alteration to sericite and chlorite. It contains a trace of fine

grained muscovite.

Most of the eastern margin of the field area is dominated by the quartz-feldspar porphyry.

Previously it has been described as part of a major body of porphyry intruding the Mt.

Charter Group west of the Murchison Highway (Corbett and Komyshan, 1989). Within

the Bulgobac Falls area this unit is clearly intrusive as it can be seen to truncate the

20
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sedimentary units at its western margin and must therefore post-date deposition of at least

part of the sedimentary sequence described here. No indication of a peperitic margin to

suggest shallow intrusion into unconsolidated sediments (Williams and McBirney, 1979)

or of contact metamorphism was seen. The tongue of porphyry that intrudes upwards

stratigraphically near the Bulgobac Falls and the possible distortion seen in the bedding on

the north-western side of this may indicate the porphyry was intruded as a syn-volcanic sill

(McPhie et ai, 1993). The high ratio of quartz to feldspar and of sanidine to plagioclase

together with the low level of ferromagnesian minerals classifies this rock as a rhyolitic

intrusive (McPhie et ai, 1993; Compton, 1985).

2.3 Sedimentary Processes

The Western volcano-sedimentary sequences are marine deposited sequences which

include mass-flow deposits, turbiditic sandstones and micaceous mudstones amongst other

lithologies (Corbett, 1992). Turbidity currents are one type of mass-flow, and most closely

correlate with the type of process which has formed the sequence in the Bulgobac Falls

area.

Turbidity currents are particle flows in which the particles are suspended by the turbulence

of the interstitial fluids (McPhie et ai, 1993). Normally graded, or upward fining, bedding

is characteristic of turbidity currents (Kuenen and Migliorini, 1950). Low-density turbidity

currents are relatively slow moving currents which support finer grained materials, up to

medium sand-size (Lowe, 1982). As the flow decelerates, it deposits the suspended

material, with the heavier, coarser material settling first, forming graded beds. Further

deceleration gradually changes the depositional processes and results in a typical Bouma

sequence (Fig. 2.6a) (McPhie et ai, 1993). High-density turbidity flows are more

energetic, carrying larger particles at greater speeds and over longer distances than low­

density currents. The resulting beds are thicker (metre scale) than the low-density flow

beds which are centimetres to tens of centimetres thick (McPhie et ai, 1993). In an

idealised setting, they may be characterised by an initial reverse graded bed, which is

succeeded by a normally graded bed (Fig. 2.6b) (Cas and Wright, 1987; McPhie et ai,

1993).

The volcaniclastic sandstones of facies D and E are interpreted as being deposited by high-

21
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The laminated mudstone with fine sandstone layers (facies B) is most likely the result of

low-density turbidity currents, indicated by the normal grading in the fine sandstone layers.

The mudstone layers will also include normal background pelagic sedimentation typical of

a marine environment. A similar interpretation is made for the interbedded mudstone and

medium to course sandstone (facies C), except that the current density would have been

greater than that for facies B.

density turbidity currents based on their clast size, normal grading and bed thickness.

Within facies D, there are also two sequences of reverse graded beds underlying normally

graded beds. Although these beds appear to have a sharp contact between the reverse and

normally graded beds rather than a gradual change through a non-graded stage, this still .

supports turbiditic deposition. The variation may represent the difference between the

idealised models and real depositional environments. It is possible these represent separate

depositional events, with the second normally graded event removing the upper portion of

the original bed with a reversely graded base.
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predominance within the upper half, the calcareous sandstone is poorly sorted overall. It

does not show evidence of grading which would support it being deposited by turbidity

currents. The texture of the bed overall suggests a grain flow or debris flow as the method

of deposition. Grain flows are down-slope movements of grains independent of interstitial

fluid and are characteristically reverse graded (McPhie et at, 1993). Debris flows are

poorly sorted sediment and water slurries in which the slurry has sufficient strength to

support large clasts during transport (Leeder, 1982; McPhie et at, 1993). Considered as a

single unit, this bed coarsens upwards suggesting a grain flow, however the absence of

smaller calcite clasts within the lower part of the unit suggests that it was not a single

depositional event. Deposition is therefore likely to have occurred in several stages and

may have been by debris flows or debris flows and grain flows in combination.

2.4 Discussion

The stratigraphy of the Bulgobac Falls area is dominated by mass flow sandstones of

volcanic origin. The sandstone units contain abundant angular to sub-angular feldspar

crystals and sub-rounded clasts of porphyritic andesites and basalts. With the exception of

the lowest unit in the stratigraphy, there is an overall trend towards increasing quartz

content within the sandstones upwards through the sequence. Where present, quartz

crystals may be angular to sub-rounded and are often embayed supporting a volcanic

origin. The angularity of the clasts suggests a proximal source.

A combination of mass flow processes is indicated. The calcareous volcaniclastic

sandstone may have been deposited by debris flows and possibly grain flows, while the

other sandstone and mudstone beds show clear evidence of deposition by turbidity

currents. This suggests the sequence was deposited in a submarine environment below

storm wave base. The depth for storm wave base in modem environments is highly

variable, ranging from 10 to 200m (Reading, 1986 in White, 1996). There is an absence of

sedimentary structures within the sequence, beyond the graded bedding and parallel

laminations. Within the Bouma sequence (Fig 2.6a) it is possible to have wavy and ripple

cross laminated sands. Although it is common for one or more stages of sequence to be

absent from turbidites, it would be expected that they may be found on occasion. Such

deposits are also usually syn-eruptive, as they are the result of slumping in unconsolidated

deposits caused by earthquakes, explosive eruptions or sub-aerial flows generated by
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similar events which transgress the shoreline (McPhie et ai, 1993),

The presence of fossiliferous clasts within the calcareous volcaniclastic sandstone,

suggests the source of the clasts was a shallow, near-shore environment during a hiatus in

volcanic activity (Jago, 1972). The sandstone bed was probably in an environment close to

the source environment, as the clast size does not suggest extensive transport

24
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Chapter 3: Structural Geology

3.1 Introduction

The Bulgobac Falls area as mapped for this thesis is not structurally complex. This chapter

documents the structural features of the area based on field measurement of bedding,

cleavage and bedding-cleavage intersection lineation orientation. Particular attention was

focused on evidence for a model developed by Kirsner (1992) which placed a significant

NW-SE trending fault through the field area. Placement of this fault was based on an

along strike change in magnetic character in the region (Fig 3.1).

3.2 Bedding and Cleavage

Beds within the area have a northeasterly strike and a westerly dip averaging 60° (Fig. 3.2a

and 3.3). Two cleavages are evident, both closely spaced and smooth, one striking to the

northeast and dipping steeply to the west and while the other has a shallower more

northerly dip and strikes WNW. Both cleavages are weakly developed, appearing only

occasionally in the finer grained sandstones and mudstones and not at all in the coarser

grained units. The WNW striking cleavage was only found in near the axial plane of

WNW trending parasitic folds. Figure 3.2b suggests the northeasterly striking cleavage to

be the earlier cleavage as it has been folded by a deformation producing northwesterly

trending folds.

3.3 Folding

The only folds found in the Bulgobac Falls area were small-scale parasitic folds in

mudstone beds. These folds were observed to be NNE or WNW trending and shallowly

plunging, approximately 30° and 40° respectively. These agreed with the

cleavagelbedding intersection lineations, one with an average plunge of 30° towards 013

(SO"S2) and the other with an average plunge of 38° towards 285 (So "S.) (Fig. 3.2c). All

observed folds were gentle to open and upright to steeply inclined.

A synform to the west of the field area is indicated by the earlier cleavage dipping
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more steeply than the bedding (McClay, 1987). The volcaniclastic mass flow units fine in

a westerly direction, indicating younging, and conftrrning that .the field area is on the

eastern arm of a syncline (Fig.3.3). The stereonet ofthe poles to bedding (Fig. 3.2a) shows

this syncline to be gently plunging to the NNE.
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Figure 3.1: Outline of residual magnetic data for the Bulgobac Falls area. showing fault inferred from the

magnetics (derived from Kirsner. 1992).
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3.4 Conclusion

Structural development in the Bulgobac Falls area is limited to two phases of deformation,

producing gentle to open, upright to steeply inclined folds and associated axial planar

cleavages. The folds are seen as parasitic folds in mudstones and an inferred regional

syncline.

These folds are consistent with the structural sequence formed by deformation during the

Devonian as described by Seymour (1980) and reviewed by Seymour and Calver (1995).

Four deformation events are thought to have affected this region during that period (Table

3.1). The NNE trending folds are consistent with O2 deformation caused by predominantly

east-west convergence between uplifted Precambrian rocks of tbe Rocky Cape Block and

the Tyennan Block (Fig. 3.4). Later compression from the northeast resulted in the

Tyennan Block yielding to form the Cradle Mountain Block and the Prince of Wales

Range Block (Williams et ai, 1989). The resultant north-south trending folds of 0 3 are not

seen in this area, however the WNW trending folds are consistent with 0 4 deformation.
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Figure 3.3: Cross section of the Bulgobac Falls area. Section line is shown on main map. Lithologies are as

indicated by colours on main map.

No significant faults were observed within the Bulgobac Falls area. In particular, no

evidence was found to support the model proposed by Kirsner (1992). This model

suggested that the fault cut across strike through the Que River and the Emu Bay Railway.

Outcrop was excellent in these areas, particularly along the rail line, and no evidence for

displacement within these units or a change of lithology that might be attributed to a fault
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Table 3.1: Devonian Structural Sequence (based on Seymour and Calver, 1995).

Figure 3.4: Major blocks associated with Devonian deformation in western Tasmania. Note that Cradle

Mountain and Prince of Wales Range Blocks constituted the Tyennan Block during earlier Devonian

deformation (Williams et ai, 1989).

was found. The reduction in magnetic signature at point 1 (Fig 3.1) can be accounted for

by the cutting of the bedding by an intrusive porphyry. Reasons for the abrupt along strike

drop in total magnetic intensity in units west of this will be discussed in chapter 5.

Open 10 tight generally inclined folds with
associated axial planar cleavage

Open to tight upright folds with associated axial
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Chapter 4: Regional Correlations

4.1 Introduction

Stratigraphy is crucial in establishing a correlation between rock types in different areas.

For rock units to be considered the same, or as correlates, they must be deposited at about

the same time and have similar depositional environments and sedimentary sources. This

will result in the development of similarities in the stratigraphy of both units. It will also

lead to similarities in the geochemical composition of the rocks and their geophysical

characteristics. To establish a correlation between the Tyndall Group, and therefore the

Mount Cripps Subgroup, and the sequence at Bulgobac Falls, it is vital to show strong

similarities in stratigraphy. Stratigraphic correlation will be the primary focus for this

chapter, with supporting evidence from geophysics, whole rock geochemical analysis and

carbon-oxygen isotope analysis of carbonate samples.

This work will also be used to define the stratigraphy, by establishing the subdivisions

within it as clearly as possible. A correlation will also be made with local stratigraphic

sequences to show that the sequence described fits within the local context and to enhance

the understanding of the local geology.

4.2 Geophysical Correlation

The Lynchford Member can be distinguished from surrounding rocks by a characteristic

high magnetic susceptibility due to its high titanomagnetite content (McKibben, 1993;

White and McPhie, 1996). Magnetic susceptibility readings were taken on all coarser

grained units in the field to aid in identification of the Lynchford Member correlate in the

area and to compare these results with existing aeromagnetic data. A unit was considered

to be highly magnetic if a reading in excess of 200xlO-5nT was obtained. These results

showed highly magnetic units exist in the south of the area particularly, while the magnetic

signature drops significantly to the north (Fig. 4.1). From the high magnetic signature of

the rocks a correlation to the Lynchford Member can be made.
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Figure 4.1: Schematic drawing of magnetic susceptibility readings across the Bulgobac FaUs area.

Lithological Wlits are as indicated on main map. Along strike magnetic changes are based on isolated

outcrop readings and variations are not necessarily sharp. noc are boundaries accurately indicated.

Lithofacies: A - Calcareous volcaniclastic sandstone; B: - Laminated mudstooe with fme sandstone; C ­

Interbedded mudstone and medium to coarse sandstone; D - Qtz-poor, crystal-rich volcaniclastic sandstone;

E - Qtz-rich, crystal-rich volcaniclastic sandstone.

4.3 Stratigraphic Correlations

To avoid repetilion, the quartz-poor crystal rich volcaniclastic sandstone facies and the

quartz-rich crystal-rich volcaniclastic sandstone facies have been grouped where possible

in this section, and are collectively referred to as the crystal-rich volcaniclastic sandstone.

4.3.1 Stratigraphy of the Tyndall group

The stratigraphic nomenclature of the Tyndall Group has been outlined in chapter 1.

Poltock (1993) correlated the Bulgobac Falls stratigraphy to the lower Tyndall Group,

based, in part, on lithological similarities and on the aeromagnetic data (Kirsner, 1992). It

is this portion of the Tyndall Group stratigraphy, the Comstock Formation, that is the focus

here.
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White (1996) and White and McPhie (1996) have provided the most complete definitions

of Tyndall Group stratigraphy thus far. They have defined the principle lithofacies of the

Lynchford Member and the Mt Julia Member, as outlined in Table 4.1. Seven locations

are used to describe Tyndall Group and the stratigraphy of its correlates (Fig. 4.2, locations

1-6 and 8).

Principle Major Minor Matrix Bed
Lithololrles Composition Composition Description
Quanz-rich, lithic clasts -
crystal-rich quartz and mostly felsic albite, chlorite massive. 000-

volcaniclastic plagioclase volcanic and quartz-rich graded and
sandstone crystals titanomagnelite normally graded

..... clinoovroxene<I)
.D quartz and massive normallya Volcaniclastic plagioclase graded,<I)

:::E lithic breccia! crystals. breccia not described not described breccia at base,

~ sandstone base: lithic clasts grading to crystal.- felsic +/- quartz sandstone-::s volcanics.....
..; tabular,
:::E Laminated laminated,

mudstone and not described not described quanz-feldspar sandstones
sandsrone altered in places normally graded,

fossiliferous in
olaces

Quartz-poor crystals of quartz, massive graded
crystal-rich plagioclase, felsic to mafic chlorite, albite from pebbly

volcaniclastic clinopyroxene volcanic lithic and quanz rich sandstone to
..... sandstone titanornagnetite clasts mudstone
<I)

+/- ilmenite"8 parallel,
<I)

Laminated laminated and:::E mudstone and not described not described not described graded, and
"8 sandstone massive black..s mudstone..c
u Volcaniclastic lithic clasts crystal and/or
C
;>, lithic breccia angular, pebble to quartz mud-rich graded

.....l cobble sized
recrystallised massive,

Carbonate calcite chlorite not described fossiliferous (mid-
+/- hematite sericite late Cambrian)

Table 4.1: Pnnclple lIthofactes of Comstock Formation, more common faCies occur higher
in the table. Major composition is defined as 15% or more of total composition Note: the
Mt Julia Member includes welded ignimbrites and coherent rhyolite/rhyolite breccia not
included here as they do not aid in correlation (derived from White, 1996).

The most common facies within both members is the crystal-rich volcaniclastic sandstone.

The Mount Julia Member has higher quartz content than the Lynchford Member and the

crystal-rich volcaniclastic sandstone is even more dominant over the laminated mudstone

and sandstone facies. Within the Lynchford Member, a subordinate quartz-rich crystal-
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rich volcaniclastic sandstone is found at Lynchford and in the Anthony Road area. The

Lynchford Member correlate from the Mount Cripps Subgroup at Cradle Mountain Link

Road does not contain a crystal-rich volcaniclastic sandstone, and is instead dominated by

laminated mudstones, with minor siliciclastic sandstone to conglomerate bedS (Fig 4.1)

(White, 1996).

White (1996) considers the crystal-rich volcaniclastic sandstones to have been deposited

by high-density turbidity currents or debris flows. The laminated mudstone and sandstone

facies was the result of low- to high-density turbidity flows and herni-pelagic

sedimentation.

The base of the Tyndall Group is not readily defined as the lithofacies do not have a

consistent stratigraphic order. Where the quartz-poor crystal-rich volcaniclastic sandstone

occurs, the base can be defined by its first occurrence. If the carbonate facies is present, it

occurs at the base of the Lynchford Member and is overlain by the other facies (White,

1996).

4.3.2 Correlation of the Bulgobac Falls Sequence with the Tyndall

Group

The sedimentary sequence in the Bulgobac Falls area has been divided here into five

lithofacies, detailed in chapter 2 and summarised in Figure 4.2 and Table 4.2. It can be

seen that three of these facies correlate well with the Comstock Formation as described by

White (1996) and White and McPhie (1996).

Both the crystal-rich volcaniclastic sandstone facies in the Bulgobac Falls sequence have

similar compositions and bed forms to the crystal-rich volcaniclastic facies within the

Comstock Formation. The trend for increasing quartz content upwards through the

stratigraphy observed in the Comstock Formation is also seen in the Bulgobac Falls

sequence with the quartz-rich sandstone occurring higher in the stratigraphy than the

quartz-poor sandstone (Fig. 4.2 and Map). The Bulgobac Falls sequence crystal-rich

volcaniclastic sandstones are interpreted as having been deposited by high-density turbidity

currents. A similar interpretation has been applied by White (1996) although he included

debris flows as an alternative option.
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Following White (1996) the Bulgobac Falls sequence is divided into a Lynchford Member

correlate and a Mount Julia Member correlate based on the first occurrence of the quartz­

rich, crystal-rich volcaniclastic sandstone facies (Fig. 4.2). This marks the lowest point in

the stratigraphy that can clearly be considered to be part of the Mount Julia Member. The

absence of further beds of the quartz-poor, crystal-rich volcaniclastic sandstone above this

point supports this conclusion, as does the laminated mudstone bearing facies becoming

less prevalent.

The Bulgobac Falls sequence crystal-rich volcaniclastics also include clasts of

metamorphic rocks, particularly quartz-rich mica-schists and quartzites, that are not seen in

other Tyndall Group crystal-rich volcaniclastic sandstones.

Principle Major Minor Matrix Bed
Litholol1ies Comnosition Composition Description

Quanz-rich lithic clasts; felsic-
crysral-rich feldspar and quanz mafic volcanics, chlorite-rich nonnally graded

volcaniclastic crystals metarnorphics from pebbly base
sandstone

Quartz-poor feldspar quanz, lithic clasts normally graded
crystal-rich clinopyroxene and felsic -mafic chlorite-rich from pebbly base

volcaniclastic magnetite crystals volcanics, and reverse graded
sandstone metamorohics

Interbedded sandstones
mudstone and not described not described not described normally graded to

medium-coarse mudstone
sandstone
Laminated quanz within sericite and thinly bedded,

mudstone with fine not described sandy layers chlorite rich sandstones
sandstone lavers normallv oraded

micritic and sparry massi ve, poorly
Calcareous calcite clasts, lithic clasts; sericite. chlorite sorted possibly

volcaniclastic calcite, feldspar rhyolitic volcanics and carbonate rich reverse graded,
sandstone and auanz crvstals fossiliferous clasts

Table 4.2: Pnnctple lithofacIes of the Bulgobac Falls sequence. More common faCIes
occur higher in the table and major composition is defined as 15% or more of total rock
composition

A comparison of laminated mudstone and sandstone facies in Tables 4.1 and 4.2 shows

there is a strong correlation between the Bulgobac Falls sequence and the Tyndall Group.

In the Tyndall Group, this facies includes fine sandstone beds up to "tens of centimetres"

thick and medium to coarse sandstone beds which are up to 3 metres thick (White, 1996).

This suggests that the interbedded medium to coarse sandstone and mudstone facies

described within the Bulgobac Falls area can be correlated with the Tyndall Group

35



•
••
•
•
••
••
•••
••
••
•
•
••
••
••
•
•••
••
••
•
•

23:JG4C

laminated mudstone and sandstone facies as well. The interbedded medium to coarse

sandstone facies within the Bulgobac Falls sequence contains beds up to 1.5 metres thick,

while the laminated mudstone facies includes sandstone beds that are up to 45 em. thick.

There are no massive black mudstone beds found in the Bulgobac Falls area.

The laminated mudstone facies of the Bulgobac Falls sequence is interpreted as having

been deposited by low-density turbidity currents, while the interbedded mudstone and

medium to coarse sandstone facies is considered to have been deposited by higher intensity

turbidity currents. Combining these two facies provides a good correlation with White's

(1996) interpretation for a depositional environment for the laminated mudstone and

sandstone facies of the Comstock Formation as discussed in 4.2.1. The hemi-pelagic

sedimentation included in White's (1996) interpretation was related to the massive black

mudstone deposits found in some sections of the Comstock Formation, but not seen in the

Bulgobac Falls area.

It is not possible to correlate the carbonate facies of the Comstock Formation with the

calcareous volcaniclastic sandstone of the Bulgobac Falls sequence as the carbonate facies

is considered to be massive and in situ (Jago, 1972). The Bulgobac Falls sequence is

clearly a calcareous sandstone with bouldery carbonate clasts, which are clearly sourced

from another area. Jago and McNeill (1997) reported similar limestone clasts within a

mass flow unit of the Southwell Subgroup in a drill hole approximately 20km northeast of

the Bulgobac Falls area. These clasts also contain trilobite fossils of the genus Amphoton

and are contained in a volcaniclastic cobble conglomerate. Current drilling by Aberfoyle

Resources Ltd. around that area has also found two horizons within the Southwell

Subgroup that contain non-fossiliferous carbonate clasts (A. McNeill, pers. comm., 1997)

The Bulgobac Falls sequence can be seen to correlate well with Tyndall Group stratigraphy

when comparing the facies found in the area with Tyndall Group facies, depositional styles

and with the overall stratigraphic trend through the Comstock Formation. There are

however differences seen in the Bulgobac Falls sequence which do not detract from

correlation with the Tyndall Group, but are worthy of note.

Analysis of Figure 4.2 shows that the Bulgobac Falls sequence is considerably thicker than

Tyndall Group sequences seen elsewhere. Within the described stratigraphies, the Tyndall
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Group and its correlates vary from under 500m thick at Comstock to over I300m thick at

Cradle Mountain Link Road. The mapped portion of the stratigraphy within the Bulgobac

Falls area is I 100m thick and does not represent the complete sequence within the area.

The upper boundary of the Mount Julia Member has not been determined, nor has the

existence or, if present, the thickness of the Zig Zag Hill Formation.

A second significant difference within the Bulgobac Falls sequence is the greater

significance of the mudstone facies. The laminated mudstone facies dominates the

Lynchford Member only in regions where the Lynchford Member is less than 100m thick

and is a minor facies within the Mount Julia Member. Within the Bulgobac Falls sequence

mudstone containing facies dominate the Lynchford Member correlate and form a

significant proportion of the Mount Julia Member correlate (Fig. 4.2). The only other

sequence in which the mudstone facies forms a significant portion of the Mount Julia

Member is within the Mount Cripps Subgroup at the Cradle Mountain Link Road (Fig 4.1).

This may suggest a greater proportion of mudstone within the Mount Julia Member

correlate is a feature of the Mount Cripps Subgroup, however the link is tenuous at this

stage with only two stratigraphic columns used for comparison.

In further attempting to correlate the Bulgobac Falls sequence to the Mount Cripps

Subgroup, it is necessary to compare the Lynchford Member correlate at the Cradle

Mountain Link Road with the lower stratigraphy in the Bulgobac Falls area. At least

superficially from the stratigraphic columns (Fig 4.1) there does not appear to be much

similarity. On the Cradle Mountain Link Road, The Lynchford Member correlate is thin,

predominantly laminated mudstone facies and includes a siliciclastic conglomerate not

seen in the Bulgobac Falls sequence. The siliciclastic conglomerate includes abundant

Precambrian derived quartzite and muscovite schist and minor felsic volcanics (Pemberton

et al. 1991). This is a clast type not reported to have been seen within the Lynchford

Member (White, 1996). However it does occur as a minor component within the Bulgobac

Falls sequence and suggests a common Precambrian basement source for the Lynchford

Member correlates within the Mount Cripps Subgroup. The variation between the Cradle

Mountain Link Road and the Bulgobac Falls area suggests the Bulgobac Falls sequence

represents deposition in a transitional environment between a region with siliceous

basement and felsic volcanics source rocks and regions with a higher proportion of

intermediate to mafic source rocks.
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4.4 Geochemical Correlations

4.4. 1 Whole Rock Geochemical Analysis of the Mount Read Volcanics

Recent work by Berry et al (1997) has shown that Tyndall Group volcaniclastic rocks have

a distinctive geochemical signature. They have used spider diagrams to compare the

geochemical signature of different sandstones within the Mount Read Volcanics.

normalised to Post Archaean Australian Shale (PAAS) of Taylor and McClennan (1985),

rocks of tholeiitic origin have positive Ti, P and Nb anomalies due to the PAAS having a

weak calc-alkaline signature. The PAAS represents an average granodioritic composition,

and as such, rocks of mafic origin will have a positive slope towards the relatively enriched

compatible element abundances on the right of the spider diagrams. Rocks of more felsic

composition have a negative slope.

In analysing volcaniclastic sandstones from the Tyndall Group by this method, several

characteristic features have been found. Samples analysed from the Lynchford Member

(Fig. 4.3a) show a high TilTh ratio, have an overall mafic signature by virtue of a positive

slope to the right and show very low Th values and high Sc values. There are also no

negative Nb, P or Ti anomalies in contrast to most volcaniclastic rocks within the Mount

Read Volcanics. Other Tyndall Group volcaniclastics (Fig 4.2b) do not show such

distinctive characteristics, but do show the positive slope to the right and lack the negative

Nb anomaly (Berry et ai, 1997).

4.4.2 Whole Rock Geochemical Analysis of the Bulgobac Falls

Sequence

To enable a correlation with other Tyndall Group whole rock geochemical signatures,

samples of the crystal-rich volcaniclastic sandstones were analysed from across the

stratigraphy. Samples were also taken along strike, to aid in correlating the relatively

isolated outcrops throughout the area and further examine evidence for the fault postulated

by Pasminco (Kirsner, 1992) and discussed in chapter 3.

The results were initially plotted on the premise that the Mount Cripps Subgroup begins at

the units with the high magnetic signature. This plot showed that the rocks from this unit

and above correlate well with Tyndall Group volcaniclastic sandstones (Fig. 4.4). Within
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this portion of the stratigraphy, there is no negative Nb, Ti or P anomaly, the Tiffh ratio is

high due to the low Th and the lack of depletion of Ti and there is an overall positive slope

on the spider diagram. When the results of the analysis of the samples taken along strike in

the north of the field area are added (Fig 4.5), it can be seen that these rocks match the

Lynchford member pattern of the diagram well and confirm the field, hand specimen and

thin section correlation of these rocks to the southern portion of the Bulgobac Falls

sequence. This further supports the conclusion from chapter 3 that there is no evidence for

a major northwest trending fault displacing the stratigraphy within the area.

1

,1
• Lynchford Member correlate

• Mount Julio Member correlate

Ba ll1 Nb La Ce Nd P205 Zr "02 Y SC V Ni Cr

Figure 4.4: Spid...gram normalised to Post Archaean Ausltalia shales (PAAS. Taylor and McLennan. 1985)

of highly magnetic crystal-rich volcaniclastic sandstones from the Bulgobac Falls sequence. The separation

into Lynchford Member and Mount Julia Member is as suggested in Fig. 4.2.

As has been shown in Figure 4.1, the magnetic units start at the second unit of facies D.

Two volcaniclastic sandstone units occur below the magnetic units. Stratigraphic analysis

has already correlated the higher of these to facies D and hence to the Mount Cripps

Subgroup, while the calcareous sandstone has been suggested to be part of the Southwell

Subgroup (see map). When the results from these units are added to the spider diagram

(Fig. 4.6), the upper unit is indistinguishable from the overall pattern of the more magnetic
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Figure4.5: Spidergram normalised to Post Archaean Australia shales (PAAS, Taylor and Mclennan, 1985)
of highly magnetic crystal-rich volcaniclastic sandstones with the less magnetic northern units from the
Bulgobac Falls sequence.
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Figure 4.6: Spidergram normalised to Post Archaean Australia shales (PAAS, Taylor and McLennan, 1985)
of highly magnetic crystal-rich volcaniclastic sandstones with the stratigraphically lower less magnetic units
from the Bulgobac Falls sequence.
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units, while the calcareous sandstone has a slight depletion in Nb and P, a low Ti value, a

low Tirrh ratio and a negative slope. Whilst the pattern is not particularly strong and it is

difficult to base a clear conclusion on the results from a single unit for this type of analysis,

it does strengthen the existing stratigraphic conclusion that this unit is part of the Southwell

Subgroup. The first quartz-poor crystal-rich volcaniclastic sandstone unit clearly correlates

with the overlying units and is therefore interpreted here as the base of the Mount Cripps

Subgroup.

4.4.3 The Limestone Clasts

Samples were taken from the calcite clasts at the top of the calcareous volcaniclastic

sandstone for carbon and oxygen isotope analysis. Both the micritic calcite and the sparry

calcite layers were sampled (Table 4.3). Figure 4.7 shows that these samples plot within

and close to the range of Tyndall Group carbonates found at Comstock, and close to and

within the field of worldwide Cambrian sedimentary carbonates. A sedimentary origin is

therefore likely for the calcite clasts found within the calcareous volcaniclastic sandstone

although MacDonald (1991) considered it possible for the Comstock carbonate to have had

hydrothermal origins.

Sample d 13C (wrt PDB) d180 (wrt PDB) d 180 (wrt SMOW)

Micritic calcite (PI9A) 1.042 -16.632 13.715

Sparry calcite (PI9B) 0.83 -13.745 16.691

Table 4.3: Results of the carbon and oxygen isotope analysis

4.5 Local Correlations

4.5. 1 Aeromagnetic Data

Regional aeromagnetic mapping (Kirsner, 1992) shows a 2.5 km wide magnetic high

extending along strike to the southwest of the Bulgobac Falls area for 5 km. On the eastern

side of this two ridges of high magnetics are seen, the most easterly of these dies out south

of the Bulgobac Falls area. The second ridge continues into the area and clearly

corresponds to the highly magnetic bed indicated in Figure 4.1. This ridge is abruptly

truncated in the south of the area, corresponding to the point at which the intrusive

porphyry cuts that unit.
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The southern end of the magnetically high region is in the Pinnacles area. At this point the

ridges swing to the west, before dying out rapidly shortly after. This corresponds to the

hinge of a syncline rnapped in this region (Collins, 1980; Kirsner, 1992; McKibben, 1993).

The remainder of the magnetically high area, is one of broad anomalies, and the along

strike ridges of the eastern margin do not reappear to the west. This has been interpreted as

being the result of truncation of the western side of the syncline by the Rosebery fault

(Kirsner, 1992; Poltock, 1993).

Poltock (1993) has correlated the continuous magnetic high to a thin bed of mafic

sandstone mapped by McKibben (1993) (Fig. 4.8). I have interpreted this bed to

correspond to the eastern-most magnetic ridge based on a closer correlation between the

position of the bed and the magnetic high in the Pinnacles area. This is supported by field

descriptions discussed in the next section. The bed is continuous with the basal bed of the

Mount Cripps Subgroup in the Bulgobac Falls area, however it loses its highly magnetic

character between the two areas. The continuous magnetic ridge runs from the mafic

sandstone at the core of the syncline (McKibben 1993) to the first highly magnetic bed in

the Bulgobac Falls area (Fig. 4.8).

4.5.2 The Pinnacles

McKibben (1993) mapped the geology of the Pinnacles area approximately Skm southwest

of the Bulgobac Falls area (Fig. 4.8). He describes the sedimentary sequence within this

area as part of the Mt Charter Group, dominantly Southwell Subgroup. The hinge of the

syncline to the west of the Pinnacles area contains two beds of mafic sandstones. The map

accompanying McKibben's (1993) thesis appears to show only one mafic bearing

sandstone, however analysis of his text and data suggests the thin bed folded around the

syncline and mapped as crystal + lithic +pumice rich mass flow was intended to be mapped

as a mafic bearing sandstone.

The mafic bearing sandstone is described in hand specimen as green-grey, and in thin

section as dominated by sericite-carbonate altered feldspar, pyroxene and felsic volcanic

lithics, with minor quartz. This bed was correlated to the Tyndall Group and as such,

described as the base of the Mount Cripps Subgroup (McKibben, 1993).
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Mapping by Aberfoyle Resources Ltd. approximately 2 km northwest of the Pinnacles area

has shown the sequence within this area to include the base of the Mt Cripps Subgroup

(Fig. 4.8; Appendix) (A. McNeill, Pers. Comm.). The contact described is along strike

from the basal bed in the Pinnacles area and can be readily correlated to the western arm of

the syncline described above. The aeromagnetic data shows a significant drop in

magnetics along the line of this correlation however, before returning to a high level which

correlates with the Aberfoyle mapping. This drop in magnetics may be due to faulting as

was interpreted by Kirsner (1992) or it could be due to alteration of the rock composition.

Faulting seems a more likely prospect however due to the proximity of the Rosebery fault

and the abruptness of the change and rapid return to the regional magnetic trend.

4.5.3 The Silver Falls Syncline

The significant structure affecting the Mt. Cripps Subgroup in the local (as considered for

this section) area is the north to northeast trending syncline, informally referred to as the

Silver Falls Syncline (Poltock, 1993). The correlation of the Mt. Cripps Subgroup between

the Pinnacles and the Bulgobac Falls area, shows that this structure is continuous between

these areas on its eastern limb. The western limb appears truncated by the Rosebery fault

shortly after folding around its axis in the Pinnacles area.

In attempting to trace the axial plane of the syncline, use was made of mapping data

compiled by Collins (1980) along the Que River west of the field area, the aeromagnetic

data (Kirsner, 1992) and tracing of the Rosebery fault by Poltock (1993). Two points

along the Que River show changes of dip consistent with the axial plane of the syncline.

At approximately 378500mE, the regional trend of bedding changes from westerly dipping

to easterly dipping which could be indicative of the hinge of the syncline, however this

also corresponds to a transition into a magnetically quiet zone. Were this to be the hinge of

the syncline, it might be expected that the magnetic pattern to the east of this point would

be repeated to the west. Poltock (1993) has mapped the Rosebery fault through this region

and Owen Conglomerate correlates to the west of this. The change in dip could then be

explained by the fault having brought an easterly dipping sequence into contact with the

westerly dipping continuation of the Bulgobac Falls sequence.

Approximately I km southeast of this, is an area on the Que River where the dip changes

temporarily to a shallow (20°_25°) NNE trend before rapidly returning to a steep westerly
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dip. This would be consistent with the hinge of the fold which has been shown to have a

NNE trending axial plane plunging at around 30°. Dips to the west of the hinge would be

expected to become easterly in this case. However if the fault is close to this region. the

continuation of a westerly dip beyond the fold hinge could be a result of the close

proximity of the fault.

4.5 Conclusions

A clear correlation has been established between the Bulgobac Falls sequence and the

Comstock Formation, the lower formation of the Tyndall Group. The Bulgobac Falls

sequence has similar magnetic characteristics and geochemical characteristics to the

Tyndall Group. Most importantly, it has a close sedimentological correlation to the

Tyndall Group. As part of the Western volcano-sedimentary sequences, correlation with

the Tyndall Group places the Bulgobac Falls sequence within the Mount Cripps Subgroup,

the upper unit of the Mount Charter Group.

A close correlation with other Mount Cripps Subgroup sequences has also been

established, both locally and on a regional basis. The Bulgobac Falls sequence has been

shown to be a continuation of the Mount Cripps Subgroup sequence mapped in the

Pinnacles area to the south. This has also enabled direct correlation of the syncline, the

hinge of which is seen to fold the Mount Cripps Subgroup in the Pinnacles area, to the

syncline that incorporates the Bulgobac Falls sequence within its eastern arm.

The Mount Cripps Subgroup is also seen on the Cradle Mountain Link Road. A

comparison of the stratigraphies on the Cradle Mountain Link Road and in the Bulgobac

Falls area shows distinct differences between the two sequences, but also highlights some

important similarities. These may suggest some distinctive characteristics to the Mount

Cripps Subgroup, which, while not separating it from the more overwhelming Tyndall

Group characteristics, make the northern Tyndall Group correlates identifiable in their own

right. The most obvious of these is the thickness of the two sequences, with the Bulgobac

Falls sequence having the potential to be the thickest Tyndall Group correlate mapped so

far. Both sequences differ from the Tyndall Group type section in the proportion of

laminated mudstone and sandstone facies to the other facies. Elsewhere this facies is

subordinate to the crystal-rich volcaniclastic sandstone facies. however within the Mount
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Cripps Subgroup it is dominant in the Lynchford Member correlate and very common

within the Mount Julia Member. This reflects the distal setting of the Bulgobac section.

The base of the Mount Cripps Subgroup has been identified to be the lowest unit of the

quartz-poor, crystal-rich volcaniclastic sandstone facies. This is based on the

mineralogical and textural characteristics of the unit, its geochemical characteristics and its

correlation with the basal unit within the Pinnacles area. Carbonate facies mark the base of

the Tyndall group where they are present. The carbonate unit which occurs at the base of

the Bulgobac Falls sequence has been correlated with part of the Southwell Subgroup

based on its differences from other carbonate units within the Tyndall Group and on

similarities to carbonate units found within the Southwell Subgroup.
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Chapter 5: Magnetics

5.1 Introduction

Much has been made of the aeromagnetic data for the Bulgobac Falls area, with Kirsner's

(1992) inference of a significant fault within the area and correlations of the sequence with

the base of the Mount Cripps Subgroup (Poltock, 1993). Two questions arise from these

theories if the assertions made in this thesis are valid. First, if the Bulgobac Falls sequence

is continuous along strike (cf. Kirsner, 1992), why does the magnetic signature of the rocks

vary so dramatically. Second, if the stratigraphic and geochemical identification of the

base of the Mount Cripps Subgroup is correct, why does it not have a high magnetic

signature in the Bulgobac Falls area. In order to resolve these issues, a detailed

petrographic study of heavy mineral separates was carried out.

5.2 Methods

Representative samples from the magnetic and non-magnetic units were selected. In

particular samples with low magnetic susceptibility (to the north) which had a high

magnetic signature along strike (to the south) and from the non-magnetic unit identified as

the base of the Mount Cripps Subgroup in this area were selected for investigation.

Samples were trimmed of weathered surfaces and crushed to <3mm sized grains. Crushed

samples were sent to Analabs for heavy mineral separation. The returned heavy minerals

were then sieved to .2Smm, and the coarser grained material discarded. The magnetic

fraction of the sample was separated using a rare earth magnet in a plastic slip. The

magnet was passed over the sample at a height of approximately Smm, and the magnetic

fraction of the sample shaken from the plastic slip after removal of the magnet. The

magnetic and non-magnetic fractions were then weighed and grain mounts prepared.

Point counting was completed by recording the number of each mineral type seen within a

field of view. The slide was then moved by hand in a straight line along the length of the

slide such that the next field of view was immediately adjacent to the previous one. This

was continued until approximately 200 grains were counted.
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5.3 Results and Discussion

5.3.1 The Base of the Mount Cripps Subgroup

Table 5.1 presents the results from the point counting. The sample taken from the unit at

the proposed base of the Mount Cripps Subgroup (P33) contained no magnetic fraction.

No magnetite or ilmenite was found in this sample and only a trace of hematite. The count

for anatase was high (17%), although its actual proportion of the total count was masked

by an extremely high chlorite count (66%). The anatase count was almost nine times

higher than tourmaline (2%), the next most abundant mineral.

If the chlorite count is ignored, the relatively high anatase count may be indicative of a

previous high concentration of Fe-Ti oxides. The whole rock geochemical analysis for this

rock shows that it his an overall iron content consistent with other Mt Cripps Subgroup

samples with moderately high magnetic signatures (eg P39,P40 and P44), but well below

that of the most highly magnetic rocks (eg L9 and P60). Only iron-rich chlorite will sink

during heavy mineral separation, so the abundance of chlorite in this sample suggests it has

an iron-rich composition. Since the bulk rock composition is not depleted, the most likely

scenario is that the Fe has been shifted from Fe-Ti oxide to chlorite during metamorphism

or another alteration process

6.3.2 The Along Strike Magnetic Anomaly

The southern samples came from units that have a large range of magnetic susceptibility

(Fig. 5.1). All samples had a similar magnetite content in magnetic separates but the most

magnetic sample (P54) had a considerably higher overall percentage of heavy minerals

indicating a higher overall percentage of magnetite within the rock (Table 5.!).

Conversely, the rock with the lowest magnetic signature (P42) has the lowest percentage

weight of sinks.

Both the northern samples have magnetic susceptibility readings under 200x lO,5nT, which

is similar to that of P42. P50 has the lowest percentage of magnetite, but a concentration

of heavy minerals that is at least double the other samples from both regions, with the

exception of P54. P70 has a similar magnetite percentage and heavy mineral concentration

to the southern samples except P54.
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Semole
NP44 NP54 NP50 NP70 NP39 NP42 P33

Zircon (E) 3 4 3 2 12 3
Zircon (R) 2 5 3 3 13 7 2
Chlorite 14 29 24 5 77 20 134

Tourmaline 10 14 7 4 8 14 4
Apatite 11 78 68 17 20 1
Rutile 2 1 8
Pyrite 10 1 11 2

Goethtte 82 27 68 3 24 2
Anatase 8 63 11 9 23 10 35
IIlmenite 36 49 111 28 60

Magnetite
Hematite 17 12 8 39 10 34 2

Other 21 14 10 34 13 22
Total 216 219 210 260 219 213 204

Weiahts gms
Non-mag. Fraction 0.09308 2.97734 0.31612 0.2363 0.1176 0.07815 0.8088

MP44 MP54 MP50 MP70 MP39 MP42
Zircon (E)
Zircon (R) 1
Chlorite 6 28 41 9 28 10

Tourmaline 2 7 2 3
Apatite 8 24 10 2
Rutile 1
Pyrite 11 5 5 28

Goethite 11 3 17 10 3
Anatase 3 11 5
Ilimenite

Magnetite 161 173 124 173 181 159
Hematite 2

Other 2 12 9 3 14 5
Total 204 247 217 210 223 211

Total count 420 466 427 470 442 424
part. altered magnte 33 0 54 81 94 87

Weiahts gms
Magnetic fraction 0.16036 1.44695 0.20561 0.17021 0.2937 0.05257
Total 0.25344 4.42429 0.52173 0.40651 0.4113 0.13072

Table 5.1: Results from point counting and weights of magnetic and non-magnetic
fractions of samples. Samples identified by the prefix N are the non-magnetic fraction. M
prefix designates magnetic fraction.
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Figure 5.1: Schematic drawing of magnetic susceptibility readings across the Bulgobac Falls area. showing

sample locations. Lithological units are as indicated on main map. Along strike magnetic changes are based

on isolated outcrop readings and variations are not necessarily sharp. The boundaries are schematic.

Southern Samples Northern Samples

Sample P39 P42 P44 P54 P50 P70

% sinks 0.54 0.17 0.43 34.81 I 0.3

% magnetite 40.95 37.5 38.33 37.12 29.04 36.81

% altered mag. 51.93 54.72 20.5 0 43.54 46.82

Table 5.2: COITlpanson of the concentratIons of components of the heavy mmeral separates
from the northern (low magnetic susceptibility) and southern (high magnetic susceptibility
regions of the Bulgobac Falls area. % sinks is the percentage of heavy minerals that
separated from the original sample. % magnetite is the percentage of magnetite grains in
the total count from both the magnetic and non-magnetic fractions of the sample. % altered
magnetite is the percentage of magnetite grains that showed evidence of alteration to
hematite.
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Figure 5.2: The percentage of magnetite grains showing evidence of alteration to hematite

When a comparison is made between the percentages of magnetite grains which show rims

that have been altered to hematite a more obvious trend emerges (Fig. 5.2). P54 and P44

have less than half the magnetite grains with alteration rims of the other samples. P39, P44

and P54 are all from highly magnetic units, however P39 is a highly weathered example of

this unit. P42 is from the interbedded mudstone and medium to coarse sandstone facies,

which has a low magnetic susceptibility and has the lowest concentration of heavy

minerals, suggesting a difference in sediment source overall. If these two results are

discounted, Figure 5.2 suggests the northern samples have undergone more intense

processes of alteration that have reduced the magnetite content of the unit.
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Chapter 6: Summary and Conclusions

6.1 Introduction

The stratigraphy of the Mount Read Volcanics is complex and not well understood.

Original stratigraphic relationships were complicated and have become even more difficult

to detennine due to subsequent defonnation, complicated faulting and the intennittent

nature of the outcrop. Correlations throughout the Mount Read Volcanics belt are difficult

and have led to much controversy. An example of this is seen within this thesis in which

the Tyndall Group correlate for the northern Mount Read Volcanics is a subgroup (M!.

Cripps Subgroup) of another group (Mt. Charter Group). Unravelling the stratigraphy of

the Mount Read Volcanics is economically important because of the potential for ore

bodies to be restricted to particular stratigraphic horizons. Scientifically it is important as

it will lead to a clearer understanding of the nature of the depositional environments of the

Mount Read Volcanics and the subsequent geological history of the area.

The main focus of this thesis has been to detennine the stratigraphic sequence within the

Bulgobac Falls area and to place it within the overall context of the Mount Read Volcanics.

This was achieved by correlating it to other stratigraphic sequences, in particular, the

Tyndall Group and the Mount Charter Group. A correlation was also made to local

stratigraphic sequences to develop a more detailed picture of the overall pattern of the local

geology. In addition, the previous structural model for the area, based on aeromagnetic

anomalies, which were tested by field observations.

6.2 Summary

6.2.1 Bulgobac Falls

Stratigraphy

A large quartz-feldspar porphyry body bounds the eastern side of the Bulgobac Falls area.

Its cross-cutting relationship with the stratigraphy detennines that it is intrusive, although

the timing of the intrusion is not clear. Overlying this, five sedimentary lithofacies were

identified: a calcareous volcaniclastic sandstone; a mudstone with fine sandstone layers; an
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interbedded mudstone and medium to coarse sandstone; a quartz-poor crystal-rich

volcaniclastic sandstone and a quartz-rich, crystal-rich volcaniclastic sandstone. These

sequences were deposited by low- and high-density turbidity currents or debris flows in a

subaqueous environment below storm wave base. 'Syn-eruptive deposition is inferred based

on the high proportion of euhedral and fragmented volcanic crystals found in the

sandstones.

A calcareous volcaniclastic sandstone is the basal unit within the area. The upper portion

of this unit contains bouldery calcite clasts, some of which are fossiliferous, bearing

ostracods and trilobites from the late Middle Cambrian. Overlying this are repeated

sequences of the other facies described. The overall trend upwards through the

stratigraphy is for the crystal-rich volcaniclastic sandstones to have an increased proportion

of quartz crystals and a reduction of pyroxene crystals. Within the lower portion of the

stratigraphy, mudstone bearing facies are dominant. These are still prevalent higher within

the stratigraphy, but the quartz-rich, crystal-rich volcaniclastic sandstone facies dominate

the upper stratigraphy.

Structure

The sequence dips steeply to the west and is upright, based on the upward fining turbidites.

Interpretation of relationship of cleavage to bedding indicates that the area forms the

eastern arm of a syncline, which is correlated to the syncline hinge mapped in the

Pinnacles area by McKibben (1993). The rocks in this area have been subject to at least

two phases of deformation which are equated to D2 and D4 of the Tabberabberan Orogeny

producing NNE and NW trending folds and weak axial planar cleavage (Seymour and

Calver, 1995). No evidence of significant faulting was found and, in particular no

evidence could be found for the structural model put forward by Kirsner (1992).

6.2.2 Tyndall Group Correlation

The Bulgobac Falls sequence can be clearly correlated to the Comstock Formation, the

lower of the two Tyndall Group formations. Crystal-rich volcaniclastic sandstones are the

dominant facies within the Comstock Formation, which also includes laminated mudstones

and sandstones, volcaniclastic lithic breccias, carbonates, welded ignimbrites and coherent

rhyolites (White, 1996).
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The Comstock Fonnation is divided into a lower Lynchford Member and an upper Mount

Julia Member, based in part on the Mount Julia Member having the quartz-rich, crystal­

rich volcaniclastic sandstone and being poor in the laminated mudstone facies (White,

1996). The Bulgobac Falls sequence can be divided in a similar manner to the Comstock

Fonnation. The lower portion of the Bulgobac Falls sequence contains the quartz-poor,

crystal-rich volcaniclastic sandstone and a higher proportion of mudstone bearing facies

and is here described as a Lynchford Member correlate. The upper portion of the sequence

contains the quartz-rich, crystal-rich volcaniclastic sandstone and is reduced in mudstone

bearing facies. This trend provides a ready correlation with the Mount Julia Member.

The Bulgobac Falls sequence differs from Tyndall Group in that it has a much higher

proportion of mudstone bearing facies. Mudstone bearing facies dominate the sequence

within the Lynchford Member correlate. This is unlike other examples of the Lynchford

Member where mudstone bearing facies are usually less dominant. The exception being

very thin Lynchford Member sequences where the crystal-rich sandstones and lithic

breccias tend to be absent and the mudstone bearing facies may be the only facies present.

Within the Mount Julia Member the mudstone facies are usually minor. However within

the Mount Julia Member correlate at Bulgobac Falls, the mudstone facies are significant

although less prevalent than in the Lynchford Member correlate. The welded ignimbrites

and coherent rhyolites are also missing from the Mount Julia Member, however the full

extent of this member was not mapped, so they may occur higher in the stratigraphy.

A strong correlation between the Bulgobac Falls sequence and the Tyndall Group has also

been established based on whole rock geochemical analysis. These analysis showed

similar trends in the chemical composition of the rocks in the Bulgobac Falls area to those

already identified by Berry el at (1997) as unique trends in the composition of Lynchford

Member rocks. These trends are the result of significant input from tholeiitic source rocks,

a feature not found in other Mount Read Volcanics rocks.

The base of the Tyndall Group correlate is identified as the first of the quartz-poor, crystal­

rich volcaniclastic sandstones. This identification is based on its lithological and

geochemical similarity to other Lynchford Member units and to the overlying Lynchford

Member correlates in the area.
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6.2.3 Mt Charter Group Correlation

At the base of the Lynchford Member a fossiliferous carbonate facies. with Mid-Late

Cambrian trilobites at its base is sometimes found. The calcareous volcaniclastic

sandstone at the base of the Bulgobac Falls sequence does not provide a good correlation

with Lynchford Member however as the Lynchford Member carbonates are massive rather

than clasts of carbonate within a sandstone. It does however, lead to a correlation between

the Bulgobac Falls sequence and the Mount Charter Group.

The uppermost portion of the Mount Charter Group contains the Southwell Subgroup and

the overlying Mount Cripps Subgroup. The Southwell Subgroup includes beds with

limestone clasts some of which contain fossil trilobites. The combination of a Tyndall

Group correlate overlying a unit which can be correlated to the Southwell Subgroup,

provides an excellent correlation to the Mount Charter Group.

The Bulgobac Falls sequence is linked to the sedimentary sequence mapped in the

Pinnacles area as Southwell Subgroup, with overlying Mt. Cripps Subgroup (McKibben,

1993). Aeromagnetic mapping shows a magnetic high trending along strike which links a

magnetic unit in the Bulgobac Falls area to a lithologically and magnetically similar unit in

the Pinnacles area. A second magnetically high unit which is marks the base of Mount

Cripps Subgroup in the Pinnacles area can be linked to the unit previously identified as the

base of the Mount Cripps Subgroup in the Bulgobac Falls area. The aeromagnetic data

shows this unit loses its magnetic signature between the two regions. This local correlation

provides further support for placing the Bulgobac Falls sequence within the Mount Charter

Group.

6.2.4 Magnetic Anomalies

Kirsner's (1992) model for a significant NW trending fault disrupting the stratigraphy was

not supported by field mapping or geochemical analysis. The magnetic low that occurs

along strike from highly magnetic beds are explained by alteration of magnetite within the

magnetic units to hematite. Magnetic units had low levels of altered magnetite grains,

while less magnetic units had significantly higher counts of magnetite grains with hematite

rims.
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The correlation of the non-magnetic crystal-rich volcaniclastic sandstone to the base of the

Mount Cripps Subgroup when previous studies had given the expectation that this bed

should be highly magnetic (McKibben, 1993; White and McPhie, 1996) can be similarly

justified. Evidence is presented that suggests this bed contained a high proportion of

titanomagnetite which has been altered to anatase.

6.3 Conclusions

The sequence described for the Bulgobac Falls area is clearly part of the Mount Charter

Group, specifically the uppermost part of the Southwell Subgroup, and the lower units of

the Mount Cripps Subgroup, a correlate of the Tyndall Group. The base of the Mount

Cripps Subgroup is the first of the quartz-poor, crystal-rich volcaniclastic sandstones in the

area. Previous studies have suggested the Tyndall Group and its correlates can be

identified by their highly magnetic signature. This study shows that while this may be a

good guide to the presence of the Tyndall Group and its correlates, the magnetic signature

of the rocks can be affected by alteration and should not be used to exclude individual units

without other supporting evidence.

The thickest sequences of Tyndall Group rocks described so far have both come from the

Mount Cripps Subgroup at Bulgobac Falls and Cradle Mountain Link Road. Further

correlations between the two Mount Cripps Subgroup stratigraphies described at these

locations are the significantly higher presence of the laminated mudstone and sandstone

facies and thinner beds of the coarser grained mass flow deposits. This may be an

indication of a common feature to the Mount Cripps Subgroup and is likely be an the result

of a differing depositional environment for these rocks from Tyndall Group rocks. The

common relative thinness of the mass flow beds within the Mount Cripps Subgroup could

indicate the depositional environment is more distant from the source of the sediments and

that these beds represent, or are nearer to, the leading edges of the mass flows. The greater

presence of finer grained material supports this, as it could represent the outer limits of

high-density turbidity flows, as the finer material is carried further by the energy of the

system.

A second possible reason for these features could be that it represents an environment that

is further from the source of energy that initiated the turbidity flow. If these deposits are
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syn-eruptive as has been suggested, the turbidity currents would have been initiated by

eruptions or earthquakes, probably associated with the volcanic activity. If the

depositional environment for the Mount Cripps Subgroup was further from the areas of

volcanic activity, there would be less energy supplied"to the system to initiate the currents,

the currents would carry less coarse material and more fine material. This would lead to

thinner beds of coarse grained material from high-density turbidity currents and thicker

sequences resulting from low-density turbidity currents. If this was the case, it would

suggest that this part of the basin was further from the volcanic sources than it is now.

This work has not fully determined the extent of the Mount Cripps Subgroup in this area.

The aeromagnetic data suggests that it continues further west, but as is suggested here, is

not repeated far beyond the hinge of the syncline. The absence of a western repetition of

the highly magnetic ridges that represent the base of the Mount Cripps Subgroup to the

east suggests that the Rosebery Fault may have removed much of the western limb of the

syncline. This region includes probable Owen-type conglomerates (Corbett et ai, 1997)

which would be consistent with reverse movement along the Rosebery Fault bringing the

Mount Cripps Subgroup in to lateral contact with overlying Owen Conglomerate. Future

mapping within the area should be able to clearly resolve the full extent of the syncline and

the existence and impact of the Rosebery Fault in this area.
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BEDDING
Strike DiD Sense
20 60 W
20 30 W
20 55 W
30 52 W
20 55 W
20 65 W
30 60 W
30 45 W
40 50 W
40 42 W
35 58 W
38 60 W
40 34 W
50 45 W
50 45 W
40 52 W
15 90 W
10 75 W
9 85 W
10 66 W
55 56 W
30 58 W
35 78 W
45 55 W
35 78 W
28 63 W
40 63 W
30 80 W
25 68 W
40 78 W
25 80 W
28 75 W
28 80 W
25 73 W
25 78 W
28 80 W
24 78 W
18 70 W
25 80 W
40 53 W
25 n W
35 55 W
60 47 W
25 65 W
10 47 W
17 58 W
20 62 W
38 52 W
35 48 W

CLEAVAGE
Strike DiD Sense
20 90 W
24 56 W
30 70 W
65 90 W
40 90 W
130 85 N
45 75 W
30 90 W
35 90 W
60 90 W
3 72 W
345 88 W
46 64 W
0 90 W
70 50 W
146 56 W
10 70 W

FOLDS
Trend Plunae
295 43
280 40
280 30
30 32
20 21
30 35
295 43
7 30
0 30
350 27
295 43
280 40
280 30

2380T/



•••••••
••••••••
•••
••
•••
•••••
••••••

APPENDIXB

XRFData

23G078



• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •
BUXTONMO

____~c:OMP3pro~ rClIll .. _~1'~pt..!9_97_ Phil Robinson/KatieMcGoldrick .. __ _ _

___.. !Fb _ IIl.t-PlJ..-- Ni Zn .__ 9J._ _ _t-=As'-=- _
35.6' 25 1 .8 .17. 1 26.2 2.9 35.6 __-=2cc' 2=r<,,3'---- _
20.8. 16.9... 5.1 _ 4 c4__ 14904 117.2__ 6~,4 <:3 _

<1 <1.5 <1.5 <1 <1 <1 <3
.. . - ... .. - . __ • n' _

78.6 9 687.1 17.8 536.3 76.7 26.3- - ----- --.---.....-..---t------:-'----=+--------~~=_t
14~ _ 3 1 .9 4 6 _:3L!l __ 7...5+-_---=6...2...6...6 ....1+-__ 103

118.5 42.9 569.8 43.6 501.2 141.1 409.9

1804
15.5

- --- --- ---_ .. _- --

23.8

TASBAS

GSS5

Traces with ScMo Tube
Ident Y
TASGRAN1(B)

~OM~'<>2_ < 1
GXR2I527 _-+ _
GXR4I541

6..._------=-
4

./~
n.__• __._.__• •• --.-------- ---.----- .•. - ..... ---- •••-.--- ----c-t------+------+-----

'1 L9 28 57 4 21 67 461 97 18
"'1 P16 32 1 46 14 .. 29 2 3 92 3+ 4'-1
'f P20 21 84 10 33 2 92 3 5

P33 27 54 6 25 10 188 7 7
-~~+--_ .. _---- .._- --_._-- un_un.

y P3B__ .:39 ..J7. ....15___ 63 24 93 2 <=--3 ~

P39 23 185 2 337 12 709 20 6
~_______ .... _... _.__ . . . __0'" .. _

y P40 . .±Q . _... :34 __.±_ 267 13 631_69 . ~

P42 24 1 50 9 3 15 120 2 4
- -,------------ ------

'I ~___ 26 30 ~__8 36 99 11 <3 .. _
V P44 i 31 54 9 16 _-----1.Q 205 17 7

P51 j 24 65 7 63 1 1 324 4 3_. --- ._~

y P52 45 173 20f 24 ... . 25 82 18 ~

P60 38 63 ~ 29 39 227
1

---=2,,0+- 1._0...
r P67 50 901 11 30 104 401, 25 <3
P68---------~~~::::44_}_7,- - -- --5- __ ~ __ 1 3 91 i 8

f?Cl t- 21 67j_~____ .. ~_ 39 1401 4

- ....-.-.---------,--------.-- -·----·--------1-· ..------- ---- ... ---~- -c-+-!-----
TASBAS 20.3 16.5 4.5 ~3 __ 149.1 117 Ai 64'~~:J _
TASGRAN1(BL__ u35.4~::::__ 2.~O.13_____ 17 un 26.:3_ 3,2. 35.7: 2.3:<3 _

not reauested: not reauested! not requested l\~

W
W
C
.....J
ec



• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •
Buxton(AU)

!c!enl__ Nb JZr l!>r Sa SC V Cr La Ce~_
~SB(1L-t------ 1.2 ! -Q'-3t- 1Jl80.8 4. 7 -~O~.50+ --.£:~ 396.3 <2_. -" 4 --1-=<'-"'2-= _
AGV1 1~_4L__ 230.1 663.11 11_7_7._91--_ 14.6 119 10.3 39.1 66.7 33.8
ENDV __5-,-5.~_ 10_8:9 _ 161 .9 69.6 4Uf- 2,.-8..1_".8'+ ...3...1...3[- 6"'."'6'1- -=1~3-,-.4+______ 10.8
ENDV(2) 6.6 109.8 161.8 6.~ 41.3, 283.4 31510.5(conl.?) 15.81 11.9
ig,COMSi02 __ <.1_ -!<1- <1--=- -:.:4-- <2-_-.:- - =1~1.5 <1 5(cont.) <4 1",-2_ _

RGM1 ---Jl2l-- _231_'_.4 _ 103.4 806.3 4.6. !!~§. 3 ...,5+ .:o2...3 ...4+_------~-----------2..1-'-..7'-l

;~~:::·------5-~~i J-2~~:~----1~~ ~:~t-----i~til__ ------~_3..._3c_.:.-.=,~:~~~~~::~:~:~::...~:-----:.----_~1-8:8"'5"".~~"'F3C"":2! (...(co",n'"'t~.:'-'-)4-.-5+--- --ll~~~i-- 4.~ :~
TASBAS 54.2 257.2 1013 ?0J.~L _'_.13""...,9+_-----1..5-'-.7'-'.1+_---'1".8"-7-".6"+_-----=4,,3,....:o2j_---8...6"'."'3'1- 40
TASGRAN1(8) 13.2 158.1 145.6 460.2: 5.7 24.3 9.5 38.2 80.7 35.9
TASGRAN1(8) 13.6 _ 157.8 145.9 461. 7 6~~...,5+-__-=2""4 .__4t__------'"9...2--+-------'"3..9..,.6+_--- 80_.2____3_7.d

----+--_. ---- -------
Samples

- -- -- -------- ---- - -------_.- -_._---_ .._--- -- --------- - ---_._---- -----

1~:~~~9 Nb - ------23 Zr___ 254 Sr 286 Sa -- ---689I
SC

45 V 992 Cr 130 La 33 Ce 62jNd 32

IfPBIP16--t- ii ...2'-."4,,1 j_----- 1<t -==--=59:<>]_-_ _1:! 45 30 428-51- 37.
IP!Jl!'~_+_ 1 0 1801fl7

1

81 4i_LO 20 3. ~7__5Jli 28
IfPB1P33 1 11 __ 282691f-_ 2048' 201Q_~____26 2_5 __5_6~ ~
IfPBIP38: 14 __283

1
156 4841 13 84 36 50 __1_0_4+- 51

IfPBIP39 91 210 130 4049 18 107 30 32 '~.L_ 32
IfPB1P40 131 299 368_.5.93 L _ 27 176 37 246_0__ 37
IrPB1P42 -il1------197 362 378 19 144 42 33 68 27

- - -------------

IrPB1P43_1.1j 194 173 1 _ 101<t___ __14 _ 82 153 27 59 29
~BIP44 11' !Z1 306~_---.1.4.§.Q 1Jl 1611 50 34 66:l3

i~~::~~~ --;.} ~~~- -~~~t ~ ~~~+~ J.~~j_~==: -~~-~t-----] ==~-~--~=l~
fPBIP60 14 144 121!-_ 1011__ 47 3661 119 __ 50 ,,_9 51
IfPBIP67 13 212...17L 580 18 941 12.§l 101 __1_7_0 71!
IfPB1P68 13 __---.1.1!l 417' 631 29 183' 42 29 71 43
~B1P70 10 _.?:lQ ---s?_-__- -_-_::_.::s_23, 150"122: 323_iQ Ll! 37

t-------------+-------:-- ------------- -------- -----c--~_=_=_----
Lo:5~S~ep~tt"_.1!._"9"'9...7~P~h~il~R~0~b~in~so~n~/'_'Ka~t"'ie"'M"'c::::G~o"'ld~ric~k::._' -'I.!:A"'U..1-'0I"'-r...oOl"'r...a"'m~U"'-n~iv~e~rs~it~vo~f ..!.T~as~m~a~n~ia~_---,-' ~>a'f'-!.- -L -L -L -l l'':'

c,,",
Q
o
(--)

o



Ident _!!Q~_ TI02 :AI203 Fe203
BLANKl3l91N--- __~ -==: 0' =~ 0.01
TASDIOR(319lN 65.19 0.61: 15.05
TASGRANl319 N -73~04 -------.9'---~ -----13~69

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •
BuxlonMajors

___~ ___ __ M99_ _ ~~ __ ct"N...a..,2..0'____--c-f'K..2,-,O'--__c¥P"'2,-,O..S'____--c' BaO _ ILassJrlC::0 ~- ~§_wn ~_
10.04 0 0.01 0 0 0 0: -------o.o1T 0 99.99 <0.01 __

5.62 0.11 ;!,07 ~---04-O.B';4+-----01-O.9:"B+-----;:2-O~2';4+-----;:0-:~1:"7cc:---"'0'-;~Oc:ILt,-_-_~- L~i~---- 100.28

__1_~g_8 0.04 0.7 1.85 2.79 4.64 0.121 ----Q..,.Q!!.f--- 0.73, 100.23 ~O.Ol

- -- ~ ~~~~ ------ ~ ~~ . ~~------r--------~
L9 _~_?~~_ ~1J!j- 14J~?~4~.3:,2+- 0.55 2.93 --~~r---- 2.16 1.67 0.47 O.OB 4.:_~§l 99.43 O._4~

~____ _ ---.ZDI- ~ _ 12 9~ --------~4".'c7;oBr_- Q,QJi g~9_5 Q,£.~~- __ 9-:J?~ 3.55 _O.O~ 0.07 3.38+_ _~~,_§~ _ ___~
P20 _ ,,~~~92 _ 0.27 12.63 __ 1.62 0.11 ~'-~ 1~~f------- 1.16 2.32 0.09 0.09 17.711 99.61 0.07

~P,,33~----+----_ 62.~!. 0.65 16.07 _.~6"'.,,4"'6t_-----Oo".~~_ ___~~_g 2.45 3.75 1.8 0.13 0.23 ---2~a3r~_ 99.55 <0.01
~P:;;3~8'___---_+-----';'6'c7'-;.2c;41 _JL~§ __~~ 4"'.4"'3t- Q:QI ~.64___ 0.28 3.9 2.03 0.19 0.05 -?'!i 99.1 B <0.01
~P?3"'9'------_+---"5,,B".".69 Jl&!. '7.68 .6".,,9;o3r_---Q:24 ~~9~ 0.15 2.46 7.24 0.09 0.42 2.94f. _J!~,_~~ <:QJ~L _
~P;;C40~----+_--~6~1,:o.2,2 1 15.33 _eB_.c'1,,3t-__--c0"':..:.~ ~~64 ,_ 2.99 4.55 1.43 0.16 0.07 2.221._ _~~~~___ _ __~
P42 ~.~!_ 0.62 __ !.6.9~ -----c~6'C~B;;+_--_-Q~]~-- :3,~~5 -- Q:§..9f- .. __'" __.~ 1.28 ._.._~J.!! 0.04 3.59 99.34 9,.03
EP;;C43~----+_'--C;70:'".5~B:I- 0.52 10.58 "5".0,,B'+-__----c,,0'c.l+------~ 2.43 3.32 0.91 0.13 0.11 2.39 . ~~ ~
~~,----------L- 62.73 0.83 14.47 8.24 0--,--1.[ _2.73 0.98 4.25 2.53 0.28 0.16 2.39 99.78 <0.01
~_ I 62.41 Q:l?J?___ 17.44 5.56 ---"0"'.2"S+ 1.93 0.27 5.91 1.95 0.12 0.13 _~§ 99.59 <0.01 __
P52 _~.f1~_,~7 0.34 __J~~~ ..4~.1..1,+-__ 0.04 t~ ---~f_-------- 1.38 5.68 O.!.!!___ 0.19 3.44 ~_99.8~ ,,_. _Q,~

~P6=",0,------_+--.li_~._~l} 1.69 14.67 ~~1'C4Cc.B=-:1'r_---'0'c.~3,,3 .4~~. H-~f-- 0.97 1.79 0.21 0.11 6.071 l..Q,Q:!!i1<0.01 _
~P6~7c_----+_'-_"'6~9.,.'C04_1. _ 0.54 12.281-_____ 6.85 0.04 3.03 0.14 0.08 2.12 0.11 0.06 _~~~I,_ 99.64 <0.01
~P6B='------_+----"6,,0c'.1"'2+--- J..:.Q_~ _ 15.31 8.7~ 0.12 1.96 4.721 2.44 1.24 0.15 0.07 4.07i 99.95 <0.01
pP7=O'___ _+----'7"S,,~S..l p.6?____ 9.76 5.6~ _. 0.07 2.24 0.17! 1.28 1.89 0.12 _ 0.07 2.76 100.13 <0.01 _

TASDlORrPBI ~_~,Ql~
E"'2'~~+--
~T"A"S>cG"R"A,"N,"PC'B"L-I- L~-"J _~_I _
..B",LA-,N",K"IFP..B,,--l__ I--_~ l'!!,!L

-c-cf-----cc-=J------ ~.~~ ~~ -----::--:-:+----;:-:-:+----c-::-+---:-:-:+---c;-:c+---::-:c:+-----c:-:-:
---Q,,§t------ L~ 5.62 0_.!.1__ 3. as --"4"'~B'_''+_---' c'9..4'j-__--'2~.2..3'+-__--'OCC~,,1B'!_----'O"'.0"'74
0.28f--------_J~ZJI---- ~.~.2"5'!_-----'Occ.0":'4-------_~------'cc~,,B4:'t_--___'2'".'c7;o3r_---'4.,~,,6:"r_--~0'-'~~1~2i-!__--'0".,,0"+3

o _Q.:.9~ -"-'"0'f- ~__"O ~Q1 ___'0'+_----'O"'.0'-'2+-----'O'+------'O,,'----'"0"'.0"'0'+----~---
i

1.35
0.73

°

99~93

100.19 <0.01
99.S5 <0.01

r.:,,--'
U
o
ttl
'""~



•••
••••
•
••••
••
•••
•
••
••
••••
•
•
•
•
••
••

APPENDIX C

Outcrop and Data Map
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APPENDIXD

Stratigraphic Column from

NW of Pinnacles

Provided by A. McNeill
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