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Chapter 3

Stratigraphy of the Seventy Mile Range Gronp: an evaluation

of stratigraphic subdivisions and lithofacies

3.1 Introduction

Although the stratigraphic control on mineralisation in the Seventy Mile Range Group is

strong, little is known about the volcanology and sedimentology of this succession.

Systematic regional mapping concentrating on recognition of distinctive volcanic facies

and facies associations as a means of reconstructing the Cambro-Ordovician facies

architecture of the entire Seventy Mile Range Group has yet to be undertaken. The

research reported here suggests that this approach will prove invaluable in regional

correlation and mineral exploration.

A detailed analysis of the Mount Windsor Formation and Trooper Creek Formation,

involving geological mapping and drill core logging, has been undertaken in the area

between Coronation homestead and Trooper Creek prospect (Fig. 3.1; approx 15 km

strike length). This research builds on earlier studies by Henderson (1986) and Berry et

al. (1992) and reinterprets the position and nature of contacts between some of the

formations and clarifies the character of the lithofacies. A new formal subdivision of the

Trooper Creek Formation is proposed, based on mappable compositional and lithological

variations, which primarily reflect changing provenance. Much of the discussion relates to

a 1:25000 scale map of the area (Map 1) which accompanies the thesis.

In the study area, the Seventy Mile Range Group includes both syn-eruptive and post

eruptive volcaniclastic facies. Syn-eruptive facies comprise clasts that were initially

created, transported and deposited by volcanic processes, but which were rapidly

resedimented during (or shortly after) volcanic eruption but not significantly reworked

(McPhie et aI., 1993). In contrast, post-eruptive volcaniclastic facies consist of particles

derived by weathering, erosion and/or resedimentation of pre-existing volcanic deposits,

and involve significant sedimentary transport and reworking (McPhie et aI., 1993). Post

eruptive deposits can be dominated by particles derived by surface weathering and erosion

of volcanic rocks (epiclasts) or by pyroclasts and autoclasts that were resedimented long

after eruption. Syn- and post-eruptive volcaniclastic facies can in reality be difficult to

distinguish, especially for resedimented pyroclastic deposits. Resedimentation can

conceivably be significantly post-eruptive and still generate pyroclast-rich deposits that

appear syn-elUptive. Thick (several tens or hundreds of metres) pyroclast-rich mass-flow

units provide the most distinctive examples of syn-eruptive resedimented volcaniclastic
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Figure 3.2 Measured sections along A-A', B·B' and C-C' in Figure 3.1 showing the three major Iithofacies
associations identilied. True thickness shown. PCF = Puddler Creek Fonnation, MWF = Mount Windsor Fonnation.
KHM = Kitchenrock Hill Member of the Trooper Creek Fonnation. HM = Highway Member of the Trooper Creek
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deposits (e.g. McPhie and Alien, 1992). These units can resemble primary pyroclastic

flow deposits, but lack evidence for hot gas-supported transport and emplacement and

complete sedimentation units have different internal organisation (Chapter 4). The

presence of epiclasts, textural evidence for reworking (e.g. particle rounding and good

sorting) and general division into multiple, relatively thin sedimentation units are key

criteria for distinguishing post- from syn-eruptive volcaniclastic deposits (e.g. White and

McPhie, 1996). However, syn-eruptive volcaniclastic mass flows can incorporate

epiclasts during resedimentation and in some environments, resedimentation processes

may result in significant particle rounding, complicating the interpretation.

3.2 Puddler Creek Formation

Exposures of the Puddler Creek Formation are limited to one small (250 m) area to the

northeast of Truncheon prospect (Fig. 3.1, Fig. 3.2 - section A) and have received only

cursory attention. At this locality, the Puddler Creek Formation comprises interbedded

non-volcanic siItstone and pale green to brown sandstone overlain by a thick (50 to 150

m) interval of coherent andesite. A poorly exposed monomictic, matrix-poor, clast

supported breccia occurs near the base of the andesite. The breccia comprises blocky to

irregular, variably vesicular clasts. Clasts show some variation in phenocryst abundance

suggesting mixing of clast types during emplacement of the breccia. Clast shapes reflect

the importance of autobrecciation and cooling-contraction granulation during

fragmentation, but clasts were resedimented following fragmentation. Upper contacts of

the andesite are not exposed. However, the underlying breccia facies suggest that the

andesite is a lava. Sandstone beds (centimetres to 2 m thick) are massive, locally graded,

and composed of Precambrian derived detritus (principally subrounded to subangular

quartz, minor feldspar and lithic fragments). SiItstone beds are strongly cleaved,

micaceous and form horizons up to 4 m in thickness.

Rhyolite, dacite, andesite and dolerite dykes are abundant in this part of the Puddler Creek

Formation. In this area, the Puddler Creek Formation is at least locally in faulted contact

with the Mount Windsor Formation. The remaining contacts are not exposed.

3.3 Mount Windsor Formation

The Mount Windsor Formation was defined by Henderson (1986) as a thick rhyolitic

volcanic succession, with minor dacite and rare andesite, devoid of intercalated

sedimentary rocks except at its base. Within the study area, coherent massive and flow

banded, quartz- and feldspar-phyric rhyolite dominate the Mount Windsor Formation and
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dacite is a subordinate but significant component of the formation. Autoclastic breccia

facies are relatively minor and primary pyroclastic rocks are not present.

3.3.1 Massive and flow banded rhyolite, rhyodacite and dacite

This facies is characterised by an even distribution of euhedral quartz and/or feldspar

phenocrysts. The mineralogy and abundance of phenocrysts is uniform within a single

unit. These properties have been used to map different units in the field and are a rough

indication of their chemical composition. The rhyolites are characterised by 0.5-7% quartz

phenocrysts (I to 7 mm across) and subordinate alkali and plagioclase feldspar

phenocrysts (7%), 1-3 mm long. The rhyodacites contain 7% feldspar phenocrysts, 1-1.5

mm across and subordinate quartz phenocrysts (3%, 0.5-1 mm). Dacitic lavas and

intrusions are aphyric or contain 3-5% euhedral feldspar phenocrysts, 1-3 mm across.

Geochemically, some rocks mapped as rhyolite plot as dacite and visa versa (Section

3.8.3). Quartz phenocrysts are round and embayed. Microphenocrysts of apatite- and

zircon are common accessory minerals. The groundmass was presumably originally

glassy and has devitrified to a fine-grained mosaic of quartz and feldspar, or else has been

altered to various assemblages of albite, chlorite, quartz or sericite. In some samples, the

groundmass includes variably recrystallised spherical spherulites. Relic perlitic crack

patterns suggest that parts of the groundmass in many units was formerly glassy (e.g.

Alien, 1988; Ross and Smith, 1955; Friedman et aI., 1966). Parts of some units are

characterised by highly contorted flow banding (Fig. 3.3A). The flow foliations consist

of pale siliceous bands alternating with darker, more phyllosilicate-rich bands or pinkish

albite bands. The siliceous bands are composed of a quartzofeldspathic mosaic. Albite- or

phyllosilicate-rich bands are probably an alteration of former glass.

Origin and significance offacies

Textural evidence and contact relationships favour interpretation of the rhyolite,

rhyodacite and dacite intervals as coherent facies of lavas and/or shallow intrusions. Many

of the units have been previously mapped as pyroclastic rocks (e.g. Johnson, 1991).

Densely welded ignimbrite can also be perlitic, spherulitic or flow banded and could

resemble the rhyolite, rhyodacite and dacite intervals. However, such an origin through

dense welding of an ignimbrite can be discounted by evidence including: (I) the

abundance of unbroken, evenly distributed phenocrysts, and absence of lithic clasts; and

(2) absence of vertical or lateral variations in grainsize or welding. Moreover, in some

cases the flow banded rocks have been misinterpreted as bedded volcaniclastic rocks and

apparent clastic textures have been generated by post-depositional processes including

devitrification, hydration, hydrothermal alteration and regional greenschist metamorphism

(cf. Allen, 1988; McPhie et aI., 1993; Doyle et aI., 1993).



Figure 3.3

Representative lithofacies from the Mount Windsor Formation (A-B), the Kitchenrock Hill
Member of the Trooper Creek Formation (C-E), the overlying Highway Member (Trooper
Creek Formation; F) and the Rollston Range Formation (G-H).

(A) Contorted flow banding in coherent rhyolite. 7747300 mN, 420500 mE.

(B) Monomictic rhyolitic breccia facies. This autobreccia is clast-supported and composed
of blocky to slabby rhyolite clasts (arrow). Flow banding in the coherent facies is
continuous into the autobreccia. 7747300 mN, 420500 mE.

(C) Massive to graded polymictic breccia and sandstone facies. The breccia is massive,
clast-supported and comprises aphyric dacite clasts, 2 to 50 cm across. Some clasts are
flow laminated. Clasts in the breccia vary from angular and blocky to well rounded.
Intense silicification has modified groundmass textures within clasts and obscured clast
margins. 7746550 mN, 421200 mE.

(D) Massive to graded polymictic breccia and sandstone facies. Large clasts of silicified,
flow laminated aphyric dacite (d) up to 1 m across are the most conspicuous component in
this breccia. These clasts are perlitic and spherulitic. They are supported in a strongly
cleaved matrix of smaller c1asts. Most of the smaller clasts are also dacite but some rhyo1ite
c1asts are present. Clasts vary from angular to subrounded in shape.

(E) Polymictic volcanic breccia facies. The unit is massive, matrix-poor and clast
supported. Clasts in the breccia include cherty siltstone, planar laminated siltstone and
rhyodacite. These clasts have angular blocky shapes. The other constituent is angular to
subrounded coarsely quartz- and feldspar-phyric rhyolite clasts (r). Rhyo1ite clasts range
in size from 10 cm to 10 m across. The facies is interpreted as a sediment gravity flow
deposit. 7746100 mN, 422000 mE.

(F) Rounded lithic-crystal sandstone facies. Discontinuous lenses of rounded to angular,
lithic granules and pebbles (arrow) occur within the sandstone. Clasts are chert, phyllite
and quartz-hematite fragments. 7741800 mN, 426700 mE.

(G) Rounded lithic-crystal sandstone facies. Thin beds of massive to weakly graded,
crystal-lithic sandstone alternate with laminated siltstone beds. The sandstone beds are
interpreted as turbidites. The siltstone beds were formed by suspension sedimentation.
Hammer for scale (arrow). 7745000 mN, 420100 mE.

(H) Rounded lithic-crystal sandstone facies. The grain population in this sandstone is
diverse but is dominated by quartz (q) and feldspar (f). The other components are detrital
biotite, phyllite (p), apatite and well-rounded zircon and tourmaline grains. Stocksquad,
RD 813 - 95.9 m.
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3.3.2 Monomictic breccia facies

These breccias are monomictic, poorly sorted, clast-supported and composed of evenly

porphyritic (quartz and/or feldspar), non-vesicular dacite, rhyodacite or rhyolite clasts

(Fig. 3.3B). Clasts have blocky to slabby shapes with planar and curviplanar to finely

jagged margins. The groundmass of clasts can be perlitic, spherulitic, devitrified to an

interlocking mosaic of quartz and feldspar, or altered to various assemblages of chlorite,

sericite and quartz. The breccias contain small amounts of matrix, comprising cuneiform

dacite, rhyodacite or rhyolite fragments and parts of crystals. In some cases, preferential

quartz alteration of the matrix and margins of clasts has generated a more extensive

apparent matrix domain.

Two different breccia types are identifiable. In the first, clasts in the breccia fit more or

less together (jigsaw-fit texture). In the second, jigsaw-fit texture is variably modified

suggesting that clasts have moved foJlowing fragmentation. Disruption varies from slight

modification of jigsaw-fit texture to rotation and separation of clasts. Rotation and

separation of clasts is most obvious in cases where flow banding in adjacent clasts has

different orientations. The breccia facies is massive and non-stratified. In some cases,

clast-rotated breccia grades through in situ jigsaw-fit breccia into coherent facies. Flow

banding in the coherent facies may be continuous into the jigsaw-fit breccia (Fig. 3.3A).

Other units consist entirely of clast-rotated breccia. Intervals of the monomictic breccia

facies are a few to 50 m thick, and occur as discontinuous pods or lenses within coherent

rhyolite to dacite.

Origin and significance offacies

Textural variations within the monomictic rhyolitic to dacitic breccia facies reflect varying

roles for quench fragmentation and autobrecciation in fragmentation. Clasts with planar

and curviplanar margins probably formed through the propagation of thermal contraction

fractures, while the clast rotated breccia reflects the importance of autobrecciation (e.g.

Pichler, 1965). Breccia comprising jigsaw-fit clasts is interpreted as hyaloclastite. The

components and fabric in clast-rotated breccia suggest fragmentation by autobrecciation

alone (e.g. AJJen, 1988) or a combination of quench-fragmentation and autobrecciation.

These breccias record fragmentation of parts of the lava that were cooler, more viscous,

and/or subject to higher strain rates during extrusion than the associated coherent facies.

3.3.3 Monomictic pumice breccia facies

In the area northeast of Truncheon (around 77490200 mN, 420000 mE), the base of the

Mount Windsor Formation is marked by a poorly exposed, thin (15 m) interval of
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maSSIve, monomictic, dacitic pumice breccia (Map 1). This unit is characterised by

wispy, feldspar-phyric (5%, 0.4-4 mm) pumice. Formerly glassy vesicle walls have been

replaced by sericite and chlorite, whereas feldspar crystals are relatively unaltered.

Enclosed within the breccia are pods of coherent dacite up to 10 m across. The dacite is

finely banded and contains a similar phenocryst assemblage to pumice in the surrounding

breccia. The spatial association between the pumice breccia and coherent dacite suggests

that the two facies are genetically related.

3.3.4 Associations of coherent and autoclastic facies

In the Mount Windsor Formation, associations of coherent rhyolite to dacite and

monomictic breccia represent lavas, domes and syn-volcanic intrusions, 100 to 300 m

thick. Criteria used to distinguish between intrusive and extrusive units in the drill core

and outcrop are outlined in Chapter 5. Lava domes and flows in the Mount Windsor

Formation are dominated by coherent facies. In some cases, in situ hyaloclastite and

autobreccia are developed along contacts with the underlying or overlying units.

Transitions between autoclastic and coherent facies are sharp but irregular.

At Trooper Creek prospect, a single aphyric dacitic unit, 300 m thick, is exposed along

strike for at least 2.5 km. The lateral continuity and upper contact relationships suggest

that the dacite was emplaced as a thick flow rather than a dome. The lower contact of the

dacite is poorly exposed and in places is marked by a zone of cataclasite. The coherent

interior of the dacite is massive and finely flow banded and overlain by a thin (30-60 m)

carapace of non-stratified autoclastic breccia of the same composition. The breccia

encloses domains of coherent dacite, up to 10 thick and 120 m long. Contacts between the

coherent domains and the surrounding breccia are sharp. The coherent domains are

interpreted as pods of dacite enclosed within coeval autoclastic breccia. Alternatively, the

coherent domains could be lobes that intruded pre-existing autoclastic breccia.

Many rhyoJite and dacite intervals remain as undifferentiated lavas and intrusions as their

margins are not exposed. In these cases, changes in the phenocryst assemblage are the

only indication that boundaries between units have been crossed. Some rhyoIite and dacite

intervals are thin (l0-30 m) and/or laterally discontinuous with have sharp margins,

suggesting that they are syn-volcanic intrusions.

Hyaloclastite breccia associated with the lavas suggests that the depositional setting for the

Mount Windsor Formation was submarine. Regional context further constrains the

depositional environment to submarine.
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3.3.5 Distribution, thickness and contact relationships of the Mount Windsor Formation

The Mount Windsor Formation is continuous between Truncheon prospect in the west

and Prisoner Creek in the East (Fig. 3.1). Complete sections through the formation were

limited to one area northeast of Highway East prospect, where a true thickness of 760 m

is indicated (Fig. 3.2 - section A). The formation is at least 700 m thick at Highway

South prospect and 200 m of the formation has been mapped at Trooper Creek prospect in

the east.

In areas of good exposure, the Mount Windsor Formation appears to be conformably

overlain by volcaniclastic units of the Trooper Creek Formation (e.g. Trooper Creek

prospect, Highway East prospect). The Mount Windsor Formation rhyolites and dacites

along these contacts have autobrecciated tops, suggesting that the Trooper Creek

Formation volcaniclastic units were deposited directly onto the upper surfaces of lavas or

domes which were not subject to significant erosion in the interim period. However,

mass-flow deposits in the Kitchenrock Hill Member contain rounded clasts of rhyolite,

rhyodacite and dacite which are petrographically and geochemically similar to the Mount

Windsor Formation. The clasts were reworked in a high-energy environment (above

storm wave base) prior to redeposition, suggesting that the source areas were subaerial to

shallow marine. These clasts indicate that parts of the Mount Windsor Formation were

subject to significant erosion up until the initial stages of Trooper Creek Formation

volcanism. It is likely that while some parts of the contact were being subject to erosion,

others were sites of deposition.

3.4 Trooper Creek Formation

The recognition of compositional and lithological variations within the Trooper Creek

Formation, which are mappable over at least 15 km strike length, has prompted a

subdivision of the formation into two members, the Kitchenrock Hill Member and the

overlying Highway Member. The Kitchenrock Hill Member comprises volcaniclastic

sandstone and breccia units that are typically polymictic and include sub-rounded to well

rounded clasts. In contrast, the Highway Member is dominated by syn-eruptive volcanic

breccia to sandstone units, syn-sedimentary intrusions, lavas, and volcanic siltstone.

The Kitchenrock Hill Member forms a discontinuous stratigraphic interval overlying

rhyolitic and dacitic lavas and intrusions of the Mount Windsor Formation. Due to the

variable nature of the member, a type area (Kitchenrock Hill area; 7746000 mN, 422000

mE - 7748500 mN, 419000 mE) is proposed for this stratigraphic unit, rather than a type

section (Fig. 3.2 - section E). The Highway Member conformably overlies the
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Kitchenrock Hill Member. The Highway Member is characterised by rapid lithofacies

variations and contains varying proportions of coherent volcanic, volcaniclastic and

sedimentary facies. Because of this heterogeneity three representative type sections have

been constructed, rather than a single type section. These are located (from west to east) at

Highway East prospect from 7746900 mN -417700 mE (top) to 7749250 mN - 420250

mE (base), Highway South prospect from 7745170 mN - 419950 mE to 7747650 mN 

421200 mE and at Trooper Creek prospect from 7742650 mN - 426700 mE (top) to

7744250 mN - 427450 mE. These correspond to sections A-C in Figure 3.2.

The thickness of the Trooper Creek Fonnation varies regionally from approximately 1665

m in the Highway East area to 1115 m in the Kitchenrock Hill to Highway South prospect

area (assuming minimal fault repetition and disruptions). At Trooper Creek prospect, the

fonnation has an approximate thickness of 2140 m and includes two thick dolerite sills.

The age of the sills is uncertain. They show the effects of ?Ordovician-Devonian regional

metamorphism. If the sills are removed a thickness of 1835 m is indicated.

3.4.1 Kitchenrock Hill Member

The Kitchenrock Hill Member comprises four main facies: (i) nonnally graded pumice

crystal breccia and sandstone; (ii) massive to graded polymictic breccia and sandstone

(iii) massive polymictic volcanic breccia; (iv) coherent rhyodacite and dacite. Minor

laminated siltstone beds occur within the member in some areas. Volcaniclastic facies

within the member typically contain more feldspar than quartz or a greater proportion of

dacite or rhyodacite clasts than rhyolite clasts. Some units are entirely dacitic in

composition. The remaining units contain similar proportions of quartz and feldspar

crystals, or clasts with similar proportions of quartz and feldspar phenocrysts. The

presence of subrounded to well rounded clasts is characteristic of the member. Rounded

clasts are not present in all volcaniclastic units within the Kitchenrock Hill Member and

their abundance appears to vary within single units along strike. The composition of

rounded clasts is not unifonn throughout the Kitchenrock Hill Member and they can

include rhyolite, rhyodacite, feldspar-phyric dacite or aphyric dacite. Some clasts have

phenocryst assemblages and geochemical signatures (Section 3.8) which are similar to the

underlying Mount Windsor Formation.

Normally graded pumice-crystal breccia and sandstone

Pumice- and crystal-rich sandstone and breccia beds are the most common facies in the

Kitchenrock Hill Member. Beds (lO's cm to 60 m thick) are nonnally graded with

tuffaceous sandstone tops and, in some cases, polymictic lithic-rich bases. The crystal
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composition suggests dacitic to rhyodacitic volcanic provenance. The principal

components are finely fibrous feldspar±quartz-phyric tube pumice, crystals and crystal

fragments. Pumice dasts are variably oriented, uncompacted and altered to assemblages

of chlorite, sericite and/or feldspar. Lithic dast populations vary between beds and

comprise various assemblages of rhyolite, rhyodacite and dacite. Clasts can be perlitic,

finely flow banded or spherulitic and, although mostly less than 40 cm across, some beds

contain dasts (rhyolite) up to 2 m across. The majority of dasts have angular shapes but

subrounded rhyodacite or dacite dasts are present in many beds. Rhyodacite dasts in a

few beds are intensely silicified, whereas other dasts are weakly sericite-chlorite-altered.

This implies that the rhyodacite dasts were altered at source prior to incorporation into the

breccia.

Origin and significance offacies

The strongly pumiceous character of this facies suggests that pyrodasts were sourced

from explosive silicic magmatic and/or phreatomagmatic eruptions. Sustained eruptions of

this style are largely limited to subaerial settings or water shallower than about 1 km. In

deeper water, volatile expansion is suppressed by the hydrostatic pressure exerted by the

overlying water column (e.g. McBirney, 1963). Although pumiceous units within this

facies have similarities to subaerial ignimbrites they show no evidence of hot

emplacement. Their internal organisation is consistent with deposition from cold, water

supported, sediment gravity flows (cf. Lowe, 1982). Rounded dasts within the coarse

lithic-rich bases of some of the deposits suggests reworking in a subaerial or shaJJow

submarine en~ironment prior to final deposition (below storm wave base). These dasts

imply that the volcaniclastic mass flows may have transgressed a shaJJow-water

environment. Alternatively, the mass flows may have coJJected dasts from the substrate

during transport in a below storm wave base environment.

Massive to graded polymictic breccia and sandstone

Massive to weakly normaJJy graded, polymictic breccia units (generaJJy 1-20 m thick),

intercalated with crystal-lithic sandstone beds (0.5-2 m thick), form a major lithofacies

within the Kitchenrock Hill Member. Breccias are dast- to matrix-supported and lower

contacts are sometimes erosion surfaces. Most beds are dominated by dasts 2 to 7 cm

across, but the coarse base of some beds indude dasts up to 80 cm across. Clast

compositions vary between beds. Some beds are essentially monomictic and comprise

aphyric- or feldspar-phyric dacite dasts and rare siJtstone intradasts (Fig. 3.3C). Finely

flow banded dasts that superficially resemble tube pumice are a significant component of

many beds. Other beds are polymictic but dominated by rhyolite dasts and feldspar

phyric dacite dasts (Fig. 3.3D). Clasts vary from angular and blocky to well rounded

(Fig. 3.3C). Rounded dasts can be dacite or rhyolite. In some intervals of the facies,
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intense silicification has modified groundmass textures within clasts and obscured clast

margins. In these areas, dacite clasts have a finely granular texture and resemble fine

grained sandstone.

Intercalated sandstone beds contain abundant quartz and feldspar crystal fragments (15%)

and angular felsic lithic fragments, with minor leucoxene. Beds comprise a lower division

of massive to weakly graded sandstone (Bouma Ta) which passes up into a thin diffusely

planar laminated division (Tb) followed by finely laminated siltstone (Te). Some beds

display loading structures (e.g. flames).

Origin and significance offacies

The massive to graded polymictic breccia beds are interpreted to have been deposited from

high-density turbidity currents and possibly debris flows in a submarine below-wave

base environment (cf. Lowe, 1982). The assocjation wjth sandy turbjdites and

jntercalated finely laminated siltstone beds support this jnterpretation. Rounded c1asts

were reworked in an above-wave-base environment prior to incorporatjon jnto the mass

flows.

Massive polymictic volcanic breccia

Exposures of this facies are limited to an unnamed creek between Kitchenrock Hill and

Highway South prospect (around 7746100 mN, 422000 mE). The top contact of the

breccia is not exposed but the unit is at least 20 m thick. The bed is massive, matrix-poor

and cIast-supported. Clasts in the breccia include cherty siItstone, planar laminated

sjltstone and rhyodacite. These cIasts have angular blocky shapes and vary from 1-30 cm

across. The remaining cIasts are angular to subrounded, coarsely quartz- and feldspar

phyric rhyolite. Rhyolite cIasts are mostly 10 cm to 1 m in sjze, but one clast 10 m across

is exposed 2-3 m above the base (Fjg. 3.3E). Rhyolite clast margjns are mostly sharp but

segments of a few clasts have broken in situ into small angular fragments. Pieces of the in

situ fragmented clast margins have progressively separated and mixed with other

constituents in the surroundjng framework. In situ fragmented domains separate and

partially enclose coherent rhyolite, the margins of which appear rounded. Clasts are

separated by an unidentifiable matrjx which has either altered to quartz or is cleaved and

weathered to clay.

Rhyolite clasts are absent in the upper few metres of the exposure so that the breccia may

be normally graded, although the top is not exposed. Contacts between the breccia and

underlyjng Mount Windsor Formation rhyolite are poorly exposed but appear to be

irregular. Rhyolite clasts in the breccia have phenocryst assemblages, sizes and

abundances similar to the Mount Windsor Formation.
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Origin and significance offacies

The components and organisation suggest that this facies was deposited from a mass

flow. In situ disintegration of some rhyolite clasts margins, possible weak grading and

mixing of clasts with different compositions and erosional histories, are evidence for

mass-flow transport. For such a poorly sorted aggregate, different particle sizes will have

had different support/transport mechanisms. Large clasts were probably transported as

bed load, whereas smaller fragments were supported by traction and suspension. The role

of the interstitial fluid in particle support during transport cannot be determined as the

preserved matrix is altered, weathered and cleaved. Minor granular matrix may have been

derived from attrition of larger clasts.

The moderate thickness and restricted distribution of the polymictic volcanic breccia facies

suggest a localised source. Rhyolite clasts have phenocryst populations which suggest

they were probably derived from the Mount Windsor Formation. Rounded clasts were

reworked in a high-energy environment (above storm wave base) prior to redeposition,

and suggest that the source areas were subaerial or shallow subaqueous. However,

rounding of some large clasts is attributable to abrasion during transport within the flow.

The evidence for reworking, heterogeneous clast population, small volume and rounded

clasts, collectively suggest that the polymictic breccia is a post-eruptive deposit. The

breccia may have accumulated on the unstable slopes of the underlying Mount Windsor

Formation rhyolite. Discontinuous outcrop means that the depositional surface cannot be

reconstructed.

Coherent rhyodacite and dacite and associated autoclastic brecciafacies

The Kitchenrock Hill Member also contains intervals of rhyodacite and dacite but these

are relatively minor facies. The rhyodacite intervals are characterised by 7% feldspar

phenocrysts, 1-1.5 mm across, and subordinate quartz phenocrysts (3%, 0.5-1 mm).

Dacite intervals contain 3% feldspar phenocrysts, 1-2 mm long. Upper contacts, critical in

evaluating intrusive verses extrusive emplacement, are not always exposed. The most

revealing exposure of rhyodacite occurs in the Highway East area (around 7747800 mN,

419900 mE). In this case, the top contact is marked by intricate interpenetration of

rhyodacite and the overlying lithic-crystal sandstone. Downward from the contact,

siltstone seams cut across the rhyodacite and locally merge forming siltstone-rich breccia.

In some of these domains, ragged clasts of rhyodacite are entirely enclosed by siltstone.

The degree of mixing between the rhyodacite and siltstone at the contact, suggests that the

magma invaded wet unconsolidated sediment as a syn-sedimentary sill, and is consistent

with other well described examples of peperite (e.g. Busby-Spera and White, 1987;

Hanson, 1991).
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Thickness and distribution ofthe Kitchenrock Hill Member

The Kitchenrock Hill Member is present in all areas studied and ranges from 60 to 110 m

thick (Fig. 3.2). Poor exposure and faulting make it difficult to trace single units within

the member. In some areas, the thickness of single units and the overall thickness of the

member appear to increase towards fault contacts with the Mount Windsor Fonnation

rhyolite (Fig. 3.1, Map 1). Bedding orientations in the Kitchenrock Hill Member are

locally discordant to contacts with the underlying Mount Windsor Fonnation rhyolite,

suggesting that there was topography on the palaeodepositional surface. Variations in

thickness and bedding orientation within the Kitchenrock Hill Member probably reflect

palaeotopography on the depositional surface of the underlying Mount Windsor

Formation that may have been generated by the lavas and/or syn-depositional growth

faults.

Depositional setting

The underlying rhyolite of the Mount Windsor Fonnation provides little unambiguous

infonnation on the depositional setting of the Kitchenrock Hill Member. VoIcanicIastic

facies within the Kitchenrock Hill Member support the interpretation that the depositional

setting was subaqueous, and regional context further constrains the depositional setting to

submarine. The widespread occurrence of turbidites is good evidence for deposition

below storm wave base. Rounded cIasts and the abundance of pyrocIasts in some

lithofacies suggest that the source eruptive centres were at least in part subaerial or

shallow subaqueous.

Upper contact of the Kitchenrock Hill Member

The lithic-rich voIcanicIastic units of the Kitchenrock Hill Member grade upward into the

volcanicIastic units of the Highway Member. The contact between these members is

gradational and interfingering, and taken as the top of the uppennost unit with rounded

clasts. As the proportion of rounded cIasts within single units varies along strike, the

contact is sometimes poorly defined. The Kitchenrock Hill Member contains a much

lower portion of siltstone relative to the Highway Member. In some areas, the uppelmost

units with rounded cIasts are followed by thick intervals of siltstone (Highway Member).

3.4.2 Highway Member

The Highway Member comprises coherent lithofacies and compositionally and texturally

diverse voIcanicIastic lithofacies which are intercalated with volcanic and non-volcanic
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sedimentary facies. Summary descriptions and interpretations of the twenty principal

volcanic and sedimentary facies are given in Table 3.1. Coherent litbofacies and clasts in

the volcaniclastic lithofacies are mostly rhyolitic, dacitic or andesitic in composition but

rare basaltic-andesitic examples are present.

The lithofacies can be grouped witbin tbree principallitbofacies associations.

(1) Lithofacies of the primary volcanic facies association include coherent rhyolite to

andesite and associated monomictic non-stratified breccia facies (autobreccia,

hyaloclastite; Table 3.1) and sediment-matrix breccia facies (peperite; Table 3.1).

(2) The resedimented volcaniclastic facies association mostly comprises dacitic to

rhyolitic pumice breccia, andesitic breccia to sandstone, and stratified monomictic

rhyolitic to andesitic breccia.

(3) The sedimentary facies association is dominated by massive to laminated siltstone

but include minor intervals of sandstone and stromatolitic ironstone. Siltstone and

sandstone units are dominantly volcanic. Non-volcanic detritus is more prominent .near

the top of the Highway Member.

There are regional variations in the proportion of the tbree principal litbofacies

associations and in the composition and texture of the constituent lithofacies within each

association. In the area around Coronation homestead, tbe primary volcanic facies

association is dominant and comprises massive coherent and flow-banded rhyolite and

dacite (Map 1). The resedimented volcaniclastic lithofacies comprise rare exposures of

monomictic dacitic breccia. Sedimentary facies are absent. In tbe Highway-Reward to

Highway East area, the primary volcanic facies association is most abundant and

represented by rhyolitic, dacitic and andesitic lavas, syn-sedimentary intrusions,

autoclastic breccia and peperite (Map 1; Fig. 3.2A). The resedimented volcaniclastic

association and sedimentary facies association are more prominent here than further to tbe

west. The resedimented volcaniclastic facies association is dominated by monomictic

volcanic breccia (resedimented autoclastic breccia), pumice-crystal-lithic breccia and

sandstone and graded andesitic scoria breccia (Table 3.1). To the east, between Highway

Soutb prospect and Trooper Creek prospect, the sedimentary facies association is more

common and intervals of interbedded siltstone and sandstone range up to 160 m in

thickness (Figs. 3.2B-C). The resedimented volcaniclastic facies association is dominated

by stratified and laminated pumice breccia and sandstone, graded andesitic scoria breccia,

block-rich andesitic breccia and vitric-crystal sandstone.

Fossils (stromatolites, trilobites) and regional context suggest that the depositional setting

for the Highway Member was submarine. The widespread occurrence of turbidites

suggests that most of the volcanic succession accumulated below storm wave base

(generally greater tban 150-250 m). The exception occurs in the southern segment of
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Table 3.1

Summary of the principallithofacies in the Highway Member of the Trooper Creek Formation.

3.16.

Lithofacies

Massive
rhyolite to
dacile

Massive
andesite

Basaltic
andesitic lobes

Non-stratified
rhyolitic to
dacitic breccia

Non-stratified
andesitic breccia
fades

Non-stratified
sediment-matrix
breccia fades

Stratified,
monomictic
rhyolitic to
dacitic breccia
fades

Siltstone-matrix
rhyolitic to
dacitic breccia

Indurated
siltstone-matrix
rhyolitic breccia
fades

Graded dacitic to
rhyolitic pumice
breccia and
sandstone

Characteristics

Aphyric or evenly porphyritic; columnar
and tortoise shell jointing; massive or
flow banded

Aphyric or evenly porphyritic; vesicular
(1-15%); massive or flow banded; platy
joints

Close-packed lobes, 5-11 cm in diameter;
strongly vesicular cores, glassy margins;
inter lobe material is jigsaw-fit, formerly
glassy, fragments

Monomictic; poorly sorted; blocky to
ragged c1asts; clast- to matrix-supported;
gradational into coherent facies and/or
peperite

Monomictic; poorly sorted; blocky clasts;
some clasts have tiny-normal joints (cf.
Yamagishi, 1979); clast supported;
gradational into coherent facies

Rhyolitic to andesitic; blocky, ragged and
globular shaped clasts; clast- to matrix
supported; jigsaw-fit texture in matrix
poor breccia; matrix may be siltstone,
sandstone or pumice breccia; present along
the upper or lower contacts of massive
andesite to rhyolite facies; 0.1-1 m thick

Thick (0.5-11 m). internally massive or
graded beds; clast-supported; blocky to
elongate jagged clusts; often associated
with hyaloclastite, peperite and coherent
lava

Stratified; polymictic, matrix- to clast
supported; thick « 7 m); internally
massive or normally graded; blocky to
ragged clasts locally with jigsaw-fit fabric;
siltstone matrix and intraclasts

Stratified; polymictic; very poorly sorted;
matrix-supported; > 20 m thick; blocky to
ragged rhyolite clasts with indurated
siltstone rinds; other clasts are indurated
siltstone and siltstone intraclasts; sediment
matrix

Essentially monomictic; normally graded;
non-welded; 1-80 m thick; equant to
ragged tube pumice, crystal fragments,
shards and sparse angular lithic clasts

Interpretation

Coherent facies of lavas and domes,
cryptodomes and syn-sedimentary
intrusions

Coherent fades of lava flows and syn
sedimentary intrusions

Quench fragmented lava. Result of
incomplete quenching of lava leaving
unfragmented pods of magma which cooled
slowly and vesiculated

Autobreccia and in situ hyaloclastite

Autobreccia and in situ hyaloclastite

Peperite (cf. Busby-Spera and White,
1987; Brooks, 1995)

Gravity-driven collapse and
resedimentation of unstable hyaloclastite
(cf. Dimroth et aI., 1978). Deposits from
high-concentration sediment gravity flows

Gravity-driven collapse of unstable
hyaloclastite or peperite from the margins
of subaqueous lavas or cryptodomes;
deposition from high-concentration
sediment gravity flows (? debris flows)

Collapse of unstable peperite from the
margins of subaqueous cryptodomes;
deposition from debris flows (cf. Hanson
and Wilson, 1993)

Resedimentation of subaerial or shallow
submarine pyroclastic pumice into a deeper
submarine setting; syn-eruptive; down
slope transport by high-concentration
turbidity currents
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Lithofacies

Stratified
crystal-rich
volcanic
sandstone

Planar laminated
dacitic pumice
breccia

Polymictic
lithic-pumice
breccia fades

Graded andesitic
scoria breccia

Cross-stratified
andesitic breccia
and sandstone

Globular clast
rich andesitic
breccia

Vitric-crystal
lithic sandstone

Massive to
laminated
siItstone

Ironstone

Microbialitic
ironstone

Characteristics

Essentially monomictic; massive or
weakly normally graded; grain supported;
rich in crystal fragments and pumice with
lesser shards and lithic clasts; I-50 m thick

Monomictic; clast-supported; thinly planar
laminated; < 5 m thick; probable mantle
bedding; non-welded; tube pumice

Poorly sorted; matrix-supported; weak
normal grading; -12 m thick; clasts (3 cm
2 m) of siltstone, dacite, ironstone and
dacite dasts with indurated siltstone rinds;
pumiceous matrix

Essentially monomictic; stratified; thin to
thick (0.1-40 m), normally graded breccia
and sandstone beds; dominantly scoria with
30-50 % vesicles; subordinate poorly
vesicular clasts some with arcuate (quench)
fractures

Monomictic, moderately well sorted; high
angle trough cross-bedding; poorly
vesicular andesite fragments, and
subordinate (5-7 %) scoria fragments;
intervals <20 m thick

Monomictic, moderately-poorly sorted;
massive to normally graded; fragments of
bombs supported in a framework of poorly
vesicular dasts and minor (10 %) scoria

Planar, laterally continuous beds; thin (15
70 cm) massive to normally graded crystal
vitric-Iithic sandstone and interbedded
siltstone; dominantly volcanic; some beds
contain non-volcanic detritus

Laminated or thinly bedded intervals up to
160 ID thick; planar, even, continuous
beds; in some cases laminae drape small
irregularities such as outsize pumice clasts

Quartz-hematite±magnetite-chlorite
sericite-feldspar-calcite; locally pumiceous;
discontinuous lenses (10-160 m long) and
pods

Microbialites composed of stromatolites,
oncolites, pyroclasts and skeletal
fragments

Interpretation

Syn-eruptive; crystal concentration during
eruption and transportation; deposition
from high-concentration, granular turbidity
currents

Water-settled fall in a shallow submarine
environment; source of pyroc1asts was
subaerial or shallow subaqueous

Gravity-driven collapse of pre-existing
unstable peperite, pumice breccia and
ironstone; down-slope transport by high
concentration sediment gravity flows (1
debris flow); deposited and sourced
subaqueously

Syn-eruptive resedimentation of
pyroc1asts from a shallow submarine
scoria cone (cf. Lonsdale and Batiza,
1980); deposits from high-particle
concentration sediment gravity flows and
suspension sedimentation

Resedimentation of pyroclasts into
submarine setting from subaqueous to
subaerial scoria cone; deposition from
traction currents in an above-storm-wave
base environment

Near vent pyroclastic deposit; subaqueous
to subaerial strombolian eruption; minor
down-slope transport

Sandstone beds are deposits from low
concentration turbidity currents (Bouma
Ta-Te); sHtstone predominantly from
suspension sedimentation

Predominantly suspension sedimentation;
in part water-settled volcanic ash; deposited
below storm wave base

Hydrothermal precipitates

In situ stromato)ites as thin films, domed
biostromes and subspherical bioherms;
above-stonn-wave-base structures
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Trooper Creek prospect, where the depositional setting for the upper part of the Highway

Member was shallow submarine. Stromatolites, traction current structures indicative of

wave activity, and evaporitic minerals collectively suggest that this succession

accumulated above storm wave base and may have even been temporarily emergent.

Genetically-related lithofacies associations are further described and discussed in chapters

4 and 5. Chapter 4 documents the internal facies characteristics of a shoaling andesitic to

dacitic volcanic succession in the upper part of the Highway Member, at Trooper Creek

prospect. Chapter 5 examines the lithofacies associations characteristic of submarine

(below storm wave base), non-explosive, lava- and intrusion-dominated volcanic centres

in the area around Coronation homestead, Highway-Reward and Highway East prospect.

Thickness of the Highway Member

The thickness of the Highway Member varies regionally from approximately 1615 m in

the Highway East prospect to Kitchenrock Hill area to 1035 m at Highway South

prospect (assuming minimal fault repetition and disruptions). At Trooper Creek prospect,

the member has an approximate thickness of 1920 m which includes two thick dolerite

sills.

Upper contact ofthe Highway Member

The transition to the overlying Rollston Range Formation is poorly exposed throughout

the study area. The most continuous sections are exposed at Trooper Creek prospect

(around 7741500 mN, 427000 mE), near Highway South (around 7745000 mN, 420000

mE) and occur in diamond drill core from two prospects (Stocksquad and Rustler) to the

south and east respectively of Highway mine. In the Rustler drill hole (RD 812, 132 m),

the transition from the Highway Member to the Rollston Range Formation is gradational

and conformable (Fig. 3.4). At Stocksquad (RD 813, 78-114.5 m), the dacitic pumice

breccia facies of the Highway Member is in faulted contact with the Rollston Range

Formation.

At Trooper Creek and Highway South prospects, rare polymictic sandstone and lensoidal

pebbly sandstone beds (0.1-2 m thick) occur in places near the top of the Highway

Member (Fig. 3.3F). The sandstone beds are massive or normally graded, sometimes

show minor low-angle cross-stratification and are interbedded with siltstone units (0.3 to

2 m thick). The fragment population in the sandstone units is diverse, comprising

dominantly volcanic quartz and feldspar crystal fragments, with subordinate tourmaline

and zircon crystals, white mica, quartz-hematite clasts and basement-derived lithic clasts

(phyllite, metachert). The sandstone units are interpreted to have been deposited from
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high-density turbidity currents (Chapter 4). The components and organisation of the

sandstone units are similar to those in the overlying Rollston Range Formation (Section

3.5.1). Along contacts with the Rollston Range Formation, intervals of the polymictic

sandstone facies are intercalated with dacite, andesite and thick pumiceous mass-flow

deposits, and increase in abundance towards the top of the Highway Member. This mixed

interval is transitional and implies that the contact is conformable.

3.5 Rollston Range Formation

Although the Rollston Range Formation is poorly exposed throughout the study area, the

range of lithofacies observed is similar in the east and west. The formation consists of

volcanogenic sandstone and siltstone and rare pumiceous units.

3.5.1 Rounded lithic-crystal sandstone facies

The sandstone beds are poorly sorted, immature and although typically massive are

sometimes weakly normally graded (Fig. 3.3G). Some beds have erosional bases and

contain ragged siltstone intraclasts. The grain population is diverse and dominated by

quartz and subordinate feldspar (Fig. 3.3H). Quartz grains display undulose or straight

extinction. Feldspars are plagioclase and alkali feldspar, including microcline and rare

altered perthite fragments. Other components are, from most to least abundant, detrital

biotite, white mica, zircon, tourmaline, apatite and rare rounded oxide grains. Grains in

the sandstone are separated by small amounts of fine-grained sericite, chlorite and

cryptocrystalline quartz. Some sandstone beds contain a small percentage of lithic

fragments which can be sand, granule or pebble size. Fragments can include biotite

phyllite, metachert, polycrystalline quartz fragments and sandstone. The metachert

fragments comprise interlocking equant to sub-equant microcrystals of quartz with no

visible relic texture. A few grains contain rare angular volcanic quartz fragments and

flecks of sericite. Polycrystalline quartz fragments comprise semi-equigranular

interlocking euhedral to anhedral quartz. Phyllite grains typically consist of fine-grained

interlayered quartz, sericite and biotite.

Some sandstone beds are dominated by subrounded to rounded fragments, whereas

others contain a higher percentage of angular fragments. Quartz and feldspar grains vary

from angular to well rounded. Plagioclase crystal fragments are mostly angular but some

grains are subangular. Zircon, apatite and tourmaline grains in many samples have

subrounded to rounded shapes, but grains can be euhedral and little modified. White mica
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and biotite fragments have elongate platy shapes and only rare fragments show any

evidence of rounding. The remaining lithic fragments are angular to subrounded.

Origin and significance offacies

The massive to weakly graded character of the sandstone beds suggests that they are the

deposits of sandy high-concentration turbidity currents. Complete sedimentation units

from sandy high-density turbidity currents include (Lowe, 1982): a lower division (SI) of

coarse sand to gravel showing traction structures; an overlying inversely graded, planar

laminated sand division (S2); and an upper division of grain-supported massive or

normally graded sand, commonly showing dewatering structures, and deposited directly

from suspension (S3) (Lowe, 1982). The sandstone units are similar to the S3 division of

Lowe (1982). However, there is no evidence for the S I or S2 divisions. Siltstone beds

include sediment deposited from the dilute sediment clouds trailing the turbidity currents

and sediment which settled through the water column.

The sandstone units are dominated by volcanic quartz and feldspar, suggesting a

predominantly felsic source. As a result of regional deformation, volcanic quartz

commonly exhibits undulose extinction, especially in sandstone beds which are grain

supported. Zircon and apatite may also be volcanic in origin. The remaining fragment

population is clearly non-volcanic and implies input from granitic and deformed basement

sources (cf. Henderson, 1986).

Many grains are subrounded to well rounded, indicating reworking in an above-wave

base environment prior to deposition. Feldspar crystal fragments are relatively unaltered

and angular suggesting they have been little reworked and may be locally derived. Quartz,

zircon and apatite have suffered varying but generally higher degrees of reworking prior

to final deposition, suggesting a separate source. The remaining fragment population is

dominantly subrounded to rounded suggesting significant reworking prior to deposition.

3.5.2 Siltstone and mudstone facies

In the areas studied, the Rollston Range Formation includes thick intervals of siltstone to

mudstone. These fine-grained deposits occur as horizons up to 50 m thick or interbedded

with crystal-lithic sandstone beds. Siltstone/mudstone beds (centimetres to 2 m thick) are

laterally continuous, generally massive and locally show diffuse planar lamination. They

vary from light grey to light brown in colour. Light grey siltstone/mudstone beds are

composed of cryptocrystalline quartz. Pale brown coloured siltstone/mudstone comprises

a fine-grained mosaic of quartz and sericite.
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Origin and significance offacies

The widespread occurrence of tnrbidites implies that the siltstone beds accumulated below

storm wave base. The siltstone beds incorporate non-volcanic and volcanic components

that settled from suspension. Some are probably deposits of pelagic or hemi-pelagic

sediment.

3.5.3 Crystal-pumice sandstone facies

In one area (around 7743500 mN, 421100 mE), the Rollston Range Formation contains

minor crystal-pumice sandstone. The sandstone is very poorly exposed (<! m), massive,

and composed of pumice, shards and crystal fragments (feldspar and lesser quartz). The

crystal composition suggests a dacitic to rhyodacitic provenance. The sandstone is

intercalated with pale grey cherty siltstone units.

Origin and significance offacies

The dominance of juvenile pyroclasts suggests that this facies may have been sourced

from explosive magmatic eruptions in a subaerial or shallow marine environment. The

association with laminated siltstone/mudstone units suggests that the beds were deposited

below storm wave base, most probably as a sediment gravity flow.

3.5.4 Depositional setting

Most of the sandstone units in the Rollston Range Formation are interpreted as turbidites,

indicating deposition below storm wave base. Thick intervals of siltstone are consistent

with deposition in a relatively deep and/or quiet water setting. The succession contains

fossiliferous (graptolites, trilobites) horizons which suggest a submarine depositional

environment (Henderson, 1986).

3.5.5 Lower contact of the Rollston Range Formation

Henderson (1986) defined the lower boundary of the Rollston Range Formation as "the

top of the uppermost substantial unit dominated by pyroclasts". However, mapping of the

current study and previous workers (Berry, 1991; Berry et aI., 1992) suggests that

pumiceous sandstone units and coherent dacite occur within the Rollston Range

Formation up to 3 km above contacts with the Trooper Creek Formation. The lavas and

volcaniclastic deposits imply that episodic volcanism occurred during deposition of the

Rollston Range Formation. Further work is required to detennine the character,
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distribution and abundance of volcanic units within the Rollston Range Formation. The

research will help to clarify the nature and position of contacts between the two

formations. As defined by Henderson (1986), the boundary between the Trooper Creek

Formation and Rollston Range Formation is obscure. The boundary between the two

fOlmations is redefined as the top of the uppermost stratigraphic interval dominated by

syn-etuptive volcaniclastic units and/or rhyolitic to basaltic lavas and syn-sedimentmy

intrusions. The overlying succession is dominated by volcanogenic and non-volcanic

sedimentary units and forms the Rollston Range Formation.

3.6 Intrusions within the Seventy Mile Range Group

3.6.1 Diorite dykes

Diorite dykes are conspicuous at Trooper Creek prospect (around 7743500 mN, 427000

mE). The dikes are medium grained with subophitic textures (e.g. 95-196). Plagioclase

laths (50-600 flm long) are partially enclosed in hornblende which shows varying degrees

of alteration to chlorite. Other components are alkali feldspar (I %), subhedral epidote

crystals (5-7%, 100 flm across) and interstitial chlorite. The dykes are 1-3 m wide and

are exposed discontinuously for up to 400 m. They are cross cut by coarsely quartz- and

feldspar-phyric rhyolite dykes.

3.6.2 Dolerite

Two large dolerite bodies intrude the Trooper Creek Formation at Trooper Creek

prospect. The dolerite has a subophitic texture in which plagioclase laths are partially

enclosed by incompletely chloritised clinopyroxene. Other components are interstitial

chlorite, prehnite, quartz, carbonate and granular sphene. The bodies are clearly intrusive,

and vary in thickness along their exposed length (1.5 km) from 100 to 250 m wide. The

age of the dolerite is uncertain.

3.6.3 Granodiorite

Granodiorite intrudes the Trooper Creek Formation at Highway South prospect. The

granodiorite is equigranular and consists of approximately equal proportions of quartz and

feldspar crystals (200-250 flm long). Plagioclase is the dominant feldspar but minor

microcline and microperthite are also present. Feldspar is largely unaltered or is only

weakly altered to sericite. Rare tabular-shaped domains of very fine-grained quartz may
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be pseudomorphs of feldspar. Other components are rare zircon microphenocrysts, 100

[lm long, and occasional white mica crystals (muscovite ?). Quartz and feldspar crystals

are broken into jigsaw-fit fragments which are separated by sericite.

3.6.4 Intrusive polymictic breccia facies

Exposures of this facies are restricted to Highway East prospect in an unnamed creek at

7747200 mN, 419750 mE. In map view, the breccia cuts across andesitic turbidites and is

roughly circular (4 m in diameter). The breccia is polymictic, non-stratified and clast

supported. The clast population is diverse and includes rhyolite, dacite, andesite and

fragments which have altered to epidote, quartz or chlorite. Rhyolite clasts have varying

abundances of quartz and feldspar suggesting they sample different primary sources.

Clasts vary from angular to subrounded and rounded. Although clasts are mostly 3 mm to

4 cm in size some are up to 12 cm across. The matrix consists of sand- to granule-sized

finely comminuted lithic and crystal fragments with similar compositions and shapes to

the clasts. Epidote alteration has partly obscured the character of sand-sized components

in the matrix and altered some larger fragments.

Origin and significance offacies

Cross-cutting relationships suggest that the breccia is a pipe-like intrusion. The

components suggest that. the breccia is composed of pre-existing lithologies. The breccia

is correlated with similar bodies which occur throughout the Mount Windsor Subprovince

and interpreted as Permo-Carboniferous in age (e.g. Morrison, 1988; Worma1d et aI.,

1991; Wonnald, 1992). These breccia pipes are up to 2 km in diameter, and are

composed of both pre-existing lithologies and material sourced from associated porphyry

intrusions. The breccias have been interpreted to form during rapid magmatic gas release

from porphyry intrusions. They are subvolcanic in origin. Rounding of clasts is attributed

to abrasion and attrition of fragments during fluidisation by the upward streaming of

volatiles (Worma1d et aI., 1991; Wormald, 1992).

3.7 Regional correlations

The new stratigraphic scheme is based on mapping of only a 15 km segment in the

central part of the Seventy Mile Range Group. Previous studies in other parts of the belt

(e.g. Berry et aI., 1992; Van Eck, 1994) describe lithological units that are similar in

composition, components and position in the stratigraphy to those recognised in the study

area. Mapping by Van Eck (1994) suggests that the Kitchenrock Hill Member is also

represented at Mount Farrenden, 5 km to the west. Van Eck (1994) describes clast- to
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matrix-supported breccia units comprising angular to subrounded, finely flow banded,

dacite c1asts (1-3 cm), possible basalt c1asts and highly silicified c1asts. Near Thalanga,

deposits with rounded c1asts have also been recognised along the contact between the

Mount Windsor Formation and Trooper Creek Formation (Anthea Hill pers. corn., 1996).

Correlations based on tracing mass-flow units with distinct provenance characteristics

suggest that some key facies are traceable over large distances within the Highway

Member. The best facies for correlation are the thick mass-flow-emplaced syn-eruptive

pumiceous units. These were erupted infrequently, emplaced rapidly, are widespread and

characterised by distinct phenocryst assemblages and abundances (cf. McPhie and AlIen,

1992).

Distinctive units of this type occur at Stocksquad and Rustler prospects near the contact

between the Trooper Creek Formation and the overlying Rollston Range Formation. At

Stocksquad and Rustler prospects, the upper part of the Trooper Creek Formation

comprises normally graded, thin to thick beds (to 30 m) of non-welded crystal-lithic

pumice breccia (Fig. 3.4). At both locations, the lower units are feldspar> quartz bearing

and may correlate with similar breccias intersected in drill core at Highway-Reward (e.g.

REW 805), to the north at Policeman Creek prospect (e.g. HDD 004), and in outcrop at

Highway East prospect. Whether or not this correlation is direct, their mineralogy

contrasts markedly with the overlying units which consist entirely of feldspar-only vitric

crystal-pumice breccia and sandstone. A syn-sedimentary intrusion occurs between the

feldspar-only units and feldspar> quartz pumice breccia beds at Rustler prospect. At

Stocksquad prospect, massive coherent dacite, in situ hyaJoclastite and normally graded

resedimented hyaloclastite units indicate the presence of a lava flow or dome at an

equivalent stratigraphic position.

The thickness of the feldspar-bearing pumice breccia facies in REW 813 (106 m) and

exclusion of other particle types, point to it as a potential marker horizon. Although dacitic

pumice breccia units occur lower in the stratigraphy (e.g. south of Handcuff) these are

intercalated with thicker intervals of feldspar> quartz-bearing pumice breccia. The key

association of facies at Rustler and Stocksquad prospects allows correlation of the drill

hole sections to Trooper Creek prospect, 15 km to the east. At Trooper Creek prospect,

the upper part of the Highway.Member includes thick intervals of dacitic pumice breccia

(Fig. 3.2C). The principal units are as follows: at the base stratified andesitic scoria

breccia units; overlain by a thick sequence comprising intercalated dacitic (feldspar-only)

pumice breccia beds, microbialites, siltstone and minor sandstone; followed by lithic

crystal sandstone and siltstone beds intercalated with feldspar-bearing pumiceous mass

flow units up to 80 m thick. Differences in the key facies association between the different

localities reflect different depositional settings and distance from the source. It is not
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possible to directly correlate single pumice breccia beds at Trooper Creek prospect with

those further to the west.

The potential for the key facies association to be regionally extensive incited a review of

the available descriptions of tbe stratigraphy elsewhere in the Seventy Mile Range Group.

The association could extend at least to Liontown, 15 km to the west, where similar

lithofacies to those at Stocksquad and Rustler are exposed (e.g. Berry et aI., 1992; Miller,

1996). A tbick interval of feldspar pumice breccia is overlain by sericitic siltstone and

sandstone beds (Liontown Horizon) followed by a thick succession of black shale,

rhyolitic volcaniclastic sandstone, cherty siltstone and feldspar±quartz-phyric rhyolite and

dacite. The Liontown Horizon is host to barite-carbonate-base metal sulfide lenses

interpreted as seafloor exhalative VHMS deposits. Sub-seafloor replacement style

sphalerite-galena-pyrite mineralisation occurs within the footwall dacitic pumice beds

(e.g. Berry et aI., 1992; Miller, 1996). The Liontown deposit has been interpreted to

occur at or near the top of the Trooper Creek Formation (Berry et aI., 1992). _The

correlations proposed here support this interpretation.

The recognition of a regionally extensive key facies association provides an important

framework for mineral exploration within tbe Trooper Creek Formation (Chapter 8). In

particular, the correlations suggest tbat tbe Liontown and Highway-Reward deposits

occupy a similar stratigraphic position near the top of tbe Highway Member. Previous

interpretations have placed the Highway-Reward deposit within the central part of tbe

Trooper Creek Formation. The correlations also suggest tbat the host succession to tbe

Liontown mineralisation could be continuous to tbe east for over 30 km. The key facies

association thus provides a powerful guide for mineral exploration. Stocksquad and

Rustler prospects occur at the same stratigraphic position and represent clear targets for

further exploration.

3.8 Regional geochemistry

Regional lithogeochemical studies of coherent volcanic rocks within tbe Seventy Mile

Range Group were undertaken by Berry et al. (1992) and Stolz (1995). Stolz (1995)

subdivided the Seventy Mile Range Group into four igneous suites. These correspond to

discrete stratigraphic units within the tbree major volcanic-bearing formations (Puddler

Creek Formation, Mount Windsor Formation, Trooper Creek Formation) of the Seventy

Mile Range. In this section, Stolz's (1995) geochemical subdivisions are followed closely

and only slightly modified from his paper. The major difference here is an interpretation

of tbe geochemical data which draws on a more detailed understanding of the facies



Stratigraphy 3.27.

architecture of the Trooper Creek Fonnation and Mount Windsor Fonnation in the study

area.

3.8.1 Sampling and analytical techniques

The new trace- and major-element data are presented in Appendix D and relate to a suite of

least altered, coherent lavas and intrusions in the Mount Windsor Fonnation and Trooper

Creek Formation, sampled from outcrop between Coronation homestead and Trooper

Creek prospect. An additional 18 samples were collected from drill core in the host

sequence to the Highway-Reward deposit. Analyses from Highway-Reward have been

interpreted with caution, in the absence of less altered examples.

Rocks were first crushed in a jaw crusher, and a hand picked separate of chips free of

oxidised or weathered rinds, veins or amygdales was powdered in a tungsten carbide .disc

mill. Major element and trace element concentrations were determined on a Philips

automated XRF spectrometer at the University of Tasmania using standard fused disc and

pressed pellet techniques (Norrish and Chappell, 1977). The major element analyses have

been recalculated to 100% anhydrous to remove variations caused by differing loss on

ignition values.

3.8.2 Element mobility

In the study area, the Seventy Mile Range Group has been affected by regional

defonnation and prehnite-pumpellyite to greenschist facies metamorphism, and

hydrothermal alteration is locally intense. Therefore all samples selected for this study

have undergone some degree of mineralogical readjustment. The variable mobility of

elements during low-grade metamolphism and hydrothennal alteration is relatively well

documented (e.g. MacI-ean and Kranidiotis, 1987; Whitford et aI., 1989; Rollinson,

1993). Elements considered to be essentially immobile during these styles of alteration.

include the high field strength elements such as Ti, Zr and Nb. Also generally reliable are

P, Sc, Y and Th. The strong correlation between elemental pairs (e.g. ZrlNb, r=0.945) in

rocks from the Seventy Mile Range Group, confinns that the high field strength elements

have remained relatively immobile (cf. MacI-ean and Kranidiotis, 1987; MacI-ean and

Barrett, 1993; Stolz, 1995). The concentrations of the large ion lithophi1e elements

(including K, Rb, Ba and Sr) are unlikely to reflect original magmatic concentrations.

Despite undoubted silica mobility, there is a general negative correlation between TiJZr

and Si02 (Fig. 3.5A), suggesting that the Si02 abundances in these rocks are often within
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a few percent of their primary concentrations. Si02 is a useful chemical discriminator and

fractionation indicator, especially when considered together with immobile elements.

Particular emphasis has been placed on interpretation of these patterns, for which Stolz

(1995) based his geochemical subdivisions of the Seventy Mile Range Group.

3.8.3 Compositions

Previous studies (Stolz, 1989, 1991; Berry et aI., 1992; Stolz, 1995) demonstrated a

predominance of rocks with low- to medium-K calc-alkaline compositions in the Seventy

Mile Range Group. In a plot of Si02 versus Kz0 (Fig. 3.5B) the new data conform to the

regional pattern. In samples with Si02 contents greater than 77 wt% neither Si02 nor K20

are likely to be pristine. Samples from the Trooper Creek Formation display a broad range

of Kp values at various silica concentrations, but mostly have low- to medium-K

signatures. Samples from Highway-Reward display a large scatter of K20 concentrations

which is attributable to the effects of hydrothermal alteration.

Mount Windsor Formation

Lavas and intrusions from the Mount Windsor Formation are mostly rhyolite but some

rhyodacite and dacite is present (Fig. 3.5C). The rhyolites, rhyodacites and dacites have

Si02 concentrations in the range 74-80 wt% and are characterised by relatively low

abundances of Ti02, P20" MgO (Fig 3.5D-F), CaO and Fep, (Fig. 3.6A-B). In

addition, they display a broad range of Nap, Kp, Sr and Ba values (Appendix D).

Much of the variation in the concentrations of these elements is interpreted to reflect post

depositional alteration and metamorphism.

Trooper Creek Formation

The new data for the Trooper Creek Formation are comparable with trends identified

within the formation throughout the remainder of the Seventy Mile Range Group (e.g.

Stolz, 1995). On a plot of ZrfTi02 versus NbIY the samples range in composition from

high-silica dacite to basalt (Fig. 3.5C). Some lavas and intrusions classified as rhyolite

petrographically (because they contain 5-7 modal percent quartz phenocrysts, 1-3 mm

across) plot in the high-silica dacite field. These samples are characterised by having

greater than 70 wt% Si02 but higher TilZr ratios than rhyolitic lavas from the Mount

Windsor Formation (Fig. 3.6C; Stolz, 1995). Other lavas and intrusions in the Trooper

Creek Formation that generally contain less than 1 modal percent quartz phenocrysts

(mapped as rhyodacite and dacite) also plot in the high-silica dacite field (cf. Stolz, 1995).
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based on data from Berry et aJ. (1992), Stolz (1995) and this study.
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Overall the range of compositions from high-silica dacite to andesite fall along linear

trends which are consistent with the wider sample set reported by Stolz (1995) (e.g. Fig.

3.5D-F). The compositions of coherent rocks from the Highway Member of the Trooper

Creek Formation are similar throughout the field area and do not appear to vary

stratigraphically. Coherent volcanic facies are minor in the Kitchenrock Hill Member and

samples suitable for analysis have not been identified. Berry et al. (1992) identified two

suites of andesitic rocks within the Trooper Creek Formation: a low Ti-Zr group, and a

relatively high Ti-Zr group. In the study area, the low Ti-Zr andesite (Highway Member)

typically has Zr concentrations of 26 to 144 ppm and Ti02 abundances < 1.1 wt% (Fig.

3.6D). The high Ti-Zr suite (Zr > 100 ppm and Ti02 > I wt%; Berry et aI., 1992) is not

represented.

The silicic coherent rocks of the Trooper Creek Formation are distinguishable from

rhyolites, rhyodacites and dacites in the Mount Windsor Formation by their higher P/Zr

and Ti/Zr values (Fig. 3.6C). In a plot of Ti02 vs. Th the former are also generally lower

in Th and higher in Ti02 (Fig. 3.6E; Stolz, 1995). In the study area, the Mount Windsor

Formation rhyolite, rhyodacite and dacite intervals also typically have lower Fe20 3

concentrations (Fig. 3.6B) and higher Y and Rb abundances.

Analyses of volcaniclastic rocks in the Trooper Creek Formation were limited to a single

rhyolite clast (94-50) from the Kitchenrock Hill Member. The sample comes from a

normally graded pumice-crystal breccia and sandstone unit near the contact with the

Mount Windsor Formation. In plots of P/Zr vs. TilZr (Fig. 3.6C) and Th vs. Ti02 (Fig.

3.6E) the rhyolite clast falls within the field of the Mount Windsor Formation.

Andesite dykes

Andesite dykes are abundant in the Mount Windsor Formation and Trooper Creek

Formation. In the Trooper Creek Formation, some of the dykes are comagmatic with

lavas (Stolz, 1995). The dykes have Si02 concentrations in the range of 50.8 to 58.6

wt% and relatively high contents of Ti02 (1.4-2.3 wt%) and moderate Pp, (0.19-0.35

wt%) (Fig. 3.5D-E; Stolz, 1995). Their high Ti02 contents and lower Th contents clearly

distinguish them from a suite of unaltered andesite dykes which cross-cut massive sulfide

mineralisation at Highway-Reward (Fig. 3.6E). The dykes at Highway-Reward plot

along a similar trend to data for the Mount Windsor Formation and Trooper Creek

Formation (Fig. 3.5D-E, 3.6B) suggesting they are probably cogenetic with other lavas

and intrusions in the Seventy Mile Range Group.
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3.9 Summary

Detailed facies analysis of a central part of the Seventy Mile Range Group, between

Coronation homestead and Trooper Creek prospect, has led to a better understanding of

lithofacies characteristics of the four component formations. The Mount Windsor

Formation is a thick sequence of massive rhyolite, rhyodacite and subordinate dacite.

Volcaniclastic rocks form a minor component of the formations and pyroclastic rocks are

not present. Associations of coherent and autoclastic facies form lavas, domes and syn

volcanic sills and dykes but provide little unambiguous information on the depositional

setting. Minor hyaloclastite is the only evidence for eruption in a subaqueous

environment. The Trooper Creek Formation is subdivided into two members, the

Kitchenrock Hill Member and the overlying Highway Member. The stratigraphic

subdivision is based largely on lithological variations, which reflect different provenance

characteristics. Volcaniclastic deposits in the Kitchenrock Hill Member are characterised

by abundant rounded clasts that were probably sourced from the Mount Windsor

Formation. Rounding occurred in a high-energy environment prior to redeposition,

suggesting that the source areas were subaerial to shallow marine. In contrast, the

Highway Member is a complex association of syn-eruptive volcaniclastic deposits, syn

sedimentary intrusions, lavas and siltstone. Both the Kitchenrock Hill Member and the

Highway Member were deposited in a submarine environment. At Highway South

prospect and Trooper Creek prospect, the Trooper Creek Formation is overlain by the

Rollston Range Formation. At these locations, angular to well-rounded metamorphic- and

granitic-basement derived fragments are increasingly abundant near the top of the

Highway Member. This mixed interval is transitional and suggests that the contact is

conformable. The overlying Rollston Range Formation comprises sandstone and siltstone

beds that are dominated by volcanic quartz and feldspar but contain significant basement

derived detritus. Rare pyroclast-rich units and dacitic lavas occur within the Rollston

Range Formation (e.g. Berry et aI., 1992; Henderson, 1986).

Coherent volcanic rocks in the Trooper Creek Formation and Mount Windsor Formation

are geochemically similar to those from the equivalent formations in the remainder of the

Seventy Mile Range Group (e.g. Berry et aI., 1992; Stolz, 1995). The geochemica1 data

support the stratigraphic correlations proposed in the current study. In particular, the

position of the contact between the Trooper Creek Formation and Mount Windsor

Formation in some parts of the study area (e.g. Highway East, Trooper Creek) has been

modified from that of previous authors.

The recognition of regionally extensive key facies associations within the Trooper Creek

Formation has important implications for mineral exploration within the Seventy Mile

Range Group.




