
VOLCANIC FACIES ARCHITECTURE OF THE 
CAMBRO-ORDOVICIAN SEVENTY MILE 

RANGE GROUP, NORTHERN QUEENSLAND 
AUSTRALIA 

by 

KIRSTEN A. SIMPSON 
B.Sc (Hons) 

UNIVERSITY OF TASMANIA 

Submitted in fulfilment of the requirements 
for the degree of Doctor of Philosophy 

University of Tasmania 
Australia 

February, 2001 



zz 

STATEMENT AND AUTHORITY OF ACCESS 

This thesis contains no material which has been accepted for a degree or diploma by the 

University or any other institution and, to the best of my knowledge and belief, no 

material previously published or written by another person except where due 

acknowledgment is made in the text of this thesis. 

Authority of access: 

'This thesis is not to be made available for loan or copying for one year following the 

date this statement was signed. Following that time the thesis may be made available for 

loan and limited copying in accordance with the Copyright Act 1968. 

Date: 21 NOV · d-OC I 
I 

Kirsten Simpson 



.ABSTRACT 

The Cambro-Ordovician Seventy Mile Range Group occurs within the Mount Windsor 

Subprovince in northern Queensland, Australia. It extends approximately 165 km east-west, 

consists of compositionally and texturally diverse submarine volcanic and sedimentary fades and 

hosts massive sulfide deposits. The Seventy Mile Range Group has undergone greenschist

grade regional metamorphism and three phases of deformation. It comprises four formations, 

the middle two of which are dominantly volcanic (Mount Windsor and Trooper Creek 

Formations). 

Detailed volcanic fades mapping has been undertaken along spaced traverses throughout the 

Seventy Mile Range Group. The main areas studied include Warawee, Brittania, 

Highway /Reward, Mt. Farrenden, Mt. Windsor, Lion town and Thalanga. This research has 

prompted a review of the existing stratigraphic framework. The Mount Windsor and Trooper 

Creek Formations are amalgamated into one lithostratigraphic unit, informally termed the 

Mount Windsor-Trooper Creek unit. The Mount Windsor-Trooper Creek unit overlies non

volcanic sandstone and mudstone of the Puddler Creek Formation. The contact with the 

Puddler Creek Formation is either narrow (<100 m) or broad (up to 1000 m) and interfingering 

or intrusive. The Mount Windsor-Trooper Creek unit is conformably overlain by non-volcanic 

sandstone and mudstone of the Rollston Range Formation. 

Twenty-three principal lithofacies have been identified in the Mount Windsor-Trooper Creek 

unit and are organised into five groups: 1) coherent rhyolite, dacite and basaltic andesite; 2) 

monomictic volcanic breccia and conglomerate; 3) polymictic volcanic breccia and 

conglomerate; 4) volcanic sandstone and mudstone; and 5) non-volcanic sandstone and 

mudstone. The volcanic succession is interpreted to comprise lavas and intrusions, syn-eruptive 

pyroclastic sediment gravity flow deposits, bomb-rich fire-fountain deposits, syn-eruptive 

resedimented pyroclastic and autoclastic deposits and post-eruptive and reworked volcaniclastic 

deposits. Transport and deposition of monomictic and polymictic volcanic breccia and 

conglomerate involved water-supported sediment gravity flows. Coherent and associated 

autoclastic rhyolite fades are interpreted to be dominantly intrusions. 

Regionally, the environment of deposition was submarine and below-storm-wave-base. The 

products of both intrabasinal submarine and extrabasinal shallow-marine or subaerial volcanic 

eruptions are preserved in the Mount Windsor-Trooper Creek unit. The volcanic fades 

associations represent three and possibly four main intrabasinal volcano types: 1) rhyolite lava 

and intrusion volcanic complexes, 2) basaltic andesite fire-fountain and lava volcanoes, 3) dacite 
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dome volcanoes, and 4) possibly rhyolite lava-intrusion "tuff'' volcanoes. Rhyolite lava and 

intrusion volcanic complexes are the most voluminous and common type of volcano identified. 

The basaltic andesite fire -fountain eruptions generated a distinctive monomictic breccia 

composed of fluidal and blocky basaltic andesite clasts. The fluidal clasts resemble subaerial 

volcanic bombs and are interpreted to be the products of submarine fire fountaining of 

relatively low-viscosity lava. 

The stratigraphic thickness of the Mount Windsor-Trooper Creek unit varies across the belt 

from ~1100 mat Thalanga to >7 km in the Mt. Farrenden and Mt. Windsor east areas. 

Thickness variations of the volcanic stratigraphy are a product of accumulation of mass-flow 

volcaniclastic fades in local depocentres and emplacement of voluminous felsic lavas and 

intrusions at intrabasinal volcanic centres. 

Lavas, intrusions and monomictic volcaniclastic fades can be divided into three geochemically 

distinct suites. Suite I ranges in composition from rhyolite to basaltic andesite and is interpreted 

to comprise a cogenetic suite related by variable degrees of crystal fractionation and crustal 

assimilation. Suite II consists principally of rhyolites which are geochemically distinct from 

Suite I rhyolites. Suite III consists of trachyandesites. Suite I occurs at all stratigraphic levels 

within the Mount Windsor-Trooper Creek, Suite II is restricted to the lower Mount Windsor

Trooper Creek unit, and Suite III is largely restricted to the Puddler Creek Formation. All suites 

occur across the length of the Seventy Mile Range Group. New U-Pb zircon ages for felsic 

volcanic rocks from the Mount Windsor-Trooper Creek unit are 467.9 ± 4.1 Ma, 466.7 ± 2.6 

Ma, and 465.4 ± 1.4 Ma. 

Volcanic-hosted massive sulfide deposits occur in the middle to upper part of the Mount 

Windsor-Trooper Creek unit. They have previously been interpreted to be spatially and 

temporally associated with emplacement of rhyolite lavas and shallow-level intrusions (e.g., 

Thalanga and Highway /Reward) or hosted by volcaniclastic facies (e.g., Lion town). The 

volcanic fades architecture of the Seventy Mile Range Group is similar to that of the Early 

Proterozoic Skellefte District in Sweden, where numerous polymetallic massive sulfide deposits 

are hosted within rhyolite volcanic centres and volcaniclastic deposits. 
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CHAPTER 1: INTRODUCTION 

The Mount Windsor Subprovince (MWS; Fig. 1.1) is a Cambra-Ordovician submarine 

volcano-sedimentary succession, which is host to volcanic-hosted massive sulfide 

(VHMS) deposits and prospects. It is located south of Charters Towers in northern 

Queensland. Despite diagenetic and hydrothermal alteration, deformation and 

metamorphism, the preservation of primary volcanic textures is excellent. 

Recent work in other volcano-sedimentary successions hosting VHMS deposits (McPhie 

and Allen, 1992; Allen et al., 1996a; Allen et al., 1996b) has revealed the complex nature 

of submarine successions. The present regional volcanic and sedimentary stratigraphy 

of the MWS is apparently simple, in contrast to most other similar submarine volcano

sedimentary successions. This research is being supported by RGC Exploration. RGC 

Exploration has previously supported a number of other research projects within the 

MWS. These projects mainly involved exploration for VHMS deposits and generally 

concentrated on the immediate areas around deposits and prospects. As a result, the 

regional architecture of the volcanic succession remained largely unknown, hence the 

necessity for the present study. 

This thesis describes and interprets the geology of the MWS including: identification of 

the volcanic facies, location of volcanic centres, identification of primary geochemistry 

of volcanic facies, revision of the stratigraphic framework and identification of a 

geological framework for VHMS exploration. Also included is a detailed analysis of an 

important submarine fire-fountain breccia facies association in the Brittania area. 

1.1 Aims and Significance 

(i) Document the character and geometry of the volcanic and sedimentary facies 

associations, concentrating on the Mount Windsor and Trooper Creek 

Formations (hosts to VHMS mineralisation); 

(ii) Interpret the style and setting of volcanic activity, including identification of 

proximal facies associations; 

(iii) Establish the primary geochemistry of volcanic rocks collected in this study and 

re-evaluate existing geochemical databases; 

(iv) Provide absolute age constraints for the MWS; 

(v) Review the stratigraphic framework; 
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Figure 1.1 : Distribution of the Mount Windsor Subprovince. The locations of the major deposits and prospects are 
shown. Modified from Henderson (1980). 
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(vi) Review the present exploration model(s) for the MWS based on the integration 

of the detailed volcanic facies mapping and ore deposit geology. 

As outcropping ore deposits become increasingly rare, economic geologists are forced 

to explore for buried deposits. In VHMS districts the important processes of 

recognising paleoseafloor positions or tracing mineralised horizons require a detailed 

understanding of the geological setting. Identification and interpretation of the volcanic 

facies and fades associations are necessary to unravel the complex stratigraphy that is 

typical of submarine volcanic successions. 

This project has significantly improved the understanding of the submarine volcanic and 

sedimentary succession of the MWS by identifying the locations of volcanic centres, 

paleoseafloor positions and favourable stratigraphy for massive sulfide mineralisation. 

In addition to its relevance to VHMS exploration this research documents the complex 

character of an ancient submarine volcano-sedimentary succession and includes a 

detailed description of a submarine fire-fountain deposit. 

1.2 Previous Work 

The first base metal occurrence in the MWS was discovered at Liontown in 1905 by 

gold prospectors (Berry et al., 1992). Numerous mining companies have since explored 

the subprovince, with the main exploration period starting in 1972 and continuing to 

the present. This resulted in the discovery of two major VHMS deposits (fhalanga and 

Highway /Reward) and many prospects. Exploration is ongoing and continues to be 

successful in defining new mineralised areas. Much of the MWS was mapped by 

company geologists during exploration and a broad understanding of the stratigraphy 

was established and recorded in unpublished company reports. Henderson (1986) 

defined the presently accepted stratigraphy and interpreted the depositional 

environment, age (based on fossil data) and tectonic setting of the MWS. More recently, 

Berry et al. (1992) undertook regional traverses between Thalanga and Brittania with 

emphasis on geochemistry and structure. They extended the work of Henderson (1986) 

and, on the basis of both mapping and geochemistry, made revisions to the stratigraphy. 

New structural data also gave rise to a better understanding of the tectonic history of 

the MWS. Stolz (1995) identified geochemical signatures for the volcanic units in the 

MWS, mainly using Ti/Zr ratios, Nb isotopes and Eu anomalies. 
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Several postgraduate research projects have been undertaken, focusing on single 

deposits and prospects within the MWS. Specifically, research has been done on 

Thalanga (Herrmann, 1994; Hill, 1996; Paulick, 1999), Highway /Reward (Doyle, 1997), 

Waterloo (Monecke in progress), Liontown (Miller, 1996), Magpie (Mulholland, 1991) 

and Mt. Farrenden (Van Eck, 1994). Much of this research involved detailed drill core 

logging and concentrated principally on the alteration and mineralisation in and around 

the prospective areas. Some detailed stratigraphic mapping was undertaken by both 

Van Eck (1994; Mt. Farrenden area) and Doyle (1997; Highway/Reward area). Doyle 

(1997) revised the stratigraphy outlined by Henderson (1986) along a 15-km strike 

length in the area around the Highway /Reward mine. 

As most of the previous work in the MWS has focused on finding new mineral deposits, 

the regional volcanic fades architecture remains poorly understood. This thesis builds 

on the previous work, in particular the regional mapping done by both Henderson 

(1986) and Berry et al. (1992), the detailed mapping of Doyle (1997) and the 

geochemical interpretations of Stolz (1995). 

1.3 Location and Access 

The field work for this thesis spans an area from Warawee in the east to Waddy's Mill in 

the west (-100 km; Fig. 1.1). The topography is characterised by flat plains or gently 

rolling hills with the exception of the Thalanga Range, Mt. Windsor Range, Seventy Mile 

Range and the Rollston Range, which rise up to 300 m above the surrounding areas 

(Fig. 1.2). Although rainfall is generally low and long periods of drought are common, 

over the past three years (1997-1999) the rainfall has been greater than average resulting 

in extensive vegetation cover (Fig. 1.3). The MWS is generally poorly exposed (-1 % 

outcrop) with large areas covered by Tertiary formations. The lack of outcrop coupled 

with extensive vegetation hampered field mapping and most traverses were undertaken 

in creeks or along ridges. 

Access to field areas is by sealed roads, graded unsealed tracks and four-wheel-drive 

tracks. Some remote and/ or rugged areas necessitated access by foot. The MWS 

crosses many property boundaries and permission is required before any field work can 

be undertaken. Drill core logging was done in Charters Towers at the RGC core yard 

with the exception of the Mt. Farrenden drill core, which is stored at the Mt. Leyshon 

Gold Mine -25 km south of Charters Towers. 



Figure 1.2: Panoramic view looking southeast from l\It. Farrenden towards the Seventy ~We Range. The bare patch on the right is the Highway/ Reward mine site. The 

topography is flat to gently rolling hills with the exception of the ranges which rise up to 300 m above the sur rounding areas. 



Figure 1.3: Typical landscape and extensive vegetation cover of the study area a) View from Liontown 
looking northeast towards the l\Iount Windsor and Seventy l\We Ranges. b) Typical access road and mode of 
transport while in the field . No te the extensive grass cover. c) Creek traverse in tall grass (1.5 m) at l\It. 
Farrenden. 
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1.4 Methods 

This project was mainly field based with ~9 months spent in the field. Subsequent 

geochemistry, geochronology and textural analyses (using petrography and polished 

slabs) were used to supplement and refine the field data. The methods used to achieve 

the aims are as follows: 

(i) Regional reconnaissance traverses to establish a general outline of the volcanic 

facies associations and their distribution; 

(ii) Detailed (1:5000, 1:200 and 1:100) volcanic facies mapping in areas where 

outcrop was best, together with logging of selected drill core (1 :200), in order to 

define the vertical and lateral variations in facies associations; 

(iii) Textural and geochemical studies of the different volcanic facies; 

(iv) Construction of geological cross-sections, graphic logs and interpretive facies 

architecture diagrams; 

(v) Review of the geological setting of the known prospects in the context of the 

revised volcanic facies architecture; 

(vi) U-Pb zircon age dating of 5 samples from the Trooper Creek and Mount 

Windsor Formations; 

(vii) Short field visit to study the textural characteristics and spatial distribution of 

subaerial fire-fountain deposits in Hawaii. 

1.5 Thesis Organisation 

In total there are nine chapters. Chapters 1 and 2 introduce the research topic, field 

area, previous work, and provide the necessary background for the remaining chapters. 

They do not contain new data resulting from this research. Chapter 3 provides detailed 

descriptions of the facies and facies associations that comprise the MWS. Chapter 4 

gives a detailed description of an important facies association from the Brittania area 

within the MWS. Chapter 4 has been modified from a paper accepted by the Journal of 

Volcanology and Geothermal Research. Chapter 5 presents graphic logs from spaced 

traverses across the MWS. Chapter 6 presents geochemical and age dating data. The 

architecture of the MWS is considered in Chapter 7. This chapter also includes a review 

and revision of the presently accepted stratigraphic framework for the MWS. Chapter 8 

discusses implications of the results for VHMS exploration in the MWS and presents a 

brief comparison with other submarine volcano-sedimentary successions that host 

massive sulphide deposits. Chapter 9 is a summary of the results and significance of this 

research and topics for future research are suggested. 
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CHAPTER 2: REGIONAL GEOLOGY 

2.1 Regional setting 

The MWS is a Cambra-Ordovician volcano-sedimentary succession located south of 

Charters Towers in Northern Queensland, Australia (Figs. 2.1, 2.2; Henderson, 1980). 

It is an approximately east-west striking belt, 165 km long and has been dismembered 

by emplacement of the Ordovician to Devonian Ravenswood Batholith and the 

Lolworth Igneous Complex (Henderson, 1980; 1986; Richards, 1980). Much of the 

subprovince is obscured by Tertiary cover (Campaspe Formation) and to the south it 

passes beneath Carboniferous strata of the Drummond Basin (Figs. 2.1, 2.2). 

The MWS is part of the Thompson Fold Belt, a poorly exposed section of the northern 

Tasman Orogenic Zone. The MWS, Burdekin Subprovince and Lolworth-Ravenswood 

Subprovince together comprise the Charters Towers Province (Fig. 2.2; Henderson, 

1980). The Charters Towers Province is separated from the Broken River Province by 

the Clarke River Fault (Murray, 1986). 

The term MWS was first applied by Henderson (1980) to rocks initially described as the 

Mount Windsor Volcanic Member of the Cape River Beds (Wyatt et al., 1971). 

Henderson (1980) concluded that the Cape River Beds had a different metamorphic and 

structural history from the MWS and re-assigned the Cape River Beds to Proterozoic 

amphibolite grade metamorphic rocks within the Lolworth-Ravenswood Subprovince. 

Murray (1990), in agreement with earlier work (Wyatt et al., 1971 ), described the Cape 

River Beds as equivalent in age to and gradational with the volcanic rocks of the MWS. 

This study follows the conventions of Henderson (1980) and considers the MWS and 

the Cape River Beds to be separate. 

The Balcooma Metamorphics (Fig. 2.1) are a submarine volcano-sedimentary 

succession, 250 km north of the MWS. The Balcooma Metamorphics host VHMS 

deposits and are of similar age to the MWS (Huston et al., 1992). The MWS and the 

Balcooma Metamorphics have been correlated; however, the Balcooma Metamorphics 

are more highly metamorphosed (amphibolite grade; Henderson, 1986; Withnall et al., 

1991). 
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2.2 Stratigraphy of the Mount Windsor Subprovince 

The following summarises the current, formal stratigraphy. However, the results of this 

research suggest that a revision to this stratigraphy is necessary (Chapter 7). 

The volcanic and sedimentary rocks of the MWS have been formally defined as the 

Seventy Mile Range Group (Henderson, 1986). The group consists of four formations 

(from oldest to youngest): the Puddler Creek Formation (PCF), Mount Windsor 

Formation (MWF), Trooper Creek Formation (TCF) and the Rollston Range Formation 

(RRF; Figs. 2.3, 2.4). Henderson (1986) initially named the rocks of the MWF the 

Mount Windsor Volcanics. However the entire Seventy Mile Range Group is also 

informally referred to as the Mount Windsor Volcanics. To avoid confusion, Doyle 

(1997) informally renamed the Mount Windsor Volcanics of Henderson (1986) as the 

Mount Windsor Formation and this convention is followed here. All formation 

boundaries are believed to be conformable (Henderson, 1986; Berry et al., 1992) . 
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Collectively the four formations are exposed discontinuously along an east-west striking 

belt and are apparently more than 14 km thick (Henderson, 1986). The true thickness 

of the Seventy Mile Range Group is not well constrained due to structural complexities 

in the PCF. Fossils in the two youngest formations (RRF and TCF) indicate a Late 

Cambrian-Early Ordovician age for the Seventy Mile Range Group (Henderson, 1983). 

Subsequent U /Pb SHRIMP dating of rhyolite lavas and a vitric tuff yielded ages of 

474.1±5.4 Ma and 485.9 ± 5.6 Ma for the TCF and 480.8 ± 5.1 Ma and 485.3 ± 4.6 Ma 

for the MWF (Early Ordovician; Perkins, 1993). 

2.2.1 Puddler Creek Formation 

The PCF was initially defined by Henderson (1986) as sedimentary, consisting of 

massive to laminated, fine- to medium-grained, quartz and lithic sandstone and 

interbedded siltstone. Quartz, feldspar, phyllite grains, polycrystalline quartz and detrital 

mica indicate a continental provenance (Henderson, 1986). Berry et al. (1992) identified 

mafic dykes, sills and lavas as important additional components (10-15%) of the PCF 

that are more abundant towards the top of the formation. Rhyolite dykes and sills were 

also identified and interpreted to represent possible feeders to the overlying MWF and 

TCF (Berry et al., 1992). 

The PCF has a minimum thickness of 9000 m and its base is intruded by the 

Ravenswood Granodiorite Complex (Henderson, 1986). The boundary between tl1e 

PCF and the overlying MWF is conformable and was defined as the first horizon of 

volcanic rocks (Henderson, 1986). With the recognition of volcanic facies in the PCF 

(Berry et al., 1992), the PCF /MWF boundary definition of Henderson (1986) became 

invalid but no subsequent definition has been proposed. 

2.2.2 Mount Windsor Formation 

The MWF is dominated by rhyolite with lesser rhyolitic volcaniclastic facies, minor 

dacite, rare andesite and lacks interlayered sedimentary fades except in its basal horizons 

(Henderson, 1986). Berry et al. (1992) interpreted rhyolite and rhyodacite facies as 

coalesced (100-150 m) thick lavas and domes. Thick intervals of rhyolitic breccia and 

sandstone were interpreted as subaqueous mass-flow deposits (Berry et al., 1992). 

These mass-flow deposits are the only evidence for a subaqueous environment of 

deposition for the MWF. 
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The .1\.fWF forms the main ridges within the subprovince (Berry et al., 1992) and varies 

in thickness from a minimum of ~300-400 mat Waddy's Mill to a maximum ~s km at 

Sunrise Spur. The MWF appears to be absent in the vicinity of Mt Farrenden. 

Henderson (1986) did not define the boundary between the .1\.fWF and TCF, although 

interpreted it as conformable. Stolz (1995) subsequently defined the .1\.fWF /TCF 

boundary as the first occurrence of dacite or andesite volcanic units, despite the 

presence of minor dacite and andesite facies within the .1\.fWF. 

2.2.3 Trooper Creek Formation 

The TCF is composed of basalt, andesite, dacite and rhyolite volcanic and volcaniclastic 

units and well-bedded mudstone (Henderson, 1986; Berry et al., 1992). Lenses of 

quartz-magnetite or quartz-hematite are a minor but important part of the sequence 

(Berry et al., 1992; Duhig et al., 1992). Graptolites identified in the Trooper Creek area 

and other localities indicate a Lancefieldian age (Early Ordovician), with the base of the 

TCF approximating the Cambrian-Ordovician boundary (~490 Ma; Henderson, 1983). 

The presence of marine fossils, pillow lava, peperite, mass-flow deposits, hyaloclastite 

and VHMS deposits collectively indicate a submarine depositional environment for the 

TCF (Berry et al., 1992). 

Based on mapping in the area around the Highway /Reward mine Doyle (1997) defined 

two members in the TCF, the Kitchenrock Hill Member and the Highway Member. 

The Kitchenrock Hill Member consists of polymictic volcanic breccia with some clasts 

being texturally and geochemically similar to rhyolite in the MWF. The Highway 

Member comprises the remainder of the TCF. 

Significant thickness variations from 500 m at Thalanga to 4000 m at Mt. Windsor have 

been interpreted to reflect primary constructional features or infilled, fault-bounded 

basins (Berry et al., 1992). Proximity to a volcanic centre has been interpreted to have 

caused thickening of the TCF at Highway /Reward (Berry et al., 1992) whereas the 

thickening in the Sunrise Spur area recognised by Henderson (1992) was attributed to 

structural repetition (Berry et al., 1992). The boundary with the overlying RRF is the 

top of the uppermost substantial volcaniclastic unit dominated by pyroclasts 

(Henderson, 1986). 
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2.2.4 Rollston Range Formation 

The RRF is dominantly a volcanogenic sedimentary succession consisting of thinly 

bedded siltstone with lesser thin to medium bedded sandstone (Henderson, 1986). Rare 

dacitic lavas and volcaniclastic facies are also present (Henderson, 1986; Berry et al., 

1992). Graptolites and pelagic trilobites found at several localities are assigned to the 

Lancefieldian, Bendigonian and Chewtonian Stages (Early Ordovician; Dear, 197 4; 

McClung, 1978; Henderson, 1983). Fossils at the base of this formation are older in the 

west than in the east (Henderson, 1986). Pelagic trilobites indicate a relatively deep 

water depositional environment (Henderson, 1986). The true thickness of the RRF is 

unknown as it is extensively covered by Tertiary alluvium. The minimum thickness is 

1000 m (Henderson, 1986). 

2.3 Lolworth-Ravenswood batholith 

The Lolworth-Ravenswood batholith consists of two granitoid complexes which trend 

approximately E-W (Richards, 1980) and intrude the northern margin of the MWS 

(Figs. 2.2, 2.4). The two granitoid complexes are the Lolworth Igneous Complex and 

the Ravenswood batholith. 

The Ravenswood batholith is exposed over 5000-6000 km2 and is characterised by 

numerous plutons of differing compositions which were intruded into the same general 

area over about 100 million years (Hutton et al., 1993). Ninety-four percent of the 

batholith was intruded during the Early Ordovician and the Early Devonian (Hutton et 

al., 1993). Both foliated (pre-tectonic) and un-foliated (post-tectonic) granitoids have 

been identified (Hartley et al., 1989; 1993; Berry et al., 1992). The oldest date for the 

Ravenswood batholith is 490± 6 Ma (Hutton and Crouch, 1993). Specific phases of the 

batholith may be comagmatic with volcanic units of the Seventy Mile Range Group 

(Hutton and Crouch, 1993; Hutton et al., 1993). The plutons intrude the Charters 

Towers Metamorphics, the Argentine Metamorphics, the Kirk River Beds and the 

Seventy Mile Range Group (Fig. 2.2; Hutton et al., 1993), and range in composition 

from gabbro to alkali-feldspar granite. 

The Lolworth Igneous Complex is dominantly massive, unfoliated, medium to coarse

grained, biotite adamellite and granodiorite (Paine et al., 1971). It intrudes both 

Precambrian basement and the Ravenswood batholith. Rb-Sr and K-Ar ages range 

between 404 Ma- 390 Ma (Early Devonian; (Webb, 1970a; 1970a). 
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2.4 Tertiary sedimentary formations 

The Tertiary Campaspe Formation covers much of the subprovince and consists of 

sandstone with interbeds of mudstone and rare conglomerate (Grimes, 1980; 

Henderson and Nind, 1994). The Campaspe Formation is flat lying and ranges in 

thickness from <1 m up to 120 m (Henderson and Nind, 1994). The textures and 

sedimentary structures within the formation suggest deposition from both traction 

currents in a braided stream environment and from debris flows (Henderson and Nind, 

1994). 

2.5 Structure of the Mount Windsor Subprovince 

Bedding (S0) is present in sedimentary facies and in some pumiceous facies is 

represented by a bedding-parallel foliation defined by diagenetically compacted pumice. 

Although considerable variations in S0 are observed locally, regionally S0 strikes 

approximately east-west and dips steeply to the south (Fig. 2.5). 

The Seventy Mile Range Group was deposited in an active extensional environment 

(Berry et al., 1992). Berry et al. (1992) interpreted a growth fault in the Mt. 

F arrenden/Highway Reward area to be responsible for the substantial local thickening 

of the TCP. The MWF was apparently offset by ~5 km and the fault marks the 

boundary between the PCF and the TCP in the Mt. Farrenden area. The Seventy Mile 

Range Group has undergone 3 post-depositional phases of deformation. The following 

summary is taken from Berry et al. (1992). 

D 1: The first phase of deformation involved west-directed compression and produced 

north-south-trending broad open folds (Fig. 2.5). Thrust faults accompanied this 

folding event and resulted in repetition of the stratigraphy (e.g., Rollston Range area). 

These faults dip moderately to steeply to the south (subparallel to bedding) and in their 

current orientation show apparent dextral wrench movement. No regional cleavage is 

associated with this folding event, and S1 is limited to narrow zones along faults. 

D 2: The second phase of deformation was responsible for the dominant structure in the 

MWS, a regional east-west trending fold. The MWS is the surface expression of the 

subvertical south-facing limb of this fold. The north-facing limb is exposed only at 

Waddy's Mill. A spaced S2 cleavage is associated with this folding event and is axial 

planar to the fold. 
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D3: The third phase of deformation generated northeast trending slaty cleavage (S3), 

closely associated with northeasterly-striking, steeply dipping, south-side-up faults and 

southwest plunging folds (F3). North of the Thalanga Range F3 folds in the PCF appear 

to be tighter and to plunge more steeply close to the granite, suggesting that D 3 is 

related to the unfoliated granitoids. Southeast of Highway /Reward is a major F 3 

syncline which is truncated by the Truncheon fault. The Truncheon fault is the 

Policeman Creek fault zone of Henderson (1986). It records south-side-up movement, 

and is characterised by a ~2 km-wide zone of intense S3 cleavage. 

Although the MWS has a multi.phase deformation history, the stratigraphy has not been 

substantially disrupted. 

2.6 Metamorphism of the Mount Windsor Subprovince 

The MWS has undergone regional metamorphism ranging from amphibolite grade at 

Waddy's Mill to subgreenschist facies conditions (prehnite-bearing rocks) at Trooper 

Creek (Berry et al., 1992). Metamorphic bioti.te, muscovite, hornblende and andalusite 

are aligned with the S2 cleavage and are interpreted to be syn-D2• Higher metamorphic 

grades in the east (Sunrise Spur area), which have a limited extent, are associated with 

post-kinematic granitoids (Berry et al., 1992). Primary igneous and sedimentary textures 

are preserved even in the highest metamorphic grade rocks. 

2. 7 Geochemistry of the Mount Windsor Subprovince 

Henderson (1986) analysed volcanic rocks from both the MWF and TCF. Si02 

contents ranged from 52% to over 80%. Henderson (1986) noted that acid 

volcaniclasti.c rocks (tuffs) in the TCF were geochemically indistinguishable from acid 

volcanic rocks in the MWF. Henderson (1986) interpreted that the major element 

variations were consistent with a cogeneti.c series ranging from basalti.c-andesite to 

rhyolite and that the volcanic rocks were calc-alkaline. 

A regional geochemical study was undertaken by Berry et al. (1992) and Stolz (1995). 

Silica content was the princpal discriminant used for classifying the volcanic rocks, 

although Ti/Zr and Zr/Ti02 values indicated similar classifications (Stolz, 1995). The 

calk-alkaline volcanic rocks within the MWS range from basalt to rhyolite. Based on 

major and trace element data and Nb isotope ratios, Stolz (1995) identified four discrete 

suites of rocks within the MWS. These discrete suites of rocks represent four major 
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phases of volcanism and related intrusive activity (Stolz, 1995). The following 

summarises each major phase of volcanism and is taken from Stolz (1995). 

The earliest phase of volcanism occurs within the PCF. This phase of mafic volcanism 

is characterised by high Nb concentrations and high Nb /Y as well as being enriched in 

Ti02, Zr and P20 5 compared with andesite facies in the TCF. The overlying MWF 

records the next phase of volcanism. Volcanic rocks sampled span a narrow silica range 

from 71-79 wt%. They are characterised by low P20 5 and low Ti02, CaO and MgO 

contents. In general they have higher total REE and more pronounced negative Eu 

anomalies than rocks with equivalent silica content in the TCF. In addition, silicic rocks 

in the MWF have lower Ti/Zr and P /Zr and generally higher Th and lower Ti02 than 

the silicic rocks in the TCF. 

The volcanic facies in the TCF can be divided into a high Ti02 suite and a low Ti02 

suite. The high Ti02 suite has Si02 contents ranging from 50.8 - 58.6 wt % and is 

characterised by moderate to high Ti02 coupled with low to moderate P20 5• The 

majority of the volcanic rocks in the TCF make up the low Ti02 suite. The low Ti02 

suite shows a continuous variation from basalt to high-silica dacite. 

Nb isotope data for the four chemically distinguishable suites described above, indicates 

at least three isotopoically discrete sources for the volcanism (Stolz, 1995). Stolz (1995) 

concluded that the PCF volcanic rocks were sourced from a relatively undepleted or 

slightly enriched mantle source (subcontinental lithosphere). The MWF volcanic rocks 

were sourced from a long-term light REE-enriched source such as Precambrian 

continental crust (Stolz, 1995). Both the low and high Ti02 suites within the TCF had 

similar isotopic values and indicated a mantle source, which was depleted in light REE 

compared with the source for the PCF volcanic rocks (Stolz, 1995). 

A more detailed review of the geochemical interpretations of Berry et al. (1992) and 

Stolz (1995) is given in Chapter 6. 

2.8 Tectonic setting of the Mount Windsor Subprovince 

Henderson (1986) proposed that the MWS formed in an originally N-S trending back

arc basin to the west of an Andean-type volcanic arc. Henderson (1986) concluded that 

the majority of volcanic rocks in the MWS were distal deposits sourced from the arc to 

the east. However, he did not exclude the possibility that some of the volcanic rocks 
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within the MWF were intra-basinal proximal facies. Deposition of the volcano

sedim.entary succession was interpreted to be in part or entirely, relatively deep-water 

marine. The present orientation of the MWS was attributed to deformation associated 

with intrusion of the Ravenswood Batholith. 

Stolz (1994; 1995) and Berry et al., (1992) suggested that the MWS was formed in an 

extensional back-arc basin related to .subduction of westerly-dipping oceanic crust 

beneath Precambrian continental crust during the early Cambrian. The orientation of 

the arc was NE-SW, parallel to the Precambrian cratonic margin. The volcano

sedim.entary succession (Seventy Mile Range Group) represents the fill of a submarine 

back-arc basin. The following outline of the stages in the development of the MWS is 

taken from Stolz (1995): 

• Initiation of subduction of oceanic lithosphere. 

• Lag period of ~2-5 Ma before significant subduction-related volcanism was 

generated. 

• Development of a back-arc basin involving extension of the continental-margin arc, 

possibly due to rollback of the subducting slab. 

• Rapid deposition of the PCF within the subsiding basin. Sediments were largely 

derived from the adjacent Precambrian craton. The volcanic units within the PCF 

were the first manifestation of volcanism due to the continued thinning of the 

lithosphere and increased heat flow due to upwelling of the mantle. 

Increased heat flow led to substantial crustal melting and eruption of the MWF 

rhyolite. 

• Mantle sources, variably modified by subduction, generated magmas that fed the 

TCF eruptions. 

Cessation of volcanism and reworking of volcaniclastic facies of the TCF to produce 

the RRF. 

Henderson (1986), Berry et al. (1992) and Stolz (1994; 1995) all interpreted the MWS to 

represent a back-arc basin with the associated arc located to the east. One problem with 

this interpretation is that no arc-like volcanic facies have been recognised or correlated 

with the MWS (Stolz, 1995). 

2. 9 VHMS deposits in the Mount Windsor Subprovince 

The MWS is host to several economically significant VHMS deposits and prospects, of 

which Thalanga and Highway/Reward are the largest (fable 2.1). Most mineralisation 
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Table 2.1: Characteristics ofvolc~nic hosted massive sulfide deposits and prospects within the MWS 
(summarised from Berry et al., 1992; Beams, 1993; Morrison and Beams, 1995). 

Deposit Style/ Grade and Tonnage Ore mineralogy Alteranon style 
Geometry 
straa.form sheet Pnmary sphalente, pynte, galena, dominantly 

Thalanga 7 5 m t@ 1 6% Cu, 93% Zn, 3% Pb, 77 g/tAg, 04 chalcopynte, mmor quartz-senctte-
g/tAu magnente, tetrahednte, and pynte ± chlonte 

arsenopynte 
Supergene 
0667mt @58%Cu,83%Zn,21%Pb,83g/t 

Ag, 1 7 g/tAu 

Oxide 
0184 m t @96 g/tAg, 0 8g/tAu 
(proved or probable) 

pipewitb Pnmary pynte, chalcopynte, chlonte-anhydnte 
Reward marginal 02 m t @3 5% Cu, 13 g/tAg, 1 g/tAu sphalente, galena mmor and quartz-

stratabound electrum and tennanl:!te sencite-pynte 
lenses Supergene. 

03 m.t @ 116% Cu, 21g/tAg,18g/tAu 

Oxide 
01 m.t @33 g/tAg, 6 49 g/tAu 

pipe Pnmary. pynte, chalcopynte, quartz-senc1te-
Highway 12mt@55% Cu, 65g/tAg, 12g/tAu sphalente, galena, nunor pynte 

electrum and tennannte 
OX1de 
0 07 m t @6 04g/tAu 

veins, lenses Pnmary (mferred) sphalente, pynte, mmor quartz-senctte-
Handcuff 1 m.t @04% Cu, 02% Pb, 7 4% Zn, 88 g/tAg, chalcopynte and galena pynte 

02g/tAu 
tabular lenses, Pnmary (inferred) sphalente, pynte, nunor quartz-senctte-

Ltontown pods and 2m t @O 5% Cu, 6 6% Zn,23% Pb, 50 g/tAg, 0 9 chalcopynte and galena pynte ± carbonate 
disseminated g/tAu ± sphalente 
lenses Pnmary (inferred) sphalente, pynte, senc1te-pynte ± 

Waterloo 0.372 m.t @3 8% Cu, 19 7% Zn, 2 8% Pb, 94 git chalcopynte, mmor galena quartz 
Ag, 2 0 1>:/t Au and tennanttte 

stacked lenses Pnmary. (inferred) sphalente, pynte, chlonte-senc1te 
Magpie 0 25 m t @2% Cu, 15% Zn, 2% Pb, 30 g/t Ag, 1 chalcopynte, galena, mmor and quartz-senctte 

g/tAu pyrrhottte, magnetite, and 
marcas1te 

disseminated sphalente, pynte, galena, quartz-senctte-
A gm court with bante - chalcopynte, trunor pynte 

lenses tennanttte 

mulnple lenses sphalente, galena, talc-chlonte and 
Warawee - chalcopynte pynte-biol:!te-

cordtente 
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within the MWS is stratiform to blanket in style, typically zinc-rich, copper-poor and 

associated with abundant barite (Berry et al., 1992). The Thalanga deposit is a 

stratiform, sheet-like, polymetallic (Zn-Pb-Cu) VHMS deposit hosted in a felsic lava

dominated sequence (Paulick, 1999; Paulick and McPhie, 1999). The Highway/Reward 

deposit is interpreted as a syn-volcanic, sub-seafloor replacement pipe-like deposit 

(Doyle 1997). It is hosted within a silicic intrusion-dominated volcanic centre (Doyle, 

1997; Doyle and McPhie, 2000). 

The present exploration model suggests a strong stratigraphic control on mineralisation 

as all known deposits sit either at the boundary between the MWP and TCP or are 

entirely hosted in the TCP. Consequently the MWP is believed to pre-date 

mineralisation and is considered unfavourable for exploration. Although there is a 

significant volcanic component to the RRF, there is no known mineralisation and it is 

also considered to be unprospective. The potential for undiscovered mineral deposits in 

the MWS remains high (Stolz, 1995). 



CHAPTER 3: LITHOFACIES IN THE SEVENTY MILE 
RANGE GROUP 
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CHAPTER 3: LITHOFACIES IN THE SEVENTY MILE RANGE GROUP 

3.1 Introduction 

Detailed facies mapping was undertaken along traverses throughout the Seventy Mile 

Range Group in areas where outcrop was best. Traverses were recorded as graphic logs 

on which complex facies variations can be shown (Chapter 5). Detailed description of 

volcanic textures and sedimentary structures was initially done in the field, and followed 

by further analysis of both polished slabs and petrographic slides prepared from selected 

samples. Most of the work concentrated on the volcanic facies of the Seventy Mile 

Range Group (MWF and TCF). 

This chapter begins with a brief introduction to stratigraphic nomenclature and 

terminology used for the main volcanic textures and sedimentary structures present in 

the Seventy Mile Range Group. The rest of the chapter is devoted to description and 

brief general interpretations of the major volcanic facies in the Seventy Mile Range 

Group. These descriptions form the database for genetic interpretations presented in 

Chapters 4 and 5. 

3.2 Stratigraphic nomenclature 

During the course of this research it became apparent that the Seventy Mile Range 

Group is a poorly exposed, highly complex, submarine volcano-sedimentary succession 

and that, at the scale of this research, the boundary between the MWF and TCF (as 

presently defined) could not be mapped. Therefore, in this thesis the MWF and TCF 

are treated as a single lithostratigraphic unit. For simplicity the combined 

lithostratigraphic unit is referred to as the Mount Windsor-Trooper Creek (MWTC) unit 

and should be regarded as equivalent to a stratigraphic formation in rank. The problems 

associated with the definition of the MWF /TCF boundary are discussed in Chapter 7. 

3.3 Terminology for volcanic textures 

Volcanic terminology used throughout this thesis follows that of McPhie et al. (1993) 

and Cas and Wright (1987). In most cases, descriptive, non-genetic terminology has 

been used in the field. Primary volcanic textures are well preserved in the Seventy Mile 

Range Group. Alteration is weak in most of the areas studied and in many cases has 

enhanced primary textures by accentuating compositional and textural differences 

between clast types, clasts versus matrix, flow bands and beds. Textures are best 

preser.ved on weathered surfaces and generally easier to recognise in polished slabs 
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than in thin sections. Table 3.1 provides a summary of terms used for the main volcanic 

textures and structures recognised in the Seventy Mile Range Group. 

3.4 Facies organisation 

The 23 lithofacies recognised in the Seventy Mile Range Group have been organised 

into 5 groups and some have been subdivided into sub-facies. Eighteen of the facies are 

volcanic and five facies are non-volcanic. The non-volcanic facies have no direct link 

with volcanic processes. The volcanic facies formed as a direct result of volcanic 

processes. They include primary volcanic facies, syn-eruptive facies, syn-eruptive 

resedimented facies and post-eruptive re-sedimented facies. 

Primary deposits include coherent and autoclastic facies oflavas and intrusions. No 

primary pyroclastic flow deposits have been identified in this study. Syn-eruptive 

pyroclastic deposits are defined in this thesis as those which consist of particles 

produced by explosive primary pyroclastic fragmentation, but transported and deposited 

by cold, water-supported sediment gravity flows as opposed to gas-supported processes 

(Cas and Wright, 1991). Syn-eruptive resedimented deposits are those which form by 

rapid resedimentation of texturally unmodified, recently erupted volcaniclastic particles. 

Post-eruptive resedimented deposits contain particles derived from the erosion of pre

existing volcanic deposits. These particles undergo significant reworking prior to final 

deposition and/ or are deposited long after eruption (McPhie et al., 1993). 

3.5 Group 1: Coherent rhyolite, dacite and basaltic andesite 

3.5.1 Coherent rhyolite facies 

The coherent rhyolite facies consists of extremely hard, siliceous units that can be 

massive or flow-banded (Fig. 3.1a). Flow bands can be narrow (mm scale) to relatively 

wide (cm-m scale) and composed of siliceous layers alternating with less siliceous, 

phyllosilicate-rich layers. At several localities the phyllosilicate-rich bands are strongly 

foliated and the siliceous bands are massive and unfoliated. Relict perlite is well 

preserved in many samples and several outcrops display well-developed columnar 

jointing (Fig. 3.1b). In this facies there are 4 distinctive sub-facies distinguished on the 

basis of phenocryst abundance. These include aphyric, sparsely quartz- and feldspar

phyric, moderately quartz- and feldspar-phyric and highly quartz- and feldspar-phyric 

coherent rhyolite. Trace to 1 % disseminated pyrite is common and occurs as single 

grains and clusters of grains. 
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Table 3.1: Common volcanic textures within the Seventy Mile Range Group 

Texture/ Description 
structure 
Aphyric A texture given to a fine-grained igneous rock that has no visible 

phenocrvsts at the hand sample scale. 
Coherent A term used to describe an igneous rock, which has formed from 

cooling and solidification of molten lava or magma. 
Columnar Cooling-contraction joints, which form in hot volcaniclastic deposits, 
jointing lavas and intrusions, as they cool (e.g., Spry, 1962). 
Flow- Flow bands can be <1 mm to >1 m in width and planar or highly 
banding contorted. Flow-banding is common in rhyolites and dacites. Flow-

banding forms in lavas, syn-volcanic intrusions and in rheomorphic 
tuffs in response to laminar flow. Flow bands are defined by 
variations in composition, vesicularity, crystallinity, grain size and 
abundance of spherulites or lithophysae. 

Perlite Overlapping, delicate, arcuate fractures in volcanic glass that result 
from strain during rapid quenching and hydration (e.g., Friedman et 
al., 1966). 

Spherulites/ Radiating aggregate of fine needle-shaped crystals that reflect 
lithophysae crystallisation during first cooling. Lij:hophysae: spherulites that have 

a central vug. In silicic rocks, crystals consist of alkali feldspar and/ or 
quartz and in mafic rocks, crystals consist of plagioclase and/ or 
pyroxene (e.g., Lofgren, 1971a; Lofgren, 1971b). 

Pillows Distinctive form of lava that has been erupted or emplaced 
underwater, characterised by tubes and lobes that appear in cross-
section as sacs or "pillow shapes" (e.g., Moore et al., 1973). 

Porphyritic Porphyritic texture consists of phenocrysts in a fine-grained or glassy 
groundmass. It is characteristic of lavas and shallow intrusions. 

Pumice/ Highly vesicular volcanic glass (with or without microlites ). Pumice is 
Scoria usually used for felsic compositions and scoria for mafic 

compositions. Pumice and scoria are commonly produced by 
explosive eruptions. Lavas and shallow intrusions can also be 
pumiceous and scoriaceous. 

Shards Small particles (<2 mm) of volcanic glass (e.g., Heiken, 1972). 
Vesicles/ Vesicles are former gas bubbles trapped during cooling and 
Amygdales solidification of lavas, shallow intrusions and densely welded tuffs. 

Vesicles which are partially or completely infilled with secondary 
minerals are termed amygdales. 

Volcanic Non-crystalline solid formed by rapid quenching of silicate melt. 
glass 
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Aphyric coherent rhyolite has no visible phenocrysts in hand sample and occurs in 

white-cream, fine-grained, hard, siliceous, commonly flow-banded units. Flow banding 

is extremely fine (<1 mm) and defined by slight colour changes. This sub-facies 

consists of microgranular quartz and sericite. In the field this unit is difficult to 

distinguish from massive or graded sandstone facies. One example displays well

developed columnar jointing. 

Sparsely quartz- and feldspar-phyric coherent rhyolite has ~2 modal % quartz 

phenocrysts and 1-10 modal % feldspar phenocrysts. Quartz phenocrysts are 

commonly subhedral, highly embayed and <0.5-2 mm. Feldspar phenocrysts are 

euhedral, 0.5-3 mm and typically partially to completely altered to fine-grained sericite. 

Both plagioclase and K-feldspar are present in some samples and other samples contain 

only plagioclase phenocrysts. The fine-grained groundmass (50-100 µm) consists of 

microgranular quartz and feldspar and is commonly microspherulitic (50-400 µm in 

diameter). The majority (~80%) of the samples stained positive for K-feldspar in their 

groundmass. Some samples are finely (0.1 mm bands) and others more coarsely (cm 

scale) banded. Bands appear to be defined by microspherulitic domains and 

microgranular quartz domains. Two examples display well-developed columnar jointing 

(10-20 cm diameter columns; Fig. 3.lb). 

Moderately quartz- and feldspar-phyric coherent rhyolite has 3-7 modal % quartz 

phenocrysts (Fig. 3. lc). Quartz phenocrysts are euhedral to subhedral, commonly 

highly embayed, 0.5-3 mm and rarely up to 4 mm. Feldspar phenocrysts are euhedral, 

commonly 1-2 mm and up to 3-5 mm and make up to 3-15 modal% of the rock. The 

dominant feldspar is plagioclase with only two samples containing K-feldspar 

phenocrysts. The groundmass consists of microgranular quartz and feldspar and can be 

microspherulitic (100-150 µm in diameter). Only 35% of the samples stained positively 

for fine-grained K-feldspar in the groundmass. This facies can be finely flow-banded 

(<1 mm bands) and one example displays well-developed columnar jointing. 

Highly quartz- and feldspar-phyric coherent rhyolite has > 7-20 modal % quartz 

phenocrysts. Quartz phenocrysts are dominantly subhedral to euhedral, broken and 

highly embayed (Fig. 3.ld). Some units have quartz phenocrysts between 1-2 mm and 

up to 3 mm and others have coarser quartz commonly between 5-7 mm and up to 1 cm. 

Quartz phenocrysts are commonly surrounded by microspherulitic rims (25-50 µm 

thick) with radiating fibres of quartz and feldspar nucleating on single quartz grains 



Figure 3.1: Coherent rhyolite, dacite and basaltic andesite facies. 

a) Finely flow-banded coherent quartz- and feldspar-phyric rhyolite. Flow banding can be 
planar and continuous as shown in this example or highly irregular, contorted, and folded. 
Highway/Reward area; 7748628mN, 419950mE. 

b) Columnar-jointed outcrop of sparsely quartz- and feldspar-phyric coherent rhyolite. 
Brittania Telecom Tower area; 7745125mN, 430016mE. 

c) Highly quartz- and feldspar-phyric coherent rhyolite. Quartz phenocrysts (g) are up to 1 cm. 
Mt. Windsor Range area; 7748936mN, 406529mE. 

d) Photomicrograph of a highly quartz- and feldspar-phyric coherent rhyolite. Quartz 
phenocrysts (g) are commonly embayed and have microspherulitic rims (r). Feldspar 
phenocrysts (f) are partially to completely altered to fine-grained sericite ±carbonate. This 
sample has a microspherulitic groundmass. Mt. Farrenden area; 7753783mN, 415717mE. 

e) Coherent dacite fades. Mt. Windsor Range area; 774858SmN, 412378mE. 

f) Photomicrograph of coherent dacite fades. This example is finely flow-banded. Drill core 
sample from the Liontown area, hole LID 128; 7742460mN, 402630mE. 

g) Close-packed pillows in aphyric basaltic andesite. Mt. Windsor Range area, near 
7754062mN,415163mE. 

h) Photomicrograph of a feldspar-phyric, moderately vesicular basaltic andesite. This sample 
has sparse euhedral feldspar phenocrysts (f) in a finer-grained groundmass. Vesicles (v) are 
infilled with quartz ± chlorite ± carbonate ± epidote and are spherical to highly irregular and 
coalescing. Rollston Range area. 
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(Fig. 3.1 d). One variation of this sub-facies has distinctive blue quartz phenocrysts. 

Plagioclase phenocrysts (5-15 modal%) range from 1 mm up to 3-4 mm and are 

dominantly euhedral and rarely subhedral. They are partially or completely replaced by 

sericite ± chlorite ±carbonate but relict multiple twinning is common. Rare K-feldspar 

phenocrysts are also present in some samples. The groundmass typically consists of a 

microgranular mosaic of quartz, plagioclase feldspar,± K-feldspar and can have a 

microspherulitic texture (100-200 µm in diameter; Fig. 3.1d). The groundmass is 

variably altered to sericite ± chlorite ± carbonate. Rare opaque clusters are also present. 

Only one sample contains biotite phenocrysts. No flow banding was evident in any 

samples from this sub-facies. 

Thickness and distribution 

All coherent rhyolite facies are observed throughout the entire Seventy Mile Range 

Group and at all levels of the stratigraphy with the exception of in the RRF. Single 

units ranges from 1 m to >250 m in thickness. There is a dominance of coherent 

rhyolite facies in the lower part of the MWTC. Aphyric rhyolite units are uncommon, 

although they were difficult to distinguish in the field from felsic volcanic sandstone 

facies and thus they may be more abundant than presently mapped. Sparsely and 

moderately quartz- and feldspar-phyric coherent units are the most abundant. Coherent 

rhyolite facies commonly cross cut stratigraphy, although in many instances contact 

relationships are ambiguous or not exposed, and definitive relationships could not be 

established. The competent and siliceous nature of this facies makes it resistant to 

weathering and erosion and it commonly caps hills in the field area (e.g., Mt Windsor 

Range, Seventy Mile Range). 

The highly quartz- and feldspar-phyric sub-facies with blue quartz phenocrysts was only 

observed in drill core samples from the Brittania prospect. However, similar blue

quartz-phyric rhyolite has been described in the Thalanga area by previous workers 

(Herrmann, 1994; Hill, 1996; Paulick, 1999; Herrmann and Hill, in press). 

Associated focies 

• other coherent rhyolite 

• non-stratified, monomictic rhyolite breccia 

• non-stratified, sediment-matrix breccia 

• hydrothermally-cemented breccia 
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Interpretation 

Textures and facies associations indicate that the coherent rhyolite facies are the 

coherent parts of lavas and intrusions. It is difficult to determine the relative 

proportions of each of these due to the poor exposure of contacts. In the cases where 

an intrusive versus extrusive origin can be determined, many of the coherent rhyolite 

units are interpreted as intrusions rather than lavas. Many coherent rhyolite units are 

undifferentiated as they cannot be confidently identified as either intrusive or extrusive. 

A review of the criteria used for determination of intrusive versus extrusive units is 

given in Chapter 5. 

3.5.2 Coherent dacite facies 

The coherent dacite facies lacks quartz phenocrysts and has varying abundances (1-25 

modal % ) of plagioclase phenocrysts (Fig. 3.1 e, £). This facies can be massive but is 

commonly flow-banded (mm scale) and occurs in blocky outcrops, some of which are 

strongly foliated, or rarely columnar jointed. Plagioclase occurs as 1-5 mm, subhedral to 

euhedral phenocrysts, which are partially to completely altered to sericite and chlorite. 

Disseminated chlorite specks, 2-3 mm and up to 10 modal%, may be altered 

ferromagnesian(?) phenocrysts. The groundmass consists of microgranular quartz and 

sericite. 

Thickness and distribution 

Unit thickness ranges from <1 m to >120 m. This facies occurs throughout the 

Seventy Mile Range Group with the exception of in the RRF. 

Associated facies 

• non-stratified, monomictic dacite breccia 

• non-stratified, sediment-matrix breccia 

Interpretation 

This facies represents the coherent parts of dacite lavas and intrusions. Distinguishing 

between extrusive and intrusive units is not always possible, as contacts are rarely well

exposed. 

3.5.3 Coherent basaltic andesite facies 

Three texturally distinct sub-facies have been identified: aphyric, feldspar-phyric and 

fine-grained equigranular coherent basaltic andesite. 
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Aphyric coherent basaltic andesite is dark green, fine-grained and non-vesicular to 

moderately vesicular (up to 30%). Vesicles are either empty or infilled with carbonate, 

chlorite, quartz, rare epidote or rare actinolite-tremolite. Poorly to well-preserved 

pillows were observed in a few outcrops (Fig. 3.1g). The groundmass consists of 

microcrystalline plagioclase (partially altered to sericite), chlorite, epidote, quartz, 

carbonate and leucoxene. 

Feldspar-phyric coherent basaltic andesite is dark green, with 1-5 modal%, 1-2 mm 

euhedral to subhedral plagioclase phenocrysts, in a fine-grained groundmass of 

plagioclase (partially altered to sericite), chlorite, epidote, quartz, carbonate and 

leucoxene. This facies is non-vesicular to moderately vesicular (up to 20%; Fig. 3.1h); 

vesicles are infilled with quartz, carbonate and epidote. 

Fine-grained equigranular coherent basaltic andesite is mottled dark green-black on 

fresh surfaces, weathers to a distinctive orange-brown and is massive and non-vesicular. 

It consists entirely of interlocking fine laths (0.5-2 mm) of plagioclase actinolite and 

chlorite. 

Thickness and distribution 

Single coherent basaltic andesite units are generally relatively thin (<1 m to10 m). An 

exception intersected in drill core (BRDD 04) is an interval of 80 m of aphyric coherent 

basaltic andesite. Coherent basaltic andesite facies occur throughout the Seventy Mile 

Range Group with the exception of the RRF. 

Associated facies 

• other coherent basaltic andesite 

• non-stratified, monomictic basaltic andesite breccia 

• fluidal-clast basaltic andesite breccia 

• coarse and fine basaltic andesite breccia 

• jasper 

Interpretation 

The aphyric and feldspar-phyric sub-facies are the coherent parts of dykes, sills and 

lavas. Pillows in some outcrops indicate that lavas are at least locally present. 
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The fine-grained equigranular coherent basaltic andesite sub-facies generally occurs as 

thin discordant intervals (~1 m) and are interpreted as dykes. In one location (J\1t. 

Windsor dam area) fine-grained, equigranular coherent basaltic andesite dykes cross cut 

granodiorite of the Ravenswood Batholith suggesting that they are post-volcanic late 

intrusions. It is not known whether all dykes of this type are late and not actually part 

of the Seventy Mile Range Group. 

3.6 Group 2: Monomictic volcanic breccia and conglomerate 

3.6.1 Non-stratified, monomictic rhyolite breccia facies 

This facies occurs as non-stratified, monomictic, clast-supported and poorly to 

moderately sorted units (Fig. 3.2a, b, c, d). Clasts range from <1 cm up to 1 m and are 

either aphyric, sparsely quartz- and feldspar-phyric, moderately quartz- and feldspar

phyric, or highly quartz- and feldspar-phyric rhyolite, as previously described for the 

coherent rhyolite facies. Clasts are blocky, with curviplanar margins and commonly 

show jigsaw-fit textures. They can be massive or flow-banded and rare perlitic textures 

are observed. Flow-banded clasts are randomly oriented indicating clast rotation. The 

matrix consists of microgranular quartz± fine clast fragments (< 1mm). 

Thickness and distribution 

Thicknesses range from <1 m irregular pods within coherent facies to intervals over 200 

m thick. This facies is present throughout the MWTC. 

Associated facies 

• coherent rhyolite 

Intepretation 
'-

The clast shapes, jigsaw-fit textures, monomictic composition and association with 

coherent facies of the same composition, suggest that the monomictic volcanic breccias 

facies are the elastic facies of lavas and intrusions. Jigsaw-fit textures are characteristic 

of in-situ, brittle fragmentation. In-situ fragmentation of a magma or lava can occur in 

response to rapid cooling on contact with cold water, which forms hyaloclastite (e.g., 

Pichler, 1965). Brittle fragmentation can also occur when solidified magma disintegrates 

due to flow induced stress exerted by adjacent molten magma, a process that produces 

autobreccia. Both quench fragmentation and autobrecciation can occur simultaneously 

resulting in thick accumulations of alf:toclastic deposits (Pichler, 1965). 



Figure 3.2: Monomictic brecda facies in the Seventy lvf:ile Range Group. 

a) Non-stratified, monomictic rhyolite brecda fades. Brecda textures are best observed on 
weathered surfaces as the matrix is more resistant to weathering than the clasts. This sample 
contains sparsely quartz- and felspar-phyric clasts in a fine-grained matrix consisting of fine 
clast fragments (<1 mm) and microgranular quartz and seridte. Mt. Windsor Range area; 
near 7748585mN, 412378mE. 

b) Non-stratified, monomictic rhyolite breccia fades. Both massive and flow-banded clasts are 
present in tlus example. Jigsaw-fit textures indicate in-situ fragmentation and minimal 
movement of clasts. Some clast rotation is evident from the slightly different orientations of 
the flow-banded clasts. Mt. Farrenden area; 7753812mN, 416435mE. 

c) Non-stratified, monomictic rhyolite brecda fades. Flow banded clasts show jigsaw-fit 
textures and some clast rotation. Mt. Glenroy area. 

d) Non-stratified, monomictic rhyolite breccia. Sparsely quartz- and feldspar-phyric rhyolite 
clasts are set in a fine-grained matrix consisting of fine clast fragments ( <1 mm), 
microgranular quartz and seridte. Mt. Farrenden area; 7753812mN, 416435mE. 

e) Non-stratified, monomictic basaltic andesite brecc1a fades. Mt. Windsor Range east area; 
7750217mN,413182mE. 

f) Non-stratified, monomictic dadte brecda fades. Clasts are blocky and splintery with 
curviplanar margins. Drill core sample from the Snake Oil Prospect, hole SODD001. 

g) Graded, monomictic, felsic pumice breccia fades. On a surface cut perpendicular to 
bedding, thin wispy pumice clasts are evident. Brittania Telecom Tower area; 7745550mN, 
429262mE. 

h) Graded, monomictic, felsic pumice breccia facies. This is the same sample as in Figure 3.3e 
but the surface shown is parallel to bedding. Randomly oriented blocky pumice clasts are 
present. Brittania Telecom Tower area; 7745550mN, 429262mE. 

1) Graded, monomictic, felsic pumice brecda facies. Randomly oriented white pumice (<1 
mm- 2cm) in a matrix of fine pumice fragments and shards. Mt. Windsor dam area; 
7749686mN,409217mE. 

J) Photomicrograph of the hand sample shown in Figure 3.3g. Well-preserved pumice (p) are 
obvious in thin section and consist of microgranular quartz and sericite. Mt. Windsor dam 
area; 7749686mN, 409217mE. 

k) Graded, monomictic felsic breccia fades. Clasts are sparsely feldspar-phyric dacite but are 
texturally variable. Clast textures include perlite, pumice, spherulites, flow banding and 
amygdales. Mt. Farrenden area; 7753783mN, 415717mE. 

1) Close up of perlitic clasts in hand s'ample shown in Fig. 3.3. Mt. Farrenden area; 
7753783mN,415717mE. 

m) Massive, monomictic felsic breccia containing feldspar-phyric dacite clasts in a crystal-rich 
matrix. Warawee area; 7749520mN, 463350mE. 

n) Massive or graded, monomictic felsic volcanic conglomerate fades. Round to subround 
felsic volcanic clasts in a fine-grained matrix. Clasts are quartz- and feldspar-phyric rhyohte. 
Brittania Telecom Tower area; 7745069mN, 429998mE. 
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3.6.2 Non-stratified, monomictic dacite brecda fades 

This fades is generally massive and consists of poorly to moderately sorted, clast

supported, monomictic brecda composed of massive or flow-banded coherent feldspar

phyric dadte clasts (Fig. 3.2e). Clasts range from 1mmto2 cm and less commonly up 

to 20 cm and are generally blocky or splintery with curviplanar margins. Some jigsaw-fit 

textures were observed. The matrix consists of smaller dacite fragments (<1 mm) and 

microgranular quartz and seridte. 

Thickness and distribution 

Thicknesses range from 1 m up to 25 m. This fades is present throughout the upper 

portion of the MWTC. 

Associated fades 

• coherent dadte 

Interpretation 

The clast shapes, monomictic composition, jigsaw-fit textures and fades association 

suggest that this fades is the autoclastic fades (including hyaloclastite and autobreccia) 

of feldspar-phyric dadte lavas and intrusions. 

3.6.3 Non-stratified, monomictic basaltic andesite breccia fades 

This fades is clast-supported, poorly to moderately sorted and composed of dark-green, 

either aphyric or feldspar-phyric, basaltic andesite clasts as previously described for the 

coherent fades (Fig. 3.2£). Clasts are poorly to moderately vesicular (1-15%), blocky to 

splintery with curviplanar margins and range in size from <0.5-4 cm. Some jigsaw-fit 

textures are observed. The matrix is cryptocrystalline and siliceous. Massive red jasper 

replaces the matrix in one example. 

Thickness and distribution 

Thicknesses range from 1 m to ~10 m. The best examples of this fades are in the Mt. 

Windsor area and at Coronation. 

Associated fades 

• aphyric and feldspar-phyric coherent basaltic andesite 

• jasper 
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Intetpretation 

The clast shapes, monomictic composition, jigsaw-fit textures and facies association 

with coherent basaltic andesite indicate that this facies is the autoclastic component of 

basaltic andesite lavas and intrusions. 

3.6.4 Fluidal-clast basaltic andesite breccia facies 

Chapter 4 is devoted to the description and interpretation of this facies and other 

associated facies, thus only a brief description is presented here. 

The fluidal-clast basaltic andesite breccia facies is poorly sorted, internally massive and 

clast-supported. It is composed of aphyric basaltic andesite clasts that are either 

moderately to highly vesicular (up to 60% vesicles) and fluidally-shaped, or blocky, 

splintery and highly vesicular to non-vesicular. Fluidal clasts make up 1-50% of the 

fluidal-clast breccia facies. They are typically elongate with long dimensions in the range 

of 1to170 cm but average approximately 7-8 cm. No clasts <0.2 cm could be 

distinguished in this facies. Clasts are separated by coarsely crystalline carbonate. 

Within clasts, relict plagioclase laths between 200-500 µm. are generally randomly 

oriented and comprise up to 60% of some clasts. They are set in a microcrystalline 

groundmass of chlorite, epidote, actinolite-tremolite, leucoxene and minor carbonate, 

sericite and quartz. Plagioclase is either unaltered or partially replaced by albite, sericite 

and chlorite. 

Thickness and distribution 

Thickness ranges from ~ 5 m to 250 m. This facies is best represented in the Brittania 

area along Bletchington Road. However, it also occurs in the Trooper Creek area 

(Doyle, 1997), Lion town, Highway /Reward and in the Rolls ton Range area. 

Associated facies 

• coarse and fine basaltic andesite breccia 

• aphyric and feldspar-phyric coherent basaltic andesite 

Intetpretation 

The clast shapes, monomictic composition and facies associations suggest that this 

facies is a primary volcanic breccia composed of fluidal bombs and quench-fragmented 

debris formed by submarine fire fountaining. 
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3.6.5 Coarse and fine basaltic andesite breccia fades 

This facies is described and interpreted in detail in Chapter 4. 

Coarse and fine, basaltic andesite breccia fades consists of moderately to poorly sorted 

coarse brecda ( clasts dominantly 2-5 cm) and moderately sorted fine breccia ( clasts 

dominantly <1 cm). Both are clast-supported, monomictic and composed of 

dominantly subangular to angular clasts of aphyric basaltic andesite. Clasts are non

vesicular to highly vesicular (up to 60% vesicles). Most clast margins cut across vesicles 

and a few clasts have partial fluidal margins. Carbonate fills original pore space between 

the clasts. 

Moderately sorted fine breccia grades through poorly sorted coarse breccia to 

moderately sorted fine breccia over bed thicknesses > 3 m. 

Thickness and distribution 

Single beds of this fades are very thick (>3 m) but intervals of this fades are up to 100 

m thick. The best example of this fades is in an area ( ~ 1 km~ near the Brittania 

homestead along Bletchington Road, but other occurrences were observed in the 

Rollston Range area. 

Associated facies 

• fluidal-clast basaltic andesite breccia 

• aphyric coherent basaltic andesite 

Intetpretation 

The preservation of clasts that are compositionally and texturally similar to clasts in the 

fluidal-clast breccia, the monomictic nature and the very thick graded beds suggest that 

this fades represents the syn-eruptive, resedimented equivalent of the fluidal-clast 

breccia fades. 

3.6.6 Massive or graded, monomictic, felsic pumice breccia fades 

This fades is subdivided into two sub-fades based on the presence or absence of 

bedding-parallel flattened pumice. 

Pumice brecda with bedding-parallel fabric is poorly to moderately sorted, clast

supported, and consists almost entirely of flattened and aligned aphyric or finely 

feldspar-phyric pumice clasts and in some units, <1 % white, fine-grained aphyric clasts 



Lithofacies 3.15 

or sulfide clasts (<2 cm). Pumice clasts have a distinctive fibrous or banded texture, and 

consist of quartz and fine-grained sericite and chlorite. They have wispy, ragged shapes 

and range in size from <0.5cmx1-2 mm to 5cmx1-2 mm. On surfaces cut 

perpendicular to bedding, pumice clasts have a wispy, thin, elongate shape and are 

aligned parallel to one another whereas on surfaces cut parallel to bedding they are 

undeformed and randomly oriented (Fig. 3.2g, h). Beds are internally massive or graded 

and 1 to 30 m thick. Grading from pumice breccia with clasts generally 1 to 2 cm (long 

dimension) to shard-rich sandstone (section 3.8.1) was observed. The matrix consists of 

<1 mm pumice fragments and bubble wall shards. 

Unfoliated felsic pumice brecda is monomictic, matrix- to clast-supported and poorly 

sorted, consisting of aphyric or feldspar-phyric, white-grey, wispy pumice and shards 

(Fig. 3.2 i, j). Pumice clasts consist of quartz and sericite and range from <1 mm to 2 

cm. The matrix consists of fine (<1 mm) pumice fragments and shards. The unit occurs 

in very thick beds that are internally massive or graded. 

Thickness and distribution 

Intervals dominated by this fades range from 1 m to >600 m thick (foliated pumice 

breccia units) and 30 m thick (unfoliated pumice brecda units) and can be traced 

laterally over 100's m. Both sub-fades are present throughout the MWTC. The best 

examples of this fades come from the Brittania Telecom Tower and Mt. Windsor Dam 

areas and in drill core from the Brittania Bletchington road area (e.g., BRDD 15). 

Associated facies 

• volcanic sandstone 

• volcanic mudstone 

• polymictic brecda 

• shard-rich, felsic volcanic sandstone 

Intetpretation 

The pumice formed by either explosive fragmentation or non-explosive (autoclastic) 

fragmentation of a felsic source. The flattened pumice show no indication of welding, 

nor is there any other evidence for hot emplacement (columnar jointing, gas escape 

structures; Cas and Wright, 1991), thus this fades is unlikely to represent primary 

pyroclastic flow deposits. The flattened pumice are not diagnostic of hot emplacement 
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as they can also be flattened and compacted during diagenesis and lithification (Branney 

and Sparks, 1990). 

The massive to graded, very thick beds indicate rapid emplacement by cold, water

supported sediment gravity flows. The lack of shallow-water sedimentary structures 

indicates a below-storm-wave-base environment of deposition and the uniform 

composition implies a syn-eruptive origin. Depth of storm-wave-base ranges from 10-

200 m (Johnson and Baldwin, 1996). This fades is interpreted as either syn-eruptive 

pyroclastic sediment gravity flow deposits, or syn-eruptive resedimented autoclastic or 

pyroclast-rich deposits. 

3.6. 7 Massive or graded, monomictic, felsic breccia fades 

Massive or graded, monomictic, felsic breccias are poorly to moderately sorted and 

clast-supported. Clasts range from 1 cm to 6 cm and are either aphyric, sparsely quartz

and feldspar-phyric rhyolite, moderately quartz- and feldspar-phyric rhyolite or feldspar

phyric dadte (Fig. 3.2k, 1, m). Clasts within single units are compositionally identical but 

can be texturally variable. Textures include pumice, perlite, flow banding, amygdales 

and spherulites (Fig. 3.21). Pumice clasts are wispy or blocky in shape, dense clasts are 

subangular to subrounded. The proportion of pumiceous to non-pumiceous clasts 

varies from entirely non-pumiceous clasts, to roughly equal proportions of pumice and 

dense clasts to dominantly pumice (~75%) clasts. The matrix consists of <0.5 cm 

randomly oriented pumice clasts and/ or dense clasts, and euhedral quartz and feldspar 

crystals. This fades occurs in thick to very thick (>4 m thick), massive or graded beds 

and commonly grades into volcanic sandstone and mudstone. 

Thickness and distribution 

Intervals of this fades range from single beds 30 cm thick to intervals > 100 m. In 

general, the lateral extent of this fades could not be determined due to poor exposure 

but in the Mt. Farrenden area it could be traced for 100's m. This fades was mapped 

throughout the MWTC but the best examples are seen from the Mt. Farrenden and 

Warawee areas, and in drill core from Brittania Bletchington road (e.g., BRDD 10). 

Associated facies 

• volcanic sandstone 

• polymictic breccia 
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Interpretation 

The presence of pumice and other juvenile clasts and the monomictic composition 

suggest syn-eruptive deposition. Fragmentation could have been by either explosive or 

non-explosive (autoclastic) processes. The thickly-graded nature of this facies indicates 

that it was deposited rapidly by sediment-gravity flows into a below-storm-wave-base 

environment. This facies is interpreted to represent either syn-eruptive pyroclastic 

sediment gravity flow deposits or syn-eruptive resedimented autoclastic or pyroclast-rich 

deposits. 

3.6.8 Massive or graded, monomictic, felsic volcanic conglomerate facies 

This facies consists of felsic volcanic clasts which are rounded to subrounded and less 

commonly angular (Fig. 3.2n). Clasts range in size from 0.5-20 cm and are either 

aphyric, sparsely quartz- and feldspar-phyric or moderately quartz- and feldspar-phyric. 

Some clasts are flow-banded and/ or pumiceous. The matrix consists of microgranular 

quartz and sericite with or without euhedral quartz and feldspar crystals. 

Beds of this facies are either internally massive or graded in medium to very thick beds 

(up to 2 m thick). This facies commonly grades into volcanic sandstone. 

Thickness and distribution 

Intervals dominated by this facies range from single beds 30 cm thick to intervals up to 

5 m. This facies is uncommon and the best examples are observed in drill core from the 

Brittania Bletchington road area (e.g., BRDD 04). The lateral extent of this facies is 

unknown. 

Associated focies 

• volcanic sandstone 

• volcanic mudstone 

• crystal-rich, very coarse sandstone 

Interpretation 

The rounded to subrounded clast shapes indicates significant reworking. The clast 

shapes no longer yield any information regarding the nature of fragmentation. 

However, the monomictic composition indicates a uniform source with no additional 

input from external sources. The massive or graded units suggest deposition from 
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sediment gravity flows. This facies is interpreted to represent post-eruptive, reworked 

and resedimented volcaniclastic deposits. 

3.6.9 Non-stratified, sediment-matrix breccia facies 

This facies is poorly sorted, monomictic, clast- or matrix-supported. It consists of 

quartz- and feldspar-phyric rhyolite clasts set in a matrix of fine sandstone or mudstone. 

Clasts are generally cm size and are blocky, with curviplanar clast margins and jigsaw-fit 

textures. The matrix is non-stratified sandstone or mudstone. The breccia grades into 

coherent rhyolite, which is compositionally and texturally identical to the clasts in the 

breccia. 

Thickness and distribution 

Outcrops of this facies are limited to two locations in the Liontown and Mt. Farrenden 

area. Hill (1996), Paulick and McPhie (1999) and Doyle and McPhie (2000) have 

described similar facies from drill core at both Thalanga and Highway /Reward. 

Associated facies 

• coherent rhyolite ~r dacite 

• volcanic mudstone 

• volcanic sandstone 

Intetpretation 

The monomictic composition, blocky clasts with curviplanar margins, jigsaw-fit textures, 

sandstone or mudstone matrix and the association with coherent rhyolite of the same 

composition, suggest that this facies formed by in-situ fragmentation of intruding lava 

or magma into wet, unconsolidated sediment. This facies is therefore interpreted as 

peperite (Brooks et al., 1982; Busby-Spera and White, 1987). 

3. 7 Group 3: Polymictic volcanic breccia and conglomerate 

3. 7 .1 Polymictic breccia facies 

This facies is either non-stratified, internally massive or graded and poorly to moderately 

sorted. Clast types include, aphyric or porphyritic, pumiceous and/ or flow-banded 

felsic volcanic clasts, aphyric and scoriaceous or variably vesicular basaltic andesite 

clasts, mudstone, sandstone and rare jasper and sulfide clasts (Fig. 3.3a, b, c). The 

matrix consists of fine clast fragments and microgranular quartz and sericite. Several 



Figure 3.3: Polymictic breccia and conglomerate facies in the Seventy Mile Range Group. 
a) Polymictic breccia facies. Clast are subangular to subrounded and clast types include aphyric felsic and 

mafic volcanic clasts, sandstone, mudstone and rare jasper. Mt. Farrenden area; 7753783mN, 41571 7mE. 
b) Polymictic breccia facies . Clasts are angular to subangular with some curviplanar clast margins. Clast 

types include aphyric and porphyritic felsic volcanic, and aphyric and porphyritic, commonly vesicular 
basaltic andesite clasts. Rollston Range area; 7739112mN, 438609mE. 

c) Graded, polymictic breccia facies . This example consists of wispy, aligned pumice and subrounded to 
subangular dense juvenile clasts. Drill core sample from Brittania, hole BRDD10. 

d) Graded, polymictic conglomerate facies. Rounded to subrounded and lesser subangular polymictic clasts 

in a fine matri..x. Clast types include aphyric and feldspar± quartz- phyric felsic volcanic clasts, volcanic 
sandstone and volcanic mudstone. Drill core sample from Brittania, hole BRDD10. 
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examples of this facies have a crystal-rich matrix consisting of blue or clear quartz 

(euhedral, 1-5 mm, 15%) and white feldspar (euhedral, 1-4 mm, 20%). 

Beds of this facies are internally massive or graded in medium to very thick beds. This 

facies commonly grades into or is interbedded with volcanic sandstone and mudstone. 

Thickness and distribution 

Intervals of this facies range from single beds 10 cm thick to intervals >100 m thick. 

This facies occurs throughout the MWTC but the best examples are from the Rollston 

Range area and in drill core from the Brittania area (e.g., BRDD 12) 

Associated facies 

• volcanic sandstone 

• volcanic mudstone 

Interpretation 

Clast shapes appear to be unmodified and quartz and feldspar crystals are euhedral, 

suggesting a syn-eruptive origin. Clasts and crystals were most likely sourced from 

either pyroclastic eruptions or produced by non-explosive, autoclastic processes. The 

polymictic composition suggests that 'accidental' clasts were incorporated from either 

the conduit and vent during eruption or from the substrate during transport. The 

massive or graded bedding and the association with, or gradation into, volcanic 

sandstone and mudstone facies suggest that transport and deposition was from 

sediment gravity flows into a below-storm-wave-base environment. This facies is 

interpreted to represent either syn-eruptive pyroclastic sediment gravity flow deposits or 

syn-eruptive resedimented volcaniclastic deposits. 

3.7.2 Graded, polymictic conglomerate facies 

This facies consists of rounded to subrounded clasts with rare angular clasts. Clasts 

include variably coloured, aphyric volcanic clasts, sparsely and moderately quartz- and 

feldspar-phyric rhyolite, feldspar-phyric dacite and massive volcanic sandstone and 

mudstone clasts (Fig. 3.3d). This facies is internally massive or graded in medium to 

very thick beds. It grades from clast-supported to matrix supported domains over 10-20 

m. It was also observed to grade into volcanic sandstone and mudstone and crystal

rich, very coarse sandstone. 
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Thickness and distribution 

Intervals dominated by this facies range from single beds 10 cm thick to intervals >150 

m thick. The best examples come from the Highway /Reward area and from drill core 

in the Brittania area (BRDD 10). 

Associated facies 

• volcanic sandstone 

Intetpretation 

The rounded to subrounded clast shapes and the polymicti.c composition suggests 

significant reworking and incorporation of clasts from different sources. The graded 

bedding and association with volcanic sandstone fades suggest deposition from 

sediment gravity flows. This fades is interpreted to represent post-eruptive reworking 

of volcaniclastic deposits in an above-wave-base environment and then transport and 

deposition into a below-storm-wave-base environment. 

3.8 Group 4: Volcanic sandstone and mudstone 

3.8.1 Shard-rich, felsic volcanic sandstone fades 

This fades consists entirely of relict bubble wall shards (Fig. 3.4c). Volcanic glass has 

been completely altered to microgranular quartz and fine-grained sericite. Generally this 

fades appears non-stratified but where bedding was visible it occurs as very thin to 

medium (1-20 cm), planar, massive or graded beds with rare ripples. This fades is 

commonly the finer-grained top to graded, monomictic, felsic pumice breccia units. 

Thickness and distribution 

Intervals of this fades range from 10 m to intervals > 100 m and possibly up to 250 m. 

The best examples occur in the Mt. Windsor dam area. 

Associated fades 

• volcanic mudstone 

• volcanic sandstone 

• massive or graded, monomictic, felsic pumice brecda 

• massive or graded, monomictic felsic breccia 

• polymictic breccia 



Figure 3.4: Volcanic sandstone and mudstone facies in the eventy Mile Range Group. 
a) T hinly bedded volcanic sandstone. Scale bar is 10 cm long. Mt. Windsor Range area; 7750116mN, 

412982mE. 
b) Volcanic sandstone facies. T he lighter coloured beds are slightly finer-grained and more resistant to 

weathering, enhancing the thinly bedded nature of this unit. Mt. Windsor Range area; 7748443mN, 
407876mE. 

c) Photomicrograph of shard-rich, felsic volcanic sandstone facies. Fine relict splintery and bubble-wall 
shards are well-preserved in thin section. Present mineralogy consists of microgranular quartz, sericite 
and Fe-oxides. Mt. Windsor dam area; 7749719mN, 409460mE. 

d) Crystal-rich, very coarse sandstone facies. This example shows a gradation from crystal-rich very coar e 
sandstone to crystal-poor sandstone. Mt. Farrenden area; 7753425mN, 415583mE. 

e) Volcanic sandstone and muds tone facies. T his example is finely planar laminated to tlunly bedded. 
Coronation area. 

f) Interbedded volcanic sandstone and mudstone facies. Thin to medium beds, with sandy bases (light 
grey) grading into mudstone tops (dark grey). Up is towards the top of the photo. Warawee area. 
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Intetpretation 

The shards in this facies are most likely pyroclasts sourced from an explosive felsic 

eruption. There is no evidence for hot emplacement and thus this facies is unlikely to 

have been a primary pyroclastic flow deposit (Cas and Wright, 1991). The uniform 

composition suggests a syn-eruptive origin and the graded beds suggest that this facies 

was transported and deposited by cold, water-supported sediment gravity flows. This 

facies is interpreted as either syn-eruptive pyroclastic sediment gravity flow deposits, or 

syn-eruptive resedimented pyroclast-rich deposits. 

3.8.2 Volcanic sandstone facies 

This facies can be moderately- to well-sorted and grain size ranges from very fine sand 

to very coarse sand. The colour of sandstone units varies from dark-green-blue to 

cream-brown. Components are dominantly microgranular quartz and sericite ± chlorite 

±Fe oxides. Coarser sandstone also contains angular fragments of quartz. Although 

there were no shard textures preserved in this facies, it is possible that some of the 

volcanic sandstone units contained similar shards to the shard-rich, felsic volcanic 

sandstone described above but subsequent alteration has obscured these primary 

textures. 

The volcanic sandstone facies is either non-stratified or bedded in very thin to medium 

beds (1-20 cm thick; Fig. 3.4a, b). Beds can be normally graded and are defined by a 

colour change (dark and light bands). Very thin to thin (1-6 cm) planar beds of round 

to subrounded pebbles (3 mm-lcm) are rare. Non-stratified intervals are most likely 

bedded, but bed contacts were either not exposed or indistinct. Thus the non-stratified 

intervals are probably internally massive, very thickly bedded intervals. This facies 

commonly grades into, or is interbedded with, volcanic mudstone and monomictic and 

polymictic breccia. 

Thickness and distribution 

Intervals dominated by this facies range from cm size beds to intervals in excess of 300 

m. This facies is present throughout the MWTC. The best examples occur at the Mt. 

Windsor Dam area, in drill core from Brittania (e.g., BRDD 04, BRDD 10) and the Mt. 

Farrenden area (FBD 001). 

Associated facies 

• volcanic mudstone 
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• massive or graded, monomicti.c, felsic pumice breccia 

• massive or graded, monomictic felsic breccia 

• polymictic breccia 

• graded, polymictic conglomerate 

• shard-rich, sandstone 

• crystal-rich, very coarse sandstone 

• non-stratified, sediment-matrix breccia 

• massive or graded, monomictic, felsic volcanic conglomerate 

Interpretation 

The very thin to medium bedded intervals indicate deposition from suspension 

sedimentation, whereas the non-stratified and internally massive, very thickly bedded 

intervals were most likely deposited rapidly from sediment gravity flows. This facies is 

interpreted as either syn-eruptive pyroclastic sediment gravity flow deposits, or syn- or 

post-eruptive resedimented volcaniclastic deposits. 

3.8.3 Crystal-rich, very coarse sandstone facies 

This facies consists dominantly of euhedral to subhedral quartz and feldspar crystals (up 

to 50%) in a matrix of microgranular quartz and sericite (Fig. 3.4d). Rare wispy pumice 

fragments (1-2 mm) are also present. Quartz and feldspar abundances vary and in some 

examples quartz is the dominant mineral with only minor feldspar. Several samples also 

contain up to 1 %, subrounded lithic clasts. Lithic clasts include jasper, sandstone, 

aphyric felsic clasts and quartz- and feldspar-phyric clasts. 

This facies is either non-stratified or graded in thin to medium beds. It commonly 

grades into or is interbedded with volcanic sandstone facies. 

Thickness and distribution 

Intervals of this facies range from single beds <5 cm thick to non-stratified intervals up 

to 30 m thick. This facies occurs throughout the MWTC. Some of the best examples 

are in drill core from the Brittania area (e.g., BRDD 04, BRDD 14) 

Associated facies 

• moderately quartz- and feldspar-phyric coherent rhyolite 

• graded, polymictic conglomerate 

• polymictic breccia 
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• volcanic sandstone 

Intetpretation 

The euhedral quartz and feldspar crystals could have been produced from either 

explosive (pyroclastic) or non-explosive (autoclastic) fragmentation of a felsic volcanic 

source. There is no evidence for hot emplacement and the non-stratified or graded 

bedding suggests that transport and deposition was from cold, water-supported 

sediment gravity flows into a below-storm-wave-base environment. The uniform 

composition suggests a syn-eruptive origin and this facies is interpreted to represent 

either syn-eruptive pyroclastic sediment gravity flow deposits or syn-eruptive 

resedimented pyroclastic-rich or autoclastic deposits. 

3.8.4 Volcanic mudstone facies 

This facies consists dominantly of microgranular quartz and sericite. No primary 

volcanic textures were identified but it is most likely that many of these units were 

originally dominated by fine glass. Volcanic mudstone is typically non-stratified 

although in places it is planar, very thin to medium bedded, planar laminated, or rarely, 

cross-laminated (Fig. 3.4e). This facies is cotntnonly interbedded with, or grades into, 

volcanic sandstone facies and monomictic or polymictic breccia facies (Fig. 3.4£). 

Thickness and distribution 

Intervals of this facies range from ~1 m up to 55 m, and occur throughout the MWTC. 

Some of the best examples are in drill core from the Brittania area (e.g., BRDD 12). 

Associated facies 

• volcanic sandstone 

• polymictic breccia 

• massive or graded, monomictic, felsic breccia 

Intetpretation 

The thin to medium bedded intervals indicate deposition from suspension 

sedimentation, whereas the non-stratified and massive intervals suggest deposition from 

sediment-gravity flows. The lack of shallow-water sedimentary structures suggests 

deposition was below-storm-wave-base submarine. Some volcanic mudstone units are 

the fine tops of thick, graded, volcaniclastic units. This facies is interpreted as syn

eruptive pyroclastic sediment gravity flow deposits, or syn- or post-eruptive 

resedimented volcaniclastic deposits. 
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3.9 Group 5: Non-volcanic fades 

3.9.1 Sandstone and mudstone facies 

The non-volcanic sandstone and mudstone facies occurs as either non-stratified units or 

in thin to thick generally planar beds (Fig. 3.5 a, b). Beds are typically ungraded 

although weak normal grading occurs locally (Doyle, 1997). Sandstone beds consist of 

angular to subrounded quartz, with lesser feldspar, and strongly sericite-altered clasts. 

The matrix is extremely fine-grained quartz, feldspar and sericite with coarser flecks of 

muscovite. Mudstone beds consist of quartz, sericite, and leucoxene. 

Where bedding was visible, thicknesses of individual beds in this facies ranged from 10 

cm to 1 m. Non-stratified intervals are most likely bedded but bed contacts were either 

not exposed or indistinct. It is inferred that bed thickness in these intervals was very 

thick. 

No fossiliferous samples were found in this study although McClung (1976) and 

Henderson (1983) describe graptolite and trilobite fossils from several localities within 

this facies in the RRF. 

Thickness and distribution 

Non-volcanic sandstone and mudstone dominate the PCF and the RRF. The total 

thickness for the non-volcanic sandstone and mudstone facies in the PCF is >9 km, 

assuming no structural repetition (Berry et al., 1992). Non-volcanic sandstone and 

mudstone in the RRF is generally poorly exposed and large areas are covered by the 

Tertiary Campaspe Formation. The top of the RRF is not exposed and no good 

controls on overall thickness of this formation can be determined. It has been mapped 

to a minimum thickness of 1 km (Henderson, 1986). 

Interpretation 

The dominance of quartz grains within the sandstone suggests a dominantly felsic 

igneous source. Thick, massive to planar beds indicate deposition from sediment 

gravity flows, probably sandy turbidity currents, in a below-storm-wave-base 

environment. Pelagic trilobites found within the RRF are consistent with this 

environment (Henderson, 1986). 



Figure 3.5: on-volcanic sandstone and mudstone facies, jasper facies and hydrothermally-cemented breccia 
facies in the Seventy Mile Range Group. 
a) Dominantly massive, dark grey, non-volcanic sandstone in the PCF. Mt. Farrenden drill core sample, 

hole FBD002. 
b) Strongly foliated and thinly bedded, non-volcanic sandstone and mudstone facies in tl1e RRF. Liontown 

area. 
c) on-volcanic sandstone inclusion within medium-grained granodiorite that intrudes the PCF. Mt. 

Farrenden area; 7754361mN, 416628mE . 
d) Irregular pod of massive red jasper in non-stratified, monomictic basaltic andesite breccia facies. Mt. 

Windsor Range area; 7750217mN, 413182mE. 
e) Hydro tl1ermally-cemented breccia. Clasts consist of sandstone and polymictic breccia and are blocky or 

irregular in shape. Carbonate cement infills space between clas ts. Veinlets of carbonate cross cut clasts. 
Mt. Farrenden drill core ample, hole FBDOOl. 

f) Hydrothermally-cemented breccia. Poorly sorted, monomictic breccia with a siliceous matrix. Clasts are 
feldspar-phryic dacite and are subangular to angular with some jigsaw-fit textures. This facies is often 
difficult to distinguish from non-stratified monomictic breccia facies. Mt. View area; 7741112mN, 
428135mE. 



I.ithofacies 3 .2 8 

The non-volcanic sandstone and mudstone facies within the PCF have previously been 

interpreted to reflect a continental source (Berry et al., 1992; Stolz, 199 5). In contrast, 

the non-volcanic sandstone and mudstone facies within the RRF have previously been 

interpreted to consist of recycled and juvenile volcanic components (Henderson, 1986; 

Stolz, 1995). No obvious differences between sandstone and mudstone facies from the 

PCF and the RRF were noted during this study, and they are interpreted to be derived 

from a similar source. 

3.9.2 Jasper facies 

Jasper occurs in massive outcrops or as cross-cutting veins and lenses (Fig. 3.Sd). The 

jasper facies is dark red and may be finely banded. It consists of quartz, hematite and 

goethite. Two examples of jasper replacing the matrix of volcanic breccias were 

mapped. 

Thickness and distribution 

Jasper facies occur as irregular pods up to 30 m, and veins (cm). Duhig et al. (1992) 

mapped one jasper unit continuously over a strike length of 500 m but most 

occurrences are not laterally continuous. Although rare, jasper occurs throughout the 

MWTC with the exception of in the RRF. 

Interpretation 

A detailed study of the jasper facies within the Seventy Mile Range Group was 

undertaken by Duhig et al, (1992). Microbial textures were identified within some of the 

jasper facies and rare earth element geochemistry indicates a hydrothermal origin. The 

jasper probably accumulated as seafloor exhalative deposits from crystallisation of silica 

iron oxyhydroxide gels (Duhig et al., 1992). 

3.9.3 Barite facies 

Coarsely crystalline barite occurs in veins and stratiform lenses, and is commonly 

associated with base metal mineralisation (Van Eck, 1994; Hill, 1996; Miller, 1996). 

Thickness and distribution 

Van Eck (1994) mapped a thickness of 7 m for the barite facies in the Mt. Farrenden 

area and traced one unit over a distance of 30 m. Barite occurs in three localities in the 

Mt. Farrenden area at the top of the PCF. Barite facies has also be described from 

other localities within the Seventy Mile Range Group including: Thalanga (Hill, 1996), 

Liontown (Miller, 1996), andAgincourt (Huston, 1991). 
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Intetpretation 

This facies has previously been interpreted to be seafloor exhalative deposits (Van Eck, 

1994; Miller, 1996). 

3.9.4 Hydrothermally-cemented breccia 

This facies is non-stratified and discordant and occurs in volcanic rocks of all 

compositions and non-volcanic sedimentary facies. It consists of blocky, angular clasts 

that display jigsaw-fit texture and are cemented by carbonate, quartz or jasper. 

Thickness and distribution 

This facies occurs as irregular pods from <1 m up to 20 m in thickness. It occurs in the 

Mountain View, Brittania and Mt. Farrenden areas. 

Intetpretation 

The jigsaw-fit texture, uniform clast types and presence of carbonate, quartz or jasper 

cement, suggest that this facies represents in-situ brecciation of volcanic and non

volcanic facies. 

3.9.5 Granodiorite 

Granodiorite of the Ravenswood Batholith intrudes the Seventy Mile Range Group 

Henderson (1986) and a brief description has been included here. Granodiorite units 

occur in competent massive outcrops. In areas mapped in this study they are 

equigranular, and consist of medium to coarse-grained quartz, potassium feldspar, 

plagioclase and biotite. 

Thickness and distribution 

This facies intrudes the Seventy Mile Range Group along its northern margin, 

particularly in the PCF. Thickness information is not appropriate as it has highly 

irregular intrusive contacts with the PCF. In several localities where the contact 

between this facies and the PCF is exposed, rounded PCF sandstone inclusions are 

visible within the granodiorite and local hornfelsing of the PCF was observed (Fig. 

3.Sc). 

3.10 Summary 

The Seventy Mile Range Group includes 23 major facies, which have been combined 

into 5 groups. The five main groups are: coherent rhyolite, dacite and basaltic andesite, 

monomictic volcanic breccia and conglomerate, polymictic volcanic breccia and 
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conglomerate, volcanic sandstone and mudstone, and non-volcanic sandstone and 

mudstone. These facies descriptions provide constraints on interpretations of eruption 

style, emplacement processes and setting, which are discussed in the following chapters. 



CHAPTER 4: FLUIDAL-CLAST BRECCIA GENERATED 
BY SUBMARINE FIRE FOUNTAINING 
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CHAPTER 4: FLUIDAL-CLAST BRECCIA GENERATED BY SUBMARINE FIRE 

FOUNTAINING 

The following chapter has been accepted for publication in the Journal of Volcanology 

and Geothermal Research. In order to keep with the chapter format of the thesis the 

introduction of the original paper has been modified and the abstract omitted. 

4.1 Introduction 

Volcanic breccias characterised by distinctive fluidally-shaped clasts occur in the Seventy 

Mile Range Group: Similar fluidal-clast breccias have been identified on the modern 

seafloor (Smith and Batiza, 1989) and in several other submarine volcanic successions in 

Japan (Yamagishi, 1987; Cas et al., 1996), Sweden (Allen et al., 1996a; Allen et al., 

1996b), Canada (Mueller and White, 1992), Germany (Schmincke and Sunkel, 1987) and 

Iceland (Kokelaar and Durant, 1983). The juvenile clasts are typically basaltic andesite 

or basaltic in composition; however, Archean rhyolitic examples have been recognised 

in Canada (Mueller and White, 1992). Because the fluidal clasts resemble bombs, these 

breccias are generally attributed to fire-fountain eruptions. 

Subaerial fire-fountain deposits are common and there are numerous examples in the 

recent volcanic record (Macdonald, 1972; Head and Wilson, 1987; Head and Wilson, 

1989; Wilson et al., 1995; Mattox and Mangan, 1997). The fountain structure and 

eruptive products are controlled by magma viscosity, volatile content, magma volume 

flux, accumulation rate, local temperature, and height and vigour of fountaining (Head 

and Wilson, 1989). In subaqueous settings the controls on fountaining are likely to be 

the same, with additional important influences exerted by hydrostatic pressure and 

magma-water interactions. There is some evidence that these eruptions can occur at 

depths > 1 OOO m although the maximum water depths may be much greater (Batiza et 

al., 1984; Smith and Batiza, 1989; Clague et al., 1990; Gill et al., 1990; Clague et al., 

2000). 

Subaqueous fire fountaining has been interpreted to account for a variety of different 

volcanic facies and clast types including hyaloclastite (Y amagishi, 1987), scoria (Gill et 

al., 1990), reticulite (Siebe et al., 1995), spatter and highly irregular fluidally-shaped 

bombs, lapilli, shards (I<okelaar and Durant, 1983; Batiza et al., 1984; Schmincke and 

Sunkel, 1987; Mueller and White, 1992; Cas et al., 1996; Allen et al., 1996b) and glass 

spheres (Clague et al., 1990). However, there are few systematic descriptions of the 
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textural and facies characteristics of submarine fire-fountain deposits, nor have any 

contrasts with subaerial or shallow water equivalents been identified. Correct 

identification of submarine fire-fountain breccias is critical in reconstructing the facies 

architecture of ancient volcanic successions. They can be used to identify paleo-seafloor 

positions although they can not precisely constrain the water depth. Fire fountaining 

can generate substantial thicknesses in short periods, significantly modifying the local 

seafloor topography and hence facies geometry. In addition, fire-fountain breccias 

rarely extend beyond tens of metres from the source vent (K.okelaar and Durant, 1983; 

Kokelaar, 1986) and are thus good indicators of proximity to a volcanic centre. 

The fluidal-clast breccia and associated facies described herein are located near Brittania 

Homestead south of Charters Towers (Fig. 4.1) and will be referred to as the Brittania 

basaltic andesite (BBA). The BBA was initially identified in drill core and subsequent 

field mapping allowed definition of three main facies. In this paper, we describe the 

facies and facies associations of the BBA and use textural characteristics to constrain the 

modes of fragmentation and deposition, and the facies architecture. The fluidal-clast 

breccia facies at Brittania is compared with submarine and subaerial fluidal-clast 

breccias, also thought to be fire-fountain deposits, and with other texturally similar 

facies of different origins. 

4.2 Setting of the Brittania basaltic andesite 

The BBA occurs near the top of the MWTC (TCP) and can be traced for a minimum 

distance of 4.5 km along strike. The best estimates of true thickness come from two 

areas (~2.5 km apart) where values of approximately 380 m and 520-630 m were 

calculated. The minimum thickness in some areas is probably significantly less than 380 

m. Thus, thickness varies laterally by at least 250 m. 

A thick succession (>250 m) dominated by normally graded, monomictic and 

polymictic, felsic volcaniclastic units conformably underlies the BBA. The principal 

components are pumice, quartz and feldspar crystals and lithic fragments (felsic volcanic 

clasts, volcanic sandstone and mudstone, and minor mafic volcanic clasts). Grain size 

grades from coarse breccia, with clasts up to 30 cm, to mudstone. Sedimentation units 

are 1-20 m thick and have diffuse to sharp and, in places, erosional lower contacts. 

These units are interpreted to be deposits from submarine volcaniclastic mass flows. 

The components indicate derivation from a dominantly felsic, probably explosive 
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volcanic source, and the very thick graded beds suggest deposition below storm wave 

base. 

The BBA is overlain by thinly bedded mudstone and thin to medium bedded sandstone 

of the Rollston Range Formation (RRF). In places, ironstone (quartz-magnetite or 

quartz-hematite rocks of possible hydrothermal exhalative origin; Henderson, 1986; 

Duhig et al., 1992) occurs at the boundary between the BBA and the RRF. The nature 

of the contact in the study area is unknown as it is not exposed and has not been 

intersected in drill holes. However, regionally the contact between the MWTC and RRF 

is conformable (Henderson, 1986). Turbidites and hemipelagic mudstone facies and 

marine fossils, including graptolites and pelagic trilobites, constrain the environment of 

deposition of the RRF to have been relatively deep submarine (Henderson, 1986). 

4.3 Principal lithofacies in the BBA 

The BBA comprises three facies: fluidal-clast breccia, coarse and fine breccia and 

coherent facies. The fluidal-clast breccia facies is volumetrically dominant and present 

throughout the strike length of the BBA. Outcrops of the coarse and fine breccia facies 

are restricted to a few areas adjacent to the fluidal-clast breccia facies. The coherent 

facies is widespread but volumetrically subordinate to the other two facies in the BBA. 

4.3.1 Fluidal-clast breccia facies 

The fluidal-clast breccia facies dominates a single, very thick unit that was intersected in 

drill core over a true thickness of more than 250 m. The upper contact was not 

intersected by the drill hole. This facies is composed of basaltic andesite clasts that are 

either fluidally-shaped and moderately to highly vesicular (up to 60% vesicles), or 

blocky, splintery and highly vesicular to non-vesicular (Fig. 4.2a). This facies is poorly 

sorted, internally massive and clast supported, varying only in the ratio of fluidal clasts 

to blocky clasts. Fluidal clasts comprise 10-50% in fluidal clast-rich domains and <10% 

in fluidal clast-poor domains. Variations are gradational over thicknesses of several 

metres. No clasts <0.2 cm could be distinguished in this facies. Clasts are separated by 

coarsely crystalline carbonate that could have either filled original pore space or replaced 

original fine matrix. Because there are no relict or replacement textures in the 

carbonate, it is more likely that the carbonate is infilling original pore space. 

All clasts are aphyric and most consist of relict plagioclase laths between 200-500 µm in 

varying abundance (up to 60%). The laths are usually randomly oriented, but in some 



Figure 4.2: Examples of breccia facies in the BBA. (a) Fluidal-clast breccia facies. Pale, highly vesicular, irregular and 
fluidally-shaped clasts and dark grey, blocky, angular, non-vesicular to highly vesicular clasts. (b) Large clast within 
fluidal-clast breccia facies. T he clast has a highly irregular flu.idal shape and undeformed and slightly deformed pipe 
vesicles around the margin. (c) Highly vesicular, fluidally-shaped clast in a matri.x of blocky, angular, splintery, non
vesicular to highly vesicular clasts. Vesicles in the fluidal clast grade from coarse and more abundant in tl1e core to fine 
and sparse in the formerly glassy rin1. The sub-planar clast margin (RHS) implies that a portion of the clast has broken 
off. (d) Fluidal-clast breccia facies. A highly vesicular, fluidally-shaped clast occurs in a matrix of angular, blocky, non
vesicular to highly vesicular clasts. Coalesced vesicles occur in tl1e centre of the fluidal clast. (e) Sharp contact between 
moderately sorted fine breccia and moderately sorted coarse breccia. Younging is towards ilie bottom of the photo . 
• ~IG Zone 55, 7741432m / 431314mE. (£)Moderately sorted coarse breccia of the coarse and fine breccia facies. 
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blocky clasts they are aligned. They are set in a microcrystalline ground.mass of chlorite, 

epidote, actinolite-tremolite, leucoxene, and minor carbonate, sericite and quartz. 

Leucoxene is commonly concentrated along the margins of the fluidal clasts and some 

of the blocky clasts have high concentrations of leucoxene. Plagioclase is relatively 

unaltered but may be partially replaced by albite, sericite and chlorite. Some blocky 

clasts appear to have little or no plagioclase and are pervasively altered to pale green 

chlorite. Vesicles are infilled by carbonate, chlorite and quartz, and in the most altered 

samples they also contain actinolite-tremolite, clinopyroxene and minor epidote. Any 

original glass within the clasts has been completely altered. 

Immobile element ratios, especially Ti/Zr ratios, can be used to determine the primary 

composition of the altered volcanic rocks in the Seventy Mile Range Group (Berry et al., 

1992; Stolz, 1995). Whole-rock Ti/Zr ratios of the fluidal-clast breccias are in the range 

30-66, consistent with basaltic andesite composition. The fluidal and blocky clasts have 

the same composition and mineralogy, so the fluidal-clast breccia fades is considered to 

be monomictic. 

4.3.1.1 Fluidal clasts 

Fluidal clasts make up 1-50% of the fluidal-clast breccia fades. They are typically 

elongate with long dimensions in the range of 1-170 cm but average approximately 7-8 

cm. The largest clasts show a crude bedding-parallel alignment of their long dimensions 

and are up to a few tens of cm thick (Fig. 4.2c). Fluidal clasts are commonly highly 

irregular and contorted with elongate, tapered tails (Figs. 4.2a, c, d). The margins of 

some of the largest clasts are convoluted and have delicate, narrow (<2 cm across), 

elongate protrusions. All fluidal clasts are moderately to highly vesicular (30 to 60% 

vesicles) and most show vesicle grading. Vesicles are larger (3-25 mm) and more 

abundant in the cores of clasts and become smaller (<1-2 mm) and less abundant 

towards the margins (Fig. 4.2c, d). Sporadically distributed, large (up to 1.5 cm) vesicles 

which do not conform to the vesicle-grading pattern are also present. Vesicles can be 

round, irregular or elongate and are commonly interconnected. In places, vesicle 

coalescence has resulted in highly irregular vesicle shapes. Commonly the margins (up 

to 1 cm) of the fluidal clasts are poorly to non-vesicular. A few large clasts (25-170 cm) 

contain undeformed and slightly deformed pipe vesicles around their margins (Fig. 

4.2b). 
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Many of the fluidal clasts have at least one sharp, sub-planar margin that cross-cuts 

vesicle grading and fluidal margins (Fig. 4.2c). These sub-planar margins are angular and 

jagged in contrast to the unbroken, smoothly curved fluidal margins. No fluidal clasts 

<2 cm have complete fluidal outlines. In general, jigsaw-fit texture does not occur in 

the fluidal-clast breccia facies. However, there are some examples where the rims of 

fluidal clasts show a transition from intact rim to jigsaw-fit rim fragments to rotated rim 

fragments. 

4.3.1.2 Blocky clasts 

Blocky clasts dominate the <1 cm-size fraction of the fluidal-clast breccia facies. They 

are generally 0.2-1 cm across with some clasts up to 2 cm. These angular, blocky or 

splintery clasts have curviplanar margins and can be separated into two subtypes on the 

basis of vesicularity. The dominant type is poorly to non-vesicular and the less 

abundant type is moderately to highly vesicular. The poorly to non-vesicular blocky 

clasts have up to 5% vesicles ranging from 0.1to0.2 mm. The moderately to highly 

vesicular blocky clasts have vesicle shapes, size and abundance similar to those in the 

fluidal clasts. However, they lack fluidal margins. Instead, the edges of the clasts are 

jagged and cut across vesicles. 

The blocky clasts are highly variable in terms of vesicle size and abundance, feldspar 

abundance and alteration. Clast boundaries are difficult to discern, but are usually 

marked by the presence of abundant carbonate. In general, the poorly to non-vesicular 

clasts appear to be more intensely altered than either the moderately to highly vesicular 

blocky clasts or the fluidal clasts. 

4.3.2 Coarse and fine breccia facies 

This facies is laterally continuous in patchy outcrop over hundreds of metres. It is >100 

m thick and has relatively sharp contacts with the fluidal-clast breccia facies but was not 

observed in contact with the coherent facies. It comprises moderately to poorly sorted 

coarse breccia ( clasts dominantly > 1 cm) and moderately sorted fine breccia ( clasts 

dominantly <1 cm). Typically, single outcrops are exclusively either coarse or fine 

breccia and beds are thicker than outcrop dimensions, that is, thicker than 3 m. 

Volumetrically, poorly sorted coarse breccia dominates this facies (Fig. 4.2£). Only one 

bed contact was observed (Fig. 4.2e); this contact is sharp and separates fine breccia 

below from coarse breccia above. Single outcrops of this facies appear massive. 

However, changes from coarse to fine breccia occur progressively across several 
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outcrops, suggesting that the very thick beds are graded. Moderately sorted coarse 

breccia grades through poorly sorted coarse breccia to moderately sorted fine breccia. 

Both the coarse and fine breccias are clast supported and monomictic. Clasts are 

aphyric basaltic andesite, dominantly subangular to angular and less commonly 

subrounded. In the coarse breccia, clasts range from <1to18 cm and average 2-5 cm. 

In the fine breccia, clasts are generally 0.1 to 1 cm but subordinate large clasts (up to 10 

cm) are sporadically distributed. Clasts are non-vesicular to highly vesicular (up to 60% 

vesicles) with spherical, elongate and highly irregular vesicles ranging in size from 0.1 

mm to 1 cm. Vesicle size, shape, abundance and distribution vary widely from clast to 

clast. Clasts are either non-vesicular, uniformly poorly to highly vesicular or moderately 

to highly vesicular with vesicle size grading. Most clast margins cut across vesicles and a 

few clasts have partial fluidal margins. The mineralogy of clasts in the coarse and fine 

breccia facies is the same as that of the fluidal-clast breccia facies. Carbonate fills spaces 

between the clasts. 

4.3.3 Coherent facies 

The coherent facies consists of aphyric basaltic andesite and is dominantly massive but 

crude pillow-like structures are present in a few outcrops. Drill core intersections of the 

coherent facies range from 2-80 m true thickness. In both drill core and outcrop, the 

coherent facies intervals are intercalated with the fluidal-clast breccia facies. Contact 

relationships vary from being sharp and planar, commonly cross-cutting stratigraphy, to 

sharp and highly irregular, to diffuse and difficult to identify. At one locality (AMG 

Zone 55, 7741507mN/431391mE), there is a chaotic mixture of coherent domains and 

fluidal-clast rich domains, with lobes of coherent facies extending into the fluidal-clast 

breccia facies. The coherent facies is subordinate to the fluidal-clast breccia facies in 

both drill core and outcrop. 

The coherent facies is moderately vesicular (up to 30%) to non-vesicular. Vesicles are 

either evenly distributed or arranged in parallel layers. They are spherical or elongate to 

highly irregular and many are interconnected, ranging in size from 0.1 to 1 cm. 

Plagioclase laths between 150-300 µm comprise up to 90% of the rock, and are 

randomly oriented and partially albitised. The laths are set in a microcrystalline 

groundmass of chlorite, epidote, quartz, carbonate and leucoxene. Carbonate, chlorite, 

quartz and rare epidote and actinolite-tremolite infill the vesicles. 
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4.4 Facies geometry and relationships 

The spatial relationships among the facies are well constrained in the area of best 

exposure (Fig. 4.3) and in drill core (Fig. 4.4). The fluidal-clast breccia facies occurs in 

both drill core and outcrop. It is a thick unit that is cross-cut by, interbedded with, and 

underlain by coherent facies. These two facies commonly occur together but there are 

thick intervals (up to 80 m for the coherent facies and up to 115 m for the fluidal-clast 

breccia facies) both in drill core and in outcrop that are composed of one facies only. 

The coarse and fine breccia facies was not intersected in drill core and no contacts with 

other facies are exposed. The coarse and fine breccia facies is stratigraphically 

equivalent and laterally adjacent to the fluidal-.clast breccia facies, but does not occur in 

association with the coherent facies. 

4.5 Origin of Brittania basaltic andesite 

4.5.1 Modes of fragmentation 

The fluidal clasts in the BBA resemble bombs and fluidal lapilli formed by tearing apart 

of relatively low-viscosity lava ribbons jetted upward from vents during Hawaiian-style 

fire-fountain eruptions (Macdonald, 1972; Allen et al., 1996b). The fluidal shapes of the 

smaller clasts were partly controlled by surface tension and hydrodynamic forces on the 

still-molten fragments. The outer, formerly glassy, non- to poorly vesicular margins of 

the fluidal clasts were probably generated by quenching on contact with seawater. The 

grading in vesicle size in the interiors of the fluidal clasts implies that the core retained 

sufficient heat to allow further vesiculation. Jigsaw-fit, glassy margin fragments that 

surround some clasts could reflect expansion in response to post-depositional 

vesiculation. 

Clasts with partly fluidal and partly sub-planar margins have undergone brittle fracture 

during transport and/ or deposition. Clast-to-clast collisions, clast expansion due to 

vesiculation and quench fragmentation could have generated highly vesicular fragments 

partly bounded by fluidal margins and partly by sub-planar surfaces. The lack of intact 

fluidal clasts <2 cm suggests that a critical size is necessary for a lava ribbon to survive 

without being completely quench fragmented into cm-size and finer, blocky, angular 

fragments. 

The largest (25-170 cm) fluidal clasts probably formed by the same mechanism 

envisaged for the smaller fluidal clasts. Bombs more than a metre long and tens of cm 
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thick are common in proximal deposits from subaerial fire fountains (Macdonald, 1972). 

It is also possible that these large clasts are intrusions into co-genetic wet, 

unconsolidated fluidal-clast breccia (cf., Yamagishi, 1987). The morphology of intrusive 

tongues and large fluidal bombs are very similar in two-dimensional sections. 

Moreover, intrusion of magma into wet unconsolidated breccia could have accompanied 

fountaining; thus, both processes probably operated to produce the largest fluidal clasts. 

The largest fluidal clasts also contain pipe vesicles, which are not present in the smaller 

clasts. The undeformed pipe vesicles imply that vesiculation occurred post

emplacement. Pipe vesicles form when rising gas bubbles are progressively captured by 

the advancing solidification front (Philpotts and Lewis, 1987). Their presence only in 

the largest clasts is mainly a consequence of size, the large clasts being more effectively 

thermally insulated than the small clasts and having sufficient volatile content for 

prolonged vesiculation. 

The two categories of blocky clasts can be matched with either the moderately to highly 

vesicular interiors or the poorly to non-vesicular margins of the fluidal clasts, suggesting 

that most of the blocky clasts were derived from post-vesiculation fragmentation of 

fluidal clasts. Cooling contraction on contact with cold seawater was probably a major 

cause of disintegration of the fluidal clasts. This affected the glassy margins of some 

larger fluidal clasts and was also responsible for the complete disintegration of any 

smaller ( <2 cm) fluidal clasts. In addition, the poorly to non-vesicular blocky clasts 

could result from preferential fracturing of outer quenched rims in response to impact 

with other clasts or the seafloor. The clast assemblage can be accounted for fully by 

these non-explosive fragmentation mechanisms; however, we note that 

phreatomagmatic explosions can also produce dense, blocky, angular, glassy fragments. 

4.5.2 Transport and depositional processes 

The monomictic nature, relatively poor sorting and preservation of highly irregular, 

delicate clasts in the fluidal-clast breccia facies suggest that these clasts have not 

undergone significant lateral transport. Given the close similarity of the fluidal clasts 

and volcanic bombs, we infer that these clasts were ejected from the vent into the water 

column and then rapidly settled onto the seafloor. Thus, the fluidal-clast breccia facies 

is a variety of water-settled fall deposit. Although highly vesicular, the fluidal clasts were 

probably not buoyant, or else only temporarily so. Most would have been denser than 

water or rapidly water-logged as quench fractures allowed ingress of water into the 
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interior. In contrast to subaerial bombs, there is no evidence for plastic deformation of 

the fluidal clasts upon impact with the substrate. The force of impact with the seafloor 

would have been reduced due to the lower settling velocity of the clasts in water 

compared with air. In addition, the rigid chilled margins of the fluidal clasts would have 

inhibited plastic deformation on impact even though the interiors may still have been 

partially molten. 

In subaerial environments, the products of fire fountains are mostly coarse-grained and 

deposited very close to the source vent (tens of m), building steep-sided cones (Wood, 

1980). In submarine settings, dispersal is also likely to be restricted, with most fallout 

occurring in the immediate vicinity of the vent (I<:okelaar and Durant, 1983; K.okelaar, 

1986; Siebe et al., 1995). Any finer particles that remained fully suspended in the water 

column would be deposited elsewhere much farther from source. The apparently low 

content of fine particles in the fluidal-clast breccia facies probably reflects a combination 

of the overall dominance of coarse clasts and this sorting process. 

The presence of bedding, moderate sorting, subangular to subround clast shapes and 

possible grading in the coarse and fine breccia facies indicate lateral transport. The lack 

of exotic components and the preservation of clasts with partial fluidal margins indicate 

that the transport distance was probably short and/ or involved little clast interaction. 

Most of the clasts within this facies are texturally and compositionally similar to clasts in 

the fluidal-clast breccia. Others are similar to the coherent facies. The coarse and fine 

breccia facies is thus inferred to be the resedimented equivalent of the fluidal-clast 

breccia and intercalated coherent facies, generated by periodic gravity-driven collapse of 

unstable deposits of fluidal and blocky clasts, and coherent basaltic andesite. The very 

thick beds and apparent lack of fine matrix are consistent with mass-flow 

resedimentation, possibly involving a variety of coarse-clast-dominated modified grain 

flow (Lowe, 1979). 

4.5.3 Coherent facies 

The coherent facies is compositionally and texturally identical to the basaltic andesite of 

the fluidal clasts and represents co-genetic unfragmented magma or lava. The presence 

of crude pillows and locally highly irregular contacts suggest that the coherent facies was 

extrusive, or else shallowly intrusive into unconsolidated units of the elastic facies. 
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4.5.4 Eruption styles 

By analogy with bombs and fluidal lapilli in subaerial fire-fountain deposits, we infer 

that the fluidal-clast breccia facies involved fountaining of relatively low-viscosity 

magma (Fig. 4.5). The fluidal clasts settled through the water column and many partly 

or completely disintegrated, creating variably vesicular, blocky clasts. The extensive 

distribution of the fluidal-clast breccia facies, at least 4.5 km along strike, suggests the 

presence of several vents. In subaerial settings, fountaining commonly occurs at vents 

located along fissures (Macdonald, 1972; Wilson and Head, 1981). A similar scenario 

may be expected in subaqueous settings and could apply in the BBA case. 

Despite its considerable thickness, the fluidal-clast breccia facies is massive and 

uniformly monomictic, suggesting that there were no significant breaks in accumulation. 

However, the fluidal clasts in this facies show no signs of welding as is typical of thick 

subaerial fire-fountain deposits (e.g., Head and Wilson, 1989). The heat loss from 

fluidal clasts during transit in the water column was evidently sufficient to preclude 

welding. 

The coherent facies in the BBA resulted from lava effusion and/ or shallow intrusion of 

magma that accompanied fountaining (Fig. 4.5) and may indicate fluctuations in the 

magma discharge rate. In particular, relative to fountaining episodes, the lavas were 

probably generated during periods of reduced discharge (e.g., Griffiths and Fink, 1992). 

They are unlikely to be fountain-fed lavas, given the non-welded character of the 

associated fluidal-clast breccia facies. 

4.6 Key characteristics of subaqueous fire-fountain breccias 

Fluidally-shaped juvenile clasts occur in a variety of volcanic facies (Table 4.1): subaerial 

fire-fountain deposits at primary and littoral vents, submarine fire-fountain deposits, 

pillow breccia, feeder dyke-hyaloclastite complexes, and globular peperite. It is clear 

that the mode of fragmentation - tearing apart of low-viscosity lava or magma - can 

operate in subaerial, subaqueous and shallow intrusive settings. Subaerial fire-fountain 

deposits at primary vents typically consist of highly vesicular, ragged and fluidally

shaped, juvenile bombs and lapilli. Juvenile clasts are generally hot when deposited and 

show evidence for plastic deformation on impact. They are commonly flattened, 

annealed to one another, or moulded around the underlying topography or other clasts. 

Subaerial bombs and fluidal lapilli typically show breadcrust surfaces and well developed 

internal vesicle size grading, suggesting that they continued to vesiculate after 
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Figure 4.5: Schematic model for the formation and facies relationships in the BBA. Tearing apart of 
low-viscosity fountaining lava produced a very thick accumulation of fluidal-clast breccia close to the 
vent. Any fine particles produced in the eruption remained suspended in the water column and were 
deposited elsewhere. Coherent facies comprising both pillow lava and shallow intrusions is associated 
with the thick section of fluidal-clast breccia. Periodic gravitational collapse of unstable piles of both 
fluidal-clast breccia and coherent facies resulted in resedimentation, forming poorly sorted, very thick 
beds of the coarse and fine breccia. 



Table 4 1 Comparison of subaerial and submarine vo came facies that contain fluidally-shaped clasts. 
Known or 
mferred setting 
anderuptmn 
style 
Submarine
fire fountain 

Submarine
effusive; 
pillow 
fragment 
breccia 

Compos11Ion 

Basalt, 
basalllc
andes1te, 
rhyohte 

Basalt, 
basalllc
andes1te 

Juvemle clast shape/size/texture 

Flwdal, amoeb01d, elongate, cow
dung forms, elongate tatls, spindle, 
elongate lava nbbons, globules, 
flmdal glass shards, glass spheres, 
some broken clasts 

µm- >2 m long dimension 

Clasts may be pressed together or 
l!ghtly folded, agglullnated clasts on 
basal surfaces (rare) 

Breadcrust texture 

Blocky angular shards or clasts, 
splmters, tabular shards 

µm-!Ocm 

Lobate, ov01d, globnlar, elhps01dal, 
amoeb01d, sphencal 
-20 cm - 5 m(?) long dimensmn 

Rachal JOIIltmg, no breadcrust 
texture, no twisted forms or tads 

Blocky, angnlar, tabnlar 
<lOcm 

Clast ves1cularity/ d1stnbu1Ion 

Typically moderately to lughly ves1cnlar, up 
to 60%, sconaceous 
0 1 mm - 25 mm diameter 

Sphencal or irregular, coalesced Vesicle 
grading coarse m middle, fine vesicles 
towards clast margms 

Elongate vesicles parallel to long dimensmn 
of clasts 

Poorly to non vesicular clulled margms (up to 
1 cm) 

Rare pipe vesicles m largest clasts 

Non-vesicular to lughly ves1cnlar (up to 60%) 
0 1 mm - 25 mm diameter 

Sphencal or rrregnlar, coalesced 

Randomly chstnbuted 

Poorly (<5%) to lughly ves1cnlar (>50%) 
0 1 mm - 2 cm diameter 

Elhps01d and sphencal 

May show vesicle grading withm pillows or 
fragments of pillows - vesicles can either 
mcrease m abundance mward or decrease 
mward 

Poorly vesicular, clulled margins (5 mm - 3 
cm) 

Non-vesicular to lughly vesicnlar (>50%) 
0 1 mm - 2 cm diameter 

Elltpsoid and sphencal 

Tluclmess/chstnbul!ou 

Tlun sheets ( <5 m) to a 
few hundred m thick, 
withm tens of m from 
vent 

May be a pomt source or 
associated with fissure 
eruptions 

<l m->150 m tlnck 

Underhe, overlie and 
lateral to pillow lava, 
commonly at the flow 
fronts of ptllow lava 

Commonly grades mto 
pdlowlava 

Internal 
fabncs/textures 

Mononucl!c 

Massive to crudely or 
diffusely bedded, both 
normal and reverse 
grading 

Parallel alignment of 
the long dimension of 
clasts 

Poorly sorted, clast 
supported, local 
domams wtthJ1gsaw
fit texture 

Ral!o of flwdal clasts 
to blocky clasts varies 

Monom1cl!c 

Massive to crudely 
bedded (1-5 m tlnck), 
normal and reverse 
graded 

Parallel alignment of 
the long dimension of 
clasts 

Poorly sorted , clast 
supported 

Matrix (<JO cm) ofco
genel!c hyaloclasnte 

Local domams with 
ugsaw-fit textures 

Associated fac1es 

Ptllowlava, 
pillow breccia, 
massive lava, 
hyaloclaslite, 
phreatomagmal!c 
fac1es, dykes, sills, 
manne 
sedunentary fac1es 

Pillow lava, 
massive lava, 
hyaloclasl!te, 
marme 
sedunentary fac1es 

Known or mferred 
fragmental!on 
process 

Tearmg apart of 
relalively low 
VISCOSl!y lava Ill a 
lava fountam 

Coolmg contracl!on 
grannlat1on, 
phreatomagmal!c 
eruplions, clast to 
clast impact, spallmg 
of clast margms 
during ves1culat1on 
ofmtenor 
Detachment of 
pillows, graVItal!onal 
or mechamcal break
up ofptllow lobes 

Quench 
fragmental!on and 
spallmg of pillow 
nods, graVItallonal 
or mechamcal break
up of pillows 

References 

Carhsle, 1963, 
Kokelaar and 
Durant, 1983, 
Bal!za et al, 1984, 
Kokelaar, 1986, 
Sclumncke and 
Sunkel, 1987, 
Y amagislu, 1987, 
Cas et al, 1989, 
Snuth and Baliza, 
1989; Clague et 
al, 1990, Dolozi 
and Ayres, 1991, 
Mueller and 
Wlute, 1992, Cas 
et al, 1996, Allen 
et al, 1997, 
Sunpson and 
McPlue, 1998 

Carlisle, 1963, 
Duuroth et al , 
1978; Sclumncke 
and Sunkel, 1987, 
Dolozt and Ayres, 
1991, Yamagislu, 
1991, Walker, 
1992 



Known or Compos1!1on Juvernle clast shape/size/texture Clast ves1culanty/ distnbunon Tluckness/distnbutton Internal Associated factes Known or mferred References 
mferred settmg fabncs/textures fragmentanon 
and eruption process 
style 
Submarine- Basalt, Lensmdal, bulbous, lobate, flmdal, Non-vesicular to highly vesicular (up to 70%), m to tens of m !luck Ungraded, unstratrlied, Dykes, sills, Dynamic nuxmg of Kokelaar, 1982, 
shallow andes1te, ragged, globular, detached blobs pmrnceous poorly sorted blocky pepente, magma and wet Busby-Spera and 
intrusion; dac1te, <O I mm - I mm(?) diameter Associated with shallow marme unconsohdated Wlute, 1987, 
globular/ rhyobte cm-m mtrus10ns, may be highly Intncate contact secbmentary fac1es sedunent Hllllllsand 
fluidal Round to elongate and cylindrical rrregular relationships between McPh1e, 1999 
peperite nucroglobular mm scale host secbment and 

Randomly distributed or may have a mtrus10n 
subparallel al11mment (tube pmruce) 

Submarine- Basalt, Apophyses, lava tongues or lobes, Non-vesicular to moderately vesicular (20%) <Im- !Orn !luck Mononucnc Hyaloclasnte, Yamagishl, 1987, 
effusive; andes1te, finger-hke and bulbous protrusions, pillow lava, Yamagishl, 1991 
feeder dyke dac1te, detached blobs, "concentnc" mm - cm diameter Tinn selvages at margins Intrusive lobes may massive lava, 
and rhyohte pillows oflobes, or !luck have columnar or dykes, sills, 
hyaloclastite Randomly d1stnbuted envelopes around polyhedral jomts marme 

cm to tens of m long cbmens1on coherent mtenors sedunentary factes 
Grada!ton from 

Commonly with a greater length coherent to brecciated 
than width do ma ms 
Blocky, angular, sphntery, bounded Non-vesicular to moderately vesicular (20%) In s1tu quench 
by curvtplanar surfaces Jigsaw-fit domams brecc1ation of feeder 

Randomly d1stnbuted dyke 
<I mm - tens of cm 

Partly or entrrely glassy 
Subaerial- Basalt/ Flmdal, ragged, spmdle, cow dung Vanably vesicular from poorly vesicular up to <10 m - 90 m thick Mononuct1c Fountam-fed lava, Tearmg apart oflow Macdonald, 1972, 
fire fountain andes1te and fusiform bombs, nbbons, Pele's 98% vesicles (re!tcuhte) scona fall viscosity lava m a Walker and 

tears, Pele's harr, shards Proxunal, tens of m from Massive to crudely deposits, lava fountam Croasdale, 1972, 
<0.1 mm - I cm diameter, commonly vent bedded phreatomagmat1c Mangan and 

0.5mm->2m deformed factes, dykes, Cashtnan, 1996 
May be a pomt source or Proxunal fac1es have lavas 

Breadcrust textures, evidence of Poorly vesicular chtlled margins (typically up associated with fissure httle to no ash rnatnx 
flatternng on impact, aggluttnated to several mm) eruptions 
clasts on basal surface Vanably welded/ 

Vesicle gradmg coarsest m nuddle, becoming agglutinated 
Red oxidised clasts finer towards margins 

Subaerial- Basalt Flmdal, ragged, spmdle, cow dung Vanably vesicular, bunodal distnbunon, large <10 m - 90 m high and Mononucnc Phreatomaginanc Tearmg apart oflow Moore and Ault, 
littoral cones bombs, nbbons, Lunu-o-Pele, (cm) vesicles m centre laterally extensive over fac1es, lava, viscosity lava Ill a 1965, Fisher, 

Pele's harr, flmdal shards hundreds of m Vanably welded/ fountam fed lavas lava fountam, 1968, Jurado-
<0 I mm - I cm diameter agglutmated bubble bursttng, Chlchay et al , 

l/16mm-2m Proxunal, tens of m from quenching 1996, Mattox and 
Elongate, ovoid, sphencal vent Proxunal factes Mangan, 1997 

Breadcrust textures, quench massive to crudely 
fractures, evidence of flatternng on Poorly to non-vesicular chilled margins Confined to a pomt bedded, bttle to no 
unpact, aggluttnated clasts on basal source clasts <I cm 
surface, chilled margins 

Distal fac1es poorly 
Red oxidised clasts sorted, poorly to 
Blocky, angular Non-vesicular to highly vesicular moderately bedded (up Phreatomagmanc Moore and Ault, 

<<0 I mm - I cm diameter to 15 cm !luck beds) eruptions, some 1965, Fisher, 1968 
<1/16 mm - 50 cm(?) dismtegratton of 

larger clasts 
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deposition. Beds of welded spatter and layers of clastogenic lava can be intercalated 

with the bomb beds, especially in proximal sections. 

Littoral cones form where lava enters the ocean (J\.foore and Ault, 1965) and also 

comprise thick, poorly bedded, juvenile deposits of bombs and fluidal lapilli. At the 

most proximal locations, juvenile clasts are commonly welded or agglutinated and in 

some instances, intercalated with clastogenic lavas Gurado-Chichay et al., 1996). 

Interaction between the lava and water is common at littoral vents, producing 

phreatomagmatic fall and surge deposits that are relatively ash-rich and that may include 

significant proportions of non-juvenile components. Also found in proximal littoral 

cone deposits are delicate, paper-thin, sliver-shaped glassy clasts known as Limu o pele, 

which form by the bursting of lava bubbles due to the rapid expansion of steam (Hon et 

al., 1988; Mattox and Mangan, 1997). 

The elastic facies associated with pillow lavas may contain fluidally-shaped igneous 

clasts. For example, isolated pillow breccia (Carlisle 1963) can include clasts similar in 

shape to bombs and fluidal lapilli. Globular peperite generated by shallow intrusions 

into wet unconsolidated sediment comprises irregular, lobate and fluidal igneous clasts 

(Busby-Spera and White, 1987), which resemble bombs and fluidal lapilli. In 

dimensions and shape, the irregular intrusive apophyses and lobes developed in 

subaqueous feeder dyke-hyaloclastite complexes (Y amagishi, 1987) are comparable to 

coarse bombs (1-2 m across) that occur sporadically in the most proximal sections of 

fire-fountain deposits. 

Comparison of various fluidal-clast-bearing fades (Table 4.1) suggests there are few 

textural criteria for recognition of different origins. Welded fluidal clasts and fluidal 

clasts that show accommodation to adjacent clasts are relatively common in subaerial 

fire-fountain deposits but not known to occur in submarine facies. Dense, blocky, 

glassy juvenile clasts are generally subordinate to fluidal clasts in subaerial fire-fountain 

successions or else restricted to single beds, whereas they are common throughout 

deposits from submarine fire fountains. The fluidal clasts (lapilli and bombs) in 

subaqueous fire-fountain deposits may have thicker (up to 1 cm) glassy chilled margins 

compared with chilled margins on subaerial bombs. 

Fluidal clasts produced by subaqueous fire fountaining have vesicularities up to 60%, 

commonly have spindle shapes with narrow tails, and the minimum size of intact fluidal 
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clasts is ~2 cm. In contrast, the fluidal clasts sometimes present in pillow breccias and 

intrusive apophyses in feeder dyke-hyaloclastite complexes are generally poorly 

vesicular, relatively coarse (>30 cm across), and do not have spindle shapes. In 

addition, long dimensions of large bombs may be broadly bedding-parallel, whereas 

intrusive apophyses and lobes may be in any orientation and interconnected in three 

dimensions. The igneous clasts in globular peperite may have broadly similar shapes, 

sizes and internal textures to fluidal clasts in subaqueous fire-fountain deposits. In this 

case, the distinction can be made on the basis of the monomictic composition and crude 

stratification (if present) in fluidal-clast breccias of fire-fountain origin. 

Context and facies relationships are also very important in distinguishing among the 

different fluidal-clast breccia facies: fire-fountain deposits from primary and littoral 

vents typically occur in subaerial or very shallow water successions that may include 

scoria lapilli fall, ash-rich phreatomagmatic surge and fall deposits and clastogenic lavas. 

Subaqueous fire-fountain deposits, isolated pillow breccia, feeder dyke-hyaloclastite 

complexes and globular peperite occur in subaqueous host successions that may be 

distinguished by the presence of pillow lava, hyaloclastite and diverse subaqueous 

sedimentary facies. Globular peperite is also distinctive in being restricted to shallow 

intrusive settings. 

4.7 Significance of subaqueous fire-fountain breccias 

Correct identification of subaqueous fire-fountain breccias is important in facies 

interpretations, as this facies provides constraints on the environment of deposition, 

seafloor position, proximity to source vents and possibly also water depth. In young 

volcanic successions, this information may be relatively easily obtained. However, such 

constraints are highly significant in ancient volcanic successions that are incompletely 

preserved, poorly exposed and/ or affected by diagenetic alteration, metamorphism and 

deformation. 

In the Brittania area, the identification of fire-fountain breccias offers insight into the 

style of volcanism and environment of deposition. For example, the distribution of the 

facies in the BBA suggests that there were several seafloor vents erupting 

simultaneously, possibly localised along a fault or fissure. The very thick fluidal-clast 

breccia facies of the BBA is almost certainly proximal, deposited within tens of metres 

of the source vents. Identification of near-vent facies is important as they coincide with 

syn-volcanic heat sources and fracture networks required for circulation of 



Submarine fire fountaining 4.20 

hydrothermal fluids. Submarine fire-fountain breccias have been identified in several 

massive sulfide districts (Allen et al., 1996a; Cas et al., 1996; Allen et al., 1996b) and they 

may be useful indicators of prospective areas because both can occur in extensional 

environments on the seafloor. 

The identification of submarine fire-fountain breccias currently places few (if any?) 

constraints on the water depth of formation as the effects of hydrostatic pressure on 

submarine eruptions are not well understood. It is clear that fire fountaining is not 

limited to shallow water or subaerial environments. In the case of the BBA, the 

surrounding units provide better constraints on the water depth of formation and they 

collectively indicate a relatively deep water environment. 

4.8 Conclusions 

The fluidal-clast breccia fades was generated by fountaining of low-viscosity magma in a 

relatively deep submarine environment. The widespread distribution (4.5 km strike 

length) of the fluidal-clast breccia fades suggests that several submarine fire fountains 

were erupting simultaneously. 

Subaqueous fire-fountain breccias can be distinguished from other deposits that contain 

fluidal clasts by a combination of: relatively thick (up to 1 cm) glassy margins on fluidal 

clasts; vesicle grading within fluidal clasts ~apilli and bombs); lack of welded, 

agglutinated and compacted juvenile clasts; the distinctive association of highly vesicular 

fluidal clasts with non-vesicular, angular, blocky, formerly glassy finer clasts; and the 

spatial association with pillow lava and with equivalent resedimented fades. 

Subaqueous fire-fountain breccias constrain the paleo-environment in which they were 

deposited, represent paleo-seafloor positions and indicate proximity to eruptive vents 

(tens of m) and therefore are useful in the identification of proximal settings. Fire

fountain breccias provide no precise limits on water depth, as the effects of hydrostatic 

pressure on fountaining are not well understood. 
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CHAPTER 5: LATERAL AND VERTICAL DISTRIBUTION OF VOLCANIC FACIES IN 

THE SEVENTY MILE RANGE GROUP 

5.1 Introduction 

Chapter 3 presented descriptions of the volcanic facies identified in the Seventy Mile 

Range Group (fable 5.1). In this chapter the distribution of these facies and facies 

associations are discussed. 

This chapter provides a brief discussion of the framework used for interpretation of 

volcanic facies followed by representative graphic logs from selected areas across the 

Seventy Mile Range Group (Fig. 5.1). Logs are presented for the Warawee, Brittania, 

Highway /Reward, Mt. Farrenden, Mt. Windsor, Lion town and Thalanga areas. Other 

areas including Mountain View, Coronation, Mt. Trafalgar, and the Mt. Glenroy area are 

discussed briefly but no graphic logs are presented. Lateral and vertical facies variations 

are used to reconstruct the vokanic and sedimentary facies architecture for each area. 

5.2 Volcanic facies analysis 

Volcanic facies analysis involves identification of features which allow interpretation of 

eruption style, transport and depositional processes, depositional environments, 

proximity to vent and timing with respect to major eruptions. Interpretation of 

coherent and associated autoclastic facies as either lavas or intrusions largely depends on 

contact relationships. Interpretation of volcaniclastic facies involves constraining the 

source environment, fragmentation process, mode of transport and deposition and the 

timing of deposition in relation to eruption. 

5.2.1 Intrusions versus lavas 

Intrusive and extrusive units can be texturally and geochemically indistinguishable. 

Upper contact relationships are the most reliable feature used to distinguish between 

intrusions and extrusions (Allen, 1992). Shallow-level intrusions may have peperite 

along all margins (e.g., Hanson and Wilson, 1993; McPhie, 1993) and diagnostically 

along the upper margin. Typically the host sequence will show disturbance of bedding 

and/ or contact metamorphism, and tongues or lobes of the coherent facies may be 

present (K.okelaar, 1982). Generally lavas will only have peperite along their bottom and 

side contacts (Schmincke, 1967). As contacts are rarely observed in the Seventy Mile 

Range Group other less reliable criteria are relied upon to distinguish between 

extrusions and intrusions. 



20 ° s 

'* * H-H 

• 
0 

• Mt. Trafalgar 

Present or past mine 

Prospect 

Town 

Location of detailed map and graphic logs 

Location of graphic logs and section label 

Location of area without grapluc log 

10 20 30 40 50 km 

146 ° E 

Charters Towers Province 

Lolworth-Ravenswood Subprovince 

Lower Dc,·onian 

c=J Lolworth Igneous Complex 

Upper Ordoncian 

RaYenswood Batholith 

Cambrian or t\ddaidean 

~ Kirk lli,·er Beds 

Mt. Windsor Subprovince 

Cambrian - Ordm·ician 

Se,·enty lllile Range Group 

gm Charters Towers l\ktamophics 

Figure 5.1: Location of graphic logs, detailed maps and areas discussed in Chapter 5. 

Ccnozo1c 
II Basalt, laterite and 
L___J allU\·ial sediments 

Carboni fcrous - Perrnian 

~ Igneous rocks 

Clermont Province 

Upper Ordm·ician - ll liddle Dernnian 

Ld Metasedimentary rocks 



Distribution of Volcanic Facies 5.3 

The proportion of associated autoclastic facies can be used to distinguish between 

intrusive and extrusive units. Felsic and intermediate submarine lavas have abundant 

associated autoclastic facies, including both hyaloclastite and autobreccia (e.g., Pichler, 

1965; Fumes et al., 1980; Y amagishi and Dimroth, 1985). The elastic facies of lavas can 

dominate over coherent facies (Furnes et al., 1980). The presence of compositionally 

identical resedimented autoclastic facies is also good evidence that the associated 

coherent facies is extrusive. Intrusions may or may not have an associated autoclastic 

facies. The autoclastic facies of intrusions include intrusive autobreccia, intrusive 

hyaloclastite and peperite (McPhie et al., 1993). If a rhyolite body is entirely coherent, 

an intrusive origin is favoured (Allen, 1992). 

Although not ideal, unit thickness of coherent rhyolite facies can be used as a guide to 

origin. In general subaerial rhyolite lavas are relatively thick, on average ~ 100 m 

(Walker, 1973). Conversely, rhyolite intrusions can range from a few metres to 1 OO's of 

metres in thickness. Therefore rhyolite units that are only a few metres thick can be 

interpreted as intrusions with a high degree of confidence. Furthermore intrusions are 

commonly discordant and may have the same unit both stratigraphically above and 

below. In areas where contacts are not exposed, or where contact relationships are 

ambiguous, unit thickness, stratigraphic relationships, abundance of associated 

autoclastic breccias and the presence or absence of resedimented autoclastic facies have 

been used to distinguish between lavas and intrusions. 

The timing of intrusion relative to formation of the enclosing stratigraphy may be 

difficult to interpret. Intrusions can complicate an otherwise simple stratigraphy and, 

especially in subaqueous environments, can be volumetrically dominant over lavas 

(McPhie et al., 1993). Recognition of intrusions is important to understanding the 

sequence of events and identifying paleoseafloor positions that, especially in VHMS 

districts, may be important for exploration. Most lavas and intrusions can reasonably be 

considered intrabasinal and proximal to volcanic centres. Exceptions to this are 

extensive mafic lavas, which can extend >100 km from their source (e.g., Walker, 1973; 

Holcomb et al., 1988), and mafic sills. 

Intrusions in the Seventy Mile Range Group are regarded as syn-volcanic and/ or syn

sedimentary as they are compositionally identical to lavas and monomictic volcaniclastic 

facies elsewhere in the succession. Furthermore, the identification of peperite (this 
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study; Doyle, 1997; Paulick, 1999; Paulick and McPhie, 1999; Doyle and McPhie, 2000) 

supports a syn-volcanic and/ or syn-seditnentary origin. 

5.2.2 Submarine volcaniclastic deposits 

The source of volcaniclastic deposits can be inferred from the type and composition of 

the particles which comprise the deposit. Both juvenile and non-juvenile components 

may be present but only the former will give information on the composition of the 

source magma and the fragmentation process. Juvenile components generated by 

pyroclastic eruptions may include crystals, crystal fragments, abundant pumice, scoria 

and shards and angular dense juvenile clasts (Fisher and Schmincke, 1984). Juvenile 

components of autoclastic breccias consist of lava clasts but the shape of the clast 

depends on the type of autoclastic fragmentation (autobrecciation versus quench 

fragmentation). Autobrecciation generates lava clasts that are commonly blocky, slabby 

or irregularly shaped and can be flow banded or pumiceous (McPhie et al., 1993). Only 

a minor amount of fine particles(< 4 mm) is produced by autobrecciation, which helps 

to distinguish autobreccias from hyaloclastite. Quench fragmentation produces lava 

clasts that are blocky or splintery and may include abundant sand- and silt-size glassy 

fragments (Cas, 1992; Carlisle, 1963). Clasts are bounded by curviplanar surfaces 

(Honnorez and Kirst, 197 5) and may have rims cut by "tiny normal joints" (Y amagishi, 

1987). Clasts can be vesicular or non-vesicular, flow banded and/ or perlitic. 

Hyaloclastite can also produce angular crystals (Cas, 1992), although not in the same 

volumes as produced by pyroclastic eruptions. Quench fragmentation and 

autobrecciation can occur at any water depth but pyroclastic eruptions are restricted to 

subaerial or shallow-submarine environments (<1000 m; McBirney 1963). 

Pyroclastic flows by definition involve hot gas-supported transport. If cold water

supported processes were involved in transport and deposition of pyroclasts the 

resulting deposit is regarded as a syn-eruptive pyroclastic sediment gravity flow deposit 

(Cas and Wright, 1991) as opposed to a primary pyroclastic flow deposit. In a 

submarine environment primary pyroclastic flow deposits can only be definitively 

interpreted when evidence for hot emplacement is present (Cas and Wright, 1991). 

Evidence for hot emplacement requires the preservation of textures such as gas escape 

structures, columnar jointing, thermally oxidised clasts, syn-depositional 

thermoremanent magnetisation, high temperature crystallisation textures, matrix perlite 

and welding textures (Cas and Wright, 1991; White and McPhie, 1997). 
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Resedimentation of either primary pyroclastic flow deposits, syn-eruptive pyroclastic 

sediment gravity flow deposits, or autoclastic deposits soon after eruption and 

deposition produces syn-eruptive resedimented deposits that contain texturally 

unmodified juvenile volcanic clasts. These deposits can be difficult to distinguish from 

either primary pyroclastic, autoclastic or syn-eruptive pyroclastic flow deposits. If no 

evidence for hot emplacement of a pyroclast-rich deposit is present there are three 

possible interpretations for the deposit's origin: 1) it is a non-welded primary pyroclastic 

flow deposit; 2) it is a syn-eruptive pyroclastic sediment gravity flow deposit; or 3) it is a 

syn-eruptive, resedimented pyroclast-rich deposit. 

Post-eruptive resedimentation of unconsolidated primary and syn-eruptive deposits and 

weathering and erosion of consolidated volcanic deposits produces deposits that show 

evidence for significant transport and reworking of particles. Deposits are characterised 

by modification of primary clast shapes (e.g., rounding), mixtures of compositionally 

different volcanic particles and inclusion of non-volcanic particles. 

5.2.3 Paleoseafloor topography 

The modem seafloor has, in places, significant relief owing to tectonic processes and 

constructional and destructional volcanic processes. Viscous felsic lavas and domes may 

build local topographic highs, which may subsequently control distribution of overlying 

facies, or may be affected by gravity-driven processes. Syn-depositional faulting may 

also contribute to the formation of seafloor topography. Topography controls the 3-

dimensional distribution of lavas and volcaniclastic facies emplaced by sediment gravity 

flows. Flow paths will preferentially follow and fill in local topographic lows rather than 

spread laterally in all directions. This confinement by topographic lows may result in 

limited lateral extent of facies. 

In complicated submarine volcanic successions laterally extensive, mass-flow emplaced 

pumiceous volcaniclastic facies may provide the only means of tracing time equivalent 

seafloor positions (McPhie and Allen, 1992) that could be used for interpreting 

paleoseafloor topography. 
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Facies Description Thickness Associated Facies Interpretation 

-sub-facies 
Group 1: Coherent rhyolite, dacite and basaltic-andesite 
Coherent rhyohte 

-aphync white-cream, fine-gramed, siliceous, massive or flow-banded, rare columnar l->250 m other coherent rhyohte; non-stratified coherent facies of lavas and shallow-
jomting, commonly perht1c, tr -1 % disseminated pyrite, mICrogranular quartz and monom1ctic rhyolite breccia; non-stratified, level intrusions 
senc1te sediment-matrix breccia, hydrothermally-
Flow-banding fine (0.1 mm bands), defined by alternating siliceous layers and less cemented breccia 
sihceous, more phyllos11icate-nch layers 

-sparsely quartz- :5 2% quartz phenocrysts l->250 m other coherent rhyolite; non-stratified coherent fac1es of!avas and shallow-
and feldspar- siliceous, massive or flow-banded, rare columnar Jomting (10-20 cm diameter) monomictic rhyolite breccia, non-stratified, level intrusions 
phync Quartz phenocrysts commonly subhedral, highly embayed, 0.5-2 mm sediment-matrix breccia; hydrothermally-

Feldspar phenocrysts plagioclase ± K-feldspar, euhedral, 0.5-3 mm, 1-10%, cemented breccia 
partially to completely altered to fine-grained seric1te 
Groundmass· s1hceous, m1crogranular quartz, plag1oclase ± K-feldspar (50-100 µm), 
commonly microspheruhtic (50-400 µm in diameter), commonly perlitic, tr.- 1 % 
d1ssemmated pyrite 
Flow-bandmg fine (0 1 mm bands) to relatively coarse (cm-m), defined by 
alternatmg s1hceous layers and less s1hceous, more phyllosihcate-rich layers 

-moderately 3-7% quartz phenocrysts l->250 m other coherent rhyohte; non-stratified, coherent facies of lavas and shallow-
quartz-and siliceous, massive or flow-banded, rare columnar jomtmg monom1ctic, rhyohte breccia; non-stratified, level mtrus1ons 
feldspar-phyric Quartz phenocrysts: euhedral to subhedral, highly embayed, commonly 0 5-3 mm, sediment-matrix breccia, hydrothermally-

rarely4 mm cemented breccia 
Feldspar phenocrysts: euhedral, 3-15%, commonly 1-2 mm, up to 3-5 mm, 
dommantly plagioclase, rare K-feldspar 
Groundmass: siliceous, microgranular quartz, plagioclase ± K-feldspar, commonly 
perhtic, tr.-1% disseminated pyrite, commonly microspherulit1c (100-150 µm in 
diameter) 
Flow-banding: fine (mm scale) to relatively coarse (cm-m), defined by alternating 
siliceous layers and less s1hceous, more phyllosilicate-nch layers 

-highly quartz- 7-20 % quartz phenocrysts l->250 m other coherent rhyohte; non-stratified, coherent facies oflavas and shallow-
and feldspar- siliceous, massive, rare columnar jointing monomictic, rhyohte breccia; non-stratified, level mtrusions 
phync Quartz phenocrysts: dominantly subhedral to rounded (rare euhedral), broken and sediment-matrix breccia, hydrothermally-

highly embayed, two populations· l to 3 mm or 5 to 10 mm, commonly cemented breccia 
microspheruht1c rims on phenocrysts (25-50 µm thick), may have a distinctive blue 
colour 
Feldspar phenocrysts: l to 4 mm, dominantly euhedral rare subhedral, 5-15%, 
partially or completely replaced by seric1te ± chlorite ± carbonate, rehct multiple 
twmning common, dommantly plagioclase, rare K-feldspar 
Groundmass. microgranular mosaic of quartz+ plag10clase ± K-feldspar, 
microspheruhtlc (I 00-200 µm in diameter), commonly perlitic, variably altered to 
seric1te ± chlonte ±carbonate, tr.-1 % disseminated euhedral to subhedral pyrite 
(100-400 um) 

Coherent dac1te no quartz phenocrysts, 1-25% plagioclase phenocrysts <l->120 m non-stratified, monomict1c, dacite breccia, coherent fac1es of lavas and shallow-
massive or finely flow-banded (mm scale), rarely columnar jomted non-stratified, sed1ment-matnx breccia level mtrusions 
Plag1oclase phenocrysts 1-5 mm, subhedral to euhedral, partially to completely 
altered to senc1te + chlorite, tr.- l % finely disseminated pyrite 
Groundmass mICrogranular auartz and senc1te 
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Facies Description Thickness Associated Facies Interpretation 

-sub-facies 
Coherent basaltic-
andesite fac1es 

-aphync dark green, massive, rare pillows, microgranular plag1oclase + chlonte + ep1dote + commonly <l-10 m, other coherent basaltic andes1te; non- coherent fac1es of lavas and shallow-
quartz+ carbonate+ leucoxene, moderately vesicular (up to 30%) to non-vesicular up to &Orn stratified, monomictic, basalttc-andes1te level intrusions 
Vesicles: spherical, elongate, highly irregular, 0 1-2 mm, randomly distributed, breccia; fluidal-clast basaltic andesite 
empty or filled with carbonate + chlorite + quartz± rare epidote ± rare actmohte- breccia; coarse and fine, basaltic andesite 
tremohte breccia; Jasper 

-feldspar-phync dark green, massive, non-vesicular to moderately vesicular (up to 20%) <1-10 m other coherent basaltic andesite, non- coherent fac1es of lavas and shallow-
Plagioclase phenocrysts· euhedral to subhedral, 1-2 mm, 1-5% stratified, monom1ctic, basaltic-andesite level mtrusions 
Groundmass. microgranular plagioclase + chlonte +ep1dote + quartz +carbonate + breccia, fluidal-clast basaltic andes1te ( 

leucoxene breccia, coarse and fine, basaltic andes1te 
Vesicles: spherical, elongate, highly irregular, commonly 1 mm -1 cm, up to 4 cm, breccia; jasper 
mfilled with quartz + carbonate + epidote 

-fine-grained mottled dark green-black, massive, non-vesicular, fine-gramed eqmgranular texture, <1-lOm none coherent fac1es of dykes and sills 
eqwgranular interlockmg fine laths ofplag10clase + actmohte + chlonte, up to 2% d1ssemmated 

Fe-oxide 
Group 2: Monomictic volcanic breccia 
Non-stratified, 
monom1cttc rhyolite 
breccia 

-sub-fac1es as per massive, weathered surfaces display breccia textures, monomict1c, clast-supported, intervals: <1-200 m coherent rhyolite autoclastic breccias (hyaloclastite, 
coherent rhyollte poorly to moderately sorted autobrecc1a) related to lavas and 
fac1es (aphyric, Clasts: <lcm up to 1 m, blocky, angular, curviplanar margins, commonly Jigsaw-fit, shallow-level mtrusions 
sparsely, massive, flow-banded, rarely perlitic 
moderately, highly Matrix· microgranular quartz, sencite ±fine clast fragments (<l mm) 
quartz- and feldspar-
ohvric) 

Non-stratified, massive, poorly to moderately sorted, monomictic, clast-supported, weathered intervals· <1-25 m coherent dacite autoclast1c breccias (hyaloclasttte, 
monomictic dac1te surfaces show brecc1a textures better than fresh surfaces autobrecc1a) related to lavas and 
breccta Clasts· 1 mm-20 cm, blocky, splintery, curviplanar margms, jigsaw-fit textures, shallow-level intrusions 

feldspar-phync dacite, massive, flow-banded 
Matrix: microgranular quartz, sericite, fine clast fragments (<l mm) 

Non-stratified, massive, clast supported, poorly to moderately sorted intervals. <1-10 m aphync coherent basaltic andes1te, feldspar- autoclastic breccias (hyaloclasttte, 
monom1cttc andesite Clasts: <O 5-4 cm, blocky, splintery, curviplanar margms, Jigsaw-fit textures, dark- phync coherent basaltic andesite, Jasper autobreccia) related to lavas and 
brecc1a green, fine-gramed basaltic andes1te, either aphync or feldspar-phync, non-vesicular shallow-level intrusions 

to moderately vesicular (up to 15%) 
Matrix: cryptocrystalline and sihceous, rare Jasper, fine clast fragments (< Imm) 
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Facies Description Interval and bed Associated Facies Interpretation 

-sub-facies thickness 
Fluidal-clast basaltic- internally massive, poorly sorted, monom1ctic, clast supported, either flmdally intervals 5-250 m coarse and fine, basaltic andesite breccia, submarine fire-fountain deposits 
andes1te brecc1a shaped or blocky clasts, coarse carbonate infills space between clasts aphyric and feldspar-phyric coherent basaltic 

Fluidal clasts: aphyr1c basaltic andesite, typically elongate, 1-170 cm (long andesite 
dimensions), average 7-8 cm, highly irregular, contorted, elongate tapered tails, 
moderately to highly vesicular (up to 60% vesicles), vesicle grading from larger 
more abundant vesicles m the centre of clasts grading to smaller less abundant 
vesicles towards clast margins, poorly to non-vesicular clast margins (1 cm) 
Blocky clasts aphyric basaltlc-andesite, 0.2-2 cm, angular, blocky, splintery, 
curviplanar margins, non-vesicular to highly vesicular 
Vesicles. round, irregular, elongate, commonly mterconnected, 0.1-25 mm, rare pipe 
vesicles, infilled with carbonate + chlorite + quartz± rare actmolite-tremolite ± rare 
clinopyroxene ± rare ep1dote 

Coarse and fine clast supported, monomictlc breccia, carbonate mfills space between clasts mtervals· up to 100 flmdal-clast breccia facies; aphyric and syn-eruptive resed1mented fire-
basaltic-andesite Coarse breccia moderately-poorly sorted, clasts: <I to 18 cm, average 2-5 cm m feldspar-phyric coherent basaltic andesite fountain deposits 
brecc1a Fme breccia: moderately sorted, clasts: 0.1-1 cm, lesser large clasts (up to 10 cm) 

Clasts: aphyric basaltic andesite, dommantly subangular to angular, less commonly beds: >3 m thick 
subround, non-vesicular to highly vesicular (up to 60% vesicles) 
Vesicles· spherical, elongate, highly irregular, 0 I mm to 1 cm 
Bedforms· massive or graded in very thick beds 

Massive or graded, 
monom1ctic, fels1c 
pumice breccia 

-bedding parallel siliceous, monomictic, poorly to moderately sorted, clast supported intervals up to 600 volcanic sandstone, volcanic mudstone; syn-eruptive pyroclastic sediment 
pumice fohat1on Clasts· <0.5 cm x 1-2 mm to 5 cm x 1-2 mm, either aphyric or finely feldspar-phync m polymictlc breccia; shard-rich, fels1c gravity flow deposits; syn-eruptive 

pumice, flattened, aligned, wispy, elongate in one direction, <1 % white fine-gramed volcanic sandstone resed1mented volcan1clastic deposits 
aphyr1c clasts or sulphide clasts ( <2 cm), pumice consists of quartz, sencite and beds· 1-4 m to> 30 
chlonte m 
Matrix:< Imm, fine pumice fragments and bubble wall shards 
Bedforms: massive or graded in very thick beds, bedding parallel pumice flattening 
direction, commonly grades into volcanic sandstone 

-unfohated s1hceous, monomictic, poorly sorted, matnx to clast supported, up to 1 % mtervals· up to 30 m volcanic sandstone, volcanic mudstone; syn-eruptive pyroclastic sediment 
disseminated euhedral pyrite polymictic breccia; shard-rich, felsic gravity flow deposits; syn-eruptive 
Clasts· > l mm-2 cm, randomly oriented, white-grey wispy pumice and shards, either beds· 1-30 m volcanic sandstone resed1mented volcaniclastic deposits 
aphyric or feldspar-phyric, pumice consists of quartz and sericite 
Matrix. <l mm, fine-grained, siliceous, fine pumice fragments or shards 
Bedforms mternally massive or graded m very thick beds, grading over I 0-30 m, 
commonly grades into volcanic sandstone 

Massive or graded, monom1ct1c, poorly to moderately sorted, clast- to matrix-supported mtervals· up to 100 volcanic sandstone; volcanic mudstone, syn-eruptive pyroclastic sediment 
monomict1c fels1c Clasts: 1 cm-6 cm, either feldspar-phync dac1te, aphyric rhyolite, sparsely quartz- m polymictlc breccia gravity flow deposits, syn-eruptlve 
breccia and feldspar-phyr1c, or moderately quartz- and felspar-phyric resed1mented volcan1clastic deposits 

Clast textures· pumice, perhte, flow-bandmg, amygdales, spheruhtes beds· 30cm to >4 m 
Clast shapes: pumice clasts typically wispy, dense clasts subangular to rare 
subrounded 
Matnx. <O 5 cm randomly oriented pumice clasts, fragments of clasts, mmor 
euhedral quartz and feldspar crystals 
Bedforms· internally massive or graded m thick to very thick beds, commonly 
grades mto volcanic sandstone and mudstone 
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Facies Description Intervals and Associated Facies Interpretation 

-sub-facies bed thickness 
Massive or graded, poorly sorted, matrix to clast supported, monomict1c intervals· up to 5 m volcanic sandstone; volcanic mudstone; post-eruptive resedimented 
monomictic, fels1c Clasts· 0.5-20 cm, rounded to subrounded, less commonly angular, aphync felsic crystal-nch, very coarse sandstone volcan1clast1c deposits 
volcanic conglomerate volcanic, variably quartz- and feldspar-phyric, pum1ceous, flow-banded beds: 30 cm-2 m 

Matrix· < Imm, fine clast fragments, quartz and felspar crystals, microgranular 
quartz and sericite 
Bedforms· internally massive or graded in thick to very thick beds, grades into 
associated fac1es 

Non-stratified, mternally massive, poorly sorted, monom1ct1c, clast to matrix supported intervals: 0.5-1 m coherent rhyohte or dac1te facies, volcanic in s1tu fragmentation of mtruding lava 
sandstone-matrix Clasts: fels1c-mafic volcanic, blocky, curviplanar, angular clast margins, cm size mudstone, volcanic sandstone or magma into wet, unconsolidated 
breccia Matrix: fine volcanic or non-volcanic sandstone or mudstone sediment - pepente 
Group 3: Polymictic volcanic breccia and conglomerate 
Polym1ct1c breccia clast to matrix supported, poorly to moderately sorted, polym1ctic mtervals· 10 cm- volcanic sandstone; volcanic mudstone syn-eruptive pyroclastic sediment 

Clasts:<0.5-25 cm, subangular to subrounded, highly megular, wispy, rarely lOOm gravity flow deposits, syn-eruptlve 
cuspate, aphyr1c rhyohte, quartz- and feldspar-phyr1c rhyolite, feldspar-phyric resedimented volcan1clast1c deposits 
dacite, aphyric basaltic andes1te, mudstone, sandstone, rare jasper, rare sulphide beds: 10 cm-30 m 
Clast textures pumice, scona, flow-banding, amygdales 
Matrix <I mm, fine clast fragments, euhedral quartz and feldspar crystals, 
m1crogranular quartz and seric1te 
Bedforms. non-stratified, mternally massive or graded in medium to very thick beds, 
grading over thickness <I m - 30 m, commonly interbedded with or grades mto 
associated fac1es 

Graded, polymictlc clast to matnx supported, poorly sorted, polym1ctic mtervals: 10 cm- volcanic sandstone, crystal-nch, very coarse post-eruptive resedimented 
conglomerate Clasts 1-20 cm, subround-round, rare subangular to angular, aphyric rhyohte, >150m sandstone volcan1clast1c deposits 

quartz- and feldspar-phyr1c rhyolite, feldspar-phyric dacite, sandstone and mudstone 
Matrix· <I mm, fine clast fragments, quartz and feldspar crystals, microgranular beds· 10 cm-20 m 
quartz and senc1te 
Bedforms: internally massive to graded in medmm to very thick beds, grades into or 
is interbedded with associated facies 

Group 4: Volcanic sandstone and mudstone 
Shard-rich sandstone cream, poorly to well sorted, very fine sand to very coarse sand, well preserved fine mtervals: 10 cm- volcanic mudstone, volcanic sandstone, syn-eruptive pyroclast1c sediment 

shards (<1-2 mm) >lOOm massive or graded, monom1ctlc, fels1c gravity flow deposits; syn-eruptive 
Bedforms: non-stratified, internally massive, or graded, very thin to medium (1-20 pumice breccia; massive or graded, resedimented volcan1clastic deposits 
cm thick), generally planar, rare ripples, normally graded, interbedded or graded beds: monomictlc, felsic breccia; polymictlc 
contacts with associated facies breccia 

Volcanic sandstone cream-blue-grey to dark brown-green, poorly to well sorted, very fine sand to very intervals· cm- >300 volcanic mudstone; massive or graded, syn- or post-eruptive resed1mented 
coarse sand, consists entirely of m1crogranular quartz, fine-grained sencite ± m monom1ctic, felsic pumice breccia, massive volcan1clastic deposits 
chlorite, angular quartz fragments, and Fe oxide grains beds· 1-20 cm thick or graded, monom1ctic, fels1c breccia; 
Bedforms non-stratified, mternally massive, or graded, very thin to medium beds, polym1ctlc breccia, graded, polym1ct1c 
generally planar, rare npples, normally graded, rare very thin to thm planar beds (1-6 conglomerate; shard-nch sandstone; crystal-
cm) of pebble (3 mm-I cm) conglomerate, mterbedded or graded contacts with nch, very coarse sandstone, massive or 
associated fac1es graded, monomictlc fels1c volcanic 

conglomerate; non-stratified, sandstone-
matnx breccia 



Table 5.1 continued 
Facies Description Interval and bed Associated Facies Interpretation 

-sub-facies thickness 
Crystal-rich, very poorly to moderately sorted mtervals cm-30 m volcanic sandstone, massive or graded, syn-eruptive pyroclastlc sediment 
coarse sandstone Crystals up to 50% of rock, euhedral to subhedral, quartz, feldspar, 1-2 mm but up beds· <5 cm- <l m polyrnictic conglomerate, polym1ct1c gravity flow deposits, syn-eruptlve 

to 4 mm, quartz > feldspar breccia; moderately quartz- and feldspar- resedimented volcan1clastlc deposits 
Clasts· up to 1% ofrock, subrounded, 1-3 cm, up to 15 cm, Jasper, sandstone, phyr1c coherent rhyolite 
aphyric felsic, quartz- and feldspar-phyr1c 
Matrix up to 60% of rock, microgranular quartz , fine-grained sencite 
Bedforms. non-stratified, mternally massive or graded, thin to medium beds 

Volcanic mudstone cream-pale grey-blue to dark grey-green, siliceous, blocky outcrops, tr -1 % fine intervals· 1 m-55 m volcanic sandstone, shard-nch sandstone; syn- or post-eruptive resedimented 
disseminated pyrite beds: <1-20 cm massive or graded, monomictic, felsic volcan1clastic deposits 
Bedforms: typically massive, planar bedded (very thin to medmm), planar laminated, breccia; massive or graded, monomictic, 
or rarely cross-lammated, minor low angle ripples, mterbedded or gradational felsic pumice breccia; polymictic breccia, 
contacts with associated facies massive or graded, monomictic, felsic 

volcanic conglomerate; non-stratified, 
sandstone-matrix brecc1a 

Group 5: Non-volcanic facies 
non-volcanic, brown-cream to grey-green in colour, up to 10% d1ssemmated pyrite, fossiliferous mtervals· up to 9 km none weathering (non-volcanic) of pre-
sandstone-mudstone (Henderson 1980) beds. 10 cm-1 m existing rock, deposition by sediment 

Sandstone umts poorly to moderately sorted, 10-30% matrix, angular to subrounded gravity flows (sandy turbidity 
quartz grams, lesser feldspar grains and hthic fragments, fine disseminated currents) 
leucoxene 
Mudstone umts extremely fine-grained, well sorted, alignment ofsencite defines a 
foliation, dissemmated leucoxene 
Bedforms. non-stratified, or bedded m thin, medium or thick beds, generally planar, 
rare lenticular beds, fine (1 mm) planar laminations in thin, medmm or thick beds 
(10 cm-1 m), rare wavy lammatlons/cross lammations, rare weak normal gradmg 
(Doyle 1997) 

Jasper dark red, blocky outcrops, vems, lenses or pods, rare replacement textures, finely cm-30m none seafloor exhalative deposits (Duh1g et 
banded, consists of quartz + hematlte + goeth1te al, 1992) 

Bar1te massive, blocky outcrops, coarsely crystalline, veins, strat1form lenses <1-30 m none seafloor exhalative deposits (Miller, 
1996) 

Hydrothermally- poorly-moderately sorted, monom1ctic, clast-supported, non-stratified <1-20 m none m s1tu hydrothermal brecciation 
cemented breccia Clasts 1-2 cm, blocky, angular clast margms, jigsaw-fit textures, mafic to fels1c 

volcanic, non-volcanic sandstone and mudstone 
Matrix: extremely fine-gramed, hard, siliceous, most likely quartz 

Gran1toid massive, rounded boulder outcrops, eqmgranular, medmm to coarse-grained quartz+ n/a none mtrus1on mto the Seventy Mile Range 
potassium feldspar + plag1oclase + biotite, composition is mamly granodiorite Group 
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5.3 Graphic logs 

Eighteen representative graphic logs are presented from areas across the Seventy Mile 

Range Group. As the Seventy Mile Range Group is generally poorly exposed ( < 1 % ) 

continuous traverses through the entire stratigraphy can seldom be made. Many of the 

traverses extend across large intervals of the stratigraphy but include only short intervals 

of good outcrop. Traverses with inadequate outcrop are not discussed here. The areas 

selected for mapping are those with the most exposure and stratigraphic complexity 

and/ or those that have received little attention. Mapping specifically focused on the 

PCF /MWTC boundary and the lower MWTC. Outcrop is generally confined to creeks 

and ridge tops, which are not always perpendicular to strike. No attempt has been made 

to correct the logs for true thickness as bedding orientations could rarely be determined 

and many of the units are discordant. However, the regional bedding is moderately to 

steeply dipping thus apparent thicknesses approximate true thickness. Logs are 

presented and discussed in an east-west order across the Seventy Mile Range Group. 

Where a distinction could be made between lavas and shallow-level intrusions the logs 

have been annotated, otherwise units remain undifferentiated. 

5.4 Mt. Glenroy 

The Mt. Glenroy area is the eastern-most occurrence of the Seventy Mile Range Group. 

Although this area was not part of the initial mapping project, limited reconnaissance 

mapping was done to compare the fades in the Mt. Glenroy area with those in the rest 

of the Seventy Mile Range Group. The Mt. Glenroy area is significantly better exposed 

than any other area mapped during this study, although no base maps for the area were 

available. No log was constructed for this area and only a brief, general discussion on 

the lithofacies is presented here. 

Coherent rhyolite fades are abundant and generally cap or underlie the hills in the area. 

Units are either sparsely quartz- and feldspar-phyric or highly quartz- and feldspar

phyric and are commonly flow-banded. Other coherent fades include andesite and 

dacite. They are interpreted to be the coherent facies of lavas and intrusions. 

Much of the area mapped consists of polymictic conglomerate and crystal-rich, very 

coarse sandstone. Clasts in the polymictic conglomerate are dominantly felsic consisting 

of variably quartz- and feldspar-phyric rhyolite clasts. The massive, very thick beds 

suggest deposition by sediment gravity flows in a below-storm-wave-base environment. 
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Clasts were sourced from a dominantly rhyolite volcanic source that was above-wave

base, and interpreted to be outside the immediate area. 

Crystal-rich, very coarse sandstone units are internally massive to graded and exposed 

over intervals of up to SO m. Crystals consist of euhedral quartz and euhedral to 

subhedral feldspar. The crystal-rich nature of this unit may be due to a primary 

pyroclastic or autoclastic felsic source and it is interpreted as a syn-eruptive deposit. No 

evidence for hot emplacement was observed and this facies is interpreted to have been 

deposited by cold, water-supported sediment gravity flows in a below-storm-wave-base 

environment. 

5.5 Warawee area (A-A') 

The Warawee log traverses the lower to middle MWTC stratigraphy (Fig. S.2) in the 

eastern-most area that was mapped in detail. The log begins with massive, aphyric 

coherent basaltic andesite. Upper and lower contacts are not exposed. A break in the 

log is followed by a SOm-thick interval of non-stratified crystal-rich, very coarse 

sandstone (Fig. S.2, 180 m-230 m). This facies contains abundant euhedral quartz and 

feldspar crystals and rare sandstone clasts occur at the base of the unit. The abundant 

euhedral quartz and feldspar crystals indicate a felsic volcanic source. Liberation of 

euhedral crystals is common in both explosive eruptions and quench-fragmentation 

processes (Cas, 1983). The large volume of crystals generated in this instance favours an 

explosive fragmentation process. However, as crystals comprise up to SO % of the rock, 

crystal concentration must have occurred during eruption and/ or during transport (Cas, 

1983). There is no evidence for hot emplacement and deposition was most likely from 

sediment gravity flows in a below-storm-wave-base environment. The crystal-rich, very 

coarse sandstone is interpreted to be a syn-eruptive, pyroclastic deposit. The source 

environment for this facies is not known and could have been either subaerial, or 

submarine. The rare sandstone clasts were incorporated from the substrate during 

transport. 

Interbedded volcanic sandstone and mudstone form an interval in excess of 1SO m thick 

near the top of the section (Fig. S.2, 380 m-S3S m). Beds are thin to medium. Single 

mudstone beds are internally finely laminated with minor cross-laminations, whereas 

single sandstone beds are internally massive. Graded beds are commonly 2-10 cm thick 

with sandstone bases grading to fine mudstone tops. Bedding (072/S2 S, 081/4S S) is 

consistent with regional trends. The fine sand and mud particles consist of quartz and 
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sericite and were probably derived from a primary pyroclastic source. Deposition was 

from turbidity currents in a below-storm-wave-base environment. 

Directly overlying the interbedded and graded volcanic sandstone and mudstone is a 10-

20 m thick interval of massive, structureless jasper. Jasper units elsewhere in the 

Seventy Mile Range Group have been interpreted as seafloor exhalative deposits (Duhig 

et al., 1992). Overlying the jasper is feldspar-phyric coherent basaltic andesite which is 

exposed over an interval >250 m. No contacts of the coherent basaltic andesite are 

exposed. Following a break in the section, is a sparsely quartz- and feldspar-phyric 

coherent rhyolite unit but no contacts are exposed. 

Facies architecture and setting 

The Warawee area was below-storm-wave-base and dominated by the influx of turbidity 

currents which deposited a thick succession (~400 m minimum thickness) of syn

eruptive felsic volcaniclastic deposits (crystal-rich, very coarse sandstone and 

interbedded and graded volcanic sandstone and mudstone). A break in this style of 

sedimentation is marked by seafloor exhalative deposition of jasper. The area was in 

proximity to a source of basaltic andesite lavas and/ or intrusions ( ~200 m minimum 

thickness). 

5.6 Brittania area 

The Brittania area is well-exposed and abundant drill core is available. Several sections 

were mapped at Brittania dam, Rollston Range, Brittania Bletchington Road and 

Brittania Telecom Tower areas (Fig. 5.3-5.7). Other traverses mapped in this area are 

less-well exposed and not presented. Each graphic log is described below. 

5.6.1 Brittania dam area (B-B') 

The lower part of the MWTC stratigraphy is exposed in the Brittania dam area (Fig. 5.4). 

The area is dominated by coherent rhyolite facies, which are either aphyric, or sparsely, 

moderately or highly quartz- and feldspar-phyric. Many units have well-developed 

columnar joints and in three units, relict lithophysae were identified. Single 

emplacement units are distinguished on the basis of phenocryst abundance. Coherent 

rhyolite units <5 m thick are interpreted as dykes. Although, contacts are poorly 

exposed most of the coherent rhyolite units have no associated breccia facies, which 

favours an intrusive over extrusive origin. However, one poorly exposed interval of 

moderately quartz- and feldspar-phyric coherent rhyolite is overlain by quartz- and 

feldspar-bearing, crystal-rich, very coarse sandstone (Fig. 5.4; 15 m-50 m). The crystal-
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rich, very coarse sandstone is internally massive and there is no evidence for hot gas

supported transport or emplacement. Thus, transport and deposition probably involved 
I 

sediment gravity flows (crystal-rich, sandy turbidity currents) in a below-storm-wave

base environment. The crystal-rich, very coarse nature suggests a felsic pyroclastic 

source and the very thick, massive character could indicate that this facies is syn

eruptive. Derivation from the coherent rhyolite stratigraphically below is less likely 

because of the high abundance of crystals, relatively good sorting and lack of rhyolite 

clasts. 

Minor coherent andesite and dacite facies are intercalated with the coherent rhyolite

dominated succession. Critical contact relationships are not exposed. 

F acies architecture and setting 

The Brittania dam area is interpreted to have been part of a felsic volcanic complex 

dominated by texturally variable, rhyolite intrusions. A below-storm-wave-base 

depositional setting is inferred for the crystal-rich, very coarse sandstone. However, 

other facies in this section provide no constraints on the environment. 

5.6.2 Rollston Range (C-C' and D-D') 

The Rollston Range area exposes the middle to upper parts of the MWTC and lower 

part of the RRF. Two parallel logs (Figs. 5.5 sections C-C' and D-D') illustrate the 

vertical and lateral facies variations in the area. Section D-D' is equivalent to the lower 

600 m of C-C' and the two sections are discussed simultaneously. 

Both sections begin in a succession of coherent basaltic andesite and basaltic andesite 

volcaniclastic facies with the exception of a t1;lln interval of massive jasper exposed on 

section C-C' (Fig. 5.5). The massive jasper is interpreted as a sea.floor exhalative deposit 

(Duhig et al., 1992). Intervals of massive, monomictic basaltic andesite breccia contain 

highly vesicular clasts, some of which have partial fluidal margins. These breccias are 

similar to the coarse and fine basaltic andesite breccia described in Chapter 4 from the 

Brittania Bletchington Road area. Thus_ they are interpreted as syn-eruptive and 

generated by submarine basaltic andesite fire fountains nearby. Several intervals of this 

facies are intersected in section D-D' (Fig. 5.5). 

Overlying and intercalated with the coarse and fine basaltic andesite breccia facies is 

non-stratified, monomictic basaltic andesite breccia and coherent basaltic andesite. 
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Non-stratified basaltic andesite breccia has clast shapes, jigsaw-fit textures and a 

monomictic composition, suggesting that it is in situ autoclastic breccia. Intervals of 

coherent basaltic andesite are massive or less commonly pillowed, variably vesicular 

(non-vesicular to 20% vesicles), and have sharp upper and lower contacts. The 

association of pillow lava and autoclastic breccia in section C-C' (Fig. 5.5, 50 m-185 m) 

is interpreted to result from subaqueous effusive eruptions. Massive intervals of 

coherent basaltic andesite (Fig. 5.5 section C-C', 185 m-385 m and section D-D', 360 m-

560 m) show variations in vesicle abundance which may define single emplacement 

units that could be either extrusive or intrusive (contacts not exposed). 

A 25 m thick interval (Fig. 5.5 section D-D', 225 m-250 m) of distinctive monomictic, 

basaltic andesite breccia is intercalated with basaltic andesite lavas and/ or intrusions. It 

contains highly vesicular clasts with irregular fluidal shapes interpreted to be bombs 

generated by submarine fire-fountain eruptions deposited within tens of metres of the 

source vent (cf., Brittania Bletchington Road area, Chapter 4). The fluidal-clast basaltic 

andesite breccia facies has a limited lateral extent and is not exposed in the parallel 

traverse (Fig. 5.5 section C-C'). 

A 20 m thick interval on section D-D' (Fig. 5.5, 315 m-335 m) of massive, polymictic 

breccia contains abundant dacite and sandstone clasts as well as highly vesicular mafic 

clasts that are texturally similar to the underlying coherent and elastic units and probably 

locally derived. The massive to graded character of the polymictic breccia facies 

suggests deposition in a below-storm-wave-base environment from sediment gravity 

flows. The polymictic composition indicates inclusion of volcanic clasts from sources 

outside the immediate area and suggests a post-eruptive origin. This unit is also present 

higher in section D-D' as well as on section C-C'. 

Above the basaltic andesite succession there is a break in primary volcanic facies where 

several thin intervals of dark green volcanic sandstone and volcanic mudstone-(Fig. 5.5, 

section C-C', 405 m-460 m and section D-D', 560 m-580 m) are exposed. Transport 

and deposition was from turbidity currents, which were emplaced into a below-storm

wave-base environment. 

The two logs correlate well up to this point (e.g., Fig. 5.5 section C-C', 185 m-600 m and 

section D-D', 360 m-660 m) and units can be traced laterally for at least 500 m between 
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the two sections. Section C-C' continues up section ~600 m beyond the parallel section 

D-D'. 

Coherent rhyolite, non-stratified, monomictic rhyolite breccia and massive to graded 

felsic volcaniclastic facies dominate the upper part of section C-C' (Fig. 5.5, 640 m-1200 

m). Clasts shapes, jigsaw-fit textures and monomictic composition suggest that the non

stratified, monomictic rhyolite breccias (Fig. 5.5 section C-C', 640 m-800 m) are in situ 

autoclastic breccias. 

The massive to graded monomictic felsic breccia (Fig. 5.5 section C-C', 800 m- 855 m) 

contains clasts which are texturally and compositionally similar to those in the non

stratified, monomictic, rhyolite breccia and the boundary between the two is gradational. 

The massive to graded, monomictic felsic breccia is thus interpreted as resedimented 

equivalent of the in situ autoclastic breccia indicating that the in situ breccia was derived 

from a lava or dome (e.g., Pichler 1965). Similar resedimented autoclastic breccias are 

present elsewhere in the section but not associated with in situ autoclastic breccia (Fig. 

5.5 section C-C', 925 m-960 m). 

Two minor intervals of massive, monomictic, felsic pumice breccia and massive, 

monomictic felsic breccia exposed at 860 m-880 m, and 965 m-980 m (Fig. 5.5 section 

C-C') respectively. The pumice clasts and abundant crystals could have been generated 

by either explosive or autoclastic fragmentation processes. Given the presence of 

autoclastic breccia elsewhere in the section, a similar origin is favoured for these units. 

The section ends with intervals of flow-banded coherent rhyolite (e.g., Fig. 5.5 section 

C-C', 1100 m-1200 m). No contact relationships are exposed. 

Although not shown, the thick succession of rhyolite continues up-section in sporadic 

outcrop for ~ 200 m where it is overlain by non-volcanic sandstone and mudstone 

facies of the RRF. These facies are turbidites and pelagic deposits that elsewhere 

contain graptolite and trilobite fossils indicative of a relatively deep submarine 

environment of deposition (Henderson, 1980). 

Facies architecture and setting 

Volcanism in the Rollston Range area was initially mafic and characterised by 

emplacement of basaltic andesite lavas, intrusions and proximal fire-fountain deposits. 
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Periodic gravitational collapse of unstable volcaniclastic deposits resulted in downslope 

resedimentation by mass-flow processes. Overlying and interbedded with the mafic 

succession are sediment gravity flow deposits from a different, partly dacitic, probably 

inactive volcaruc source. The upper part of the section intersects a volcanic centre 

dominated by effusive eruption and intrusion of rhyolite. Intervals of polymictic 

breccia, volcanic sandstone and mudstone are interpreted to have been deposited in a 

below-storm-wave-base environment. 

5.6.3 Brittania Bletchington Road 

The Bletchington Road area is in the upper part of the JY.IWTC near the boundary with 

the overlying RRF. Seven drill holes were logged during this study and one 

representative log is presented here (Fig. 5.6). The top of the drill hole is close to the 

top of the JY.IWTC. A thick package (>250 m) of massive to graded, felsic volcaniclastic 

facies dominates the lower part of the log (433 m-181 m). The dominant facies are 

massive or graded, monomictic and polymictic breccia, which grade into volcanic 

sandstone and mudstone facies. Lesser monomictic and polymictic conglomerate facies 

are present. These facies occur in beds that are either normally graded with coarse bases 

and fine-grained tops, or unstratified. 

The massive and graded, monomictic felsic breccia is dominated by quartz- and 

feldspar-phyric rhyolite clasts, some of which are pumiceous. The unmodified angular 

and wispy (relict pumice) clast shapes and euhedral crystal shapes indicate minimal 

reworking prior to deposition, and the monomictic composition indicates rapid 

deposition and a syn-volcanic origin. The presence of abundant pumice and euhedral 

crystals in the matrix indicate an explosive fragmentation process. There is no evidence 

(e.g., welding, gas- escape structures, columnar jointing; Cas and Wright, 1991) for 

emplacement from primary pyroclastic flows and transport was by cold, water

supported sediment gravity flows. The massive or graded, monomictic felsic breccias 

are interpreted to be syn-eruptive sediment gravity flow deposits generated by a rhyolitic 

explosive eruption. 

Variably quartz- and feldspar-phyric and aphyric felsic clasts in the polymictic volcanic 

breccia facies reflect a dominantly felsic volcanic source. The internally massive to 

graded bedforms suggest deposition from sediment gravity flows into a below-storm

wave-base environment. 
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Monomictic and polymictic conglomerate facies contain rounded clasts that indicate 

significant reworking in a high-energy environment. The normally graded to massive 

bedforms suggest emplacement by sediment gravity flows. The clasts in the 

conglomerate facies were reworked in a shallow-water environment and subsequently 

resedimented into a deeper, below-storm-wave-base environment. The monomictic 

conglomerate facies contains felsic volcanic clasts derived from a single source whereas 

clasts in the polymictic conglomerate facies include variably quartz ± feldspar-phyric 

felsic volcanic clasts, and sandstone and mudstone clasts suggesting that the clasts were 

incorporated from several sources. Both facies are interpreted as a post-eruptive 

resedimented and reworked volcaniclastic deposits. 

Volcanic sandstone commonly forms the tops of graded beds of monomictic and 

polymictic breccia and conglomerate facies. Internally massive intervals of volcanic 

sandstone up to 6 m thick are also present. The massive and very thick beds and 

association with graded facies indicate deposition from sediment gravity flows. The 

sandstone units consist of microgranular quartz and sericite and probably were originally 

dominated by fine glass. The sandstone units are interpreted to have a syn-eruptive 

origin. 

Minor intervals of coherent rhyolite and dacite are intercalated with the thick succession 

of massive to graded felsic volcaniclastic facies. Contacts are generally sharp. No clasts 

from the coherent facies are present in overlying volcaniclastic facies. Few units are 

associated with autoclastic facies and many units are relatively thin (<5 m thick). 

Although the supporting evidence is not conclusive and the contact relationships are 

ambiguous, an intrusive origin is favoured for these units. 

Overlying this succession is a thick interval (180 m thick) of fluidal-clast basaltic 

andesite breccia, coarse and fine basaltic andesite breccia and coherent basaltic andesite 

(Fig. 5.6, 181 m-0 m). This association is the focus of a more detailed study presented 

in Chapter 4. The fluidal-clast basaltic andesite breccias are interpreted to be primary 

deposits from submarine fire-fountain eruptions. The coarse and fine basaltic andesite 

breccia facies are the resedimented equivalents of the fluidal-clast basaltic andesite 

breccia facies. Pillows in some of the coherent basaltic andesite units indicate they were 

emplaced as lavas in a submarine environment. Other coherent basaltic andesite units 

are clearly discordant and interpreted as dykes. 
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Along strike to the west of the fluidal-clast basaltic andesite breccia facies are outcrops 

of massive jasper which have been interpreted as seafloor exhalative deposits (Duhig et 

al., 1992; Davidson et al., in press). 

Although not intersected in drill core, non-volcanic sandstone and mudstone of the 

RRF overlie this succession. 

Facies architecture and setting 

The Brittania Bletchington Road area was initially a depocentre for a variety of 

submarine felsic sediment gravity flow deposits that were deposited in a below-storm

wave-base environment. The >250 m thick volcaniclastic package is intercalated with 

felsic syn-volcanic intrusions and minor lavas. This depocentre could reflect basinal 

extension that culminated in intrabasinal submarine fire-fountain eruptions and effusion 

of basaltic andesite lavas. Accumulation of fire-fountain deposits would have modified 

the local seafloor topography, producing topographic highs. Eruptions were 

accompanied by localised seafloor exhalative deposition of jasper. Basaltic andesite 

eruptions represent the last major phase of volcanism in this area before the deposition 

of the non-volcanic sedimentary facies of the RRF. 

5.6.4 Brittania: Telecom Tower (E-E') 

This traverse begins in the PCF and continues up-section ~1.1 km through the lower 

MWTC (Fig. 5. 7). The log presented is a combination of two traverses. The first 

traverse extends from 0 to 600 m, and the second traverse extends for another ~ 500 m 

but is offset 700 m along strike to the east. The section starts in unstratified, non

volcanic sandstone of the PCF that is cross-cut by fine-grained, equigranular andesite 

dykes. The non-volcanic sandstone was deposited from sandy turbidity currents but 

with no bedforms present the depositional setting in not known. 

The lower part of the MWTC is a succession dominated by massive to graded, 

monomictic, felsic pumice breccia (Fig. 5.7, 275 m-925 m). Preservation of delicate 

wispy pumice indicates little, to no, clast-shape modification and the monomictic nature 

suggests syn-eruptive emplacement and rapid deposition. Most of the pumice clasts are 

flattened and aligned parallel to bedding but there are rare uncollapsed pumice. There is 

no evidence for primary pyroclastic transport (hot, gas-supported) or hot emplacement. 

The thick units and massive to graded nature of the pumice breccia facies are typical of 

deposition by sediment gravity flows into a below-storm-wave-base environment. This 
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facies is interpreted to have been generated from an explosive f elsic centre rather than 

by autoclastic fragmentation processes because of the large volume (>600 m thick). 

Syn-eruptive pyroclastic sediment gravity flow deposits on the order of 100's of metres 

thickness are found in submarine volcanic successions (e.g., McPhie and Hunns, 1995). 

The massive to graded, monomictic, felsic pumice breccia may be the product of an 

extrabasinal subaerial or submarine felsic pyroclastic eruption, intrabasinal submarine 

caldera eruption, or an intrabasinal partly explosive and partly extrusive (see below) 

felsic volcanic centre (cf. Allen et al., 1996b). Rare sul:fide and white mudstone clasts 

within the monomictic, felsic pumice breccia were incorporated from the substrate 

upcurrent during transport. The presence of sulfide clasts may indicate the presence of 

seafloor massive sul:fide mineralisation in the current path. 

The massive to graded, monomictic, felsic pumice breccia units are intercalated with 

either sparsely or highly quartz- and feldspar-phyric coherent rhyolite. Flow-banding is 

present in some units and one interval is also columnar jointed. Many of the units do 

not have an associated autoclastic fades and have the same unit both above and below 

suggesting a possible intrusive origin. However, non-stratified, monomictic rhyolite 

breccia occurs at the top of one interval suggesting that it is the autoclastic fades of a 

lava. The pumice breccias do not contain quartz phenocrysts indicating that they were 

not derived directly from any of the local coherent and autoclastic rhyolite units. 

Minor intervals of coherent basaltic andesite and dacite (Fig. 5.7, 770 m-790 m; and 925 

m-935 m) have sharp upper and lower contacts and are interpreted as intrusions. 

Facies architecture and setting 

The onset of volcanism following basin sedimentation, in the Brittania Telecom Tower 

area, was dominated by the deposition of syn-eruptive, pyroclastic sediment gravity flow 

deposits from an explosive felsic volcanic source. Accumulation (>600 m) was rapid 

and final deposition was in a below-storm-wave-base environment. It is not known if 

the source was extrabasinal or intrabasinal and whether it was subaerial or submarine. 

Subsequent to, and possibly during, the eruption and emplacement of the rhyolite 

pumice breccias was eruption and intrusion of lavas and shallow-level intrusions. 

Mountain View area 

Due to limited exposure, no graphic log was constructed for the Mountain View area. 

Instead, a brief description and interpretation of the main volcanic fades is presented. 
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The Mountain View area is dominated by non-stratified polymictic brecc1a facies. Clasts 

are felsic volcanic, some of which are pumiceous and the matrix contains abundant 

euhedral feldspar crystals. Rare bedding was observed (<0.5 cm-20 cm thick). The clast 

shapes and textures and the presence of euhedral feldspar suggest that clasts and crystals 

were fragmented by explosive and/ or autoclastic processes and thus the deposits are 

probably syn-eruptive. The dominance of felsic volcanic clasts and feldspar crystals 

suggests a felsic volcanic source. The non-stratified nature of most of these units 

indicates deposition by sediment gravity flows. 

Lesser aphyric and sparsely quartz- and feldspar-phyric coherent rhyolite and non

stratified, monomictic rhyolite breccia of the same composition are also present. This 

association suggest the presence of lavas and/ or intrusions. 

Facies architecture and setting 

The Mountain View area was dominated by the influx of volcaniclastic sediment gravity 

flows in a below-storm-wave-base environment. Volcaniclastic sedimentation was 

accompanied by emplacement of minor intervals of rhyolite lava and/ or intrusions. 

5. 7 Highway /Reward (F-F', G-G' and H-H') 

A 15 km strike length around the Highway/Reward mine was mapped by Doyle (1997), 

focusing on the middle to upper MWTC (TCF). Three parallel traverses were 

completed in this study, concentrating on the PCF /MWTC boundary and the lower 

MWTC (Fig. 5.8). 

The first section from Highway/Reward (Fig. 5.8 section F-F') begins ~200 m above 

the PCF-MWTC contact. The log is initially dominated by sparsely, moderately and 

highly quartz- and feldspar-phyric coherent rhyolite and lesser, associated non-stratified, 

monomictic rhyolite breccia. As contact relationships are rarely observed, most of the 

coherent rhyolite units remain undifferentiated as either lavas or intrusions. An 

exception is a relatively thin intrusion c~20 m wide) of sparsely quartz- and feldspar

phyric coherent rhyolite and associated autoclastic facies (Fig. 5.8 section F-F', 305 m-

325 m) within moderately quartz- and feldspar-phyric coherent rhyolite. 

Overlying the dominantly coherent rhyolite succession is graded polymictic 

conglomerate (Fig. 5.8 section F-F', ~850 m-1025 m), with subrounded, variably quartz-
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and feldspar-phyric rhyolite clasts. The conglomerate grades into sandstone or crystal

rich, very coarse sandstone. The graded, very thick beds suggest deposition by sediment 

gravity flows into a below-storm-wave-base environment. Clasts were sourced from a 

dominantly rhyolite volcanic source that was above-wave-base, thus outside the 

immediate area. 

Near the end of the section, a relatively thin interval ( ~ 7 5 m) of fluidal-clast basaltic 

andesite breccia and associated coherent basaltic andesite is exposed. 

The second Highway /Reward log (Fig. 5.8 section G-G') begins in non-volcanic 

typically structureless sandstone of the PCF. Coherent rhyolite intervals intercalated 

with non-volcanic sandstone are thin (10-20 m thick), have no associated autoclastic 

breccia facies and are interpreted as intrusions. The timing of these intrusions relative 

to deposition of the overlying stratigraphy is unknown. Overlying the interfingering 

coherent rhyolite and non-volcanic sandstone interval are vesicular, aphyric, coherent 

basaltic andesite and non-stratified monomictic basaltic andesite breccia. The contact 

relationships are not exposed for either the coherent or elastic basaltic andesite facies 

and it is unclear whether they are related and extrusive or intrusive. 

Relatively thin intervals of internally massive, polymictic breccia with abundant pumice, 

and non-foliated felsic pumice breccia (Fig. 5.8 section G-G', 235 m-285 m) overly the 

non-stratified, monomictic basaltic andesite. These two facies are not exposed in either 

of the other two parallel traverses (Fig. 5.8). The polymictic breccia contains pumice 

and a variety of dense volcanic clasts. Both the polymictic breccia and the non-foliated 

pumice breccia contain pumice of the same composition. The two facies are interpreted 

to be related. The polymictic breccia may be the base of a dominantly pumiceous 

sediment gravity flow deposit. Pumice clasts in the two facies was probably sourced 

from either pyroclastic or autoclastic processes. The dense lithic clasts are either source

derived or 'accidental' clasts incorporated from the substrate during transport. No 

evidence for hot emplacement or gas-supported transport was observed and thus these 

facies were deposited by cold, water-supported mass flow processes. Neither facies can 

be traced along strike and they appear to be surrounded along the upper and side 

contacts by sparsely quartz- and feldspar-phyric coherent rhyolite. Rhyolite intervals 

have no associated autoclastic facies and no contacts are exposed. It is interpreted that 

the polymictic breccia and non-foliated felsic pumice breccia facies were intruded by 

these rhyolites and that only discontinuous screens of these facies remain. 
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The third log (Fig. 5.8 section H-H') presented from Highway/Reward area also starts 

in non-volcanic sandstone of the PCF. The non-volcanic sandstone facies is intruded 

by highly quartz- and feldspar-phyric coherent rhyolite (Fig. 5.8 section H-H', 200 m-

230 m and 290 m). The coherent rhyolite contains abundant non-volcanic sandstone 

inclusions and has sharp but highly irregular contact relationships with non-volcanic 

sandstone. In addition, non-volcanic sandstone is locally hornfelsed along contacts with 

the coherent facies. The coherent rhyolite is interpreted as an intrusion. The timing of 

intrusion relative to the overlying stratigraphy is unknown. 

Overlying the PCF is a thick succession (>600 m thick) dominated by sparsely and 

moderately quartz-and feldspar-phyric coherent rhyolite and associated non-stratified, 

monomictic, rhyolite breccia facies. Intervals dominated by autoclastic breccias (Fig. 5.8 

section H-H', 465 m-600 m and 970 m-1090 m) are interpreted as submarine lavas. 

Other coherent and associated autoclastic units may be either lavas or intrusions (e.g., 

Fig. 5.8 section H-H' 730 m-940 m). 

A thin interval ( ~ 10 m thick) of polymictic, felsic conglomerate (Fig. 5.8 section H-H', 

940 m-950 m) consists predominantly of subrounded aphyric, and variably quartz and 

feldspar-phyric clasts. This unit is very similar to the polymictic conglomerate discussed 

in the first log (Fig. 5.8 section F-F') and is interpreted to be the same unit. The section 

ends with variably vesicular coherent basaltic andesite that could be either a lava(s) or an 

intrusion(s). An extrusive origin is favoured due to the fine-grained, vesicular nature of 

the unit. 

Facies architecture and setting 

Sedimentation of the PCF was interrupted by the emplacement of rhyolite intrusions, 

lesser rhyolite lavas, and minor basaltic andesite lavas and shallow-level intrusions. The 

lower MWTC in the Highway /Reward area is interpreted to have been part of a felsic 

volcanic complex. Texturally variable rhyolite lavas and intrusions where emplaced on 

or in a polymictic breccia and pumice breccia host succession (Fig. 5.8 section G-G' 235 

m-285 m). Polymictic conglomerate units are probably unrelated to this volcanic 

complex and represent influx of sediment gravity flows generated from a dominantly 

rhyolitic volcanic source that was above-wave-base and outside the immediate area. 

Submarine basaltic andesite fire fountaining and eruption of lavas is most likely 

unrelated to the earlier rhyolitic phase of volcanism and represents a separate volcanic 

centre. A below-storm-wave-base depositional setting is inferred for the graded 
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polymictic conglomerate. However, other facies (rhyolite lavas and intrusions) in this 

section provide no constraints on the environment. 

5.8 Mt. Farrenden 

The Mt. Farrenden area was mapped at 1 :5000 by Van Eck (1994). In this area the PCF 

and the lower part of the MWTC are exposed (Fig. 5.9). Although much of the Mt. 

Farrenden area was mapped during this study, only two representative graphic logs are 

presented here, drill hole FBD 001 and traverse I-I' (Figs. 5.10, 5.11). 

The lower two-thirds of the graphic log of drill hole FBD 001 is dominated by non

volcanic sandstone of the PCF and only the topmost 100 m of the log is presented (Fig. 

5.10). Towards the top of the interval (Fig. 5.10, 58 m-67 m down hole) thin coherent 

dacite dykes and thin beds of massive or graded, felsic breccia are intercalated with the 

PCF. The MWTC is a mixed succession of monomictic and polymictic volcaniclastic 

facies, coherent andesite and coherent rhyolite. 

Massive, monomictic, felsic breccia (Fig. 5.10, 33 m-48 m down hole) contains both 

pumiceous and non-pumiceous quartz- and feldspar-phyric clasts. Pumice clasts are 

consistently larger than non-pumiceous clasts. Clast fragmentation was either by 

explosive or non-explosive volcanic (autoclastic) processes and the deposit is considered 

syn-eruptive. Transport and deposition was by cold, water-supported sediment gravity 

flows. 

Thin intervals of coherent basaltic andesite (<8 m thick) and coherent rhyolite (2 m 

thick) have sharp contacts and are interpreted as dykes. Such dykes enclose a 5 m wide 

non-stratified, monomictic, aphyric rhyolite breccia unit that consists of randomly 

oriented flow-banded clasts (Fig. 5.10, 19 m-24 m down hole). This facies could either 

be the autoclastic component of a lava or intrusive hyaloclastite. 

The top of the log (Fig 5.10, 0 m-16 m down hole) consists of polymictic breccia and 

thin intervals of massive, monomictic felsic breccia and massive, monomictic felsic 

pumice breccia facies which contain abundant aphyric felsic pumice. The pumice in all 

three facies appears texturally similar and probably indicates that the source of the 

pumice was the same for all facies. Fragmentation of pumice could have been from 

either explosive felsic volcanic eruptions or non-explosive autoclastic fragmentation of 
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aphyric pumiceous rhyolite lavas. These facies ~e interpreted to be syn-eruptive and 

were deposited by sediment gravity flows in a below-stonn-wave-base environment. 

Laterally adjacent to the top of the drill log are three occurrences of massive, coarsely 

crystalline barite. Barite units are not laterally or vertically extensive, with the largest 

being 30 m x 7 m 0Jan Eck, 1994). The massive barite is interpreted to be a seafloor 

exhalative deposit 0J an Eck, 1994). 

Log I-I' (Fig. 5.11) begins in non-volcanic sandstone of the PCF. This facies is generally 

only exposed as surface rubble in this area. The non-volcanic sandstone is in contact 

with coherent dacite (contact not exposed) at the base of the MWTC (Fig. 5.11, 101 m). 

Coherent dacite and rhyolite are poorly-exposed for ~350 m. Contacts are not exposed 

and these units remain undifferentiated as lavas or intrusions. No associated autoclastic 

facies were observed, possibly favouring an intrusive origin. At the top of the section is 

a complex interval of massive or graded, monomictic felsic breccia, polymictic breccia 

and volcanic sandstone and mudstone (enlarged in Fig. 5.11). The detailed log begins 

with diffusely graded to internally massive polymictic breccia (Fig. 5.11, 475 m), 

intruded by an aphyric coherent basaltic andesite dyke (Fig. 5.11, ~479 m-489 m) and a 

thin (<2 m wide), highly quartz- and feldspar-phyric coherent rhyolite dyke (Fig. 5.11, 

~489 m-491 m). The polymictic breccia has a sharp upper contact with volcanic 

sandstone and near this contact the polymictic breccia contains highly irregular domains 

of sandstone which appear texturally similar to the overlying volcanic sandstone unit. 

The origin of the highly irregular domains of sandstone is not fully understood. One 

possibility is that the overlying sandstone unit mixed with the underlying polymictic 

breccia during emplacement. However, the contact between the two units is sharp 

rather than intimately mixed (Fig. 5.11, 520 m). 

Graded, monomictic, felsic breccia consists of feldspar-phyric dacite clasts, which show 

a variety of different textures including pumiceous texture, spherulites, perlite, flow

bands and amygdales. Grading is defined by changes in proportions of pumiceous and 

non-pumiceous clasts, from a zone of equal proportions of pumice, perlitic, 

amygdaloidal, flow-banded and spherulitic clasts to a zone dominated by pumice clasts. 

This unit has sharp and partly gradational upper contact with a unit of volcanic 

mudstone ( < 2 m thick) and graded, monomictic, felsic breccia occurs above. 
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The clasts in the graded, monomictic, felsic breccia have a uniform composition but are 

texturally variable. The range of clast textures and the presence of both dense and 

pumiceous clasts suggests a dome or lava source. Felsic domes are characterised by 

texturally variable zones that reflect differences in rates of cooling, flowage, 

crystallisation and vesiculation. Interior parts are typically substantially crystalline and 

dense whereas margins are commonly pumiceous and glassy (Fink and Manley, 1987). 

Gravitational and/ or explosive collapse of such a dome or lava could generate a poorly 

bedded, monomictic breccia composed of clasts sourced from the texturally variable 

zones. The volcanic mudstone, which sits in between two intervals of monomictic felsic 

breccia is interpreted to be the fine-grained top to the underlying graded, monomictic 

felsic breccia and is related to the same eruptive event. Specifically, it probably 

consisted of fine glassy fragments, which were effectively sorted from the coarser 

components during transport and deposition of the graded, monomictic felsic breccia. 

Similar massive to graded, monomictic felsic breccias occur in sparse outcrops for at 

least 150 m up section. This facies was also traced laterally for 100's of metres either 

side of the section. 

Facies architecture and setting 

The Mt. Farrenden area was initially dominated by the influx of sandy turbidity currents 

resulting in the deposition of a thick succession of typically structureless and less 

commonly planar-bedded, non-volcanic sandstone (PCF). The onset of volcanism is 

marked by the emplacement of andesitic, dacitic and rhyolitic intrusions and 

interbedded felsic volcaniclastic and non-volcanic sedimentary facies. Volcanism was 

dominantly dacitic and included the deposition of dome- or lava-derived volcaniclastic 

facies generated from gravitation and/ or explosive collapse of a dacite dome. The 

dacite dome is either not exposed or is not preserved. A below-storm-wave-base 

depositional environment is inferred for the massive to graded, monomictic felsic 

breccias, polymictic breccias, sandstone and mudstone units. 

5.9 Coronation 

The lower to middle part of the MWTC is exposed in the Coronation area. No log is 

presented for this area but an overview of the facies is given below. 

The Coronation area is characterised by rapid facies variations. It is dominated by 

coherent facies of rhyolite, dacite and andesite and has less abundant volcaniclastic 
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facies. Coherent rhyolite units are either sparsely, moderately or highly quartz- and 

feldspar-phyric and coherent dacite is variably feldspar-phyric. Flow banding is 

common but no associated autoclastic breccias were observed. Coherent basaltic 

andesite units are commonly amygdaloidal and have no associated autoclastic fades. 

Contacts between single emplacement units are not exposed and the coherent rhyolite 

dacite and andesite units remain undifferentiated as lavas and/ or intrusions. Many thin 

units (<5 m) are interpreted as dykes. 

Minor intervals of a graded polymictic conglomerate with subrounded variably quartz

and feldspar-phyric clasts were mapped in several locations within the Coronation area. 

The graded, very thick beds suggest deposition by sediment gravity flows into a below

storm-wave-base environment. Clasts were sourced from a dominantly rhyolite volcanic 

source that was above-wave-base, thus outside the immediate area. 

Facies architecture and setting 

The abundance of lavas and/ or intrusions suggests that the Coronation area was in 

close proximity to a volcanic centre(s). The range in composition of lavas and intrusion 

(basaltic andesite, dacite and rhyolite) suggest the possibility of both a felsic dominated 

volcanic centre and a mafic dominated volcanic centre in this area. A below-storm

wave-base environment is inferred for the graded polymictic conglomerate. However, 

other facies in this section provide no constraints on the environment. 

5.10 Mt. Windsor area 

Five graphic logs are presented from the Mt. Windsor area and their locations are 

shown on the detailed map in Fig. 5.12. 

5.10.1 Mt. Windsor east (J-J') 

Log J-J' begins in the lower MWTC and continues through to the top of the MWTC 

(Fig. 5.13). Although parts of this section are not well-exposed, it covers more than 4 

km of the MWTC. From the start of the section for ~ 600 m the traverse is oblique to 

strike and probably represents a true thickness of 300 m. The section begins in 

coherent basaltic andesite and associated non-stratified monomictic breccia (Fig. 5.13). 

The breccia matrix is locally replaced by jasper. Angular and splintery clasts with 

curviplanar margins, jigsaw-fit textures, monomictic composition and association with 

coherent fades of the same composition suggest that the breccia is hyaloclastite at the 
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margins of lavas. Coherent basaltic andesite units higher in the section are interbedded 

with volcanic sandstone and mudstone, one of which is pillowed (Fig. 5.13, 360 m-400 

m). The volcanic sandstone and mudstone units are a distinctive dark green colour and 

consist of microgranular quartz, seridte, chlorite, and Fe oxide grains. Originally the 

sandstone and mudstone units were probably dominated by fine glassy particles and are 

interpreted to have a syn-eruptive origin. Deposition was from sandy turbidity currents 

in a below-storm-wave-base environment. There is a gap in the log of over 300 m, 

above which there is a volcaniclastic fades-dominated interval with minor coherent 

fades (Fig. 5.13, 710 m-1415 m). Volcaniclastic fades include massive or graded, 

monomictic, and polymictic breccia and volcanic sandstone. 

Polymictic breccia consists of aphyric pumice clasts as well as dark green mafic volcanic 

clasts and sandstone clasts (Fig. 5.13, 710 m-760 m and 910 m-945 m). Beds are 

internally massive to diffusely graded and very thick. There is no single dominant clast 

type and it is interpreted that the clasts were incorporated from a variety of sources. 

The unmodified_clast shapes and preservation of pumice suggest that this facies is syn

eruptive. Deposition was from sediment gravity flows in a below wave base 

environment. An interval of this fades was also intersected higher in the section (Fig. 

5.13, 910 m-955 m) 

Coherent dacite and associated non-stratified, monomictic dacite breccia is exposed 

(Fig. 5.13, 800 m-840 m) following a gap in outcrop of ~so m. Coherent and breccia 

domains have gradational boundaries and the breccias are interpreted to be autoclastic. 

They are overlain by volcanic sandstone and graded, monomictic, felsic brecda. The 

graded, monomictic felsic breccia grades vertically into volcanic sandstone and contains 

clasts of feldspar-phyric dacite, some of which are pumiceous and/ or finely flow

banded. These clasts have the same phenocryst size and abundance as the underlying 

coherent and autoclastic dacite unit, and if derived from it indicate that the dadte unit is 

part of a lava flow. 

A thick (> 400 m thick) succession of volcanic sandstone (Fig. 5.13, 960 m -1365 m) is 

generally non-stratified with subordinate very thin to medium, internally massive beds. 

The sandstone consists of microgranular quartz and sericite, which probably indicates 

that it originally had a component of fine glass particles. These particles would have 

been sourced from explosive or non-explosive process. Due to the large volume of 

sandstone is more likely that the particles were derived from an explosive probably felsic 
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source. Transport and deposit.ion was from sandy turbidity currents in a below-storm

wave-base environment. Intervals of coherent rhyolite and andesite in the volcanic 

sandstone are interpreted as intrusions into the volcanic sandstone (Fig. 5.13, 1075 m-

1135 m and 1300 m-1345 m) as there are no associated autoclast.ic fades and the upper 

and lower contacts are sharp. 

The remainder of the log is dominated by coherent basaltic andesite and rhyolite, and 

lesser dacite (e.g., Fig. 5.13, 1630 m-1695 m). Non-stratified, monomict.ic breccias are 

associated with some of the coherent fades. Single emplacement units of either entirely 

coherent or both coherent and autoclast.ic facies range from 10 m to > 200 m thick. 

Upper and lower contacts are generally not exposed and most units cannot be 

confidently interpreted as either lavas or shallow-level intrusions. The lack of an 

associated autoclast.ic facies in many of the coherent intervals may be in part due to 

poor exposure, but favours an intrusive origin. 

Thin intervals of crystal-rich, very coarse sandstone contain abundant euhedral quartz 

and feldspar crystals and minor subrounded clasts of jasper and/ or rhyolite (Fig. 5.13, 

2880 m-2895 m and 3650 m- 3750 m). This facies is interpreted to have formed by 

either explosive or non-explosive, quench-fragmentation processes. Crystals were 

subsequently concentrated by elutriat.ion of finer particles during erupt.ion and/ or 

transport (Cas, 1983). Deposit.ion of these units was probably from crystal-rich, sandy 

turbidity currents. The subrounded jasper and/ or rhyolite clasts are interpreted to be 

accidental clasts picked up from the substrate during transport. 

At the top of the sect.ion is a succession of mafic volcanic facies including massive and 

pillowed coherent basaltic andesite and fluidal-clast basaltic andesite breccia. This facies 

association has been seen in several places in the Seventy Mile Range Group (e.g., 

Brittania Bletchington Road - Chapter 4) and is interpreted to represent submarine fire

fountain erupt.ions and associated effusive erupt.ion of pillowed and massive basaltic 

andesite lava. 

Although not shown on this log volcanic units continue for ~2 km but are poorly 

exposed and overlain by non-volcanic sandstone and mudstone of the RRF. 
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Facies architecture and setting 

The Mt. Windsor east area was initially dominated by a mafic volcanic succession of 

basaltic andesite lavas and intrusions. These facies probably reflect an intrabasinal 

source but could be either proximal, medial or distal to their source. Following mafic 

volcanism the area was a depocentre for a variety of submarine sediment gravity flow 

deposits that were deposited in a below-storm-wave-base environment. The > 550 m 

thick volcaniclastic package is intercalated with felsic intrusions and minor lavas. The 

abundant felsic volcanic lavas and/ or intrusions in the middle to upper part of the 

section (fig. 5.13, 1580 m-4100 m) are interpreted to be part of a felsic v~lcanic centre. 

Abundant basaltic andesite lavas and/ or intrusions are most likely part of a separate 

volcanic centre. The timing relationships between mafic and felsic volcanism is not 

known. The basaltic andesite fire fountain deposits and basaltic andesite lavas at the top 

of the section represent a proximal facies association and may either be related to the 

coherent basaltic andesite lower in the section or be a separate volcanic centre. The lack 

of shallow-water sedimentary structures in the volcaniclastic facies suggest that 

deposition was below-storm-wave-base. 

5.10.2 Mt. Windsor West Dam (K-K' and L-L') 

Two parallel traverses, K-K' and L-L', are presented here that consists of units from the 

PCF and the lower to part of the MWTC (Fig.5.14). Section L-L' parallels the upper 

500 m (~1000 m-1500 m) of section K-K' and the two sections will be discussed 

simultaneously. 

Section K-K' begins with massive granodiorite outcrops that are cut by thin (~1-5 m), 

fine-grained equigranular coherent basaltic andesite dykes. Neither the granodiorite nor 

the coherent basaltic andesite can be traced along strike and both have highly irregular 

outcrop distributions. Fine-grained, equigranular coherent basaltic andesite units have 

slightly finer-grained chilled margins along the contacts with the granodiorite. Rare 

remnant intervals (< 5 m thick) of non-volcanic sandstone are observed in between 

granodiorite and fine-grained, equigranular coherent basaltic andesite outcrops 

indicating that both these units intruded and dismembered the non-volcanic sandstone 

fades. This facies association dominates for ~1 km, above which non-volcanic 

sandstone occurs. The contact between the granodiorite and the non-volcanic 

sandstone is not exposed. Non-volcanic sandstone is finely laminated to internally 

massive. Bedding generally trends 090° and dips 55° to the south, which is consistent 

with the regional S
0 

trend. This facies is interpreted as PCF. On both logs (Fig. 5.14) 
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non-volcanic sandstone is intruded by sparsely and moderately quartz- and feldspar

phyric coherent rhyolite. Inclusions of non-volcanic sandstone are common within the 

coherent rhyolite intervals. 

Overlying the non-volcanic sandstone is a thick package dominated by fine-grained 

felsic volcaniclastic facies, including shard-rich sandstone,and monomictic pumice 

breccia (Fig. 5.14 section K-K', 1125 m and section L-L', 265 m). The various felsic 

volcaniclastic facies have the same composition and contain similar components 

(pumice and shards). The shard-rich sandstone and monomictic, pumice breccia have a 

close spatial relationship and two or more facies are often seen in a single outcrop. 

These facies are fine-grained and comprise a relatively thick unit. The uniform 

composition and the preservation of pumice and glass shards indicate rapid deposition 

and a syn-eruptive origin. Pumice and glass shards were produced by felsic pyroclastic 

eruptions. No evidence for hot emplacement was observed and these units are 

interpreted to have been transported and deposited by cold, water-supported sediment 

gravity flows. They are interpreted to be syn-eruptive pyroclastic sediment gravity flow 

deposits. The source of the pyroclasts is not known and may have been either 

extrabasinal or intrabasinal and either subaerial or submarine. 

The felsic volcaniclastic package is intruded by both sparsely and highly, quartz- and 

feldspar-phyric coherent rhyolite. Coherent rhyolite units are generally massive and 

occur as relatively thin units (10-30 m). They commonly have the same units both 

above and below and generally have no associated autoclastic facies. Thus, although 

contacts are not exposed they are interpreted as intrusions into the relatively thick 

sequence of felsic volcanic sandstone, felsic pumice sandstone, and fine felsic pumice 

breccia. One interval (~100 m thick) of sparsely quartz-and feldspar-phyric coherent 

rhyolite is spatially associated with a non-stratified, monomictic breccia. Both the 

coherent facies and the clasts within the breccia facies are flow-banded and have similar 

percentages of quartz and feldspar phenocrysts. The two facies are interpreted to be 

related, with the non-stratified monomictic, sparsely quartz- and feldspar-phyric breccia 

interpreted to be the autoclastic equivalent of the coherent facies. No contacts with the 

overlying shard-rich sandstone are exposed and the coherent and autoclastic rhyolite 

remains undifferentiated as either an intrusion or a lava. 
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Facies architecture and setting 

This area was initially dominated by non-volcanic sedimentation of sandstone (PCF) in a 

below-storm-wave-base submarine environment. The onset of volcanism is marked by 

the influx of pyroclast-rich sediment gravity flows sourced from explosive felsic 

eruptions. The source environment of the pyroclasts is not known and the range of 

possibilities have already been discussed for the very thick, massive or graded, 

monomictic felsic pumice breccias from the Brittania Telecom Tower area (section 

5.6.4). Thus the shard-rich sandstone and massive or graded, monomictic, felsic pumice 

breccia may be the product of an extrabasinal subaerial or submarine felsic pyroclastic 

eruption, intrabasinal submarine caldera eruption, or an intrabasinal partly explosive and 

partly extrusive felsic volcanic centre (cf. Allen et al., 1996b). Rhyolite intrusions were 

emplaced in shard-rich sandstone and massive or graded, monomictic, felsic pumice 

breccia facies. Some coherent rhyolite may have reached the seafloor and extruded as 

lavas. 

Post-volcanic granodiorite intruded the non-volcanic sediments of the PCF. Younger 

fine-grained, equigranular, coherent basaltic andesite dykes subsequently intruded the 

granodiorite and the PCF. Texturally similar basaltic andesite dykes have been mapped 

throughout both the PCF and the MWTC in the Seventy Mile Range Group, but this is 

the only location where they have been seen to cross-cut post-volcanic granodiorite. It 

is possible, but cannot be proven with the available data, that all dykes of this type are 

late features and not part of the Seventy Mile Range Group. 

5.10.3 Mt. Windsor West (M-M') 

Log M- M' traverses the middle part of the MWTC (Fig. 5.15). The log is dominated by 

variably quartz- and feldspar-phyric coherent rhyolite units and associated non-stratified, 

monomictic breccias of the same composition which are interpreted as either lavas or 

intrusions. A >300 m thick interval consisting almost entirely of autoclastic rhyolite 

breccia (Fig. 5.15, 0 m-310 m) is interpreted as a lava or dome. There is a minor interval 

of volcanic sandstone (Fig. 5.15, 20 m-30 m) which is entirely surrounded by this lava. 

It has well-preserved graded bedding. Beds are cm thick with fine graded tops from 

sand to fine sand and rare ripples. The relationship between the lava and the volcanic 

sandstone interval is unknown. 

The interval from 445 m-710 m may have been a highly quartz- and feldspar-phyric lava 

or dome that was subsequently intruded by sparsely, and moderately quartz- and 



60Dm 

500m 

400m 

300m 

200m 

lOOm 

lava/ dome (?) 

1400m 

1300m 

* 
AKS99024 = ,f) 

/1 ..... ;' 

+-mtrus1on 

AKS99023 
(407806mE/ 
7747295 mN) 

+-mtrus1on 

Break m scct:Ion 
(no outcrop for - 200m) 

$.4 " ~ 

+-lava/dome 

AKS99025 
(407876 mE/ 
7748443 mN) 

~;\ 

' I ' 
/ 

,;::,___ 
-/~, 

lOOOm -=--/ 
'I ' 

900m 

soom 

700m 

~ clast
supporte 

Legend 

m Sparsely quartz- and 
' feldspar-phyric 

\ coherent rhyolite 

Moderately quartz- and 
feldspar-phync coherent 
rhyolite 

Highly quartz- and 
feldspar-phync 
coherent rhyolite 

Aphyric coherent 
basalttc andestte 

Fme-grruned, eqwgranular 
coherent basalttc andeSJte 

Non-stratified, monomictic, 
sparsely quartz- and feldspar
phyric breccra 

Non-stratified, monomictic, 
moderately quartz- and 
feldspar-phyric breccia 

N on-strattfied, monomicttc, 
highly quartz- and feldspar
phyric breccia 

Graded polynncttc 
conglomerate 

I: ·. · .· ·.I Volcamc sandstone 

Textures 

I~ I Flow-banding 

~ Columnar jointing 

D Amygdales 

A Field station and number 

lava/dome 

youngmg 
d1rect:Ion 

\ i.,./ domo (') 
+-- mtrus10n I 

052 3264 052 3264 

Figure 5.15: Graphic log M-M' from the Mt. Windsor west area. 
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feldspar-phyric rhyolite, fine-grained, equigranular basaltic andesite and aphyric basaltic 

andesite. A sparsely quartz- and feldspar-phyric interval between 770 m-895 m has an 

autoclastic base and top and a coherent interior. The autoclastic top grades from being 

clast-supported to matrix-supported. The matrix-supported interval is more finely 

fragmented which is consistent with the upper surface being in contact with cold 

seawater resulting in a more finely quench fragmented breccia top. This interval is 

interpreted as a lava. The remaining coherent and autoclastic rhyolite intervals are 

undifferentiated as lavas and/ or intrusions. 

Aphyric coherent basaltic andesite intervals have sharp, irregular contacts with the 

surrounding stratigraphy, have no associated autoclastic breccias and are interpreted as 

intrusions. 

A thin (15 m thick) interval of polymictic conglomerate consists of subrounded clasts of 

dominantly dacite. This unit is internally massive and no bed contacts are exposed 

indicating bedding is greater than outcrop thickness (>15 m thick). The very thick beds 

and lack of shallow-water sedimentary structures suggest that deposition was by 

sediment gravity flows into a below-storm-wave-base environment. Clasts in the 

conglomerate were sourced from a dominantly dacitic, volcanic source that was above

wave-base and outside the immediate area. 

Facies architecture and setting 

Section M-M' from the Mt. Windsor west area exposes part of a felsic volcanic complex 

dominated by texturally variable, rhyolite lavas and intrusions. A below-storm-wave

base depositional setting is inferred for the polymictic conglomerate facies. However, 

other facies in this section provide no constraints on the environment. 

5.10.4 Mt. Windsor West (N-N') 

Log N- N' exposes the PCF and the lower MWTC (Fig. 5.16). The log begins in non

volcanic sandstone of the PCF. This facies is either bedded in cm thick beds or non

strati:fied. It is interpreted to have been transported and deposited by sandy turbidity 

currents. The non-volcanic sandstone is intruded by thin (<5 m thick) coherent 

andesite, rhyolite and dacite dykes (Fig. 5.16, 25 m-45 m). Overlying the non-volcanic 

sandstone, continuing to the end of the log (Fig. 5.16, ~85 m-1200 m), is a mixed 

succession of compositionally varied coherent facies, volcanic sandstone, and minor 

volcanic mudstone and crystal-rich, very coarse sandstone. 
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Volcanic sandstone units occur throughout the entire section as both thin intervals (e.g., 

Fig. 5.16, 195m- 210) and as thicker intervals (Fig. 5.16, 850 m-925 m and 985 m-1075 

m). It is possible that they originally dominated the entire section but have subsequently 

been dismembered by intrusions. Volcanic sandstone units are typically non-stratified 

and bedding is only rarely observed. Particles consist of quartz and sericite, which most 

likely indicates an original fine glassy component to these units. The volcanic sandstone 

units were probably generated from felsic(?) pyroclastic emptions and transported and 

deposited by sediment gravity flows in a below-storm-wave-base environment. Thin 

(<10 m thick) crystal-rich, very coarse sandstone and massive to graded, monomictic, 

felsic breccia are interbedded with volcanic sandstone. Crystals and clasts in these facies 

are interpreted to be the products of either explosive felsic emptions or non-explosive 

autoclastic fragmentation of rhyolite lava. Transport and deposition was from sediment 

gravity flows in a below-storm-wave-base environment. 

Distinctive highly quartz-and feldspar-phyric coherent rhyolite occurs at the contact 

with the PCF and higher in the log between 260-435 m. It has subhedral, resorbed 

quartz phenocrysts up to 1 cm. Irregular pods of volcanic sandstone occur within the 

coherent rhyolite. Upper and lower contacts are sharp. This facies is interpreted to be 

an intrusion. 

All coherent basaltic andesite units (aphyric, fine-grained equigranular and feldspar

phyric) are interpreted as dykes. They are relatively thin (5-15 m thick) and commonly 

have highly irregular and chilled margins. Some of these dykes intrude the distinctive 

highly quartz- and feldspar-phyric coherent rhyolite (described above) that is also 

interpreted to be an intrusion, thus at least some of the basaltic andesite dykes must be 

relatively late features. 

No contact relationships are exposed for the remaining coherent facies and these units 

remain undifferentiated as lavas and shallow-level intrusions. 

Facies architecture and setting 

Following the deposition of the PCF, this area is interpreted to have been a depocentre 

for submarine sediment gravity flow deposits that were deposited in a below-storm

wave-base environment. The > 1 OOO m thick volcaniclastic package is intercalated with 

felsic intrusions and minor lavas and intruded by basaltic andesite dykes. The rhyolite 
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intrusions may be related to the felsic volcanic centre interpreted for section M-M' as 

the two section are <2.5 km apart. 

5.11 Liontown (0-0') 

This log exposes the upper PCF and lower part of the MWTC (Fig. 5.17). This log 

begins with a thick package (> 300 m thick) of non-volcanic and volcanic sandstone and 

mudstone, minor crystal-rich, very coarse sandstone and minor coherent rhyolite and 

andesite facies. Sandstone and mudstone units are variably coloured from dark green to 

cream-brown, which reflects variations in the composition of the source. The cream

brown sandstone intervals consist of angular to subrounded quartz grains, lesser 

feldspar grains and lithic fragments and are interpreted as PCF. The dark-green 

sandstone and mudstone intervals (e.g., Fig. 5.17, 60 m-90 m) consist of microgranular 

quartz, sericite, chlorite and Fe-oxide grains and were probably originally dominated by 

fine glassy particles. 

Non-volcanic and volcanic sandstone and mudstone are interbedded in thin to medium 

beds. Bedding is defined by dark and light bands, which reflect grain size changes from 

sandstone to mudstone respectively. Mudstone beds are consistently thinner than the 

sandstone beds. Some intervals (up to 50 m thick) of non-volcanic sandstone have no 

observable bedforms and bed thickness cannot be determined (Fig. 5.17, 0 m-50m). 

The thick package of non-volcanic and volcanic sandstone and mudstone was deposited 

from sandy turbidity currents in a below-storm-wave-base environment. 

A thin (<10 m thick) interval of crystal-rich, very coarse sandstone (Fig. 5.17, 235 m-250 

m) is interbedded with the non-volcanic sandstone succession and is interpreted as a 

syn-eruptive deposits sourced from either a felsic volcanic explosive eruption or from 

quench-fragmentation of a rhyolite lava. Transport and deposition was by sediment 

gravity flows in a below-storm-wave-base environment. Minor thin (<10 m thick) 

aphyric and fine-grained, equigranular coherent basaltic andesite and rhyolite intrude 

non-volcanic sandstone and are interpreted as dykes. 

Higher in the log (Fig. 5.17, 395 m-435 m) is a distinctive highly vesicular, monomictic, 

basaltic andesite breccia which is similar to the fluidal-clast basaltic andesite breccia 

facies described elsewhere in the Seventy Mile Range Group. Clasts are highly vesicular 

and are have irregular fluidal shapes. This facies is interpreted as a proximal submarine 

fire-fountain deposit formed by weakly explosive fountaining oflow-viscosity magma. 
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The upper part of the log is dominated by proximal facies of coherent rhyolite and 

dacite. Sparsely quartz- and feldspar-phyric rhyolite is flow-banded and has a brecciated 

top contact with a volcanic mudstone. The breccia is non-stratified, has angular rhyolite 

clasts set in a mudstone matrix and is interpreted as peperite. A peperitic top contact 

supports an intrusive origin for the coherent rhyolite. Overlying the volcanic mudstone 

is flow-banded coherent dacite. The top and bottom contacts are not exposed and the 

coherent dacite remains undifferentiated as either a lava or intrusion. 

Facies architecture 

The Liontown area was initially dominated by sedimentation of the PCF. The onset of 

volcanism is marked by interbedded volcanic and non-volcanic sandstone, and intrusion 

of basaltic andesite dykes. Basaltic andesite fire deposits indicate proximity to an 

intrabasinal basaltic andesite volcanic centre. This phase of volcanic activity was 

followed by an interval which was dominated by the influx of volcaniclastic sediment 

gravity flows. Eruption and emplacement of rhyolite and dacite lavas and intrusions in 

the upper part of the section may indicate proximity to a felsic volcanic centre. 

Sporadic outcrops of coherent rhyolite and dacite occur over the next 1-3 km of 

stratigraphy to the south. 

5.12 Thalanga (P-P') 

Much of the detailed understanding of the Seventy Mile Range Group comes from the 

Thalanga area due to the exploration and mining activity associated with the Thalanga 

VHMS deposit. At least three research projects have focused on the Thalanga mine and 

surrounding area (Herrmann, 1994; Hill, 1996; Paulick, 1999). To avoid overlap with 

previous research this area was not re-mapped. However, several days were spent in the 

area comparing the facies in the Thalanga area with other areas mapped during this 

study. The representative stratigraphic log presented here is taken from Paulick and 

McPhie (1999) and has been redrafted and labelled using the facies nomenclature 

defined in this study (Fig. 5.18). 

The section starts in non-volcanic sandstone of the PCF. These units are internally 

massive are interpreted as deposits from sandy turbidity current deposited in a below

storm-wave-base environment. There is a minor interval of jasper within the PCF, 

which is interpreted as a seafloor exhalative deposit (Duhig et al., 1992). The non

volcanic sandstone and mudstone is intruded by highly quartz- and feldspar-phyric 

coherent rhyolite. 
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Overlying the PCF is a thick sequence ( ~600 m thick) dominated by coherent rhyolite 

and associated non-stratified monomictic rhyolite breccia. Coherent rhyolite units are 

variably quartz- and feldspar-phyric ranging from sparsely, to moderately and highly 

quartz- and feldspar-phyric. Paulick and McPhie (1999) interpreted the majority of 

coherent rhyolite units and associated monomictic rhyolite breccias as lavas with the 

exception of one interval (Fig. 5.18, 140 m-175 m). 

At the top of the rhyolite dominated package is a ~100 m interval of intercalated 

volcanic mudstone, coherent rhyolite and crystal-rich very coarse sandstone (Fig. 5.18, 

565 m-665m). This stratigraphic position has been correlated with seafloor massive 

sulfi.de deposition to the east. Crystal-rich, very coarse sandstone contains euhedral 

quartz and feldspar crystals and is interpreted as either consisting of syn-eruptive or 

post-eruptive resedimented volcaniclastic deposits (Paulick and McPhie, 1999). The 

mixed rhyolite-volcanic sandstone interval is overlain by an interval dominated by 

coherent dacite (Fig. 5.18, 650 m-825m). The coherent dacite has an associated thin 

interval of in situ autoclastic breccia and the two facies together are interpreted as a lava 

(Paulick and McPhie, 1999). This interpretation was supported by compositionally 

identical dacite clasts in the overlying polymictic breccia (Paulick and McPhie, 1999). 

The polymictic breccia contains clasts of rhyolite and dacite and it was interpreted to be 

reseclimented hyaloclastite and/ or talus containing accidental rhyolite clasts (Paulick and 

McPhie, 1999). The section ends in crystal-rich very coarse sandstone and an interval of 

interbedded volcanic sandstone and mudstone. 

Facies architecture and setting 

The Thalanga area was initially dominated by the influx of sandy turbidity currents, 

which deposited non-volcanic sandstone and mudstone in a below-storm-wave-base 

environment. This was followed by emplacement of rhyolite lavas and shallow-level 

intrusions. The rhyolite facies are interpreted to be the components of a felsic lava 

dominated centre (Paulick, 1999; Paulick and McPhie, 1999). A break in this style of 

volcanism is marked by the deposition of volcanic mudstone, interbedded with coherent 

rhyolite lava and crystal-rich, very coarse sandstone. Eruption of dacite lavas and the 

deposition of sediment gravity flows represent the final phase of volcanic activity before 

deposition of the RRF. 
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5.13 Mt. Trafalgar 

The Mt. Trafalgar area was visited briefly to confirm the presence of MWTC rocks, 

which are shown on the recently updated Regional (1:100 OOO scale) Queensland 

Geology Map (Hutton and Rapkins, 1998). No mapping was undertaken in this area 
/ 

and it is mentioned here only to point out that there are a number of areas shown on 

the new map, which have not previously been recognised as belonging to the Seventy 

Mile Range Group. Coherent rhyolite forms a prominent hill (Mt. Trafalgar). Two 

samples collected from Mt. Trafalgar of flow-banded sparsely quartz- and feldspar

phyric coherent rhyolite are texturally and geochemically identical to rhyolites from 

other areas in the Seventy Mile Range Group. 
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CHAPTER 6: GEOCHEMISTRY, AND U-PB AGE DATING OF THE SEVENTY MILE 

RANGE GROUP 

6.1 Introduction 

The detailed volcanic facies mapping presented in previous chapters provides a solid 

framework for whole rock and trace element geochemistry, as well as U-Pb age dating in 

the Seventy Mile Range Group. This chapter presents new geochemical data and age 

dates for the Seventy Mile Range Group, and a critical review of the previous 

geochemical interpretations (Berry et al., 1992; Stolz, 1995). 

6.2 Previous geochemical data 

Previous geochemical studies were undertaken by Henderson (1986), Berry et al., (1992) 

and Stolz (1995). The former was a reconnaissance survey, whereas the latter two 

involved detailed sampling throughout the Seventy Mile Range Group. All these studies 

used the formation stratigraphy (PCF, MWF, TCF and RRF) defined by Henderson 

(1986). 

Henderson (1986) presented major element and limited trace element data for 16 

representative samples collected in the Seventy Mile Range Group. He concluded that 

the volcanics of both the MWF and TCF represented a single, continuous assemblage 

with Si02 contents ranging from 52 to over 80 wt%. Felsic tuffs wit:hip. the TCF were 

geochemically indistinguishable from felsic volcanics within the MWF. The volcanics of 

the TCF and MWF were interpreted to have calc-alkaline affinities and to be 

characteristic of a continental margin volcanic arc. Henderson (1986) noted that many 

of the rhyolites have anomalously high silica contents, attributed to post-depositional 

alteration. Henderson (1986) also identified mafic and felsic intrusions in the PCF. The 

mafic intrusions included dolerite sills and dykes, with high Ti contents and high Zr-Y 

ratios suggestive of within-plate basalts. The felsic intrusions were interpreted as dykes, 

and have similar major and trace element compositions to the felsic volcanics in the 

MWF and TCF. They are restricted to the PCF and MWF, and interpreted to be 

hypabyssal equivalents of the MWF. 

Berry et al. (1992) and Stolz (1995) provided a comprehensive regional geochemical 

database for the Seventy Mile Range Group. Berry et al. (1992) noted that the Seventy 

Mile Range Group span a continuous range from basalt to rhyolite, and that the mafic 

and intermediate volcanic rocks have low to medium K affinities. Two major suites 
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were distinguished in the TCF: a low Ti-Zr group and a high Ti-Zr group. Zr/Nb ratios 

suggested a similar magmatic source for the two suites. Berry et al. (1992) also identified 

a distinctive group of alkali andesite samples from the PCF which have Zr/Nb ratios 

consistent with lavas erupted in intraplate settings. 

Building on the work of Berry et al. (1992), Stolz (1995) identified four discrete 

geochemical suites within the Seventy Mile Range Group, which corresponded to three 

of the formations (PCF, MWF, TCF). Diagnostic features of these suites are 

summarised in Table 6.1. 

PCF volcanic units were found to be basaltic andesite to dacite in composition based on 

silica concentrations and Ti/Zr ratios. The strong enrichment of incompatible elements 

coupled with low Zr/Nb and La/Nb and high Nb/Y ratios suggested an alkaline 

intraplate association. They are best described as trachyandesite and trachyte despite 

their low alkali contents. MWF volcanic units span a narrow silica range between 71-79 

wt % and in general have higher total REE and more pronounced negative Eu 

anomalies than the TCF volcanic units. They are distinguished from the TCF by their 

lower Ti/Zr and P /Zr ratios and generally higher Th and lower Ti02 (Stolz, 1995). 

TCF volcanic units range in composition from basalt through to high-silica dacite, 

where the high-silica dacite field was defined by Si02 contents >70 wt% and higher 

Ti/Zr ratios than rhyolites in the MWF. Stolz (1995) interpreted the continuous and 

coherent geochemical variations from basalt to high-silica dacite, to indicate that the 

TCF volcanic rocks form a cogenetic suite related to low pressure fractional 

crystallisation. The TCF volcanic rocks were interpreted to have a subduction-related 

geochemical signature. 

Stolz (199 5) showed that Ti/Zr ratios could be used to distinguish between the MWF 

and TCF volcanic rocks, and to subdivide the TCF: 

MWF rhyolite - Ti/Zr ratios < 6, and Th > 10 

TCF rhyolite - Ti/Zr ratios between 8-10 

TCF dacite - Ti/Zr ratios >20 

TCF andesite - Ti/Zr ratios >40 
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Rock suite Diagnostic features 

PCF 
Basaltic andesite • moderate Ti02 (> 1.2 wt % ) 

• high P20s (> 0.60 wt%) 
• high concentrations of incompatible elements (Zr, Nb, 

Th) 
•high Nb/Y 
• lowZr/Nb 
•relatively low MgO (< 5 wt%), Cr, and Ni 
• low Ti/Zr (moderately fractionated) 
• high light REE and strongly enriched light REE relative to 

the heavy REE 
MWF 
Rhyolite • Si02 ranges from 71-79 wt % 

• low P20s and low Ti02, CaO and MgO 
• high light REE 
• distinct negative Eu anomalies 
• total REE concentrations are generally higher than rocks 

of equivalent Si02 content in TCP 
• low Ti/Zr and P /Zr 
• generally higher Th and lower Ti02 than TCP volcanic 

rocks 
TCF 

Basaltic andesite • lowTi02 (<1 wt%) 
• low incompatible element concentrations (P, Zr, Nb and 

Th) 
•high Zr/Nb (~14) and La/Nb 
• lowNb/Y 
• negative Nb anomaly 
•relatively high MgO (up to 10%) 
• high Cr and to a lesser extent Ni 

Basalt • low total REE 
• slightly light REE enriched 
•characterised by straight REE patterns 

Andesite • subparallel REE patterns to basalt patterns 
• slightly higher total REE than basalts 

Rhyolite and dacite • Si02 ranges from 71-76 wt% 
• high N azO /K20 
•high REE compared to associated andesites (some 

exceptions) 
• parallel REE patterns to andesite and basalts but small 

negative Eu in a few samples 
Ti-rich dykes in TCF: • Si02 ranges from 50.8-58.6 wt% 

•moderate to high Ti02 (1.4-2.3 wt%) 
•low to moderate P20s (0.19-0.35 wt%) 
• higher Ti than TCF volcanic rocks 
• lower P20s, Zr, Nb, and Th than PCP volcanic rocks 
• higher Zr/Nb than PCP 
• similar or slightly higher light REE than the TCP andesites 
• higher heavy REE than TCP 
•no relative depletion ofEu 

Table 6.1: Summary of characteristics of the four geochermcal suites in the Seventy Mile Range 
Group recognised by Stolz (1995). 
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Using Nd isotope data, Stolz (1995) concluded that there were 3 discrete sources of 

magma for the four geochemical suites. PCP volcanic rocks were derived from a 

relatively undepleted or slightly enriched mantle source (subcontinental lithosphere). 

MWP volcanic rocks were derived from old continental crust. TCP volcanic rocks, 

including the Ti-rich dykes, were derived from a mantle source, which was variably 

modified by assimilation of continental crust similar to that which formed the MWP 
I 

volcanic rocks. 

6.2.1 Importance and implications of previous work 

Stolz (199 5) suggested that the MWP /TCP boundary could be identified by 

geochemical discriminants (mainly Ti/Zr ratios). As all known mineralisation is hosted 

by the TCP, the current belief is that the MWP pre-dated mineralisation and thus 

unprospective. Therefore identification of the MWP /TCP boundary has been an 

important factor in the development of current exploration models. Ti/Zr ratios 

became widely used in exploration as a means of distinguishing between the MWP and 

the TCP. 

6.3 New geochemical data 

This study has revealed stratigraphic complexities in the Seventy Mile Range Group that 

were previously unrecognised and that are inconsistent with the stratigraphic framework 

of Henderson (1986). In particular, the MWF and TCP should be combined into one 

lithostratigraphic unit (MWTC; Chapter 3). The recognition of these complexities has 

serious implications for the interpretation of previous geochemical studies (e.g., Stolz, 

1995). Several problems with the 1995 geochemical sampling program are now 

apparent: 

• Because the study was geochemically oriented, the geological settings of the samples 

were not constrained by volcanic facies mapping; 

• Sampling was controlled by the conventional stratigraphic framework, and biased 

towards units believed to be typical of each formation (e.g., only rhyolites were 

sampled within the MWP even though andesites and dacites are present, and only 

dacites and andesites were sampled within the TCP even though rhyolites are 

abundant); 

• In many cases, formation boundaries were relocated on the basis of the geochemical 

results but without geological control; 

• Geochemical results, which did not fit the accepted stratigraphy, were not 

adequately explained. 
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6.3.1 Sampling and analytical techniques 

An additional 7 6 samples were collected for geochemical analysis in order to resolve 

some of the stratigraphic complexities and to re-evaluate the interpretations of the 

previous studies (e.g., Stolz, 1995). Sampling focused in particular on rhyolitic facies 

(both coherent and monomictic volcaniclastic rhyolite facies as defined in Chapter 3) at 

all stratigraphic levels to test the validity of a geochemical distinction between the MWF 

and TCP defined by Stolz (1995). Other samples included coherent dacite and basaltic 

andesite and monomictic volcaniclastic facies. Samples came from traverses, which had 

been mapped in detail, and least-altered samples were chosen for analysis. 

Sample preparation and analytical techniques were the same as those used by Stolz 

(1995). Samples were crushed in a jaw crusher and then handpicked to eliminate 

weathered or oxidised surfaces, veins, and amygdales. Approximately 100 grams of the 

handpicked sample was randomly split and then powdered in a ceramic disc mill. The 

analyses were undertaken at the University of Tasmania. Major and trace elements were 

determined on a Phillips automated XRF spectrometer using standard fused bead and 

pressed pellet techniques (Norish and Chappell, 1977). A number of samples were 

submitted twice and one sample (K.S97069) was analysed five times to check the 

reproducibility of the results. Several samples were also crushed using both the jaw 

crusher and the hydraulic press in order to determine if the contamination of metal 

filings from the jaw crusher had affected the results. Contamination from metal filings 

was found to be negligible. All data have been recalculated to 100% anhydrous to 

eliminate the effects of differing loss on ignition values. 

6.3.2 Constraints on data interpretation 

In ancient submarine volcanic successions, such as the Seventy Mile Range Group, 

regional metamorphism and/ or hydrothermal alteration can affect major element 

compositions. In general, the least mobile elements are the high field strength elements 

(rare earth elements, Sc, Y, Th, Ti, Zr, Hf, Nb, Ta, and P), whereas the low field 

strength elements are mobile (Cs, Sr, K, Rb, Ba; Pearce, 1983). In metamorphosed or 

-hydrothermally altered volcanic rocks, Ti/Zr ratios have been shown to be a useful 

guide to primary lithologies (Pearce and Cann, 1973; Winchester and Floyd, 1977). 

Boundaries between the major rock types in the Seventy Mile Range Group based on 

Ti/Zr ratios are: rhyolite to dacite, Ti/Zr = 20; dacite to andesite, Ti/Zr = 40; andesite 

to basalt, Ti/Zr = 100 (Berry et al., 1992). 
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6.3.3 Results of this study 

Sample locations, descriptions and geochemical analyses are included in Appendix I, and 

sample location are illustrated on Plate 1. The 76 samples range in Si02 from 46.05 to 

90.72 wt% and have Ti/Zr ratios ranging from 2.4 to 99.2. Most samples plot within 

the calc-alkaline field (Fig. 6.1a). Although there is a strong negative correlation 

between Ti/Zr and Si02 (Fig.6.1b), as noted by Stolz (1995), samples with very high 

Si02 (> 78 wt%) are probably silicified. 

The data have been plotted on the Zr/Ti02 versus Nb/Y classification diagram of 

Winchester and Floyd (1977; Fig. 6.2a) in order to recognise compositional groups 

regardless of stratigraphic position. Most samples plot as either rhyolite, or 

rhyodacite/ dacite, with lesser andesite/basalt samples and one trachyandesite sample. 

Nine samples plot in the comendite/pantellerite field; however, almost all these samples 

are volcaniclastic rocks, and it is possible that sorting during transport and deposition 

has resulted in zircon enrichment in these samples. They are considered here as 

rhyolites and have been assigned to the rhyolite group. Many samples mapped as 

rhyolite based on the presence of quartz phenocrysts, are actually rhyodacite/ dacite in 

composition based on geochemistry. 

A plot of Ti versus Zr shows three trends, which reflect magmatic composition: 

rhyolite, rhyodacite/dacite and andesite/basalt (Fig. 6.2b). The distribution of the 

samples on this plot correlates well with the compositional groups based on Figure 6.2a. 

On a plot of Nb versus Zr, the data plot along two linear trends through which lines of 

best fit have been drawn (Fig. 6.2c). These two trends indicate that at least two suites of 

rocks are present within the data set. On a plot of Th versus Ti02, (Fig. 6.2d) Suite II 

samples on Figure 6.2b plot in a relatively tight cluster but the boundary between the 

two suites is not well-defined. 

Suite I samples range from basalt through to rhyolite with Si02 between 46.05-90.72 wt 

% and Ti/Zr ranging from 2.3 to 97.2. The Suite I trend most likely indicates that the 

samples are cogenetic and related by fractional crystallisation. Suite II samples are 

dominantly rhyolite but are geochemically different from the rhyolites of Suite I. Suite I 

rhyolites have Ti02 ranging from 0.05 to 0.31 wt%, Zr between 76-351 ppm, and 

Ti/Zr ranging from 2.2 to 9.7. Suite II rhyolites typically have lower Ti02 (0.04-0.10 wt 

% ), lower Zr (7 5-131 ppm), and a slightly more restricted range of Ti/Zr (2.5-7 .1) than 
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Suite I rhyolite samples. Suite II rhyolites were probably derived from a single 

magmatic source. 

The majority of rhyolite samples in Suite II (26 samples) are sparsely, moderately, or 

highly quartz- and feldspar-phyric coherent rhyolite, and non-stratified, monomictic 

rhyolite breccia (21 samples). Two samples are aphyric coherent rhyolite, two samples 

are shard-rich sandstone and one sample is a graded, monomictic, felsic pumice breccia. 

Suite II samples appear to be restricted to the lower MWTC but occur throughout the 

length of the Seventy Mile Range Group (see Appendix I). 

Rhyolite samples in Suite I (21 samples) are also dominated by sparsely, moderately or 

highly quartz- and feldspar-phyric coherent rhyolite (10 samples), with lesser non

stratified, monomictic, rhyolite breccia (4 samples). Graded, monomictic, felsic pumice 

breccia (5 samples), and shard-rich sandstone (1 sample) are also present. The 

remaining sample is a quartz- and feldspar-phyric clast from a polymictic breccia. There 

is no obvious spatial distribution of Suite I rhyolites as they occur at all levels in the 

MWTC and throughout the length of the Seventy Mile Range Group (see Appendix I). 

On a plot of Zr versus Si02, the data are scattered and no trends are observed (Fig. 

6.2e). This plot shows that almost all the dacites (cf. Fig. 6.2a) have Si02 >70 wt%, 

which may be due to silica addition. 

A single trachyandesite sample consistently plots away from the rest of the data and may 

be from a third suite of rocks that is poorly represented in this data set. It has high Zr, 

Th and Nb and was interpreted in the field as fine-grained, equigranular basaltic andesite 

dyke. The fine-grained, equigranular texture is distinctive and similar units were mapped 

throughout the entire Seventy Mile Range Group although only one sample was 

analysed for geochemistry. 

Similarly, a single andesite/basalt sample Oabelled A on Figs. 6.2b, d, and e) has higher 

Ti than other samples of the same composition and consistently plots away from the 

other data. With so limited data the significance is unclear. 

The new data have been assigned to one of the four formations (Henderson 1986) as 

previously mapped by Stolz (1995), in order to assess whether the geochemical 

subdivisions defined by him are valid. In cases where the stratigraphy was too complex 
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to interpret which formation was sampled, the samples have been labelled as 

undifferentiated. 

The majority of samples from the MWF plot in the rhyolite field (28 samples) with 

lesser rhyodacite/ dacite (5 samples) and one trachyandesite sample (Fig. 6.3a). In 

contrast, the TCP samples (28 samples) range from rhyolite through to andesite/basalt. 

Samples from the PCF plot as rhyodacite/ dacite (2 samples) or andesite (1 sample). 

On a plot of Nb versus Zr, it is clear that both MWF and TCP rocks are present in each 

of Suite I and Suite II (Fig. 6.3b). However, samples from the PCF plot only within 

Suite I. The single trachyandesite sample and the single Ti-rich andesite sample come 

from the MWF and PCF respectively. No obvious trends distinguishing the formations 

from one another can be identified on the remainder of the plots (Figs. 6.3c, d). 

Fields for samples from the PCF, MWF and TCP overlap on all plots and there are no 

obvious geochemical differences among samples from the different formations. This is 

in contrast to the plots presented by Stolz (1995) that showed geochemical distinctions 

among the formations (e.g., Fig. 3; Stolz, 1995). In particular, the distinction between 

the TCP felsic volcanic rocks and MWF rhyolites based on their Ti/Zr ratios (Stolz, 

1995), is not apparent in the data from this study. 

6.4 Previous and new geochemical data combined 

New geochemical data from this study have been combined with previous data of Berry 

et al. (1992) and Stolz (199 5), allowing re-evaluation of the entire database. Additional 

samples, which were not included in the Stolz (1995) paper but were part of the same 

study, have been included here with the permission of Joe Stolz (written 

communication, 2000). Sample locations, descriptions and analyses are listed in 

Appendix I. The following section describes the merged database. 

The data were initially characterised by composition based on the classification of 

Winchester and Floyd (1977), without regard for stratigraphic position. Samples range 

from rhyolite through to basalt and there is a distinct group of trachyandesites (Fig. 

6.4a). A plot of Ti versus Zr shows three trends reflecting compositions of rhyolite, 

rhyodac1te/dacite and andesite/basaltic-andesite (Fig. 6.4b). The group of 

trachyandesites plot away from the main data, and are assigned to Suite III. This suite 

includes the single trachyandesite sample analysed for the current study. 
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On a plot of Nb versus Zr (Fig. 6.4c) Suite I and Suite II as identified in section 6.3.3 

for the new data set are distinct, as is Suite III. The majority of Suite I andesite/basalt 

samples (40 samples) have Zr <100 ppm, but there are a 27 samples with high Zr 

(between 100-210 ppm), which plot with rhyodacite/dacite and rhyolite samples. 

On a plot of Th versus Ti02, only Suite III is distinct. The Suite II cluster is present but 

the boundary between Suite I and Suite II is not well-defined (Fig. 6.4d). 

Suite I in the combined data set includes basalt through to rhyolite, with Si02 between 

46.05-90.72 wt% and Ti/Zr ranging from 2.3 to 209. Suite I is interpreted to represent 

a cogenetic suite related by fractional crystallisation. Rhyolites in Suite I have Si02 

ranging from 69.57 to 90.72 wt%. Ti02 is between 0.04-0.37 wt%, Zr between 76-648 

ppm and Ti/Zr between 2.3-10.2. These values are consistent with those defined 

previously from the new data set (section 6.3.3), although the range of Zr with the 

addition of more samples is significantly greater (cf. 76-351 ppm). 

Suite II samples are dominantly rhyolitic with Si02 ranging from 71.37 to 88.80 wt%, 

and overlapping with the values for Suite I rhyolites. Ti02 is generally lower, ranging 

from 0.04 to 0.14 wt%, Zr is lower (73-184 ppm), and Ti/Zr is slightly lower, ranging 

between 2.5-7 .1, than rhyolites in Suite I. Again, these values are consistent with those 

previously interpreted for Suite II from the new data set. Suite II samples were likely 

derived from a single magmatic source. 

Suite III trachyandesites have high Nb and Zr and relatively high Th and Ti02• This 

suite was identified by Stolz (1995) and referred to as PCF andesite rocks. 

On a plot of Zr versus Si02 (Fig. 6.4e) the data are scattered. However, the high-Zr 

andesite/basalt samples identified on Figure 6.4c form an indistinct group, but cannot 

be separated from the rest of Suite I. Stolz (1995) identified these samples as a suite of 

Ti-rich dykes. 

Division of the combined data set on the basis of formations shows that the MWF is 

dominated by rhyolite with lesser rhyodacite/ dacite and one trachyandesite sample (Fig. 

6.5a). In contrast, samples from the TCF range from basalt through to rhyolite. 

Samples fro:m the PCF plot in the andesite, rhyodacite/ dacite, rhyolite and 

trachyandesite fields. One sample from the RRF plots on the boundary between the 
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andesite and rhyodacite/ dacite fields. The trachyandesite samples of Suite III are 

dominantly from the PCF as defined by Stolz (1995). However, one sample from the 

new data set comes from the MWF. 

On a plot of Ti versus Zr (Fig. 6.5c), there is significant overlap of MWF and TCP 

samples along both the rhyolite and rhyodacite/ dacite trends. 

A plot of Nb versus Zr (Fig. 6.5c) shows that both Suites I and II consist of samples 

from both the MWF and TCP. The high Zr andesite/basalt samples are not 

distinguishable if the data are labelled according to formations. 

The remaining plots (Fig. 6.5 d and e) show no geochemical distinctions among samples 

from the various formations, with the exception that the trachyandesite samples come 

dominantly from the PCF. The MWF is clearly dominated by rhyolite. However, the 

MWF rhyolites are indistinguishable from the TCF rhyolites, both texturally and 

geochemically. The high-Zr andesite/basalt samples (Zr > 100 ppm) distinguished on 

Fig. 6.4c come from both the TCF and the PCF (Fig. 6.5e). The single RRF sample also 

plots within this indistinct group. 

The interpretations based on the new data (section 6.3.3) are strengthened by the 

addition of analyses from the combined database, and one additional suite (Suite III) 

can be defined. 

6.4.1 Reinterpretation of Nd isotope data 

No Nd isotope analyses were obtained in this study. However, the Nd isotope data of 

Stolz (199 5) has been reviewed in the light of the new geochemical framework defined 

in this study. The Nd data of Stolz (1995) are shown in Table 6.2 but they have been re

labelled according to the geochemical suites defined in this study. 

€Nd c4soMa) range from 3.76 to -12.75 (Stolz, 1995; Fig. 6.6a, b). Thirteen samples are 

from Suite I, two samples are from Suite II (WT44 and TC28), three samples are from 

Suite III (WT32, HW30 and PC9) and one sample (HW35) has incomplete geochemical 

data and therefore cannot be assigned to a suite. As interpreted in the previous section, 

Suite I represent a cogenetic suite with compositions ranging from basalt to rhyolite. If 

these samples were related simply by crystal fractionation €Nd c480 Ma) should be constant 

for all compositions (DePaolo, 1988). However, €Nd(4soMa) for Suite I become more 
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Table 6.2: Nd isotope data for the Seventy Mile Range Group (modified from Stolz, 1995) 

Suite Composition Si02wt% 147Sm/144Nd (143Nd/144Nd)m €Ndl480Ma\ 

Suite I 
Th4 Rhyolite 79.33 0.124537 0.512171 -4.69 
SS17 Rhyolite 78.40 0.165989 0.512117 -8.29 
GY46 Dacite 76.11 0.168565 0.512338 -4.13 
HW10 Dacite 73.38 0.136788 0.512164 -5.58 
TH57/4 Dacite 72.62 0.209581 0.512306 -7.28 
TH33/241 Dacite 71.75 0.170243 0.512368 -3.65 
GY59 Dacite 65.64 0.193617 0.512321 -6.00 
GY20 Andesite 60.66 0.150090 0.512225 -5.20 
GY39 Andesite 54.25 0.164868 0.512235 -5.92 
SS9 Andesite 54.39 0.135695 0.512508 1.21 
GY71 Andesite 54.80 0.157484 0.512663 2.90 
TB25 Basalt 53.54 0.159747 0.512638 2.27 
TH23/1 Basalt 52.36 0.122103 0.512596 3.76 
Suite II 
TC28 Rhyohte 78.96 0.137062 0.511961 -9.60 
WT44 Rhyolite 78.02 0.131621 0.511990 -8.67 
Suite ill 
PC9 Andesite 61.76 0.097106 0.512304 -0.16 
WT32 Andesite 57.18 0.106969 0.512263 -1.81 
HW30 Andesite 53.16 0.091517 0.515168 -2.72 
Undifferentiated 
HW35 Rhyolite 77.66 0.186467 0.511953 -12.75 
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negative with increased silica content (Table 6.2), which indicates that the samples are 

not related solely by crystal fractionation. It is likely that this cogenetic suite is a 

product of both crystal fractionation and assimilation of continental crust. The basalt 

and andesite samples have mostly positive values which reflect their mantle source 

(Stolz, 1995). More negative values reflect variable contamination by continental crust. 

Geochemical plots presented in the previous section suggest the source for Suites I and 

II were different. €Nd (480 Ma) for Suite II are the most negative of the range, except for 

the undifferentiated sample (HW35), which may have either a different source or a 

higher degree of crustal contamination than Suite II. Without additional Nd isotope 

data, it is not possible to resolve the source of Suite II. Suite III rocks are the PCF 

volcanic suite of Stolz (1995) which he interpreted to be derived from a relatively 

undepleted or slightly enriched mantle source (subcontinental lithosphere). 

6.4.2 Discrepancies between previous work and present study 

Fig. 6.7a and 6.7b are plots taken from Stolz (1995). Both plots show little to no 

overlap between the MWF and TCF samples. This lack of overlap was interpreted to 

indicate a geochemical distinction between the two formations. Figures 6.7c and 6.7d 

are the same plots but present the combined data. These plots contrast sharply with 

those presented by Stolz (1995), in showing significant overlap between the felsic 

samples from the MWF and those from the TCF. This suggests that there is no reliable 

geochemical distinction between the two formations. The discrepancy is attributed to 

unintentionally biased sampling in the previous study (Stolz, 1995). Stolz (1995) relied 

on the stratigraphic framework defined by Henderson (1986) and this work was not 

accompanied by detailed volcanic facies mapping. Sampling apparently favoured rock 

types believed to be typical of each formation. Consequently, only rhyolitic units were 

sampled in the MWF whereas mainly dacitic, andesitic and basaltic units were sampled 

in the TCF. The geochemical database of Stolz (1995) was thus not entirely 

representative of the MWTC. With the addition of samples from this study, the 

geochemical subdivisions of Stolz (199 5) have been revised. 

The samples analysed for Nd isotope data by Stolz (199 5) included only rhyolitic 

samples from the MWF, and basalt, andesite and dacite samples from the TCF. In 

addition, the samples were chosen and interpreted based on the geochemical 
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distinctions defined by Stolz (1995). Thus interpretations of Nd isotope data assumed 

that the MWP and TCP were two discrete suites. 

6.4.3 Conclusions 

The new geochemical interpretation presented suggests there are three geochemically 

distinct suites in the Seventy Mile Range Group, which do not correlate with the 

stratigraphic subdivisions of Henderson (1986) and Stolz (1995). 

• Suite I: This is a cogenetic suite from basalt through to rhyolite in composition. 

Si02 range from 46.05 to 90.72 wt% and Ti/Zr range from 2.3 to 209. Suite I 

rhyolites have Si02 ranging from 69.57 to 90.72 wt%, Ti02 from 0.04 to 0.37 wt%, 

Zr between 76-648 ppm, and Ti/Zr from 2.3-10.2. Nd isotopes suggest Suite I 

magmas were related by a combination of crystal fractionation and variable amounts 

of crustal assimilation. 

• Suite II: These samples are mainly rhyolites with one rhyodacite/ dacite sample. 

Si02 range from 71.37 to 88.80 wt%. When compared to Suite I rhyolites, Ti02 is 

generally lower, ranging from 0.04-0.14 wt %, Zr is lower, between 73-184 ppm and 

Ti/Zr overlap but are slightly lower ranging from 2.5-7.1. Insufficient Nd isotope 

data preclude an interpretation for the source of Suite II magmas. 

• Suite III: These rocks are trachyandesites, have high Nb (> 50 ppm) and Zr and 

relatively high Th and Ti02• They are mainly restricted to the PCP, with only one 

sample from higher in the stratigraphy (MWTC). Nd isotope data suggest that the 

Suite III magmas were derived from a relatively undepleted or slightly enriched 

mantle source (Stolz, 1995). 

There are no geochemical distinctions between volcanic rocks previously assigned to the 

MWP and the TCP. Rhyolites do dominate the lower part of the stratigraphy, but they 

are geochemically and texturally indistinguishable from rhyolites higher in the 

stratigraphy. This is in contrast to the conclusions of Stolz (1995). Ti/Zr ratios cannot 

be used to define the MWP /TCP boundary. Using Ti/Zr ratios as an exploration tool 

will lead to exclusion of prospective areas. 

Merging of the MWP and TCP into a combined unit, MWTC, is supported by the 

geochemical results presented here. 
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6.5 Previous age data 

The Seventy Mile Range Group is currently believed to span the Cambrian-Ordovician 

boundary. This age is based mainly on fossils found in the upper two formations (TCF 

and RRF; Table 6.3; Henderson 1980). The fossil age for the TCF is upper Tremadoc 

(Lancefi.eldian 2). Age of the RRF from fossil dates ranges from lower Arenig to upper 

Llandeilo. Although no fossils have been identified in the lower two formations (PCF 

and MWF) Henderson (1983) assigned them an Upper Cambrian age by virtue of their 

stratigraphic position. Table 6.3 summarises all previous fossil and age dating data for 

the Seventy Mile Range Group. Unpublished U-Pb SHRIMP dates for volcanic rocks 

within the MWTC (Perkins, 1993), indicate ages between 474.1±5.4 Ma and 485.9 ± 

5.6 Ma. No mapping accompanied sample collection, thus these dates are poorly 

constrained. 

Source Dating Sample(s) Date (Ma) 
method 

Wyatt et al., Rb/Sr MWF 528 +/-100 
1971 
Dear, 1974 Fossils Graptolites from the RRF in the Early Ordovician -Early Arenig (La 

Ravenswood area 3, Be 1) 

Mc Clung, Fossils Graptolites from the RRF in the Early Ordovician-
1976 Rollston Range area LateArenig 
Henderson, Fossils Graptolites and pelagic tnlobites Early Ordovician 
1983 from the RRF and one locality in 

the TCF in the Rollston Range, 
Warawee and Brittania/Monntain 
View areas 
Assemblage A (TCF) Upper Tremadoc (La2) 
Assemblage B (RRF) Early Arenig (La3) 
Assemblage C (RRF) Early-Middle Arenig (Bel to Chl,2) 
Assemblage D (RRF) Middle Arerug-

(LlandeiloCastlematnian-
Darriwilian) 

Perkins et al., U/Pb smgle 92-311 Volcaniclastic nnit from 485.9 + /- 5.6 
1993 * crystals the TCF at the bonndary with the 

SHRIMP RRF in the Trooper Creek area 

92-318 Rhyohte lava from near 474.1+/-5.4 
the base of the TCF in the 
Gydgie area 

92-314 Rhyolite lava from the 480.8 +/- 5.1 
MWF in the Thalanga area 

92-313 Rhyolite lava from the 485.3 + /- 4.6 
MWF in the Liontown area 

Table 6.3: Previous fossil age data and age dating from the Seventy Mile Range Group. 
*Dates have been corrected due to the use of a non-uniform standard (SL-13; Comston, 2000). 
Original dates increased by 1.3% (Black et al., 1997). 
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6.6 New U-Pb age data 

6.6.1 Sampling and analytical techniques 

Five well-constrained samples were submitted for conventional U-Pb age dating in an 

effort to resolve the duration and age of volcanism, and ages of rhyolitic units from 

upper and lower stratigraphic positions in the Seventy Mile Range Group. The samples 

were chosen to bracket the volcanic stratigraphy and were collected from well

constrained and well-exposed parts of the succession (Table 6.4). Results were obtained 

only from 3 samples as no zircon concentrate could be extracted from two samples 

KS98091 and SSRCD001. Two of the remaining three samples are from the lower and 

one sample is from the upper MWTC. All samples are calk-alkaline (Fig. 6.8a) and 

either rhyolite or rhyodacite/ dacite (Fig. 6.8b). The samples plot within Suite I (as 

defined by this study). 

Zircon concentrates were prepared from 15-20 kg samples using conventional crushing, 

grinding, Wilfley table, heavy liquids and magnetic separation techniques. U-Pb analyses 

were done by Dr. J.K. Mortensen at the University of British Columbia. The method 

for zircon grain selection, abrasion, dissolution, geochemical preparation and mass 

spectrometry is described by Mortensen et al. (1995). Most zircon fractions were air 

abraded (Krogh, 1982) prior to dissolution to minimise the effects of post-crystallisation 

Pb-loss. Procedural blanks were 5 to 2 pg for Pb and 1 pg for U. U-Pb data (Appendix 

II) are plotted on conventional U-Pb concordia plots (Fig. 6.9). Errors attached to 

single analyses were calculated using the numerical error propagation method of 

Roddick (1987). Decay constants used are those recommended by Steiger and Jager 

(1975). Compositions for initial common Pb were taken from the model of Stacey and 

Kramer (1975). All errors are given at the 2a level. Interpretation of age data was done 

by Dr. J .K. Mortensen. 
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6.6.2 Results 

Sample Location/ Description Results 
Stratigraphic 
position 

LLD 128 Lion town Sparsely quartz- and feldspar-phyric 467.9 ± 4.1 Ma 
(drill core) 0402630/7742460 coherent rhyohte 

Quartz phenoq;}':sts: subhedral, 0.5-2 
UpperMWTC mm, 1-2% 

Feldspar phenoccysts: plagioclase, 
euhedral, 0.5-3 mm, 1-10% 
Groundmass: ffilcrogranular quartz, 
plagioclase and sericite 

KS97069 Brittania Telecom Massive or graded, monomictic, 466. 7 ± 2.6 Ma 
Tower rhyolite pumice breccia -
0429251/7745517 monomictic, poorly to moderately 

sorted, clast supported 
LowerMWTC Clasts: <0.5 cm x 1-2 mm to 5 cm x 

1-2 mm, aphyric pumice, ahgned, 
wispy, elongate in one direction 
Matnx: < lmm, fine pumice 
fragments and bubble wall shards 

KS97036 Mt. Farrenden Graded, monomictic felsic breccia 465.4 ± 1.4 Ma 
0415667/7753795 Clasts: 1 cm-6 cm, feldspar-phync 

dac1te, wispy to subangular 
LowerMWTC Clast textures: pumice, perlite, flow 

banding, amygdales, spherulites 
Matrix: <0.5 cm randomly oriented 
pumice clasts, fragments of clasts, 
minor euhedral quartz and feldspar 
crystals 

Table 6.4: Sample descriptions and results for U-Pb age dating samples from the Seventy Mile 
Range Group. 

LW 128: The sample yielded abundant clear, pale yellow, stubby square zircon prisms 

with simple terminations. The grains contained rare clear, tube-, rod- and bubble

shaped inclusions, and displayed faint igneous growth zoning. No cores were observed. 

Seven strongly abraded fractions were analysed. Most analyses cluster near concordia 

between 460 and 500 Ma (Figs. 6.9a, b). However two fractions (G and A) yielded 

much older 207Pb/206Pb ages (879 and 2786 Ma, respectively), and clearly contain a large 

component of older inherited zircon, presumably as "cryptic" cores that could not be 

distinguished visually. Fraction C is statistically concordant with a 206Pb/238U age of 

465.9 ± 1.2 Ma. Fraction Dis slightly discordant, but yields the same 207Pb/2°6Pb age as 

the concordant fraction. The data are interpreted to indicate that most zircon fractions 

analysed contained at least a minor inherited zircon component, but that fractions C and 

D were inheritance-free. Therefore the weighted average 207Pb/2°6Pb age of fractions C 

and D (467.9 ± 4.1 Ma) are considered to be the best estimate for the crystallisation age 

of the rock. However the possibility that the concordant fraction may have experienced 

minor post-crystallisation Pb-loss effects that were not completely removed by abrasion 
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cannot be precluded. If such Pb-loss was not recent in age, the average 207Pb/206Pb 

age would provide only a minimum age for crystallisation of this rock unit. Calculated 

2-point regressions through the various discordant analyses and concordant fraction C 

yield upper concordia intercept ages that range from 1.17 Ga to 3.78 Ga, indicating that 

the inherited zircon component spans a considerable age range. 

KS97069: Zircons from this sample are similar in appearance to those in LLD 128 

sample except that some of the grains display smoothly rounded surfaces interpreted to 

result from magmatic resorption. The U-Pb systematics are also similar to those in 

LLD 128 (Figs. 6.9c, d), with evidence for a substantial inherited zircon component in 

two of the analysed fractions (A, D). Two fractions (B and H) yielded non-overlapping 

concordant analyses, with 206Pb/238U ages of 467 and 460 Ma. Fraction B consists of 

very high quality zircon that was very strongly abraded prior to dissolution. It has a 

considerably lower U concentration than the rest of the fractions, and therefore unlikely 

to have undergone post-crystallisation Pb-loss. The 206Pb/238U age of 467.0 ± 1.7 Ma 

for fraction B is considered to be the best estimate for the crystallisation age of the 

sample. Fraction His interpreted to have experienced minor Pb-loss and we cannot 

preclude the possibility that fraction B may have as well. The 206Pb/238U age of 467.0 

± 1. 7 Ma for fraction B should therefore be considered a minimum crystallisation age 

for this unit. The remaining fractions include inherited zircon components. Two-point 

regressions through the discordant analyses and concordant fraction B yield upper 

intercept ages that range from 1.00 Ga to 3.42 Ga, again indicating a considerable age 

range for the inherited zircon component. 

KS97036: The sample yielded a small amount of clear, pale pink, stubby prismatic 

zircon, with rare clear inclusions, faint igneous growth zoning, and no evidence for 

inherited cores. Four strongly abraded fractions were analysed. The data array is similar 

to that from the other two samples, with evidence for both an inherited zircon 

component and the effects of significant post-crystallisation Pb-loss (Fig 6.9e). No 

concordant analyses were obtained. A minimum crystallisation age of the sample is 

given by the calculated lower intercept of a 2-point regression through the most 

concordant and the most discordant fractions (A and B), at 465.4 ± 1.4 Ma. Although 

this age is consistent with interpreted ages for the other two samples, it is impossible to 

preclude the possibility that Pb-loss may have affected fraction A. The calculated upper 

intercept age of 1.87 Ga indicates that a Paleoproterozoic zircon component was 

present in some of the grains in this sample. 
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6.6.3 Comparison with previous age dating 

The three samples in this study showed evidence of an inherited zircon component. 

The age of the inherited components spans a wide range from 1.00 to 3.78 Ga. All 

samples also showed evidence for post-crystallisation Pb-loss. Perkins (1993) noted Pb 

loss and an inherited zircon component of similar age. 

The three samples that were successfully analysed in this study yielded minimum 

crystallisation ages that form a tight cluster. Minimum crystallisation ages for these 

samples are younger than all but one age determination from Perkins et al. (1993; Fig. 

6.10a, sample 92-318). The lower age limit for sample LLD128 (472.0 Ma) overlaps 

with the upper age limit for 92-318 (468.7 Ma; Perkins, 1993). A single fossil age for the 

TCF is late Tremadoc time (Henderson, 1983) and fossil ages for the RRF span the 

Arenig Series and possibly extend to Llandeilo time (Dear, 1974; McClung, 1976; 

Henderson, 1983; 1978; Fig. 6.10a, b). Using the time scale of Okulitch (1999), which 

reflects recent geochronologic calibration of the Early Ordovician (e.g., Landing et al., 

1997), the fossil ages are broadly consistent with the results of the age determinations of 

this study and those of Perkins (1993). 

The age discrepancy between the Perkins (1993) results and those from this study 

cannot be resolved with the data available. Assuming that the dates of Perkins et al. 

(1993) are correct, the younger ages obtained in this study may be attributed to post

crystallisation Pb-loss effects that were not completely removed by abrasion of the outer 

rims of the zircons. 

6.7 Summary 

Three geochemically discrete suites have been defined within the Seventy Mile Range 

Group. These suites do not correspond to stratigraphic subdivisions. Nd isotope data 

suggest that most of the rocks within the Seventy Mile Range Group (Suite I) are 

cogenetic and related by a combination of fractional crystallisation and crustal 

assimilation. New age dates (467.9 ± 4.1Ma,466.7 ± 2.6 Ma and 465.4 ± 1.4 Ma) are 

considered minimum ages for the Seventy Mile Range Group due to the effects of post

crystallisation Pb-loss in most analysed fractions. 
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CHAPTER 7: VOLCANIC FACIES .ARCHITECTURE OF THE SEVENTY MILE RANGE 

GROUP 

7 .1 Introduction 

This chapter begins with a discussion of the regional stratigraphic framework and unit 

boundaries as identified by this study. Results of the geochemical study presented in 

Chapter 6 are combined with results of detailed volcanic facies mapping to re-assess the 

stratigraphy of the Seventy Mile Range Group. The regional volcanic and sedimentary 

facies architecture for the Seventy Mile Range Group are presented, and the styles and 

distribution of volcanism are discussed. Location of volcanic centres and lateral 

relationships among these centres will be reviewed. The chapter concludes with a 

model for the evolution of the Seventy Mile Range Group. 

7 .2 Regional stratigraphic framework 

The graphic logs presented in Chapter 5 have been simplified and organised on sections 

(Figs. 7.1, 7 .2) according to their relative positions along the Seventy Mile Range Group 

and stratigraphic positions relative to the PCF /MWTC and RRF /MWTC boundaries. 

These diagrams are used to illustrate the regional internal variability within the three 

main lithostratigraphic units (PCF, MWTC and RRF). 

7.2.1 Puddler Creek Formation 

Non-volcanic sandstone and mudstone of the PCF are present across the entire length 

of the Seventy Mile Range Group and show little variation in colour, texture or 

bedforms. Erosion of adjacent pre-Cambrian cratonic rocks is thought to have 

provided much of the sediment (Berry, 1992; Stolz, 1995). Transport and deposition of 

sediment was from sandy turbidity currents in a below-storm-wave-base environment. 

7.2.2 Puddler Creek/Mount Windsor-Trooper Creek transition zone 

The boundary between the PCF and the MWTC was initially located at the first horizon 

of volcanic rocks (Henderson, 1986). Although not specifically defined by Berry et al. 

(1992) or Stolz (1995), it appears they considered the boundary between the PCF and 

overlying volcanic succession to be at the highest stratigraphic occurrence of non

volcanic sandstone and mudstone. Neither of these definitions adequately conveys the 

complexities of this boundary. 
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Within the upper - 1 OOO m of the PCF, coherent and elastic volcanic facies are present 

and increase in abundance towards the PCF /MWTC boundary. The transition from 

non-volcanic-dominated to volcanic-dominated fades can be: 1) a narrow(< 100 m), 

transition of interbedded non-volcanic sandstone and volcanic facies with minor 

intrusions; 2) a broad zone (-1000 m) of interbedded non-volcanic sandstone and 

volcanic facies with minor intrusions or; 3) a narrow or broad zone which has been 

extensively disrupted and overprinted by rhyolite and granitoid intrusions. Location of 

a de.fined contact is clearly not possible where the boundary is broadly gradational or 

overprinted by intrusions. For this reason, the PCF /MWTC contact is placed at an 

arbitrary stratigraphic position within the transition zone, above which volcanic facies 

dominate over non-volcanic fades. 

Narrow transition zone 

The Mt. Farrenden area (Fig. 5.10, FBD 001 drill log and Fig. 5.11, I-I') provides an 

example of a narrow transition from basin sedimentation to volcanism. Massive or 

graded monotnictic felsic breccia and conglomerate are present in the upper 100 m of 

the PCF and, in contrast to many other areas (e.g., Lion town, Mt. Windsor West, 

Highway /Reward), mafic volcanic fades are absent. The narrow transition zone is 

directly and conformably overlain by coherent dacite and monotnictic dadte 

volcaniclastic facies. Minor dacite and rhyolite dykes, which are interpreted as feeder 

dykes to the overlying volcanic stratigraphy, also intrude the PCF in this area. 

Broad transition zone 

In many areas the transition zone is broader (100's of m to -1000 m) and commonly 

characterised by the presence of abundant mafic intrusive, extrusive and volcaniclastic 

facies. Narrow intervals of coherent basaltic andesite are interpreted as either lavas, 

dykes or sills in many areas. 

For example, in the Liontown area (Fig. 5.17, 0-0') the transition zone is characterised 

by 500 m of abundant mafic volcanic sandstone, basaltic andesite dykes and/ or lavas 

and minor mafic volcanic mudstone. Felsic volcanism was less voluminous and 

recorded by felsic volcaniclastic fades and rhyolite dykes. Similar relationships between 

non-volcanic facies and volcanic facies were observed for over 500 m along strike from 

section 0-0' at which point Tertiary cover obscures the stratigraphy. 
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Intrusion-dominated transition zone 

Complicating the PCF /MWTC transition zone in many areas are syn-volcanic intrusions 

of MWTC rhyolite, post-volcanic granitoids of the Lolworth-Ravenswood Batholith and 

post-volcanic fine-grained, equigranular, coherent basaltic andesite dykes. In the 

Highway/Reward (Fig. 5.8; sections G-G' and H-H'), Brittania Telecom Tower (Fig. 

5.7, section E-E') and Mt. Windsor dam (Fig. 5.14, section L-L') areas, there is strong 

evidence that rhyolite has intruded the PCF /MWTC transition zone. The original 

conformable stratigraphic transition zones are no longer present and the boundaries are 

now intrusive. 

In the Highway /Reward area, voluminous rhyolite intrusions in the upper PCF 

extensively disrupt the stratigraphy. Removal of the interpreted intrusions from section 

G-G' (Fig. 5.8) would leave a conformable stratigraphic contact between the PCF 

sandstone and andesite lavas and andesite and dacite volcaniclastic facies of the MWTC. 

A sharp transition from non-volcanic to volcanic facies is present in the Brittania 

Telecom Tower area, where a coherent rhyolite intrusion separates non-volcanic 

sandstone and mudstone from rhyolitic pumice breccia higher in the stratigraphy. If the 

intrusion were removed from the stratigraphy, the rhyolitic pumice breccia would 

conformably overlie the non-volcanic sandstone and mudstone of the PCF. 

In the Mt. Windsor dam area, coherent rhyolite (>140 m thick) contains abundant 

inclusions of PCF sandstone (Fig. 5.14, L-L'). There are also large (up to 10 m) screens 

of bedded non-volcanic sandstone enclosed within coherent rhyolite. The coherent 

rhyolite is interpreted to have intruded the upper PCF and shard-rich sandstone and 

massive or graded, monomictic, felsic pumice breccia at the base of the MWTC. Post

volcanic granitoids and fine-grained, equigranular basaltic andesite dykes also intrude the 

PCF in this area. 

7.2.3 Mount Windsor-Trooper Creek unit 

The thickness of the MWTC varies significantly from a minimuin of ~1100 m in the 

Thalanga area, to a maximum of ~7.0 km in the Mt. Windsor east to Mt. Farrenden 

areas (Figs 7 .1, 7 .2). With the exception of Thalanga, the traverses presented here are in 

parts of the belt where the MWTC thickness is between approximately 4 km and 7 km. 

The volcanic facies architecture of the MWTC will be discussed using the terms lower, 

middle and upper MWTC. The lower MWTC refers to volcanic and lesser non-volcanic 
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facies directly above the PCF /MWTC boundary. The upper MWTC refers to volcanic 

facies immediately underlying the RRF, and middle MWTC refers to the volcanic 

succession between lower and upper divisions. These divisions are not necessarily 

chronostratigraphic, they vary in thickness across the belt and they do not have 

definable boundaries. 

7.2.3.1 Lower MWTC 

The lower MWTC includes units of the PCF /MWTC transition zone and may include a 

component of non-volcanic facies at lower stratigraphic levels. Above the transition 

zone (Section 7 .3.2), rhyolite facies dominate this part of the stratigraphy (Fig. 7 .1) with 

subordinate andesite and dacite facies. The style of volcanism at this stratigraphic level 

is not uniform across the Seventy Mile Range Group. There are areas, which are 

dominated by: 1) rhyolite volcaniclastic facies; 2) dacite lavas, intrusions and 

volcaniclastic fades; 3) texturally and compositionally mixed successions; and 4) rhyolite 

lavas and or intrusions. Examples of each are discussed below. 

Rhyolite volcaniclastic facies domin._ated 

Thick intervals of massive to graded, monomictic felsic pumice breccia characterised the 

lower MWTC in the Brittania Telecom Tower area (Figs. 5.7 and 7.2 section E-E'). 

The Mt. Windsor dam area is dominated by rhyolite volcaniclastic facies including 

massive or graded, monomictic, felsic pumice breccia and shard-rich sandstone (Figs. 

5.14 and 7.2 section K-K'). In both these areas subordinate rhyolite intrusions are 

present. 

Dacite lava, intrusion and volcaniclastic facies dominated 

Mt. Farrenden is an example of an area where the lower MWTC is dacite-dominated 

(Fig 7.1). Dacite volcaniclastic facies and less abundant dacite lavas and intrusions are 

the principal rock types (Fig. 7.2), and rhyolite is either absent or occurs only as minor 

lavas and dykes. This dacite-dominant part of the stratigraphy can be traced 2.5 km to 

the east and ~ 1 km to the west along strike. The western extent may be greater (up to 

2.5 km) but the contact has been obscured by granitoid intrusions of the Ravenswood 

Batholith. 

Mixed facies dominated 

Both the Liontown section (Fig. 7.1, section 0-0') and the section directly to the east, 

(Fig. 7.1, section N-N') traversed mixed successions in the lower levels of the 

stratigraphy. The Liontown area was initially dominated by basaltic andesite volcanism, 
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including submarine fire-fountain eruptions, which was followed by deposition of a· 

thick interval of volcanic sandstone. Minor rhyolite and dacite are present as lavas and 

intrusions. 

Rf?yolite lava and intrusion dominated 

In the Thalanga and Highway /Reward areas, the lower MWTC is dominated by 

coherent and autoclastic rhyolite interpreted as lavas and intrusions (Fig. 7.2). At 

Thalanga, Paulick and McPhie (1999) interpreted these facies to be dominantly lavas 

with minor shallow-level intrusions. These lavas directly overlie PCF non-volcanic 

sedimentary facies. In contrast, voluminous coherent rhyolite and autoclastic facies in 

the Highway /Reward area are interpreted in this study as shallow-level intrusions and 

less commonly lavas. These intrusions were probably emplaced into dacite and basaltic 

andesite volcanic and volcaniclastic facies. 

7.2.3.2 Middle MWTC 

With the exception of the Brittania Telecom Tower, Mt. Windsor west and Thalanga 

areas, the middle MWTC is a compositionally-mixed (basaltic andesite-rhyolite) 

succession characterised by rapid facies variations. Section]-]' from the Mt. Windsor 

east area (Figs. 7 .1, 7.2) is a discontinuous traverse through this part of the stratigraphy. 

In this area there is no single composition that is dominant but there are areas which are 

dominated by lavas and intrusions and areas which are dominated by volcaniclastic 

facies. 

In the area around the Highway /Reward mine, Doyle (1997) and Doyle and McPhie 

(2000) described a relatively simple stratigraphy of interbedded turbidites, suspension

settled siltstone and thick pumiceous or crystal-rich mass-flow units. This stratigraphy 

was extensively dismembered and complicated by syn-volcanic dacitic and rhyolitic sills 

and cryptodomes. This area was interpreted as a shallow-intrusion-dominated felsic 

volcanic centre (Doyle, 1996; Doyle and McPhie, 2000). 

The stratigraphy of the middle MWTC in the Thalanga area appears to be relatively 

simple and, in comparison to other areas of the MWTC, relatively thin. It is dominated 

by dacite lavas, lesser syn-volcanic dacite intrusions and thick, mass-flow-emplaced 

volcanic breccias (Paulick, 1999; Paulick and McPhie, 2000). 
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7.2.3.3 rijJjJerlvf.U/"'I'(; 

This part of the stratigraphy is extensively covered by Tertiary Catnpaspe Formation 

and was mapped only in the Brittania area. Mafic volcanic facies are widespread in the 

upper MWTC in the eastern part of the Seventy Mile Range Group in the Brittania area. 

Submarine fire-fountain deposits have been identified in the Brittania-Bletchington 

Road and Rollston Range areas. The eruptions which produced these deposits were 

accompanied by effusive eruption of lavas, intrusion of basaltic andesite dyke and sills, 

and re-sedimentation of these facies by mass-flow processes. The mafic interval in 

which these deposits occur forms a laterally extensive horizon that can be traced 

discontinuously over 20 km from Bletchington Road to the Rollston Range area, 

although it is offset to the southwest by the major D1 thrust fault in the western 

Rollston Range area (Fig. 5.3). In the western Brittania area (Bletchington Road) this 

was the last phase of volcanic activity prior to deposition of the RRF. However, further 

east in the Rollston Range area, eruption and intrusion of thick intervals of rhyolite 

followed mafic volcanism and preceded RRF non-volcanic sedimentation. 

The results of this study indicate that rhyolitic volcanism continued throughout 

formation of the volcanic succession and is not restricted to the lower MWTC as 

described by previous workers. This conclusion underpins the review of the 

stratigraphic subdivision in Section 7. 7 and is further supported by geochemical data 

(Chapter 6). 

7.2.4 Rollston Range Formation 

The Rollston Range Formation was in,terpreted by Henderson (1986) and Stolz (1995) 

to be a dominantly volcanogenic sedimentary succession of sandstone and mudstone 

with minor volcanic facies. RRF sandstone mapped in this study is compositionally and 

texturally similar to the non-volcanic sandstone of the PCF. It is possible that the basin 

sedimentation, active prior to volcanism (PCF) resumed, once volcanism ceased, as the 

sandstone and mudstone facies in the RRF contain no evidence for contemporaneous 

eruptions. Transport and deposition was by sandy turbidity currents into a below

storm-wave-base environment. This environment is also supported by the presence of 

graptolite and pelagic trilobite fossils (Henderson, 1980). The RRF has a minimum 

thickness of 1 km before being covered by Tertiary rocks (Henderson, 1986). 
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7 .3 Review of the Seventy Mile Range Group stratigraphy 

Several problems with the formal stratigraphy of the Seventy Mile Range Group are 

now apparent in light of the new detailed volcanic facies mapping, geochemical data and 

U-Pb age dates. The formal definition of the MWF does not account for its internal 

variability. The boundary between the MWF and TCF is complex and not easily 

mapped (cf. Berry et al., 1992). Furthermore, Stolz (1995) defined this formation 

boundary using geochemical criteria, which have been shown to be unreliable. Lastly, 

the stratigraphic position and nature of the PCF /MWF boundary is poorly defined. 

7.3.1 Defining Formations 

As defined by both the International Stratigraphic Guide (Salvador, 1994) and the Field 

Geologist's Guide to Lithostratigraphic Nomenclature in Australia (Staines, 1985), 

formations are lithostratigraphic units that are "recognised and defined by observable 

physical features and not by their inferred age, the time span they represent, inferred 

geologic history, or manner of formation. Definition and recognition of 

lithostratigraphic units must be based on description of the lithologic composition of 

actual rock material, not on the geophysical properties (electric, radioactive, density, 

sonic, and other inferred or measured physical properties) of the rocks." Accordingly, 

the characteristics by which a formation is identified and defined must be field 

mappable. 

7.3.2 Re-evaluation of the Mount Windsor Formation 

In contrast to descriptions of the MWF presented by other workers (Henderson, 1986; 

Berry et al., 1992), this study has revealed that stratigraphy currently assigned to the 

MWF is highly complex and contains numerous elastic and coherent facies of diverse 

origins. Previous descriptions (Henderson, 1986; Berry et al., 1992) have emphasised 

the dominance of coherent rhyolite and down-played the rhyolite volcaniclastic facies, 

dacite and andesite facies. Previous workers interpreted coherent rhyolitic units as lavas, 

domes and possibly cryptodomes (Berry et al., 1992) and rhyolite volcaniclastic units 

were interpreted to have a pyroclastic origin (Henderson, 1986) or to be mass-flow 

deposits (Berry et al, 1992). The MWF was interpreted to have been entirely deposited 

prior to the overlying TCF (Stolz, 1995), a point which was critical to the interpretation 

that rhyolitic units in the TCF were unrelated to MWF rhyolites (Stolz, 1995). 

Results of detailed facies mapping in this study also indicate that coherent rhyolite facies 

are volumetrically more abundant than any other facies in the MWF (Fig. 7.1). 
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Although contact relationships are commonly ambiguous or not exposed, the majority 

of the coherent rhyolite and rhyolite volcaniclastic facies are now interpreted as 

intrusions. 

Henderson (1986) did not define the boundary between the MWF and TCF. Berry et al. 

(1992) placed the boundary at the base of the first occurrence of dacite or andesite. By 

this definition, the MWF should be entirely rhyolitic. However they also described the 

MWF as a succession dominated by rhyolite with lesser dacite and andesite. Further 

confusion over the MWF /TCF boundary location and definition resulted from work by 

Stolz (1995), which concluded that Ti/Zr ratios could be used to distinguish between 

the two formations. This has led to movement of the formation boundary by criteria 

that cannot be identified in the field, are not reliable and not mappable. 

This study has shown that the boundary between the rhyolite-dominated lower volcanic 

stratigraphy (MWF) and dacite-dominated upper volcanic stratigraphy (TCF) is 

commonly highly irregular, seldom planar and in many cases not stratiform. Dacite and 

andesite units are interleaved with rhyolite units lower in the section, rhyolite units are 

interleaved with dacite and andesite units higher in the section, and rhyolite intrusions 

occur at all stratigraphic levels. Commonly, no clear distinction can be made between 

the two formations if the existing formation definitions are applied. In many cases 

neither formation (as presently defined) adequately represents the rock types present. 

Geochemical data supports the facies mapping as it indicates that rocks of both the 

MWF and TCF are cogenetic (Chapter 6). The data collected in this study and the re

evaluation of data from previous studies (Henderson, 1986; Berry et al., 1992; Stolz, 

199 5) suggest that dacite, andesite and rhyolite volcanism were coeval, and that 

stratigraphic position cannot be used to determine emplacement sequence, as many 

coherent units are intrusions. 

Redefinition of the two formations could more accurately reflect the volcanic facies 

associations present in each but will not resolve the problem of locating the MWF /TCF 

boundary. The preferred approach is to amalgamate the two formations. This new 

formation will be named the Mt. Farrenden Formation pending acceptance of the name 

by the Australian Stratigraphic Register. In the interim, the informal term "MWTC 

unit" will be used. 
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7.3.3 The Mount Windsor-Trooper Creek unit 

The MWTC unit should be considered as equivalent to a Formation in rank. It is 

characterised by rapid vertical and lateral facies variations and consists of a range of 

compositions from rhyolite to basalt. Coherent rhyolite, dacite and andesite and 

associated autoclastic breccias are interpreted as intrusions and lavas. A wide variety of 

monomictic and polymictic volcanic breccias are present and represent syn- and post

eruptive volcaniclastic deposits. Rare polymictic conglomerate units are interpreted as 

post-eruptive resedimented and reworked deposits. Volcanic mudstone and sandstone 

are commonly interbedded or gradational with both monomictic and polymictic 

volcanic breccia and conglomerate. Jasper and barite occurrences are minor and they 

are interpreted as seafloor exhalative deposits (Duhig et al., 1992; Miller, 1996). Seafloor 

exhalative and subseafloor replacement VHMS mineralisation are locally present (e.g., 

Berry et al., 1992) 

The boundary with the underlying PCF is either gradational over 100' s of metres or 

intrusive. The new definition of this boundary is presented in the following section. 

The boundary with the overlying RRF is conformable and can be sharp or gradational 

over 100's of metres. 

Type sections 

No single type section adequately illustrates the complexity of the MWTC unit. Instead, 

a table of representative sections is presented for each part (PCF /MWTC transition 

zone, lower MWTC, middle MWTC, and upper MWTC) of the stratigraphy (Table 7 .1 ). 

Representative sections for the middle and upper MWTC are limited due to the poor 

exposure in this part of the stratigraphy. Both Henderson (Fig. 5; 1986) and Doyle (Fig. 

3.2; 1997) presented type sections through the TCP, which is essentially the middle and 

upper MWTC as defined here. These type sections remain valid and are listed here as 

representative sections through the middle and upper MWTC. 
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Strati{!taphic interval Areas Figure 
PCF /MWTC transition zone 
-narrow transition zone Mt. Farrenden area Fig 5.11, sectlon I-I' 

-broad transition zone Liontown area Fig. 5.17, section 0-0' 

-intrusion dominated Mt. Windsor dam area Fig. 5.14, sectlon L-L' 
LowerMWTC 
- rhyolitic vo/canic/astic fades Bnttarua Telecom Tower and Fig. 5.14 section K-K', 
dominated Mt. Windsor dam areas Fig. 5.14, section L-L' 

-dadte lava, intrusion and Mt. Farrenden area Fig 5.11, section I-I' 
vo/canic/astic fades dominated 

-mixed jades dominated Liontown area Fig. 5.17, sectlon 0-0' 

-rhyolite lava and intrusion dominated Thalanga area Fig. 5.18, sectlon P-P' (Paulick 
and McPhie, 1999) 

Highway/ Reward area Fig. 5.8, sections F-F', G-G' 

Mt. Windsor west area Fig. 5.15, sectlon M-M' 

Middle -Upper MWTC 
-mixed succession Mt. Windsor east area Fig. 5.13, sectlonJ-J' 

Southeast of Highway/ Henderson (Fig. 5; 1986) 
Reward, Rollston Range 

Highway /Reward area, Doyle (Fig. 3.2; 1997) 
Trooper Creek Prospect. 

UpperMWTC 
-basaltic andesite fades dominated Rollston Range Fig. 5.5, sectlons C-C', D-D' 
Table 7.1: Representative sections through the MWTC unit. 

7 .3.4 Puddler Creek Formation/Mount Windsor-Trooper Creek unit boundary revision 

Henderson (1986) described the PCF as entirely sedimentary and having a conformable 

contact with the overlying MWF. Volcanic and sedimentary facies were described as 

interbedded at the PCF /MWF contact and the boundary was placed at the base of the 

first unit of volcanic rocks (Henderson, 1986). In contrast, Berry et al. (1992) included 

the interbedded volcanic and sedimentary facies within the PCF but did not propose a 

redefinition of the boundary between the PCF and MWF. Thus, clarification of the 

boundary between the PCF and MWF is required. 

The definition of the PCF from Henderson (1986) is essentially retained. The PCF 

consists of up to 9 km of massive to laminated, fine- to medium-grained quartz and 

lithic sandstone and mudstone. The lower boundary is not exposed. The upper 

boundary between the PCF and the newly proposed MWTC is interfingering, partly 

intrusive and gradational over 100's of metres. The PCF /MWTC contact is placed at 

the position above which volcanic facies are dominant over non-volcanic facies. 
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7.4 Regional volcanic fades architecture of the Seventy Mile Range Group 

Four aspects of the volcanic facies architecture will be discussed in the following 

section: 1) environment of deposition; 2) thickness variation in the MWTC and 

relationship to basin formation; 3) styles of volcanism and location of volcanic centres; 

and 4) lateral relationships among volcanic centres. 

7.4.1 Environment of deposition 

Evidence from this study for a subaqueous depositional setting for the Seventy Mile 

Range Group includes the presence of pillow lavas, turbidites and other subaqueous 

sediment gravity flow deposits. The presence of hyaloclastite and peperite are also 

consistent with this environment. The occurrence of exhalative and sub-seafloor

replacement VHMS deposits in the volcanic succession (Hill, 1996; Miller, 1996; Doyle, 

1997) and the presence of marine fossils (graptolites and pelagic trilobites; Henderson, 

1983) specifically indicate a submarine environment. The dominance of graded and 

massive, very thick beds in the elastic facies indicate a below-storm-wave-base 

depositional environment. Depth of storm-wave-base varies in modem environments 

from 10 to 200 m (Johnson and Baldwin, 1996). Precise water depths for the Seventy 

Mile Range Group are not known, and in many areas no information on depositional 

setting is available. These observations are consistent with interpretations made by 

previous workers (Henderson, 1986; Berry et al., 1992). Although no shallow-water, 

above-storm-wave-base facies were identified in any of the areas mapped in this study, 

there is both direct (Doyle, 1997) and indirect (this study) evidence for local shoaling 

(7.4.2) 

7.4.2 Thickness variation in the MWTC 

The thickness of the MWTC ranges from a minimum at Thalanga (-1100 m) to a 

maximum in the Mt. Windsor east area and Mt. Farrenden areas (>7 km; Figs. 7.1, 7.2). 

Berry et al. (1992) attributed the thickness variations principally to primary 

constructional volcanic features and infilling of basins formed by syn-depositional faults. 

This interpretation accounts for the thickness variations for most parts of the Seventy 

Mile Range Group. The Brittania dam and Warawee areas have been extensively 

intruded by granitoids of the Ravenswood Batholith which prevent accurate estimation 

of the stratigraphic thicknesses of the MWTC. Tertiary cover extends 15-20 km east of 

Thalanga mine and obscures the MWTC, thus in this part of the Seventy Mile Range 

Group, no stratigraphic thicknesses could be measured. 
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The Thalanga area is characterised by a lack of abundant volcaniclastic facies and 

basaltic andesite, both of which are present throughout the rest of the Seventy Mile 

Range Group. There are several possible explanations for the thinning of the volcanic 

pile in this area. It is possible that volcanism in the Thalanga area was either not as 

voluminous, not as long-lived, or began later in the evolution of the Seventy Mile Range 

Group in this area. Additionally, the Thalanga area may have been located at the edge 

of the basin, or on a topographic high, reducing inundation by sediment gravity flows 

which deposited abundant volcaniclastic facies in thicker sections of the stratigraphy 

(e.g., Mt. Windsor east). 

Basin subsidence and aggradation 

The below-storm-wave-base depositional environment of the Seventy Mile Range 

Group could have ranged from as little as 10 m (storm-wave-base; Johnson and 

Baldwin, 1996) to several km's. In the thickest part (Mt. Windsor east area and Mt. 

Farrenden areas) of the Seventy Mile Range Group, more than 7 km of volcanic facies 

accumulated. Since there is only evidence for restricted occurrence of above-wave-base 

environments (see following section), the basin must have been able to accommodate 

the deposition of> 7 km of stratigraphy and preserve the regional below-storm-wave

base setting. No evidence exists to confirm or reject the possibility that the original 

basin was in excess ~7 km deep, although it is unlikely. For example, maximum water 

depth in the back-arc basin west of the active Mariana volcanic arc is only 3.3 km (Fryer 

et al., 1997). It is suggested that the combined effect of basin subsidence and the 

original basin depth were sufficient to prevent aggradation of the volcanic pile to an 

above-storm-wave-base setting in all but localised areas. 

Evidence far local emergence or shoaling 

Microbialites (oncolites and stromatolites) in ironstones were identified at one location 

in the Trooper Creek area (around 426800mE / 7741900mN) by Doyle (1997) and were 

interpreted to indicate local emergence or shoaling to an above fairweather wave-base 

environment. Fairweather wave-base ranges from <5-15 m water depth (Walker, 1984). 

Polymictic conglomerate units identified in this study (Highway /Reward, Coronation, 

and Liontown areas) and by Doyle (1997) contain rounded volcanic clasts, which are 

texturally similar to coherent rhyolite in the Seventy Mile Range Group. Rounding of 

clasts cannot occur in a below-storm-wave-environment and indicates that the source of 

the clast was above fairweather wave-base. The presence of polymictic conglomerate 
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units may be further evidence for local emergence or shoaling of the MWTC. However 

an extrabasinal source for the clasts cannot be ruled out. 

7.4.3 Styles of volcanism and location of volcanic centres 

The main styles of volcanism and the locations of volcanic centres recognised in the 

MWTC are discussed below. 

7.4.3.1 Rhyolite volcanism 

It is apparent that rhyolitic facies are the most abundant rocks on a regional scale (Fig. 

7.1). Lavas and intrusions dominate the rhyolite facies (Fig. 7.2) and shard-rich 

sandstone and rhyolite pumice breccia are less abundant. 

Rhyolite lavas, domes and/ or intrusive complexes 

Regionally, rhyolite lavas are subordinate to intrusions in the areas mapped in this study. 

However, rhyolite lavas dominate the middle MWTC in the Mt. Windsor west area (Fig. 

5.15, section M-M') and in the upper MWTC in the Rollston Range area (Fig. 5.5, top of 

section C-C'). Rhyolite intrusions are present at all levels of the stratigraphy. Quartz 

and feldspar phenocrysts vary in both abundance and size and indicate a complicated 

evolution with multiple emplacement units. The precise timing of intrusion relative to 

deposition of the enclosing volcanic package is unknown, although it continued 

throughout the evolution of the MWTC. 

The presence of abundant lavas, domes and/ or intrusions indicates proximity to an 

intrabasinal volcanic centre. Rhyolitic lava-dominated volcanic centres were identified 

in this study in the Rollston Range and Mt. Windsor east areas (Fig. 7.3). In addition, 

Paulick (1999) and Paulick and McPhie (1999) interpreted the Thalanga area as a 

rhyolitic lava-dominated volcanic centre (Fig. 7.3). 

From this study, abundant intrusions were interpreted in the lower MWTC in the 

Highway/Reward area (Fig. 7.3). In the same area but higher in the stratigraphy (middle 

MWTC) Doyle (1997) and Doyle and McPhie (2000) identified a felsic intrusion

dominated volcanic centre in the vicinity of the Highway/Reward mine (Fig. 7.3). 

Therefore the intrusions in the lower MWTC are interpreted to be part of this same 

intrusive complex. The area around Mt. Windsor is also interpreted as an intrusion

dominated volcanic centre (Fig. 7.3). 
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Explosive rhyolite volcanism 

Thick intervals of rhyolite pumice breccia and shard-rich sandstone reflect large-volume, 

explosive felsic eruptions. There is no evidence to indicate that these units were 

emplaced hot, thus they were most likely transported and deposited by cold, water

supported sediment gravity flows in a below-storm-wave-base environment. However, 

the possibility that these units represent non-welded primary pyroclastic deposits cannot 

be discounted. The source of pyroclasts could have been from either an extrabasinal or 

intrabasinal volcanic centre. 

Pyroclastic-rich deposits alone do not necessarily indicate proximity to a volcanic centre. 

In the Brittania Telecom Tower area, the thick interval of massive to graded, 

monomictic felsic pumice breccia is intruded by and possibly intercalated with rhyolite 

intrusions and lavas. Rhyolitic facies extend to the east and west, although these areas 

have not· been mapped in detail and the nature of the units is unknown. Without 

further detailed mapping the origin of the pyroclast-rich units in this area remains 

unclear. They could represent either the submarine deposits from an extrabasinal, 

subaerial or shallow-submarine rhyolite volcano, an intrabasinal submarine rhyolite 

caldera, or an intrabasinal subaqueous rhyolite-lava-intrusion-"tuff' volcano (cf. Allen et 

al., 1996b). Massive to graded, monomictic, felsic pumice breccia and shard-rich 

sandstone facies in the Mt. Windsor dam area was also spatially associated with rhyolite 

lavas and intrusions (Fig. 7.3). The source of the pyroclasts cannot be determined and 

any one of the three types of source suggested above for the Brittania Telecom Tower 

area could also have produced these deposits. These two areas are labelled on Figure 

7.3 as possible subaqueous rhyolitic volcanic centres. 

~n- and post-eruptive resedimentation 

Volcaniclastic facies generated by either explosive eruptions or autoclastic fragmentation 

of coherent rhyolite would have been exposed at the seafloor and resedimented by 

mass-flow processes. Resedimented rhyolite autoclastic facies were identified as minor 

occurrences only in the Rollston Range area and support the interpretation that most of 

the coherent and associated autoclastic facies identified in this study are intrusions. 

Paulick (1999) and Paulick and McPhie (1999) described resedimented rhyolitic 

autoclastic breccias from the Thalanga area. 
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7.4.3.2 Dacitic volcanism 

Dacitic volcanism in the MWTC was similar in style to that of rhyolitic volcanism and 

included eruption of lavas/ domes and intrusions as well as explosive eruptions 

generating volcaniclastic deposits. Syn- and post-eruptive resedimentation of the 

eruptive products was common. Regionally, dadte volcanism was not as voluminous as 

either rhyolite or basaltic andesite volcanism (Fig. 7 .1). However, locally dacite 

volcaniclastic fades dominate the lower MWTC in the Mt. Farrenden area (Fig. 7.2). 

Dacite intrusions, lavas and domes 

Coherent dacite was interpreted as dominantly intrusions and lesser lavas. Associated 

autoclastic fades are generally not present, which favours an intrusive origin for most 

units. Doyle (1997) and Doyle and McPhie (2000) described dadte intrusions from the 

Highway /Reward area. These dacite intrusions form part of the same intrusion

dominated complex described above for rhyolite intrusions in the Highway /Reward 

area. 

Dacite volcaniclastic facies 

Massive or graded, monomictic felsic breccia of dacitic composition were present 

throughout the MWTC. Generally this fades occurred as thin intervals (<10 m) but in 

the Mt. Farrenden area intervals >100 mare present. Typically units remain 

undifferentiated as either syn-eruptive or syn-eruptive resedimented breccias and 

probably reflect medial to distal fades. However, in the Mt. Farrenden area a massive to 

graded, monomictic felsic breccia containing texturally variable, feldspar-phyric dacite 

clasts was interpreted as the products of dacite dome collapse. This breccia is 

interpreted to be proximal to source, although no possible source has been identified 

suggesting that it is either not exposed or no longer preserved. Despite this, the Mt. 

Farrenden area is regarded as having been in close proximity to a volcanic centre and it 

is labelled accordingly on Fig. 7.3. 

7.4.3.3 Basaltic andesite volcanism 

Basaltic andesite volcanism included effusion of lavas, emplacement of intrusions and 

weakly explosive, submarine fire-fountain eruptions. Minor syn- and post-eruptive 

resedimented deposits are present. 

Basaltic andesite lavas and intrusions 

Basaltic andesite lavas and intrusions are interpreted throughout the MWTC and within 

the transition zone between the MWTC and the underlying PCF. The preservation of 
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pillows in some units confirm that the effusive eruptions occurred in a subaqueous 

environment. 

Basaltic andesite lava and firefountain volcanoes 

Although basaltic andesite facies occur at all level of the stratigraphy there appears to be 

a notable accumulation in the upper MWTC, at least in the eastern part of the study area 

(Brittania Bletchington road and Rollston Range areas). The association of fluidal-clast 

breccias, coarse and fine breccias, lavas and intrusions in these areas are interpreted as 

the products of weakly explosive fire fountaining, effusive eruption of lavas and 

intrusion of sills and dykes related to basaltic andesite lava and fire-fountain volcanoes. 

Doyle (1997) identified similar fluidal-clast breccia near the Trooper Creek Prospect 

(near 426800 mE/7741900 mN). 

7.4.4 Lateral relationships 

Trooper Creek Prospect to &llston Range 

Basaltic andesite fire-fountain and lava volcanoes in the upper MWTC in the Trooper 

Creek Prospect area (Doyle, 1997), Brittania Bletchington road area and in the Rollston 

Range area are part of a regionally extensive basaltic andesite phase of volcanism (Fig. 

7.3). In the Brittania Bletchington road area the fluidal-clast breccia facies was traced at 

least 4.5 km along strike suggesting the presence of several vents (Chapter 4). The 

Trooper Creek Prospect is only ~2.5 km along strike to the west of the Brittania 

Bletchington road area and is interpreted to be an extension of the same volcanic 

horizon. 

Correlating the basaltic andesite volcanism from the Brittania Bletchington road area to 

the Rollston Range area is complicated by a thrust fault. If the fault movement is 

restored, the Rollston Range area would occupy the same stratigraphic position as the 

Brittania Bletchington road area and be approximately 21 km along strike. Company 

mapping between the two areas indicates that basaltic andesite facies are exposed along 

the entire length. This mapping is based only on composition and thus it is not known 

if fluidal-clast breccias are present. Subaerial fire-fountain eruptions are typically 

localised at vents located along fissures (MacDonald, 1972; Wilson and Head, 1981). 

The basaltic andesite facies from the Trooper Creek Prospect area to the Rollston 

Range area are interpreted to have formed along a series of fissures. 
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Mt. Farrenden volcanic centre 

Rhyolite volcanic facies occupy the lowest sections of the MWTC across the majority of 

the Seventy Mile Range Group. However, there are several areas (e.g., Mt. Farrenden 

and Liontown) where this is not the case. The local absence of rhyolite between the 

PCF and mixed volcanic succession ill the Mt. Farrenden area has been attributed to the 

presence of a growth fault in the Mt. Farrenden and Highway /Reward area during 

deposition of the TCP (Berry et al., 1992). This fault is inferred to postdate rhyolite 

volcanism and offset the rhyolite volcanic facies by ~ 5 km. This offset distance was 

sufficient to completely separate rhyolite units across the fault and facilitate deposition 

of dacitic rocks of the TCP directly over the PCF against the growth fault surface. 

Although the significant thickening of the MWTC section in the Mt. Farrenden and Mt. 

Windsor east area could be partly or entirely attributed to a growth fault, an alternate 

explanation is favoured for the apparent lack of rhyolite in this area. The Mt. Farrenden 

area occupied an area between two intrusion-dominated volcanic centres, one to the east 

(Highway/Reward) and one to the west (Mt. Windsor; Fig. 7.3). If the rhyolitic centres 

were largely extrusive as previously interpreted, resedimented rhyolite autoclastic facies 

should be present in the intervening area, and overlie sedimentary facies of the PCF. 

The distance between these centres is only 4 to 6 km, yet no rhyolite volcaniclastic facies 

are present at Mt. Farrenden. Rather, dacitic volcaniclastic rocks dominate this area and 

directly overlie the PCF. Therefore it is interpreted that rhyolite did not intrude the Mt. 

Farrenden area (hence the apparent lack of rhyolite) and that the Mt. Farrenden area is 

interpreted to have been proximal to a dacitic volcanic centre in the lower MWTC (Fig. 

7.3). 

Mt. Windsor west to Mt. Windsor east 

Rhyolitic volcanic centres have been identified near Mt. Windsor, Mt. Windsor dam and 

Mt. Windsor west (Fig. 7.3). It is not clear if each of these areas is a discrete volcanic 

centre, or if they comprise a single large rhyolite complex extending ~6 km E-W. The 

Mt. Windsor area is interpreted to be a largely intrusive-dominant volcanic centre, the 

Mt. Windsor dam area may represent a rhyolite-lava-intrusion-"tuff' volcano and the 

Mt. Windsor east area is lava-dominated volcanic centre (Fig. 7.3). On figure 7.1 

rhyolite facies are shown to occupy the areas in between the detailed traverses. 

However as no detailed mapping was undertaken in these areas the nature of these 

facies is not known. 
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Thalanga volcanic centre 

The thinning of the stratigraphy at Thalanga has already been discussed (Section 7.4.2) 

and noted as a marked contrast to other parts of the Seventy Mile Range Group. In the 

past rhyolite lavas at Thalanga have been correlated with rhyolite lavas and intrusions 

present across the belt in the lower MWTC (MWF; Henderson, 1986; Berry et al., 1992; 

Stolz, 1995). However, with the identification of rhyolite lavas and intrusions at all 

levels of the stratigraphy, rhyolites at Thalanga could be coeval with rhyolite from the 

middle or upper MWTC in thicker sections of the stratigraphy further to the east. With 

the lack of time-equivalent marker horizons in the MWTC, this possibility cannot be 

confirmed at this point. 

7 .5 Evolution of the Seventy Mile Range Group 

Previous descriptions of the Seventy Mile Range Group have presented a simple 

stratigraphy (Berry et al., 1992; Stolz, 1995). Non-volcanic basin sedimentation predated 

volcanism and deposited sandstone and mudstone of the PCF. Early volcanism was 

dominated by submarine rhyolite lavas and domes, with a minor sub-volcanic intrusion 

and volcaniclastic component (MWF). Compositionally mixed successions of coherent 

and volcaniclastic facies (TCF) have been interpreted to overlie and postdate the early 

rhyolitic phase. At the end of the volcanic cycle, basin sedimentation was re-established 

with deposition of the RRF. 

The evolution of the Seventy Mile Range Group has been reinterpreted in this study and 

illustrated by a sequence of four sequential schematic facies architecture diagrams (Fig. 

7.4, a-d). 

7.5.1 Evolution Stage I (Fig. 7.4a) 

Prior to MWTC volcanism, basin sedimentation deposited non-volcanic sandstone and 

mudstone of the PCF, in a below-storm wave base setting. The onset of volcanism is 

recorded by interfingering of volcanic facies with the upper intervals of the PCF. The 

timing and character of seafloor volcanism at the base of the MWTC varies across the 

Seventy Mile Range Group. It is inferred that sedimentation of non-volcanic facies 

continued in some areas (e.g., Thalanga) while others areas were sites of volcanism or 

depocentres for mass-flow emplaced volcaniclastic facies. 

Early volcanism in the Liontown, Mt. Windsor east and Mt. Windsor west areas was 

characterised by eruption of basaltic andesite lavas. Basaltic andesite intrusions in the 
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upper PCF are interpreted to have fed these eruptions. At the same time, the Mt. 

Farrenden area was the site of proximal dacite volcanism. It is interpreted that dacite 

domes were erupted in this area, and periodically collapsed resulting in syn-eruptive re

sedimentation of juvenile volcaniclastic debris. 

Early rhyolitic volcanism is recorded by rhyolitic pumice breccia and shard-rich 

sandstone in the Mt. Windsor dam area and thick deposits of rhyolite pumice breccia in 

the Brittania Telecom Tower area. These deposits directly overlie the PCF, and are 

composed of particles which were probably produced by pyroclastic eruptions and 

transported by cold, water-supported sediment gravity flows. The source of these 

pyroclasts remains ambiguous and could have been either intra- or extrabasinal. 

7.5.2 Evolution Stage II (Fig. 7.4b) 

Voluminous rhyolite intrusions were emplaced in the Mt. Windsor east, Mt. Windsor 

dam and Brittania areas. A mixed rhyolite and dacite intrusion-dominated centre 

developed in the Highway/Reward area (Doyle, 1997; Doyle and McPhie, 2000). 

Volcanism at Mt. Farrenden evolved from dacite- to andesite-dominated. Deposition of 

voluminous rhyolite and dacite volcaniclastic deposits characterised the Liontown area 

at this time. 

Thick rhyolite lavas were erupted at Thalanga, Mt. Windsor west and Mt. Windsor dam. 

At Thalanga these lavas directly overlie the PCF. It is interpreted that volcanism in the 

Thalanga area initiated later in the evolution of the MWTC than in areas further to the 

east. Thalanga may have occupied a position at the periphery of the basin and/ or been 

topographically higher than other areas of the basin. Massive sulfide mineralisation may 

have been deposited at this time in the Thalanga, Liontown and Highway /Reward areas. 

Basin ,subsidence is inferred to have resulted in the formation of local depocentres. 

These topographic depressions captured sediment gravity flows and contributed to local 

thickening of the volcanic stratigraphy. 

7.5.3 Evolution Stage III (Fig. 7.4c) 

Compositionally mixed volcanism dominated the Thalanga, Liontown, Highway/ 

Reward, Mt. Farrenden and Rollston Range areas. Polymictic, dacite, and rhyolite 

volcaniclastic deposits and dacite, andesite and rhyolite lavas and intrusions characterise 

these areas. 
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A laterally extensive, distinctive basaltic andesite interval occurs at or close to the top of 

the MWTC. It may have extended ~25 km from the Trooper Creek Prospect (2.5 km 

west of the Brittania Bletchington road area) to the Rollston Range area. This interval is 

characterised by development of basaltic andesite fire-fountain and lava volcanoes and 

compositionally equivalent re-sedimented volcaniclastic facies. In the Brittania 

Bletchington road area these deposits are directly overlain by non-volcanic sedimentary 

facies of the RRF. However, in the Rollston Range area they are overlain by rhyolite 

lavas and syn-eruptive rhyolitic volcaniclastic deposits. 

Local aggradation of the volcanic stratigraphy to an above-wave-base depositional 

environment may have occurred at this time and is indicated by the presence of 

microbialites (Trooper Creek Prospect area; Doyle, 1997). 

7.5.4 Evolution Stage IV (Fig. 7.4d) 

This stage is characterised by a gradual to sharp change from volcanism to non-volcanic 

basin sedimentation. This boundary is not a chronostratigraphic horizon across the belt 

and the RRF is interfingered with the upper MWTC in some areas (e.g., Rolls ton 

Range). 

On figure 7.4d the stratigraphic intervals (PCF, PCF /MWTC transition zone, lower, 

middle and upper MWTC, RRF) described in section 7 .2 have been marked. These 

intervals equate to vertical positions in the stratigraphy, but are not necessarily 

chronostratigraphic intervals. Clearly, many of the intrusions in the lower MWTC could 

only have been emplaced after deposition of facies that are in the lower and middle 

MWTC. It is speculated that an undetermined proportion of the rhyolite intrusions in 

the lower MWTC are feeders to rhyolite lavas and intrusions at higher stratigraphic 

levels (e.g., Rollston Range rhyolite lavas). 
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CHAPTER 8: VOLCANIC SETTING OFVHMS MINERALISATION, IMPLICATIONS 

FOR EXPLORATION AND COMPARISONS 

8.1 Introduction 

Previous studies of the Seventy Mile Range Group have either focussed on deposit-scale 

stratigraphy, mineralisation and alteration (e.g., Hill, 1996; Miller, 1996; Doyle and 

Huston, 1999; Paulick and McPhie, 1999; Doyle and McPhie, 2000) or the regional 

stratigraphic, structural and geochemical framework (e.g., Henderson, 1986; Berry et al., 

1992). Little work has been done on the regional-scale relationships between volcanic 

facies and VHMS mineralisation. In this chapter these relationships will be investigated 

in the context of the revised geochemical and volcanic fades architecture presented in 

the preceding chapters. Four of the principal massive sulfide deposits in the Seventy 

Mile Range Group are reviewed (Thalanga, Highway /Reward, Liontown, Waterloo; 

Table 8.1; Fig. 2.4) and a brief comparison with two other VHMS districts, the Skellefte 

District (Sweden) and Mount Read Volcanics (Tasmania, Australia), will be presented. 

8.2 Review of VHMS mineralisation in the Seventy Mile Range Group 

8.2.1 Thalanga 

Thalanga, the largest of the Seventy Mile Range Group VHMS deposits, is located in the 

middle MWTC (at the MWF /TCP boundary) where the total thickness of the volcanic 

stratigraphy is relatively thin (1100 to 1500 m). It is a sheet-style deposit consisting of 

several lenses, which are partly connected and generally <10 m thick (Gregory et al., 

1990; Hill, 1996; Paulick and McPhie, 1999). Massive sulfide mineralisation is hosted by 

a sequence of massive to thickly bedded coarse quartz-feldspar crystal-rich mass-flow 

deposits ('Quartz-Eye Volcaniclastics'; Hill 1996), mudstone and rare resedimented 

rhyolite autoclastic breccia. Collectively this sequence is referred to as the 'Favourable 

Horizon' (Paulick and McPhie, 1999). The footwall consists of 500-1 OOO m of rhyolite 

lavas, resedimented rhyolite autoclastic breccia, and minor rhyolite intrusions. The 

hangingwall consists of> 500. m of dacite lavas and intrusions, andesite intrusions, 

monomictic and polymictic mass-flow breccia units, mudstone-dominated sedimentary 

facies and minor undifferentiated coherent rhyolite (Paulick and McPhie, 1999). The 

footwall, Favourable Horizon and hangingwall have locally been intruded by post

mineralisation coarsely quartz-feldspar-phyric rhyolite intrusions (Paulick and McPhie, 

1999). 



Style/ Host lithologies Stratigraphic Stratigraphic 
Geometry position* positton 

(this study) 
Thalanga 
Seafloor exhalative and Hangmgwall: >500 m; dacite lavas and contact between middleMWTC 
subseafloor replacement intrusions, andesite intrusions, monomictic and the MWF and TCF -1000m 
/multiple lenses polymictic mass-flow breccia units, mudstone above 
forming a sheet-style dominated sedimentary facies, minor PCF/MWTC 
deposit undifferentiated coherent rhyohte boundary 

Ore Horizon: referred to as the 'Favourable 
Honzon'; <1-50 m thick horizon, consisting of 
massive sulfides, massive to thickly bedded 
coarse quartz-feldspar crystal-rtch mass-flow 
deposits ('Quartz-Eye Volcaruclastics', Hill, 
1996), mudstone, post-minerahsation coarsely 
quartz-feldspar-phyric rhyolite intrusions, rare 
rhyolite resedimented autoclasttc breccia 

Footwall: 500-1000 m; rhyolite lavas 
resedimented monomictic rhyolite breccia, and 
minor rhyolite intrusions 

Highway /Reward 
Subseafloor dacite to rhyolite lavas, syn-sedimentary upperTCF upperMWTC 
replacement / intrusions, pumice breccia-sandstone, siltstone, -4000-SOOOm 
discordant pipe polymtcttc volcanic breccia above 
(HighwC!J); discordant PCF/MWTC 
pipe with marginal boundary 
stratabound lenses 
(Reward) 
Lion town 
'IJontown Horizon' Hangingwall: quartz-feldspar- and shard-rich contact between upperMWTC 
Seafloor exhalative / volcanic sandstone and siltstone, carbonaceous TCFandRRF -3000m above 
3 stratiform tabular shale, dactte volcaruclastic rocks, dacite lavas, PCF/MWTC 
sheets, pods and pepertte, rhyolite lavas/intrusions boundary 
disseminated sulfides 

Ore Homon: quartz-feldspar- and shard-rich 
volcanic sandstone and siltstone 

Footwall: felsic pumice breccia and feldspar-
phyric dacite pumtce breccia, minor interbeds of 
volcaruc siltstone 

'Carrington Lode' 30 - 50 m stratigraphically below Ltontown ore 
Subseafloor horizon, in Liontown footwall sequence; hosted 
replacement / cigar- by non-pumiceous sandstone interbedded with 
shaped silicified felsic and feldspar-phyric dacite pumice 

breccia 
Waterloo 
Lenses Hangingwall: greywacke, argillite, chert; felsic lowerTCF middleMWTC 

volcaniclastic fades -2500m above 
PCFM/WTC 

Footwall: andesite lavas and volcaniclastic rocks; boundary 
rhyolitic volcaniclastic facies 

.. 
*Strattgraphic positton using the regional strattgraphy defined by Henderson (1986) 

Table 8.1 Characteristics of four selected VHMS deposits in the Seventy Mile Range Group 
(summarised from Gregory et al., 1990; Mulholland, 1991; Berry et al., 1992; Huston et al., 1995; 
Miller, 1996; Doyle and Huston, 1999; Pauhck and McPhte, 1999). 
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8.2.2 Highway /Reward 

The Highway /Reward deposit occurs in the upper MWTC and is interpreted as a 

syngenetic, subseafloor replacement VHMS deposit (Doyle and Huston, 1999). It is 

hosted within a submarine silicic syn-sedimentary intrusion-dominated volcanic 

succession (Doyle and Huston, 1999; Doyle and McPhie, 2000). Doyle (1997) identified 

syn-sedimentary sills, cryptodomes, partly extrusive cryptodomes and related 

resedimented and in-situ autoclastic deposits in the area of the Highway /Reward 

deposit. Massive sulfide mineralisation has replaced coherent rhyolite, rhyodacite and 

volcaniclastic units. Pipe-style mineralisation is localised within the margins of 

intrusions and pumiceous sediment gravity flow deposits have been replaced by 

stratabound massive sulfide lenses (Doyle and Huston, 1999). A thick (4000 to 5000 m) 

volcanic succession of felsic pumice breccia, crystal-rich mass-flow units, volcanic 

siltstone, rhyolite and lesser dacite intrusions forms the footwall to Highway /Reward 

(Doyle and McPhie, 2000). The deposit hangingwall consists of a substantial thickness 

(1500 to 2000 m) of volcanic stratigraphy dominated by volcaniclastic facies of varied 

composition. 

8.2.3 Llontown 

The Llontown deposit occurs in the upper MWTC near the boundary with the RRF and 

consists of three stratiform massive sulfi.de and barite sheets (the 'Llontown Horizon') 

and a cigar-shaped massive sulfi.de body (the 'Carrington Lode'). Mineralisation formed 

by both seafloor exhalative ('Liontown Horizon') and subseafloor replacement 

('Carrington Lode') processes (Miller, 1996). The immediate footwall to the Liontown 

Horizon consists of felsic pumice breccia, feldspar-phyric dacite pumice breccia and 

minor interbedded volcanic siltstone (Miller, 1996). Stratiform massive sulfide sheets 

are hosted by quartz-feldspar-crystal- and shard-rich volcanic sandstone and siltstone. 

The presence of relict glass shards (50-100 µrn) was interpreted by Miller (1996) to 

indicate a rhyolite pyroclastic source. The hangingwall volcanic stratigraphy consists of 

quartz-feldspar-crystal- and shard-rich volcanic sandstone and siltstone, carbonaceous 

shale, dacite volcaniclastic rocks, dacite lavas, and rhyolite lavas and intrusions. The 

Carrington Lode is located 30-50 m below the Liontown Horizon and is hosted by 

volcanic sandstone interbedded with silicified felsic pumice breccia. 

The total thickness of volcanic stratigraphy beneath the Liontown massive sulfide 

deposit is approximately 3000 m, of which 2200 to 2500 m is dominated by rhyolitic 
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facies. The stratigraphy in this area is poorly exposed and these rhyolitic units remain 

undifferentiated except in the immediate footwall to the Liontown deposit. The 

hangingwall volcanic-dominated stratigraphy is <SOO m thick, thus both the Liontown 

and Thalanga deposits have similar thicknesses of volcanic stratigraphy in their 

hangingwalls. 

8.2.4 Waterloo 

The Waterloo deposit occurs in the middle MWTC and is interpreted to have formed at 

or near the seafloor (Huston et al., 1995). The footwall consists of andesite 

volcaniclastic rocks and lavas, and lesser felsic volcaniclastic rocks. The hangingwall 

consists of felsic volcaniclastic rocks, argillite and greywacke (Huston et al., 1995). The 

deposit sits 2500 m above the PCF /MWTC boundary, and >2000 m below the 

MWTC/RRF boundary. Huston et al. (1995) inferred that marked variations in unit 

thickness in the Waterloo area may be due to the presence of syn-volcanic growth faults. 

8.3 Volcanic setting ofVHMS mineralisation and exploration implications 

Exploration for VHMS deposits in the Seventy Mile Range Group has employed a 

range of geological, geochemical and geophysical models and techniques. This section 

reviews geological aspects of VHMS exploration in the Seventy Mile Range Group in 

the context of the results of research and discusses the volcanic setting of known 

massive sulphide deposits. 

8.3.1 Syn-volcanic growth faults and seafloor topography 

There are marked thickness variations of the MWTC (Chapter 7) across the Seventy 

Mile Range Group, which have largely been attributed syn-volcanic growth faults 

(Large, 1991; Berry et al., 1992). Large (1991) noted that many of the prospects and two 

deposits (Highway/Reward and Liontown) and their associated alteration zones were 

located in the hangingwalls of inferred growth faults (Fig. 8.1 ). A major growth fault (> 

5 km offset) was interpreted in the Mt. Farrenden-Highway /Reward area (Berry et al., 

1992; Fig. 8.1 ). This interpretation was based on a local increase in the stratigraphic 

thickness from 3500 to 7000 m (see Fig. 7.1 and Fig. 7 .2) and a lack of rhyolite overlying 

the PCF (Berry et al., 1992). Rhyolites were interpreted as lavas that were emplaced 

prior to faulting and structurally offset to the northwest. This study has demonstrated 

that the rhyolites to the east and west of Mt. Farrenden are intrusions (Chapter 7) and 

that their absence in this area does not necessitate the presence of a syn-volcanic growth 

fault. 
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Figure 8.1: Locations of inferred syn-volcanic growth faults and massive sulfide deposits and prospects in the central Seventy Mile Range Group (modified after 
Large, 1991). 
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The role of syn-volcanic growth faults in controlling basin formation, thickening of 

volcanic stratigraphy and the migration of metalliferous hydrothermal fluids in VHMS 

districts was emphasised by Large (1992). However, one of the flaws in the 

identification of syn-volcanic growth faults in volcanic successions such as the MWTC 

is the interpretation that marked changes in thickness of the volcanic stratigraphy are 

exclusively the result of faulting, basin subsidence and subsequent infilling. Thickness 

variations in volcanic facies and successions can be accounted for by primary variations 

in seafloor topography, development of constructional volcanic features (cf., Binns and 

Scott, 1993) and emplacement of syn-volcanic intrusions. The presence of syn-volcanic 

growth faults in the Seventy Mile Range Group can neither be proved nor disproved, 

but the interpretation cannot be made solely on the basis of stratigraphic thickening, 

given the complex volcanic facies architecture of the MWTC. 

8.3.2 Favourable stratigraphic horizons and seafloor topography 

Localisation of mineralisation at specific stratigraphic and/ or chronostratigraphic 

positions or horizons has been documented in many VHMS districts (e.g., Large et al., 

1988; Large, 1992). Although these horizons may be useful on a local scale, or regional 

scale in districts with simple stratigraphic sequences, they are difficult to identify or trace 

in areas of complex volcanic stratigraphy. The relationship between seafloor 

topography and volcanic facies needs to be considered when evaluating stratigraphic 

relationships. Seafloor topography complicates stratigraphic relationships, as time

equivalent strata may be separated by 100's to 1000's of metres of elevation. For 

example, single seamounts up to 27 km in diameter in the active back arc basin of the 

northern Mariana Trough rise up to 2830 m above the seafloor (Fryer et al., 1997). 

The Thalanga deposit is thought to have formed on local topographic high produced by 

the eruption and accumulation of rhyolite lavas (Paulick, 1999; Paulick and McPhie, 

1999). This setting was compared to that of the active PACMANUS hydrothermal field 

in the Manus basin (Papua New Guinea) where active and inactive hydrothermal vents 

have been identified on a dacite and andesite ridge (20 km long by 1 to 1.5 km wide) at 

water depths in excess of 1630 m (Binns and Scott, 1993). Hydrothermal venting, 

which has locally formed polymetallic sulfide deposits occurs near the top of ridge, 

which is elevated above the surrounding seafloor by 400 to 600 m and interpreted to be 

a volcanic edifice (Binns and Scott, 1993). 
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Without the identification of regionally extensive marker horizons, stratigraphic 

correlations in complex volcanic successions will be hindered, or impossible. In an 

effort to correlate strata in the Mount Read Volcanics in western Tasmania, McPhie and 

Allen (1992) used mass-flow emplaced pumiceous volcaniclastic facies to trace seafloor 

positions. These deposits were selected as they are emplaced rapidly, are widespread 

and are generated by large, infrequent explosive eruptions, which produce large volumes 

of pyroclasts (McPhie and Allen, 1992). This approach was successful in the northern 

Mount Read Volcanics where mass-flow units were traced 13 km along strike and were 

tentatively correlated with similar mass flow deposits 30 km to the south. Similar 

pumiceous breccias have been identified at Liontown (Miller, 1996), Highway /Reward 

(Doyle, 1997) and Brittania Telecom Tower (this study). Doyle (1997) suggested that a 

feldspar-bearing dacite pumice breccia identified in the Highway /Reward area may be 

correlated with similar units located over 15 km to the west in the Liontown 

hangingwall. The pumice breccias in the Brittania Telecom area have been traced for up 

to 5 km along strike. The potential therefore exists in the Seventy Mile Range Group to 

use these types of deposits as local to regional scale stratigraphic markers. From an 

exploration perspective, time intervals favourable for VHMS mineralisation could be 

located relative to these regional markers. 

8.3.3 Relationship between volcanic facies architecture and VHMS mineralisation 

Thalanga 

Paulick and McPhie (1999) discussed the relationships between both timing of 

volcanism and volcanic facies and massive sulfide emplacement. They noted that 

although the emplacement of the Quartz-Eye Volcaniclastic unit, which locally hosts 

massive sulfide mineralisation and contains massive sulfide clasts (Hill, 1996), was syn

mineralisation and marked a seafloor position, mineralisation is not genetically linked to 

its emplacement. Rather the unit is significant as it marks a seafloor position during a 

period of seafloor exhalative hydrothermal activity. Other mass flow deposits are 

present in the lava-dominated footwall sequence and may mark prospective seafloor 

positions (Paulick and McPhie, 1999). 

Paulick and McPhie (1999) concluded that there was no identifiable link between 

specific volcanic facies or emplacement units and mineralisation. Furthermore, the sites 

of most intense hydrothermal alteration, which were interpreted to represent zones of 

maximum fluid flow, were not spatially associated with stratigraphic offsets, which 
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could have been attributed to syn-volcanic faulting. Therefore no link could be made 

between syn-volcanic faults and focussing of hydrothermal fluid flow at Thalanga. 

Highway/Reward 

Hydrothermal fluid flow is interpreted to have been focussed within the fractured, 

glassy margins of syn-sedimentary rhyolite intrusions and to have ponded beneath a 

relatively impermeable rhyolite sill (Doyle and Huston, 1999). Controls on the flow of 

hydrothermal fluids beneath the pipes are unknown, although it was speculated that syn

volcanic growth faults might have focussed fluid flow (Doyle and Huston, 1999) in the 

footwall. It was also suggested that the local emplacement of voluminous rhyolite and 

dacite intrusions contributed to the development of the Highway /Reward hydrothermal 

system. 

Iiontown 

In contrast to the Highway /Reward and Thalanga deposits, Lion town does not have 

spatially associated syn-volcanic intrusions or lavas in its immediate footwall. Two 

features of the volcanic facies and facies architecture are inferred to have contributed to 

the deposition of massive sulfide mineralisation at Lion town: 1) permeable horizons and 

2) growth faults. Sulfide mineralisation in the Carrington Lode is inferred to have 

preferentially replaced a permeable volcanic sandstone unit, which is overlain and 

underlain by silicified pumiceous mass flow deposits (Miller, 1996). Two inferred syn

volcanic growth faults (Large, 1991; Miller, 1996) are also interpreted in the Liontown 

area and are inferred to have focussed hydrothermal fluid flow. One of these faults, the 

'Oaky Creek Fault' (Berry et al., 1992; Miller, 1996; Fig. 8.1) is inferred from a 

discontinuity in the PCF and MWTC rocks in the footwall to the Liontown deposit 

(Miller, 1996). The second fault is unnamed and inferred from a marked thickening of 

the hangingwall sedimentary units and the presence of polymictic sedimentary breccias 

in the thickened stratigraphy (structural hangingwall to the inferred growth fault; Miller, 

1996). 

Synthesis 

From the subset of deposits described here, it is apparent that VHMS mineralisation in 

the Seventy Mile Range Group is neither hosted by a single lithology, nor occurs in a 

consistent volcanic setting, nor at a single strati.graphic position. Massive sulfide 

mineralisation occurs as both seafloor exhalative and sub-seafloor replacement styles, 

which may in part be the result of variable permeability of the local host rocks. 

Thalanga (Paulick and McPhie, 1999) and Highway /Reward (Doyle and Huston, 1999; 
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Doyle and McPhie, 2000) are hosted within volcanic centres, dominated by lavas and 

intrusions respectively. The volcanic settings of the Liontown and Waterloo prospects 

are less well constrained and consist of abundant volcaniclastic facies and paucity of 

coherent facies. Permeability contrasts appear to have contributed to localisation of 

mineralisation in the Carrington Lode at Liontown (Miller, 1996) and the stratiform 

replacement lenses at Highway /Reward (Doyle and Huston, 1999). 

VHMS exploration the Seventy Mile Range Group has used key horizons to focus 

exploration. As the Thalanga deposit is located at the transition from rhyolite -to dacite

dominated stratigraphy (MWF /TCF boundary), this stratigraphic position has been used 

as a regional exploration target. It has been considered to be a regional-scale seafloor 

position, which is highly prospective for VHMS mineralisation and is referred to as the 

'Thalanga Horizon'. Although mineralisation at Thalanga occurs at a seafloor position 

(Paulick and McPhie, 1999), the equivalent boundary (rhyolite to dacite transition) 

elsewhere in the belt is commonly an intrusive contact (Fig. 8.2a). The 'Thalanga 

Horizon', as presently defined, is thus not a belt-wide seafloor position and therefore is 

in many areas not prospective for seafloor exhalative mineralisation. Seafloor positions 

contemporaneous with massive sulfide formation at Thalanga are located at different 

stratigraphic levels across the belt, which are not necessarily marked by a transition from 

rhyolite to dacite-dominated volcanism (Fig. 8.2b). Previously recognised mineralised 

horizons elsewhere within the Seventy Mile Range Group may be equivalent in age to 

Thalanga. 

Although the lower part of the MWTC is not currently known to host mineralisation, it 

can no longer be assumed to pre-date mineralisation. Mass-flow deposits in the 

Thalanga footwall (Paulick and McPhie, 1999) and pumice breccia and shard-rich 

sandstone facies in the Mt. Windsor dam area are two examples of seafloor positions in 

the lower rhyolite-dominated MWTC. Rhyolite intrusions into the lower MWTC may 

also have been contemporaneous with mineralisation in the middle and upper MWTC, 

and have played a key role in driving hydrothermal circulation. This type of spatial 

relationship between VHMS mineralisation and volcanic centres has been observed in 

other districts (e.g., Galley, 1995; Barrett and Sherlock, 1996). For example the footwall 

to the Eskay Creek precious metal-rich VHMS deposit is a sequence of rhyolite 

intrusions, domes and associated rhyolite volcaniclastic facies (Barrett and Sherlock, 

1996). Several of the zones of stratiform mineralisation overlie, and stringer-style 

mineralisation is hosted by, the rhyolite sequence. Barrett and Sherlock (1996) 
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Figure 8.2: a) Red line delineates the "Thalanga Horizon" (Large, 
1991; Berry et al. , 1992). This horizon as presently defined does not 
represent a seafloor position across the length of the Seventy Mile 
Range Group and is partly an intrusive boundary. 
b) Green line delineates an alternative chronostratigraphic horizon 
that is equivalent to mineralisation at Thalanga. 
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suggested that the local ponding of shallow mafic and felsic magmas may have provided 

heat to drive hydrothermal circulation and contributed a magmatic component to the 

hydrothermal fluids. Additionally they speculated that syn-volcanic faults may have 

focussed hydrothermal fluids. 

This study has demonstrated that rhyolite, basaltic andesite and dacite volcanic centres 

are present across the Seventy Mile Range Group at all stratigraphic levels. Rhyolite 

units at the base of the MWTC previously considered to be lavas are in many cases 

intrusions. In particular there are voluminous rhyolite intrusions and lesser lavas in the 

lower MWTC in the Mt. Windsor area as well as in the upper MWTC in the Rollston 

Range area, near the boundary with the RRF. Distinctive, laterally extensive basaltic 

andesite lavas and fire-fountain deposits extend from the Brittania Bletchington Road 

area to the Rollston Range area. These units mark seafloor positions, were local heat 

sources and commonly host jasper occurrences. Identification of volcanic centres and 

spatially associated seafloor positions and/ or permeable units may contribute to the 

generation of exploration targets with similar settings to those ofThalanga and 

Highway /Reward. Identification of regionally extensive mass-flow deposits will help to 

make regional stratigraphic correlations and determine whether or not mineralisation 

does occur at discrete chronostratigraphic horizons. 

8.4 Comparison of the Seventy Mile Range Group with other VHMS districts 

Similar studies have been undertaken on other submarine volcano-sedimentary 

successions that host VHMS deposits. Brief summaries of two districts, the Mount 

Read Volcanics in Australia and the Skellefte District in Sweden, are presented below. 

8.4 .. 1 Mount Read Volcanics, Australia 

The Mount Read Volcanics (MRV) are a Middle to Late Cambrian, generally poorly 

exposed, submarine volcano-sedimentary succession located in western Tasmania, 

Australia (Fig. 8.3). The MRV host numerous massive sulfide deposits and 

prospects including Hellyer, Que River, Rosebery, Hercules, Mount Lyell and Henty. 

The volcanic belt extends ~zoo km, is ~zo km thick, has been folded, faulted, intruded 

by both Cambrian and Devonian granites and undergone regional metamorphism to 

lower greenschist facies (Corbett, 1992). The MRV are interpreted to have formed in an 

extensional post-collisional tectonic setting, which followed arc-continent collision 

(Crawford et al., 1992). 
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Figure 8.3: Distribution of the principal lithostratigraphic units and major VHMS deposits in the 
Mount Read Volcanics (after Corbett, 1992; modified by McPhie et al., 1993). 
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The volcanic succession is complex and consists of compositionally and texturally 

diverse lavas, domes, syn-volcanic intrusions and a variety of primary and secondary 

volcaniclastic facies, which were emplaced in a submarine below-wave-base 

environment (Corbett, 1989; Corbett, 1992; McPhie and Allen, 1992). Lavas and 

intrusions are dominantly rhyolite and dacite; andesite and basalt are locally abundant 

(White and McPhie, 1997). These units are generally calc-alkaline or less commonly 

tholeiitic (Crawford et al., 1992). The major lithostratigraphic units of the MRV are the 

Central Volcanic Complex (CVC), the Western volcano-sedimentary sequences 

(Yolande River sequence, Dundas Group, and Mt. Charter Group), the Eastern quartz

porphyritic sequence and the Tyndall Group (Fig. 8.3; Corbett, 1992). These 

lithostratigraphic units commonly have interfingering relationships but in many places 

contacts and correlations with adjacent units cannot be resolved. Correlation of 

stratigraphic units is complicated by complex facies geometry, a lack of age control and 

marker units and disruption by major faults (Corbett, 1992). 

The eve is dominated by thick (tens of m) intervals of feldspar-porphyritic rhyolite and 

dacite lavas and intrusions and locally very thick felsic pumice breccia (Corbett, 1992; 

McPhie and Allen, 1992). The Western volcano-sedimentary sequence consists of thick 

(tens of m) massive or graded, felsic volcaniclastic units, laminated black mudstone and 

both volcanic and non-volcanic sandstone (Corbett, 1992; McPhie and Allen, 1992). 

The Eastern quartz-phyric sequence is a poorly known succession of quartz- and 

feldspar-phyric lavas and volcaniclastic rocks and quartz- and feldspar ± biotite 

porphyry intrusions (Corbett, 1992). The Tyndall Group mainly consists of 

volcaniclastic rocks including quartz- and feldspar-crystal-rich sandstone, volcanic 

breccia and volcanic conglomerate (Corbett, 1992). Welded ignimbrite, rhyolite lava and 

in situ fossiliferous limestone are locally important (White and McPhie, 1996). 

Both seafloor exhalative (e.g., Hellyer; McArthur and Dronseika, 1990) and subseafloor 

replacement (e.g., Hercules; Zaw and Large, 1992) styles ofVHMS mineralisation are 

present in the MRV. Massive sulfide deposits of the MRV occur in a variety of volcanic 

facies and settings, and all lithostratigraphic units may be prospective (McPhie and 

Allen, 1992). Large (1992) interpreted that all major deposits are located near regionally 

extensive longitudinal structures, which are interpreted to have been major rift faults. 

On a local scale, syn-volcanic faults have controlled fluid movement and thus the 

location and shape of some deposits in the MRV (Large, 1992). 
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The MRV are of similar age and metamorphic grade, and are composed of a similar 

lithofacies assemblage to the Seventy Mile Range Group. The volcanic stratigraphy in 

the MRV is significantly more complicated than that of the Seventy Mile Range Group 

as presently understood. This reflects a combination of primary stratigraphic 

complexities and subsequent structural disruption. It is apparent that in both districts, 

regional stratigraphic correlations are very difficult. Ore deposits in both districts occur 

in a variety of host-rock successions, may be spatially associated with growth faults and 

can occur as seafloor exhalative and/ or subseafloor replacement mineralisation. 

8.4.2 Skellefte District, Sweden 

The Early Proterozoic Skellefte District is located in northern Sweden (Fig. 8.4). It 

occupies an area of ~120 x 30 km and hosts more than 85 pyritic Zn-Cu-Au-Ag VHMS 

deposits (Allen et al., 1996b). The district has undergone low to medium grade regional 

metamorphism (greenschist to lower amphibolite). Exposure is generally poor with 1 % 

or less surface outcrop. 

The Skellefte District is regarded as the remnant of a volcanic arc with a sedimentary 

basin to the south and a continental landmass to the north (Billstrom and Weihed, 

1996). Specifically, Allen et al. (1996b) interpreted the setting as a continental margin 

arc, which was under extension during its formation. The arc consists of three main 

stratigraphic units, the Skellefte, V argfors and Arvidsjaur Groups (Allen et al., 1996b; 

Billstrom and Weihed, 1996), which have conformable, disconformable and 

interfingering contacts with one another. Arc formation initiated around 1.90 Ga and 

was followed by several pulses of magmatism each of ea. 10 Ma duration. 

The Skellefte Group hosts the majority ofVHMS mineralisation in the district and has 

an extremely variable internal stratigraphy (Allen et al., 1996b ). The majority of the 

Skellefte Group was deposited in a 10 Ma period (1890 to 1880 Ma) and the age of 

massive sulfide ore deposits is considered to lie within this range (Billstrom and Weihed, 

1996). On the basis of stratigraphic relationships, Billstrom and Weihed (1996) inferred 

that most of the massive sul:fi.de deposits were formed in the second- half of this period 

(1885 to 1890Ma), thus the ore-forming period may have been as little as 5 Ma. 

The maximum measured stratigraphic thickness is 3 km, but the base of the group is not 

exposed. The Skellefte Group consists dominantly of juvenile volcaniclastic rocks, 

porphyritic intrusions and lavas, intercalated mudstone, volcaniclastic siltstone, 
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sandstone and breccia-conglomerate (Allen et al., 1996b). The relative volumes of 

rhyolite, dacite, andesite and basalt vary greatly across the district, but overall, ~ 50% of 

the volcanic rocks are rhyolites (Allen et al., 1996b). Formations within this group can 

be mapped within single domains but cannot be traced from one domain to another 

(Allen et al., 1996b). 

Conformably overlying the Skellefte Group is the Vargfors Group (1875 + /- 4Ma single 

age; Billstrom and Weihed, 1996), which consists of fine and coarse-grained sedimentary 

rocks intercalated with volcanic rocks (Allen et al., 1996b). Volcanic facies include 

volcanic breccia, basaltic lavas and intrusions and lesser andesite, dacite and rhyolite 

facies. Non volcanic facies consist of turbiditic mudstone and sandstone, and 

conglomerate containing clasts of Skellefte Group volcanic rocks, syn-volcanic 

granitoids or Arvidsjaur volcanic rocks (Allen et al., 1996b; Bergman Weihed et al., 

1996). The Vargfors Group has a minimum stratigraphic thickness of 4 km and the top 

of the group is not exposed. The Arvidsjaur Group (1878 Ma + /- 2 and 187 6 Ma + /- 3 

Ma; Skiold et al., 1993) is laterally equivalent to and considered to be coeval with the 

Vargfors Group (Billstrom and Weihed, 1996). It consists of subaerial felsic to 

intermediate volcanic rocks (Allen et al., 1996b). The lower stratigraphic levels of the 

Arvidsjaur Group may be the lateral and subaerial equivalent to the Skellefte Group 

(Allen et al., 1996b). 

Allen et al. (1996b) identified 26 main volcanic, sedimentary and intrusive facies within 

the Skellefte District. Most of the coherent volcanic rocks and their associated elastic 

facies are interpreted as intrusions and lavas are only present locally. These facies and 

facies associations were used to identify 7 major volcano types: subaqueous rhyolite 

cryptodome-tuff volcanoes, dacite-andesite-basaltic intrusion-lava-mass flow complexes, 

emergent marine andesite cones, subaqueous to emergent andesite-basalt lava-fire 

fountain-scoria cone complexes, emergent marine rhyolite-dacite-andesite-lava

cryptodome-tuff complexes, shallow marine-terrestrial basalt lava shield and tuff cones, 

and subaerial rhyolitic calderas. Significant variations exist in the local paleogeographic 

setting with scattered shallow-water areas and islands separated by deeper-water (below

storm-wave-base submarine) environments. Significantly, all major VHMS ore deposits 

are located in sections of the stratigraphy which were deposited in a below-storm-wave

base environment. 
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VHMS ore deposits occur either at the top of the Skellefte Group, within the Skellefte 

Group, or in the basal sedimentary units of the overlying Vargfors Group. Seafloor and 

subseafloor replacement deposits have been identified and all deposits are interpreted to 

have formed during a period of intense extension (Allen et al., 1996b; Bergman Weihed 

et al., 1996; Billstrom and Weihed, 1996). Allen (1996b) recognised that the Skellefte 

deposits mainly occur at the top of volcanoes or volcanic complexes, at the end of 

eruptive cycles and near the contacts with overlying sedimentary facies or with medial to 

distal facies of adjacent centres. In particular, rhyolite cryptodome-tuff volcanoes 

appear to be favourable sites for ore deposition and a genetic link between ore 

deposition and this volcano type has been inferred (Allen et al., 1996b). 

The lithofacies and volcano types identified in the Seventy Mile Range Group are similar 

to those identified in the Skellefte District. Felsic coherent and associated elastic facies 

in both districts are interpreted to be dominantly intrusions. Both districts have 

similarly complex volcanic stratigraphy, which makes lateral correlations difficult. 

Seafloor topography, extension and basin subsidence played an important role in the 

eruption and deposition of volcanic deposits in the Skellefte District and a similar 

scenario is envisioned for the Seventy Mile Range Group. 

The Skellefte District is a useful analog for the Seventy Mile Range Group. Although 

the deposits in the former are more abundant and the volcanic facies architecture better 

understood there are several useful comparisons that can be made between the two 

areas. Basaltic andesite fluidal-clast breccia and lava volcanoes are similar to the 

andesite-basalt lava-fire fountain-scoria cone complexes of Allen (1996b). Rhyolite lava

intrusion "tuff' volcanoes are also tentatively identified in the Seventy Mile Range 

Group and are broadly similar to the subaqueous rhyolite cryptodome-tuff volcanoes of 

Allen (1996b). Massive sulfide mineralisation in both the Skellefte District and Seventy 

Mile Range Group can be spatially associated with rhyolite-dominated volcanic centres 

and occur at or near the tops of volcanoes (Allen, 1996b; Paulick and McPhie, 1999). In 

both districts mineralisation also occurs in volcaniclastic-dominated stratigraphy. Allen 

(1996B) also notes that many subseafloor replacement-style massive sulfide ores occur 

in mass-flow emplaced volcaniclastic facies in the Skellefte District, a feature which is 

also observed in the Seventy Mile Range Group (cf. Carrington Lode, Miller, 1996). 
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CHAPTER 9: CONCLUSIONS AND FUTURE RESEARCH 

9.1 Conclusions 

Lithofacies in the S even(y Mile Range Group 

• 23 principal facies are identified in the Seventy Mile Range Group. They are 

organised into 5 groups including: 1) coherent rhyolite, dacite and basaltic andesite, 

2) monomictic volcanic breccia and conglomerate, 3) polymictic volcanic breccia 

and conglomerate, 4) volcanic sandstone and mudstone and 5) non-volcanic 

sandstone and mudstone; 

• the succession consists of lavas and intrusions, syn-eruptive pyroclastic sediment 

gravity flow deposits, syn-eruptive resedimented pyroclastic and autoclastic deposits 

and post-eruptive and reworked volcaniclastic deposits; 

• most units of coherent rhyolite and associated autoclastic breccia in the Seventy 

Mile Range Group are interpreted to be intrusions. 

Geochemistry and age dating of volcanic rocks 

• Three geochemically discrete suites, which do not correspond to stratigraphic 

subdivisions, have been defined within the Seventy Mile Range Group; 

• Suite I ranges from basalt through to rhyolite in composition. Si02 ranges from 

46.05 to 90.72 wt% and Ti/Zr ranges from 2.3 to 209. Nd isotope data suggest 

that Suite I magmas were related by a combination of crystal fractionation and 

variable amounts of crustal assimilation; 

• Suite II consists of rhyolite with the exception of one sample of rhyodacite/ dacite. 

Si02 ranges from 71.37 to 88.80 wt%. Compared to Suite I rhyolites, Ti02 is 

generally lower, (0.04-0.14 wt%), Zr is lower (between 73-184 ppm) and Ti/Zr 

ratios overlap but are slightly lower (2.5-7.1). Insufficient Nd isotope data preclude 

an interpretation of the source of Suite II magmas; 

• Suite III consists of trachyandesite with high Nb (> 50 ppm) and Zr and relatively 

high Th and Ti02• Nd isotope data suggest that the Suite III magmas were derived 

from a relatively undepleted or slightly enriched mantle source (Stolz, 1995); 

• Ti/Zr ratios cannot be used to discriminate between the MWF and the TCF and 

rhyolites in the MWF are geochemically identical to rhyolites in the TCF; 
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• new U-Pb age dates give minimum crystallisation ages for the Seventy Mile Range 

Group of 467.9 ± 4.1Ma,466.7 ± 2.6 Ma, 465.4 ± 1.4 Ma. All samples contained a 

component of inherited zircon ranging in age from 1 Ga to 3.78 Ga; 

• minimum crystallisation ages of samples analysed in this study are younger than 

those obtained in a previous study (485.9 ± 5.6 to 474.1 ± 5.4 Ma; Perkins et al., 

1993). The cause of this discrepancy cannot be determined from the small sample 

suite analysed here, although it may be due to post-crystallisation Pb loss in samples 

from this study; 

• U-Pb zircon age dates from this and the previous study (Perkins et al., 1993) are 

broadly equivalent to fossil ages for the TCF and RRF. 

Review of the stratigrapf?y of the S evenry Mile Range Group 

• Rhyolitic volcanism continued throughout formation of the volcanic succession and 

is not restricted to the MWF; 

• parts of the MWF are coeval with parts of the TCF; 

• the MWF and TCF, as formally defined, are not mappable; 

• the MWF and TCF should be combined and regarded as one lithostratigraphic unit, 

which is equivalent to formation in rank and is informally referred to as the Mount 

Windsor-Trooper Creek unit (MWTC); 

• the MWTC unit is characterised by rapid vertical and lateral facies variations and 

varies in composition from rhyolite to basalt; 

• the MWTC unit is present across the length of the Seventy Mile Range Group and 

varies in thickness from ~1100m at Thalanga to > 7 km in the Mt. Farrenden and 

Mt. Windsor east areas; 

• the PCF /MWTC boundary is interfingering, partly intrusive and gradational over 

1 OO's of metres. The PCF /MWTC contact is placed at the position above which 

volcanic facies are dominant over non-volcanic facies; 

• the boundary between the MWTC and overlying RRF is conformable and can be 

sharp or gradational over hundreds of metres. 

Volcanic facies architecture 

• the presence of pillow lavas, turbidites, other subaqueous sediment gravity flow 

deposits, VHMS deposits in the volcanic succession (Hill, 1996; Miller, 1996; Doyle, 

1997) and marine fossils (graptolites and pelagic trilobites; Henderson, 1983) 
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collectively indicate a submarine depositional environment for the Seventy Mile 

Range Group; 

• the dominance of graded and massive, very thick beds in the elastic facies indicate a 

regional below-storm-wave-base depositional environment, but precise water depths 

are not known; 

• local shoaling and temporarily emergent and/ or above-fairweather wave-base 

environments may have been present, as indicated by microbialites ( oncolites and 

stromatolites) in ironstones (Doyle, 1997); 

• the rate of basin subsidence and/ or the original basin depth were sufficient to 

maintain a below-wave-base setting in most areas for the duration of accumulation 

of the Seventy Mile Range Group; 

• variations in thickness of the volcanic succession reflect the presence of local 

depocentres that captured sediment gravity flows, and intrabasinal volcanic centres 

composed of voluminous and thick lavas and intrusions; 

• marked changes in strati.graphic thickness can be accounted for by primary 

variations in the volcanic facies architecture and do not necessarily indicate the 

presence of syn-volcanic faults (cf., Berry et al., 1992; Large, 1991). There is 

insufficient evidence to confirm the presence of these faults; 

• the anomalously thin volcanic stratigraphy at Thalanga may be due to shorter-lived 

volcanism in this area, later initiation of volcanism than in other areas and/ or a 

location at the edge of the basin or on a palaeotopographic high; 

• products from both intrabasinal and extrabasinal volcanic eruptions are represented 

in the Seventy Mile Range Group; 

• intrabasinal volcanoes identified in the MWTC include: felsic lava-and intrusion

dominated volcanic complexes, dacite dome volcanoes, and basaltic andesite fire

fountain and lava volcanoes. Very thick associations of rhyolite lavas, intrusions and 

pumice breccia could represent rhyolite-lava-intrusion-"tuff'' volcanoes (cf., Allen 

· 1996b) or calderas; 

• rhyolite lava-dome-intrusion volcanic centres are located in the Brittania dam, 

Highway /Reward, Mt. Windsor, Mt. Windsor west and Thalanga areas; 

• the Mt. Farrenden area was proximal to a dacite dome volcano; 

• possible rhyolite-lava-intrusion-"tuff'' volcanoes are located in the Brittania Telecom 

Tower and Mt. Windsor dam areas; 

• basalti.c-andesite fire fountain and lava volcanoes are located in the Rollston Range, 

Brittania Bletchington Road and Trooper Creek Prospect areas. 
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Implications for VHMS exploration 

• VHMS deposits occur as seafloor exhalative (Gregory et al., 1990) and subseafloor 

replacement (Miller, 1996; Doyle and Huston, 1999) styles of mineralisation, and are 

hosted by both elastic and coherent volcanic facies; 

• VHMS deposits occur in the middle to upper part of the MWTC; 

• Some VHMS deposits are spatially and temporally associated with emplacement of 

rhyolite lavas and shallow-level intrusions (e.g., Highway /Reward and Thalanga; 

Doyle and Huston, 1999; Paulick and McPhie, 1999 ) others are hosted by 

volcaniclastic facies (e.g., Liontown; Miller, 1996) and not obviously related to lavas 

or intrusions; 

• the use of prospective horizons, which are inferred to represent seafloor positions, 

to guide VHMS exploration is unrealistic given the primary complexities in the 

volcanic facies architecture and internal stratigraphy; seafloor positions are difficult 

to recognise in most areas of the MWTC and of limited lateral extent; 

• the 'Thalanga Horizon' (MWF /TCF boundary) was not a single seafloor position 

across the length of the Seventy Mile Range Group and in many areas, the change 

from rhyolite- to dacite- dominated volcanism, which represents this horizon, is an 

intrusive contact; 

• although there is no clear association between VHMS mineralisation and a particular 

volcano-type or volcanic facies (cf., Skellefte District; Allen, 1996b), the varied 

settings and stratigraphic positions of the mineralisation suggests that the entire 

MWTC must be considered prospective (cf., MRV; McPhie and Allen, 1992). 

9.2 Future research 

This study has identified three geochemically discrete suites within volcanic rocks of the 

Seventy Mile Range Group. However, additional Nd isotope data are necessary to 

characterise the source of Suite II rocks and to determine if it is the same or different to 

that of Suite I. Rhyolite samples from the middle to upper MWTC should also be 

analysed for Nd as currently there are no Nd isotope data for rhyolites from this part of 

the stratigraphy. 

Further age dating in the MWTC may help to resolve the current discrepancy in age 

dates between this study and that of Perkins et al. (1993), and constrain the duration and 

sequence of volcanism in the Seventy Mile Range Group. 
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There are a several areas assigned to the Seventy Mile Range Group on the recently 

updated Northern Queensland Geology Map (Hutton et al., 1996; Hutton and Rapkins, 

1998) that have previously not been considered part of the Seventy Mile Range Group. 

Mapping of these areas should be undertaken to assess the relationship between these 

rocks and the Seventy Mile Range Group. If they are correlates, detailed volcanic facies 

mapping should be undertaken and their VHMS exploration potential should be 

evaluated. 

The character of the volcanic and sedimentary succession in the Mt. Glenroy area 

remains unknown as no detailed facies mapping has been undertaken. In addition the 

area has not been extensively explored for VHMS deposits. The limited work in this 

area during this study indicates that it is significantly better exposed than other parts of 

the Seventy Mile Range Group and that the area would benefit from this type of study. 
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APPENDIX I 

Geochemical analyses from the Seventy Mile Range Group 

la: Results from this study 
lb: Results from Berry et al. (1992) and Stolz (1995) 



Appendix la: Major (wt%) and trace element (ppm) analyese of volcanic rocks from the Seventy Mile Range Group. Analyses recalculated to 100% anhydrous. 

Samele* BRDD04 BRDD04 BRDD453 7m FBD002 17.80m FBD002 43. 78m 
Station# BRDD04 BRDD04 BRDD4 FBD002 FBD002 
Eastin a 433740 433740 433740 415825 415825 
Northina 7741486 7741486 7741486 7754033 7754033 
Area Britta ma Bnttarna Bnttama Mt Farrenden Mt. Farrenden 

Bletchington Rd. Bletchington Rd Bletchington Rd. 

Facies flu1dal-clast fluidal-clast flu1dal-clast non-stratified, sparsely quartz-
basaltic basaltic basaltic monom1ct1c and feldspar-
andes1te brecc1a andes1te brecc1a andes1te brecc1a rhyohte breccia phyric coherent 

rhyohte 

Formation** TCF TCF TCF MWF MWF 
Suite- 1 1 1 2 2 
Si02 49.02 48 72 48 79 09 83.18 
Ti02 0 82 0.83 0.94 0.06 0 04 
Al203 18.25 15 11 13 19 12 81 9.05 
Fe203 6 95 9 63 10 08 1.17 0.49 
MnO 0.29 0 25 0 16 0.01 0 01 
Mao 5 48 8 25 14 95 2.33 2 08 
Cao 14.72 14 8 10 65 0 06 055 
Na20 2 13 1 57 1 57 1 53 319 
K20 2 09 0 72 0.26 2 94 1 41 
P205 0.25 0 13 02 0 0 01 
Sc 40 95 4243 34 66 16 91 7 
v 201 94 26364 23248 0 0 
Cr 163 59 6344 1269 89 1 13 1.52 
Ni 68.49 35 39 381 8 1 23 1.12 
Cu 313.59 96 99 67.3 1 23 0 51 
Zn 1454 109 74 70.45 42.62 28.61 
Pb 954 7 32 32 2 79 24.83 
Rb 61.84 23.56 7 59 89.55 33.58 
Sr 249.22 219 27 31842 24.69 80.86 
y 13 72 15.09 11.28 28.69 29.73 
Zr 53 73 58.44 58.04 117.52 79.54 
Nb 3.95 3.37 12.61 17 32 12.07 
Ba 169.51 72 92 114 65 1234.03 993 3 
Th 0 245 2 97 21 21 15 42 
La 8.73 5 61 10 15 9.84 955 
Ce 16.11 10.4 23 33 35.85 31.67 
Nd 8.56 5.99 10.88 21.85 17.77 
LOI 3.78 1.94 2.48 2.4 1.44 

* Sample numbers followed by 'h' indicate samples crushed by hydraulic press. 
** Formations as defined by Henderson (1986) and Berry et al. (1992). 
••• Suites defined in this study. 
" Duplicate analyses not shown on diagrams. 

KS97028 KS97036 KS97044 KS97046 KS97069(1)" 
KS97028 KS97036 KS97044 KS97046 KS97069 
415632 415717 415993 415939 429262 
7753576 7753783 7753859 7754000 7745550 
Mt Farrenden Mt. Farrenden Mt. Farrenden Mt Farrenden Bnttama 

Telecom Tower 

highly quartz- monom1ct1c sparsely quartz- non-stratified, graded 
and feldspar- dac1te breccia and feldspar- monom1ct1c monomictic 
phyric coherent phyric coherent rhyohte breccia dac1te pumice 
rhyolite rhyohte brecc1a 

uknown TCF TCF TCF MWF 
2 1 1 2 1 
78.5 73 73 67 34 79 76 78.23 
0 05 0.37 0 79 0.05 0.15 
12.6 13 76 13 91 11.99 12.06 
1 33 414 5.84 1 07 2 31 
0.03 003 0.12 0 01 0 03 
05 2 87 3.08 1 73 0.83 
08 05 3.16 0 16 0 57 
48 2 51 447 4 35 
1 39 2 1 19 1 21 2 32 
0 01 0 08 01 0 01 0 01 
3 84 16.53 20 2 14 85 65 
4 34 9 86 127.16 0 0 
1.11 0 92 2456 1 42 0 
1.21 0.82 11 06 3.15 1 32 
0 253 7 41 1.83 6.05 
26.88 69.2 89 2 32 86 7944 
30.89 333 12 84 7.62 14 85 
44.66 66.23 26 89 4049 106.16 
122 26 86.66 232.09 6796 85 23 
27 28 26.9 39 27 30 52 54.45 
78.21 210 8 153.14 106 83 302.52 
10 21 10.47 12 38 15.97 22.76 
429 03 41749 1159 44 361 58 573.04 
15 76 11.4 14 19.74 17 88 
17 99 28.65 2494 7 91 56 28 
46.58 60.85 55 38 29 26 116.98 
204 27 6 28 33 15 72 52.94 
1.03 2.6 1.46 1.7 1.5554 

KS97069(2l KS9706913l" 
KS97069 KS97069 
429262 429262 
7745550 7745550 
Bnttania Bnttama 
Telecom Tower Telecom Tower 

graded graded 
monomictic monom1ct1c 
dacite pumice dacite pumice 
brecc1a breccia 

MWF MWF 
1 1 
7816 7811 
0.15 015 
12 07 11 96 
2 29 26 
0 03 0 04 
0 86 088 
056 053 
354 333 
232 2 37 
0 01 0 02 
569 5 07 
0 0 
0 110.28 
1.63 3.04 
6.05 5.62 
8034 80.88 
14 95 19 36 
107 96 108 25 
84 91 8018 
55 55 54 73 
302.56 315.33 
22 75 22 91 
574.03 548.76 
18.38 18.65 
54.95 45 
117 27 9698 
54.29 4458 
1.54 1.34 



Appendix la: Major (wt%) and trace element (ppm) analyese of volcanic rocks from the Seventy Mile Range Group. Analyses recalculated to 100% anhydrous. 

Samole* KS9706914)A KS9706915)A KS97074 KS97076c KS98008 
Station# KS97069 KS97069 KS97074 KS97076 KS98008 
Eastinq 429265 429262 429486 429303 416057 
Northina 7745550 7745550 7744948 7744800 7753764 
Area Brittania Brittania Bnttarna Bnttarna Mt. Farrenden 

Telecom Tower Telecom Tower Telecom Tower Telecom Tower 

Facies graded graded graded highly quartz- moderately 
monom1ct1c monom1ct1c monomictic and feldspar- quartz- and 
dacite pumice dacite pumice dac1te pumice phyric coherent feldspar-phync 
brecc1a breccia brecc1a rhyohte coherent 

rhyohte 

Formation** MWF MWF MWF MWF TCF 
Suite*** 1 1 1 1 2 
Si02 7666 78 01 748 76.31 7949 
Ti02 016 0 14 0.3 0 25 0 06 
Al203 13 09 12.1 12 55 1244 11 83 
Fe203 2 59 23 3 98 1 81 09 
MnO 0 03 0 03 0 05 0 03 0 02 
Mao 1 0 86 1.42 1 09 0 65 
Cao 0.3 057 1.26 0.33 1 16 
Na20 318 36 4.29 3.94 5 05 
K20 2 96 239 1 26 3.75 0 83 
P205 0 01 0 01 0.08 0 05 0.01 
Sc 812 4 77 9 53 5 56 315 
v 0 0 12 2 14 05 0 
Cr 0 1 73 2.15 354 1 12 
Ni 4.67 416 2.15 1 62 1 01 
Cu 2.71 5 38 5 68 1 41 1 52 
Zn 88 89 79.32 16 81 13 03 9 74 
Pb 25 72 14.15 8.82 35 4.61 
Rb 136.68 10614 4859 7639 23.95 
Sr 81 99 84.5 7524 13813 117.71 
y 5449 54.03 47.97 26 37 35.41 
Zr 321.26 300 74 351 28 185 21 87 27 
Nb 23 74 23.77 18 35 10.21 13.29 
Ba 690.82 57914 74572 1343.27 318.42 
Th 18 77 1798 22.45 11 42 17 35 
La 51.45 5499 59.56 23.38 27 67 
Ce 106 81 113 23 106 85 53 8 60 24 
Nd 49.44 53 67 52.37 2467 2613 
LOI 1.45 154 2.44 1.03 1 45 

* Sample numbers followed by 'h' indicate samples crushed by hydraulic press. 
** Formations as defined by Henderson (1986) and Berry et al. (1992). 
***Suites defined in this study. 
" Duplicate analyses not shown on diagrams. 

KS98011 KS98013 KS98017c KS98023 KS98035 
KS98011 KS98013 KS98017 KS98023 KS98035 
416227 414872 414862 431525 431390 
7753527 7754343 7753723 7741525 7741640 
Mt. Farrenden Mt. Farrenden Mt. Farrenden Bnttania Brittarna 

Bletchington Bletchington 

moderately moderately sparsely quartz- aphyric flu1dal-clast 
quartz-and quartz- and and feldspar- coherent basaltic 
feldspar-phync feldspar-phyric phync coherent basaltic andes1te breccia 
coherent coherent rhyohte andes1te 
rhyolite rhyohte 

TCF unkknown TCF TCF TCF 
1 1 2 1 1 
69.73 75 86 76.85 53 62 46.05 
0 36 0.26 0.06 0 84 1.14 
14 32 13 07 11.77 15 83 17.69 
4 54 227 1.98 853 11 66 
0 08 0.03 0 05 014 0 17 
1 36 075 5 01 2.82 8 31 
4 74 1.15 027 15.02 10.69 
44 4.93 2 85 2.99 2.65 
0 38 1 63 1 16 0 02 1 47 
0.09 0 04 0 01 0.17 0 17 
13 1 827 14 14 40 92 36.68 
89 55 19 16 779 304 9 280.69 
3.25 1 31 072 4451 61.14 
2.34 1 61 1 02 31 88 46 53 
15 43 6.63 2 66 58.22 83.13 
30 05 25.31 85 84 41.13 79.53 
3.53 8 07 2 39 53 51 
6.8 29 95 3462 054 20.02 
276 26 265 92 89.53 86444 403.73 
12.89 19 16 31.24 16 76 20 56 
87 32 141.38 103.36 69.43 91 11 
5 89 706 14 75 5 88 7 36 
25342 1193.55 220.85 741 310 13 
5 69 746 19 26 0 1 73 
12.48 14 82 11 11 8 81 10 71 
29.62 35.07 33 02 18 76 21 63 
12.55 15.48 19 73 9.75 12.59 
1.5 0.83 2.37 8.07 7.55 

KS98041 KS98042 
KS98041 KS98042 
415403 415716 
7754706 7754747 
Mt Farrenden Mt. Farrenden 

feldspar-phyric highly quartz-
coherent dacite and feldspar-

phync coherent 
rhyolite 

PCF PCF 
1 1 
73 54 6968 
0 36 045 
13 57 14.55 
344 45 
0.11 0 1 
0.98 143 
1.6 347 
547 3 86 
0.86 1 81 
0.08 014 
16 27 1617 
12.94 49 83 
1 21 234 
1.11 2.95 
5 96 5.49 
96.74 54 31 
11.26 685 
16.78 3773 
198.33 283.75 
23.15 21.15 
139.09 118.89 
7 38 6 31 
5861 96006 
6 07 5.39 
15 24 14.94 
3846 37.45 
19 78 1718 
1.07 1.67 



Appendix la: Major (wt%) and trace element (ppm) analyese of volcanic rocks from the Seventy Mile Range Group. Analyses recalculated to 100% anhydrous. 

Samole* KS98048 KS98050 KS98053 KS98061 KS98068hA 
Station# KS98048 KS98050 KS98053 KS98061 KS98068 
Eastin a 412841 412589 412479 413211 410019 
Northin11 7750005 7749599 7750151 7749762 7749506 
Area Mt Windsor Mt. Windsor Mt. Windsor Mt. Windsor Mt. Windsor 

east east east east west 

Facies aphyric graded non-stratified, aphyric non-stratified, 

coherent monomicbc monom1ct1c coherent monom1cbc 

basaltic dac1te pumice rhyohte breccia rhyohte rhyolite breccia 

andesite brecc1a 

Formation** TCF TCF MWF MWF unknown 
Suite*** 1 1 1 1 2 
Si02 50 58 7535 88 45 9614 87 04 
Ti02 0.84 0 35 0.18 0 08 0 05 
Al203 15 69 11 83 777 0 44 8.21 
Fe203 9 61 3 77 0 76 2 79 1 37 
MnO 015 0 07 0 0 0 
MaO 6.74 1.41 0.31 0 06 0 41 
Cao 11 2 2 38 0.01 0.05 0 
Na20 5 01 3 32 0.14 0.16 0.06 
K20 0 02 143 2.36 0.1 2 83 
P205 016 0 08 0 01 0 17 0 02 
Sc 44.81 13 66 8 72 0 619 
v 25455 2319 3 04 12 21 0 
Cr 195 9 29.3 1 22 20.15 1 01 
Ni 6834 2.28 1.12 0 0 
Cu 5 29 1.97 2.64 43.66 344 
Zn 88 72 55.8 4.06 7.94 5.27 
Pb 1 98 5 28 3.97 8.59 5.43 
Rb 0 43.48 58.31 1 42 83 07 
Sr 138.37 8913 842 10319 325 
y 15 09 2257 20.59 5 29 21.4 
Zr 6339 146 79 149.99 26.87 104.97 
Nb 574 9.11 7.5 2.75 12.07 
Ba 5866 378 68 476 75 220.03 78848 
Th 0 642 7 81 366 1319 
La 12.97 166 2.43 11 43 5.78 
Ce 22.16 3622 14.38 2512 16 04 
Nd 10.44 16 1 6.27 9 01 6 58 
LOI 11.18 3 41 14 1 74 1.4 

* Sample numbers followed by 'h' indicate samples crushed by hydraulic press. 
** Formations as defined by Henderson (1986) and Berry et al. (1992). 
***Suites defined in this study. 
" Duplicate analyses not shown on diagrams. 

KS98068 KS98073 KS98075a KS98075b KS98077 
KS98068 KS98073 KS98075 KS98075 KS98077 
410019 409210 409217 409217 409460 
7749506 7749806 7749686 7749686 7749719 
Mt. Windsor Mt Windsor Mt Windsor Mt. Windsor Mt. Windsor 
west dam dam dam dam 

non-stratified, highly quartz- shard-nch monom1ctic shard-rich 
monomictic and feldspar- sandstone felsic pumice sandstone 
rhyohte breccia phync coherent breccia 

rhyohte 

unknown MWF MWF MWF MWF 
2 2 1 1 2 
86 03 81.31 90 72 90 24 88 8 
0.06 0.08 0 08 0.11 0.07 
888 11 43 516 6.15 7.47 
1 51 215 1 99 1 08 076 
0 01 0 01 0 0 0 
042 128 0 25 0 27 0 37 
0 0 01 0 0 0.02 
0 03 0.13 0.05 0 08 0 1 
3 05 357 1.74 2.04 241 
0 02 0.02 0 01 0.02 0 01 
7 92 37 419 3.46 2 04 
0 411 0 3.05 2.54 
0 1 95 1 84 1.22 1.02 
1 22 1 85 347 1.32 0.81 
427 2 57 3 06 204 0.61 
5 79 15.21 2 65 1 73 1.42 
527 0 938 15.3 8.46 
89 22 132.46 52.78 63 7 72.45 
5.89 6.06 4.29 6 763 
23 34 25 28 24.3 30.33 1649 
109 52 85.5 195.9 24047 12842 
12.28 12 43 15.82 18.72 16.38 
824.47 992 76 635 38 680 69 846.44 
11.16 15.41 15.93 14.96 10.89 
8.93 21.31 30.77 35 56 23.45 
17 91 56 29 67.79 81 07 51.07 
11 19 25 08 28.18 32 81 19.6 
1.47 2.68 2 04 1.73 1 73 

KS98080a KS98080b 
KS98080 KS98080 
429299 429299 
7745609 7745609 
Bnttama Bnttama 
Telecom tower Telecom tower 

sparsely quartz- graded 
and feldspar- monomictic 
phyric coherent dac1te pumice 
rhyolite brecc1a 

MWF MWF 
1 1 
7689 77.56 
018 0.12 
12 22 12 56 
164 2 65 
0 05 006 
0.5 094 
0.23 075 
3.95 343 
4.3 1 91 
0 03 0.02 
5 04 6.02 
413 1.84 
1 01 0 
0 81 1 73 
564 5.13 
47.35 68.72 
2.76 16.36 
7434 89.73 
8059 167.22 
2256 51 39 
171 65 189.24 
897 22.13 
952.86 688.85 
10.68 21.11 
19.24 75.04 
49.22 94.74 
21.48 51 25 
0.73 1 92 



Appendix la: Major (wt%) and trace element (ppm) analyese of volcanic rocks from the Seventy Mile Range Group. Analyses recalculated to 100% anhydrous. 

Samele* KS98081a KS98081b KS98082 KS9809111\ KS9809112\h 
Station# KS98081 KS98081 KS98082 KS98091 KS98091 
Eastin a 429302 429302 429012 430016 430016 
Northina 7745718 7745718 7745360 7745125 7745125 
Area Bnttarna Bnttama Bnttama Bnttama Bnttarna 

Telecom tower Telecom tower Telecom tower Telecom tower Telecom tower 

Facies graded non-stratified, moderately sparsely quartz- sparsely quartz-
monom1ct1c monom1ct1c quartz-and and feldspar- and feldspar-
dacite pumice rhyolite breccia feldspar-phync phync coherent phyric coherent 
brecc1a coherent rhyolite rhyollte 

rhyollte 

Formation** MWF MWF MWF MWF MWF 
Suite*** 1 1 1 2 2 
Si02 79 38 7116 75.96 77 41 76.69 
Ti02 016 1 05 0 16 0 06 0 06 
Al203 13 33 13 78 12.34 11 78 11.75 
Fe203 1 81 5 81 2.8 1 31 1 3 
MnO 0 01 0 01 0.05 0 02 002 
MaO 047 0 52 0.45 048 0 35 
Cao 0 01 0 1 0.2 0 03 0.07 
Na20 046 1 86 3.54 0.6 0.77 
K20 4.36 54 446 8 29 8 95 
P205 0 02 0 31 0.03 0 02 0.02 
Sc 7 27 11 26 8 67 13 11 15 39 
v 42 82 62 2 62 0 0 
Cr 1.02 1768 1 11 0 1 31 
Ni 1.84 6.31 0.91 1.21 2 11 
Cu 4.31 2442 312 2.9 2 92 
Zn 5224 18 45.95 4.84 553 
Pb 15 5061 369 10.58 11 53 
Rb 161 12 115.35 100.67 165.12 174.85 
Sr 66.58 20387 76.69 104.4 90 14 -
y 40.66 2031 46.26 32 88 36.42 
Zr 291 3 39458 229.36 102.48 104 33 
Nb 28.78 58 94 15.82 14 02 15.39 
Ba 78818 1137 54 1431 2009.02 1423 86 
Th 22.12 18.52 14.71 1816 18.61 
La 53.88 46.18 38.5 11 3 15 07 
Ce 111 79 93.29 82.44 31 38 46 9 
Nd 41.88 3588 38.92 18 81 29 33 
LOI 2.38 4.94 077 0 86 0.6 

* Sample numbers followed by 'h' indicate samples crushed by hydraulic press. 
** Formations as defined by Henderson (1986) and Berry et al. (1992). 
*** Suites defined in this study. 
11 Duplicate analyses not shown on diagrams. 

KS98093 KS98094 KS98096 KS98097 KS98119 
KS98093 KS98094 KS98096 KS98097 KS98119 
429994 429842 409396 409452 408316 
7745020 7745067 7749981 7749925 7750198 
Brittarna Bnttania Mt Windsor Mt. Windsor Mt Windsor 
Telecom tower Telecom tower dam dam dam 

moderately moderately highly quartz- volcanic granitoid 
quartz- and quartz- and and feldspar- sandstone 
feldspar-phync feldspar-phyric phync coherent 
coherent coherent rhyollte 
rhyoll!e rhyolite 

MWF MWF MWF MWF PCF 
1 2 2 2 1 
74 69 77.35 85 64 87 58 76 31 
0 18 0.06 0 05 0.06 03 
12 85 11.6 949 7 96 13 25 
214 0 95 0.96 0.85 2 12 
0 04 0.03 0 0 0 01 
0 85 0.44 0.53 0.54 0 65 
0 39 0.06 0 0 0 72 
2 85 1.4 0.07 0.12 6 05 
5 97 8.1 3.24 2.87 0 53 
0.04 0 01 0 02 0 02 0.05 
6 06 14 5.49 356 87 
21 29 0 244 274 24.37 
14 63 1 01 0 92 1 02 2 53 
5.45 141 0 81 1.02 0 91 
2.93 68 11 254 1.63 0 71 
9.89 288 06 549 2 95 10 21 
3.74 16.21 0 2 75 402 
89 82 165.74 95 75 86.49 13 55 
76.09 8846 336 274 171 22 
21 4 45.04 2778 19 21 21.14 
10354 101 76 80 28 115 35 152 91 
9.18 15 82 11 6 20 02 8.9 
1654 19 905 78 639.31 745 03 156 35 
19.58 18.24 13 74 14 53 11.73 
36.82 13 06 19.73 8 15.73 
76.48 42.03 49.2 25 6 49.72 
29.83 25.22 22.74 9.63 19.58 
0.91 0.75 1 72 1.6 1.12 

KS98120 11\ KS98120 12\h 
KS98120 KS98120 
408363 408363 
7750183 7750183 
Mt. Windsor Mt Windsor 
dam dam 

fine-grained fine-grained 
equigranular eqwgranular 
coherent coherent 
basaltic basaltic 
andesite andes1te 

PCF PCF 
1 1 
57.39 53.8 
1 84 216 
1448 14.87 
13 31 14 51 
017 02 
3 65 4.29 
3 82 4 02 
5.01 5.74 
0 09 0.15 
025 027 
3543 36 98 
312 24 321 77 
12.87 1 34 
8.96 5 86 
50 98 2353 
122 45 124 52 
5.93 6 51 
1.44 257 
228 72 328.45 
4397 38.63 
188.46 142 39 
14.11 8.32 
146.85 22212 
638 3.18 
24 91 19 11 
41 91 29 24 
2779 2021 
2.88 2.65 



Appendix la: Major (wt %) and trace element (ppm) analyese of volcanic rocks from the Seventy Mile Range Group. Analyses recalculated to 100% anhydrous. 

Samole* KS9B126 KS9B14S KS9B146 KS9B1S2a KS9B1S2c 
Station# KS9B126 KS9B14S KS9B146 KS9B1S2 KS9B1S2 
Eastin a 416798 387030 3871S2 4198B9 419869 
Northinq 77S3964 7736264 773S942 7749201 7749201 
Area Mt. Farrenden Mt. Trafalgar Mt. Trafalgar Highway/ Highway/ 

Reward Reward 

Facies aphync sparsely quartz- sparsely quartz- monomict1c feldspar-phyric 
coherent and feldspar- and feldspar- fels1c pumice coherent 
rhyohte phync coherent phync coherent breccia andesite 

rhyohte rhyohte 

Formation** TCF unknown unknown MWF MWF 
Suite*** 2 1 1 1 3 
Si02 BS B6 77 OS 73 67 77.44 62.93 
Ti02 0 04 024 0.31 0.17 1.22 
Al203 10 01 12 66 14 2 12 S6 17 BS 
Fe203 0 71 1 49 1 B 2S S.B3 
MnO 0 0 01 0 02 0 03 0 06 
Mao 0.27 0 24 0.16 1 s 1 9 
Cao 0 OS2 0 S1 0.74 2.26 
Na20 012 S B7 s 91 2 2B 3.BS 
K20 2 9B 1 BS 3 34 2 73 3 S6 
P205 0.01 0 OS 0 07 0 04 0 S2 
Sc 712 463 9 3S 6 S6 19 OS 
v 2 S4 3 B2 10 3S 2 97 120.6S 
er 1 02 06 2.01 2 36 1B 8S 
Ni 112 1 01 1 267 SB 
Cu 3 3S 1.B1 10.9S 3 2B 4.2S 
Zn 1 83 14 79 34.17 67 06 71 97 
Pb 1 54 3.S1 71S 21.B 6.1S 
Rb 70 7S 37.S2 66.43 111 76 14S.OB 
Sr 11 2B 72.S2 B7.43 110.33 4S9S9 
y 2B B7 27.46 26.B3 3S4B 41 42 
Zr 9S 76 229.83 240BB 20S2B 4S1.2 
Nb 11 79 13.4B 14.S7 234B 70.21 
Ba B49.44 S39.63 74244 S014 997.06 
Th 1S.96 12.37 14 47 20 61 2S.48 
La 342 20.9S 29 23 49.12 80 B3 
Ce 19.B 47.91 64 68 99 04 1S6 33 
Nd 11.B3 23.21 2743 41 93 62 72 
LOI 1.62 O.SB 0.49 246 3.42 

* Sample numbers followed by 'h' indicate samples crushed by hydraulic press. 

** Formations as defined by Henderson (1986) and Berry et al. (1992). 

*** Suites defined in this study. 

" Duplicate analyses not shown on diagrams. 

KS9B1S9 KS98171a KS9B171b KS9B172b KS9B177 
KS981S9 KS9B171 KS9B171 KS98172 KS98177 
429SBB 419197 419197 419SS6 4199SO 
774S030 774BS06 774BS06 774B6B3 774B62B 
Bnttania Highway/ Highway/ Highway/ Highway/ 
Telecom tower Reward Reward Reward Reward 

sparsely quartz- sparsely quartz- highly quartz- feldspar-phync sparsely quartz-
and feldspar- and feldspar- and feldspar- coherent dac1te and feldspar-
phync coherent phyric coherent phyric coherent phyric coherent 
rhyohte rhyolite rhyolite rhyohte 

MWF MWF MWF MWF MWF 
2 1 1 2 2 
79 61 76.62 7B.14 7B.B3 77S 
006 0 41 02B 0.07 0 06 
11 4 14 06 12.94 12 OS 1194 
1 07 1.3S 224 1 11 1 36 
0.01 0 01 002 0 02 0 01 
0 S3 0.41 0 S6 037 O.BS 
0 0 09 0 07 04S o.os 
01S 3.72 2 B3 333 3.26 
71S 3 23 29 3 76 4.96 
0 01 0 09 0.02 0.01 0 01 
B 1S.42 10 61 9.63 14.S 
0 27.06 1S B1 0 0 
1.62 1 33 1 73 1.S2 1 11 
1 S2 1.43 3.06 1.S2 0 B1 
2.B3 12.87 6.94 2 94 B 06 
4 76 139.09 424 39 2B.39 14.71 
3 9B 1S11.99 12.09 12.97 s 62 
13B.OB 66.59 77.43 106 37 123 79 
69.04 103.3S 109 87 80.S1 SB 32 
23.18 16.6S 21 93 437 30 92 
131 6 12S B2 1S2.31 12614 107.7B 
14 68 70S 796 16 12 14.71 
2419 19 104B 01 S14.37 1097.94 804 S2 
18 73 11 13 8.77 1B.4S 18.13 
0 13.63 14.79 41.27 17.21 
17 24 S3 13 36.11 81.4 54.S6 
11.26 21.67 1S 87 43.13 29.47 
1 21 2.07 1.98 1.38 0.72 

KS9817B KS99003 
KS9B17B KS99003 
420109 404677 
774B633 774SS26 
Highway/ Liontown 
Reward 

sparsely quartz- sparsely quartz-
and feldspar- and feldspar-
phyric coherent phyric coherent 
rhyolite rhyolite 

MWF TCF 
1 1 
74.1 B7.94 
0.S6 011 
13 6.B2 
2.93 1.41 
0.03 0 01 
1 06 024 
0.16 0.13 
3 71 2.62 
43B 0 71 
0 07 001 
1S44 3S3 
92 2S B66 
274 1 S1 
244 1 21 
61 14S 
S2.32 12.49 
7.3 6.33 
9B.14 24.6B 
6309 7999 
32.21 13.7 
119.37 B946 
1341 S34 
729 24 34B.1B 
1S 04 66S 
S 17 12.9 
22 9 23.S3 
13.6 11.73 
1.S6 0.74 



Appendix la: Major (wt%) and trace element (ppm) analyese of volcanic rocks from the Seventy Mile Range Group. Analyses recalculated to 100% anhydrous. 

Sample* KS99005 KS99008 KS99011 KS99012 KS99016 
Station# KS99005 KS99008 KS99011 KS99012 KS99016 
Eastin a 404817 403839 404087 404144 412582 
Northina 7745693 7746428 7746386 7746399 7748891 
Area L1ontown Liontown Liontown Lion town Mt Windsor 

east 

Facies sparsely quartz- moderately moderately sparsely quartz- highly quartz-
and feldspar- quartz-and quartz- and and feldspar- and feldspar-
phync coherent feldspar-phyric feldspar-phync phync coherent phync coherent 
rhyohte coherent coherent rhyolite rhyohte 

rhyollte rhyolite 

Formation** MWF MWF MWF MWF TCF 
Suite*** 1 2 2 2 1 
Si02 76.34 79.67 8116 80 53 76 92 
Ti02 032 0.08 0 07 0.07 029 
Al203 12 95 11 93 10.86 11 12 13.24 
Fe203 2.59 1 25 1 54 2 16 2 12 
MnO 0 0 0 02 0 02 0 04 
Mao 016 0 68 0 63 0 81 1.28 
Cao 025 0.14 0 13 0 08 0 62 
Na20 6.78 6 515 442 425 
K20 0 57 0 25 0.44 0 78 1 2 
P205 0 04 0 0 01 0 01 0 04 
Sc 12 07 473 5 44 6 57 942 
v 27 56 1 71 444 0 24.05 
Cr 8 35 0 0 1 11 2 56 
Ni 1 61 1 01 0 0 91 5.02 
Cu 0 0 1.55 1.25 127.75 
Zn 9 35 0 10.38 14 35 87 31 
Pb 5 32 0 37 5 36 2 88 
Rb 15.39 7.35 15 62 26.67 27.13 
Sr 125 01 106.47 99 89 60 12 213.32 
y 21 22 27.2 2611 32 03 8045 
Zr 13678 108 48 118.64 128 63 160 4 
Nb 7.34 12 29 13 31 12 83 962 
Ba 543.1 69 24454 27807 477.41 
Th 9 76 17.83 16.43 17 88 9.42 
La 25.24 22 26 31.65 22.23 37.93 
Ce 45 86 55 89 8318 67 71 95.85 
Nd 22.06 21.27 31 67 24 77 68 21 
LOI 0.57 0.72 0 79 1 03 23 

* Sample numbers fallowed by 'h' indicate samples crushed by hydraulic press. 
•• Formations as defined by Henderson (1986) and Berry et al. (1992). 
••• Suites defined in this study. 
" Duplicate analyses not shown on diagrams. 

KS99017a KS99017b KS99020 KS99021 KS99026a 
KS99017 KS99017 KS99020 KS99021 KS99026 
412385 412385 412920 412885 419277 
7748490 7748490 7747869 7747103 7748559 
Mt Windsor Mt. Windsor Mt. Windsor Mt. Windsor Highway/ 
east east east east Reward 

moderately moderately moderately highly quartz- quartz- and 
quartz- and quartz- and quartz- and and feldspar- feldspar-phyric 
feldspar-phync feldspar-phync feldspar-phync phyric coherent clast from a 
coherent coherent coherent rhyolite polymictic 
rhyollte rhyohte rhyolite breccia 

TCF TCF TCF TCF TCF 
1 1 1 1 1 
71.48 71 9 79 78 82.35 85.34 
0.3 045 0.28 0 21 015 
14 23 14 43 11.83 1045 9.07 
3 22 4 55 1 28 147 0.73 
0 08 0 07 0 03 0 01 0 
112 146 016 0.33 0 26 
3.2 1 3 0.76 0 04 0 09 
4.36 3 25 4.75 3 32 324 
1 94 246 1 08 18 1.11 
0 06 012 0 05 0 02 0 01 
14 06 16 81 5.59 5.67 343 
51 74 50 94 14.22 15.28 949 
6.25 2.78 1 83 2 23 1 51 
3.75 32 335 1 21 0 
5 21 433 427 617 1.24 
45.71 67.65 33 93 17 81 11.1 
3.51 6 66 425 2.83 7.9 
4404 51.56 20.52 41.38 3927 
20865 135 81 87.06 5049 86.01 
20.93 23 92 22.96 16 9 10.9 
148 26 143.24 145.57 130 22 109.93 
7.7 7.63 7 82 7.59 535 
637.81 52212 536 87 367 59 391.68 
7 39 6 81 65 637 8.78 
2149 19 3 15 99 19.14 13.63 
4067 40 81 37 2 39.53 3089 
19 95 21.67 16.95 16 57 12 58 
3.96 3 03 1 56 1.16 0 94 

KS99030 KS99031 
KS99030 KS99031 
420084 420091 
7749379 7749356 
Highway/ Highway/ 
Reward Reward 

highly quartz- moderately 
and feldspar- quartz- and 
phync coherent feldspar-phync 
rhyollte coherent 

rhyohte 

MWF MWF 
2 2 
77.82 78.54 
0.1 0 06 
11.59 12.11 
1 62 1 02 
0 02 0 02 
1.46 06 
0.05 035 
3.63 2.47 
3.7 4 81 
0 02 0 02 
404 355 
18 2 84 
4.55 1.62 
2.83 1 52 
334 437 
29 72 24.17 
11 84 11 09 
7663 140 13 
57.63 7118 
24.16 31 78 
84.82 89.86 
12.03 132 
564.53 1400.06 
15 37 16.96 
16.89 22.23 
45 89 5562 
19 68 25 21 
1.08 1.52 



Appendix la: Major (wt%) and trace element (ppm) analyese of volcanic rocks from the Seventy Mile Range Group. Analyses recalculated to 100% anhydrous. 

Sa male* KS99040hA KS99040 KS99046c KS99057a KS99057b 
Station# KS99040 KS99040 KS99046 KS99057 KS99057 
Eastin a 404571 404571 438956 440001 440001 
Northina 7745972 7745972 7739504 7745736 7745736 
Area Liontown Liontown Rollston Range Bnttama dam Bnttama dam 

Facies sparsely quartz- sparsely quartz- aphync moderately aphync 
and feldspar- and feldspar- coherent quartz-and coherent 
phync coherent phync coherent andes1te feldspar-phync rhyolite 
rhyohte rhyohte coherent 

rhyohte 

Formation•• unkown unknown TCF unknown unknown 
Suite*** 1 1 1 1 2 
Si02 7979 7918 53.49 71 92 78 05 
Ti02 018 0 18 1 08 036 0 05 
Al203 11 12 1127 15 03 14 67 12 08 
Fe203 1 81 2 31 10 17 3 63 1 1 
MnO 0 0 01 0 18 0 03 0 01 
Mao 016 024 4.79 1 29 0.41 
Cao 01 0.12 9.7 0 21 0 02 
Na20 432 4.33 5.23 5.35 1 28 
K20 2 51 2.33 0.1 2.44 6 98 
P205 0 01 0 01 0 23 0.1 0 02 
Sc 6 74 9 89 40 88 14 84 4 86 
v 4 02 555 300 21 43 01 0 
Cr 0 0 5985 1 22 0 
Ni 0 1 51 22 11 0 92 1 62 
Cu 1 86 228 3256 12 43 2.39 
Zn 20.42 32.38 67 99 77.27 30 55 
Pb 6.77 7.02 2.7 2.18 10 65 
Rb 32 39 3349 1.04 46 16 163 67 
Sr 88 83 931 138.48 80 63 5513 
y 14.29 13.62 16 89 18 81 39.15 
Zr 198.79 212.53 68 51 118 25 84.67 
Nb 865 958 5.74 62 11.84 
Ba 483.5 42567 88 63 592.86 1497.81 
Th 5.63 6.86 2.71 9.15 18 31 
La 5 53 2.22 10 11 15.86 14 06 
Ce 13 03 12 35 22 02 37.44 36 11 
Nd 10 15 6.96 11.81 16 76 18 96 
LOI 0.6 0.86 41 1 64 114 

• Sample numbers followed by 'h' indicate samples crushed by hydraulic press. 
•• Formations as defined by Henderson (1986) and Berry et al. (1992). 
*** Suites defined in this study. 
" Duplicate analyses not shown on diagrams. 

KS99058hA KS99058 KS99060 KS99061 KS99063 
KS99058 KS99058 KS99060 KS99061 KS99063 
440071 440071 439080 438984 438697 
7745675 7745675 7738880 7738806 7738617 
Brittania dam Bnttania dam Rollston Range Rollston Range Rollston Range 

moderately moderately non-stra!lfied, non-stratified, non-stratified, 
quartz- and quartz-and monomictic monom1ct1c monomictic 
feldspar-phyric feldspar-phync rhyolite brecc1a rhyolite breccia rhyolite breccia 
coherent coherent 
rhyolite rhyolite 

TCF TCF TCF TCF TCF 
2 1 1 1 1 
79 72 80 11 8347 84.86 81.43 
0 06 0 05 0.07 0.11 0 08 
11 35 11.07 9.57 8.47 10.97 
0 53 0.49 1 27 1.17 1.33 
0 01 0 01 0 0 01 0 02 
0 27 0.25 004 0 33 024 
0 01 0.01 004 0 13 0 26 
0 83 0.88 544 42 5 09 
72 711 008 0 71 0 55 
0 02 0 02 0 01 0 01 0 01 
3 43 434 484 6 84 7 08 
0 0 0 8 75 0 
0 0 1.71 9.86 1 11 
1 11 1 31 0.5 1.51 2 33 
2 59 249 2.62 0.91 1 32 
13.21 12.52 5.25 2534 68.81 
50.69 6457 7.72 0 10.3 
135 09 132.85 0 925 22.36 
48 09 47.85 29 86 51.89 364 61 
21 98 22 01 53 87 2212 41.59 
7511 76.32 172.5 155.97 199 46 
10 69 10.8 13 72 11 16 13 66 
1904.33 1895.76 328 05 153.76 255 93 
17 54 17.77 14 02 11 36 15.69 
14.82 18.07 9.1 13 42 21.96 
41.75 39.44 30.66 36 31 65.75 
16 61 18.72 15.59 18 54 2335 
0.81 0.94 087 0.56 1.18 

KS99064 LLD 128hA 
KS99064 LLD 128 
438625 402630 
7738560 7742460 
Rollston Range L1ontown 

moderately sparsely quartz-
quartz- and and feldspar-
feldspar-phync phyric coherent 
coherent rhyolite 
rhyolite 

TCF TCF 
1 1 
88.76 69 86 
0.07 055 
8.47 14.06 
066 4.09 
0 0.06 
005 1.71 
0 2.48 
0 1 2.47 
1 87 458 
0 01 013 
421 13 22 
0 89.77 
236 39.95 
0 10.47 
0.62 17.44 
34.74 59.17 
806 19.15 
2497 153 52 
2333 460.96 
2713 25.62 
186.74 214.72 
12.95 12.3 
601.54 89406 
1295 18.1 
11 25 3548 
34 91 68.03 
1842 3016 
2.7 1 6 



Appendix la. Major (wt%) and trace element (ppm) analyese of volcanic rocks from the Seventy Mile Range Group. Analyses recalculated to 100% anhydrous. 

Sa mole* LLD 128 SSRCD001h" SSRCD001 
Station# LLD 128 SSRCD001 SSRCD001 
Eastin a 402630 415901 415901 
Northina 7742460 7747660 7747660 
Area Liontown Stocksquad Stocksquad 

Facies sparsely quartz- sparsely quartz- sparsely quartz-
and feldspar- and feldspar- and feldspar-
phyric coherent phyric coherent phyric coherent 
rhyohte rhyohte rhyohte 

Formation** TCF TCF TCF 
Suite*** 1 1 1 
Si02 69.52 7616 76.76 
Ti02 0 55 029 0 28 
A1203 14 37 12.37 12 15 
Fe203 414 3 03 3.34 
MnO 0 07 0 24 0 23 
MaO 1 79 1 8 1 92 
Cao 2.17 033 0 28 
Na20 2 81 0.31 0.26 
K20 444 54 4 73 
P205 0.13 0.06 0 05 
Sc 13 92 7 38 7 81 
v 90 96 17.23 19 31 
Cr 41 26 1 03 1.44 
Ni 11.38 1 33 0.62 
Cu 19.31 76 89 44.83 
Zn 52 95 9846 104.98 
Pb 2029 9 78 6 39 
Rb 154.58 79.49 7416 
Sr 445.14 5836 40.27 
y 26.02 1744 16.85 
Zr 2243 151.7 150.38 
Nb 12 5 7.69 7.19 
Ba 956.24 5813 03 4032 47 
Th 17.99 492 5.14 
La 34.05 13.54 14.28 
Ce 70.28 29.08 3719 
Nd 29.62 11.41 13 86 
LOI 1.63 2.47 2 62 

* Sample numbers followed by 'h' indicate samples crushed by hydraulic press. 
** Formations as defined by Henderson (1986) and Berry et al. (1992). 
••• Suites defined in this study. 
" Duplicate analyses not shown on diagrams. 



Appendix lb: Major (wt %) and trace element (ppm) analyese of volcanic rocks from the Seventy Mile Range Group (Berry et al , 1992, Stolz, 1995). Analyses recalculated to 100% anhydrous. 

Samo le GY11 GY12 GY13 GY14 GY15 
Station GY11 GY12 GY13 GY14 GY15 
Eastin a 413081 413119 413220 413186 413145 
Northina 7750229 7750234 7750374 7750378 7750383 
Area Mt. Windsor/ Mt. Windsor/ Mt. Windsor/ Mt. Windsor/ Mt. Windsor/ 

Gydg1e Gydg1e Gydg1e Gydg1e Gydg1e 

Facies Andes1te Andesite Rhyolite Dacite Andes1te 
Formation* TCF TCF TCF TCF TCF 
Suite** 1 1 1 1 1 
Si02 62.43 55.45 77.94 63.7 54 74 
Ti02 074 0.81 0.13 0.72 1.62 
Al203 15 56 17.69 12.4 15 04 15.5 
Fe203 89 10.4 2.37 9.05 12.64 
MnO 02 0 17 0.03 0.18 0.28 
MaO 1.93 2 96 0.76 2.2 3 74 
cao 5.39 6 05 0.27 4.48 8.13 
Na20 3 04 6.15 5 99 4 02 2.65 
K20 1 54 0.15 0.1 0.35 047 
P205 027 017 0.01 0 24 0 22 
Sc 41 35 5 32 34 
v 121 268 9 105 342 
Cr 3 4 2 4 10 
Ni 4 9 1 4 11 
Cu 7 20 2 9 8 
Zn 125 96 22 93 113 
Pb 8 7 3 29 37 
Rb 29 1 6 1.7 7 11 
Sr 199 478 180 496 251 
y 23 18 47 24 34 
Zr 87 52 181 77 127 
Nb 49 29 10.4 4.3 5.1 
Ba 564 95 92 6690 616 
Th 24 24 17 41 
LOI 6.54 6.24 1.05 5.64 8 91 

* Formations as defined by Henderson (1986) and Berry et al. (1992). 
** Suites defined in this study. 

GY16 
GY16 
413107 
7750372 
Mt Windsor/ 
Gydgie 

Andes1te 
TCF 
1 
61 3 
075 
14 58 
9 26 
0 25 
2.88 
666 
3.93 
0 18 
022 
27 
127 
5 
4 
5 
140 
7 
3.3 
257 
23 
71 
3.9 
391 
2 
7.23 

GY17 GY18 GY20 GY23 GY26 GY33 GY35 
GY17 GY18 GY20 GY23 GY26 GY33 GY35 
413070 413038 412852 412523 411539 413267 413389 
7750382 7750391 7750568 7751081 7751112 7750413 7750438 
Mt Windsor/ Mt Windsor/ Mt. Windsor/ Mt. Windsor/ Mt. Windsor/ Mt. Windsor/ Mt Windsor/ 
Gydgie Gydgie Gydg1e Gydg1e Gydgie Gydg1e Gydgie 

Rhyolite Andes1te· Andes1te Rhvolite Andes1te Rhvolite Andesite 
TCF TCF TCF TCF TCF TCF TCF 
1 1 1 1 1 1 1 
78.61 53 8 60.66 73.88 53.34 7759 54.47 
0.13 0.75 0.8 0.3 1.83 016 0.81 
12.54 19 86 15 33 1245 14.55 12.46 18.22 
1.55 9.57 8 92 5.88 13.82 2.64 11.22 
002 024 018 0.08 0.24 0 03 0.23 
04 318 2.74 1 5 5.5 08 3.35 
056 8 05 6 13 6 98 0 41 5 83 
5.98 3.49 3 58 4.16 2 91 5.69 5.32 
0.22 0 92 159 041 0.62 02 0.39 
0 01 013 0.2 0 04 0.21 0 01 016 
6 37 32 10 39 8 38 
7 313 173 15 415 13 349 
3 8 3 4 4 4 9 
1 10 3 2 14 2 9 
1 56 1 5 58 4 152 
8 90 102 41 121 24 142 
3 7 7 5 3 6 7 
6 19 31 9 22 4 9 
193 384 166 161 224 214 328 
55 14 23 27 31 64 17 
172 34 73 159 124 190 51 
10.5 25 4.1 82 9 11 26 
99 483 1047 248 1024 140 129 
17 34 11 17 2.2 
1 07 9 6.74 1 8 81 1.13 6.47 



Appendix lb: Major (wt%) and trace element (ppm) analyese of volcanic rocks from the Seventy Mile Range Group (Berry et al, 1992; Stolz, 1995). Analyses recalculated to 100% anhydrous. 

Sample GY37 GY38 GY39 GY46 GY49 
Station GY37 GY38 GY39 GY46 GY49 
Eastin a 413449 413514 413555 412592 412438 
Northina 7750481 7750558 7750583 7749000 7748549 
Area Mt. Windsor/ Mt Windsor/ Mt. Windsor/ Mt. Windsor/ Mt. Windsor/ 

Gydgie Gydg1e Gydgie Gydgie Gydgie 

Facies Andesite Dacite Andesite Rhvollte Dac1te 
Formation* TCF TCF TCF TCF TCF 
Suite** 1 1 1 1 1 
Si02 62.82 72.3 54.25 7611 71.41 
Ti02 0.72 0.39 0.84 0.29 0.46 
Al203 15.4 13.54 17.91 13.4 14.54 
Fe203 8.71 4.02 11 08 2.3 4.52 
MnO 019 0 1 0.18 0.07 0.18 
MaO 2 26 0 81 3.45 1.41 1 58 
CaO 4 71 351 65 113 1 6 
Na20 4.74 2.94 4.92 4.05 46 
K20 0.23 2.27 0 69 1 19 0.97 
P205 0 23 0 13 0.18 0 05 0.13 
Sc 25 15 39 9 19 
v 116 16 320 31 53 
Cr 6 3 5 6 3 
Ni 4 2 10 4 2 
Cu 118 110 84 23 4 
Zn 124 98 102 81 100 
Pb 12 28 7 4 4 
Rb 46 44 13 27 19 
Sr 222 264 404 226 220 
y 25 26 21 27 22 
Zr 87 146 60 155 137 
Nb 4.8 8.4 3.7 7.1 6.3 
Ba 173 595 564 486 1289 
Th 2.8 7.6 2 7.9 62 
LOI 3.35 1.37 147 1 58 1.97 

* Formations as defined by Henderson (1986) and Berry et al. (1992). 
** Suites defined in this study. 

GY50 
GY50 

Mt. Windsor/ 
Gydg1e 

Dacite 
TCF 
1 
70.41 
0.64 
13 41 
5.77 
0.18 
3 52 
0.85 
4.77 
0 22 
022 
19 
44 
2 
2 
6 
100 
5 
3.5 
165 
22 
112 
6.3 
145 
5.8 
2.38 

GY51 GY52 GY53 GY55 GY58 GY59 GY62 
GY51 GY52 GY53 GY55 GY58 GY59 GY62 
412383 412495 412521 412934 412922 413420 413594 
7748476 7748225 7748212 7747889 7746919 7746650 7746424 
Mt. Windsor/ Mt. Windsor/ Mt. Windsor/ Mt Windsor/ Mt Windsor/ Mt Windsor/ Mt. Windsor/ 
Gydgie Gydgie Gydg1e Gydgie Gydg1e Gydg1e Gydgie 

Rhyohte Rhvollte Basalt Rhvohte Dac1te Dac1te Andes1te 
TCF TCF TCF TCF TCF TCF TCF 
1 1 1 1 1 1 1 
72.61 73.78 50 08 79.13 70.38 65.64 65 23 
0 31 038 0 65 0.26 053 0.64 0.62 
13.58 14.31 19 52 11.05 12 85 15 06 14 95 
2.98 2 82 11.26 1.72 4.92 714 7.45 
0.06 0.06 0.22 0 03 0.18 0 11 015 
0 89 1.07 5.06 0 19 216 2.15 241 
3 11 0.16 812 214 2 32 423 3.95 
4.69 721 2 34 4.63 5 26 3.39 3.91 
1.75 012 2.51 08 1.21 143 1.15 
0 03 0.09 0.25 0 05 0.19 0.21 018 
13 15 18 8 19 24 
41 16 228 16 13 94 96 
5 4 14 4 4 2 18 
3 1 16 1 2 2 3.1 
7 34 78 29 4 4 2 
31 83 109 41 59 88 103 
4 3 9 6 5 9 6 
39 1.2 47 16 22 24 22 
163 97 489 94 116 193 199 
21 29 12 20 21 22 20 
143 172 36 141 124 99 99 
6.8 8 1 2.6 6.5 7 5.4 56 
336 183 1695 209 650 219 
7.4 10 26 6.9 7 4.2 4 
3.58 1 01 7 82 2.41 43 542 5.28 



Appendix lb: Major (wt%) and trace element (ppm) analyese of volcanic rocks from the Seventy Mile Range Group (Berry et al., 1992; Stolz, 1995) Analyses recalculated to 100% anhydrous. 

Sample GY65 GY70 GY71 GY72 HW1 
Station GY65 GY70 GY71 GY72 HW1 
Eastin a 411532 411484 411519 417928 
Northina 7752255 7752034 7752188 7746597 
Area Mt. Windsor/ Mt. Windsor/ Mt. Windsor/ Mt Windsor/ Highway 

Gydg1e Gydg1e Gydg1e Gydg1e 

Facies Basalt Rhvolite Andesite Andesite Dac1te 
Formation* TCF PCF PCF PCF TCF 
Suite** 1 1 1 1 1 
Si02 52.68 786 54.8 58 55 75.28 
Ti02 2.05 029 2.13 1.03 0.33 
Al203 14.2 12.95 1429 15 21 12 95 
Fe203 14.59 3.18 13.72 11.36 3.07 
MnO 0.27 0.01 0.19 02 0 03 
Mao 4.52 0.69 3.73 3 36 0 72 
cao 76 0 04 5 39 4.16 044 
Na20 3 03 0 03 443 4.97 6.92 
K20 0.74 4.18 1.01 1 04 0.19 
P205 0 32 0.03 033 0.11 0 06 
Sc 12 34 33 9 
v 379 5 314 282 18 
Cr 66 2 8 7 3 
Ni 13 2 16 8 2 
Cu 53 1 56 97 3 
Zn 131 22 141 92 32 
Pb 5 4 6 3 10 
Rb 31 167 18 19 6 
Sr 173 6 251 268 191 
y 36 57 47 21 17 
Zr 147 648 202 65 105 
Nb 12 29 13 37 42 
Ba 626 453 527 123 
Th 19 2.8 5.2 
LOI 8.44 247 4.97 3.84 0 96 

* Formations as defined by Henderson (1986) and Berry et al. (1992). 
** Suites defined in this study. 

HW10 
HW10 
419701 
7746519 
Highway 

Rhvohte 
TCF 
1 
73 38 
0.36 
13.57 
3.21 
0.07 
059 
1.55 
545 
175 
0 07 
14 
27 
2 
2 
3 
45 
9 
43 
170 
26 
146 
7.1 
430 
6.6 
1.18 

HW12 HW14A HW14B HW15 HW16 HW19 HW2 
HW12 HW14A HW14B HW15 HW16 HW19 HW2 
420155 420189 420189 419909 419902 419833 418697 
7746842 7747017 7747017 7747362 7747416 7747102 7746363 
Highway Highway Highway Highway Highway Highway Highway 

Rhvolite Rhvohte Rhvohte Rhvolite Andes1te Andesite Rhvohte 
MWF MWF MWF MWF TCF TCF TCF 
1 2 2 1 1 1 1 
78.06 78.62 77.59 7794 56.08 60.46 76.77 
023 0.06 0.05 0 25 1.83 1.63 0.28 
11 78 11.72 12.08 11.91 14.79 13.51 12.91 
3.15 1.08 1 37 1 86 14.65 1075 1.67 
0 02 001 0 01 0.02 0.19 0 18 0.04 
067 0.11 0 07 0.75 4.92 4.1 032 
0 07 0 05 0 09 0.46 2 56 3.91 045 
5.9 3.08 1.96 467 4 51 4.97 566 
0.09 5.26 6.78 21 0.19 0 28 1.84 
0.01 0 01 0 01 0.04 0.28 023 0.05 
10 11 8 7 35 33 10 
12 5 4 16 358 318 14 
4 4 5 4 6 5 3 
2 2 2 2 9 9 1 
13 1 5 2 37 43 7 
62 19 15 18 128 99 61 
2.8 2.3 11 5 6 2 6 
3.3 142 162 42 2.4 3.8 45 
109 47 60 158 142 154 104 
47 36 27 21 36 34 30 
265 113 108 144 147 135 165 
12 13 11 7.3 8.8 8.5 75 
241 665 1038 827 848 137 588 
12 19 20 11 2.5 2.3 7.3 
1 26 0.35 0.46 1 02 4.71 4.18 1 26 



Appendix lb: Major (wt%) and trace element (ppm) analyese of volcanic rocks from the Seventy Mile Range Group (Berry et al., 1992; Stolz, 1995). Analyses recalculated to 100% anhydrous. 

Sample HW20 HW21A HW22 HW25 HW26 
Station HW20 HW21A HW22 HW25 HW26 
Easting 418269 418460 418822 419646 419720 
Northina 7747943 7748441 7748243 7748576 7748664 
Area Highway Highway Highway Highway Highway 

Facies Dacite Rhvohte Dac1te Rhvollte Rhvohte 
Formation* TCF TCF TCF MWF MWF 
Suite** 1 1 1 2 2 
Si02 7426 79.05 66.22 80.45 73.06 
Ti02 0 38 0.22 0.6 0.04 0.06 
Al203 1336 10 32 142 10 33 14 03 
Fe203 3.24 3.56 7.04 1.37 0.92 
MnO 0.11 0 09 0.25 0 17 0 03 
MgO 1 89 0 98 3 81 0 22 027 
CaO 0 18 02 2.28 0.03 0.11 
Na20 43 2 82 4.83 09 1 86 
1<20 2 22 2 67 0.61 6 48 9 65 
P205 0 07 0 07 0 17 0.01 0 01 
Sc 14 7 27 5 6 
v 18 23 145 4 4 
Cr 3 8 23 3 3 
Ni 2 6 7 2 1 
Cu 33 83 59 5 2 
Zn 178 77 241 98 11 
Pb 6 11 8 20 22 
Rb 38 36 14 175 197 
Sr 139 56 125 41 63 
y 27 28 25 40 57 
Zr 119 143 109 73 102 
Nb 5.6 8 6 1 10.5 15 
Ba 2540 1780 526 856 1280 
Th 64 41 4.4 15 18 
LOI 1.8 1.13 4.13 1.2 045 

* Formations as defined by Henderson (1986) and Berry et al. (1992). 
** Suites defined in this study. 

HW27 HW28 HW3 HW30 HW33 HW33 HW35 HW35 
HW27 HW28 HW3 HW30 HW33 HW33 HW35 HW35 
420424 420641 418909 420561 419447 419447 419807 419807 
7748633 7748711 7746065 7748669 7748265 7748265 7748606 7748606 
Highway Highway Highway Highway Highway Highway Highway Highway 

Basalt Basalt Basalt Andes1te Andesite Rhvollte 
TCF TCF TCF PCF TCF MWF 
1 1 1 3 1 1 1 1 
50 75 52 85 52 77 53.16 57.65 55.42 77.66 7652 
1.81 1 72 0.48 1.33 068 0.65 0.04 0.04 
14 01 15.99 19.33 17 95 16 32 15.69 11.8 11 63 
14 31 1424 10.5 8.97 9.75 9.37 1.25 123 
0 22 028 017 0.2 0.17 0.16 0 02 0 02 
5 59 7.53 4.63 3 31 4.86 4 67 0.38 0.37 
9.57 244 4.35 7.81 467 4.49 0 1 0.1 
2 78 4.03 6.89 3.67 542 5.21 2.64 26 
0 73 071 06 2 93 0.34 0.33 6 09 6 
0 23 0 21 0.01 068 0.15 0 14 0 02 0 02 
41 46 38 25 
325 507 147 101 279 279 3 33 
14 8 90 61 42 42 4 35 
25 11 55 18 22 22 3 26 
82 45 1 7 101 101 6 57 
117 116 90 129 92 92 14 14 
6 2.7 1.9 15 6 6 
33 28 22 80 4 4 
766 136 212 423 505 505 
36 25 6.8 49 18 18 
116 64 28 370 72 72 
4 3.4 12 55 4.1 4.1 
1176 167 249 1061 

23 2 2 
4 51 6.27 3 26 7.86 4.21 4.21 0.64 0.64 



Appendix lb: Major (wt%) and trace element (ppm) analyese of volcanic rocks from the Seventy Mile Range Group (Berry et al., 1992; Stolz, 1995). Analyses recalculated to 100% anhydrous. 

Samole HW36 HW36 HW37 HW37 HW38 
Station HW36 HW36 HW37 HW37 HW38 
Easting 420022 420022 419177 419177 417848 
Northina 7748663 7748663 7748492 7748492 7746568 
Area Highway Highway Highway Highway Highway 

Facies Rhvohte Rhvohte Rhvolite 
Formation• MWF TCF TCF 
Suite•• 1 1 1 1 1 
Si02 79 88 8055 71.94 70 08 78 05 
Ti02 0 04 0 04 044 0 43 0 51 
Al203 10.6 10.69 1459 14 21 10 96 
Fe203 0.92 0.93 4.55 4.43 3.22 
MnO 0.02 0.02 0.31 0.3 0.06 
Mao 0 03 0 03 1 6 1.56 0.74 
Cao 0 04 0 04 0.28 0.27 0.31 
Na20 316 319 4 56 444 5 23 
K20 447 4.51 1.62 1.58 08 
P205 0 01 0 01 012 0.12 0 13 
Sc 
v 33 3 37 37 5 
Cr 4 4 5 4.5 4 
Ni 2.3 2 3 28 2 
Cu 4 4 57 57 1 
Zn 5 5 183 183 37 
Pb 
Rb 
Sr 
y 
Zr 
Nb 
Ba 
Th 
LOI 0.22 0.22 2.41 2.41 0.67 

* Formations as defined by Henderson (1986) and Berry et al. (1992). 
** Suites defined in this study. 

HW38 
HW38 
417848 
7746568 
Highway 

1 
77 22 
0.5 
10.84· 
3.19 
0.06 
0 73 
0.31 
517 
0 79 
013 

53 
4 
1 5 
1.1 
37 

0.67 

HW38 HW41 HW41 HW42 HW42 HW5 HW7 
HW38 HW41 HW41 HW42 HW42 HW5 HW7 
417848 419305 419305 418942 419089 
7746568 7749531 7749531 7746161 7746234 
Highway Highway Highway Highway Highway Highway Highway 

Rhvohte Dac1te Andes1te Basalt Andes1te 
TCF TCF TCF TCF TCF 
1 1 1 1 1 1 1 
78.05 62.31 59.46 56.18 51.61 51.36 55.46 
0.51 0.93 0.89 1.56 1.43 042 0.42 
10 96 14.93 14.25 14 86 13.65 19.16 19 43 
3 22 8.43 8 04 12.08 11.1 8 73 766 
0 06 0.18 0.17 0 21 0.19 0.21 014 
0.74 2.35 224 4 79 4.4 6.98 2.2 
0.31 461 44 4.8 441 6.54 11 55 
5.23 5 99 572 2 75 253 6 2.46 
OB 0 09 0.09 248 2.28 059 044 
013 0.17 016 0.28 0.26 0.03 023 

29 12 
5 154 154 332 332 182 118 
4 7 7.3 3 33 BO 5 
2 5 5.3 6 6.4 35 6 
1 2 2.1 26 26 171 62 
37 97 97 114 114 64 43 

8 B 21 12 
109 109 14 6 
136 136 158 714 
35 35 9 16 
143 143 24 53 
10 10 1.7 1.3 

557 200 
3 3 2 7.9 

0.67 4.61 4.61 7.91 7.91 7.69 2.49 



Appendix lb: Major (wt%) and trace element (ppm) analyese of volcanic rocks from the Seventy Mile Range Group (Berry et al., 1992; Stolz, 1995). Analyses recalculated to 100% anhydrous. 

Samole HW8 HW9 SS12 SS14 SS17 
Station HW8 HW9 SS12 SS14 SS17 
EastinQ 419118 419148 440153 440400 439204 
Northina 7746252 7746293 7742800 7742764 7745579 
Area Highway Hrghway Sunrrse Sunrise Sunrise 

Facies Andesrte Rhvolite Andesrte Rhvolrte Rhvolrte 
Formation* TCF TCF TCF TCF MWF 
Suite** 1 1 1 1 1 
Si02 57.3 79.52 63.73 77.56 78.4 
Ti02 043 027 1.15 0.16 0.04 
Al203 17.98 11.4 14.25 1206 12.32 
Fe203 7.64 2.3 7.56 2.35 0 65 
MnO 0.12 0.12 0 16 0 04 0 
MQO 4.51 0.26 2.21 0.33 0 25 
Cao 4 97 0 09 5 29 0 19 0.03 
Na20 1.76 439 1.64 4.82 2 27 
K20 5 01 1.58 3.55 247 6.02 
P205 028 0.06 0.46 0 01 0.01 
Sc 7 11 
v 102 13 33 12 27 
Cr 3 3 54 2.3 31 
Ni 7 2 69 25 3.2 
Cu 105 4 3 2.3 
Zn 74 10 110 89 23 
Pb 6 3.7 8 4 5 
Rb 91 57 74 41 168 
Sr 326 114 226 102 45 
y 15 21 39 199 38 
Zr 58 135 160 233 85 
Nb 2.2 5.4 14 13 12 
Ba 2555 2201 
Th 5.2 6.4 7 16 19 
LOI 2.86 1.06 1.65 0 75 0.93 

• Formations as defined by Henderson (1986) and Berry et al. (1992). 
** Suites defined in this study. 

SS20 
SS20 
439646 
7746000 
Sunrise 

Rhvolrte 
MWF 
1 
7949 
0 19 
11.1 
1.32 
0.02 
0 61 
0 07 
3 92 
326 
0 03 

4.9 

1.7 

28 
6 
56 
42 
45 
282 
17 

19 
0.68 

S823 SS25 SS26 SS27 8S28 SS3 S84 
SS23 SS25 SS26 SS27 SS28 S83 884 
440010 440246 440457 440524 437610 437532 
7745731 7745681 7745584 7745563 7739190 7739117 
Sunrrse Sunrise Sunrise Sunrrse Sunrrse Sunnse Sunnse 

Rhvolrte Rhvolite Andesrte Rhvolrte Rhvolite Rhvolrte Rhvolite 
TCF TCF TCF TCF TCF TCF TCF 
1 1 1 2 1 1 1 
77.86 72.9 56.3 78.49 77.48 74.25 741 
0.17 0 38 1.7 0.05 0.14 0.3 029 
11 97 13 82 14.79 11 99 12.02 12.75 12.67 
2.79 3.01 11 65 0 63 2 58 3 03 333 
0 04 0.05 0 21 0.03 0.06 0 06 0.05 
0 97 1.33 294 029 0.6 2.27 336 
0 06 1 1 68 0 52 0 81 0 11 0 28 
4.25 4 27 3.25 2.75 4 31 322 3 84 
1 86 3.05 1 76 5.24 1.97 3 99 2.04 
0 02 0.08 0 59 0.01 0.02 0.02 0.04 

2.2 30 73 26 
28 62 31 2 2 2 
25 33 11 1.4 2.4 1 2 
6 12 12 4.4 
60 37 142 10 51 69 70 
3 4 6 8 4 5 7 
41 81 57 114 51 41 30 
45 89 134 67 57 57 117 
75 28 50 38 98 46 39 
283 184 196 81 277 214 214 
15 9 11 11 21 17 12 

7 13 18 10 11 13 
1.35 242 6.97 115 1.7 1.65 2.2 



Appendix lb: Major (wt%) and trace element (ppm) analyese of volcanic rocks from the Seventy Mile Range Group (Berry et al., 1992; Stolz, 1995). Analyses recalculated to 100% anhydrous. 

Samele SS7 SSS SS9 TB11 TB13 
Station SS7 SSS SS9 TB11 TB13 
Eastina 439039 439599 439677 393561 393SS2 
Northina 7740069 7739544 7739394 774S307 774S551 
Area Sunnse Sunnse Sunrise Trafalgar Bore Trafalgar Bore 

Facies Rhvoilte Dacite Andesite Andesite Andes1te 
Formation* TCF TCF TCF TCF TCF 
Suite** 1 1 1 1 1 
Si02 74.74 67 78 54.39 541S 59 78 
Ti02 0.2S 0.42 1.2 1.34 1.29 
Al203 13 56 14.76 16.07 15.87 12 4 
Fe203 2.28 5.65 10.69 10 87 10 94 
MnO 0.02 0.11 0.16 0.27 0 22 
MaO 0 78 2.1 5.27 416 3 98 
Cao 02 2.03 8.86 6.77 S.5S 
Na20 4.7 6.95 2.62 604 2 31 
K20 3.4 012 054 0.29 0 26 
P205 0 05 0.07 0 19 0.2 0.23 
Sc 42 34 
v 24 92 278 305 272 
Cr 4.5 44 67 10 7 
Ni 32 15 32 19 34 
Cu 26 25 52 46 24 
Zn 52 60 93 89 172 
Pb 9 4 4 5 3.5 
Rb 65 3 8 5 3 
Sr 97 53 303 258 189 
y 27 19 27 36 33 
Zr 151 109 104 138 121 
Nb 9 53 8 10 8.9 
Ba 214 183 
Th 13 8 3 3.8 
LOI 0 99 2 82 226 0.92 0 65 

• Formations as defined by Henderson (1986) and Berry et al. (1992). 
•• Suites defined in this study. 

TB15 
TB15 
393901 
774S688 
Trafalgar Bore 

Dacite 
TCF 
1 
74.53 
0.63 
12.15 
401 
0 1 
0.52 
1.11 
57 
1 18 
0 07 
11 
7 
1 
1 
1 
65 
4.S 
24 
70 
65 
340 
23 
471 
12 
0.36 

TB1S TB19 TB20 TB22 TB23 TB24 TB25 
TB1S TB19 TB20 TB22 TB23 TB24 TB25 
393286 393208 393018 394303 394314 394319 394377 
7749047 7749104 7748992 7747546 7747687 7747S20 7747942 
Trafalgar Bore Trafalgar Bore Trafalgar Bore Trafalgar Bore Trafalgar Bore Trafalgar Bore Trafalgar Bore 

Dac1te Rhvohte Dac1te Dacite Basalt Dac1te Andes1te 
TCF TCF TCF TCF TCF TCF TCF 
1 1 1 1 1 1 1 
75.91 78.58 74 79 71.92 5049 72.18 5354 
0.59 0.17 0.58 0.53 0.68 0.36 1.7S 
11.92 116 11.88 13.47 18.96 13.1S 14.81 
3.67 2.62 3.76 4.99 9 96 5.24 12.66 
0.04 0.01 0.09 0 1 0 16 0 15 0.18 
0 53 013 0 52 1.12 5 51 0.89 2 S2 
0.42 0.24 1 03 0.74 10 66 0.92 9.03 
5.48 6 25 4.55 5.97 3.13 6 91 4.63 
1 36 0.4 2.74 1 01 037 0 12 0.27 
0 06 0.01 0 07 0.15 0 08 0.05 028 
15 10 15 18 43 14 35 
10 4 4 14 284 2 396 
2 2 2 2 66 1 2 
2 1 2 2 28 1 s 
4 3 8 85 1 
56 74 59 63 85 
5 10 53 13 5.4 2.8 7 
16 7 53 15 7 1 3 4 
74 71 75 55 354 54 734 
61 66 61 47 11 56 54 
313 302 314 231 23 280 132 
21 21 21 14 2.3 12 9.1 
542 165 509 438 424 34 3S8 
15 14 14 6.6 6.2 4 
0.55 1.56 084 0.82 1 12 0.79 0 S1 



Appendix lb: Major (wt%) and trace element (ppm) analyese of volcanic rocks from the Seventy Mile Range Group (Berry et al., 1992; Stolz, 1995) Analyses recalculated to 100% anhydrous. 

Sample TB26 TB27 TB28 TB3 TB31 
Station TB26 TB27 TB28 TB3 TB31 
Eastin a 394455 393732 394097 393190 394604 
Northina 7748090 7749862 7750027 7745232 7749248 
Area Trafalgar Bore Trafalgar Bore Trafalgar Bore Trafalgar Bore Trafalgar Bore 

Facies Dacite Rhvolite Rhvolite Dacite Rhvolite 
Formation• TCF MWF MWF TCF MWF 
Suite•• 1 1 2 1 1 
Si02 75.48 7842 7744 6493 78.71 
Ti02 065 0 15 0 09 0.7 0.1 
Al203 11.69 12 06 12.18 15 07 11 24 
Fe203 3.87 0 39 1.29 5 91 1.51 
MnO 0 07 0 03 0 02 0.11 0 06 
MaO 043 0.18 0 61 264 0 52 
CaO 1 04 0.22 0 34 4.27 0 88 
Na20 5.86 4.13 3.06 2.74 22 
K20 0 78 4 38 4 97 3.45 4 77 
P205 013 0 03 0 0 18 0 01 
Sc 14 6 5 22 4 
v 4 4 4 131 2 
Cr 2 3 4 74 2 
Ni 3 1 1 19 1 
Cu 2 5 1 28 7 
Zn 60 2 13 68 42 
Pb 5.6 4.7 15 16 16 
Rb 12 67 108 140 126 
Sr 87 50 72 261 81 
y 65 40 37 30 39 
Zr 383 184 112 203 162 
Nb 26 11 10 11 11 
Ba 580 989 869 696 822 
Th 11 15 16 15 16 
LOI 052 0 32 0.51 0.86 1.23 

* Formations as defined by Henderson (1986) and Berry et al. (1992). 
** Suites defined in this study. 

TB32 
TB32 
394604 
7749193 
Trafalgar Bore 

Dac1te 
TCF 
1 
75 3 
034 
12.55 
2.89 
0 08 
1.07 
143 
3.75 
2.53 
0 05 
12 
12 
3 
1 
4 
81 
6 
79 
86 
45 
250 
15 
661 
12 
0.82 

TB34 TB35 TB5 TB6 TB? TB9 TC2 
TB34 TB35 TB5 TB6 TB? TB9 TC2 
394719 393107 392908 393122 393445 426197 
7748912 7745127 7745010 7747850 7748163 7741746 
Trafalgar Bore Trafalgar Bore Trafalgar Bore Trafalgar Bore Trafalgar Bore Trafalgar Bore Trooper Creek 

Dac1te Dacite Andes1te Rhyolite Dac1te Andes1te Dac1te 
TCF TCF RRF RRF TCF TCF TCF 
1 1 1 1 1 1 1 
64 65 67 58 48 74.94 70.97 55 72 73.33 
1.2 0.87 0 93 0.3 0.37 1 83 0.41 
13 61 14.88 17.81 1414 14.02 14.67 12 83 
7.37 672 839 2.06 497 11.45 3.73 
0.15 0 16 0.09 0.03 0 13 03 0.05 
2.02 1.73 4.21 047 0.5 3 05 1.02 
414 1.61 36 0 39 1 76 724 1 08 
6 29 447 4.81 6.82 6.54 5.11 5.58 
033 2.38 1 48 08 0.67 036 186 
0.24 0 18 0.19 004 0 06 0.26 01 
27 24 26 10 13 36 14 
157 176 198 19 1 244 23 
3 91 95 5 1 3 3 
4 24 26 2 1 6 2 
1 29 44 2 8 14 33 
33 139 85 23 158 130 63 
4.4 5.3 8 11 6.2 4 13 
8 74 46 18 9 7 28 
232 390 311 270 175 174 88 
51 30 30 36 65 50 28 
237 230 161 212 292 210 155 
17 13 10 16 16 16 11 
114 1838 481 452 212 175 511 
8.6 16 7 23 5.6 6.1 8 
0.41 2 45 0.76 0.49 1.56 148 



Appendix lb: Major (wt%) and trace element (ppm) analyese of volcanic rocks from the Seventy Mile Range Group (Berry et al., 1992; Stolz, 1995). Analyses recalculated to 100% anhydrous. 

Samole TC25 TC26 TC28 TC29 TC3 
Station TC25 TC26 TC28 TC29 TC3 
Eastina 426731 426578 425994 426861 426335 
Northing 7743267 7743618 7744967 7741529 7741977 
Area Trooper Creek Trooper Creek Trooper Creek Trooper Creek Trooper Creek 

Facies Rhvollte Rhvollte Rhvohte Dac1te Basalt 
Formation* MWF MWF MWF TCF TCF 
Suite** 1 1 2 1 1 
Si02 76 64 76.48 78.96 67.03 52.4 
Ti02 0 11 0 11 0.06 08 1 
Al203 12.41 12.37 12.14 13.53 17.74 
Fe203 1.14 146 1.57 5.39 10.02 
MnO 0.03 0.03 0.05 0.12 0.19 
Mao 0.1 0 58 0.45 2.8 482 
Cao 0 04 0.3 0.12 3.24 5.73 
Na20 1.83 1.99 5.87 6.8 6.47 
1<20 7 67 6.68 0 78 0 09 1.42 
P205 0 02 0.01 0 01 02 021 
Sc 7 8 21 31 
v 1 1 4 155 269 
Cr 4 3 1 20 46 
Ni 3 2 1 15 43 
Cu 4 1 25 68 51 
Zn 22 188 57 70 88 
Pb 16 96 3 9 3 
Rb 136 154 20 33 
Sr 57 57 81 70 107 
y 36 55 34 25 20 
Zr 240 250 123 112 79 
Nb 14 16 14 10 65 
Ba 2397 1591 23 448 
Th 14 17 19 6.6 2 
LOI 0 52 1 0.74 1 6.12 

* Formations as defined by Henderson (1986) and Berry et al. (1992). 
•• Suites defined in this study. 

TC34 
TC34 
427340 
7743109 
Trooper Creek 

Rhvohte 
MWF 
1 
80.79 
0.11 
10.47 
2.02 
0 04 
0.38 
0.19 
3.95 
2 04 
0 01 
7 
2 
2 
1 
5 
90 
74 
50 
36 
40 
226 
14 
529 
12 
0.71 

TC35 TC42 TC47 TC? TH1 TH11 TH135/234 
TC35 TC42 TC47 TC? TH1 TH11 TH135/234 

427102 425422 426154 
7742139 7746400 7742071 

Trooper Creek Trooper Creek Trooper Creek Trooper Creek Thalanga Thalanga Thalanga 

Rhvohte Basalt Basalt Rhvolite Rhvollte Rhvohte Rhvohte 
MWF TCF PCF TCF MWF TCF MWF 
1 1 1 1 2 2 2 
82.13 54.26 50 76 83.73 71.37 7974 71.74 
0.22 0.9 148 014 0.09 0.14 0 1 
10.9 16 55 15.34 7.95 16.15 11.34 15.11 
0.43 9.86 12.12 1.35 1 81 1.2 1 95 
0 01 0 17 023 0.05 0.06 0 01 0.04 
0 03 668 5.93 0.12 1.16 0 07 1.74 
0 1 5.39 9.88 1.89 015 0.63 2 07 
6.03 4.93 3 79 424 3.16 5.06 418 
0.13 1 09 0 26 05 6 04 1 8 3.07 
0 03 0 17 0.21 0 02 0 01 0 01 0.01 
7 8 6 8 10 
8 224 318 6 5 4 3 
3 45 39 2 3 2 3 
1 40 34 1 3 1 6 
10 55 27 9 8 2 1 
1 82 95 7 73 65 112 
5 6 35 2 18 4 19 
4 20 8 17 164 37 107 
87 251 286 35 97 71 177 
17 23 30 35 43 29 53 
130 80 109 206 118 144 184 
77 6.2 7.6 15 14 13 18 
63 84 1369 291 437 
9.6 2 27 8 23 11 17 
0.73 3.47 1.01 1 77 1.09 0.41 0 73 



Appendix lb: Major (wt%) and trace element (ppm) analyese of volcanic rocks from the Seventy Mile Range Group (Berry et al, 1992; Stolz, 1995). Analyses recalculated to 100% anhydrous. 

Sample TH15 TH2 TH23/1 TH26/304 TH26/322 
Station TH15 TH2 TH23/1 TH26/304 TH26/322 
Eastini:i 
Northini:i 
Area Thalanga Thalanga Thalanga Thalanga Thalanga 

Facies Rhyolite Rhvohte Basalt Rhvohte Rhvollte 
Formation* TCF MWF TCF MWF MWF 
Suite** 2 2 1 2 2 
Si02 79.5 78.26 52.36 79.21 78.42 
Ti02 0.12 0 06 0.43 0 07 0 07 
Al203 11.96 12.05 14.61 11.57 11.63 
Fe203 0.23 133 8.78 1.02 1.16 
MnO 0 01 0.03 0.18 0.01 0.02 
MgO 0 02 0.45 10 06 0.15 03 
Cao 0 24 0.17 8.36 0 37 0 21 
Na20 47 2 22 3 32 3.99 2 94 
K20 32 5.42 1 79 3.6 523 
P205 0.01 0.01 0.11 0 01 0.01 
Sc 7 4 44 8 8 
v 3 5 237 1 3 
Cr 2 3 478 3 2 
Ni 1 3 80 3 1 
Cu 3 20 164 2 6 
Zn 1 99 68 25 51 
Pb 3 66 13 13 22 
Rb 60 57 46 60 94 
Sr 43 53 261 86 59 
y 46 32 10 32 24 
Zr 165 89 34 121 125 
Nb 17 10 2.1 13 13 
Ba 476 1386 978 955 1051 
Th 13 16 12 12 
LOI 0.28 0 86 142 0.18 0.23 

* Formations as defined by Henderson (1986) and Berry et al. (1992). 
** Suites defined in this study. 

TH33/241 
TH33/241 

Thalanga 

Dacite 
TCF 
1 
71 75 
05 
14.5 
314 
0.05 
0 81 
0 69 
6 22 
2.21 
0.12 
17 
38 
2 
2 
2 
89 
3 
43 
46 
34 
178 
9.3 
778 
9 
038 

TH33/393 TH37/17 TH37/20 TH37/22 TH37/3 TH37/30 TH4 
TH33/393 TH37/17 TH37/20 TH37/22 TH37/3 TH37/30 TH4 

Thalanga Thalanga Thalanga Thalanga Thalanga Thalanga Thalanga 

Rhvolite Dac1te Dac1te Basalt Dac1te Rhvohte Rhyollte 
MWF TCF TCF TCF TCF MWF MWF 
1 1 1 1 1 2 1 
79.56 72.94 7317 51.23 73.44 78.27 79.33 
008 0.45 0.53 0 73 0.41 0.14 009 
12.36 14.14 13.56 15 56 13.38 12.33 11.66 
0.53 3.67 377 11.12 3.77 2.04 179 
0.01 0 05 0.06 034 0 08 0.04 0.04 
0.48 1.68 1.62 694 1 1 01 078 
0.89 0.62 0 88 9.34 1.17 0.53 0.1 
549 497 6 08 347 4.38 3.41 2 31 
06 143 0 25 117 2.32 223 3.88 
0.01 0.05 0.09 0 1 0 05 0.01 001 
6 17 13 50 13 8 7 
2 7 28 237 28 1 2 
2 3 2 327 10 2 4 
1 3 4 77 8 1 2 
1 1 2 21 23 4 3 
21 72 92 342 66 59 39 
11 3 3 27 7 5 4 
25 57 8 39 67 93 108 
180 83 62 145 78 81 50 
41 38 29 14 33 39 33 
129 205 169 37 169 173 185 
15 12 9.6 1.9 12 18 15 
76 250 61 1627 911 495 494 
14 9 7 8 13 11 
0.44 1.27 0.99 1.73 057 1.25 0.99 



Appendix lb: Major (wt%) and trace element (ppm) analyese of volcanic rocks from the Seventy Mile Range Group (Berry et al., 1992; Stolz, 1995). Analyses recalculated to 100% anhydrous. 

Samo le TH5 TH57/10 TH57/12 TH57/14 TH57/18 
Station TH5 TH57/10 TH57/12 TH57/14 TH57/18 
Easting 
Northina 
Area Thalanga Thalanga Thalanga Thalanga Thalanga 

Facies Rhvohte Basalt Basalt Dacite Rhvohte 
Formation• MWF TCF TCF TCF MWF 
Suite** 1 1 1 1 1 
Si02 7639 49.19 48.78 74.3 73.31 
Ti02 0 13 0 77 0.73 0.36 0.26 
Al203 12.05 18 1714 12 97 14.75 
Fe203 2.17 11.04 11 05 2.37 2.64 
MnO O.OB 0.4 0.49 0.04 0.09 
Mao 1.09 6.96 6.7 0 86 1 56 
Cao 1.75 74 10.58 0 94 1.22 
Na20 2.49 3.77 3.2B 457 3 27 
1<20 3.85 2.36 1.15 3 53 2 87 
P205 0.01 0.1 0 1 0 06 0 02 
Sc 10 52 51 9 13 
v 4 318 309 6 4 
Cr 3 195 186 2 3 
Ni 2 47 48 2 4 
Cu 2 4 3 2 3 
Zn 41 282 204 37 82 
Pb 5 29 24 6 12 
Rb 96 66 22 61 96 
Sr 91 250 197 95 109 
y 36 13 15 28 47 
Zr 223 31 32 174 257 
Nb 16 1.8 1.5 14 20 
Ba 500 269 112 512 830 
Th 12 10 10 
LOI 0.77 1.8B 1.06 0.56 2.3 

• Formations as defined by Henderson (1986) and Berry et al. (1992). 
** Suites defined in this study. 

TH57/19 
TH57/19 

Thalanga 

Rhvolite 
MWF 
2 
76.89 
0.1 
13.05 
2 
0.05 
0.93 
0.93 
407 
1.97 
0.01 
10 
2 
3 
2 
6 
63 
13 
78 
124 
47 
169 
21 
484 
16 
1.05 

TH57/4 TH57/5 TH57/7 TH57/9 TH9/1 WM17 WM18 
TH57/4 TH57/5 TH57n TH57/9 TH9/1 WM17 WM18 

Thalanga Thalanga Thalanga Thalanga Thalanga Waddy's Mill Waddy's Mill 

Dacite Andes1te Basalt Dacite Andes1te Andesite Andes1te 
TCF TCF TCF TCF TCF TCF TCF 
1 1 1 1 1 1 1 
72.62 60.74 50.48 66.45 5324 56 35 55.83 
0.44 08 0.8 0.48 0.4 05 0.7 
13 85 16.26 19.34 16.69 14 83 1B.17 16.13 
3.18 6 59 10 04 4.69 7.75 5.34 9.5 
0.05 0.14 0.33 0.09 0 37 0.17 013 
0.42 3.89 485 0.86 8.18 1.52 4 03 
1 11 6.55 839 1 09 11.1B 12.17 7 29 
5.78 3 63 4.25 5 33 33 4.64 6 04 
242 1.22 1 34 424 0.64 1 04 0.21 
0 12 0.17 0 17 0.07 0.11 0 11 014 
15 22 59 16 47 
27 155 310 15 225 112 211 
4 31 205 3 484 47 45 
3 20 49 4 79 17 20 
4 13 3 4 83 26 37 
48 78 228 147 454 85 73 
4 7 6 15 38 7 5 
44 32 47 101 20 43 3 
75 397 259 137 283 477 433 
27 24 25 30 10 15 17 
154 105 33 231 31 48 56 
9.1 11 22 13 1 4.2 3.2 
836 444 285 480 703 
7 7 11 2 2 
0.44 1.34 1.23 0.55 1.18 0.71 0.54 



Appendix lb: Major (wt %) and trace element (ppm) analyese of volcanic rocks from the Seventy Mile Range Group (Berry et al., 1992; Stolz, 1995). Analyses recalculated to 100% anhydrous. 

Samole WM20 WM22A WM25A WM25B WM30 
Station WM20 WM22A WM25A WM25B WM30 
Eastina 
Northina 
Area Waddy's Mill Waddy's Mill Waddy's Mill Waddy's Mill Waddy's Mill 

Facies Rhvolite Basalt Rhvolite Rhvolite Andesite 
Formation* TCF TCF MWF MWF TCF 
Suite** 1 1 1 1 1 
Si02 77 32 51 22 86.32 69.57 59.4 
Ti02 033 0 65 0.15 0.25 0.96 
Al203 1154 17 9 7.91 17 25 15 06 
Fe203 2 93 10 21 0.85 2.42 947 
MnO 0.03 0.16 0.01 0.02 0.18 
MaO 0 28 72 0.1 1.19 2.18 
Cao 111 10 76 1.17 0 42 8 62 
Na20 4.87 1.74 3.07 23 3.66 
K20 1.48 0 09 0.39 6 54 026 
P205 0.09 0 06 0.02 0 03 0 21 
Sc 
v 24 233 4.2 8 239 
Cr 43 132 26 28 11 
N1 3.3 59 4.1 12 
Cu 2.8 120 2 17 
Zn 45 62 6 37 57 
Pb 5 2 4 14 7 
Rb 40 3 8 119 9 
Sr 163 330 77 78 222 
y 29 10.8 30 50 29 
Zr 145 21 5 144 229 72 
Nb 7.7 1.6 7.7 13 4.7 
Ba 
Th 7 6 8 
LOI 053 2.45 0.51 1.77 0.88 

* Formations as defined by Henderson (1986) and Berry et al. (1992). 
** Suites defined in this study. 

WM31 
WM31 

Waddy's Mill 

Andesite 
TCF 
1 
55 82 
142 
1512 
10 91 
0 19 
342 
7 07 
5.27 
042 
0.35 

279 
3.1 
7 
13 
130 
11 
7 
234 
33 
104 
6.6 

0.39 

WM32 WM35 WM36 WM4 WM6 WT1 WT10 
WM32 WM35 WM36 WM4 WM6 WT1 WT10 

400627 398357 
7746932 7746669 

Waddy'sM11l Waddy's Mill Waddy's Mill Waddy's Mill Waddy'sM1ll Waterloo/ Waterloo/ 
Oakvale Oakvale 

Andes1te Rhvohte Rhvollte Rhvolite Andes1te Rhvolite Basalt 
TCF MWF MWF MWF PCF MWF TCF 
1 1 1 2 1 1 1 
56.53 74 77 76.41 82.18 58.98 78.05 50.35 
0 96 024 0.23 0.08 0.92 0.22 07 
16.87 12.7 12.21 9.89 14.56 11 94 18.13 
7.97 3 57 2 51 0.19 8.34 1 32 9.99 
015 0 09 0.04 0 0.14 0.03 0.17 
467 048 0.45 0 02 5.45 0 08 6.02 
7.67 0 74 0 54 0.2 6.78 1.26 11 55 
349 5.36 4 08 1 71 3.38 5.32 2 76 
1 5 2.01 348 5.71 1.27 1 74 022 
0.17 0 04 0.04 0.02 018 0.03 0 11 

6 36 10 43 
141 3 5 177 5 276 
46 2.8 153 3 92 
46 1.8 1 36 1 36 
53 6 51 3 29 
60 63 73 1 69 25 70 
8 8 6 18 8 7 2 
52 30 58 102 60 34 3 
317 37 55 86 259 99 343 
25 57 43 22 29 31 76 
152 313 222 145 131 207 20 
5 17 14 14 9 11 1.5 

856 148 405 109 
4 8 9 6 9 
727 0.44 0.42 0.36 1.55 1.38 2.28 



Appendix lb: Major (wt%) and trace element (ppm) analyese of volcanic rocks from the Seventy Mile Range Group (Berry et al., 1992; Stolz, 1995). Analyses recalculated to 100% anhydrous. 

Sample WT11B WT11C WT12 WT13 WT14A 
Station WT11B WT11C WT12 WT13 WT14A 
Eastin!! 398642 398642 398482 398086 
Northina 7746684 7746684 7746407 7746173 
Area Waterloo/ Waterloo/ Waterloo/ Waterloo/ Waterloo/ 

Oakvale Oakvale Oakvale Oakvale Oakvale 

Facies Rhvolite Rhvolite Dac1te Dac1te Dac1te 
Formation* TCF TCF TCF TCF TCF 
Suite** 1 1 1 1 1 
Si02 76.39 79 66 73.43 6993 72.95 
Ti02 0 33 0.21 0 35 0.51 0.47 
Al203 1255 11 19 12 81 14.44 13 62 
Fe203 2.71 1.51 4.92 4.65 4.27 
MnO 0.06 0.03 0.11 0.06 0.08 
Mao 1.07 0.7 0.72 1 47 1 03 
Cao 048 0 68 1 36 1 37 1 07 
Na20 4.98 5.27 5.82 6 65 6 21 
1<20 1.37 0 72 0.43 0.81 0.2 
P205 0.06 0 04 0 05 0 1 0 09 
Sc 11 8 12 12 13 
v 22 10 2 67 16 
Cr 2 2 2 4 2 
Ni 1 1 3 4 2 
Cu 5 36 24 1 8 
Zn 58 24 84 40 48 
Pb 9 4 2 14 3 
Rb 34 9 4 10 3 
Sr 140 89 174 153 215 
y 26 19 59 25 35 
Zr 154 136 262 135 169 
Nb 8.4 7.8 15 9 12 
Ba 433 225 264 346 162 
Th 10 6.5 4.1 6.6 68 
LOI 0.85 0.95 1.29 1.6 1.39 

* Formations as defined by Henderson (1986) and Berry et al. (1992). 
**Suites defined in this study. 

WT16/10 
WT16/10 

Waterloo/ 
Oakvale 

Andes1te 
TCF 
1 
58.58 
0.77 
18.35 
10 05 
012 
3 22 
4.87 
3.24 
0 67 
013 
30 
255 
14 
14 
84 
136 
10 
13 
437 
17 
70 
41 
400 
2.1 
5.4 

WT16/8 WT17 WT1A WT21 WT22 WT23 WT27 
WT16/8 WT17 WT1A WT21 WT22 WT23 WT27 

400627 404108 403972 403904 
7746932 7746391 7746382 7746420 

Waterloo/ Waterloo/ Waterloo/ Waterloo/ Waterloo/ Waterloo/ Waterloo/ 
Oakvale Oakvale Oakvale Oakvale Oakvale Oakvale Oakvale 

Andes1te Dacite Rhvohte Rhvolite Andes1te Dacite Rhvohte 
TCF TCF MWF MWF PCF PCF MWF 
1 1 1 2 3 3 2 
56 74 74.27 80 87 81.71 58.85 63.41 7944 
0.77 0.42 01 0.08 1.55 1.81 0.12 
18.3 12.15 11 07 10.96 18.6 15.37 11 85 
9.28 33 0.51 1.09 8.71 8.16 1.28 
0.13 0.12 0.02 0.01 0.12 023 0.01 
2 96 0.98 0 08 0.49 2.96 2.13 1.12 
894 1.93 0 56 0.12 1.27 2.51 0.14 
243 3.9 4 56 4 98 6.67 4.5 57 
0 29 2 84 2.23 0 56 0.55 1.23 0.33 
0 16 0 08 0 01 0.01 0.71 0.65 0.01 
32 11 6 8 19 21 5 
273 14 3 1 124 127 14 
16 3 2 1 27 22 7 
20 3 1 1 14 9 2 
97 20 2 1 43 4 1 
100 66 86 8 21 14 2 
10 18 35 7 4 4 2 
5 48 41 18 17 36 7 
644 272 140 97 248 141 80 
15 26 43 37 42 33 25 
68 136 237 131 382 296 86 
4.3 10 16 15 84 62 12 
115 561 422 212 554 1377 82 
2.3 6.1 15 18 19 16 17 
4.53 2.36 0.47 0 73 2.69 3 33 0.9 



Appendix lb: Major (wt%) and trace element (ppm) analyese of volcanic rocks from the Seventy Mile Range Group (Berry et al., 1992; Stolz, 1995). Analyses recalculated to 100% anhydrous. 

Sample WT32 WT3A WT44 WT46 WT46A 
Station WT32 WT3A WT44 WT46 WT46A 
Eastina 400479 399899 408053 407832 
Northina 7746742 7747811 7748274 7748426 
Area Waterloo/ Waterloo/ Waterloo/ Waterloo/ Waterloo/ 

Oakvale Oakvale Oakvale Oakvale Oakvale 

Facies Andes1te Andesite Rhvolite Basalt Andes1te 
Formation* PCF TCF MWF TCF TCF 
Suite** 3 1 2 1 1 
Si02 5718 53.96 78.02 52.87 55 81 
Ti02 1.24 1.44 0.06 2.31 1.86 
Al203 19.91 15.75 11.27 14.91 14.09 
Fe203 7.22 12.36 1.62 13.72 13.88 
MnO 0.03 0.15 0.03 034 0.28 
Mao 444 2.46 0.37 6 94 459 
Cao 1 04 12 34 0.73 4 01 3.99 
Na20 814 1 29 2 68 2.5 4.38 
K20 011 0 03 5.21 2.06 087 
P205 0.7 0.22 0.01 0.35 0.25 
Sc 13 33 12 37 
v 79 399 3 378 394 
Cr 35 12 2 12 3 
Ni 14 18 3 17 9.1 
Cu 2 89 2 42 68 
Zn 2 71 31 223 141 
Pb 2 16 10 48 5 
Rb 1 1 141 54 21 
Sr 123 1866 50 103 239 
y 39 37 56 43 36 
Zr 358 112 140 192 162 
Nb 81 10 17 14 10 
Ba 30 172 595 607 
Th 21 4 18 2 3 
LOI 2.79 2 76 0 83 867 5.01 

* Formations as defined by Henderson (1986) and Berry et al. (1992). 
** Suites defined in this study. 

WT47 WT50 WT52 WT53 
WT47 WT50 WT52 WT53 
407826 406617 406555 
7748341 7748179 7748406 
Waterloo/ Waterloo/ Waterloo/ Waterloo/ 
Oakvale Oakvale Oakvale Oakvale 

Rhvolite Rhvohte Rhvolite Dac1te 
MWF MWF MWF PCF 
1 2 1 3 
81.79 81 84 75.75 64.68 
0.27 0.08 0.27 1.21 
10.17 10 13 13.19 16.68 
1 47 1.99 249 5.82 
0.03 0.02 0.05 0.12 
064 0.2 068 1.13 
0.22 0.03 0.65 1 4 
4.27 5.64 6.13 3.49 
1.06 0 05 0.74 4.86 
0 07 0 01 0.05 0 61 
16 1 5 12 18 
4 3 24 105 
1 1 3 66 
1 1 2 15 
1 656 20 2 
37 43 40 81 
9 8 12 18 
36 2 12 124 
86 38 121 159 
50 26 27 37 
416 145 177 309 
18 19 10 57 
486 48 283 1625 
17 16 9.6 20 
1.04 1.07 1 05 1 25 



APPENDIX II 

U-Pb dating- analytical data 



_,, 

Appendix II: U-Pb analytical data. 

Sample Descnpaont Wt u Pb2 206Pb/204Pb total % 206Pb/23BU4 207Pb /23SU4 207Pb /206Pb4 206Pb/23BU age 207Pb /206Pb age 
(mg) content content (meas.)3 common 208pb2 (±%la) (± % 1 a) (± % 1 a) (Ma;±% 2a) (Ma;±%2a) 

(ppm) (ppm) Pb (pg) 

LLD 128 

A:N2,+134 0.038 151 231 3503 13 15 7 0 12561(0.41) 3.3806(0.43) 0.19519(0.10) 762.8(5.8) 2786.4(3.2) 
B: N2,+134 0.028 188 16 4 5897 4 18 8 0 07787(0.14) 0.6192(0.20) 0.05767(0.12) 483.4(1.3) 517.4(5.1) 
C. N2,+134 0.029 174 144 5937 4 17.9 0.07494(0 14) 0.5826(0.20) 0.05638(0.12) 465 9(1.2) 467.5(5.2) 
D:N2,+134 0.023 170 14.0 5229 4 18 7 0.07373(0.17) 0.5734(0.20) 0.05641(0.16) 458 6(1.5) 468.4(7.0) 
E-N2,+134 0.022 120 10.9 4626 3 19.2 0.08022(0 13) 0.7214(0.21) 0 06523(0.14) 497 4(1.2) 781.6(6.0) 
F:N2,+134 0.013 170 15.1 3959 3 18.3 0.07931(0 12) 0 6618(0.19) 0 06051(0.11) 492 0(12) 622 0(4 6) 
G N2,+134 0.017 165 206 8703 2 17 4 0.11185(0.10) 1.0540(0.16) 0.06834(0 08) 683.5(1.3) 879 0(3 5) 
H. N2,+134 0.018 137 120 2988 4 20.4 0.07681(0.11) 0 6168(0.19) 0 05824(0.11) 4771(1.0) 538 9(4 9) 

KS97069 

A:N2,+74 0 012 314 502 4600 7 15 9 0 13330(0.11) 3.1379(0 16) 0.17074(0.08) 806.6(1 6) 2564 9(2 6) 
B N2,+74 0 013 59 4.9 453 8 18 3 0 07513(0 18) 0 5843(0 60) 0 05641(0.51) 467.0(1.7) 468 4(22.4) 
C. N2,+74 0.022 145 12.4 719 21 17.9 0 07659(0 10) 0 6076(0.33) 0 05754(0 27) 475.7(0.9) 512.1(11 9) 
D N2,+74 0 021 299 28 7 1872 18 17.9 0.08589(0 14) 0 7566(0 24) 0.06389(0 16) 531.2(1.4) 7381(7 0) 
F· N2,74-105 0007 357 30.0 2916 4 16.8 0.07684(0 12) 0 6045(0 21) 0.05705(0.14) 477 2(1.1) 493 6(6 3) 
G. N2,74-105 0.009 340 29.1 1267 12 19.0 0 07633(0 20) 0 6032(0 31) 0.05731(0 18) 474 2(1 8) 503.5(8.1) 
H. N2,74-105 0007 360 29.6 374 33 18.1 0.07400(0 18) 0 5736(0.55) 0 05622(0 4 3) 460 2(16) 461.2(19 1) 

K'i97036 

A: N2,+105 0.020 ·109 8.6 2793 4 13.3 0.07548(0 12) 0.5926(0.21) 0.05694(0.13) 469.1(1.1) 489.3(5.8) 
B· N2,+105 0.020 168 15 9 6919 3 13.2 0.08904(0 12) 0.8377(0.18) 0.06823(0.09) 549.9(1.3) 875.6(3.8) 
D:N2,+105 0.018 220 17.2 3570 5 13.8 0.07391(0 13) 0.5770(0.22) 0 05662(0.14) 459.7(1.1) 476.9(6.3) 
E: M2,+105 0.004 228 17.7 590 7 13.8 0.07328(0.15) 0.5772(0.40) 0 05713(0.32) 455.9(1.3) 496.5(14.3) 

1 N2, M2 = non-magneac, magnebc at mchcated number of degrees side slope on Frantz ISodynarmc magnetic separator, gram size given m rmcrons. 
2 rachogeruc Pb, corrected for blank, iruaal common Pb, and spike 
3 corrected for spike and fractionabon 
4 corrected for blank Pb and U, and common Pb 


