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ABSTRACT 

The Tyndall Group is a Cambrian, dominantly submarine, volcano-sedimentary 

succession that occurs in the upper part of the Mount Read Volcanics, western Tasmania. 

The Tyndall Group comprises a relatively complex assemblage of lithofacies including 

crystal- and lithic-rich volcaniclastic breccia, conglomerate and sandstone, welded 

ignimbrite, rhyolite lava and/or intrusions, laminated mudstone and carbonate. Problems 

with the previously defined stratigraphic nomenclature have prompted development of a 

new stratigraphic scheme, based on detailed mapping and facies analysis of major Tyndall 

Group exposures in the central Mount Read Volcanics. The Tyndall Group is herein 

divided into two formations, the Comstock Formation and the overlying Zig Zag Hill 

Formation. The Comstock Formation is further subdivided into the Lynchford Member 

and the overlying Mount Julia Member. This stratigraphic scheme is based on regional 

lithological variations, which largely reflect different provenance characteristics. 

Volcanogenic sedimentary lithofacies are abundant in the Tyndall Group and were largely 

deposited from low- to high-density turbidity currents, implying that the depositional 

setting was dominantly subaqueous and below storm wave base. An in situ limestone unit 

containing abundant shallow marine fossils (Jago et al. 1972) occurs at the base of the 

Comstock Formation at Comstock, and indicates that at least part of the group was 

deposited in water less than a few hundred metres deep. Sources of the volcaniclastic 

components in the Tyndall Group are not exposed or have been eroded away. However, 

syn-eruptive volcaniclastic facies in the Comstock Formation provide a record of the 

character and setting of volcanic activity in the source. The high proportion of juvenile 

pyroclasts in these facies (e.g. crystals, crystal fragments, shards, pumice) indicates the 

occurrence of voluminous explosive magmatic and/or phreatomagmatic eruptions in the 

source, and that the source areas were in subaerial to shallow marine environments. 

Pyroclasts were probably transported to the marine setting by pyroclastic flows which 

transformed into water-supported sediment gravity flows after sufficient interaction with 

water, forming crystal-rich volcaniclastic sandstone. Occurrences of welded ignimbrite in 

the Comstock Formation represent relicts of primary deposits from pyroclastic flows that 

did not interact with water. Although the welded ignimbrites could be deposits from hot, 

gas-supported submarine pyroclastic flows, two other emplacement mechanisms are 

suggested: 1) a thick delta of crystal-rich volcaniclastic sand, generated by interaction of 

voluminous subaerial pyroclastic flows with sea water, caused temporary shallowing and 

allowed subsequent pyroclastic flows to deposit welded ignimbrite across the shallowly 
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submerged (or sub aerial?) top of the delta; 2) large allochthonous blocks of welded 

ignimbrite were transported in giant submarine sediment gravity flows, forming units of 

ignimbrite-block-bearing breccia. Rhyolite lava dome complexes also built up on the sea 

floor during the Comstock Formation stage. The lower part of the Comstock Formation 

(Lynchford Member) has an andesitic to dacitic provenance and the overlying Mount Julia 

Member is more silicic in character. Distinctive bedding-parallel alteration banding in the 

crystal-rich volcaniclastic sandstone facies is thought to have originated during diagenetic 

alteration and compaction of the vitric-rich ash matrix. In contrast to the Comstock 

Formation, the overlying Zig Zag Hill Formation records post-eruptive erosion and 

reworking of the subaerial to shallow marine source areas, resulting in the influx of well

rounded, polymict, epiclastic and reworked pyroclastic aggregates to the marine setting. 

The palaeogeographic setting for the Tyndall Group comprises a subaerial to shallow 

marine volcanic terrain adjacent to the sea. The central North Island and offshore Bay of 

Plenty in New Zealand, and the Grenada Basin and Lesser Antilles arc, are considered to 

be two modem geographic and volcanic analogues. The source magmas for the Comstock 

Formation were probably derived from melting of Proterozoic crust (Crawford and Berry 

1992), and the Zig Zag Hill Formation probably formed in response to tectonic uplift in 

the source. In summary, the Tyndall Group is the submarine record of active volcanism 

(Comstock Formation) and subsequent erosion (Zig Zag Hill Formation) of a subaerial to 

shallow marine volcanic terrain that is not preserved. 

v 



ACKNOWLEDGEMENTS 

This PhD project is part of a larger research study on the Mount Read Volcanics initiated 

by Jocelyn McPhie in 199111992, and has been funded by the Australian Research 

Council. I would like to thank Jocelyn McPhie for her excellent supervision and guidance 

throughout the project, and patient reviewing of the thesis and related manuscripts. My 

associate supervisors Stuart Bull and Joe Stolz are also thanked for their constructive 

comments, advice and reviews. Other lecturers at CODES, including Tony Crawford, 

Dave Cooke and Clive Burrett also gave advice and helped with reviewing initial drafts of 

some chapters. Ross Large, Ron Berry, Paul Kitto and Gary Davidson are thanked for 

their useful comments and discussions. 

Keith Corbett, John Pemberton and Clive Calver at the Tasmanian Mines Department are 

acknowledged for guidance and help, during many stages of this project. Scott Halley 

and Mike Vicary of RGC Exploration, and Rob Lewis and Robina Sharpe formerly of 

Aberfoyle Resources, are thanked for logistical support in the field. 

My fellow post-graduate students, Dave Selley, Andrew Tunks, Jamie Rogers, Andrew 

McNeill, Anthea Hill, Andrew Jones, Alicia Verbeeten, Mark Doyle, Steve Hunns, Stuart 

Smith, Mike Roache, Steve Bodon, Lachlan Heasman, David Rawlings, Singoyi 

Blackwell and Karin Orth are thanked for their friendship and encourag_ement, and also 

for stimulating discussions held throughout the past four years. A special thankyou is 

given to the members and friends of "LARD", who provided many memorable moments. 

I would like to acknowledge John Pemberton, Tony Crawford and Clive Burrett for 

reviewing the manuscript by White and McPhie (1996) (Appendix H).Ray Cas, Mike 

Branney, Cathy Busby and Charles Mandeville are also acknowledged for providing 

constructive reviews on a second manuscript (in preparation), on the emplacement of 

welded ignimbrites in the Tyndall Group. 

I am grateful to Simon Stephens and Naomi Deards for preparing thin sections and to 

Debbie Harding for drafting some figures. 

Finally I would like to thank Jessica Balfour-Ogilvy for proof reading and for "being 

there". 

vi 



CONTENTS 

Page 

Title page . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ................................................ i 
Statement ...................................................................................... ii 
Authority of access . . . . . . . . . ................................................................ iii 
Abstract . . . . . . . . . . . . . . . . . . . . . . . . . . .......................................................... .iv 
Acknowledgements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ................. vi 
Contents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ................... vii 
List of figures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ................ xii 
List of tables ............................................................................... xiv 
List of appendices . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .... xv 

CHAPTER 1 INTRODUCTION 

Initial statement ....................................................................... 1 
Location and access . . . . . . . . . . . . . . . . ............................................... 2 
Aims ...................................................................................... 2 
Methods and thesis organisation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ............. 5 
Previous work on the Tyndall Group ......................................... 6 

CHAPTER 2 REGIONAL GEOLOGICAL SETTING 

Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ................................ 11 
Principal lithostratigraphic and lithological units in the 

Mount Read Volcanics ........................................................... 13 
STICHTRANGEFORMATION .............................................. 13 
EASTERN QUARTZ-PHYRIC SEQUENCE ..................................... 16 
CEN1RAL VOLCANIC COMPLEX ............................................... 16 
WESTERN VOLCANO-SEDIMENTARY SEQUENCES ...................... 16 
TYNDALL GROUP ................................................................. 17 
ANDESITES AND BASALTS . . . . . . . . . . . . . . . . . . . . . . ........................... 17 
CAMBRIAN GRANITE ........................................................... 18 
THOLEIITIC ROCKS ................................................................ 18 

Owen Conglomerate . . . . . . . . . . . . . . . . . . . . . . . . . . .................................... 18 
Regional structures, alteration and metamorphic grade ................. 21 
Tectonic models for western Tasmania ....................................... 23 
Age of the Tyndall Group . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ....................... 24 

CHAPTER 3 TYNDALL GROUP STRATIGRAPHY 

Introduction . . . . . . . . . . . . . . . . . ........................................................ 26 
General characteristics of the Tyndall Group . . . . . . . . . .................... 26 
Previous stratigraphic nomenclature ......................................... 27 
Revised stratigraphic scheme . . . . ............................................. 28 

PRINCIPAL LITHOFACIES OF THE COMSTOCK FORMATION: 
L YNCHFORD MEMBER ......................................................... 31 

Quartz-poor crystal-rich volcaniclastic sandstone ............................. 31 
Carbonate . . . . . . . . .. . . . .. . .. . .. . .. . .. . . . . .. . . .. . . . . . . ............................ 33 
Laminated mudstone and sandstone . . ......................................... 33 
Volcaniclastic lithic breccia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ............ 34 
Upper contact of the Lynchford Member . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34 

vii 



PRINCIPAL LITHOFACIES OF THE COMSTOCK FORMATION: 
MOUNT JULIA MEMBER ..................................................... 34 
Crystal-rich volcaniclastic sandstone . . . . . . . . . . ................................ 35 
Normally graded volcaniclastic breccia and sandstone deposits ............. 35 
Welded ignimbrite . . . . . . . . . . . . . . . . . . . . . . . . . . . . .............................. 38 
Coherent rhyolite and associated rhyolite breccia ............................. 39 
Laminated mudstone and sandstone ............................................ 39 
Upper contact of the Mount Julia Member . . . ................................. 40 

PRINCIPAL LITHOFACIES OF THE ZIGZAG HILL FORMATION ..... 40 
Polymictvolcaniclastic conglomerate and sandstone ........................ 40 
Upper contact of the Zig 'Zag Hill Formation ................................. .42 

Other Tyndall Group sequences ................................................ .43 
MOUNT SEDGWICK TO MOUNT SELINA .................................... 43 
SOUTH OF L YNCHFORD ......................................................... 44 
MOUNT LYELL MILL AREA ...................................................... 44 
CORRELATESOFTHETYNDALLGROUPINTHENORTHERN 

MOUNT READ VOLCANICS ................................................... 45 
Summary ............................................................................... 45 

CHAPTER 4 PETROGRAPHY OF THE PRINCIPAL LITHOFACIES 
AND IMPLICATIONS FOR PROVENANCE 

Introduction . . ......................................................................... 46 
Major components in the principal lithofacies ............................ .46 

CRYSTALS ........................................................................ 46 
LITHIC CLASTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...................................... 48 

Secondary minerals . . . . . . . . . . . . . . . . . . . . . . . . . . . ...................................... 48 
Petrography of the Comstock Formation: Lynchf ord Member ....... .49 

QUARTZ-POOR CRYSTAL-RICH VOLCANICLASTIC SANDSTONE ... .49 
CARBONATE ........................................................................ 51 
-LAMINATED MUDSTONE AND SANDSTONE .............................. 52 
VOLCANICLASTIC LITHIC BRECCIA ......................................... 53 

Petrography of the Comstock Formation: Mount Julia Member ...... 53 
CRYSTAL-RICH VOLCANICLASTIC SANDSTONE (CRVS) .............. 53 
VOLCANICLASTIC LITHIC BRECCIA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...... 55 
WELDED IGNIMBRITE ............................................................ 55 
COHERENT RHYOLITE .......................................................... 56 
LAMINATED MUDSTONE AND SANDSTONE ............................... 56 

Petrography of the Zig Zag Hill Formation ................................. 57 
POL YMICT VOLCANICLASTIC CONGLOMERATE 

AND SANDSTONE ................................................................ 57 
Modal compositions of volcaniclastic sandstones ........................ 57 

METHODS ............................................................................ 57 
SAMPLES .......................................................................... 59 
RESULTS ............................................................................ 59 

Composition of clinopyroxenes in the Comstock Formation 
crystal-rich volcaniclastic sandstones ...................................... 61 

PREVIOUS WORK . . . . . . . . . . . . . . . . . . . . . . ........................................ 61 
SAMPLES ............................................................................ 61 
RESULTS ........................................................................... 61 

Provenance implications of the Tyndall Group sandstones ............ 64 
Implications for tectonic setting and source magma composition ... 66 

SANDSTONE COMPOSIDONS AND TECTONIC SETTING ............... 66 
CLINOPYROXENE COMPOSIDONS AND SOURCE MAGMAS .......... 67 

Discussion ............................................................................ 71 
Summary ............................................................................... 73 

viii 



CHAPTER 5 SEDIMENTATION PROCESSES AND DEPOSITIONAL 
ENVIRONMENTS OF THE PRINCIPAL VOLCANOGENIC AND NON
VOLCANIC SEDIMENTARY LITHOFACIES 

Introduction . . . . . . . . . . . . . . . . ........................................................... 7 4 
Sediment gravity flows ............................................................. 7 4 
Sedimentation processes of the main volcanogenic and 

non-volcanic sedimentary lithofacies in the Tyndall Group ......... 76 
CRYSTAL-RICH VOLCANICLASTIC SANDSTONE ......................... 76 

Lithofacies characteristics ........................................................ 76 
Sedimentation processes and particle support mechanisms ................... 79 
Classification ....................................................................... 81 

VOLCANICLASTIC LITHIC BRECCIA ......................................... 82 
Lithofacies characteristics ......................................................... 82 
Sedimentation processes and particle support mechanisms ................... 83 

LAMINA1ED MUDSTONE AND SANDSTONE ............................... 85 
Lithofacies characteristics ......................................................... 85 
Sedimentation processes .......................................................... 85 

POL YMICT VOLCANICLASTIC CONGLOMERA1E 
AND SANDSTONE ................................................................ 88 

Lithofacies characteristics ......................................................... 88 
Sedimentation processes and particle support mechanisms ................... 90 

Origin of the massive carbonates ............................................... 90 
Depositional environments ........................................................ 91 
Discussion .............................................................................. 93 
Summary ................................................................................ 97 

CHAPTER 6 EMPLACEMENT MODELS FOR THE WELDED 
IGNIMBRITE FACIES 

Introduction . . . . . . . . ................................................................... 98 
Pyroclastic flows and their deposits . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ........... 98 
Subaqueous pyroclastic flows .................................................. 99 
Welded ignimbrite in the Tyndall Group . . . . . . . . . . . . . . . . .................... 100 

ZIGZAG HILL IGNIMBRI1E ..................................................... 101 
Comstock ignimbrite breccia ..................................................... 104 
Emplacement of the Zig 'Zag Hill ignimbrite - in situ model ................. 104 

ANTHONY ROAD IGNIMBRI1E OCCURRENCES ........................... 107 
Emplacement of the Anthony Road ignimbrite occurrences -

allochthonous model ............................................................ 110 
CRADLE MOUNTAIN LINK ROAD WELDED IGNIMBRI1E ............... 112 

Discussion .............................................................................. 114 
Summary ................................................................................ 116 

CHAPTER 7 ORIGIN AND SIGNIFICANCE OF THE CRYSTAL-RICH 
VOLCANICLASTIC SANDSTONE (CRVS) FACIES: A DISCUSSION 

Introduction ............................................................................ 118 
Mode of fragmentation, character of the volcanic source, 

sedimentation processes and depositional setting ....................... 118 
Origin of the CRVS facies:- subaerial pyroclastic flows 

entering the sea ...................................................................... 120 
PROCESSES LEADING TO CRYSTAL ENRICHMENT ...................... 120 

Subaerial eruption and pyroclastic flow transport ............................. 120 
Interaction ofpyroclasticflows and water ...................................... 122 
Crystal enrichment during subaqueous transport .............................. 123 

ix 



Significance of welded ignimbrite in the Tyndall Group ............... 123 
Other examples of deposits derived from pyroclastic flows 

entering water ....................................................................... 124 
RECENT STUDIES AND OBSERVATIONS .................................... 125 
TWO ANCIENT ANALOGUES OF THE CRVS FACIES ..................... 126 

Alternative models for the origin of the CRVS facies ................... 127 
PYROCLASTIC FALL ORIGIN ................................................... 128 
EXPLOSIVE ERUPTIONS FROM SUBAQUEOUS VENTS ................. 128 

Summary ............................................................................... 129 

CHAPTER 8 GEOCHEMISTRY OF COHERENT RHYOLITE, 
IGNIMBRITE AND JUVENILE VOLCANICLASTIC LITHOFACIES 
IN THE TYNDALL GROUP 

Introduction ............................................................................ 131 
Methods .................................................................................. 131 
Samples .................................................................................. 132 
Major and trace element geochemistry ........................................ 132 

COIIBRENT RHYOUIE ............................................................ 132 
WELDED IGNIMBRIT'E ............................................................ 132 
CRYSTAL-RICH VOLCANICLASTIC SANDSTONE (CRVS) .............. 134 
LAMINATED MUDSTONE ......................................................... 134 
QUARTZ-POOR CRYSTAL-RICH VOLCANICLASTIC SANDSTONE .... 135 
GEOCIIBMICAL CLASSIFICATION . . . . . . . . . . . . . . . . . ........................... 135 
GEOCIIBMICAL DISCRIMINATION OF THE TYNDALL GROUP 

FROM OTHER SUITE 1 ROCKS ................................................ 135 
Interpretation of geochemical trends .......................................... 140 

IMMOBILE ELEMENTS ............................................................ 140 
CRYSTAL ENRICHMENT PROCESSES ........................................ 142 

Summary ................................................................................ 146 

CHAPTER 9 THE ORIGIN OF ALTERATION TEXTURES IN THE 
CRYSTAL-RICH VOLCANICLASTIC SANDSTONE (CRVS) FACIES 

Introduction ........................................................................... 147 
Alteration mineral assemblages and textures in the 

CRVS facies ......................................................................... 147 
DISTRIBUTION OF ALBITE + QUARTZ- AND CHLORITE-RICH 

MA1RIXDOMAINS .............................................................. 148 
Bedding-parallel banding ......................................................... 148 
Albite + quartz-rich halos around lithic clasts ................................. 150 
Discordant planar albite + quartz-rich domains ................................ 150 

Alteration geochemistry ............................................................. 150 
Genetic models for the pink and green matrix domains ................. 151 

DEVONIAN REGIONAL METAMORPHIC MODEL ........................... 151 
HYDROTIIBRMALAL1ERATIONMODEL ..................................... 152 
DIAGENETIC AL1ERATION AND COMPACTION MODEL ................ 153 

Diagenetic alteration and compaction of pumiceous breccia in the 
Rosebery-Hercules area ........................................................ 153 

Diagenetic alteration and compaction origin for the domainal albite+ 
quartz-rich and chlorite-rich domains in the Tyndall Group .............. 154 

Discussion ............................................................................. 155 
Summary ................................................... : ............................ 156 

x 



CHAPTER 10 RECONSTRUCTION OF THE PALAEOGEOGRAPHY 
AND VOLCANOLOGY OF THE TYNDALL GROUP AND 
IMPLICATIONS FOR TECTONIC SETTING 

Introduction ............................................................................ 157 
Palaeogeographic setting .......................................................... 157 

POSffiON OF THE SOURCE VOLCANIC TERRAIN ........................ 158 
SHALLOWING UPWARD TRENDS ............................................. 158 

Volcanology and sedimentology ................................................ 160 
COMSTOCK FORMATION STAGE .............................................. 160 
ZIGZAG IIlLL FORMATION STAGE ........................................... 161 

Syn-eruptive versus post-eruptive volcaniclastic fades ................ 162 
Tectonic setting ....................................................................... 163 

CONSTRAINTS ON THE TECTONIC SETTING OF THE 
TYNDALL GROUP ................................................................ 163 

TECTONIC MODELS FOR WESTERN TASMANIA AND 
IMPLICATIONS FOR THE TYNDALL GROUP SETTING ................ 164 
R;jt rrzodel .......................................................................... . 164 
Convergent plate tectonic models ................................................ 166 
Post-collisional rrzodel ............................................................. 167 

Two modern analogues for the Comstock Formation .............. ~ ..... 170 
1. NORTH ISLAND, NEW ZEALAND ........................................... 171 
2. THEGRENADABASIN,LESSERANTILLES .............................. 174 

Summary ................................................................................ 177 

CHAPTER 11 SUMMARY AND CONCLUSIONS 

Regional characteristics of the Tyndall Group ............................. 178 
Stratigraphy of the Tyndall Group ............................................. 178 
Petrography and implications for provenance .............................. 179 
Sedimentation processes and depositional setting ........................ 180 
Emplacement of the welded ignimbrite and associated CRVS 

fades .................................................................................... 180 
Geochemistry of the juvenile lithofacies ..................................... 181 
Origin of alteration textures in the CRVS facies .......................... 182 
Palaeogeography, volcanology and implications for tectonic 

setting .................................................................................. 182 

REFERENCES ............................................................................. 184 

xi 



LIST OF FIGURES 

Page 
CHAPTER 1 

Fig. 1.1 Location map showing the distribution of the Tyndall Group ............... 3 
Fig. 1.2 Scenic photographs of the West Coast Range ................................. 4 

CHAPTER 2 

Fig. 2.1 Simplified geological map of Tasmania ........................................ 12 
Fig. 2.2 Geological map, central Mount Read Volcanics ............................... 14 
Fig. 2.3 Stratigraphic relationship diagram, Mount Read Volcanics .................. 15 
Fig. 2.4 Photographs of the Jukes Conglomerate, Mount Huxley area ............... 20 

CHAPTER 3 

Fig. 3.1 Previous and new stratigraphic schemes used for the Tyndall Group ...... 27 
Fig. 3 .2 Seven key stratigraphic sections of Tyndall Group ........................... 29 
Fig. 3.3 List of the principal and subordinate lithofacies ............................... 30 
Fig. 3.4 Photographs of the principal lithofacies of the Lynchford Member ......... 32 
Fig. 3.5 Photographs of the principal lithofacies of the Mount Julia Member ..... 36-37 

' Fig. 3.6 Photographs of the principal lithofacies of the Zig Zag Hill Formation .... 41 

CHAPTER 4 

Fig. 4.1 Photomicro graphs of the Lynchford Member lithofacies ..................... 50 
Fig. 4.2 Photomicro graphs of the Mount Julia Member lithofacies ................... 54 
Fig. 4.3 Photomicrographs of the Zig Zag Hill Formation lithofacies ................ 58 
Fig. 4.4 Ternary diagrams showing modal compositions .............................. 60 
Fig. 4.5 Comstock Formation clinopyroxenes plotted on a W ollastonite-

Enstatite-Ferrosilite ternary diagram .................................................... 63 
Fig. 4.6 Bivariate plots showing clinopyroxene compositions from the 

Mount Read Volcanics . . . . .............................................................. 65 
Fig. 4.7 Comstock Formation clinopyroxenes plotted on a Ti02-MnO-Na20 

ternary diagram showing fields defined by Nisbet and Pearce (1977) ............. 69 
Fig. 4.8 Clinopyroxenes from the Comstock Formation plotted on 

discrimination diagrams defined by Leterrier et al. (1982) .......................... 70 

CHAPTER 5 

Fig. 5.1 Classification schem~ for sediment gravity flows ............................. 7 5 
Fig. 5.2 Stratigraphic sections of the crystal-rich volcaniclastic sandstone facies ... 78 
Fig. 5.3 Stratigraphic sections of the volcaniclastic lithic breccia facies .............. 84 
Fig. 5.4 Stratigraphic log of the laminated mudstone and sandstone facies .......... 86 
Fig. 5.5 Turbidite model showing five divisions of the Bouma sequence ............ 87 
Fig. 5.6 Stratigraphic logs of the polymict volcaniclastic conglomerate and 

sandstone facies of the Zig Zag Hill Formation ....................................... 89 
Fig. 5.7 Bivariate diagram showing carbon and oxygen isotope values 

(cH 80 and a13C) for carbonates ........................ : ............................... 92 
Fig. 5.8 Submarine fan model of Walker (1978, 1984) ................................ 94 
Fig. 5.9 Map and cross section of the volcaniclastic delta which developed 

in the 20 years after the eruptions of Santa Maria in 1902, Guatemala ............. 96 

xii 



CHAPTER 6 

Fig. 6.1 Photomicrographs showing welded shard textures in three Tyndall 
Group ignimbrites ........................................................................ 102 

Fig. 6.2 Stratigraphic column of the Zig Zag Hill ignimbrite and the enclosing 
volcaniclastic facies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .............................. 103 

Fig. 6.3 Stratigraphic logs of the Comstock ignimbrite breccia ........................ 105 
Fig. 6.4 Photograph and interpretation sketch of a sample of Comstock 

ignimbrite breccia ......................................................................... 106 
Fig. 6.5 Photograph and sketch of a welded ignimbrite block in volcaniclastic 

lithic breccia exposed on the Anthony Road ........................................... 108 
Fig. 6.6 Stratigraphic column of the units containing the welded ignimbrite blocks 

exposed on the Anthony Road . . . . . . . . . . . . . . . . . . ....................................... 109 
Fig. 6.7 Outcrop map of the Anthony Road area showing the distribution of 

the welded ignimbrite exposures ........................................................ 111 
Fig. 6.8 Stratigraphic column of the Cradle Mountain Link Road ignimbrite 

and the enclosing facies .................................................................. 113 

CHAPTER 7 

Fig. 7 .1 Model showing various processes leading to the development of 
crystal-rich volcaniclastic sandstone ....................................................... 121 

CHAPTER 8 

Fig. 8.1 Nb/Y versus Zr/Ti02 plot, after Winchester and Floyd (1977), 
showing the composition of various lithofacies in the Tyndall Group ............. 133 

Fig. 8.2 Si02 versus P205/Ti02 and Si02 versus Ti/Zr discrimination plots 
defined by Crawford et al. (1992) for the Cambrian Mount Read Volcanics ...... 136 

Fig. 8.3 Multi-element spider diagram showing the average composition of 
Tyndall Group lithofacies and other suite 1 Mount Read Volcanics units ......... 137 

Fig. 8.4 Bivariate diagrams showing fields for Tyndall Group and other Mount 
Read Volcanics lavas/intrusions ........................................................ 139 

Fig. 8.5 Immobile element plots for the Tyndall Group lithofacies ................... 141 
Fig. 8.6 Si02 versus Cao bivariate diagram showing chemical effects due to 

II "al • • II 143 part1 unmixmg ....................................................................... . 
Fig. 8.7 Bivariate diagrams of Si02 versus A1203 and Ti02 of the crystal-rich 

volcaniclastic sandstone and welded ignimbrite samples ............................ 145 

CHAPTER 9 

Fig. 9.1 Photomicrographs and photographs of alteration minerals and textures .... 149 

CHAPTER 10 

Fig. 10.1 Schematic diagram for the palaeogeography of the Tyndall Group 
during the Comstock Formation and Zig Zag Hill Formation stages ............... 159 

Fig. 10.2 Some of the tectonic models proposed for western Tasmania .............. 165 
Fig. 10.3 Tectonic model for the late Proterozoic and early Palaeozoic rocks 

of western Tasmania ..................................................................... 168 
Fig. 10.4 Map of the North Island of New Zealand and offshore regions ........... 172 
Fig. 10.5 Map of the Grenada Basin and Lesser Antilles Arc .......................... 175 

xiii 



APPENDIX A 

Fig. Al.1 Geological interpretation map, Comstock/Zig Zag Hill area 
Fig. Al.2 Stratigraphic columns of the Zig Zag Hill and Comstock areas 
Fig. A2. l Geological interpretation map, Mount Lyell Mill area 
Fig. A3.1 Geological interpretation map, East Mount Lyell area 
Fig. A4.1 Geological interpretation map, Anthony Road area 
Fig. A4.2 Geological interpretation map, Henty Canal area 
Fig. AS.I Geological interpretation map, Cradle Mountain Link Road area 
Fig. A6.1 Geological interpretation map, Lynchford area 

LIST OF TABLES 

CHAPTER 4 

Table 4.1 Summary of modal data showing mean and (standard deviation 
in brackets) of the modes in 10 sandstones from each of the main stratigraphic 

Page 

units in the Tyndall Group .............................................................. 51 
Table 4.2 Summary of clinopyroxene microprobe data showing mean and 

(standard deviation in brackets) for the Comstock Formation clinopyroxene 
compositions and other clinopyroxene data from other Mount Read 
Volcanics (MRV) units ................................................................... 62 

CHAPTER 5 

Table 5.1 Interpreted transport processes involved in the formation of the main 
volcanogenic and non-volcanic sedimentary lithofacies in the Tyndall Group .... 77 

XlV 



LIST OF APPENDICES 

APPENDIX A (Geological reports and interpretation maps) 

APPENDIX Al - Brief report on the stratigraphy of the Tyndall Group in the 
Comstock/Zig Zag Hill area 

APPENDIX A2 - Brief report on the stratigraphy of the Tyndall Group in the 
Mount Lyell Mill area 

APPENDIX A3 - Brief report on the stratigraphy of the Tyndall Group in the 
East Mount Lyell area 

APPENDIX A4 - Brief report on the stratigraphy of the Tyndall Group in the 
Anthony Road/Henty Canal area 

APPENDIX A5 - Brief report on the stratigraphy of the Tyndall Group in the 
Cradle Mountain Link Road area 

APPENDIX A6 - Brief report on the stratigraphy of the. Tyndall Group in the 
Lynchford area 

APPENDIX B (Drill hole logs, Comstock and Anthony Road areas) 

Drill hole log codes 
Drill hole C50 
Drill hole C56 
Drill hole C59 
Drill hole C61 
Drill hole C68 
Drill hole C072 
Drill hole C074 
Drill hole TYN006 
Drill hole TYN007 

APPENDIX C (Stratigraphic unit definitions submitted to the Central Register 
of Australian Stratigraphic Names, Australian Geological Survey Organisation) 

Definition of the Comstock Formation 
Definition of the Zig Zag Hill Formation 
Definition of the Lynchford Member 
Definition of the Mount Julia Member 

APPENDIX D (Modal analyses) 

Modal analyses, of volcaniclastic sandstones from the Lynchford Member, 
Mount Julia Member and Zig Zag Hill Formation, and modal analyses of 
welded ignimbrites from the Mount Julia Member 

APPENDIX E (Microprobe analyses) 

Microprobe analytical techniques 
Microprobe analyses - feldspars 
Microprobe analyses - Fe-Ti oxides 
Microprobe analyses - clinopyroxenes 
Microprobe analyses - amphiboles 

xv 



APPENDIX F (Whole rock analyses) 

Major and trace element concentrations of 27 Tyndall Group samples 
determined by X-ray fluorescence (XRF), University of Tasmania 

APPENDIX G 

Sample catalogue 

APPENDIX H 

Publication: White M J and McPhie J (1996) Stratigraphy and palaeovolcanology of 
the Cambrian Tyndall Group, Mount Read Volcanics, western Tasmania. 
Aust J Earth Sci 43: 147-159. 

xvi 



CHAPTER 1 

INTRODUCTION 



CHAPTER 1 

INTRODUCTION 

Initial statement 

This thesis describes and interprets the geology of the Tyndall Group, a major 

lithostratigraphic unit that forms the upper part of the Cambrian Mount Read Volcanics, 

western Tasmania. The Tyndall Group comprises dominantly felsic to intermediate 

volcanic and volcanogenic sedimentary lithofacies deposited in a marine setting. These 

submarine lithofacies record active volcanism and subsequent erosion of a subaerial to 

shallow marine volcanic terrain. Analysis of the Tyndall Group provides the opportunity 

to elucidate the eruption and emplacement processes occurring in this complex setting. 

Sedimentary processes involved in the deposition and reworking of erupted volcanic 

debris are a significant part of many volcanic terrains but are generally poorly understood, 

particularly in submarine settings. This thesis focuses on physical volcanological and 

sedimentological processes involved in the emplacement of the main lithofacies in the 

Tyndall Group. Volcanological and sedimentological interpretations are largely based on 

results of detailed field mapping and stratigraphic logging, and are supported by 

petrographic studies, geochemical studies and comparison with modem analogues. 

The Mount Read Volcanics are an on-land example of a Cambrian submarine volcanic 

succession. The volcanic succession contains world-class, volcanic-hosted massive 

sulfide (VHMS) ore deposits, and have been the focus for mining and exploration for 

more than a century. A better understanding of 'the stratigraphy and palaeoenvironment of 

the Mount Read Volcanics should benefit ongoing mineral exploration programmes. 

Studies on volcanic facies in the Mount Read Volcanics (e.g. Allen and Cas 1990, 

McPhie and Allen 1992, this study) are important in terms of reconstructing the 

palaeoenvironmental and volcanological conditions that prevailed during accumulation of 

the succession. In some cases, these studies can help to constrain the setting and relative 

timing of VHMS deposits that occur within the Mount Read Volcanics ~e.g. McPhie and 

Allen 1992). 
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Location and access 

The Tyndall Group occurs in the central part of the Mount Read Volcanics, along and 

adjacent to the West Coast Range, western Tasmania. The Tyndall Group (and correlates 

of the Tyndall Group) were investigated in a number of separate areas in western 

Tasmania: Comstock, Zig Zag Hill, Mount Lyell Mill, East Mount Lyell, Anthony Road, 

Henty Canal, Cradle Mountain Link Road, Lynchford, Mount Selina, Lake Dora, Moxon 

Saddle, Mount Huxley to Mount Darwin, Mount Tor and Winterbrook (Fig. 1.1). Field 

work was carried out mainly from the towns of Queenstown, Zeehan and Tullah, and 

bush camps were set up in more remote locations. The physiography of western 

Tasmania is dominated by the West Coast Range, a north-trending line of precipitous 

mountains 800-1200 m above sea level (Fig. 1.2). Western Tasmania also contains 

buttongrass plains and patches of thick temperate forest, which are cut by deep river 

valleys. Quaternary glaciation has enhanced the ruggedness of the West Coast Range 

forming cirques, U-shaped valleys and other glacial forms. Rainfall is high, averaging 

3500 mm per year in some areas, and snowfalls are common on the high peaks during 

winter. The Mount Read Volcanics are generally poorly exposed, often covered by 

younger deposits (e.g. Quaternary glacial deposits, Tertiary basalt) or thick vegetation. 

Rock outcrops are best along ridges, creeks, rivers, and particularly around artificial 

developments such as roads, canals and dam sites created by the Hydro Electric 

Commission. Most of the areas analysed for this project are accessible by two- or four

wheel-drive vehicle, apart from the Lake Dora area which was accessed by helicopter 

during an Aberfoyle Resources Limited exploration programme. The overall steep 

topography and thick vegetation makes field work difficult in some areas. 

Aims 

The main aims of this PhD project are: 

1) to describe the stratigraphy of the Tyndall Group and correlate units on a regional 

scale; 

2) to determine the nature of the volcanic source, the emplacement processes involved 

and environments of deposition; 

3) to reconstruct the palaeogeography and volcanological history. 

Detailed mapping and stratigraphic logging (i.e. facies analysis) were carried out in a 

number of areas to determine the' origin of the principal lithofacies in the Tyndall Group 

and to correlate stratigraphic units in the Tyndall Group on a regional scale. The main 
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Tyndall Group assessed (arrows), and the location of detailed maps, which are provided in 
Appendix A. Geology modified from Corbett (1992), Corbett et al. (1993). 
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b) 

Fig. 1.2 Scenic photographs of the We t Coast Range. a) Photograph taken from the 
Anthony Road area (GR 5358820N - 38 L340E), looking south-southeast towards Mount 
Tyndall (1179 m) and further south to Mount Geikie (1193 m). b) Photograph taken from 
the side of Mount Jukes (GR 5330760N - 383380E) looking northeast towards Mount 
Huxley (920 m) and Lake Burbury. 



features in each lithofacies were documented (e.g. grainsize, composition, primary 

depositional structures, volcanic textures, alteration textures, contact relationships and 

facies associations) and detailed petrographic studies were undertaken. The combination 
I 

of facies analysis and petrographic studies has helped to determine the provenance 

characteristics, emplacement processes and environments of deposition. The 

palaeogeography and volcanological history were then reconstructed and the implications 

for tectonic setting were considered. In addition to these main aims, the geochemistry of 

the Tyndall Group was addressed, and the alteration textures were described and 

interpreted. 

Methods and thesis organisation 

The best quality Tyndall Group exposures were selected and systematically assessed and 

mapped over three summer field seasons. The 1 :25 OOO scale Mount Read Volcanics 

maps recently published by the Tasmanian Department of Mines (e.g. Map 13 - Geology 

of the Mount Jukes-Mount Darwin Area; Corbett et al. 1993) were used to help select 

areas of Tyndall Group suitable for detailed study. Geological mapping was generally 

carried out on 1:10 OOO, 1:5000 and 1:2500 scale topographic base maps acquired from 

the Tasmanian Department of Mines and from mining companies exploring in the areas 

(i.e. RGC Exploration Pty. Limited, Aberfoyle Resources Limited, Pasminco 

Exploration). Detailed mapping and stratigraphic logging was carried out in some areas 

(e.g. along road sections) at scales of 1:500 and 1:1000 using tape and compass methods. 

Important outcrops were logged in detail (e.g. 1:50 scale) and photographed. Colour 

aerial photographs were also used in some areas for navigation purposes and geological 

interpretation. A number of diamond drill holes intersecting the Tyndall Group at 

Comstock and the Anthony Road area were also logged in detail, at 1 :200 scale. Field 

data were then compiled onto topographical base maps (generally 1:10 OOO scale) in order 

to make regional geological interpretations. Grid co-ordinates referred to in this thesis are 

Australian Metric Grid (AMG) co-ordinates. 

The interpretations and discussions in this thesis are primarily based on the field data 

collected. Geological mapping and logging was concentrated in areas where the Tyndall 

Group is well exposed. A brief geological report on the main areas studied, including 

geological interpretation maps is given in Appendix A (reports Al-A6). Diamond drill 

logs and drill log summaries are located in Appendix B. 

Rock samples collected during field mapping were slabbed using a diamond saw to assist 

in description and interpretation of the textures and lithology. A collection of samples 
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were chosen for thin section analysis and some were polished for mineral analysis. 

Sample details are provided in Appendix G. During the winter months, office- and 

laboratory-based work (e.g. detailed petrographic studies, stratigraphic correlation, data 

organisation, geochemistry, literature research, volcanological modelling and report 

writing) was undertaken at the CODES Key Centre at the University of Tasmania. 

Each chapter in this thesis addresses one or more of the main aims of the project 

• Chapters 1 and 2 are introductory chapters providing project details, a review of the 

previous work and a description of the regional geological setting. 

• Chapters 3 and 4 describe the internal stratigraphy of the Tyndall Group and the 

petrography of the main lithofacies, and discuss implications for provenance. 

• Chapters 5 to 7 discuss the sedimentation processes, emplacement mechanisms, the 

depositional environments and inferred provenance of the main lithofacies in the 

Tyndall Group. 

• Chapter 8 discusses the geochemistry of the juvenile volcanic lithofacies in the 

Tyndall Group. 

• Chapter 9 describes and suggests possible genetic models for the distinctive alteration 

textures in the crystal-rich volcaniclastic sandstone facies. 

•Chapter 10 presents a reconstruction of the palaeogeography and volcanological 

history of the Tyndall Group and discusses implications for the tectonic setting. 

• Chapter 11 is a summary of the main results. 

Parts of this thesis have been published in White and McPhie (1996) (Appendix H). 

Previous work on the Tyndall Group 

The Tyndall Group was originally defined by Corbett et al. (1974). Prior to this, several 

earlier workers made important contributions to the geological knowledge of the 

Cambrian rocks in western Tasmania. The first known geological report was written by 

Thureau (1886) on the Mount Lyell field. Twelvetrees published a series of geological 

reports (between 1898 and 1917) on various mineral fields in Tasmania including many 

in western Tasmania (e.g. Twelvetrees 1902). Hills published a series of reports 

(between 1913 and 1923) on Tasmanian mineral fields including one report on the Jukes

Darwin area (Hills 1914). Hills (1914) named the volcaniclastic rocks stratigraphically 

underlying the Owen Conglomerate at Mount Jukes, the "Jukes Breccia". The Jukes

Darwin area was important for the prospecting and mining of copper mineralisation, after 

the Mount Lyell mineral field was discovered in 1883. Hills and Carey (1949) reported 

on the geology and mineral industry in Tasmania and included the "Jukes Breccia" in the 
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Owen Conglomerate Formation (Junee Group). Carey and Banks (1954) termed the 

unconformity between the Owen Conglomerate Formation(± "Jukes Breccia"), and the 

underlying Cambrian volcanic and sedimentary rocks, the Jukesian Unconformity. 

Bradley (1951) produced a map of the Mount Sedgwick area and recognised that the 

rocks in Comstock/Zig Zag Hill area, (now considered as Tyndall Group), were 

Cambrian. Banks (1952) produced a regional geological map and cross section of the 

Tyndall Range area and identified four main Cambrian lithologies. Bradley (1954, 1956) 

gave detailed accounts of the geology of the West Coast Range and referred to the 

volcaniclastic conglomerate around Lake Dora as the "Dora Conglomerate", which is 

considered herein to be a correlate of the upper part of the Tyndall Group (Zig Zag Hill 

Formation). Bradley (1956) coined the term "Dundas Trough" to refer to the sedimentary 

succession between the "volcanic belt" and the "Rocky Cape Geanticline". Wade and 

Solomon (1958) described the geology of the Mount Lyell mines in some detail and 

commented on the structure and unconformities in the area. They re-named the "Jukes 

Breccia" the Jukes Conglomerate as the lithic component was considered to be 

dominantly subrounded to rounded in shape. Solomon (1960) documented some of the 

rocks south of Queenstown and suggested that the Darwin Granite is Cambrian in age 

rather than Devonian (Bradley 1954). Solomon (1960) recognised fragments of the 

Darwin Granite in the overlying elastic units which he correlated with the Jukes 

Conglomerate (at Mount Jukes), suggesting a pre-Jukes Conglomerate (Cambrian) age 

for the granite. 

Campana and King (in Banks 1962) defined the Mount Read Volcanics as a thick 

volcanic pile (at least 2400 m thick) including keratophyre, quartz porphyry, quartz

feldspar porphyry and massive to schistose pyroclastic rocks. A type section was 

proposed in the Mount Read to Red Hills area. Banks (1962) reviewed the Cambrian 

stratigraphy of western Tasmania and noted that the Jukes Conglomerate is probably 

Lower Ordovician in age (part of the Junee Group) and that the "Dora Conglomerate" and 

"Sorell Conglomerate" are correlates of the Jukes Conglomerate. In the following year, 

Campana and King (1963) described the Mount Read Volcanics in more detail. 

Solomon (1964) described the Rosebery-Mount,_Lyell ore deposits and their host rocks. 

Solomon (1964) interpreted the rocks at Lynchford (now considered as part of the 

Tyndall Group) as crystal tuffs from a pyroclastic source and suggested that they were 

deposited in water, some as ash showers, others as pyroclastic flows that were carried 

into aqueous basins by density currents. He also suggested that the Mount Read 

Volcanics may have been subaerial in the later stages of volcanism. Solomon (1964) 
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noted the banding textures in crystal tuffs and suggested a primary or diagenetic origin. 

Solomon's volcanological observations and interpretations provided a major advance in 

understanding the Mount Read Volcanics. The lower part of the volcanic sequence in the 

Lyell-Comstock area (Comstock Formation) was mapped by Green (1971) (BSc 

Honours project, University of Tasmania). The fossiliferous limestone unit in drill hole 

C50 at Comstock (base of the Tyndall Group) was interpreted as a shallow bank 

limestone deposit and was dated as late Middle Cambrian to early Late Cambrian (Jago et 

al. 1972). 

The Tyndall Group was first defined by Corbett et al. (1974) in the Mount Lyell area as 

comprising the "Comstock Tuff' and the overlying "Jukes Formation". The "Jukes 

Formation" was named on the basis of an inferred correlation with the "Jukes Breccia" 

(Hills 1914) or Jukes Conglomerate (Wade and Solomon 1958, Campana and King 

1963) which occurs at the base of the Owen Conglomerate around Mount Jukes, 

approximately 9 km south of Queenstown. As a better understanding of the Mount Read 

Volcanics stratigraphy developed, the term "Jukes Formation" was shown to be 

inappropriate for the Tyndall Group (Solomon 1979; Corbett 1989). A new stratigraphic 

scheme for the Tyndall Group has been developed by the author (Chapter 3). The Tyndall 

Group has been studied by Dr. Keith Corbett and colleagues at the Tasmanian Department 

of Mines over the past three decades. These workers have contributed excellent 

descriptions and interpretations of the Tyndall Group as well as maps showing the 

distribution of the Tyndall Group and its correlates throughout the Mount Read 

Volcanics. 

Corbett (1979) reported on the geology of the southern Mount Read Volcanics and 

interpreted the evolution of the Mount Read Volcanics in terms of a caldera rift-valley 

model. Corbett (1979) suggested that the Tyndall Group developed after a main rifting 

stage, in which the "Central Volcanic Sequence" was deposited. He suggested that the 

Tyndall Group is largely a product of erosion of the uplifted Central Volcanic belt, 

depositing dominantly volcaniclastic debris into a rift valley partly open to the sea. 

Corbett (1979) noted the similarity of the crystal tuffs at Lynchford ("Lynchford Tuff") 

and the "Comstock Tuff' in the Comstock Valley. He reported andesitic compositions for 

the clinopyroxene-, plagioclase-, magnetite-, and quartz-bearing crystal-rich rocks at 

Lynchford, based on whole-rock geochemistry, and suggested that these rocks were 

probably generated by the mixing of felsic and basic-intermediate components during 

contemporaneous eruptions. 
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Corbett (1981) described the major lithostratigraphic units of the Mount Read Volcanics 

(including the Tyndall Group) and the stratigraphic and volcanic setting of the major 

mineral deposits. Corbett and Lees (1987) reviewed the stratigraphic and structural work 

done in the Mount Read Volcanics and presented a convergent margin, plate tectonic 

model, similar to that proposed by Green (1983, 1984).' Corbett and Lees (1987) 

suggested that the Tyndall Group was a Middle to Late Cambrian arc sequence of mainly 

quartz- and feldspar-phyric volcanics, deposited in narrow north-south oriented grabens 

developed within, and along the flanks of an earlier arc. Corbett (1989) summarised the 

stratigraphy of the Mount Read Volcanics and included details of the Tyndall Group at 

various locations. 

A series of 1:25 OOO geological maps produced by the Tasmanian Department of Mines 

and Geological Survey between 1986 and 1993, show the structure and regional 

distribution of main lithostratigraphic and lithological units in the Mount Read Volcanics. 

These maps provided an important geological framework for this PhD research project. 

Some of the data on these maps was taken from earlier Department of Mines mapping 

projects (e.g. Corbett 1975, 1982). The Department of Mines also published a 1:100 OOO 

compilation map (Corbett and McNeill 1988) and a series of geological reports to 

accompany some of the map sheets (e.g. Pemberton et al. 1991). 

The most recent and comprehensive review of the Mount Read Volcanics stratigraphy is 

given by Corbett (1992). In this paper, Corbett also discusses the stratigraphic position 

and setting of the major VHMS deposits in the Mount Read Volcanics. He describes the 

main lithofacies of the 'Mount Read Volcanics in detail, grouping them into several major 

lithostratigraphic and lithological units, and shows their distribution in the central part of 

the Mount Read Volcanics. Corbett (1992), and McNeill and Corbett (1992) identified a 

new lithostratigraphic unit in the Mount Read Volcanics, the Eastern quartz-phyric 

sequence. Many of the quartz-phyric rocks on the eastern side of the volcanic belt were 

included into this unit. Many of these rocks had previously been part of the Tyndall 

Group (e.g. Corbett and McNeill 1988) based on their quartz-bearing nature. The Eastern 

quartz-phyric sequence is considered to be older than the Tyndall Group as it is intruded 

by the Cambrian granites in the Murchison area (Corbett 1992), and possibly also at 

Mount Darwin (Corbett et al. 1993). The Tyndall Group contains clasts of Cambrian 

granite and is therefore younger than the granite. Corbett (1992) recognised both the 

Eastern quartz-phyric sequence and Tyndall Group in the Lake Dora area and raised a 

number of problems with respect to their relationship and timing. 
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Mining and exploration companies (largely RGC Exploration Pty. Limited, Aberfoyle 

Resources Limited, Pasminco Exploration) have been operating in the Mount Read 

Volcanics for many years due to its high prospectivity for volcanic-hosted massive sulfide 

deposits, and have compiled mainly unpublished company reports and maps. Corbett 

(1981) noted that the Tyndall Group is largely barren of mineralisation and postdates the 

main mineralisation stage at Mount Lyell. However, the most recent significant mineral 

discovery in the Mount Read Volcanics, the Henty Gold deposit (RGC Limited), is 

hosted within the Tyndall Group (Roberts 1990, McNeill and Corbett 1992) and has 

prompted re-assessment of the mineralisation potential of the Tyndall Group. 

A number of recent University honours projects have involved studies on the Tyndall 

Group. The new Anthony Road was mapped firstly by Hutton (1989; Monash 

University) then by Gibson (1991; University of Tasmania). Hutton (1989) logged the 

Anthony Road from the Zeehan Highway to Howards Road, and Gibson (1991) 

concentrated on the Tyndall Group and the Newton Creek Dam Spillway. Yeats (1989; 

University of Tasmania), worked on the Henty Gold Mine and also mapped part of the 

Henty Canal, in order to constrain the stratigraphic position of the Henty mineralisation. 

Dower (1991; University of Tasmania) carried out a detailed geological and geochemical 

study in the Lynchford area, including microprobe analyses of clinopyroxenes in the 

Lynchford Tuff and the underlying Lynch Creek basalt in order to determine whether the 

two are related (as implied by Bradley 1954). Clinopyroxene microprobe analyses of 

pyroxenes in the two sequences were found to be clearly different and hence Dower 

(1991) concluded that the two are not genetically related. McKibben (1993) carried out 

microprobe analyses on pyroxenes from rocks in the Pinnacles area, and also from the 

Cradle Mountain Link Road area (Tyndall Group correlates). The results from the Cradle 

Mountain Link Road compare~ well with results with Dower's study on the Lynchford 

Tuff indicating that pyroxenes (with well constrained chemical compositions), are a 

characteristic but rare constituent of the basal Tyndall Group. 

Geochronological studies in the Mount Read Volcanics were recently undertaken by 

Perkins and Walshe (1993), including isotopic U-Pb dating of zircons from two Tyndall 

Group samples from the Comstock Formation at two different localities (Comstock and 

Anthony Road). The two dates obtained (502.5 ± 3.3 Ma, and 494.4 ± 3.8 Ma) are 

significantly different, and also considerably younger than dates suggested by 

biostratigraphic dating methods (Jago et al. 1972, Pemberton et al. 1991) which reveal a 

late Middle Cambrian to early Late Cambrian age, (approximately 530 to 508 Ma; 

Shergold 1989) for the Tyndall Group. 
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CHAPTER 2 

REGIONAL GEOLOGICAL SETTING 

Introduction 

The Tyndall Group forms the upper part of the Cambrian Mount Read Volcanics, an 

economically important sequence of rocks that are the subject of considerable ongoing 

study. The Mount Read Volcanics were initially defined by Campana and King (in Banks 

1962) and Campana and King (1963), and are well described by Corbett (1981), Corbett 

and Solomon (1989), Corbett and Turner (1989), Corbett (1992), and Crawford et al. 

(1992). They comprise compositionally and texturally diverse, Middle to Late Cambrian 

volcanic and volcanogenic sedimentary rocks, interbedded with non-volcanic sedimentary 

rocks. Lavas and syn-volcanic intrusions are predominantly rhyolitic and dacitic, with 

locally abundant andesite and basalt, that are largely high-K to medium-K calc-alkaline 

rocks (Crawford et al. 1992). The Mount Read Volcanics have been diagenetically and 

hydrothermally altered, intruded by Cambrian and Devonian granites, have undergone at 

least two periods of deformation, and were regionally metamorphosed during the 

Devonian. 

The Mount Read Volcanics occur on the eastern side of the Dundas Trough (Corbett 

1992) which lies between the Precambrian Tyennan region to the east and the 

Precambrian Rocky Cape region to the northwest (Fig. 2.1). The volcanics form an 
·' 

arcuate belt, of the order of 200 km long and 10-20 km wide, along the western margin 

of the Tyennan region, extending from Elliott Bay on the southwest coast to near 

Deloraine in the north (Fig. 2.1). The Mount Read Volcanics interfinger with Cambrian 

sedimentary sequences, (Success Creek Group, Crimson Creek Formation) to the west 

(Corbett 1981, 1992) and are overlain unconformably (and locally conformably), by the 

siliciclastic Owen Conglomerate. 

The Mount Read Volcanics were largely deposited in a submarine environment, below 

storm wave base, indicated by the presence of black pyritic mudstone, trilobite-bearing 

mudstone, turbidites, hyaloclastite, pillow lava and massive sulfide mineralisation 

(Corbett 1992, McPhie and Allen 1992). The Mount Read Volcanics are world famous as 

the host to several polymetallic massive sulfide deposits (e.g. Mount Lyell, Hercules, 
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Rosebery, Que River, Hellyer; Large 1992; Fig. 2.2). Mining companies are actively 

exploring in the Mount Read Volcanics for new mineral deposits. The recently discovered 

Henty Gold Mine, located approximately 25 km north of Queenstown (Fig. 2.2), is a 

relatively small, high-grade gold deposit (-506 OOO tonnes at 26.9 grams/tonne gold; 

Renison Goldfields Consolidated Limited mineable ore reserve, 1995) and is hosted 

within the Tyndall Group (Roberts 1990, McNeill and Corbett 1992). 

Principal lithostratigraphic and lithological units in the Mount 
Read Volcanics 

As presently understood, the Mount Read Volcanics comprise the following major 

lithostratigraphic units: the Sticht Range Formation; the Eastern quartz-phyric sequence; 

the Central Volcanic Complex; Western volcano-sedimentary sequences (Yolande River 

sequence, Dundas Group, Mount Charter Group, Henty Fault wedge sequence); and the 

Tyndall Group (Corbett 1992). The Sticht Range Formation is the oldest unit and the 

Tyndall Group is the youngest unit; the other units have complex age relationships, as 

described by Corbett (1992). The distribution of these units in the central Mount Read 

Volcanics is shown on Figure 2.2. Three additional lithologic associations are locally-
-'\. 

important in the Mount Read Volcanics (Corbett 1992): 1) andesite and basalt units; 2) 

granites and associated porphyry; and 3) tholeiitic rocks. The inferred stratigraphic 

relationships of these units are illustrated on Figure 2.3. 

STICHT RANGE FORMATION 

The Sticht Rang~ Formation comprises mainly Precambrian-derived siliciclastic 

conglomerate, sandstone and minor siltstone. The formation is similar in appearance to 

the Owen Conglomerate but lacks the characteristic red-pink hematite alteration common 

in the Owen Conglomerate. The Sticht Range Formation rests unconformably on 

Precambrian basement (Tyennan region) along the eastern margin of the Mount Read 

Volcanics (Baillie 1989, Corbett 1992) (Figs 2.2, 2.3), and is overlain by the Eastern 

quartz-phyric sequence (Corbett 1992). Sedimentological analysis (Baillie 1989) shows 

an overall transgression from basal alluvial fan units, up through braidplain deposits, 

overlain by shallow marine or tidal deposits, then deeper shelf deposits showing 

abundant evidence for storm activity. Baillie (1989) proposes that the tectonic setting was 

probably within a continental rift or continental margin setting. 
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EASTERN QUARTZ-PHYRIC SEQUENCE 

The Eastern quartz-phyric sequence (EQPS) was recently identified by Corbett (1992) 

and is also described in McNeill and Corbett (1992). The sequence includes the 

Murchison Volcanics (Polya 1981) and the Bonds Range Porphyry (Pemberton et al. 

1991). The EQPS comprises quartz± feldspar-bearing lavas, syn-volcanic intrusions and 

lesser volcaniclastic rocks that overlie the Sticht Range Formation, and occurs along the 

eastern side of the Mount Read Volcanics (Fig. 2.2). Rocks which are now considered to 

be part of the EQPS were previously included in the Tyndall Group (e.g. Corbett and 

McNeill 1988) but have been re-assigned based on different age relationships with the 

Cambrian granites (Fig. 2.3). Cambrian granites have intruded the EQPS in the 

Murchison area (Polya 1981, McNeill and Corbett 1992) and also possibly in the Darwin 

area (Corbett et al. 1993) suggesting a pre-granite age. The Tyndall Group contains clasts 

of Cambrian granite and is therefore younger than the granite. In areas where these field 

criteria are absent, distinguishing between the two units is difficult (e.g. Mount Jukes 

area). 

CENTRAL VOLCANIC COMPLEX 

The Central Volcanic Complex (CVC) predominantly comprises feldspar-phyric, dacitic 

coherent lavas, syn-volcanic intrusions and pumiceous volcaniclastic units that occur in 

the central part of the Mount Read Volcanics from Mount Darwin to Mount Block 

(Corbett 1992) (Fig. 2.2). Andesites and basalts are locally abundant and are intercalated 

with the more felsic volcanic facies. The lavas and intrusions comprise both massive or 

flow banded coherent facies and a variety of autoclastic breccias. The CVC is considered 

to be co-eval with the Eastern quartz-phyric sequence, because south of the Henty Fault 

the two groups are interpreted to have an interfingering relationship (Corbett 1992) (Fig. 

2.3). The CVC hosts the Rosebery and Hercules massive sulfide deposits (Green et al. 

1981), and Mount Lyell ore deposits (Cox 1981, Corbett and Solomon 1989). 

WESTERN VOLCANO-SEDIMENTARY SEQUENCES 

The Western volcano-sedimentary sequences (WVSS) include the Yolande River 

sequence, the Dundas Group, the Mount Charter Group and the Henty Fault wedge 

sequence (Corbett 1992). The distribution of the WVSS is shown on Figure 2.2. These 

sequences interfinger with the Central Volcanic Complex in the central part of the Mount 

Read Volcanics and overlie older Cambrian units (Crimson Creek Formation, Success 

Creek Group) on the western side of the Dundas Trough (Corbett 1981). The WVSS 
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comprise a wide variety of lithologies including volcaniclastic and/or Precambrian 

basement-derived mass flow units, fine grained turbidites and andesitic to felsic lavas, 

syn-volcanic intrusions and associated breccias (Corbett 1992). Fossil evidence suggests 

that the WYSS range in age from early Middle Cambrian to upper Late Cambrian, 

spanning a significant part of the Mount Read Volcanics history (Corbett 1992). 

TYNDALL GROUP 

The Tyndall Gr~mp forms a discontinuous belt of outcrops that extend from near Mount 

Darwin in the south, to Moxon Saddle (Fig. 2.2). Correlates of the Tyndall Group occur 

at the top of the WYSS in the northern part of the Mount Read Volcanics around the 

Cradle Mountain Link Road and Mount Tor areas (i.e. Mount Cripps Subgroup of the 

Mount Charter Group; Corbett 1992, Pemberton et al. 1991), and also in the Winterbrook 

area (Pemberton and Vicary 1989) (Fig. 2.2). The Tyndall Group comprises a wide 

variety of lithofacies including volcaniclastic breccia, conglomerate, sandstone and 

mudstone accompanied by minor ignimbrite, lavas and syn-volcanic intrusions, and non

volcanic sedimentary rocks. It occurs stratigraphically in the upper part of the Mount 

Read Volcanics and has variable basal contact relationships with older parts of the Mount 

Read Volcanics (Corbett 1992) (Fig. 2.3). The Tyndall Group is collformably overlain in 

places by the Late Cambrian to Early Ordovician Owen Conglomerate (e.g. East Mount 

Lyell; Appendix A). Elsewhere the contact between the Tyndall Group and the overlying 

Owen Conglomerate represents an angular unconformity or disconf ormity. In areas close 

to Cambrian granite, the Tyndall Group contains angular to rounded granite clasts, 

indicating a post-granite age, whereas the older lithostratigraphic units in the Mount Read 

Volcanics are intruded by the Cambrian granites (Corbett 1979, Corbett 1992). Further 

details of the Tyndall Group are given in the following chapters. 

ANDESITES AND BASALTS 

Sequences of andesite and basalt occur in several places in the Mount Read Volcanics 

(Figs 2.2, 2.3). They consist of intercalated lavas (some of which are pillowed), syn

volcanic intrusions and autoclastic breccias. They are typically either plagioclase- and 

pyroxene-phyric or plagioclase- and homblende-phyric with minor additions of quartz in 

places. The largest complex of andesite and basalt is the Que-Hellyer Volcanics which 

occurs in the Mount Charter Group and hosts the Hellyer and Que River massive sulfide 

deposits. Andesite and basalt complexes also occur in the Central Volcanic Complex (e.g. 

Sterling River area) and were previously considered as a part of that unit (e.g. Corbett 

1986). Andesites directly underlie the Tyndall Group in the Anthony Road area and in the 
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Comstock/Zig Zag Hill area. The andesites and basalts have dominantly calc-alkaline 

affinities, and include shoshonites (Crawford et al. 1992). 

CAMBRIAN GRANITE 

At least five occurrences of Cambrian granite have been mapped in western Tasmania: the 

. Murchison Granite, Darwin Granite, Elliott Bay Granite, Dove Granite and Timbertops 

Granite (Leaman and Richardson 1989). The Cambrian granites are relatively small and 

occur as pipe- or plug-type intrusions (Leaman and Richardson 1989). Concealed 

Cambrian granites extend along the eastern side of the Mount Read Volcanics between the 

Darwin and Murchison Granites, and may have been important in the formation of some 

Cambrian mineral deposits (Large et al. 1996). The Murchison Granite is typical of the 

Cambrian granites and comprises medium grained quartz-K-feldspar-plagioclase-biotite

homblende ± apatite± zircon± rutile granite to granodiorite (McNeill and Corbett 1992). 

This granite intruded the Eastern quartz-phyric sequence (Polya 1981, McNeill and 

Corbett 1992) in the Murchison area. The Cambrian granites are unconformably overlain 

by the Tyndall Group in the Murchison and Darwin areas. 

THOLEIITIC ROCKS 

Tholeiitic rocks including basalts, gabbros, dolerites and minor ultramafic rocks occur in 

parts of the Mount Read Volcanics and are described by Crawford et al. (1992), 

Crawford and Berry (1992) and Corbett (1992). The main exposures occur at Miners 

Ridge, in the western part of the Henty Fault Wedge, and in the Henty Dyke Swarm 

(Corbett 1992). The Henty Dyke Swarm rocks intruded the Central Volcanic Complex 

and are geochemically similar to "rift" tholeiites (Crawford et al. 1992). 

Owen Conglomerate 

The Mount Read Volcanics are overlain by the Late Cambrian to Early Ordovician Owen 

Conglomerate (Denison Group) which comprises Precambrian basement-derived 

siliciclastic sedimentary deposits, minor volcaniclastic deposits and rare basaltic 

lavas/intrusions. The Owen Conglomerate is well exposed on the major peaks of the West 

Coast Range (e.g. Mount Tyndall, Mount Huxley; Fig. 1.2). The Tyndall Group, which 

forms the upper part of the Mount Read Volcanics is conformably overlain by the Owen 

Conglomerate at several locations (e.g. East Mount Lyell, Henty Canal areas; Appendix 

A). Elsewhere the contact between the Tyndall Group and the overlying Owen 

Conglomerate represents an angular unconformity or disconformity. The Owen 
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Conglomerate is dominated by conglomerate and sandstone with minor additions of 

laminated mudstone in places. It is commonly pink to white in colour due to strong silica 

± hematite alteration. The Owen Conglomerate is approximately 360 m thick at Mount 

Owen (type section) and its maximum measured thickness is approximately 790 mat 

Mount Lyell (Wade and Solomon 1958). It is subdivided into several lithostratigraphic 

units which include the Jukes Conglomerate, Newton Creek Sandstone, Lower Owen 

Conglomerate, Middle Owen Conglomerate, Upper Owen Conglomerate and Pioneer 

Beds (Wade and Solomon 1958, Banks 1962, Solomon 1979, Pemberton et al. 1991). 

The Owen Conglomerate is overlain by the Ordovician Gordon Group (dominated by 

shallow water carbonates) which is in tum overlain by the Siluro-Devonian elastic shelf 

sequences of the Eldon Group. 

A conspicuous feature of the Owen Conglomerate is the decrease in grainsize up

sequence. The lower units comprise dominantly coarse pebble-cobble conglomerates 

whereas the upper units mainly comprise sandstone. The lower units are restricted to 

narrow zones of deposition coincident with the West Coast Range whereas the finer 

upper units are more widespread (Wade and Solomon 1958). The Owen Conglomerate 

was deposited as series of alluvial fans (and/or fan-deltas), with deposition extending 

from subaerial to shallow marine environments, and also into deeper water settings below 

wave base (Banks and Baillie 1989). The abundance of well rounded siliceous clasts and 

overall good sorting suggests that the clasts were significantly reworked in high energy 

environments prior to deposition. The Owen Conglomerate was derived almost entirely 

from a metamorphic Precambrian source. The Tyennan region (Fig. 2.1) is the most 

likely source as palaeocurrent directions indicate an easterly source (Baillie 1989). 

The Jukes Conglomerate (Wade and Solomon 1958) occurs at the base of the Owen 

Conglomerate around Mount Jukes, and consists of lenses (up to 100 m thick) of 

volcaniclastic conglomerate, breccia and sandstone (Fig. 2.4). Possible correlates of 

Jukes Conglomerate have been identified at the base of the Owen Conglomerate at several 

locations in the Mount Read Volcanics (e.g. Corbett 1986, McNeill 1987). The Jukes 

Conglomerate lies unconformably on older rocks of the Mount Read Volcanics including 

the Central Volcanic Complex, Eastern quartz-phyric sequence and possibly the Tyndall 

Group (Corbett et al. 1993). In some areas, the Jukes Conglomerate appears to 

conformably overlie the Tyndall Group (e.g. near Lake Westward; McNeill 1987). The 

Jukes Conglomerate generally grades upwards into siliciclastic pebble-cobble 

conglomerate of the Lower Owen Conglomerate or Newton Creek Sandstone. It contains 

rounded Precambrian-derived clasts and polymict angular to rounded volcanic clasts, in 

roughly equal proportions. Good exposures of Jukes Conglomerate occur around Mount 
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Fig. 2.4 Photographs of the Jukes Conglomerate in the Mount Huxley area. a) Diffusely 
parallel-stratified conglomerate (GR 53339 lON - 383530E). b) Cross-stratified pebbly 
sandstone (GR 5333890N - 383520E). 



Jukes and Mount Huxley. These exposures generally fine upwards from massive and 

parallel-stratified, clast-supported pebble/cobble/boulder conglomerate (Fig. 2.4a) to 

massive or parallel stratified and cross-stratified coarse sandstone (Fig. 2.4b ). The rocks 

are strongly hematite + sericite-altered, and are generally purple in colour. The Jukes 

Conglomerate probably represents local erosion of the Mount Read Volcanics, which 

occurred prior to and during the beginning of deposition of the siliciclastic-rich Owen 

Conglomerate. The Jukes Conglomerate is lithologically similar to the upper part of the 

Tyndall Group but has distinctly higher proportions of Precambrian-derived clasts and 

more evidence for cross-stratification. 

Regional structures, alteration and metamorphic grade 

The Mount Read Volcanics were deformed during two main events during the Cambrian 

and Devonian periods (Corbett and Lees 1987, Corbett and Turner 1989). Evidence for a 

Cambrian event is manifest in numerous regional and local unconformities, complex 

folding/faulting not typical of Devonian deformation, and by the presence of randomly 

oriented cleaved volcanic clasts in parts of the Tyndall Group around South Darwin Peak 

(Corbett 1979, Corbett and Lees 1987, Corbett and Turner 1989). The presence of 

growth faults identified in the Tyndall Group also indicates that Cambrian deformation 

was evident during Tyndall Group deposition. Widespread folding, (and associated 

cleavage development) occurred during the Devonian and largely overprinted evidence for 

the Late Cambrian event (Corbett and Lees 1987, Williams et al. 1989). The Devonian 

deformation has been correlated with the Tabberabberan Orogeny of eastern Australia 

(Browne 1949). Berry (1994) noted that many of the folds that have been considered as 

Devonian structures are actually open Cambrian folds which have been tightened during 

the Devonian deformation. Cambrian faults were also reactivated during the Devonian. 

The most prominent fault structure in the Mount Read Volcanics is the north-northwest 

trending, west dipping Henty Fault Zone (Figs 2.2, 2.3). This fault has had a complex 

movement history spanning the Middle Cambrian to the7Tertiary (Berry 1989). To the 

south near the Henty Gold Mine, the Henty Fault splays into two fault structures (North 

Henty Fault and South Henty Fault). The two splays enclose a wedge of Cambrian rocks 

(Henty Fault Wedge) which contains a wide variety of lithologies including sedimentary 

rocks, felsic to mafic and tholeiitic volcanics, gabbro and ultramafic rocks (Corbett 

1992). The Great Lyell Fault intersects the Henty Fault around Red Hills and continues 

south through the Mount Lyell area to the Mount Darwin area. It is interpreted as a 

Cambrian structure reactivated dunng the Devonian (Corbett 1992). Another major fault 
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structure, the east dipping Rosebery Fault occurs along the western margin of the Central 

Volcanic Complex in the Rosebery-Pinnacles area (Fig. 2.2). 

Fold structures observed in the areas studied for this project are generally regional-scale, 

moderately open to tight folds that have not greatly complicated the Tyndall Group 

stratigraphy. The associated axial plane cleavage is typically only weakly developed in the 

Tyndall Group, except in some areas of strong phyllosilicate (chlorite, sericite) alteration. 

Faulting has strongly disrupted the Tyndall Group stratigraphy in some areas (e.g. Henty 

Canal, Cradle Mountain Link Road areas) making stratigraphic analysis more difficult. 

Cambrian growth faults in the Tyndall Group have also been interpreted where rapid 

thickness changes of some facies occur across fault structures (e.g. Comstock/Zig Zag 

Hill area, see Appendix Al). 

The Mount Read Volcanics have been subject to significant alteration episodes which 

have modified both the textures and the composition of the rocks in places. Diagenetic 

alteration and compaction probably occurred soon after deposition and has been proposed 

as the major process responsible for the formation of chlorite + sericite-altered lenses in 

feldspar+ quartz-altered pumice breccia deposits in the Rosebery-Hercules area (Allen 

and Cas 1990, McPhie et al. 1993). The altered pumice breccia is comprised of dark, 

phyllosilicate-rich lenses generally 1-5 cm long that are aligned roughly parallel to 

regional bedding, set in pale-coloured quartz-K-feldspar-albite alteration. Allen and Cas 

(1990) suggested that the pumice breccias were heterogeneously altered soon after 

deposition, and the phyllosilicate altered pumice patches were flattened by bedding

parallel diagenetic compaction, and by tectonic deformation. 

Hydrothermal alteration associated with the formation of volcanic-hosted massive sulfide 

deposits is common in the Mount Read Volcanics, and is mainly Cambrian in age (Large 

1992). Hydrothermal alteration in the Mount Read Volcanic host facies generally leads to 

the development of new minerals (e.g. Stolz 1992, Gemmell and Large 1992). For 

example, footwall hydrothermal alteration beneath the Hellyer deposit comprises a central 

siliceous-altered core giving way to zones of chlorite, chlorite-carbonate, sericite and 

finally sericite-quartz alteration on the outer margin (Gemmell and Large 1992). 

Hydrothermal alteration is generally focused in halos around zones of massive sulfide 

mineralisation. 

Prehnite-pumpellyite to lower greenschist facies regional metamorphism is widespread in 

the Mount Read Volcanics and probably developed during the Devonian deformation 

event (Offler and Whitford 1992, Eastoe et al. 1987). Offler and Whitford (1992) 

22 



suggested that the widespread prehnite-chlorite-epidote-pumpellyite-albite-carbonate 

alteration at Que River is diagnostic of upper prehnite-pumpellyite facies burial 

metamorphism. The metamorphic grade is higher to the south where lower greenschist 

facies assemblages are recorded at Rosebery and Mount Lyell (Green et al. 1981, Cox 

1981). The lower greenschist facies metamorphic assemblage comprises quartz, albite, 

chlorite, epidote, calcite and sericite and K-feldspar (Eastoe et al. 1987). Biotite, ± 
magnetite, ± pyrite, ± tourmaline alteration minerals also occur around the contacts of 

Cambrian and Devonian granites which have intruded into the Mount Read Volcanics. 

These alteration events, along with the structural complexities and limited outcrop, make 

regional stratigraphic correlation in the Mount Read Volcanics difficult in places. 

Deformation, alteration and metamorphism have affected the Tyndall Group to some 

degree, although most of the primary volcanic and sedimentary textures and structures are 

well preserved. The fine grained matrix in the volcaniclastic facies and the groundmass in 

the lavas and intrusions consist of alteration minerals, including quartz, feldspar 

(dominantly albite), chlorite, sericite, and minor epidote, carbonate, sphene, 

actinolite/tremolite and opaque phases (hematite, magnetite, ilmenite, pyrite). Crystals and 

lithic fragments are generally well preserved. 

Tectonic models for western Tasmania 

The tectonic development of the late Proterozoic to early Palaeozoic sequences of western 

Tasmania has been the subject of much speculation and controversy over the past three 

decades. Various tectonic models have been proposed and are reviewed by Corbett and 

Turner (1989). A rift model was proposed for the Dundas Trough by Corbett et al. 

(1972) and was adopted by subsequent workers (e.g. Corbett 1979). Convergent margin 

plate tectonic models have also been proposed, above either west-dipping or east-dipping 

subduction zon~s (e.g. Solomon and Griffiths 1972, Corbett and Lees 1987). The most 

recently p~oposed tectonic model (Berry and Crawford 1988, Crawford and Berry 1992) 

is primarily based on structural and geochemical evidence. Crawford and Berry (1992) 

use the distinctive compositions of some lavas in the Mount Read Volcanics (e.g. 

shoshonites) to constrain the tectonic setting by comparison with modem analogues. This 

model entails a complex history of events, but in summary, involves collision between an 

east-facing passive continental margin and a west-facing (Mariana arc-type) forearc 

during the Middle Cambrian, which led to the production of the post-collisional Mount 

Read Volcanics. The implications for the tectonic setting of the Tyndall Group, are 

discussed in Chapter 10. 
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Age of the Tyndall Group 

The Tyndall Group is the youngest lithostratigraphic unit of the Mount Read Volcanics, 

based on several lines of evidence: fossils, isotopic U-Pb dating of zircons and regional 

stratigraphic relationships. 

Marine fossils (dominantly trilobites) in a brown mudstone unit within the Tyndall Group 

correlates (Comstock Formation) on the Cradle Mountain Link Road are dated as late 

Middle Cambrian in age (Lejopyge laevigata II and III to Damesella torosa-Ascionepea 

janitrix zones) by Dr. J. Jago (in Pemberton et al. 1991). The absolute age for these 

zones is approximately 520-530 Ma, based on a Cambrian-Ordovician boundary at 500 

Ma (Shergold 1989). The limestone unit in the basal part of the Tyndall Group 

(Lynchford Member) at Comstock contains fossils with a similar late Middle to early Late 

Cambrian age (Jago et al. 1972). No fossils have been found in the upper part of the 

Tyndall Group (Zig Zag Hill Formation). However, fossils in the Newton Creek 

Sandstone (lower part of the Owen Conglomerate), which conformably overlies the Zig 

Zag Hill Formation in the Henty Canal area are dated as Post-Idamean to Pre-Payntonian 

Bin age (Corbett 1975, Jago 1979). The absolute age for these zones is approximately 

508-517 Ma, based on a Cambrian-Ordovician boundary at 500 Ma (Shergold 1989). 

In summary, the age of the Tyndall Group based on biostratigraphic methods, is between 

Boomerangian and Post-ldamean to Pre-Payntonian B ages (approximately 508-530 Ma 

based on a Cambrian-Ordovician boundary at 500 Ma; Shergold 1989). Parts of the 

Western volcanosedimentary sequences that contain fossils of a similar age to the Tyndall 

Group and lie at a similar stratigraphic position (i.e. below the Owen Conglomerate and 

correlates) are probably co-eval with the Tyndall Group (see Corbett 1992, Fig. 9). 

Recent isotopic U-Pb dating of magmatic zircons in samples of crystal-rich volcaniclastic 

sandstone from the Comstock Formation in two different areas, yielded dates of 494.4 ± 
3.8 Ma and 502.5 ± 3.3 Ma (Perkins and Walshe 1993). The two samples occur at 

approximately the same stratigraphic level and therefore should have yielded a similar 

age. This age difference has not been explained by Perkins and Walshe (1993). Other 

Mount Read Volcanic rocks dated by Perkins and Walshe (1993), yielded a concordant 

age of 502.6 ± 3.5 Ma, consistent with the Tyndall Group being younger than the rest of 

the Mount Read Volcanics. Ar-Ar dating of the Murchison granite (which is older than the 

Tyndall Group) yielded an age of 501.0 ± 5.7 Ma (Perkins and Walshe 1993) whereas 

K-Ar dating (McDougall and Leggo 1965) gave an age of 524 ± 15 Ma. The Tyndall 

Group directly overlies, and is therefore younger- than -hornblende-bearing andesite on the 
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Anthony Road which has been dated (Ar-Ar method) at 501.5 ± 5.7 Ma (Perkins and 

Walshe 1993). 

All the dates reported by Perkins and Walshe (1993) are considerably younger than dates 

predicted by biostratigraphic methods, which led Perkins and Walshe (1993) to suggest 

that the Late Cambrian epoch may be younger than 500 Ma. However, previous isotopic 

studies in the Mount Read Volcanics (e.g. Adan;is et al. 1985) have been problematical 

and have yielded a considerable scatter of ages. The problems with radiometric dating in 

the Mount Read Volcanics are mainly due to partial re-setting during the Late Cambrian

Early Ordovician and Devonian tectonothermal events. Adams et al. (1985) suggested that 

U-Pb dating of zircons is particularly problematical due to post-crystallisation Pb loss and 

also contamination of deposits by older zircons. The contamination of deposits by older 

zircons would give older dates, which does not explain the younger dates yielded by 

Perkins and Walshe (1993). Post-crystallisation Pb loss or re-setting may be involved, in 

which case the results are not depositional ages. Adams et al.(1985) concluded that 

isotopic dating was generally more successful in delineating the major tectonothermal 

events. Therefore the precision of the dates reported by Perkins and Walshe (1993) are 

questionable. Resolving the problems surrounding the absolute age of the Mount Read 

Volcanics and the Tyndall Group requires further work, which is beyond the scope of 

this project. 

------ , ____ - ----=-------= -- ---- ~----~----------------~---- -- --------- ~ 
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CHAPTER 3 

TYNDALL GROUP STRATIGRAPHY 

Introduction 

The Tyndall Group and correlates were evaluated in a number of areas in the central part 

of the Mount Read Volcanics: Comstock, Zig Zag Hill, Mount Lyell Mill, East Mount 

Lyell, Anthony Road, Henty Canal, Cradle Mountain Link Road, Lynchford, Mount 

Selina, Lake Dora, Moxon Saddle, Mount Huxley to Mount Darwin, Mount Tor and 

Winterbrook (Fig. 1.1). In this chapter, a new stratigraphic scheme for the Tyndall 

Group is presented, based on seven key sections in the central Mount Read Volcanics that 

show the best quality exposures: Lynchford, East Mount Lyell, Comstock, Zig Zag Hill, 

Anthony Road, Henty Canal, Cradle Mountain Link Road areas. Geological reports on 

each of these areas accompanied by geological interpretation maps are included in 

Appendix A. Regionally mappable stratigraphic units were identified in the Tyndall 

Group and have been allocated formal formation and member names (White and McPhie 

1996). Each stratigraphic unit is composed of one or more lithofacies (described below). 

The new stratigraphic scheme was developed due to various problems with the previous 

stratigraphic nomenclature. The old and new stratigraphic schemes are shown on Figure 

3.1. 

General characteristics of the Tyndall Group 

The Tyndall Group comprises a discontinuous belt of exposures that extends from near 

Mount Darwin to Moxon Saddle (Fig. 2.2). Correlates of the Tyndall Group occur in the 

northern part of the Mount Read Volcanics: 1) on the Cradle Mountain Link Road in the 

upper part of the Mount Charter Group (Mount Cripps Subgroup; Corbett 1992, ); 2) in 

the Mount Cattley to Mount Tor area (Pemberton and Vicary 1988); and 3) in the 

Winterbrook area (Pemberton and Vicary 1989) (Fig. 2.2). The thickness of the Tyndall 

Group varies regionally from approximately 1300 m in the Cradle Mountain Link Road 

area to approximately 450 m at Comstock (assuming minimal fault repetitions and 

disruptions). Much thinner intervals of the Tyndall Group also occur in places (e.g. 50-

200 m thick in the Mount Lyell Mill area; Appendix A2). 
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Fig. 3.1 Previous and new stratigraphic schemes used for the Tyndall Group. 

The internal stratigraphy of the Tyndall Group is relatively complex, comprising a wide 

variety of lithofacies including quartz-poor and quartz-rich crystal-rich volcaniclastic 

sandstone, carbonate, laminated mudstone and sandstone, volcaniclastic lithic breccia, 1 

welded ignimbrite, rhyolite and polymict volcaniclastic conglomerate and sandstone. 

Lateral facies variations are common, which makes stratigraphic correlation difficult in 

places. Syn-depositional faults active during deposition of the Tyndall Group probably 

influenced sedimentation, causing lateral facies and thickness variations in places (e.g. 

Comstock/Zig Zag Hill area; Appendix Al). The contacts between the various lithofacies 

are mostly conformable and interfingering. The Tyndall Group is overlain (conformably 

and unconformably) by the Owen Conglomerate and has variable basal contact 

relationships with older parts of the Mount Read Volcanics. 

Previous stratigraphic nomenclature 

Corbett et al. (1974) originally defined the Tyndall Group in the Comstock/Zig Zag Hill 

area as consisting of the "Comstock Tuff' and the overlying "Jukes Formation" (Fig. 

3.1). The "Jukes Formation" was named on the basis of an inferred correlation with the 

Jukes Breccia (Hills 1914) or Jukes Conglomerate (Campana and King 1963, Wade and 
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Solomon 1958), which occurs at the base of the Owen Conglomerate around Mount 

Jukes, approximately 9 km south of Queenstown. However, Solomon (1979) argued that 

the true "Jukes Formation" is younger than the Tyndall Group and that the term is 

inappropriate for the Tyndall Group. In response, Corbett (1989, 1992) discarded the old 

term "Jukes Formation" and referred to the upper part of the Tyndall Group informally as 

the "upper Tyndall Group". The true "Jukes Formation" or Jukes Conglomerate is well 

exposed around Mount Jukes and Mount Huxley. Correlates of the Jukes Conglomerate 

have been identified elsewhere in the Mount Read Volcanics (e.g. Mount Sedgwick area, 

Corbett et al. 1989). 

The true Jukes Conglomerate consists of lenses (up to 100 m thick) of conglomerate, 

breccia and sandstone containing abundant rounded Precambrian basement-derived clasts 

and polymict angular to rounded volcanic clasts (Chapter 2). Conglomerate units are 

clast- or matrix-supported, and massive or parallel-stratified (Fig. 2.4a). Sandstone units 

are massive, parallel-stratified or cross-stratified (Fig. 2.4b ). The Jukes Conglomerate 

1 unconformably overlies the Central Volcanic Complex, Eastern quartz-phyric sequence 

and possibly the Tyndall Group in places, and grades up into siliciclastic conglomerate of 

the Lower Owen Conglomerate. The true "Jukes Formation" or Jukes Conglomerate is 

therefore considered to be part of the Owen Conglomerate (cf. Solomon 1979, Corbett 

1989, Corbett et al. 1993), rather than part of the Tyndall Group. 

Revised stratigraphic scheme 

The problems with the previous stratigraphic terminology, the use of informal names (as 

discussed above) and recognition of regionally mappable compositional/lithological 

variations in the Tyndall Group prompted revision of the stratigraphic nomenclature 

(White and McPhie 1996). The Tyndall Group is divided into two formations, the 

Comstock Formation and the overlying Zig Zag Hill Formation (Fig. 3.1). This broad 

two-fold division is similar to that of Corbett et al. (1974). The Comstock Formation is 

further subdivided into lower and upper members, the Lynchford Member and overlying 

Mount Julia Member (Fig. 3.1). The new stratigraphic scheme is based on detailed 

analysis of seven key stratigraphic sections that show the best quality and most 

continuous Tyndall Group exposures (Fig. 3.2). Each stratigraphic unit contains one or 

more lithofacies, summarised on Figure 3.3. The new stratigraphic terms have been 

formally accepted by the Central Register of Australian Stratigraphic Names, Australian 

Geological Survey Organisation. Formal definitions of these units are included in 

Appendix C. 
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Fig. 3.2 Seven key stratigraphic sections of Tyndall Group showing correlations of each of the new stratigraphic subdivisions: L = Lynchford Member (Comstock Formation); M =Mount Julia Member (Comstock 
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ZIGZAG HILL FORMATION 

Principal lithofacies 
Polymict volcaniclastic conglomerate and sandstone 

Subordinate lithofacies 
Laminated mudstone and sandstone 
Coherent rhyolite and associated rhyolite breccia 

COMSTOCK FORMATION: MOUNT JULIA MEMBER 

Principal lithofacies 
Quartz-rich crystal-rich volcaniclastic sandstone 
Normally graded volcaniclastic breccia/sandstone deposits 
Welded ignimbrite 
Coherent rhyolite and associated rhyolite breccia 
Laminated mudstone and sandstone 

Subordinate lithofacies 
Andesite 

COMSTOCK FORMATION: LYNCHFORD MEMBER 

Principal lithofacies 
Quartz-poor crystal-rich volcaniclastic sandstone 
Laminated mudstone and sandstone 
Volcaniclastic lithic breccia 
Carbonate 

Subordinate lithofacies 
Quartz-rich crystal-rich volcaniclastic sandstone 

Fig. 3.3 List of the principal and subordinate lithofacies present in each of the major 
lithostratigraphic units in the Tyndall Group. 

The "Comstock Tuff" of Corbett et al. (1914), was redefined as the Comstock Formation 

(White and McPhie 1996). The word "tuff' has genetic implications and is reserved for 

primary pyroclastic deposits, but this part of the Tyndall Group mainly comprises 

secondary, resedimented volcaniclastic facies. The Comstock Formation is well exposed 

in the type section on the lower slopes of Zig Zag Hill (as defined by Corbett et al. 1974), 

and in a number of Comstock drill holes approximately 1 km to the southeast of Zig Zag 

Hill (e.g. holes C50, C59, C61, C072; Appendix B).Within the Comstock Formation, 

lower and upper members (Lynchford Member and Mount Julia Member) have been 

distinguished on the basis of compositional and lithological differences (White and 
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McPhie 1996). The overlying Zig Zag Hill Formation comprises polymict volcaniclastic 

conglomerate and sandstone. It is well exposed in the type area, (Mount Lyell area) 

(W~ite and McPhie 1996). The Zig Zag Hill Formation corresponds to the "Jukes 

Formation" of Corbett et al. (1974) (Fig. 3.1). 

PRINCIPAL LITHOFACIES OF THE COMSTOCK FORMATION: LYNCHFORD 

MEMBER 

The Lynchford Member forms the lower part of the Comstock Formation and comprises 
I 

four main lithofacies: 1) quartz-poor crystal± lithic volcaniclastic sandstone; 2) carbonate; 

3) laminated mudstone and sandstone; 4) volcaniclastic lithic breccia (Fig. 3.3). These 

lithofacies have no consistent stratigraphic order, however, in areas where carbonate is 

present (e.g. Comstock), it occurs at the base of the Tyndall Group, and is overlain by 

other lithofacies of the Lynchford Member. The Lynchford Member is approximately 60-

200 m thick in most of the main sections (Fig. 3.2), the exception being at Lynchford 

where the Tyndall Group is 600-700 m thick and composed entirely of quartz-poor 

crystal-rich volcaniclastic sandstone and breccia, and laminated mudstone. The Lynchford 

Member corresponds to the "Lynchford Tuff" (Corbett 1979). The unit has been 

redefined (White and McPhie 1996) as the Lynchford Member. At East Mount Lyell, no 

Lynchford Member facies have been identified. The character of the lower contact with 

older rocks appears to be conformable in some areas (e.g. Anthony Road, Comstock), 

but is poorly defined in other areas due to poor exposure (see Appendix A). Minor 

quartz-rich volcaniclastic sandstone occurs in the Lynchford Member in the Anthony 

Road area and at Lynchford. 

Quartz-poor crystal-rich volcaniclastic sandstone 

Quartz-poor crystal-rich volcaniclastic sandstone is the most common facies in the 

Lynchford Member and occurs in the Lynchford, Comstock, Zig Zag Hill, Anthony Road 

and Henty Canal areas. The crystal-rich sandstone is typically massive and laterally 

extensive for several hundreds of metres. This facies contains lenses of laminated 

mudstone and sandstone (discussed below). Normally graded units (several metres thick) 

grading from massive pebbly sandstone to finely laminated mudstone also occur in places 

(e.g. Anthony Road area). The crystal-rich facies contains abundant crystals and crystal 

fragments (-40-70% ), largely comprising plagioclase and lesser clinopyroxene, 

titanomagnetite ±ilmenite, with minor quartz and angular felsic to mafic volcanic lithic 

clasts, in a fine grained altered (chlorite-, albite-, quartz-rich) matrix (Fig. 3.4a, b). 

Where pebbly lithic clasts exceed 5% by volume, they are classified as volcaniclastic lithic 
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Fig. 3.4 Photographs of the principal lithofacies of the Lynchford Member (Comstock 
Formation). 

a) Slabbed rock sample of quartz-poor crystal-rich volcaniclastic sandstone with angular 
pebble sized volcanic lithic clasts, sample LF18, Lynchford area. 

b) Slabbed rock samples of quartz-poor crystal-rich volcaniclastic sandstone with minor 
angular pebble size volcanic lithic clasts. Samples AR404 (upper) and AR409 (lower), 
Anthony Road area. 

c) Pink, hematitic fossiliferous carbonate in drill core. Split cores are from Comstock drill 
hole C50, -295-300 m. 

d) Drill core intersection of strongly foliated and moderately sericite + chlorite-altered 
massive carbonate, Comstock drill hole C072, -285-290 m. HQ drill core is 62 mm 
diameter. 

e) Drill core intersection of laminated and graded mudstone/sandstone facies from 
Comstock drill hole C072, -234-239 m. HQ drill core is 62 mm diameter. 

f) Split drill core samples of the laminated mudstone and sandstone facies. Sample CJ4 
(upper sample) is from the Comstock drill hole C68, -159.8 m and shows highly 
disrupted laminae. Sample CD5 (lower sample), is from Comstock drill hole C072, 
-234.5. The arrow indicates way-up direction. 

g) Split drill core sample of volcaniclastic lithic breccia showing angular volcanic clasts 
and mudstone intraclasts in a feldspar-rich crystal-rich matrix. Sample CG4, from the 
Comstock drill hole C56, -120.8 m. 

h) Slabbed drill core sample (CJ3) of mud-matrix volcaniclastic lithic breccia, Comstock 
drill hole C68, -123.2 m. 





breccia (see below). The crystal composition suggests an andesitic to dacitic volcanic 

provenance. The crystal-rich volcaniclastic facies contains approximately 1-5% 

titanomagnetite, which gives it a characteristically high magnetic signature relative to the 

surrounding units. Corbett (1979) analysed three samples of crystal-rich (plagioclase-, 

titanomagnetite-, clinopyroxene-, quartz-bearing) volcaniclastic sandstone from the 

Lynchford Member at Lynchford (Lynchford Tuff; Corbett 1979) and reported 

intermediate compositions (Si02 values of 56.9-59.5%). 

Carbonate 

Carbonate units mark the base of the Tyndall Group at Comstock (Corbett et al. 1974) 

and in parts of the Anthony Road area (around Howards Anomaly). The carbonates are 

not exposed at the surface but have been intersected by a number of diamond drill holes in 

both areas (e.g. C50, C072, CO'Z4, TYN006, TYN007; Appendix B). Several carbonate 

units occur in these areas, ranging in thickness from several metres to approximately 30 

m thick. The carbonates occur at the base of the Tyndall Group, interbedded with the 

underlying andesitic rocks (Comstock andesite, Anthony Road andesite), and within the 

overlying volcaniclastic facies of the Lynchford Member. Carbonates also occur in 

Tyndall Group sequence at the Henty Gold Mine (Yeats 1989). 

The carbonates are creamy white to pink/purple and dominantly consist of massive, 

recrystallised calcite± hematite (Fig. 3.4c). In places the carbonates are strongly foliated' 

and contain patches of sericite-chlorite alteration (Fig. 3.4d). In the Comstock drill hole 

(C50), the main carbonate unit (approximately 15-20 m thick) contains abundant shallow 

marine fossils including trilobites, small echinoderm plates, hyolithids, gastropods and 

inarticulate brachiopods (Jago et al. 1972). At Comstock, the carbonate units extend 

laterally for several hundred metres, interfingering with the enclosing volcanic rocks, and 

are interpreted to be in situ, rather than large allochthonous slump blocks. Jago et al. 

(1972) interpreted this unit to represent a near-shore shallow bank limestone deposit. 

Laminated mudstone and sandstone 

In most areas studied, the Lynchford Member includes well laminated and bedded, 

graded mudstone and sandstone units. At Comstock, these units overlie the carbonate 

units, and in other areas (e.g. Lynchford area) they occur as lenses within quartz-poor 

crystal-rich volcaniclastic facies. In the Cradle Mountain Link Road area, the Lynchford 

Member comprises laminated mudstone that contains minor but conspicuous beds of 

Precambrian-derived siliciclastic sandstone to conglomerate. The laminated mudstone and 
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sandstone facies of the Lynchford Member comprises normally graded beds and 

laminations (millimetres to tens of centimetres thick) (Fig. 3.4e, f) and thick sandstone 

intervals (up to 3 m thick). The beds and laminations are tabular shaped and laterally 

continuous in outcrop with sharp bed bases grading from sandstone up to mudstone. 

They are parallel bedded and laminated in most cases, with rare occurrences of cross

laminated fine sandstone. Also included in this facies of the Lynchford Member are units 

of massive and finely-laminated black mudstone up to several tens of metres thick (e.g. 

Anthony Road area). 

Volcaniclastic lithic breccia 

In some drill holes in the Comstock area (e.g. C61, C56, C68 - Appendix B) the 

laminated mudstone and sandstone facies is interbedded with matrix-supported 

volcaniclastic lithic breccia units. These units are generally several metres to tens of 

metres thick and normally graded. They are dominated by pebble- to cobble-size, angular, 

quartz- and feldspar-phyric volcanic clasts and intraclasts of laminated mudstone, in a 

crystal-rich matrix (Fig. 3.4g) and/or grey mud-rich matrix (Fig. 3.4h). Volcaniclastic 

lithic breccia also occurs at the base of some normally graded, quartz-poor crystal-rich 

volcaniclastic sandstone deposits on the Anthony Road. 

Upper contact of the Lynchford Member 

The quartz-poor (andesitic to dacitic) crystal-rich volcaniclastic units of the Lynchford 

Member grade upwards into more quartz-rich ( dacitic to rhyolitic) units of the overlying 

Mount Julia Member. The contact between these members is gradational and 

interfingering, reflecting a subtle compositional variation up-sequence. The Lynchford 

Member generally contains a lower proportion of quartz crystals (0-5%) compared to the 

overlying Mount Julia Member (5-20% ), and overall, the Lynchford Member contains a 

much higher proportion of laminated mudstone and sandstone facies relative to the Mount 

Julia Member. At Lynchford, the Lynchford Member is unconformably overlain by 

siliciclastic sandstone of the Owen Conglomerate (Pioneer Beds) (Corbett et al. 1989). 

PRINCIPAL LITHOFACIES OF THE COMSTOCK FORMATION: MOUNT JULIA 

MEMBER 

The Mount Julia Member is relatively quartz-rich (rhyolitic to dacitic) and comprises five 

main facies: 1) crystal-rich volcaniclastic sandstone; 2) normally graded volcaniclastic 

breccia and sandstone units; 3) welded ignimbrite; 4) coherent rhyolite; 5) laminated 
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mudstone and sandstone (Fig. 3.3). These lithofacies have no consistent stratigraphic 

order within this member. In addition to these five principal lithofacies, small exposures 

of porphyritic andesite occur within this member in the Anthony Road and Cradle 

Mountain Link Road areas; the latter show peperitic intrusive contacts with the 

surrounding crystal-rich volcaniclastic sandstone. The Mount Julia Member is present in 

all the areas studied except Lynchford, and ranges from 150 to 730 m in thickness (Fig. 

3.2). 

Crystal-rich volcaniclastic sandstone 

Crystal-rich volcaniclastic sandstone (CRVS) is the most common facies in the Mount 

Julia Member and compt1ses a closed framework of dominantly plagioclase and quartz 

(and minor titanomagnetite ± ilmenite) crystals and crystal fragments ( -40-70%) in a fine 

grained altered (albite-, quartz-, chlorite-rich) matrix (Fig. 3.5a, b). Rare clinopyroxene 

crystals occur in this facies in the Cradle Mountain Link Road section and minor 

hornblende crystals occur in the Anthony Road section. Small crystals of apatite and 

zircon ( <0.5 mm) are present in trace amounts, and minor pebble- to cobble-size, angular 

to rounded lithic fragments (dominantly felsic volcanic clasts) also occur in places. Lithic 

clasts are concentrated in intervals (metres to lO's metres thick) within the crystal-rich 

volcaniclastic sandstone sequence and where pebbly lithic clasts exceed 5% by volume, 

they are classified as volcaniclastic lithic breccia (see below). The CRVS facies contains 

up to 3% titanomagnetite, which gives it a characteristically high magnetic signature 

relative to the surrounding units. The CRVS facies ge~erally forms laterally extensive, 

very thick (tens of metres to >100 m thick), non-graded, massive units without internal 

stratification, and normally graded, massive to diffusely-stratified sedimentation units 

(metres to lO's metres thick). The CRVS facies also forms part of normally graded 

volcaniclastic breccia and sandstone deposits (described below). In many places, the fine 

grained altered matrix in the CRVS facies forms pink (quartz+ albite-rich) and green 

(chlorite-rich) bands (Fig. 3.5a, b) and wispy pseudoclastic textures that are dominantly 

subparallel to regional bedding. The origin of these alteration textures is discussed in 

Chapter 9. 

Normally graded volcaniclastic breccia and sandstone deposits 

The volcaniclastic breccia and sandstone facies occurs in tabular, normally graded units 

(metres to tens of metres thick) that are intercalated with massive CRVS units. They 

comprise volcaniclastic lithic breccia near the base (Fig. 3.5c, d) grading up into massive 

crystal sandstone (texturally and compositionally similar to the CRVS facies described 
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Fig. 3.5 Photographs of the principal lithofacies of the Mount Julia Member (Comstock 
Formation). 

a) Slabbed sample of quartz-rich crystal-rich volcaniclastic sandstone showing pink, 
quartz+ albite-rich and green chlorite-rich alteration bands. Sample AR72, Anthony Road 
area. 

b) Quartz-rich crystal-rich volcaniclastic sandstone from the Anthony Road area showing 
alteration banding (GR 53578 lON - 381090E). 

c) Volcaniclastic lithic breccia showing angular, quartz- and feldspar-phyric volcanic 
clasts in a quartz-rich crystal-rich volcaniclastic sandstone matrix, Anthony Road area 
(GR 5357780N - 381090E). 

d) Volcaniclastic lithic breccia showing angular pink quartz- and feldspar-phyric volcanic 
clasts in a quartz-rich crystal-rich volcaniclastic sandstone matrix, Henty Canal area (GR 
5359995N - 380420E). 

e) Base of the Zig Zag Hill ignimbrite showing angular, quartz- and feldspar-phyric 
volcanic lithic clasts (L), and quartz- and feldspar-bearing, chlorite-altered, wispy fiamme 
(E) in a crystal- and shard-bearing matrix (GR 5345995N - 382405E). 

t) Anthony Road ignimbrite showing abundant chlorite-altered, wispy clasts in a crystal
and shard-bearing matrix (GR 5356690N - 38 l220E). 

g) Slabbed samples of coherent rhyolite showing an even distribution of quartz and 
feldspar phenocrysts (porphyritic texture) in an a quartz- and feldspar-altered 
groundmass. Left sample (AR316) and right sample (AR315) from the Henty Canal area. 

h) Flow banded and flow folded coherent rhyolite in the Mo~on Saddle area (GR 
5366030N - 38 l370E). 

i) Parallel-laminated mudstone and sandstone facies showing some wavy sandstone and 
mudstone laminae, Henty Canal area. Way-up direction is up the page (GR s359725N -
380640E). 

j) Parallel-laminated mudstone and sandstone, Anthony Road area (GR 5357000N -
381345E). 







above), with laminated fine grained sandstone ± mudstone at the top. In many cases, an 

inversely graded layer (5-50 cm thick) of pebbly crystal-rich sandstone, with only minor 

lithic clasts, occurs at the base and grades up into coarser-grained volcaniclastic breccia. 

The lithic breccia immediately overlying this basal layer has a matrix-supported 

framework comprising angular pebble- to boulder-size clasts (dominantly feldspar± 

quartz porphyritic volcanic types, aphyric altered clasts and mudstone intraclasts) in a 

crystal-rich sandstone matrix (Fig. 3.5c). The lithic clasts decrease in size and abundance 

upwards and grade into massive crystal-rich sandstone which also gradually fines 

upwards. In some cases, laminated mudstone interpreted as vitric ash-rich deposits, 

occurs at the top of these units. 

Welded ignimbrite 

Welded ignimbrite is present in the Mount Julia Member in the Zig Zag Hill, Comstock, 

Anthony Road, and Cradle Mountain Link Road areas (Chapter 6). The ignimbrites 

comprise subhedral to euhedral crystals and crystal fragments (quartz, plagioclase, Fe-Ti 

oxides and altered ferromagnesian phases; 10-35%), and minor felsic volcanic lithic 

clasts in a fine grained, quartz-feldspar± hematite altered matrix (Fig. 3.5e, f). The 

matrix contains abundant devitrified, moderately to strongly welded, cuspate and platey 

shaped bubble wall shards. The ignimbrites also contain abundant chlorite-altered, wispy 

shaped, spherulitic clasts, commonly defining a eutaxitic foliation (Fig. 3.5e). These are 

interpreted as relict compacted pumice clasts or fiamme. 

The ignimbrite at Zig Zag Hill is a discrete, -30-60 m thick unit that extends laterally for 

at least 600 m along strike and is sub-conformable within the enclosing bedded 

volcaniclastic sequences, suggesting that it is an in situ deposit, rather than an 

allochthonous slump block (White et al. 1993). The ignimbrite occurs at the top of the 

Mount Julia Member overlying a thick volcaniclastic sequence (-600 m thick) dominated 

by massive CRVS. Approximately 1 km to the southeast at Comstock, volcaniclastic 

lithic breccia (5-10 m thick) containing angular and irregularly shaped, welded ignimbrite 

clasts (up to 6 cm across) in a crystal-rich matrix, occurs in three drill holes (C50, C59, 

C61; Appendix B). Subtle eutaxitic foliations observed in the clasts are at random 

orientations. This unit is informally referred to as the Comstock ignimbrite breccia and 

occurs at the same stratigraphic position as the ignimbrite on Zig Zag Hill (i.e. top of the 

Mount Julia Member). The ignimbrite clasts in the breccia may have been derived from 

the in situ ignimbrite at Zig Zag Hill to the northwest. 
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Along the Anthony Road, welded ignimbrite blocks (up to 2 m across) occur within 

volcaniclastic lithic breccia units of the Mount Julia Member. Up to 1 km further south 

from the road in and around Tyndall Creek, there are a number of discontinuous pod 

shaped exposures of welded ignimbrite (up to 50 m across), some of which are partly 

surrounded by CRVS. These are interpreted to be large allochthonous blocks of welded 

ignimbrite hosted within volcaniclastic units (Chapter 6). 

Coherent rhyolite and associated rhyolite breccia 

The Mount Julia Member also contains coherent rhyolite, but this facies is observed only 

around the Henty Canal and Moxon Saddle' areas. The rhyolite is up to 300 m thick in the 

Henty Canal, and laterally continuous for several kilometres. It continues to the north 

along strike and is exposed around the Henty Gold Mine and in the Moxon Saddle area. 

The rhyolite c~mprises mainly massive coherent facies and lesser breccia facies. The 

coherent facies is generally pink to white, coarsely porphyritic (5-15% quartz and 

feldspar) (Fig. 3.5g) and in places shows well-developed flow banding and minor flow 

folding (Fig. 3.5h). The rhyolite breccia facies consists of angular, pebble- to cobble-size 

pink rhyolite clasts in a quartz-, feldspar-, rhyolitic lithic-bearing matrix and occurs 

within, and overlying, the coherent rhyolite. The rhyolite clasts are varied in shape but 

many are blocky with curvi-planar margins characteristic of brittle fracturing in coherent 

glass. The breccia facies probably includes both in situ and resedimented autoclastic 

deposits derived from the coherent rhyolite suggesting that the rhyolite was at least partly 

extrusive. 

Laminated mudstone and sandstone 

Laminated and bedded, graded mudstone and sandstone units occur in places (e.g. Zig 

Zag Hill, Anthony Road) as lenses within CRVS. The laminated mudstone and sandstone 

facies of the Mount Julia Member comprises tabular, normally graded beds and 

laminations (millimetres to tens of centimetres thick) with sharp bed bases grading from 

sandstone up to mudstone (Fig. 3.5i, j). They are parallel bedded and laminated in most 

cases, with rare occurrences of cross-laminated fine sandstone. This facies is strongly 

quartz-feldspar altered in places, and probably originally contained a high proportion of 

vitric ash. On the Cradle Mountain Link Road, brown laminated mudstone units that 

contain Cambrian marine fossils occur in the sequence of Mount Julia Member correlates. 

The fossils include many types of agnostid trilobites, trilobites, rare acrotretid 

brachiopods, broken hyolithids, broken anomocarids, broken polymerid trilobites and 

other various species (Jago; in Pemberton et al. 1991). 
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Upper contact of the Mount Julia Member 

In areas of good exposure (e.g. Comstock, Anthony Road, Henty Canal), the contact of 

the Mount Julia Member with the overlying Zig Zag Hill Formation appears to be 

conformable. However, at Zig Zag Hill the upper contact of the welded ignimbrite (top of 

the Mount Julia Member) is sharp and welding textures occur throughout the preserved 

thickness of the ignimbrite. Most ignimbrites have an upper, less welded to non-welded 

zone (Smith 1960b, Cas and Wright 1987). Thus, in this case the top most portions of 

the original ignimbrite were probably eroded prior to deposition of the overlying 

volcaniclastic conglomerate (Zig Zag Hill Formation). In the Comstock drill holes to the 

southeast, the contact between the Comstock ignimbrite breccia of the Mount Julia 

Member and the volcaniclastic conglomerate and sandstone of the overlying Zig Zag Hill 

Formation appears to be gradational and conformable. 

PRINCIPAL LITHOFACIES OF THE ZIGZAG HILL FORMATION 

The Zig Zag Hill Formation consists of one main facies; polymict volcaniclastic 

conglomerate and sandstone (Fig. 3.3). Very rare units of laminated and graded 

mudstone and sandstone also occur in this facies (e.g. Anthony Road). The Zig Zag Hill 

Formation is present in all of the areas studied except Lynchford, and ranges in thickness 

from about 40 m to 500 m (Fig. 3.2). In the Anthony Road area near Newton Creek, the 

Zig Zag Hill Formation includes minor occurrences of pink, flow banded and flow folded 

rhyolite, similar to those further north in the Henty Canal area, in the underlying Mount 

Julia Member. 

Polymict volcaniclastic conglomerate and sandstone 

This facies includes non-:graded, normally graded or inversely graded units of polymict 

volcaniclastic conglomerate and sandstone. Normally graded units (metres to tens of 

metres thick) are most common and grade from boulder-cobble, clast-supported 

conglomerate through matrix-supported pebble conglomerate and/or pebbly sandstone 

(Fig. 3.6a). The graded beds are generally laterally continuous and massive, but show 

diffuse parallel stratification in places. Massive, non-graded units (up to tens of metres 

thick) dominantly comprise polymict, matrix-supported, pebble conglomerate. Inversely

graded sandstone beds (centimetres to tens of centimetres thick) are less common. At Zig 

Zag Hill and East Mount Lyell, there are some lensoidal conglomerate and sandstone 

units which in places show low angle cross-stratification. 
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Fig. 3.6 Photographs of the principal lithofacies of the Zig Zag Hill Formation. 

a) Normally graded, polymict volcaniclastic conglomerate typical of the Zig Zag Hill 
Formation. Outcrop grades from clast-supported cobble conglomerate to pebbly 
sandstone over several metres. Photograph taken on Zig Zag Hill (GR 5346200N -
382435£). 

b) Slab bed samples of polymict volcaniclastic conglomerate showing range of clast types. 
V = felsic volcanic clasts, A = fine grained hematite-altered clasts, P = Polycrystalline 
quartzite clasts. Comstock drill hole C59, samples left to right at -170m, -277m and 
-402m. 

c) Large granite boulder in polymict volcaniclastic conglomerate in the Mount Selina area 
(GR 5363680N - 385540£). In this area granite boulders are up to 1 m across. 





The clast population is diverse in this facies, dominated by quartz- and feldspar-phyric 

(felsic) volcanic clasts, with minor amounts of sedimentary intraclasts, metamorphic 

basement-derived quartzite, granite, feldspar- and ferromagnesian-phyric (intermediate) 

clasts and altered clasts of unknown affinity (Fig. 3.6b, c). The clasts are dominantly 

subangular to well-rounded, indicating reworking prior to deposition. The matrix is 

medium to very coarse sand, mainly composed of quartz crystals and lithic fragments. In 

the Cradle Mountain Link Road area, the Zig Zag Hill Formation contains a high 

proportion of feldspar- and ferromagnesian-phyric (andesitic) clasts. The sandstones are 

lithic- and quartz-rich with minor feldspar and detrital Fe-Ti oxide phases. Overall, this 

facies has a lower magnetic response than the sandstones in the Comstock Formation. 

Cleavage is more pronounced in the polymict volcaniclastic conglomerate and sandstone 

facies (relative to the Comstock Formation) and is generally defined by alignment of 

sericite minerals. Shearing and strong cleavage development have caused cleavage

parallel elongation of lithic clasts in places. In outcrop, this facies is generally more 

deeply weathered compared with the sandstones in the Comstock Formation, due to the 

difference in the alteration assemblage and more intense cleavage development. 

The Zig Zag Hill Formation is lithologically similar to the Jukes Conglomerate (Chapter 

2) but the Jukes Conglomerate has distinctly higher proportions of Precambrian-derived 

clasts and more evidence for cross-stratification. 

Upper contact of the Zig Zag Hill Formation 

The Tyndall Group is conformably overlain by the Owen Conglomerate in the East Mount 

Lyell and Henty Canal areas, and possibly also on the Cradle Mountain Link Road. In 

these areas, well-rounded Precambrian-derived quartzite clasts increase in abundance 

towards the top of the Zig Zag Hill Formation. Directly below the contact with the Owen 

Conglomerate (dominantly clast-supported siliciclastic conglomerate) is an interval several 
'--

metres thick of matrix-supported conglomerate containing roughly equal proportions of 

quartzite and volcanic clasts (Jukes Conglomerate equivalent). This "mixed interval" is a 

transitional facies and implies that the contact is gradational and conformable. At 

Comstock, the Zig Zag Hill Formation is unconf ormably overlain by siliciclastic 

sandstone, interpreted as Owen Conglomerate (Pioneer Beds) (Corbett et al. 1974). At 

Zig Zag Hill the upper contact is not exposed. In the Anthony Road area, the 

volcaniclastic conglomerate and sandstone facies of the Zig Zag Hill Formation is in fault 

contact with the Owen Conglomerate. 
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Other Tyndall Group sequences 

The seven key sections (Lynchford, East Mount Lyell, Comstock, Zig Zag Hill, Anthony 

Road, Henty Canal, Cradle Mountain Link Road) used to define the stratigraphy of the 

Tyndall Group are correlated across a large part of the central Mount Read Volcanics 

(Fig. 3.2). This stratigraphic scheme provides a framework, with which other 

occurrences of Tyndall Group elsewhere in the Mount Read Volcanics can be compared. 

In the following section, other less well exposed Tyndall Group sequences are briefly 

described and compared with the stratigraphic framework, and where possible assigned 

to Tyndall Group formations and members. 

MOUNT SEDGWICK TO MOUNT SELINA 

The Tyndall Group occurs along the eastern side of the Mount Read Volcanics from Lake 

Dora to Mount Sedgwick and also at Mount Selina (Fig. 2.2). In these areas, the Tyndall 

Group dominantly comprises polymict volcaniclastic conglomerate and sandstone, which 

occurs strati.graphically under the Owen Conglomerate, and is correlated with the Zig Zag 

Hill Formation. The sequence at Lake Dora was referred to as the Dora Conglomerate by 

Bradley (1954). A lens of pink crystal-rich sandstone also occurs in this area, a few 

hundred metres south of Lake Dora, near the base of the volcaniclastic conglomerate and 

in fault contact with the Sticht Range Formation conglomerates to the east. The crystal

rich sandstone contains abundant feldspar, quartz and titanomagnetite crystals and is 

correlated with the Mount Julia Member of the Comstock Formation. The sequence of 

quartz-phyric volcanic rocks to the north and west of Lake Dora is now considered to be 

part of the Eastern quartz-phyric sequence (Corbett 1992) but was previously included in 

the Tyndall Group (Corbett and Jackson 1987). The contact between the Tyndall Group 

and the Eastern quartz-phyric sequence in the Lake Dora area is interpreted to be 

interfingering (Corbett 1982). Such a relationship is inconsistent with the timing of these 

two groups, as discussed by Corbett (1992). 

Approximately 10 km north of Lake Dora, around Mount Selina, is a large exposure of 

polymict volcaniclastic conglomerate and sandstone (McNeill 1987) that contains 

abundant felsic volcanic and granitic clasts and is overlain by the Owen Conglomerate to 

the west. This unit correlates with the Zig Zag Hill Formation. 
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SOUTH OF L YNCHFORD 

In the Mount Jukes to Mount Darwin area (Fig. 2.2), the Tyndall Group is somewhat 

problematical as the rocks are strongly altered, moderately foliated, poorly exposed and 

very difficult to distinguish from Eastern quartz-phyric sequence (as mapped by Corbett 

et al. 1993). To the south and east of the Darwin Granite, the quartz-bearing 

volcaniclastic rocks near the Darwin granite contact contain granite clasts, suggesting a 

post-granite, Tyndall Group age (Solomon 1960, Corbett 1979). The sequence of rocks 

overlying the granite in this area is tentatively correlated with the Comstock Formation. 

However, around the northeastern contact of the Darwin Granite, a contact metamorphic 

aureole in the quartz-bearing rocks to the east (as mapped by Corbett et al. 1993) suggests 

a pre-granite, Eastern quartz-phyric sequence or Central Volcanic Complex age. These 

quartz-bearing rocks continue further north to the Mount Jukes area where they are 

considered by Corbett et al. (1993) to be part of the Eastern quartz-phyric sequence. The 

nature and position of the contact between the granite clast-bearing Tyndall Group at the 

south end of Mount Darwin and the Eastern quartz-phyric sequence further north is not 

known. A possible interpretation is shown on Figure 2.2. 

Lenses of polymict volcaniclastic conglomerate containing a high proportion of rounded 

felsic volcanic clasts lie to the east of the Eastern quartz-phyric sequence in the Mount 

Huxley-Mount Darwin area, stratigraphically underlying the Owen Conglomerate. These 

polymict volcaniclastic conglomerates were considered by Corbett et al. (1993) to be part 

of the upper Tyndall Group, or in the new classification scheme, part of the Zig Zag Hill 

Formation. To the west of Mount Darwin, in the Garfield River area (Corbett et al. 

1993), exposures of polymict volcaniclastic conglomerate and sandstone units are 

correlated with the Zig Zag Hill Formation. 

MOUNT LYELL MILL AREA 

The Tyndall Group exposed in the Mount Lyell Mill area (Appendix A2) is a relatively 

thin sequence (50-200 m) and is similar in some respects to the lower part of the Tyndall 

Group at Comstock. Laminated mudstone and sandstone facies at the base, and overlying 

volcaniclastic lithic breccia, are assigned to the Lynchford Member. These rocks are 

overlain by quartz-rich crystal-rich volcaniclastic sandstone of the Mount Julia Member. 

There is an angular unconformity between the Tyndall Group and the overlying 

siliciclastic sandstones of the Pioneer Beds (Owen Conglomerate). 
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CORRELATES OF THE TYNDALL GROUP IN THE NORTHERN MOUNT READ 

VOLCANICS 

Tyndall Group correlates (Mount Cripps Subgroup) were studied in detail in the Cradle 

Mountain Link Road area. A similar stratigraphic sequence occurs further northeast in the 

Mount Cattley to Mount Tor area (Fig. 2.2) (Pemberton and Vicary 1988, Pemberton et 

al. 1991, Van Kerkvoort 1995). The sequence includes crystal-rich volcaniclastic 

sandstone units that correlate with the Comstock Formation, overlain by polymict 

volcaniclastic conglomerate and sandstone of the Zig Zag Hill Formation. The Tyndall 

Group correlates further to the northeast in the Winterbrook area (Pemberton and Vicary 

1989), comprise many facies similar to the Tyndall Group further south (e.g. flow 

banded rhyolite, possible ignimbrite, crystal-, lithic-bearing volcaniclastic sandstone and 

polymict volcaniclastic conglomerate and sandstone). Representatives of both the 

Comstock Formation and the Zig Zag Hill Formation are present. However, structural 

complexities and the lack of outcrop has prevented a precise analysis of the stratigraphy in 

this area. 

Tyndall Group correlates may also occur in the Western volcano-sedimentary sequence in 

the Pinnacles area. Crystal-rich sandstones in this area are correlated with the basal part of 

the Tyndall Group (Comstock Formation) based on clinopyroxene compositions 

(McKibben 1993). 

Summary 

The main stratigraphic units of the Tyndall Group are: the Lynchford Member and 

overlying Mount Julia Member of the Comstock Formation, and the Zig Zag Hill 

Formation. Each stratigraphic unit contains one or more lithofacies. The Lynchford 

Member of the Comstock Formation is composed of abundant quartz-poor crystal-rich 

volcaniclastic sandstone and breccia units that are generally more andesitic to dacitic in 

composition compared with the rest of the Tyndall Group. This member also includes 

laminated mudstone/sandstone and carbonate. The overlying Mount Julia Member of the 

Comstock Formation comprises abundant quartz-rich, rhyolitic to dacitic, crystal-rich 

volcaniclastic sandstone and breccia units, together with coherent rhyolite and rhyolite 

breccia, and welded ignimbrite. The overlying Zig Zag Hill Formation mostly consists of 

polymict volcaniclastic lithic conglomerate and sandstone. These stratigraphic units are 

regionally extensive and can be correlated across a large part of the central Mount Read 

Volcanics. 
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CHAPTER 4 

PETROGRAPHY OF THE PRINCIPAL 
LITHOFACIES AND IMPLICATIONS FOR 

PROVENANCE 

Introduction 

This chapter describes the petrography of the principal lithofacies of the Tyndall Group 

(defined in Chapter 3) and explores the implications for provenance. Volcanogenic 

sedimentary rocks are abundant in the Tyndall Group, and provide a record of volcanic 

activity that was occurring in the source areas. Because the source areas are not exposed, 

or have been eroded away, petrographic analysis of the volcanogenic sedimentary rocks 

is an important means of establishing the characteristics of the volcanic source areas. 

Modal analyses were carried out on volcaniclastic sandstones from different stratigraphic 

units in order to identify changes in provenance up sequence. In addition, detrital 

clinopyroxenes in sandstone units of the Comstock Formation were analysed by electron 

microprobe in order to correlate units regionally, and to help constrain the composition 

and setting of the source magmas. 

Major components in the principal lithofacies 

CRYSTALS 

Quartz is well preserved in most lithofacies and easily identified in hand specimen and 

thin section. Quartz grains are monomineralic, transparent and show resorption 

embayments in places, typical of volcanic quartz (Folk 1980, MacKenzie and Guilford 

1980). Crystals vary from prismatic to well rounded shapes. The roundness may be the 

consequence of resorption in the magma chamber prior to eruption or by sedimentary 

processes. Broken and angular crystals are also common. The average gtainsize of quartz 

crystals is 1-2 mm across, but some crystals are up to 4 mm across. The larger crystals 

are generally highly fractured, showing a random or conchoidal fracture pattern. Most 

quartz crystals show straight extinction, but some larger grains show undulose extinction 

indicating post-depositional strain. 
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Feldspar occurs as euhedral to subhedral crystals, broken crystal fragments and 

subrounded grains averaging 1-3 mm across. Staining with cobaltinitrite solution after 

etching with hydrofluoric acid showed that almost all feldspar crystals are plagioclase. 

Microprobe analyses indicated that the plagioclase crystals are mostly albite, ranging from 

Ab 90 to Ab 100 (Appendix E). Calcic-plagioclase probably existed originally, but would 

have been altered to albite during diagenetic alteration or low grade regional 

metamorphism (cf. Eastoe et al. 1987, Turner 1981, Deer et al. 1980). Plagioclase 

crystals often have a dusty appearance due to replacement by secondary minerals (mainly 

sericite). However, multiple twinning and rare zoning is clearly visible within most 

crystal grains. K-feldspar crystals were identified in some samples, both optically and by 

microprobe analysis, but are rare compared to plagioclase. 

Fe-Ti oxides are mostly titanomagnetite in composition and consist of single crystals and 

crystal fragments, often highly fractured and partially altered to ilmenite, hematite, sphene 

and rutile. Microprobe analyses of Fe-Ti oxides are given in Appendix E. The Ti content 

in the titanomagnetite crystals is highly variable from 1-24 wt% Ti02. Some 

titanomagnetites have ilmenite intergrowths, similar to trellis-type oxidation and 

exsolution textures described by Haggerty (1991). Exsolution and oxidation textures are 

formed at relatively low temperatures, when oxides of intermediate-Ti composition unmix 

or exsolve into Ti-rich regions and Ti-poor regions by solid state diffusion of Fe and Ti 

cations (Butler 1992). This suggests that ilmenite is probably not primary in origin and 

has formed by exsolution or oxidation of titanomagnetite. Some ti~omagnetite grains 

have small inclusions of albite, zircon and apatite. 

Clinopyroxene occurs as euhedral to subhedral crystals and angular crystal fragments, up 

to 3 mm across. The clinopyroxenes are generally well preserved but are fractured and 

partially altered to chlorite and sericite in places. Microprobe analyses of the 

clinopyroxenes (Appendix E) indicate that they are mostly salite in composition. Many 

clinopyroxene crystals contain inclusions of albite, apatite, ilmenite, titanomagnetite as 

well as possible glass inclusions. 

Amphibole occurs in some samples as small angular crystal fragments and euhedral to 

subhedral crystals up to 2 mm across. They are green-brown in colour, fractured in 

places and partially altered to chlorite and tremolite/actinolite. Microprobe analyses 

(Appendix E) indicate that most amphiboles are magnesia-hornblendes. Altered 

ferromagnesian crystals are also present in some samples. These altered crystals have 

equant, prismatic crystal shapes (eight-sided in places) but now consist of chlorite, with 
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variable amounts of sericite, quartz, actinolite/tremolite and opaque minerals, and are 

interpreted to be altered amphibole crystals. 

Accessory minerals, principally apatite and zircon, occur in trace amounts in many 

lithofacies as tiny euhedral to subrounded crystals. 

Myrmekite-textured grains are rare and comprise quartz and feldspar vermicular 

intergrowths, typical of myrmekite. They occur as equant subrounded grains, 1-3 mm 

across. The origin of these myrmekite grains is not known, however, their presence in 

the coherent rhyolite facies and welded ignimbrite facies indicates a magmatic origin. 

LITHIC CLASTS 

Lithic clasts vary in size, shape and type, and occur in many of the principal lithofacies in 

the Tyndall Group. There are seven main types of lithic clasts: 1) quartz- and feldspar

phyric volcanic clasts; 2) feldspar± ferromagnesian-phyric intermediate to mafic volcanic 

clasts; 3) fine grained altered clasts of unknown origin; 4) mudstone and sandstone 

intraclasts; 5) Precambrian basement-derived metamorphic quartzite clasts; 6) creamy 

white cherty clasts; and 7) granite clasts (Cambrian granite). The quartz- and feldspar

phyric volcanic clasts are the most common types and include: a) quartz + feldspar

altered, evenly porphyritic clasts, probably derived from lavas or intrusions; some of 

these contain spherulites and/or perlitic texture in places, indicating that the groundmass 

was formerly glassy); b) wispy chlorite-altered clasts with spherulites in places, 

interpreted as deformed and altered vitriclasts and c) quartz + feldspar-altered clasts with 

welded shard textures in the matrix indicating a pyroclastic flow origin (welded ignimbrite 

clasts). 

Secondary minerals 

The spaces between the framework components in the volcaniclastic facies (i.e. crystals, 

lithic clasts) are now occupied by assemblages of albite, quartz and chlorite, with variable 

amounts of sericite, Fe-Ti oxide minerals (magnetite, titanomagnetite, ilmenite, hematite ), 

epidote, carbonate and actinolite/tremolite, and is referred to as secondary matrix. Matrix 

albite is compositionally similar to the detrital albitised plagioclase crystals (Ab 90 to Ab 

100), determined from microprobe analysis (Appendix E). Allanite, an epidote mineral 

enriched in rare earth elements (Ce, La, Na, Y), occurs in the secondary matrix of some 

samples. The secondary mineral assemblage in the volcaniclastic facies represents 

replacement of an original fine grained matrix and/or cement. The presence of devitrified, 
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undeformed, bubble wall shards in the Comstock Formation sandstones indicates a 

formerly vitric ash-rich matrix. The shards include cuspate- and platey-shaped varieties 

and are generally less than 0.5 mm long. 

The groundmass in the coherent facies of rhyolite lavas and intrusions consists of an 

assemblage of secondary quartz, feldspar and minor sericite, chlorite, epidote, carbonate 

and Fe-Ti oxides. The presence of spherulites and perlitic texture in some samples 

suggests that the groundmass was originally glassy in places. 

Petrography of the Comstock Formation: Lynchford Member 

QUAR'IZ-POOR CRYSTAL-RICH VOLCANICLASTIC SANDSTONE 

This lithofacies contains abundant crystals (44--60% by volume) and minor lithic clasts 

(0-7% by volume) generally displaying a closed framework, m,oderately well sorted 

texture and massive structure. The grainsize ranges from medium sandstone to very 

coarse grained, pebbly sandstone. 

Plagioclase is the most abundant crystal phase, with additions of clinopyroxene, 

titanomagnetite and quartz (Fig. 4.la, b), and minor hornblende in places. Modal 

analyses of ten samples from this lithofacies are included in Appendix D, and results are 

summarised on Table 4.1. Minor polycrystalline albite grains present in some samples are 

probably albitised feldspar crystals. Clinopyroxene crystals are well preserved (Fig. 

4.la), and relatively abundant in some samples (up to 12% by volume). Quartz is 

uncommon (generally less than 4% by volume), and is absent in some samples. 

Accessory minerals include zircon and apatite. The crystals are dominantly subhedral to 

euhedral in shape, som~ being subrounded in shape, with additions of angular crystal 

fragments. 

Lithic clasts are a minor component and consist of angular felsic to intermediate, volcanic 

clasts and minor mudstone clasts. Samples from Zig Zag Hill and Lynchford contain 

sparse plagioclase-, clinopyroxene-, titanomagnetite-, ± quartz-phyric lithic clasts, which 

is a similar crystal assemblage to that of the sandstone host. These clasts may be cognate 

clasts, derived from the same magma that also sourced the crystals. 

The secondary matrix comprises an assemblage of chlorite, sericite, quartz, albite, Fe-Ti 

oxide minerals ± epidote ± carbonate. The presence of devitrified, undeformed bubble 

wall shards in some samples indicates a formerly vitric-rich matrix. 
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Fig. 4.1 Photomicrographs of the principal lithofacies in the Lynchford Member 
(Comstock Formation). 

a) Quartz-poor crystal-rich volcaniclastic sandstone showing abundant plagioclase 
crystals (F), clinopyroxene (C), and titanomagnetite (T) in a chlorite + sericite-rich 
matrix. Sample AR401 from the Anthony Road area, crossed nicols. 

b) Quartz-poor crystal-rich volcaniclastic sandstone showing abundant plagioclase 
crystals (F) and minor sericite + chlorite + hematite-altered lithic clasts (L) in a chlorite + 
sericite + quartz-rich matrix. Sample AR403 from the Anthony Road area, plane polarised 
light. 

c) Massive carbonate showing excellent preservation of Cambrian trilobites and 
echinoderm plates, plane polarised light. Sample CH4, Comstock drill hole C50, 
-295 m. Note that the fossils have a hematite coating which gives the carbonate a 
characteristic pink colour. 

d) Massive recrystallised carbonate. Sample CD?, Comstock drill hole C072, -291.3 m, 
crossed nicols. 

e) Laminated mudstone and sandstone facies. This sample grades from fine grained 
sandstone to mudstone. The sandstone horizon shows abundant feldspar and quartz 
crystal fragments. Sample CD5, Comstock drill hole C072, -234.5 m, plane polarised 
light. 

f) Laminated mudstone and sandstone showing fine-grained mudstone portions with 
minute crystal fragments of quartz and feldspar. Sample CDS, Comstock drill hole C072, 
-234.5 m, plane polarised light. 





Table 4.1 Sunlm.ary of modal data showing mean and (standard deviation in brackets) of 
the modes in 10 sandstones from each of the main stratigraphic units in the Tyndall 
Group. 

Lynchford Mount Julia Zig Zag Hill 
Member Member Formation 

Volume% 

Quartz 1.6 (2.4) 11.7 (3.6) 18.1 (5.4) 
Feldspar 39.9 (5.6) 40.7 (5.5) 3.4 (3.9) 

Polycrystalline albite 3.0 (4.2) 
Fe-Ti oxides 3.1 (1.6) 0.9 (0.6) 1.5 (1.1) 

Clinopyroxene 5.0 (4.8) 
Amphibole 0.1 (0.2) 0.1 (0.2) 

Zircon 
Apatite 

Lithic clast (felsic) 0.1 (0.4) 0.1 (0.2) 6.4 (6.0) 

Lithic clast (intermediate) 0.9 (1.7) 0.5 (0.9) 
Lithic clast (fine grained) 1.0 (1.6) 0.3 (0.5) 29.5 (11.0) 

Matrix (albite + quartz) 22.6 (17.1) 27.2 (12.7) 13.0 (9.0) 

Matrix (carbonate) 0.1 (0.4) 
Matrix ( chlorite + sericite 22.7 (13.9) 18.9 (10.1) 27.5 (10.4) 

±opaques) 

Matrix (total) 45.35 (6.4) 46.2 (6.3) 40.6 (7.8) 

Crystals (total) 52.6 (5.3) 53.4 (6.4) 23.1 (6.6) 
Lithic clasts (total) 2.1 (2.3) 0.4 (0.5) 36.3 (10.8) 

Number of samples 10 10 10 

CARBONATE 

Carbonate units at the base of the Tyndall Group in Comstock drill holes comprise 

massive, recrystallised, sparry calcite ± hematite (Fig. 4. lc, d). The carbonate unit in 

hole C50 contains abundant, randomly-oriented Cambrian fossils with hematite coatings 

(10-50% total volume) in recrystallised, coarsely,polycrystalline, sparry calcite cement or 

neomorphic spar (cf. Folk 1965). This carbonate occurrence may be classified as a 

biosparite limestone (cf. Folk 1959). The fossils are up to several millimetres across and 

include an agnostid trilobite, a polymerid trilobite (Dorypyge or closely related genus), 
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small echinoderm plates, hyolithids (including Hyolithes species), small gastropods (cf. 

Latouchella species) and inarticulate brachiopods (Jago et al. 1972). The fossils are 

particularly abundant in sections of drill hole C50 (Appendix B), and are mostly whole 

body fossils (with minor fossil fragments) suggesting they are probably in situ, rather 

than resedimented. The palaeoenvironmental significance of the fossiliferous carbonates 

will be discussed in Chapter 5. 

In most other Comstock drill holes along strike the carbonate units are strongly foliated, 

altered and recrystallised (Fig. 4.ld), showing stylolites in places. In these units, few 

fossils are preserved. The carbonate units also contain minor amounts of other 

components, including plagioclase crystals, feldspar-phyric (andesitic) volcanic lithic 

clasts, Fe-Ti oxide minerals and rare quartz. These components were probably derived 

from the underlying andesites. The pink to red colour observed in the carbonate (e.g. drill 

hole C50) is the result of fine grained hematite which occurs pervasively, as well as 

coatings on the fossils (Fig. 4.lc). Strong cleavage is present in the carbonate units in 

most areas (e.g. drill hole C072). Secondary minerals (e.g. chlorite, sericite) occur along 

cleavage planes, in veins parallel to the foliation and as irregular patches. 

LAMINATED MUDSTONE AND SANDSTONE 

This lithofacies comprises normally graded, parallel beds and laminations (millimetres to 

several tens of centimetres thick) grading from medium-coarse grained sandstone to 

mudstone (Fig. 4. le, f). The fining-upward graded cycles with sharp bed bases seen in 

hand specimen are also observed in thin section (Fig. 4.le). 

Sandstone beds contain abundant subhedral to subrounded crystals and angular crystal 

fragments of plagioclase, quartz and minor Fe-Ti oxides in a fine grained altered matrix of 

secondary quartz, feldspar, sericite and carbonate (Fig. 4.le). Lithic fragments are 

present in some samples in minor proportions and consist of subrounded felsic to 

intermediate volcanic clasts, generally less than 2 mm diameter, and pebble size angular 

mudstone intraclasts. The mudstone portions of this facies are composed of 

microcrystalline to cryptocrystalline quartz, feldspar and sericite, with minute quartz and 

feldspar crystal fragments in places (Fig. 4. lf). In the Comstock and Anthony Road 

areas, the mud portions are very fine grained and dark grey to black, suggesting a 

dominant hemi-pelagic origin. 
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VOLCANICLASTIC LITHIC BRECCIA 

The matrix-supported volcaniclastic lithic breccias of the Lynchford Member consist of 

angular pebble to cobble size quartz- and feldspar-phyric volcanic clasts and laminated 

mudstone intraclasts in a crystal-rich matrix. The matrix is feldspar-rich, similar to the 

quartz-poor crystal-rich volcaniclastic sandstone facies described above. 

Petrography of the Comstock Formation: Mount Julia Member 

CRYSTAL-RICH VOLCANICLASTIC SANDSTONE (CRVS) 

The quartz-rich CRVS facies contains an abundance of euhedral to subhedral and 

subrounded crystals and angular crystal fragments (48-66% by volume), and minor lithic 

clasts (less than 5% by volume) in an fine grained altered matrix (Fig. 4.2a). Modal 

analyses of ten samples of this lithofacies are included in Appendix D and results are 

summarised on Table 4.1. The sandstones display a massive structure and moderately 

well sorted, closed-framework texture. The grainsize ranges from fine to very coarse 

grained sandstone, the latter being most common. Crystals average 1-2 mm across 

(maximum 3 mm) and lithic clasts are sand to pebble size. 

Plagioclase and quartz are the most abundant crystals with minor titanomagnetite, and 

variable amounts of ilmenite, hornblende, clinopyroxene and K-feldspar. The lithic clasts 

include quartz- and feldspar-phyric volcanic clasts, mudstone clasts and fine grained 

altered clasts. Rare myrmekite-textured grains were found in some samples. Wispy 

chlorite-altered clasts are also present. These contain lower proportions of crystals, have 

an evenly porphyritic texture and sharp boundaries to the surrounding sandstone, and are 

interpreted as altered, formerly glassy pumice clasts. 

The secondary matrix comprises an assemblage of quartz, albite, chlorite and sericite, 

together with variable amounts of opaque minerals, epidote, carbonate and 

actinolite/tremolite. The matrix probably originally contained a large proportion of vitric 

ash as rare devitrified, undeformed bubble wall shards are preserved in places (Fig. 

4.2b). The secondary matrix commonly displays green chlorite-rich wispy alteration 

domains and bands associated with pink quartz- and albite-rich alteration (Fig. 3.5a, b ). 

The origin of these textures is discussed in Chapter 9. 
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Fig. 4.2 Photomicrographs of the principal lithofacies in the Mount Julia Member 
(Comstock Formation). 

a) Massive crystal-rich volcaniclastic sandstone showing abundant plagioclase and quartz 
crystals in an albite +quartz-rich matrix. Sample CD3, Comstock drill hole C072, -194.2 
m, crossed nicols. 

b) Crystal-rich volcaniclastic sandstone showing preservation of delicate bubble-wall 
shards in the matrix indicating a formerly vitric ash-rich matrix. Sample CE2, Comstock 
drill ·hole C59, -94.4 m, plane polarised light. 

c) Matrix of the welded ignimbrite showing moderately welded bubble wall shards 
around the margins of crystal components. Sample CT83 from the Zig Zag Hill area, 
plane polarised light. 

d) Perlitic texture is present in parts of the matrix in the welded ignimbrite indicating 
thorough welding. Sample CH2 from the Comstock ignimbrite breccia, plane polarised 
light. 

e) Coherent rhyolite showing flow bands wrapping around quartz and feldspar 
phenocrysts. Sample AR54 from the Henty Canal area, plane polarised light. 

f) Altered perlitic texture in coherent rhyolite. Sample ARl 12 from the Henty Canal area, 
plane polarised light. 

g) Cuspate and platey, undeformed bubble wall shards in the matrix of the laminated 
mudstone and sandstone facies. Sample AR23 from the Anthony Road area, plane 
polarised light. 





VOLCANICLASTIC LITHIC BRECCIA 

The volcaniclastic lithic breccia facies in the Mount Julia Member is generally matrix

supported with a crystal-rich (plagioclase-quartz-titanomagnetite) matrix similar to that of 

the associated CRVS facies (described above). The lithic clast population is variable but is 

dominated by angular felsic volcanic types. Other minor clast types include fine grained 

altered clasts, mudstone intraclasts, metamorphic quartz and granite clasts. 

WELDED IGNIMBRITE 

Welded ignimbrite in the Mount Julia Member contains more or less evenly distributed, 

subhedral to euhedral crystals and crystal fragments (quartz, plagioclase, Fe-Ti oxides, 

altered ferromagnesian phases; 10-35%) in a purple to brown formerly glassy matrix that 

is now composed of fine grained quartz, feldspar, and minor chlorite, opaque oxide 

minerals and epidote. Modal analyses of 12 samples of this lithofacies are included in 

Appendix D. Crystals are up to 4 mm across and quartz is highly embayed in places. Rare 

myrmekite-textured grains are present in some samples. The matrix contains abundant, 

devitrified, moderately to strongly welded, cuspate and platey bubble wall shards. Minor 

ragged, fine grained clasts (up to 20 mm across) that have a similar alteration style to the 

shards are interpreted as small relict pumice shreds. The shards are most strongly 

deformed around crystal and lithic grains (Fig. 4.2c). Perlitic fractures also occur in 

places within the matrix (Fig. 4.2d) indicating that the shards were thoroughly welded 

because perlite only develops in dense glass (Ross and Smith 1955, Allen 1988). Where 

deeply weathered, the perlitic matrix imparts a granular texture to the ignimbrite. 

The ignimbrite also contains quartz and plagioclase-phyric or aphyric, chlorite-altered 

wispy lenticular clasts that are generally aligned subparallel to one another. These clasts 

are 1-50 cm long and contain abundant spherulites in places, suggesting a formerly 

glassy composition. The chlorite-altered wispy clasts commonly define a eutaxitic 

foliation and were probably formerly vesicular pumice clasts that were· flattened during 

welding compaction. Angular, blocky quartz- and feldspar-phyric clasts are also present 

in places, and are abundant at the base of the ignimbrite unit on Zig Zag ~· 

lgnimbrite clast breccia occurs at Comstock at the top of the Mount Julia Member 

(Comstock ignimbrite breccia). The breccia is momomict and contains abundant pebble 

size, highly angular and irregularly shaped welded ignimbrite clasts supported by a 

crystal-rich (quartz-feldspar) matrix. The welded ignimbrite clasts are orange and contain 

10-20% euhedral to subhedral crystals and angular crystal fragments (embayed quartz, 

55 



plagioclase and minor titanomagnetite), as well as chlorite-altered wispy, possible 

pumiceous clasts ( <20 mm) and other smaller, wispy, grey possible relict pumice clasts, 

in a fine grained strongly quartz- and feldspar-altered matrix. The matrix of the ignimbrite 

clasts displays deformed shards typical of welded ignimbrite, and in some, perlitic texture 

is preserved (Fig. 4.2d). The origins of the welded ignimbrite and ignimbrite clast breccia 

are discussed in detail in Chapter 6. 

COHERENT RHYOLITE 

Coherent rhyolite displays porphyritic texture, comprising an even distribution of quartz 

and plagioclase crystals (5-20%) in a groundmass which is devitrified and/or altered to 

quartz and feldspar, and other minor phases including Fe-Ti oxides. Rare myrmekite

textured grains are present in some samples. Flow banding is well preserved in thin 

section and wraps around the larger phenocrysts (Fig. 4.2e). The presence of relict 

spherulites and perlitic texture (Fig. 4.2t) in some samples indicates that the original 

groundmass was partly glassy. In places the spherulites and perlitic texture impart a 

granular, sugary texture to the rock which is easily mistaken for a volcaniclastic 

sandstone texture in hand specimen. 

LAMINATED MUDSTONE AND SANDSTONE 

This lithofacies comprises normally graded parallel beds and laminations (millimetres to 

several centimetres thick) grading from medium grained sandstone to mudstone. 

Sandstone beds contain abundant subhedral to subrounded crystals and angular crystal 

fragments of plagioclase, quartz and minor Fe-Ti oxides in a fine grained, cream 

coloured, quartz- and feldspar-altered matrix. The mudstone portions of this facies are 

composed of microcrystalline quartz and feldspar with minute quartz and feldspar crystal 

fragments in places. In the Anthony Road and Zig Zag Hill areas, the fine sandstone to 

mudstone portions of this facies are creamy white in colour and show well preserved 

non-welded bubble wall shards in some thin sections (Fig. 4.2g) suggesting a volcanic 

(pyroclastic) origin. Black mudstones are also present in this member in the Henty Canal 

area and probably have a non-volcanic hemi-pelagic origin. 
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Petrography of the Zig Zag Hill Formation 

POLYMICT VOLCANICLASTIC CONGLOMERATE AND SANDSTONE 

Pebbly sandstones from this lithofacies contain an abundance of subangular to well 

rounded sand to pebble size lithic clasts and quartz crystals along with minor feldspar and 

Fe-Ti oxide minerals, in a fine grained secondary matrix (Fig. 4.3a, b ). The samples 

display a moderately to poorly sorted closed framework, and massive to diffusely 

stratified structure. Modal analyses of ten sandstone samples of this lithofacies are 

included in Appendix D and results are summarised on Table 4.1. 

A variety of lithic clasts are present in this facies, comprising up to 55% by volume. 

Quartz- and feldspar-phyric volcanic clasts are most common with additions of feldspar± 

altered ferromagnesian-phyric intermediate volcanic clasts, cherty clasts, polycrystalline 

quartz± muscovite Precambrian basement-derived clasts, granite clasts and altered clasts 

of unknown origin. Lithic clasts are angular to well rounded. The Devonian regional 

cleavage has deformed and attenuated the clasts in places, causing strong clast alignment 

and/or apparent imbrication. The quartz crystals (up to 3 mm across) are dominantly 

subrounded, and angular broken crystal fragments. Feldspar crystals and detrital Fe-Ti 

oxides are a minor component Rare myrmekite-textured grains where observed in some 

samples. 

The secondary matrix dominantly comprises hematite and sericite giving the rock its 

characteristic purple to lime green colour. Other minor secondary minerals include quartz, 

feldspar, chlorite, epidote, carbonate, magnetite and pyrite. 

Modal compositions of volcaniclastic sandstones 

METHODS 

Modal analyses are useful in establishing the provenance of volcaniclastic sandstones, 

and especially the changes in provenance through time (e.g. Cawood 1983, Skilbeck and 

Cawood 1994). Medium to coarse grained sandstone samples from each of the main 

stratigraphic units (Lynchford Member, Mount Julia Member, Zig Zag Hill Formation) 

with the least amount of alteration were selected for point counting, using a conventional 

point counting device attached to a petrological microscope and following the Glagolev

Chayes method (see Galehouse 1971). One thousand points were counted for each thin 

section and modal percentages were calculated. Detrital grains are most important in 
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Fig. 4.3 Photomicrographs of lithic- and quartz-rich pebbly sandstones from the 
polymict volcaniclastic conglomerate and sandstone lithofacies, Zig Zag Hill Formation. 

a) Massive pebbly sandstone showing quartz-phyric ·volcanic clasts (V), fine-grained 
altered clasts (A) and quartz crystals (Q) in an altered matrix dominated by sericite. 
Sample CE5 from Comstock drill hole C59, -149. 7 m, plane polarised light. 

b) Massive pebbly sandstone with abundant fine-grained altered clasts (A) and quartz 
crystals (Q) in an sericite-rich matrix. Sample CEI 1 from Comstock drill hole C59, 
-181.2 m , plane polarised light. 





provenance studies; alteration minerals within detrital grains were counted as part of the 

detrital component. Minerals in the secondary matrix were grouped into three broad 

classes: 1) chlorite, sericite, epidote and opaque minerals; 2) quartz-feldspar assemblages; 

3) carbonates. Lithic clasts were assigned to one of three classes: 1) felsic volcanic 

(quartz- and feldspar-phyric); 2) intermediate volcanic (feldspar- and ferromagnesian

phyric); 3) altered, fine grained clasts. Grain boundaries were difficult to identify in some 

samples (particularly samples from the Zig Zag Hill Formation) due to alteration and 

tectonic deformation. 

SAMPLES 

Volcaniclastic sandstone samples selected for point counting include: 

a) ten samples of quartz-poor crystal-rich volcaniclastic sandstone from the Lynchford 

Member; 

b) ten samples of crystal-rich volcaniclastic sandstone (CRVS) from the Mount Julia 

Member; 

c) ten samples of polymict lithic-rich volcaniclastic sandstone from the Zig Zag Hill 

Formation. 

Six of the ten CRVS samples from the Mount Julia Member show distinctive pink and 

green alteration bands. The pink and green bands were marked out and counted separately 

to test whether the bands within each sample differ in modal abundances. Only very 

minor differences were recognised so the results from the pink and green bands in each of 

the six samples were combined and averaged to represent a bulk modal analysis (2000 

points). 

In addition, 12 welded ignimbrite samples from the Mount Julia Member were point 

counted for comparison. 

RESULTS 

Modal analyses for the 30 volcaniclastic sandstone and 12 welded ignimbrite samples are 

presented in Appendix D. Average and standard deviations for modes from the 30 

volcaniclastic sandstone samples are shown in Table 4.1. When plotted on QFL 

(Q=quartz, F=feldspar, L=lithic clast) and QFP (Q=quartz, F=feldspar, 

P=ferromagnesian + Fe-Ti oxide) ternary diagrams, the sandstones from various 

stratigraphic units of the Tyndall Group clearly fall into different fields (Fig. 4.4a, b ), 

indicating a different provenance for each of these major stratigraphic units and a change 
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Fig. 4.4 Ternary diagrams showing modal compositions of sandstones from each 
of the main stratigraphic units in the Tyndall Group. a) QFL (Q=quartz, 
F=feldspar, L=lithic clast) diagram, and b) QFP (Q=quartz, F=feldspar, 
P=ferromagnesian + Fe-Ti oxide) diagram. Arrows indicate general direction of 
younging. 
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in provenance through time. The Lynchford Member is feldspar-rich with minor 

clinopyroxene and Fe-Ti oxides, the Mount Julia Member is feldspar and quartz-rich, and 

the Zig Zag Hill Formation is lithic- and quartz-rich. The implications for provenance are 

discussed below. 

Composition of clinopyroxenes in the Comstock Formation 
crystal-rich volcaniclastic sandstones 

PREVIOUS WORK 

Dower (1991) showed that the clinopyroxenes in the Tyndall Group from the Lynchford 

area (Lynchford Member) have a well constrained chemical composition, which is clearly 

different from the clinopyroxene phenocryst compositions in the underlying Lynch Creek 

basalt and Miners Ridge basalt. McKibben (1993) analysed clinopyroxenes from: 1) the 

Dundas Group crystal-rich sandstones in the Pinnacles area; and 2) the Tyndall Group 

correlates on the Cradle Mountain Link Road (Mount Julia Member). The clinopyroxene 

composition of both these occurrences have very similar compositions to the Lynchford 

Member clinopyroxenes. Clinopyroxene phenocrysts in the andesites underlying the 

Tyndall Group on the Anthony Road have been analysed by A. Jones (in prep). 

SAMPLES 

Detrital clinopyroxenes from crystal-rich sandstones in the Comstock Formation were 

analysed on a Cameca SX-50 electron microprobe from polished thin sections. 

Clinopyroxenes from the quartz-poor crystal-rich volcaniclastic sandstone lithofacies in 

the Zig Zag Hill, Anthony Road and Lynchford areas, and clinopyroxenes from the 

quartz-rich crystal-rich volcaniclastic sandstone lithofacies from the Cradle Mountain Link 

Road area, were analysed and compared with results from previous studies. One sample 

of clinopyroxene-bearing andesite underlying the Tyndall Group at Zig Zag Hill 

(Comstock andesite) was also analysed for comparative purposes. 

RESULTS 

Clinopyroxene analyses are included in Appendix E. Average compositions and standard 

deviations of clinopyroxenes from each location are presented in Table 4.2. Multiple 

analyses of single grains indicate that the clinopyroxenes are relatively homogenous in 

composition and not zoned. The Comstock Formation clinopyroxenes mostly plot in the 
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salite field but overlap the diopside-endiopside-augite-salite boundary on a Wollastonite

Enstatite-Ferrosilite ternary diagram (Fig. 4.5). 

Table 4.2 Summary of clinopyroxene microprobe data showing mean and (standard 
deviation in brackets) for the Comstock Formation clinopyroxene compositions from each 
main location, and other clinopyroxene data from other Mount Read V olcanics (MRV) 
units. Lynch Creek basalt and Miners Ridge basalt data from Dower (1991), Anthony 
Road andesite data from Jones (in prep). FeO* is total Fe as FeO. 

COMSTOCK FORMATION OTHER MRV UNITS 
CLINOPYROXENE ANALYSES CLINOPYROXENE ANALYSES 

Zig Zag Anthony Lynch- Cradle Comstock Lynch Miners Anthony 
Hill Road ford Link andesite Creek Ridge Road 

Road basalt basalt andesite 

Na20 0.22 0.21 0.23 0.25 0.24 0.18 0.25 0.16 
(0.03) (0.02) (0.04) (0.02) (0.02) (0.03) (0.09) 0.03) 

MgO 14.04 14.17 13.75 13.91 14.38 16.97 15.87 16.36 
(0.59) (0.35) (0.50) (0.21) (0.45) (0.90) (1. 78) (1.55) 

Al203 1.37 1.25 1.36 1.38 1.72 2.22 3.76 1.81 
(0.37) (0.27) (0.33) (0.19) (0.43) (0.61) (l.17) (0.84) 

Si02 50.92 51.76 51.07 51.11 50.94 52.60 50.47 51.68 
(0.32) (0.47) (0.47) (0.39) (0.34) (0.87) (1.50) (0.86) 

Cao 21.53 21.80 21.66 21.36 21.12 21.69 21.07 21.06 
(0.49) (0.20) (0.29) (0.15) (0.25) (0.81) (1.09) (1.92) 

Ti02 0.27 0.29 0.29 0.27 0.36 0.17 0.54 0.19 
(0.05) (0.06) (0.07) (0.04) (0.04) (0.08) (0.53) (0.12) 

Cr203 0.02 0.01 0.01 0.01 0.07 0.40 '0.65 0.21 
(0.03) (0.02) (0.02) (0.01) (0.10) (0.23) (0.43) (0.15) 

MnO 0.37 0.37 0.41 0.42 0.29 0.23 
(0.07) (0.07) (0.12) (0.05) (0.04) (0.12) 

FeO* 9.63 9.98 10.22 10.33 9.62 5.57 7.21 6.93 
(1.28) (0.47) (0.54) (0.43) (0.70) (1.81) (2.55) (2.88) 

Enstatite 41.89 41.54 40.96 41.48 42.84 48.59 47.30 47.94 
(1.64) (0.87) (1.23) (0.52) (1.29) (1.85)' (4.34) (3 .68) 

Ferrosilite 11.95 12.52 12.64 12.74 11.91 6.75 7.43 7.69 
(2.50) (0.98) (1.31) (0.64) (1.19) (2.40) (3.79) (5.80) 

Wollaston- 46.17 45.93 46.40 45.78 45.24 44.66 45.27 44.37 
ite (0.97) (0.58) (0.75) (0.36) (0.57) (1.41) (2.82) (3.50) 

Analyses 19 17 20 15 18 39 32 24 

Samples 1 2 1 1 4 4 2 
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Fig. 4.5 W ollastonite-Enstatite-Ferrosilite ternary diagram showing that most 
Comstock Formation clinopyroxenes are salite in composition. Fields defined 
by Poldervaart and Hess (1951), in Deer et al. (1980). 
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The clinopyroxenes from the Comstock Formation in the Lynchford, Zig Zag Hill, 

Anthony Road and Cradle Mountain Link areas, have a well constrained chemical 

composition and show little variation in terms of the main components CaO, Alz03, MgO 

and FeO (Fig. 4.6a, b). Their Cr203 contents are also characteristically low. The 

Comstock Formation clinopyroxenes are clearly different from clinopyroxene 

phenocrysts in underlying basaltic rocks in the Lynchford area (as shown by Dower 

1991) (Fig. 4.6). The latter contain higher proportions of Cr203, MgO, and lower 

proportions of FeO. The Tyndall Group clinopyroxenes are also different from most 

clinopyroxene phenocrysts in the Anthony Road andesite underlying the Tyndall Group 

in the Anthony Road area (Fig. 4.6). However, the Tyndall Group clinopyroxenes have 

similar compositions to the clinopyroxene phenocrysts in the andesites underlying the 

Tyndall Group at Zig Zag Hill (Comstock andesite) (Fig. 4.6), although there are small 

but significant differences in some elements indicating derivation from different sources. 

The simjlarity in chemical composition of clinopyroxenes in the Comstock Formation 

from different areas indicates that they were derived from the same magma source. 

Provenance implications of the Tyndall Group sandstones 

The quartz-poor and quartz-rich crystal-rich volcaniclastic sandstone facies of the 

Comstock Formation contain a high proportion of subhedral to euhedral crystals and 

angular crystal fragments, with minor glass shards and possible pumice clasts suggesting 

derivation from an explosive (pyroclastic) volcanic source. Of the principal modes of 

fragmentation, (pyroclastic fragmentation during explosive eruption, quench 

fragmentation, autobrecciation and surface weathering) only explosive eruption is capable 

of producing the large volumes of euhedral to subhedral crystals preserved in these facies 

(cf. Cas 1983, Cas and Wright 1987). The presence of welded ignimbrite in the 

Comstock Formation also indicates explosive eruptions in the source. The crystal-rich 

sandstones are regionally widespread in the central Mount Read Volcanics and were 

probably sourced from large volume, explosive magmatic or phreatomagmatic volcanic 

eruptions. The high concentration of crystals in these sandstones is thought to have 

resulted from both volcanic and sedimentary processes (cf. Cas 1983, Cas and Wright 

1987), and is discussed further in Chapter 7. 

The lithofacies characteristics of the crystal-rich sandstones in the Comstock Formation 

indicate transport and deposition from water-supported sediment gravity flows (Chapter 

5). The high proportion of euhedral to subhedral free crystals, lack of well rounded 

components and preservation of delicate tri-cuspate shards in the matrix indicate that the 

components did not undergo significant amounts of sedimentary reworking prior to 
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transport. Although the components in this facies have been subject to some sedimentary 

transport after eruption, they are considered to be syn-eruptive, being emplaced during or 

shortly after eruption (Chapter 7). In some cases, pyroclastic deposits may have been 

temporarily stored after initial eruption and later redeposited downslope, (probably during 

the eruptive cycle). 

The crystal assemblage of quartz-poor crystal-rich volcaniclastic sandstones in the 

Lynchford Member indicate a less felsic volcanic source than the quartz-rich crystal-rich 

volcaniclastic sandstones of the Mount Julia Member. The contact between these two 

stratigraphic units in the field is gradational and probably reflects a change from an 

intermediate volcanic source to a more felsic volcanic source through time. Mixing of 

detritus from both these sources probably also occurred in places. It is not known 

whether the change from intermediate to felsic volcanism in the Comstock Formation 

stage resulted from a geographic change from one source area to another, or a change in 

the composition in the same source area 

In contrast to the Comstock Formation, the sandstones in the overlying Zig Zag Hill 

Formation are distinctly lithic-rich containing a variety of volcanic and non-volcanic lithic 

clast types. Lithic clasts are subangular to well rounded and have been reworked in high 

energy environments prior to final deposition. These rocks are considered to be post

eruptive, and represent true epiclastic deposits. The abundance of quartz- and feldspar

phyric volcanic clasts in the Zig Zag Hill Formation indicates that felsic volcanic and sub

volcanic rocks (e.g. pyroclastic deposits, lavas, intrusions) were widespread in the 

source area(s). The change to polymict, lithic-rich, epiclastic sedimentation in the Zig Zag 

Hill Formation probably reflects weathering and erosion in the volcanic source terrain, 

possibly after the cessation of volcanic activity in the source terrain (Comstock Formation 

stage). 

Implications for tectonic setting and source magma composition 

SANDSTONE COMPOSffiONS AND TECTONIC SETTING 

Sandstone compositions are influenced by several factors including: 1) the character of 

the source; 2) the style and extent of the transport processes; and 3) the nature of the 

depositional setting (Dickinson and Suczek 1979). Tectonic setting strongly influences 

the sediment transport processes between source and site of deposition and hence also 

influences the modal composition of sandstones (Dickinson and Suczek 1979). QFL 

discrimination plots for determining tectonic setting have been proposed by a number of 
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previous workers by comparing modal analyses of sandstones from various known 

tectonic settings (e.g. Dickinson and Suczek 1979, Maynard et al. 1982). 

On a QFL diagram, the Comstock Formation sandstones plot outside the various fields 

for tectonic setting defined by Dickinson and Suczek (1979) and Maynard et al. (1982). 

The Comstock Formation sandstones are considered to be syn-eruptive volcaniclastic 

deposits that mainly reflect the nature of the source (large volume explosive volcanic 

eruptions), and the composition of the source magmas, rather than the transport processes 

between source and site of deposition. Studies that involve interpreting the tectonic setting 

from modal data do not cater for syn-eruptive deposits that were derived directly from 

large volume explosive volcanic terrains. Therefore, this type of study is inappropriate for 

the Comstock Formation sandstones. 

On a QFL diagram, the Zig Zag Hill Formation san{istones plot close to, or within the 

field for a "recycled orogen" provenance, defined by Dickinson and Suczek (1979). The 

composition of the Zig Zag Hill Formation sandstones are most like samples derived from 

"foreland uplift" terranes (Dickinson and Suczek 1979). This suggests that the Zig Zag 

Hill sandstones may have formed in response to uplift and erosion, or from erosion of a 

high volcanically constructed terrain. The presence of abundant rounded epiclasts in the 

Zig Zag Hill Formation is consistent with this interpretation. The implications for tectonic 

setting of the Tyndall Group are discussed further in Chapter 10. 

CLINOPYROXENE COMPOSIDONS AND SOURCE MAGMAS 

The composition of clinopyroxenes has been shown to vary systematically with magma 

composition and tectonic setting (e.g. Kushiro 1960, LeBas 1962, Garcia 1978, Nisbet 

and Pearce 1977, Leterrier et al. 1982). Clinopyroxenes from the Comstock Formation 

sandstones were analysed by electron microprobe (Appendix E) in an attempt to constrain 

the source magma composition and the setting of the volcanic source terrane. The 

clinopyroxenes in the Comstock Formation are well preserved and show only minor 

compositional ,variation, suggesting that they have not been affected by alteration or 

metamorphism and are therefore suitable for a study of this type. 

On the Si02 versus Al203 diagram of LeBas (1962), the Comstock Formation pyroxenes 

plot within the non-alkaline field, which includes tholeiitic, high alumina and calc-alkaline 

magma series, and outside the alkaline and peralkaline fields. On the A1203 versus Ti02 

plot of Garcia (1978), the Comstock Formation clinopyroxenes closely match those from 

calc-alkaline magmas. Whole rock analyses of clinopyroxene-bearing, quartz-poor 
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crystal-rich volcaniclastic sandstones from Lynchford (Corbett 1979) are consistent with 

a calc-alkaline magma composition as they fall within the calc-alkaline suite 1 field for 

Mount Read Volcanic rocks (Crawford et al. 1992). 

Nisbet and Pearce (1977) carried out a statistical analysis of clinopyroxenes from known 

tectonic settings and found that it was possible to distinguish between volcanic arc 

basalts, ocean floor basalts, within plate tholeiitic basalts and within plate alkalic basalts, 

based on clinopyroxene composition. Nisbet and Pearce (1977) developed discrimination 

diagrams showing fields for different settings. The fields show considerable overlap and 

therefore in some cases, results may be inconclusive. Their study focused on 

clinopyroxenes from basalts, and may not be directly applicable to clinopyroxenes from 

an intermediate source. However, the results provide dues to the possible tectonic setting 

of the volcanic source of the Tyndall Group. On the Ti02-MnO-Na20 diagram of Nisbet 

and Pearce (1977), the Comstock Formation clinopyroxenes mostly plot within the field 

of volcanic arc basalts, but some analyses overlap with samples from within plate alkali 

basalts (Fig. 4.7). 

Leterrier et al. (1982) criticised the study of Nisbet and Pearce (1979) on the grounds 

that: 1) the discrimination was based on a relatively small number of analyses; 2) some 

analyses were of groundmass clinopyroxenes; and 3) two of the chemical discriminants, 

MnO and Na20, were often at levels close to the detection limits. Leterrier et al. (1982) 

proposed a series of alternative discrimination diagrams based on the elements Ti, Cr, Ca, 

Al and Na, drawn from a larger analytical database. On the Ti versus Ca+ Na diagram of 

Leterrier et al. (1982), the Comstock Formation clinopyroxenes plot in the field for 

tholeiitic and calc-alkaline basalts, and mostly outside the field for alkali basalts (Fig. 

4.8a). On the Ti + Cr versus Ca diagram of Leterrier et al. (1982), the Comstock 

Formation clinopyroxenes plot in the field for orogenic basalts (volcanic arc basalts), 

outside the field for non-orogenic basalts (mid-ocean ridge basalt and other tholeiites from 

spreading zones) (Fig. 4.8b). On the Ti versus Al diagram of Leterrier et al. (1982), the 

Comstock Formation clinopyroxenes overlap with both the volcanic arc calc-alkaline 

basalt field and the island arc tholeiitic basalt field (Fig. 4.8c). In summary, the 

discrimination plots of Leterrier et al. (1982) indicate that the Comstock Formation 

clinopyroxenes were probably derived from a calc-alkaline or tholeiitic volcanic arc 

source. The implications for tectonic setting of the Tyndall Group are discussed further in 

Chapter 10. 
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Fig. 4.7 Comstock Formation clinopyroxenes plotted on a Ti0z-Mn0-Na20 
ternary diagram. Discrimination fields defined by Nisbet and Pearce (1977): 
A = volcanic arc basalts; B = ocean floor basalts; C = within plate alkalic basalts; 
D = all; E = volcanic arc basalts, within plate tholeiitic basalts and within plate 
alkalic basalts; F = volcanic arc basalts and within plate alkalic basalts; G = 
within plate alkalic basalts. The Comstock Formation clinopyroxenes plot mostly 
within the field of volcanic arc basalts, but some analyses overlap with samples 
from other settings. 
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bivariate diagram. Values of Ti, Ca, Na, Cr, Al are the number of cations, 
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Discussion -

Origin of clinopyroxene and titanomagnetite 

The regional distribution of clinopyroxenes with the same chemical composition, in the 

lower part of the Comstock Formation, suggests that the clinopyroxenes were derived 

from the Tyndall Group source volcanic terrain, rather than being accidental components 

collected from older deposits during sedimentary transport (as suggested by Dower 

1991). Large magnitude, explosive volcanic eruptions were responsible for producing the 

clinopyroxenes and other juvenile volcanic components in the Comstock Formation 

sandstones, which are distributed from at least the Cradle Mountain Link Road area to 

Lynchford, along a present strike length of approximately 65 km. The transport processes 

involved in delivering these components to the depocentre, and the environments of 

deposition, are considered in Chapter 5. 

The initial volcanism that sourced the clinopyroxene-bearing Lynchford Member 

sandstones was probably intermediate in composition, as whole rock analyses of this 

facies are andesitic (Corbett 1979). In addition, the clinopyroxene compositions are most 

like the clinopyroxene phenocrysts in the Comstock andesite, and somewhat different to 

clinopyroxene in basaltic rocks in the Mount Read Volcanics (e.g. Lynch Creek basalt, 

Miners Ridge basalt). 

The clinopyroxene-bearing sandstones of the Lynchford Member are overlain by quartz

rich crystal-rich sandstones of the Mount Julia Member, suggesting a change from an 

intermediate volcanic source to a more felsic volcanic source through time. The 

clinopyroxene-bearing crystal-rich facies contain variable amounts of quartz (0-5% by 

volume). Samples with the highest proportions of quartz may represent mixing of 

components from the two different magma sources. The mixing may have occurred after 

initial eruption, during transport and redeposition. Evidence for this lies in the Cradle 

Mountain Link Road area, where clinopyroxene crystals occur in lithic- and quartz-rich 

crystal-rich volcaniclastic sandstones within the Mount Julia Member, well above the base 

of the Tyndall Group. 

Detrital titanomagnetite crystals are most abundant in the Lynchford Member sandstones 

(up to 6%) and were probably derived from the intermediate phase of volcanism along 

with clinopyroxene, plagioclase and other minor phases. Titanomagnetites in the 

overlying quartz-rich crystal-rich volcaniclastic sandstone facies of the Mount Julia 

Member are less abundant, (less than 3%) and were probably derived from the felsic 

volcanic eruptions of this stage, together with abundant quartz and plagioclase. However, 
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some of the titanomagnetites in the Mount Julia Member sandstones could have been 

recycled from the earlier intermediate stage of volcanism represented by the Lynchford 

Member and mixed with quartz-rich sands during transport and redeposition. 

Corbett (1979) suggested that the quartz-poor crystal-rich volcaniclastic sandstone 

deposits at Lynchford may have generated from the mixing of felsic detritus (quartz, 

felsic lithic clasts) and intermediate detritus (clinopyroxene, titanomagnetite, intermediate 

lithic clasts) in contemporaneous eruptions. In this case, the felsic and intermediate 

components may have been: 1) erupted from two different volcanic centres and mixed 

together during transport to the depocentre; or 2) erupted from the same volcanic centre, 

possibly involving mixing of two magma batches (one intermediate, and the other felsic 

in composition). The latter scenario is unlikely because in areas of more complete 

exposure (e.g. Zig Zag Hill, Anthony Road), clinopyroxene-bearing quartz-poor crystal

rich sandstones of the Lynchford Member are overlain by quartz-rich crystal-rich 

sandstones of the Mount Julia Member, suggesting a change from intermediate volcanism 

to more felsic volcanism through time. 

Inclusions in clinopyroxene and titanomagnetite crystals 

Crystal inclusions in clinopyroxene and titanomagnetite crystals in the Comstock 

Formation sandstones give an indication of the crystal phases present in the source 

magma prior to eruption. Inclusions of albite, apatite and titanomagnetite occur in 

clinopyroxene crystals and inclusions of albite, zircon and apatite occur in 

titanomagnetite. Crystallisation of phenocrysts in the magma causes local saturation of 

other elements adjacent to the crystallising phenocryst and initiates crystallisation of 

accessory phases such as apatite and Fe-Ti oxides (Bacon 1989). These accessory 

minerals may be included in, or attached to, the main phenocryst phases as the 

phenocrysts grow. The phases that occur as inclusions in the clinopyroxenes and 

titanomagnetites in the Comstock Formation volcaniclastic sandstones (albite, apatite, 

zircon and titanomagnetite) also occur as free crystals in the sandstone host, which is 

consistent with those crystal phases, together with clinopyroxene and titanomagnetite, 

being derived from the same source magma. This implies that most of the crystal phases 

in the Comstock Formation sandstones were derived from the explosive volcanfo events 

in the source, rather than being accidental components collected from older deposits 

during sedimentary transport. 
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Summary 

Volcaniclastic sandstones in the Comstock Formation contain a high proportion of 

crystals and crystal fragments, along with shards and possible pumice, suggesting that 

they were sourced from explosive volcanic events. The lack of evidence for reworking 

suggests that they were transported and deposited during or shortly after the eruptive 

cycle (syn-~ruptive deposits). Modal analyses of sandstones from the different 

stratigraphic units in the Tyndall Group highlight these changes in provenance through 

time. The crystal-rich volcaniclastic deposits of the Comstock Formation were probably 

sourced from two magma types: the initial phase of volcanism that sourced the quartz

poor (clinopyroxene-bearing) sandstones of the Lynchford Member was intermediate in 

composition; and was succeeded by more felsic volcanism that generated the quartz-rich 

sandstones in the Mount Julia Member. In some areas, mixing of crystal components 

from these two sources probably occurred during transport to the site of deposition. The 

volcaniclastic sandstones in the overlying Zig Zag Formation contain true epiclasts 

derived from weathering and erosion of various volcanic and non-volcanic rocks, and are 

considered to be post-eruptive deposits. 

The clinopyroxene crystals from sandstones in the Comstock Formation have similar 

compositions, indicating derivation (along with other juvenile volcanic components) from 

the same volcanic source terrain. The compositions of clinopyroxenes are similar to those 

from calc-alkaline basalts in volcanic arc settings. 
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CHAPTER 5 

SEDIMENTATION PROCESSES AND 
DEPOSITIONAL ENVIRONMENTS OF THE 
PRINCIPAL VOLCANOGENIC AND NON

VOLCANIC SEDIMENTARY LITHOFACIES 

Introduction 

The transport and depositional processes involved in the formation of the volcanogenic 

and non-volcanic sedimentary lithofacies in the Tyndall Group, and their depositional 

settings, are discussed in this chapter. The physical processes that operate during 

emplacement of volcanic and sedimentary deposits may be interpreted from volcanic 

and/or sedimentary structures and textures. However, the preserved structures and 

textures are generally only indicative of the transport processes that operated just prior to 

and during deposition, and are not necessarily those responsible for long-distance 

transport. Sedimentary and volcanic structures and textures can also help to constrain the 

depositional environment Most of the volcanogenic sedimentary lithofacies in the Tyndall 

Group are interpreted as deposits from sediment gravity flows. This chapter begins with a 

brief description of sediment gravity flows. 

Sediment gravity flows 

Sediment gravity flows are sediment-fluid mixtures under the action of gravity. The 

sediment is moved by gravity, which also moves the interstitial fluid, as opposed to fluid 

gravity flows where the fluid is driven by gravity and carries suspended sediment (e.g. 

river current) (Middleton and Hampton 1973). Sediment gravity flows can develop in 

subaerial or subaqueous settings, but are of particular interest in subaqueous settings 

because they are one of the most important forms of sediment transport in this 

environment. Sediment gravity flows will move downslope if: 1) the shear stress acting 

on the flow exceeds that of the frictional resistance to flow; and 2) the grains are inhibited 

from settling by one or more particle support mechanisms. 
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Sediment gravity flows are classified by the nature of the dominant particle support 

mechanism (Middleton and Hampton 1973, Lowe 1979, Lowe 1982). The main end 

members are: 1) turbidity currents (including high- and low-density types) - in which 

sediment is supported by flow turbulence; 2) fluidised flows - in which the sediment is 

fully supported by upward moving pore fluid; 3) liquefied flows - in which the sediment 

is not fully supported but is settling through the pore fluid that is rising upward; 4) grain 

flows - in which the sediment. is supported by dispersive pressure arising from particle 

interaction; and 5) cohesive flows or debris flows - where the larger grains are supported 

by a cohesive matrix which has a finite yield strength (Fig. 5.1). Any fine grained matrix 

in sediment gravity flows can provide buoyancy and "lubrication" for the larger grains (as 

discussed by Lowe 1979) and is particularly important in the case of debris flows. 

Hindered settling, a type of self-fluidisation process, is also an important particle support 

mechanism in many sediment gravity flows, (Lowe 1982, Cas 1979, Kneller and 

Branney 1995). 

Classification of Sediment Gravity Flows 

Flow Type 

Turbidity current 

Fluidised flow 

Liquefied flow 

Grain flow 

Debris flow 

Particle support mechanism 

Fluid turbulence 

Upward intergranular flow 
(full support) 

Upward intergranular flow 
(partial support) 

Dispersive pressure (grain 
interaction) 

Matrix-strength 

Fig. 5.1 Classification scheme for sediment gravity flows showing flow type and 
principal particle support mechanisms. From Middleton and Hampton (1973), Lowe 
(1979), Lowe (1982). 
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Middleton and Hampton (1973) note that their classification scheme for sediment gravity 

flows based on the nature of the dominant particle support mechanism is a genetic one, 

and that some of the mechanisms proposed are hypothetical. Natural sediment gravity 

flows may involve several particle support mechanisms during transport (Middleton and 

Hampton 1973, Lowe 1979, Lowe 1982, Cas 1979, Ballance and Gregory 1991). Flow 

characteristics and particle support mechanisms probably also undergo transformations 

during the transport history of sediment gravity flows (Fisher 1983, 1984). 

Sedimentation processes of the main volcanogenic and non
volcanic sedimentary lithofacies in the Tyndall Group 

The interpreted transport processes involved in the formation of the main volcanogenic 

and non-volcanic sedimentary lithofacies in the Tyndall Group are summarised on Table 

5.1. In order to avoid repetition, volcanogenic sedimentary lithofacies in the Tyndall 

Group with similar sedimentological features are grouped together in this chapter. The 

transport and depositional processes will be discussed in terms of the following facies: 

1) Crystal-rich volcaniclastic sandstone (including quartz-poor crystal-rich 

volcaniclastic sandstone facies from the Lynchford Member and quartz-rich crystal

rich volcaniclastic sandstone facies from the Mount Julia Member); 

2) Volcaniclastic lithic breccia (including volcaniclastic lithic breccia facies from the 

Lynchford Member and normally graded volcaniclastic lithic breccia and sandstone 

facies from the Mount Julia Member); 

3) Laminated mudstone and sandstone (from both the Lynchford and Mount Julia 

Members); 

4) Volcaniclastic con&lomerate and sandstone (from the Zig Zag Hill Formation). 

In addition, the origin of the carbonate facies of the Lynchford Member will also be 

discussed, as this unit has important implications for the depositional environment. 

CRYSTAL-RICH VOLCANICLASTIC SANDSTONE 

Lithofacies characteristics 

Quartz-poor and quartz-rich crystal-rich volcaniclastic sandstone facies are the most 
\ 

common facies in the Comstock Formation. These facies comprise medium to coarse 

grained sandstone with a closed framework, consisting of abundant crystals, crystal 

fragments and minor lithic clasts in a fine grained altered matrix. Crystal concentration in 

this facies is relatively high ranging from -40-70%. 
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Table 5.1 Interpreted transport processes involved in the formation of the main 
volcanogenic and non-volcanic sedimentary lithofacies in the Tyndall Group. 

Comstock Formation: Lynchford Member 

Lithof acies Interpretation 

Quartz-poor crystal-rich volcaniclastic - high-density turbidity currents or debris flows 
sandstone 

Laminated mudstone and sandstone - low- to high-density turbidity currents 
- hemi-pelagic sedimentation 

Volcaniclastic lithic breccia 

- normally graded units - high-density turbidity currents 
- non-graded units - high-density turbidity currents or debris flows 
- mud-rich units - debris flows 

Comstock Formation: Mount Julia Member 

Lithofacies Interpretation 

Quartz-poor crystal-rich volcaniclastic -high-density turbidity current or debris flows 
sandstone 

Laminated mudstone and sandstone - low- to high-density sandy, muddy turbidity 
currents 
- hemi-pelagic sedimentation 

Volcaniclastic lithic breccia 
- normally graded units - high-density turbidity currents 

Zig Zag Hill Formation 

Lithofacies 

Volcaniclastic conglomerate and 
sandstone 

Interpretation 

- high-density turbidity current or debris flows 

The crystal-rich volcaniclastic sandstone facies occur as: 1) very thick (tens of metres to 

>100 m thick), non-graded, non-stratified units; and 2) normally graded, non-stratified to 

diffusely-stratified uni~s, metres to tens of metres thick (Fig. 5.2). Crystal-rich 

volcaniclastic sandstone also forms part of normally graded volcani~lastic breccia and 

sandstone units (described below). Because outcrop is poor in many areas, the exact 

thickness of individual sedimentation units is difficult to determine. However, continuous 

sections of diamond drill cores from Comstock, indicate that massive non-graded crystal-
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Fig. 5.2 Stratigraphic sections of the crystal-rich volcaniclastic sandstone facies (CRVS). 
a) Non-graded and non-stratified, extremely thick CRVS sedimentation unit, Comstock 
drill hole C50, 154.6--261 m, true thickness approximately 80 m. This CRVS unit 
contains mudstone intraclasts at its base, is underlain by laminated mudstone and 
sandstone (LMS) and overlain by Comstock ignimbrite breccia (IB). b) Normally graded, 
non-stratified to diffusely planar stratified CRVS units, Anthony Road cutting, (GR 
5357800N - 381090E); true thickness is approximately 13 m. 
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rich volcaniclastic sandstone units are >100 m thick in places, with no observable internal 

stratification. The lateral extent of the sedimentation units is poorly defined due to limited 

exposure, but the regional distribution of thick, massive, crystal-rich volcaniclastic 

sandstone units in the Comstock Formation suggests that some units may extend laterally 

for several tens of kilometres. 

The normally graded crystal-rich volcaniclastic sandstone units grade from non-stratified 

sandstone at the base (with minor lithic clasts) to diffusely planar stratified medium to fine 

grained sandstone at the top. Some units hav~ bedded and laminated fine sandstone ± 
mudstone caps. Graded units may also have an inversely graded basal layer, several 

centimetres to tens of centimetres thick. Non-stratified texture is most common, however, 

in some cases diffuse planar stratification and subtle low angle cross-stratification are 

present in medium to fine grained sandstone at the top of the normally graded units. The 

diffuse stratification is highlighted by subtle grainsize variations and also by trails of dark 

Fe-Ti oxide minerals. 

Sedimentation processes and particle support mechanisms 

The characteristics of the crystal-rich volcaniclastic sandstone facies suggest that final 

transport was largely by high-density turbidity currents and possibly debris flows (cf. 

Middleton and Hampton 1973, Lowe 1982, Pickering et al. 1989, Shanmugam et al. 

1995). It is likely that a variety of particle support mechanisms operated, including 

turbulence, dispersive pressure, matrix strength and hindered settling. The presence of 

well-developed normal grading in some units indicates that turbulence was an important 

particle support mechanism. Normal grading is a feature of deposits from turbidity 

currents (Kuenen and Migliorini 1950) and suggests that the flow was sufficiently dilute 

to allow particles to behave independently. Inverse grading at the bases of some graded 

crystal-rich volcaniclastic sandstone units most probably formed in a basal shear zone 

where grain collisions occurred, creating dispersive pressure and providing additional 

particle support. Lowe (1982) suggested that inversely graded sand layers at the base of 

units are the result of freezing of traction carpets, that had been driven by shear at the base 

of the flow. The abundance of crystals, along with fine glassy ash would have provided 

buoyancy for any incorporated pebbly lithic clasts. The non-stratified portions of these 

units would have been deposited rapidly, without sufficient time for the development of 
I 

tractional structures. However, the diffuse parallel-stratification and cross-stratification at 

the tops of some graded beds indicate that some sedimentation was influenced by 

tractional processes. The relatively thin laminated, mudstone layers at the top of some 
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units probably formed as a result of sedimentation from dilute trailing suspensions 

associated with these high-density turbidity currents. 

The thick, non-stratified and non-graded crystal-rich volcaniclastic sandstone units are 

exceptionally thick (> 100 m) and regionally extensive. Deposits of this type are 

uncommon in the rock record. The crystal-rich volcaniclastic sandstone contains 

approximately 30-60% matrix, interpreted as altered fine grained vitric-rich ash, which 

would have provided some buoyancy and "lubrication" for the sand grains. Lowe (1982) 

considers that most sandy, high-density sediment gravity flows are turbulent, and that 

debris flows generally involve coarser grain populations (i.e. pebble to boulder clasts) in 

a mud-silt matrix which provides matrix strength. Because there is no direct evidence that 

turbulence was involved in the emplacement of these deposits (i.e. normal grading), the 

flows could be interpreted as sandy debris flows, where matrix strength was the principal 

particle support mechanism. Shanmugam et al. (1995) argue that sandy high-density 

flows are more closely related to plastic debris flows than to fluidal turbidity currents. 

However, the lack of grading in these deposits may simply be an artefact of the narrow 

range of particle types and sizes involved. Furthermore, the absence of evidence for 

turbulence in the deposits is not unequivocal evidence that turbulence was not involved. 

Kneller and Branney (1995) argue that massive sands can be deposited from high-density 

turbidity currents by gradual aggradation from a steady or quasi-steady turbulent flow. 

Many turbidite sequences contain "unusual" facies such as very thick massive sands that 

do not accord with the classic models for turbidity current sedimentation (e.g. Bouma 

1962, Lowe 1982). These models generally only consider deposition from simple waning 

flows. Kneller (1995) suggested that deposition may also occur beneath flows that are 

steady or even waxing (accelerating flows), based on the application of simple equations 

of motion. For example, massive sands may accumulate by gradual aggradation, where 

deposition is from steady or quasi-steady, non-uniform (depletive) high-density turbidity 

currents (Kneller and Branney 1995). Flow unsteadiness refers to velocity changes with 

respect to time, and flow non-uniformity refers to velocity changes with respect to 

distance (Kneller 1995). Steady depletive flows, which are thought to be responsible for 

producing massive sandstones (Kneller and Branney 1995) maintain a constant velocity 

with respect to a particular point, but decrease in velocity with respect to distance. 

The deposition of the extremely thick, massive crystal-rich volcaniclastic sandstone units 

in the Comstock Formation probably occurred by gradual aggradation from a sustained or 

continuous high-density turbidity current (cf. Kneller and Branney 1995). En masse 

deposition from a laminar flow is unlikely due to the great thickness of these deposits (> 
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100 m in places). Gradual aggradation can form thick massive sand units as a result of 

deposition from the base of a continuous, sustained, steady or quasi-steady (depletive?) 

current, given the necessary sediment supply. In such cases, the thickness of the deposit 

reflects the duration and rate of deposition, and has no relation to the thickness of the 

parent current. Suspended load fallout rates are thought to have been extremely high in 

the exceptionally thick sedimentation units. The formation of tractional structures is 

prevented by the absence of a sharp rheological interface or velocity gradient near the base 

of the flow (Kneller and Branney 1995). Rapid deposition of sand would have produced 

a complementary upward migration of the interstitial fluid which may have contributed to 

particle support in the overriding current. This process is referred to as hindered settling 

(Lowe 1982), a type of self-fluidisation process where the constant rain of larger 

(depositing) particles, causes a sufficiently strong vertical fluid flux to support grains in 

the overriding flow (Druitt 1994). This upward rising fluid may elutriate smaller particles, 

leading to enrichment in denser/larger particles (e.g. crystals). Hindered settling may have 

played a role in the formation of the crystal-rich volcaniclastic sandstone facies, however, 

no positive evidence for this process, such as vertical fines-depleted elutriation structures, 

have been observed. 

Classification 

The crystal-rich volcaniclastic sandstone facies in the Comstock Formation are difficult to 

classify using conventional classification schemes for deep water facies, as they are 

unique in their exceptional thickness and massive, non-graded structure. 

The classification of massive sandstones into the Bouma model has been argued by 

Walker (1978) to be inappropriate. The Bouma model has five parts (a, b, c, d, e 

divisions; Bouma 1962), and interpretation of beds that only show the a-division, is 

poorly constrained. Walker (1978) does consider turbidites dominated by massive 

sandstones, although the sequences he describes consist of stacks of sandstone beds that 

are 50 cm to several metres thick (amalgamated a-divisions). This is 1-2 orders of 

magnitude less than the bed thicknesses of some crystal-rich volcaniclastic sandstone 

units in the Comstock Formation. 

Cas (1979) modified the Bouma sequence in order to classify the crystal-rich arenite units 

of the Merrions Tuff, which are very similar to the crystal-rich volcaniclastic sandstone 

units in the Comstock Formation. Cas (1979) considered the crystal-rich arenites to be 

deposits from large turbidity currents, and refers to them in a later paper (Cas and Wright 

1991) as "megaturbidites". Cas (1979) noted significant differences between the massive 
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arenites of the Merrions Tuff and classic Bouma-type turbidite sequences. The basal 

sands in the classic Bouma-type turbidite system are commonly graded and relatively thin 

(<lm) (Bouma 1962), whereas the arenite units of the Merrions Tuff are often non

graded and extremely thick (some greater than 100 m). In order to classify the crystal-rich 

arenite units of the Merrions Tuff, Cas (1979) subdivided the Bouma a-division into 3 

parts: al - a basal reverse graded massive division; a2 - a non-graded massive division; 

and a3 - an upper normally-graded division. Like the Merrions Tuff, most of the crystal

rich volcaniclastic sandstone units in the Tyndall Group are dominated by a2 and a3 

(massive to normally graded) divisions. 

The massive, crystal-rich volcaniclastic sandstone units in the Comstock Formation are 

distinctive deposits involving unique sedimentation processes. Despite the abundance of 

research carried out on sediment gravity flows and their deposits, these units are still 

poorly understood and difficult to classify into conventional classification schemes. 

VOLCANICLASTIC LITHIC BRECCIA 

Lithofacies characteristics 

The volcaniclastic lithic breccia units in the Comstock Formation are interbedded with 

other volcanogenic sedimentary lithofacies. Breccia units in the Lynchford Member are 

interbedded with laminated mudstone and sandstone, and the volcaniclastic lithic breccia 

units in the Mount Julia Member are closely associated with the crystal-rich volcaniclastic 

sandstone facies (Chapter 3). Sedimentation units are generally metres to tens of metres 

thick, and in areas of good exposure are laterally extensive for at least several tens of 

metres. The breccias are both clast- and matrix-supported (the latter being most common), 

comprising angular and subangular pebble to boulder size lithic clasts in a crystal-rich or 

mud-rich matrix. Clast types are dominated by felsic volcanic clasts and mudstone 

intraclasts with a range of other clast types that occur in minor amounts (Chapter 3). 

Three types of volcaniclastic lithic breccia occur in the Comstock Formation. 

1) Normally graded, non-stratified to diffusely stratified breccia (Fig. 5.3a). 

Sedimentation units consist of pebble to boulder size volcaniclastic lithic breccia near 

the base grading up to massive crystal-rich sandstone, with laminated fine sandstone ± 
mudstone at the top of some units. Many units begin with an inversely graded basal 

layer (5-50 cm thick) of pebbly crystal-rich sandstone, with only minor lithic clasts, 

that grades up into coarser grained volcaniclastic breccia. Grading can either be total 

size-fraction or coarse-fraction grading. The breccias generally show no internal 
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stratification, and are matrix-supported and less commonly clast-supported. The matrix 

is crystal-rich and is texturally and compositionally similar to the crystal-rich 

volcaniclastic sandstone facies. 

2) Non-graded, non-stratified volcaniclastic lithic breccia (Fig. 5.3b). These units are 

massive and comprise angular, pebble to boulder size clasts in a crystal-rich sandy 

matrix. 

3) Non-stratified, black mud-matrix breccia. These units show very crude coarse

fraction normal grading of angular pebble to cobble size, felsic volcanic clasts and 

mudstone intraclasts in a black muddy matrix (Fig. 5.3 c). 

Sedimentation processes and particle support mechanisms 

The lithofacies characteristics of the volcaniclastic lithic breccia facies suggest that final 

transport involved high-density turbidity currents and debris flows (cf. Middleton and 

Hampton 1973, Lowe 1982, Pickering et al. 1989). This facies has similar transport 

mechanisms to the crystal-rich volcaniclastic sandstone facies (described above), but 

involves coarser particles, and in rare cases mud matrix. 

Transport of the normally graded breccia units probably involved a variety of particle 

support mechanisms (e.g. turbulence, buoyancy and dispersive pressure). The presence 

of well developed normal grading suggests that turbulence was probably the most 

important particle support mechanism. In addition, larger clasts would have been buoyant 

in the high concentration mixture of suspended crystals, fine ash and water. The inversely 

graded basal layer is interpreted to have formed in a basal shear zone (or traction carpet; 

Lowe 1982) where grain interaction and dispersive pressure were dominant. The non

stratified nature of the coarse grained portions is consistent with rapid deposition that 

inhibited development of tractional sedimentary structures. However, the diffuse parallel 

stratification observed in some units indicate that some sedimentation was influenced by 

tractional processes. The relatively thin layers of laminated mudstone at the top of some 

normally graded units probably reflect sedimentation from dilute trailing suspensions 

associated with the high-density turbidity currents. 

The non-graded, non-stratified breccia units are thought to be deposits from high-density 

turbidity currents or debris flows. Although mud is a minor component in these units, 

Lowe (1982) notes that as little as 5% of mud can provide buoyant lift and will lubricate 

the grains. In these high concentration flows, grain interaction causing dispersive 

pressure would also have been an important particle support mechanism. 
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Fig. 5.3 Stratigraphic sections of the volcaniclastic lithic breccia facies. a) Normally 
graded volcaniclastic lithic breccia and sandstone facies, Anthony Road cutting (GR 
5357350N - 38 l060E). Sedimentation units consist of volcaniclastic lithic breccia (VLB) 
near the base grading up to massive crystal-rich volcaniclastic sandstone (CRVS), with 
laminated fine sandstone ±rnudstone (LMS) at the top of some units; true thickness is 
approximately 30 m. b) Matrix-supported, non-graded and non-stratified volcaniclastic 
lithic breccia units with a crystal-rich matrix (VLB), interbedded with laminated mudstone 
and sandstone facies (LMS), Comstock drill hole C6 l, 380-410 m; true thickness is 
approximately 27 m. b) Crudely normally graded, non-stratified mud-matrix 
volcaniclastic lithic breccia units (VLB) interbedded with laminated mudstone and 
sandstone facies (LMS), Comstock drill hole C68, 101-140 m; true thickness is 
approximately 18 m. 
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The mud-rich, matrix-supported volcaniclasti.c lithic breccia units in drill hole C68 have a 

high proportion of black mud matrix (approximately 50-70%) supporting angular 

volcanic pebbles and laminated mudstone intraclasts. This high mud content would have 

resulted in sufficient matrix strength for buoyant support of the pebbles. These units are 

interpreted to have been deposited from debris flows. Deposition was probably by 

freezing when the shear stress decreased below the cohesive strength (Pickering et al. 

1989). Transport was probably largely by laminar flow. However, the unit shows very 

crude coarse-fraction normal grading indicating that the larger, dense clasts were able to 

sink to the base of the flow during transport. Alternatively, the flows may have been 

partially turbulent, a common feature of subaqueous debris flows (Nemec and Steel 

1984). 

LAMINATED MUDSTONE AND SANDSTONE 

Lithofacies characteristics 

The laminated mudstone and sandstone facies comprises thin (millimetre to tens of 

centimetre thick), parallel to wavy beds and laminae of mudstone and sandstone (Figs 

3.4c, 3.4d, 3.5i, 3.5j). A representative log of this facies is shown on Figure 5.4. The 

beds and laminae are laterally continuous in outcrop and are generally normally graded 

with sharp bed bases, grading upwards from coarse to fine grained sandstone to 

mudstone. Small flame structures and load casts occur at the base of some sandstone beds 

and rare cross-laminated fine sandstone occurs locally. The graded laminated mudstone 

and sandstone deposits are accompanied by massive to finely laminated black mudstone 

intervals (up to lO's metres thick) and thick sandstone intervals (up to 3 m thick). 

Sedimentation processes 

The characteristics of this facies suggest that transport involved low to high 

concentration, sandy-muddy turbidity currents (cf. Bouma 1962, Walker 1978, Lowe 

1982, Pickering et al. 1989). The classic turbidite model of Bouma (1962) for fine 

grained turbidites is shown in Figure 5.5. In the ideal case, sedimentation from 

suspension of Bouma a-division non-stratified sands is follow{!d by traction 

sedimentation forming the b- and c-divisions. The d-division involves sedimentation from 

suspension with some traction effects and the overlying e-division (mud) is deposited 

directly from suspension. The graded turbidite units in the Lynchford Member rarely 

show all five divisions of the Bouma sequence. They commonly show Bouma a- and b

divisions, ± c-divisions, ± d-divisions, overlain bye-divisions, somewhat analogous to 
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m thick. Comstock drill hole C072, 220-254 m; true thickness is approximately 14 m. 
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the middle-absent proximal turbidites documented by Walker (1967). Experimental 

results involving fine grained turbidity currents suggest that the basal massive to graded 

sands (a-division) are deposited by direct suspension sedimentation from high-density 

flows (Middleton 1967), whereas the overlying b- toe-Bouma divisions are depositeCI 

from the residual low-density flows (Lowe 1982). 

The presence of middle-absent turbidite units in this facies (cf. Walker 1967) suggests 

that rapid deposition occurred, inhibiting the development of the tractional stages in the 

Bouma sequence. In this case, the turbidity currents may have travelled only relatively 

short distances, thereby having insufficient time to fully develop into well sorted, 

turbulent flows that are typical of distal, deep-water settings (Walker 1967). The 

association with abundant coarse grained volcaniclastic breccia and massive sandstone 

units is consistent with a relatively proximal submarine fan setting (see discussion section 

below). 

Massive and laminated black mudstone intervals (up to several tens of metres thick) 

included in this facies (e.g. in the Anthony Road area) are interpreted as hemi-pelagic 

mudstone deposits. In this case, sedimentation of mud from suspension, represents the 

background or ambient sedimentation in the marine environment. Mud sedimentation was 

probably continuous, allowing thick mud intervals to accumulate during periods of 

quiescence, which were periodically interrupted by coarse grained sediment gravity 

flows . 

. POLYMICT VOLCANICLASTIC CONGLOMERATE AND SANDSTONE 

Lithofacies character;stics 

The Zig Zag Hill Formation largely consists of non-graded, or normally graded, and less 

commonly inversely graded, polymict volcaniclastic conglomerate and sandstone units. 

Normally graded units are most common, grading from boulder-cobble, clast-supported 

conglomerate through matrix-supported pebble conglomerate and/or pebbly sandstone 

and are metres to tens of metres thick. The graded beds are generally laterally continuous 

and are non-stratified to diffusely parallel stratified, with rare cross stratification in places. 

Tabular, non-stratified and non-graded units (up to tens of metres thick) are also common 

and comprise polymict, matrix-supported and less commonly clast-supported, pebble

cobble conglomerate. Inversely graded, non-stratified to parallel-stratified pebbly 

sandstone beds (centimetres to tens of centimetres thick) are less common. At Zig Zag 

Hill and East Mount Lyell, lensoidal conglomerate and sandstone units are present in 
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Fig. 5.6 Representative stratigraphic logs of the polymict volcaniclastic conglomerate and 
sandstone facies of the Zig Zag Hill Formation. a) Section of drill core showing non
graded and normally graded sedimentation units of matrix-supported volcaniclastic lithic 
conglomerate (MC) and diffusely-stratified to non-stratified quartz- and lithic-rich pebbly 
sandstone (PS). Comstock drill hole C50, 65-115 m; true thickness is approximately 27 
m. b) Log of outcrop on Zig Zag Hill approximately 12 m thick showing a normally 
graded sedimentation unit grading from clast-supported, cobble conglomerate (CC), 
upwards into pebbly sandstone (PS), (GR 5346200N - J82435E). 
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places and show well developed low-angle cross stratification. Gradational contacts are 

most common with minor sharp contacts observed at the base of some beds. A 

representative log of this facies are shown in Figure 5.6. 

Sedimentation processes and particle support mechanisms 

The polymict volcaniclastic conglomerate and sandstone units are interpreted as deposits 

from high-density turbidity currents, and possibly debris flows (cf. Middleton and 

Hampton 1973, Lowe 1982, Pickering et al. 1989). This facies has similar transport 

mechanisms to the volcaniclastic lithic breccia facies (described above), but the abundance 

of rounded lithic clasts indicates considerable reworking prior to final transport. 

Transport of the normally graded breccia units probably involved a variety of particle 

support mechanisms (e.g. turbulence, buoyancy and dispersive pressure). The presence 

of normally graded units indicates that those flows were at least partly turbulent. Pebbles, 

. cobbles and boulders would have been buoyant in the high concentration mixture of sand, 

granules, mud and water. The inversely graded layers suggest that grain interaction took 

place at least at the base of the currents creating dispersive pressure. The low angle cross

stratification and development of lensoidal beds of conglomerate and sandstone in places 

reflects tractional sedimentary processes during mass flow transport, which are more 

common in proximal parts of turbidite fans, or in channel environments (Lowe 1982, 

Walker 1984, Pickering et al. 1989) (discussed below). The scarcity of fine grained 

deposits in this formation is consistent with a proximal depositional environment. 

The massive non-stratified sedimentation units were probably rapidly deposited from 

high-density turbidity currents or debris flows. The apparent lack of mud matrix implies 

that matrix strength was not a significant particle-support mechanism. However, Lowe 

(1982) notes that as little as 5% of mud sized material can provide buoyant lift and will 

lubricate the grains. Such small amounts of mud matrix would be difficult to identify in 

these rocks as they have undergone moderately strong sericite-, hematite-alteration and 

tectonic deformation. High particle concentration was probably the most important 

influence on particle support, resulting in dispersive pressure, buoyancy and possibly 

also hindered settling. 

Origin of the massive carbonates 

Massive carbonate units occur at the base of the Tyndall Group in the Comstock and 

Anthony Road areas, and also occur in the Henty Gold Mine sequence (Yeats 1989). 
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Descriptions of the carbonates are provided in Chapters 3 and 4. The carbonate unit in the 

Comstock drill hole C50 (Appendix B) contains abundant in situ shallow marine fossils 

(Jago et al. 1972) indicating a "normal" biogenic sedimentary (autochthonous) origin. 

However, a hydrothermal exhalative origin for this carbonate unit was considered by 

MacDonald (1991), because the carbonates directly overlie andesitic rocks containing 

copper-, gold-rich massive sulfide mineralisation (Lyell Comstock Mine). In the Anthony 

Road area, patchy sulfide mineralisation (Howards Anomaly prospect) occurs in and 

around the carbonate units at the base of the Tyndall Group. Units of massive carbonates 

in the Henty Gold Mine area are also spatially associated with the massive sulfide 

mineralisation, within the Tyndall Group (Yeats 1989). Carbonate veins also occur within 

the underlying intermediate volcanic rocks (Yeats 1989). The depositional environment of 

these carbonates is discussed in the following section. 

Carbon and oxygen isotope studies of the Henty carbonates (Yeats 1989) are consistent 

with a hydrothermal, exhalative origin. The results lie close to and within the field of 

other western Tasmanian Cambrian hydrothermal carbonates (Khin Zaw 1991) and are 

distinctly different from worldwide Cambrian marine carbonates analysed by Veizer and 

Hoefs (1976) (Fig. 5.7). 

MacQonald (1991) carried out carbon and oxygen isotope studies on the Comstock 

carbonates and concluded that they formed either by exhalative hydrothermal processes, 

or "normal" biogenic and sedimentary processes. The presence of abundant shallow 

marine in situ fossils in the Comstock carbonates favours a sedimentary, rather than a 

hydrothermal origin. In addition, the Comstock carbonates have considerably higher 

a180 and a13C values than the Henty hydrothermal carbonates, and plot close to the 

boundary, and within the field for worldwide Cambrian marine carbonates (Veizer and 

Hoefs 1976) (Fig. 5.7). The fossil-bearing carbonate samples analysed by MacDonald 

(1991) have the highest ()180 values and fall well within the field of worldwide Cambrian 

marine carbonates (Fig. 5.7), favouring a sedimentary origin. 

Depositional environments 

The abundance of deposits from low- and high-density turbidity currents in the Tyndall 

Group and the scarcity of traction current structures indicates that the depositional 

environment was largely submarine and below storm wave base. Depth of storm wave 

base is highly variable in modern oceans and ranges from about 10 m to 200 m 

maximum, depending on geographic and environmental conditions (Selley 1982, Reading 

1986). 
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Although the depositional setting for the Tyndall Group was below wave base, 

moderately shallow water depths (i.e. hundreds to tens of metres) are most likely, 

because in situ shallow marine carbonate is preserved at the base of the Tyndall Group at 

Comstock (Jago et al. 1972). The Comstock carbonate unit is interpreted as a shallow 

bank deposit by Jago et al. (1972). The absolute water depth for the fossil assemblage is 

poorly constrained, but was probably less than a few hundred metres. The carbonate 

units at Comstock are conformably overlain by parallel bedded and laminated mudstone 

and sandstone units interpreted as turbidites. Therefore, either the carbonates were 

deposited below wave base, or else rapid subsidence occurred shortly after deposition of 

the carbonate in a shallow water, above-wave-base environment. 

The older lithostratigraphic units of the Mount Read Volcanics underlying the Tyndall 

Group are dominated by relatively deep-water facies (McPhie and Allen 1992) and the 

only known shallow water carbonates are those that occur in the Tyndall Group. The 

regional shallowing upward trend from the older parts of the Mount Read Volcanics to the 

Tyndall Group is continued into the overlying Owen Conglomerate which is dominated 

by alluvial to shallow marine, above-wave-base facies (Banks and Baillie 1989). 

Discussion 

Turbidite facies are commonly considered with respect to the submarine fan model of 

Walker (19J8, 1984) (Fig. 5.8) which helps to constrain the relative position of facies 

within the submarine fan complex. The dominance of coarse grained facies throughout 

the Tyndall Group (e.g. volcaniclastic sandstone, breccia and conglomerate), suggests 

that if a submarine fan complex was involved, then deposition was in the proximal part of 

the fan, in the upper fan to mid fan region (Fig. 5.8). However, the classic distal to 

proximal lateral facies transitions documented in the submarine fan model of Walker 

(1978) are not well displayed in the Tyndall Group, and therefore this model is probably 

unsuitable for the Tyndall Group sequence. The submarine fan model of Walker (1978) is 

generally only suitable for "normal" sediment supply conditions, where detritus is 

sourced from erosion of the hinterland. This model does not account for active volcanic 

terrains involving rapid, periodic, syn-eruptive influxes of volcaniclastic detritus from 

adjacent explosive volcanic terrains, which may have the effect of totally overwhelming 

the "normal" sedimentary conditions. The Tyndall Group setting may have been more like 

that in a volcaniclastic apron system (cf. Karig and Moore 1975, Carey and Sigurdsson 

1984) where marine depocentres receive massive influxes of detritus from island 

volcanoes. The fundamental difference between classical submarine fans and 

volcaniclastic apron systems is the nature and delivery of sediment to the basin. 
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Submarine fans are typically fed by submarine canyons, whereas volcaniclastic apron 

systems receive massive influxes of detritus from island-arc volcanism (Carey and 

Sigurdsson 1984). 

Deposition of the regionally extensive, non-stratified and non-graded crystal-rich 

volcaniclastic sandstone facies in the Comstock Formation is consistent with as a 

volcaniclastic apron system (cf. Karig and Moore 1975) or pyroclastic fan delta scenario 

where a thick pyroclastic delta builds up offshore (discussed in Chapters 6 and 7). The 

crystals and other pyroclasts were generated by explosive volcanic eruptions and were 

probably rapidly transported and deposited shortly after eruption (syn-eruptive deposits; 

Chapter 4). The long-distance transport history of the crystal-rich volcaniclastic sandstone 

facies is discussed in Chapter 7. The lithofacies characteristics of the crystal-rich 

volcaniclastic sandstone facies indicate deposition was mostly from high-density (sandy) 

turbidity currents and/or debris flows, in a subaqueous environment, below storm wave 

base. The overall absence of wave reworking structures in the Tyndall Group also 

supports this interpretation. However, wave reworking structures would not have had 

time to develop in the CRVS units if the accumulation rate was very high (as suggested 

above). Therefore it is possible that some deposition occurred in shallower above-wave

base environments. The sudden influx of hundreds of metres of massive crystal-rich 

volcaniclastic sandstone, derived from large volume explosive eruptions occurring in the 

adjacent volcanic source terrain (Chapter 4), would have had a dramatic effect on the 

depositional environment and could have caused significant shallowing and regression of 

the shoreline. A similar situation has recently occurred in Guatemala after th~ eruption of 

Santa Maria volcano in 1902 (Kuenzi et al. 1979). Redeposition of approximately 4 km3 

volcaniclastic debris in the 20 years after the eruptions built a large volcaniclastic delta 

platform offshore, causing progradation of the shoreline 7 km seaward (Fig. 5.9). A 

significant part of the delta was redistributed laterally between 1922 and 1947, but the 

arcuate delta has remained in a position 1.6 km seaward of the pre-1902 coastline. Kuenzi 

et al. (1979) predict that another large volume eruption at Santa Maria volcano will initiate 

a new phase of deltaic sedimentation. 
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Summary 

The volcanogenic and non-volcanic sedimentary lithofacies in the Tyndall Group are 

interpreted to have been deposited largely from subaqueous sediment 'gravity flows. The 

abundance of high- and low-density turbidity current deposits and the absence of 

evidence for reworking of these beds suggests deposition largely in a below-storm-wave

base environment. Many of the volcanogenic sedimentary deposits are very thick and 

non-stratified, implying relatively rapid deposition. An in situ limestone unit containing 

abundant shallow marine fossils (Jago et al. 1972) occurs at the base of the Comstock 

Formation at Comstock, and indicates that at least part of the group was deposited in 

moderately shallow water. 
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CHAPTER 6 

EMPLACEMENT MODELS FOR THE WELDED 
IGNIMBRITE FACIES 

Introduction 

This chapter discusses the origin of welded ignimbrites that are intercalated within 

submarine volcanogenic and non-volcanic sedimentary rocks of the Tyndall Group. The 

ignimbrites show welding textures that indicate hot-state emplacement, implying 

deposition from gas-supported pyroclastic flows. The lithofacies characteristics of the 

enclosing volcaniclastic sedimentary rocks suggest that the depositional setting was 

largely submarine and below storm wave base (Chapter 5). Although the welded 

ignimbrites in the Tyndall Group could be deposits from hot, gas-supported subaqueous 

pyroclastic flows, other emplacement mechanisms are inferred from relationships with 

the enclosing volcanogenic sedimentary rocks. 

Genuine occurrences of welded ignimbrite showing clear evidence for hot emplacement 

are rare in the Mount Read V olcanics, and are presently only known in the Tyndall 

Group. Early reports of ignimbrite in the Central Volcanic Complex relied heavily on the 

recognition of pumice and shards (e.g. Spry 1962, Solomon 1964), and on the presence 

of phyllosilicate-rich lenses that resemble eutaxitic textures in welded ignimbrite (Corbett 

et al. 1974, Cox 1981, Green et al. 1981). More recent studies indicate that in some 

cases, the apparent eutaxitic textures are the result of diagenetic alteration and compaction 

of originally non-welded pumice breccia (Allen and Cas 1990). The pumiceous units have 
' 

sharp bases, very thick (tens of metres thick) massive or graded lower parts and thin, 

finer stratified upper parts suggesting deposition from cold, water-supported sediment 

gravity flows in a submarine environment, below wave base (Allen and Cas 1990). 

Pyroclastic flows and their deposits 

Pyroclastic flows are highly mobile, hot, ground hugging, high-particle-concentration 

density currents of pyroclasts and gas, and are frequently produced by explosive volcanic 

eruptions and gravitational collapse of lava domes. Ignimbrite is the deposit from a 

pumiceous pyroclastic flow, regardless of volume or whether welded or non-welded 
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(Sparks et al. 1973), and is generated in most cases by explosive eruptions. Welding 

compaction is the adhering together and deformation of hot pumice lapilli and shards and, 

except for very low viscosity pyroclasts, commonly takes place under compactional load 

during initial cooling (Smith 1960a, Branney and Kokelaar 1992). The hot pumice lapilli 

and shards deform plastically and pore space is reduced, transforming the original loose 

pyroclastic aggregate into a lithified, welded ignimbrite or welded ash-flow tuff. 

'Three criteria must be met in order to positively identify ignimbrites: (1) presence of 

pyroclasts; (2) facies characteristics indicating deposition from a density current; (3) 

evidence for gas-supported transport of particles (Cas and Wright 1991). In ancient 

volcanic successions, the third criteria is the most difficult to establish and principally 

depends on proof of emplacement at temperatures above 100°C. The most reliable 

indicators of hot emplacement are columnar jointing, syn-depositional thermal oxidation, 

syn-depositional thermoremanent magnetisation, high-temperature crystallisation textures 

(e.g. spherulites, lithophysae, micropoikilitic texture) of glassy components, matrix 

perlite, and welding textures, especially plastically deformed shards. Without clear 

evidence for gaseous support during transport, it is possible that water was the interstitial 

phase during transport and deposition (e.g. turbidity currents, debris flows). The 

ignimbrites in the Tyndall Group show excellent preservation of welding textures, matrix 

perlite and locally, high temperature crystallisation textures and were deposited from hot 

pyroclastic flows. 

Subaqueous pyroclastic flows 

The behaviour of pyroclastic flows that enter water or that are subaqueously erupted is 

the subject of recent debate (e.g. Cas and Wright 1991, Cole and DeCelles 1991, 

Kokelaar and Busby 1992, Schneider et al. 1992). It is not presently known whether 

pyroclastic flows can enter water (lakes or the sea) and continue to flow subaqueously as 

gas-particle dispersions. Establishing that a pyroclastic flow travelled underw3:ter 

requires: (1) evidence for gas- rather than water-support of particles, such as evidence 

that deposition occurred at> 100° C; (2) evidence for a subaqueous palaeoenvironment 

based on a range of lithofacies characteristics of the enclosing sequences. 

Sparks et al. (1980a, b) considered the case of poorly inflated pyroclastic flows 

composed of relatively dense, juvenile pyroclasts crossing steeply sloping shorelines. 

They suggested that such flows could continue underwater as gas-particle dispersions by 

converting any incorporated sea water to steam with only minor heat loss from the flows' 

interior. In this case, dilute parts of the flow that mix with sea water would be dispersed 
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as turbidity currents, and as suspended plumes or by flotation (Sparks et al. 1980b). The 

subaqueous behaviour of less dense, pumiceous pyroclastic flows of the kind thought to 

deposit ignimbrite, is less well understood. 
\ 

Welded ignimbrites are rare in unequivocally subaqueous successions. Most ignimbrites 

are derived from subaerial volcanic centres and welding is typically developed in 

ignimbrites emplaced in subaerial settings. However, examples of welded ignimbrite in 

submarine successions are becoming more widely recognised. The best examples involve 

large volume ignimbrites ponded within submerged calderas (e.g. Busby-Spera 1984, 

Kokelaar and Busby 1992) and ignimbrites emplaced in shallow water shelf 

environments (e.g. Howells et al. 1985). In the first case, large volumes of ignimbrite 

were probably emplaced very rapidly and were effectively insulated from significant 

interaction with water. In the second case, flows that were sufficiently thick and dense 

probably caused temporary seaward displacement of the shoreline and rapid shallowing 

or subaerial emergence. 

In the Tyndall Group, welded ignimbrite occurs intercalated with volcanogenic and non

volcanic sedimentary lithofacies that imply a below-storm-wave-base setting (Chapter 5). 

A similar situation has recently been described by Schneider et al. (1992). Units of 

rhyolitic breccia, lapilli tuff and crystal tuff that are interbedded with below-storm-wave

base submarine successions in France (Visean) and Turkey (Upper Cretaceous) show 

well preserved primary welding textures. Schneider et al. (1992) proposed that eruptions 

from submarine fissure vents were important in allowing rapid transport of voluminous, 

essentially primary pyroclastic flows, the deposits from which remained hot enough to 

weld in a relatively deep marine environment 

Welded ignimbrite in the Tyndall Group 

At least three occurrences of welded ignimbrite are intercalated with volcanogenic 

sedimentary rocks of the Tyndall Group (White et al. 1993, White and McPhie 1996). 

The most extensive example is located at Zig Zag Hill and was first reported by Corbett et 

al. (1974). The other examples occur along the Cradle Mountain Link Road near Hellyer 

(Pemberton et al. 1991, Corbett and McPhie 1993) and in the Anthony Road area. The 

ignimbrites occur at various stratigraphic levels in the Mount Julia Member of the 

Comstock Formation. They occur at the top of the Mount Julia Member at Zig Zag Hill, 

and near the base of the Mount Julia Member in the Anthony Road and Cradle Mountain 

Link Road areas. 
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ZIGZAG HILL IGNTh1BRITE 

The welded ignimbrite at Zig Zag Hill forms a discrete, -30-60 m thick, vertically 

dipping unit that extends NW along strike for at least 600 m (Appendix Al; Fig. Al.1). 

The unit is truncated to the south by a major E-trending fault and to the north is covered 

by Quaternary glacial deposits, so the original extent is unknown. Although disrupted by 

E-trending faults, the ignimbrite is laterally continuous and apparently conformable within 

the enclosing bedded volcaniclastic sequences, indicating that it is in situ and not an 

allochthonous slide block. 

The ignimbrite contains angular, lapilli to block size (up to 80 cm across), quartz- and 

feldspar-phyric lithic clasts at its base (Fig. 3.5e). These constitute up to about 10% total 

volume and decrease in size and abundance up-sequence. The ignimbrite also has wispy 

shaped, chloritic, quartz- and feldspar-phyric, spherulitic clasts interpreted as formerly 

glassy fiamme (Fig. 3.5e). These are commonly aligned in an orientation subparallel to 

regional bedding in the enclosing sequence (northwest strike and subvertical dip) and 1 

define a eutaxitic foliation. Within the matrix of the ignimbrite, more irregular chloritic 

patches containing spherulites may represent alteration of formerly glassy, strongly 

welded zones, rather than discrete clasts. 

The ignimbrite comprises a more or less even distribution of subhedral to euhedral 

crystals and crystal fragments (embayed quartz, plagioclase, titanomagnetite, sparse 

altered ferromagnesian phases; 10-20%) in a fine grained, strongly quartz- and feldspar

altered, purple matrix. The matrix contains abundant moderately to strongly welded, 

cuspate and platey bubble-wall shards (Fig. 6.1 a, b) and plastically deformed, ragged, 

fine grained clasts that are similar in appearance to the shards and which are thought to be 

compacted pumice or dense vitriclasts. The shards are most strongly deformed around 

crystal and lithic grains. 

Welding textures occur throughout the preserved thickness of the ignimbrite. Thus, any 

upper, less welded parts of the original ignimbrite may have been eroded prior to 

deposition of the overlying sediments. The, sharp contact observed at the top of the 

ignimbrite is consistent with this interpretation. 

The Zig Zag Hill ignimbrite is underlain (contact not exposed) by parallel laminated 

mudstone and sandstone, massive crystal-rich volcaniclastic sandstone and volcaniclastic 

lithic breccia of the Mount Julia Member, and is overlain by polymict volcaniclastic 

conglomerate and sandstone of the Zig Zag Hill Formation (Fig. 6.2). The characteristics 
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Fig. 6.1 Photomicrographs of the welded ignimbrite facies. 

a) Zig Zag Hill ignimbrite showing moderately welded shard textures. The shards are 
plastically deformed around the margins of quartz and feldspar crystals. Sample CT83, 
plane polarised light. 

b) As in a). 

c) Anthony Road ignimbrite showing low degree of welding. Cuspate and platey shaped 
shards are well preserved. Sample AR26, plane polarised light. 

d) Anthony Road ignimbrite showing moderately welded bubble wall shards around the 
margin of quartz and feldspar crystals. Sample AR68, plane polarised light. 

e) Cradle Mountain Link Road ignimbrite showing moderately to strongly welded shards 
in the matrix surrounding crystal components. The central crystal (C) is an altered 
ferromagnesian crystal (probably amphibole). Sample V33 (Tasmanian Mines Department 
sample), plane polarised light. 

f) Cradle Mountain Link Road ignimbrite showing perlitic texture within the matrix 
indicating thorough welding. Sample CML3 l, plane polarised light. 
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Fig. 6.2 Stratigraphic column of the Zig Zag Hill ignimbrite and the enclosing 
volcaniclastic facies. 
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of these lithofacies suggest transport and deposition by low- to high-density turbidity 

currents and debris flows, largely in a subaqueous, below-storm-wave-base environment 

(Chapter 5). 

Comstock ignimbrite breccia 

Three Comstock drill holes (C59, C50, C61; Appendix B) located along strike 

approximately 900-1300 m southeast of the main Zig Zag Hill exposures, intersect a -5-

10 m thick unit of monomict, matrix-supported volcaniclastic breccia (Comstock 

ignimbrite breccia; Fig. 6.3). The breccia is at the same stratigraphic position as the Zig 

Zag Hill welded ignimbrite and consists of irregular and angular clasts of quartz- and 

feldspar-bearing welded ignimbrite (10-40% total volume) up to 6 cm across in a quartz 

and feldspar crystal-rich sand matrix (Fig. 6.4). Subtle eutaxitic foliations within the 

ignimbrite clasts lie in random orientations. The ignimbrite clasts in the breccia may have 

been derived from the in situ Zig Zag Hill ignimbrite and redeposited downslope in 

crystal-rich sediment gravity flows. The highly irregular and angular clast shapes suggest 

that fragmentation involved quenching of parts of the hot, welded ignimbrite that were 

deposited in water. As noted above, the Zig Zag Hill ignimbrite is welded throughout and 

the sharp upper contact with the overlying volcaniclastic facies may be erosive. Thus, 

another possibility is that the clasts were formed by erosion in a subaerial or shallow 

marine environment. Fragmentation could also have been due to simple gravitational 

collapse of the edge of the welded ignimbrite deposit. The shape of the clasts suggests 

that they were redeposited without having experienced significant reworking or abrasion 

during transport. 

Emplacement of the Zig 'Zag Hill ignimbrite - in sim model 

The Zig Zag Hill ignimbrite is laterally continuous and apparently conformable with the 

enclosing stratigraphy and is therefore probably in situ (rather than allochthonous). 

Although the enclosing sequences imply deposition and welding of the ignimbrite under 

water and below storm wave base, another mechanism is considered. The ignimbrite 
I 

overlies extremely thick intervals (>100 m) of massive, crystal-rich volcaniclastic 

sandstone (quartz-rich CRVS facies). The sandstones are compositionally similar to the 

ignimbrite but much more crystal rich and the lithofacies characteristics suggest 

deposition from crystal-rich sediment gravity flows (Chapter 5). These crystal-rich 

sandstones may have been generated by subaerial pyroclastic flows that entered and 

interacted with the sea (cf. Cas 1983) (as discussed in Chapter 7). Together, the crystal

rich facies and the welded ignimbrite reflect a major explosive rhyolitic to dacitic eruption. 
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Fig. 6.3 Stratigraphic logs of three drill hole sections through the Comstock ignimbrite 
breccia which is underlain by crystal-rich volcaniclastic sandstone (CRVS) and overlain 
by polymict volcaniclastic conglomerate and sandstone (PCS) of the Zig Zag Hill 
Formation. The Comstock ignimbrite breccia (IB) comprises abundant welded ignimbrite 
clasts (10-40% total volume) in a crystal-rich matrix. A transitional facies (TF) 
comprising minor welded ignimbrite clasts (<10%) in a crystal-rich matrix occurs at the 
top and base of most sections. a) Comstock drill hole C50, 140-165 m; true thickness is 
approximately 18 m. b) Comstock drill hole C59, 120-145 m; true thickness is 
approximately 18 m. c) Comstock drill hole C61, 180-250 m; true thickness is 
approximately 51 m. 
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COMSTOCK IGNIMBRITE BRECCIA 
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"\.. \.. 

\. "\.. 

[] Crystal-rich sandstone matrix 

l~I Welded ignimbrite clasts with eutaxitic foliation 

Fig. 6.4 Photograph and interpretation sketch of monomict volcaniclastic breccia 
containing angular and irregularly shaped, quartz- and feldspar-bearing welded ignimbrite 
clasts, in a quartz-feldspar crystal-rich matrix. Comstock ignimbrite breccia sample CE4, 
from Comstock drill hole C59, -138 m. 



The sudden input of voluminous amounts of pyroclastic debris into the marine basin 

could have totally overwhelmed the "normal background" sedimentation patterns, 

resulting in the development of a volcaniclastic delta or apron offshore ( cf. Kuenzi et al. 

1979). The increased sedimentation would have caused rapid shallowing and temporary 

regression of the shoreline so that subsequent pyroclastic flows could then extend into 

newly created shallow water (to subaerial?) environments, and be preserved as welded 

ignimbrite overlying crystal-rich sediment-gravity-flow deposits. Hot welded ignimbrite 

deposited in shoreline and shallow marine environments would have been subject to 

quench fragmentation (and possibly wave erosion and mass wasting), providing irregular 

and angular clasts of ignimbrite to co-eval, crystal-rich sediment gravity flows (Comstock 

ignimbrite breccia). Post-eruptive volcanotectonic subsidence and/or compaction of the 

volcaniclastic pile probably contributed to a relative sea level rise (transgression) and a 

return to below-storm-wave-base sediment-gravity-flow sedimentation, represented by 

polymict volcaniclastic conglomerate and sandstone overlying the ignimbrite. These 

deposits contain abundant, well rounded clasts that were reworked in above-wave-base 

environments then resedimented to deeper water settings. The palaeogeographic setting 

envisaged may have been similar to that of modern fan-delta systems (e.g. Wescott and 

Ethridge 1980, Mastelerz 1995). 

ANTHONY ROAD IGNIMBRITE OCCURRENCES 

Several blocks of welded ignimbrite up to 2 m across (Fig. 6.5) occur within 

volcaniclastic breccia exposed in a cutting on the Anthony Road (road cutting M, Fig. 

6.6). The units strike north-northwest and dip steeply to the east. The blocks are 

subangular to angular in shape and together with smaller volcanic clasts, occur in lithic 

breccia near the base of relatively thick (5-15 m), normally graded, crystal-rich units. The 

lithofacies characteristics indicate transport and deposition by high-concentration, 

gravelly/sandy sediment gravity flows (Chapter 5). Many ignimbrite clasts have eutaxitic 

foliations that are oblique to regional bedding. The breccia matrix is crystal-rich and 

comprises abundant quartz and feldspar crystals and crystal fragments, and lesser detrital 

titanomagnetite grains. In the road cutting, the ignimbrite-block breccia units overlie a 

poorly exposed, small outcrop of feldspar-phyric andesite (Fig. 6.6), which is laterally 

discontinuous. Crystal-rich volcaniclastic sandstone occurs below this andesite exposure 

after a gap in the road cutting exposure of approximately 70-80 m. Observations along 

strike suggest that crystal-rich volcaniclastic sandstone and volcaniclastic lithic breccia 

probably also occurs in the position of the gap. Crystal-rich volcaniclastic sandstone, 

massive to normally-graded volcaniclastic lithic breccia and minor laminated mudstone 

occur in the road cuttings above the ignimbrite-block breccia. 
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Fig. 6.5 Photograph and sketch of a welded ignirnbrite block, approximately 2 rn across 
(IG) in volcaniclastic lithic breccia (BX) exposed on the Anthony Road (road cutting M) 
(GR 5357290N - 38 l060E). The eutaxitic foliation in the ignirnbrite block is oblique to 
bedding attitudes in the surrounding volcaniclastic units. 
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Fig. 6.6 Stratigraphic column of the volcaniclastic sediment gravity flow units containing 
the welded ignimbrite blocks exposed in road cutting M, Anthony Road, (GR 5357350N 
- 381060E). 
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In addition, several isolated exposures of welded ignimbrite occur up to 750 m along 

strike to the south of the ignimbrite-block breccia, at the same stratigraphic position (Fig. 

6.7). The interval in which the welded ignimbrite exposures occur is underlain and 

overlain by crystal-rich volcaniclastic sandstone, massive to normally-graded 

volcaniclastic lithic breccia and minor laminated mudstone (contacts not exposed). These 

lithofacies are interpreted to have been emplaced from high- to low-density sediment 

gravity flows, in a subaqueous environment below storm wave base (Chapter 5). 

Scattered outcrops of crystal-rich volcaniclastic sandstone also occur within the interval 

that contains the ignimbrite exposures (Fig. 6. 7). Eutaxitic foliations appear to be at 

random orientations within some exposures, but in at least two other cases, are clearly 

subparallel to regional bedding (Fig. 6.7). 

The limited outcrop and lack of exposed contact relationships make it difficult to 

determine whether these occurrences are part of a single in situ welded ignimbrite unit or 

are a series of megablocks. However, the close spatial association with the ignimbrite

block breccia in road cutting M suggests that these occurrences are probably also blocks 

and megablocks. The random orientation of eutaxitic foliations and the presence of 

crystal-rich volcaniclastic sandstone within the sequence also support this interpretation. 

If correct, then megablocks with dimensions in the order of 50 m x 30 m are present. 

Petrographically, the Anthony Road ignimbrite occurrences are similar to the Zig Zag Hill 

ignimbrite and contain an even distribution of subhedral to euhedral quartz, plagioclase 

and titanomagnetite crystals and angular crystal fragments (10-20%), in a fine grained, 

purple coloured, quartz-feldspar altered matrix. The ignimbrite also contains chlorite 

altered, wispy shaped spherulitic clasts that are interpreted to be compacted relict pumice 

clasts and/or dense vitriclasts. The purple matrix is crowded with cuspate and platey 

shaped bubble-wall shards that show low to moderately high degrees of welding (Fig. 

6.lc, d). 

Emplacement of the Anthony Road ignimbrite occurrences - allochthonous model 

The welded ignimbrite occurrences on the Anthony Road are ip.terpreted to be 

allochthonous blocks and megablocks transported by subaqueous volcaniclastic sediment 

gravity flows. The depositional environment of these deposits was subaqueous and 

below storm wave base, but the ignimbrite blocks and megablocks were derived from 

pyroclastic flow deposits originally emplaced and welded further up-slope, possibly in 

shallow marine or even subaerial environments. 
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Fig. 6.7 Outcrop map of the Anthony Road area showing the distribution of the 
welded ignimbrite exposures and attitude of eutaxitic foliations. The ignimbrite 
exposures form a stratigraphic horizon that trends subparallel to bedding 
orientations in the enclosing rocks. 
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The welded ignimbrite blocks and megablocks could have been derived from in situ 

occurrences of welded ignimbrite (e.g. similar to the Zig Zag Hill ignimbrite) which were 

originally deposited in subaerial to shallow water environments. In this case, the unstable 

CRVS delta platform underlying the ignimbrite (in situ model described above)' could 

have been eroded and undercut by wave action, causing the overlying welded ignimbrite 

to collapse as large allochthonous blocks, and redeposit downslope. 

CRADLE MOUNTAIN LINK ROAD WELDED IGNIMBRITE 

Welded ignimbrite occurs in cuttings on the Cradle Mountain Link Road (Fig. 6.8), but is 

poorly exposed, deeply weathered and faulted. The ignimbrite is at least 30 m thick 

normal to strike but the lateral extent is unknown. It is underlain by approximately 80 m 

of parallel laminated mudstone/sandstone and minor silidclastic conglomerate of the 

Lynchford Member that strikes north-northwest and dips steeply east. The section is cut 

by several small faults resulting in minor displacements of some fades. The top contact of 

the ignimbrite is not exposed. Above the ignimbrite, after a stratigraphic gap of 

approximately 30 m, is a sequence of volcanogenic sedimentary fades of the Mount Julia 

Member. These fades include: massive crystal-rich (quartz, feldspar, titanomagnetite, ± 
clinopyroxene) volcaniclastic sandstone; parallel laminated mudstone/sandstone; and 

massive to normally graded crystal- and lithic-rich volcaniclastic sandstone, breccia and 

conglomerate. The crystal-rich volcaniclastic sandstone is texturally and compositionally 

similar to the quartz-rich crystal-rich volcaniclastic sandstone fades at Zig Zag Hill and 

the Anthony Road (CRVS). Small isolated exposures of welded ignimbrite also occur to 

the north and south of the road cutting, up to 250 m away (Appendix A5; Fig. A5.l) at 

approximately the same stratigraphic position and also higher, within the overlying 

crystal-rich volcaniclastic sandstone sequence. The host volcanogenic sedimentary fades 

that enclose the ignimbrite are interpreted as low- to high-density turbidites and/or debris

flow deposits (Chapter 5). 

The ignimbrite in the road cutting varies from well preserved and fresh to deeply 

weathered. The fresh ignimbrite contains 25-35% crystals and crystal fragments 

(plagioclase, quartz, Fe-Ti oxides, altered ferromagnesian phases), minor lithic clasts and 

possible compacted pumice clasts in a brown-orange altered matrix. Crystal abundances 

are somewhat higher than the ignimbrites in the Zig Zag Hill and the Anthony Road areas. 

Crystals are up to 2 mm across, and quartz is typically embayed. The ferromagnesian 

phase consists of eight-sided, equant euhedral crystals (probably amphibole) 

pseudomorphed by chlorite, quartz and opaque alteration minerals. The matrix contains 

an abundance of quartz-feldspar altered cuspate and platey shards that are moderately to 
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Fig. 6.8 Stratigraphic column of the Cradle Mountain Link Road ignimbrite and the 
enclosing facies. The sequence is complicated by a series of small scale faults (t). 
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strongly welded in places, especially around crystal components (Fig. 6.le). The fine 

grained interstitial matrix between the shards comprises brown coloured secondary 

quartz, feldspar and opaque alteration minerals. Perlitic fractures also occur in places 

within the matrix (Fig. 6. lf) indicating that the shards were thoroughly welded because 

perlite only develops in dense glass (Ross and Smith 1955, Allen 1988). Where deeply 

weathered, the perlitic matrix imparts a granular texture to the ignimbrite. Although 

welding textures are well preserved, the orientation of the welding foliation is difficult to 

determine. The welding foliation is subtle and appears to vary,somewhat, even on a thin 

section scale. The production of a series of oriented thin sections failed to identify a 

discrete welding foliation. 

The emplacement mechanism of this ignimbrite occurrence cannot be resolved due to poor 

exposure and structural complexities. It may be interpreted as an in situ unit, within a 

below-wave base succession (cf. Zig Zag Hill ignimbrite) or else an allochthonous 

ignimbrite megablock-bearing unit (cf. Anthony Road ignimbrite). 

Discussion 

Subaqueous welded ignimbrite 

The transport of hot pyroclastic flows in subaqueous environments is a controversial 

subject. It is not currently known whether pyroclastic flows can maintain gas support and 

remain hot enough to weld underwater. The paucity of unambiguous subaqueous welded 

ignimbrites in the rock record led Cas and Wright (1991) to conclude that welding in 

subaqueous environments is uncommon, and that pyroclastic flows generally transform 

into water-supported mass flows, either directly or indirectly, after encountering water. 

However, examples of welded ignimbrite in submarine successions are becoming more 

widely recognised, and subaqueous gas-supported transport and welding warrant serious 

consideration. 

In subaqueous settings, large-volume, high-density, high-temperature pyroclastic flows 

could convert any incorporated seawater to steam (cf. Sparks et al. 1980b), maintaining 

gas support and persisting as. hot, gas-particle dispersions. Deposits from such 

pyroclastic flows may undergo welding if interaction with seawater i.s minimal and heat is 

conserved. Development of a steam carapace (cf. Sparks et al. 1980b) could also help to 

insulate both the flows and any deposits from heat loss. Under these circumstances, 

pyroclastic flows might reach considerable water depths before interaction with water 

caused transformation into cold, water-supported sediment gravity flows. Schneider et al. 
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(1992) concluded that high temperature and rapid deposition are the most important 

factors in forming welded ignimbrite in subaqueous environments. 

Well established examples of welded ignimbrite in subaqueous sequences include: 1) 

very thick (500-800 m) partially welded ignimbrite units that accumulated rapidly, within 

partly or wholly submerged calderas where eruptions were concurrent with caldera 

subsidence (e.g. Vandever Mountain Tuff, Triassic to lower Jurassic, Mineral King, 

USA; Busby-Spera 1984, Kokelaar and Busby 1992); 2) ignimbrite deposited in 

relatively shallow above-wave-base settings (e.g. Capel Curig Volcanic Formation, 

Ordovician, Wales; Howells et al. 1985). The welded ignimbrites within submarine 

lithofacies in the Tyndall Group are neither especially thick ( <60 m) nor confined to 

caldera structures. In addition, the host lithofacies are not shallow water deposits, but are 

interpreted as subaqueous sediment gravity flows (Chapter 5). Although the Tyndall 

Group welded ignimbrite occurrences could have been deposited from submarine 

pyroclastic flows, analysis of associated facies, especially the CRVS facies, and the 

regional palaeogeography, suggests alternative mechanisms are possible. 

Quartz-rich crystal-rich volcaniclastic sandstonefacies (CRVS) 

The quartz-rich CRVS facies is common in the Mount Julia Member of the Comstock 

Formation and has a spatial and compositional association with the occurrences of welded 

ignimbrite. The CRVS is thought to have originated from large-volume subaerial 

pyroclastic flows that entered the sea and transformed into water-supported sediment 

gravity flows (discussed in Chapter 7). Heat was lost when the hot pyroclastic flows 

entered water, and fine ash was winnowed, resulting in complementary progressive 

crystal enrichment in the CRVS. The CRVS contains approximately twice the crystal 

content of the welded ignimbrites. The welded ignimbrites represent deposits from 

pyroclastic flows that were not subject to interaction with water, and ~he CRVS facies 

represent deposits from pyroclastic flows that did interact with water. Because welded 

ignimbrite is rare in the Comstock Formation compared with the CRVS facies, most of 

the pyroclastic flows that entered the marine se~tting evidently interacted with water 

sufficiently to result in transformation to water-supported sediment gravity flows. Welded 

ignimbrite was emplaced only in areas where interaction of the pyroclastic flows with 

water was minimal. 

Tyndall Group palaeogeography 

The palaeogeography envisaged for the Tyndall Group comprises a marine setting that is 

adjacent to an active subaerial to shallow water volcanic terrain (discussed in Chapter 10). 

The interpreted palaeogeography is similar to that of a fan-delta system (cf. Wescott and 
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Ethridge 1980). Subaerial pyroclastic flows encountering such a setting could deposit 

welded ignimbrite in subaerial to relatively shallow water environments. Pyroclastic 

flows that continued down steep offshore slopes into deeper settings, would be expected 

to interact with water, transforming into water-supported sediment gravity flows of 

pyroclastic debris (e.g. CRVS). 

Summary 

Although the welded ignimbrite occurrences in the Tyndall Group could be submarine 

pyroclastic flow deposits, having originated from subaerially erupted pyroclastic flows 

that entered the sea, or else from subaqueously erupted pyroclastic flows, two alternative 

explanations are proposed that also account for closely associated facies, especially the 

CRVS. 

In situ model 

A pyroclastic delta was constructed as the result of subaerial pyroclastic flows meeting 

the sea, interacting with water and transforming into cold, water-supported, volcaniclastic 

sediment gravity flows. The delta was composed of remarkably crystal-rich volcaniclastic 

sand (CRVS) generated as by-products of interaction between the pyroclastic flows and 

water. Temporary shallowing in response to rapid deposition of the CRVS facies and 

regression of the shoreline associated with delta progradation permitted deposition and in , 

situ welding of deposits from subsequent pyroclastic flows, in subaerial to shallow 

marine environments. Compaction and/or volcanotectonic subsidence after the eruptive 

phase produced a relative sea level rise and a return to below-wave-base sedimentation. 

The Zig Zag Hill ignimbrite and the closely associated CRVS facies may have originated 

in this way. 

Allochthonous model 

Portions ofignimbrite originally deposited and welded in shallow water to subaerial 

environments were redeposited as allochthonous blocks and megablocks in large volume, 

cold, water-supported, syn-eruptive subaqueous sediment gravity flows. The Comstock 

ignimbrite breccia is an example of this scenario, and probably also the Anthony Road 

ignimbrite. 

The welded ignimbrite occurrences in the Tyndall Group are readily understood as 

remnants of the primary deposits from pyroclastic flows. The CRVS facies, an important 

type of secondary volcaniclastic deposit, resulted from pyroclastic flows that entered the 

sea and transformed into water-supported sediment gravity flows. Fine grained low-
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density components, mainly glass shards and pumice clasts, were separated from the 

flows during and after transformation, resulting in complementary crystal enrichment of 

the secondary sediment gr~vity flows. The distinctive facies association of welded 

ignimbrite and CRVS in the Comstock Formation reflects the proximity of the submarine, 

largely below-wave-base depositional setting to an active, subaerial to shallow marine, · 

rhyolitic to dacitic, explosive volcanic terrain. 
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CHAPTER 7 

ORIGIN AND SIGNIFICANCE OF THE 
CRYSTAL-RICH VOLCANICLASTIC 

SANDSTONE (CRVS) FACIES: A DISCUSSION 

Introduction 

The quartz-rich crystal-rich volcaniclastic sandstone facies (CRVS) is widespread in the 

Mount Julia Member of the Comstock Formation and has important implications for the 

volcanic provenance and for volcaniclastic sedimentation processes. Much of the data on 

which this chapter is based are presented in previous chapters. A description of the CRVS 

and its distribution are given in Chapter 3. In Chapter 4, the petrography of the CRVS is 

documented and implications for provenance are discussed. In Chapter 5, the final 

transport and depositional processes are constrained and a submarine depositional 

environment is inferred. The importance of the association of the CRVS with welded 

ignimbrite is noted in Chapter 6. In this chapter, some important features of the CRVS 

facies are summarised and then models for the origin of the CRVS facies and the long

distance transport processes are discussed. 

Crystal-rich volcaniclastic sandstone deposits are common in both subaerial (e.g. 

Rotoehu ash, Walker 1979) and subaqueous (e.g. Merrions Tuff, Cas 1979) volcanic 

successions, but have received little attention from elastic sedimentologists. Possible 

origins are diverse, involving various combinations of primary volcanic (e.g. pyroclastic, 

autoclastic) and sedimentary (resedimentation, reworking) processes. 

Mode of fragmentation, character of the volcanic source, 
sedimentation processes and depositional setting 

Genetic interpretation of crystal-rich volcaniclastic sandstone involves consideration of: 1) 

the fragmentation processes (i.e. how the crystal particles were created); 2) the transport 

and depositional processes (distinguishing between primary volcanic and secondary 

processes); and 3) the depositional setting. 
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Crystal-rich volcaniclastic deposits may originate by various processes, including: 1) 

explosive volcanic eruptions that release crystals as pyroclasts, involving transport by 

pyroclastic falls, flows or surges; 2) surface weathering and erosion of previously 

deposited crystal-bearing rocks and deposits; and 3) quench fragmentation of hot 

porphyritic lava in contact with cold seawater. Crystal-rich deposits derived from quench 

fragmentation of hot phenocryst-rich lava contain angular (quench-fragmented) crystals 

and lava fragments, and generally occur in relatively small volumes in proximity to 

subaqueous lavas (e.g. Gimeno 1994). The regional distribution of the CRVS facies in 

the Tyndall Group and lack of lithic clasts are inconsistent with an origin involving 

quench-fragmentation of porphyritic lava. The crystals in the CRVS facies of the Tyndall 

Group consist of euhedral to subhedral crystals and angular crystal fragments which have 

not undergone significant reworking during transport (Chapter 4). Explosive eruption of 

phenocryst-bearing magma is the most likely mechanism for producing the large volumes 

of crystals and crystal fragments present in the CRVS facies (Chapter 4). The presence of 

bubble wall shards in the matrix of the CRVS and the association with welded ignimbrite 

also support an explosive volcanic origin. 

The CRVS facies is regionally widespread and was derived from large volume, silicic, 

explosive magmatic or phreatomagmatic eruptions (e.g. caldera-forming events). The 

source volcanic area was probably located in a subaerial to shallow marine setting, 

adjacent to the deeper submarine depocentre. Shallow water carbonates at the base of the 

Tyndall Group at Comstock indicate that the depositional environment was less than a 

few hundred metres water depth, and imply that the source vents were even shallower 

and/or in subaerial environments. The compositional and textural homogeneity of the 

CRVS facies, and the scarcity of lithic clasts and other accidentally incorporated 

components suggest derivation from a single felsic magma source. The wide distribution 

(approximately 80--100 km present day strike length) and thickness of the CRVS (several 

hundred metres) imply that the eruptions were voluminous, perhaps involving as much as 

tens to hundreds of cubic kilometres of erupted products. 

The lithofacies characteristics of the CRVS facies suggest that final transport prior to final 

deposition involved voluminous, quasi-steady, sandy high-density turbidity currents 

and/or sandy debris flows (Chapter 5). Deposition was mainly in a subaqueous below

storm-wave-base environment. However, rapid emplacement and accumulation of the 

CRVS may have had the effect of shallowing the sea and causing local shoreline 

regressions (Chapter 6). Therefore some of the CRVS may have been deposited in 

relatively shallow water. The high concentration of crystals in the CRVS is thought to 

have resulted from both volcanic and sedimentary processes (cf. Cas 1983, Cas and 
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Wright 1987), and are discussed further below. Although some sedimentary transport 

occurred after eruption, the CRVS is considered to be essentially syn-eruptive, being 

emplaced contemporaneously with (or soon after) the source explosive volcanic eruptions 

(Chapter 4). 

Origin of the CRVS facies: subaerial pyroclastic flows entering 
the sea 

Crystals in the CRVS facies were liberated in the course of voluminous explosive 

eruptions. In this section, the processes responsible for delivery of the crystal and other 

pyroclasts to the submarine depositional setting are considered. The explosive eruptions 

most probably generated pyroclastic flows that efficiently delivered large volumes of 

crystals and ash to the marine depocentre. In addition, a minor proportion of crystals and 

other pyroclasts may have been contributed by fallout and pyroclastic surge processes. 

Welded ignimbrites in the Comstock Formation have compositional and spatial 

associations with the CRVS and further support the inferred role of pyroclastic flows. 

The welded ignimbrites are deposits from parts of the primary pyroclastic flows that did 

not interact with water (Chapter 6). The pyroclastic flows that did interact with water 

sufficiently, were transformed into water-supported sediment gravity flows from which 

the CRVS was deposited. 

PROCESSES LEADING TO CRYSTAL ENRICHMENT 

A number of processes occurring during eruption and transport contributed to the marked 

crystal enrichment in the CRVS facies. These processes are discussed below within the 

context of the model involving pyroclastic flows entering the sea, and are illustrated on 

Figure 7.1. 

Subaerial eruption and pyroclastic flow transport 

The CRVS facies was derived from explosive eruption of a phenocryst-bearing magma 

(Chapter 4). The phenocryst content in the magma that sourced the crystals in the CRVS 

is unknown but was probably less than the crystal content in the associated welded 

ignimbrites (10-35%), assuming that the two facies are genetically related. During 

explosive eruptions, a large proportion of the fine vitric ash is concentrated into the upper 

part of the eruption column and then transported and dispersed downwind (Hay 1959, 

Walker 1972, Sparks and Walker 1977, Carey and Sigurdsson 1980). Dense components 

are concentrated in the lower portions of the eruption column where they may fall out as 
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crystal-enriched fall deposits or alternatively are incorporated into pyroclastic flows 

(Walker 1972, Sparks et al. 1973) (Fig. 7.1). Pyroclastic flows invariably lose fine ash 

and pumice by elutriation into trailing co-ignimbrite ash clouds and become further 
' 

enriched in dense components (i.e. crystals, dense lithic clasts) (Sparks and Walker 

1977, Cas 1983). 

Walker (1972) studied the loss of vitric ash during eruption and pyroclastic flow transport 

and found an average ten-fold increase in the crystal contents in nine different ignimbrites 

compared with phenocryst contents of pumice clasts within the ignimbrites (which would 

closely approximate phenocryst proportions in the parent magma). Walker (1972) 

suggested that the concentration of crystals in the ignimbrites was due to loss of vitric 

components in ash cloud's above the vent and above the pyroclastic flows, and/or that 

such components may be contained in distal parts of the ignimbrite. This model was 

expanded by Sparks and Walker (1977), who calculated that at least 35 wt% of the 

original vitric component was lost during eruption and transport. 

~~- Fine ash is concentrated into the eruption column 
c·· 

· ... ·" .: J :. Column collapse and t ( . · · :. '1. development of pyroclastic flow 
. JJ. 

C · ( . : . · :J Concentration of crystals 
Eruption of . ~ ·. C : 1· 1 J into pyroclastic flows and Violent explosions at shoreline 
phenocryst-beanng / · ~ :J) /fine ash elutriation into • / and elutriation of fines into 
magma ., · . ··")~ co-lgnimbrite ash cloudo/ secondary ash plumes 

........... I •' -,, l'"\r\ 

" ·.: ·:. -~·~~ (. -'".'1 
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subaqueously and fine ash is 
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Fig. 7 .1 Model showing various processes leading to the development of crystal-rich 
volcaniclastic sandstone. Modified from Cas (1983), Cas and Wright (1987). 
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Interaction of pyroclastic flows and water 

Steam-driven explosive interaction is likely to accompany entry of hot gas-supported 

pyroclastic flows into cold water (Fig. 7.1). Secondary explosions would occur when 

cold water around the margins of the hot pyroclastic flow flashes to steam. Such steam 

explosions would promote access of water to the pyroclastic flow and would also remove 

some fine ash in steam-rich ash plumes. Inward migration of the site of secondary 

explosions could eventually transform the hot pyroclastic flow into a cold water

supported mass flow. However, it is also conceivable that under certain circumstances, 

pyroclastic flows could travel underwater; high temperature, and high discharge and 

accumulation rates would be required to minimise interaction with water and to conserve 

heat within the flow. Howells et al. (1985) suggested that film boiling (Leidenfrost effect; 

Mills 1984) may also help to retain heat within the pyroclastic flow under water by 

formation of an insulating steam carapace. Sparks et al. (1980 a, b) suggested that dense 

pyroclastic flows could continue underwater, maintaining gas support of pyroclasts by 

conversion of any incorporated water to steam. 

The angular and irregularly shaped clasts of welded ignimbrite within crystal-rich 

volcaniclastic sandstone in the Comstock ignimbrite breccia (Chapter 6) may be a record 

of incomplete transformation of pyroclastic flows into water-supported sediment gravity 

flows by the ingestion of water. The irregularly shaped ignimbrite clasts may have been 

derived by quench fragmentation or explosive steam-driven fragmentation of hot, still 

compacting, submarine ignimbrite. It is also possible that some clasts may have been 

formed by erosion of welded ignimbrite deposited in a subaerial or shallow marine 

environment. A similar ignimbrite breccia facies occurs in the Proterozoic Big Sunday 

Formation, Northern Territory, Australia (Jagodzinski and Cas 1993). Irregularly shaped 

welded ignimbrite clasts that occur in crystal-rich volcaniclastic sandstone units (20-50 m 

thick) in the Big Sunday Formation are thought to have formed in response to pyroclastic 

flows entering the sea and disintegrating at the shoreline. Jagodzinski and Cas (1993) 

suggested that winnowing of fine ash occurred during explosions triggered at the 

shoreline, with further ash loss as the hot, gas-supported pyroclastic flow transformed 

into a water-supported, high-density mass flow. 

Another process that may have contributed to the formation of the CRVS involves 

subaerial pyroclastic flows that have travelled across water (Fig. 7.1). Cas and Wright 

(1991) suggest that high velocity pyroclastic flows with a low bulk density (-1 g/cm3) 

and low coefficient of friction encountering shorelines with a low angle of incidence 

could flow across the water surface, rather than into and under the water. In this case, 
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pyroclastic debris would be deposited on the water surface and would periodically 

founder into the water (Cas and Wright 1991). Rootless explosions generated at the hot 

flow-water interface would generate secondary ash plumes, providing a mechanism to 

separate light/fine components from dense/coarse components over a wide area. As 

crystals and other dense clasts sink through the water column, light/fine clasts (principally 

buoyant pumice and glass shards) could remain in suspension to be dispersed by 

currents. The characteristics of the deposits generated by this process are not precisely 

known but should be rich in dense pyroclasts (e.g. crystals and/or lithic clasts) and 

resemble other water-settled fall deposits (e.g. Cas et al. 1990). These crystal-rich 

aggregates may remain undisturbed or else may be redeposited downslope by sediment

gravity-flow processes. 

Crystal enrichment during subaqueous transport 

After transformation from hot gas-supported pyroclastic flows into cold water-supported 

sediment gravity flows, continued downslope transport is likely to result in further crystal 

enrichment, by the loss of fine vitric ash into suspension (Fig. 7.1). The CRVS units are 

interpreted to be deposits from high-density turbidity currents and/or debris flows 

(Chapter 5). Shear at the front and margins of turbulent flows results in separation of 

fine/light components and formation of dilute ash-rich suspensions (Lowe 1982). 

Turbulence is usually suppressed in high-density flows, however, earlier stages 

subaqueous transport could have been more dilute, giving a greater chance for fine/light 

particles to be sorted from coarse/dense particles. The suspended ash may: 1) settle out 

and form laminated mudstone (trailing ash cloud deposits); 2) remain suspended in the 

water column and be dispersed by water currents; or 3) form low-density fine grained 

turbidity currents that continue downslope ( cf. Lowe 1982). Some of the normally graded 

CRVS units are overlain by laminated shard-rich mudstone interpreted as trailing ash 

cloud deposits and reflect such sorting and fine ash elutriation during subaqueous 

transport. 

Significance of welded ignimbrite in the Tyndall Group 

In the model discussed above, involving pyroclastic flows entering water, the main 

consequences are that heat is lost by interaction of pyroclastic flows with water and fine 

ash is removed during transport, resulting in complementary progressive crystal 

enrichment in the deposits (CRVS). The welded ignimbrites in the Comstock Formation 

are deposits from pyroclastic flows that were not subject to interaction_ with water 

(Chapter 6). Because welded ignimbrite is rare in the Tyndall Group compared with the 
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CRVS facies, most of the pyroclastic flows that entered the marine setting evidently 
• 

interacted with water sufficiently to result in transformation to water-supported sediment 

gravity flows. The welded ignimbrites in the Comstock Formation contain 10-35% 

crystals, somewhat less than half the crystal content of the CRVS facies (40-70% 

crystals). The' marked crystal enrichment in the CRVS facies indicates that glassy 

pyroclasts (pumice, shards) were selectively removed during eruption and transport, 

concentrating the crystal fraction. Progressive loss of vitric ash decreases the overall Si()z 

content and also causes the composition to shift towards that of the phenocryst 

composition (cf. Flood et al. 1980). Geochemical evidence that supports this process, is 

discussed in Chapter 8. 

The CRVS facies in the Tyndall Group has a close spatial and compositional association 

with the welded ignimbrite facies. Both the CRVS and welded ignimbrite facies contain 

abundant plagioclase and quartz crystals, variable amount:S of titanomagnetite, zircon and 

apatite crystals, and bubble wall shards (Chapter 4) suggesting that they are genetically 

related and were derived from the same source magma composition. However, point 

counting results (Appendix D) indicate that the Zig Zag Hill and Anthony Road 

ignimbrites have higher quartz:feldspar ratios than the CRVS facies, and that those 

ignimbrites may have been derived from slightly different, more quartz-rich magma 

batches. The Cradle Mountain Link Road ignimbrite has similar quartz:feldspar ratios to 

the CRVS and was probably derived from a similar source magma to that of the CRVS. 

Although the CRVS and welded ignimbrite facies are likely to have been generated from 

the same broad, felsic magma composition, differences in the quartz:feldspar crystal 

ratios suggest that some ignimbrites were erupted from quartz-rich magma batches, 

compared with those that sou~ced the CRVS facies. 

Other examples of deposits derived from pyroclastic flows 
entering water 

Ancient examples of subaqueous deposits generated by entry of subaerial pyroclastic 

flows into the sea should be widespread in the rock record, considering the abundance of 

explosive volcanoes close to the margins of modem oceans, and the mobility of 

pyroclastic flows. However, only few cases are documented in the literature, and genetic 

processes are poorly understood. This is probably due to: 1) the complexity of the 

processes that are likely to occur when a hot pyroclastic flow encounters water; 2) the 

lack of observations of these events in recent times; and 3) the difficulty in sampling 

recent subaqueous deposits of this kind. 
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Cas and Wright (1991) reviewed most reports of subaqueous pyroclastic flow deposits in 

the literature and proposed a number of outcomes for pyroclastic flows that encounter 

water. Cas and Wright (1991) concluded that in most cases pyroclastic flows transform 

into cold, water-supported mass flows on entry to water. However, under certain 

circumstances (e.g. in subaqueous intra-caldera settings; Kokelaar and Busby 1992), 

usually involving large volumes and rapid emplacement, hot pyroclastic flows can 

apparently continue to flow underwater as hot gas-particle dispersions. Whether or not 

pyroclastic flows can weld in subaqueous deposits remains a topic of controversy 

(Chapter 6). Hot pyroclastic flows that encounter subaqueous environments most 

probably undergo some interaction with water, resulting in textural and lithofacies 

differences in the subaqueous deposits compared with their subaerial counterparts. 

RECENT STUDIES AND OBSERVATIONS 

Some recent studies of cases where subaerial pyroclastic flows have generated 

subaqueous equivalents, are helping to constrain the processes accompanying the 

transition of pyroclastic flows from subaerial to subaqueous environments. The concept 

of subaqueous pyroclastic flows generated from subaerial pyroclastic flows entering 

water comes from Lacroix's observations of the 1902 eruptions of Mount Pelee, on the 

island of Martinique, Lesser Antilles. Pyroclastic flows from Mount Pelee destroyed th~ 

seaside city of St Pierre killing about 28 OOO people. The flows continued out to sea 

setting fire to ships anchored in the harbour and the subaqueous equivalents of the 

pyroclastic flows continued downslope breaking telegraph cables nearly 20 km offshore 

(Lacroix 1904). An eyewitness in an approaching ship noted that where the hot 

pyroclastic flows or "mass of fire struck the sea, the water boiled and sent up vast 

columns of steam" (Wilcoxon 1966). 

Another example of pyroclastic flows entering the sea occurred in 1883, at Krakatau, 
I 

Indonesia. The 1883 caldera-forming explosive eruption generated tsunamis which killed 

about 36 OOO people living in nearby coastal towns. The generation of tsunamis has been 

largely attributed to pyroclastic flows entering the sea (Self and Rampino 1981, 

Sigurdsson et al. 1991). The submarine deposits produced by the 1883 eruption of 

Krakatau (approximately 12.5-13.6 km3) were sampled by sediment coring during 59 

scuba dives (Sigurdsson et al. 1991, Mandeville et al. in press). They consist of dacitic 

pumice-, lithic- and ash-rich units up to 40 m thick, interpreted as deposits from 

pyroclastic flows that entered water. Low-density pyroclastic flows also travelled over the 

water surface depositing pyroclastic units (0.3-2.6 m thick) on the surrounding islands, 

up to 50 km away. Sigurdsson et al. (1991) conclude that gravitational segregation of the 
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proximal pyroclastic flows led to the development of dense basal flows that travelled 

underwater, and more dilute and buoyant upper parts that remained above sea level for 

great distances. Mandeville et al. (in press) described two facies in the submarine 

pyroclastic deposits: 1) massive poorly sorted facies interpreted as deposits from the 

sinking of a high-concentration, deflated basal component of the subaerial pyroclastic 

flows that entered the sea; and 2) planar laminated to cross-bedded, well sorted, vitric 

enriched facies interpreted as deposits from low concentration turbidity currents generated 

by shear along the boundary layer between sinking high-concentration pyroclastic flows 

and seawater. 

Another example of this scenario is described by Carey and Sigurdsson (1978, 1980) 

who studied submarine pumiceous sediment gravity flow deposits recovered by piston 

coring in the Grenada Basin. These deposits are correlated (geochemically) with the 

onshore Pleistocene Roseau tuff on Dominica, Lesser Antilles. Carey and Sigurdsson 

(1980) proposed that the pyroclastic flows from eruptions on Dominica flowed into the 

sea, depositing 30 km.3 of tephra into the submarine basin, up to 250 km from source. 

Whitham (1989) compared the onshore ignimbrites and offshore sediment gravity flow 

deposits of the Roseau eruption and reported an increase in the crystal:lithic ratio, a 

decrease in the crystal grain size and a depletion in pumice fragments <2 mm diameter in 

the subaqueous sediment gravity flow deposits, compared with the subaerial ignimbrite. 

Whitham (1989) suggested that these effects were due to fragmentation of the hot 

pyroclastic debris as the flows mixed with water, whilst descending the steep marine 

slopes off Dominica. 

TWO ANCIENT ANALOGUES OF THE CRVS FACIES 

Stanton (1960) proposed that crystal-rich volcaniclastic sandstones in the Lower 

Ordovician Sheefry Grits (Sheefry tuffs) in Ireland, were formed as a result of subaerial 

pyroclastic flows entering the sea. The Sheefry tuffs are very similar in composition, 

texture and lithofacies characteristics to the CRVS facies in the Comstock Formation, and 

comprise crystal-rich volcaniclastic sandstone containing abundant crystals and crystal 

fragments (feldspar, quartz, magnetite, mica), matrix shards and formerly vitric ash, as 

well as minor lithic fragments. Depositional units are up to 35 m thick and are interpreted 

to have been deposited in relatively deep water. The units have crystal-rich bases, and 

graded shard-rich, matrix-rich tops and are enclosed in well graded and bedded 

sedimentary rocks (turbidites) that were deposited in relatively. deep water. The younger 

Mweelrea tuffs that occur in an overlying sequence are interpreted to be welded 

pyroclastic flow deposits, and have a similar crystal assemblage to the Sheefry tuff s 
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(Stanton 1960). Facies associations suggest that these welded pyroclastic flow deposits 

were emplaced in very shallow water and were subject to contemporaneous subaerial 

erosion. Stanton (1960) suggested that both the Sheefry tuffs and the Mweelrea tuffs 

were formed by subaerial pyroclastic flows which travelled from land to sea; the 

Mweelrea tuffs being welded shallow water deposits, and the Sheefry tuffs being non

welded deeper-water deposits. 

The CRVS facies in the Comstock Formation also resembles the crystal-rich arenites 

interbedded with turbidites in the Devonian Merrions Tuff, New South Wales, Australia, 

(Cas 1979, 1983). Cas (1983) concluded that the crystal-rich volcaniclastic sandstones 

were deposited in a relatively deep marine environment from cold, water-supported mass 

flows, resulting from large-volume subaerial pyroclastic flows entering the sea. Cas 

(1983) notes that the crystal enrichment typically observed in subaerial pyroclastic flow 

deposits (e.g. Walker 1972) could be further enhanced by loss of fine vitric ash in ash 

plumes generated by secondary explosions at the shoreline when pyroclastic flows 

interact with water, and in ash-rich suspensions associated with the ensuing subaqueous 

volcaniclastic mass flows. 

The textural consequences of interaction of pyroclastic flows and water are still poorly 

understood, but it is evident from the few available studies, that modifications involve the 

enrichment of the coarse/dense components and depletion of the fine/light components. 

Thus, the conspicuous abundance of crystals in the CRVS facies in the Comstock 

Formation is effectively accounted for by the genetic model involving pyroclastic flows 

entering the sea. 

Alternative models for the origin of the CRVS facies 

A pyroclastic origin for the crystals and ash in the CRVS facies of the Comstock 

Formation is well established (Chapter 4), and the depositional environment is thought to 

have been largely in a submarine below-wave-base environment (Chapter 5). However, 

the long-distance transport processes involved from the source volcanic centres to the site 

of deposition are more speculative. Although an origin from subaerial pyroclastic flows 

entering the sea is most favoured from the arguments presented above, a number of other 

models are considered below. 
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PYROCLASTIC FALL ORIGIN 

Corbett et al. (1974) suggested that the banding and good sorting in the CRVS facies in 

the Comstock Formation indicate a fallout origin, and that the association -with 

subaqueous sediment gravity flow facies implies some deposition in shallow water. 

However, the banding in the CRVS is in part an artefact of post-depositional alteration 

(Chapter 9). In addition, many units are non-stratified and non-graded or normally 

graded, consistent with deposition from sediment gravity flows (Chapter 5). Some 

crystals may have been initially transported and deposited by fallout prior to redeposition 

downslope in water-supported sediment gravity flows. 

Another mechanism for producing crystal-rich volcaniclastic deposits was proposed by 

Walker (1979) and involves both pyroclastic flow and fallout processes. Walker's (1979) 

model is based on the 42 OOO year old Rotoehu ash which comprises crystal-rich fallout 

deposits and is closely associated with the Rotoiti ignimbrite erupted from the Okataina 

volcanic centre in northeastem New Zealand. The Rotoehu ash is estimated to be at least 

50 km3 in volume and is dispersed up to 100 km from source. The deposits are extremely 

rich in crystals and contain lesser pumice and lithic clasts. Walker (1979) suggested that 

the fallout deposits resulted from pyroclastic flows entering the sea, interacting violently 

with water and producing secondary littoral explosions that dispersed crystals over both 

the land and sea by fallout. These deposits are referred to as 'littoral co-ignimbrite ash-fall 

deposits' by Walker (1979). This complex model involving pyroclastic flows, secondary 

explosion by interaction with water and then fallout processes resulted in the marked 

crystal enrichment in the deposits. It is possible that some crystals in the CRVS facies of 

the Comstock Formation underwent such processes and were subsequently redeposited 

downslope in water-supported sediment gravity flows. 

EXPLOSIVE ERUPTIONS FROM SUBAQUEOUS VENTS 

A good example of deposits interpreted to have been derived from submarine explosive 

eruptions are the pumiceous and crystal-bearing, dacitic volcaniclastic deposits in the 

Miocene Tokiwa Formation, South Fossa Magna, Japan (Fiske and Matsuda 1964). 

Fiske and Matsuda (1964) suggested that the subaqueously erupted pyroclastic debris 

was quenched and sorted in the eruption column, leading to formation of deposits that are 

somewhat different from those derived from subaerial pyroclastic flows. Coarse/dense 

particles (coarse pumice, lithic clasts, crystals) underwent fallout from the subaqueous 

eruption column and were transported laterally in warm to cold sediment gravity flows 

which formed massive deposits up to 45 m thick. Thinly bedded tuffaceous intervals up 
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to 15 m thick were deposited above the massive beds, and are interpreted as turbidity 

current deposits. These thinly bedded deposits are coarser and denser at the base 

containing abundant crystals and lithic clasts, and become progressively finer and ash

rich upwards (Fiske and Matsuda 1964 ). An important outcome of this study is that 

transport of pyroclastic debris in subaqueous settings causes a pronounced segregation of 

clasts according to grain size and density, as a result of enhanced sorting in water. 

Schneider et al. (1992) described rhyolitic breccia, lapilli tuff and crystal tuff interbedded 

with below-storm-wave-base submarine sequences in France (Visean) and Turkey 

(Upper Cretaceous). Some units show well preserved welding compaction textures, 

indicating hot emplacement and hence a pyroclastic flow origin. Schneider et al. (1992) 

proposed that eruptions from submarine fissure vents were important in allowing rapid 

transport of voluminous, primary pyroclastic flows, the deposits from which remained 

hot enough to weld in a relatively deep marine environment. The Upper Cretaceous 

welded tuff units in Turkey (Murdumu Basin) are associated with non-welded crystal tuff 

that contains abundant bioclasts, indicating mixing with water during transport by 

turbidity currents (Schneider et al. 1992). In some sections, the non-welded crystal tuff is 

depleted in the fine vitriclastic fraction, most likely as a result of sorting and elutriation of 

fine ash during emplacement by turbidity currents (Schneider et al. 1992). 

Palaeogeographic reconstruction of the Tyndall Group suggests that the source areas were 

in subaerial to shallow marine environments (discussed in Chapter 10). Relatively 

shallow subaqueous explosive eruptions may have contributed to the formation of the 

CRVS facies in the Comstock Formation, but any such subaqueous vents were probably 

in water less than a few hundred metres deep. 

Summary 

The syn-eruptive CRVS facies of the Comstock Formation is regionally widespread in the 

Mount Read Volcanics and was probably sourced from felsic, explosive magmatic or 

phreatomagmatic eruptions, occurring in a subaerial to shallow marine volcanic terrain 

adjacent to the marine depocentre. The large volume of crystals present in this facies is 

thought to have been transported to the marine basin by pyroclastic flows. The 

compositional and spatial association of the CRVS facies with the welded ignimbrites in 

the Tyndall Group is consistent with this interpretation. Most of the pyroclastic flows 

transformed into water-supported sediment gravity flows on entry into water. However, 

remnants of the original pyroclastic flow deposits (welded ignimbrite) were preserved in 

areas where interaction with water was minimal (Chapter 6). Several volcanic and 
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sedimentary transport processes may have contributed to the depletion of fine vitric ash 

and concentration of crystals in the deposits. After explosive eruption of phenocryst

bearing magma, dense components (e.g. crystals, lithic clasts) were preferentially 

concentrated into pyroclastic flows, and light/fine ash (mainly glass shards) was 

dispersed in ash clouds. Fine ash was further removed from the pyroclastic flows by 

elutriation into co-ignimbrite ash clouds. Additional crystal enrichment resulted from loss 

of fine ash in ash plumes generated by secondary explosions at the shoreline when the 

pyroclastic flows entered water, and in ash-rich suspensions associated with the ensuing 

submarine volcaniclastic sediment gravity flows. 
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CHAPTER 8 

GEOCHEMISTRY OF COHERENT RHYOLITE, 
IGNIMBRITE AND JUVENILE 

VOLCANICLASTIC LITHOFACIES IN THE 
TYNDALL GROUP 

Introduction 

Several Tyndall Group samples were analysed in a reconnaissance geochemical 

investigation to determine their composition, and to identify and interpret geochemical 

trends in the data. Whole rock analyses of major and trace elements were carried out on 

27 samples using the X-ray fluorescence (XRF) facility in the Geology Department at the 

University of Tasmania. Pre-existing geochemical data on the Tyndall Group from / 

Crawford et al. (1992) and Corbett (1979) was also utilised. The results presented in this 

chapter should be considered as a pilot geochemical study; the main thrust of this thesis is 

to understand the volcanology and sedimentology of the Tyndall Group. 

The main aims of the geochemical study are: 

1) to determine the whole rock geochemistry of the most juvenile lithofacies in the 

Tyndall Group and compare them with other Mount Read Volcanics rocks; 

2) to establish whether ahy geochemical relationships exist between the welded ignimbrite 

facies and the crystal-rich volcaniclastic sandstone facies (CRVS); 

3) to investigate the geochemistry of the pink and green domainal alteration in the CRVS 

facies and explore possible genetic models. This topic will be discussed in Chapter 9. 

Methods 

Weathered surfaces were trimmed from geochemical samples using a diamond saw. Each 

sample (approximately 750-1500 g) was then split in a hydraulic jaw splitter and fed into 

a steel jaw crusher to produce fragments smaller than 10 mm. At this stage, any 

remaining fragments with weathered surfaces or veins were discarded. Further jaw 

crushing produced a size fraction of <3 mm. The samples were then reduced in size to 

70-90 g using a splitting sieve, and were ground in a tungsten carbide ring grind mill for 

2-3 minutes, producing a fine powder(< 200 microns). Small samples of rock powder 
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(-1 g) were weighed and heated in platinum crucibles at 1000° for 12 hours, and re

weighed after cooling to determine loss on ignition values. Major and trace element 

concentrations were determined by XRF using pressed powder pills and fused disks, 

which were prepared using a method similar to that of Norrish and Chappell (1967). 

Samples 

The samples selected for whole rock analysis include 3, coherent rhyolite samples, 6 

welded ignimbrite samples, 12 CRVS samples, and 6 laminated mudstone samples. 

Sample numbers and geochemical analyses are listed in Appendix F. All samples 

analysed are from the Mount Julia Member of the Comstock Formation, except for one 

coherent rhyolite sample from the Zig Zag Hill Formation (AR318). Four of the CRVS 

samples contain pink (albite + quartz-rich) and green (chlorite-rich) alteration bands 

several centimetres thick, which were separated into pink and green portions using a 

diamond saw and analysed separately in order to investigate geochemical aspects of the 

alteration (Chapter 9). The average of each pair of results was calculated to represent a 

bulk composition of each sample. Three analyses of Tyndall Group rhyolite lava (from 

Crawford et al. 1992; samples ARl, 1984/7, 1984/6) and three analyses of quartz-poor 

crystal-rich volcaniclastic sandstone (from Corbett 1979; samples Cl2, C13, C14) were 

also utilised. 

Major and trace element geochemistry 

COHERENT RHYOLITE 

Coherent volcanic facies from quartz-feldspar porphyritic lavas and intrusions from the 

Henty Canal/Moxon Saddle area have rhyolitic compositions (73.94 - 77 .11 % Si Oz) and 

plot within the rhyolite field on a Nb/Y versus Zr/Ti02 diagram (Winchester and Floyd 

1977; Fig. 8.1). The rhyolites have low concentrations of Ti, Fe, Na, P, Ti, V, Ni, Cr 

and high concentrations of K, Th, La, Ce~ Nd compared with other Tyndall Group 

volcaniclastic facies (Appendix F) and similar compositions to the Tyndall Group lavas 

analysed by Crawford et al. (1992). 

WELDED IGNIMBRITE 

Welded ignimbrites from the Mount Julia Member have similar compositions to the 

coherent volcanic facies, but plot in the rhyolite and the rhyodacite/dacite fields on the 

Nb/Y versus Zr/Ti02 diagram (Fig. 8.1). Some samples contain high silica 
J 
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concentrations (up to 84.17 % Si02) and have probably undergone secondary 

silicification. The ignimbrites have low concentrations of Ti, Fe, Al, Mg, P and Cr 

compared with the crystal-rich volcaniclastic sandstone facies (Appendix F), probably 

due to lower proportions of accessory minerals such as titanomagnetite and apatite, and 

minimal chlorite alteration (which is more abundant in the CRVS facies). Alteration of the 

matrix has resulted in a microcrystalline quartz-feldspar± sericite ± Fe-Ti oxide mineral 

assemblage, and hence the ignimbrites have elevated Si, K, and Na values. Ba 

concentrations are also high in these rocks (500-2500 ppm) compared with the other 

volcaniclastic facies. The Zig Zag Hill and Anthony Road ignimbrites are less crystal-rich 

and contain higher proportions of quartz than the Cradle Mountain Link Road ignimbrite 

(Appendix D).The Cradle Mountain Link Road ignimbrite is enriched in Al, Na, Ti, P 

and Zr, relative to the other ignimbrites, probably due to higher proportions of 

plagioclase, titanomagnetite, apatite and zircon crystals. 

CRYSTAL-RICH VOLCANICLASTIC SANDSTONE (CRVS) 

The CRVS samples from the Mount Julia Member mostly plot within the 

rhyodacite/dacite field on Figure 8.1. However, sample AR35 which contains abundant 

titanomagnetite and hornblende crystals, plots within the andesite field (Fig. 8.1). The 

CRVS facies contains higher Ti and Zr relative to the ignimbrites and coherent volcanic 

facies (Appendix F) probably due to the higher proportion of titanomagnetite and zircon 

crystals. The CRVS facies is also enriched in Na due to abundant plagioclase crystals and 

secondary albite alteration. The pink albite + quartz-altered and green chlorite-altered 

banded CRVS samples have Si02 percentages from 56.18% in the green bands to 

73.80% in the pink bands. The pink coloured bands contain abundant Na20 (up to 

9.10%) whereas Fe and Mg are higher in the green chlorite-rich bands. 

LAMINATED MUDSTONE 

Laminated mudstone samples selected for analysis have a cherty appearance and are 

moderately to strongly quartz-feldspar altered. The samples come from mudstone layers 

associated with the CRVS units in the Mount Julia Member. Although these mudstones 

may contain some components from other sources, they are thought to represent formerly 

vitric ash-rich deposits associated with the emplacement of CRVS. The samples plot 

within the rhyolite to rhyodacite/dacite field on Figure 8.1. They contain between 71.05% 

and 79.96% Si02, and are low in Ti and Al, compared with the CRVS facies. 
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QUAR1Z-POOR CRYSTAL-RICH VOLCANICLASTIC,SANDSTONE 

The quartz-poor crystal-rich volcaniclastic sandstone samples from the Lynchford 

Member plot within the andesite to dacite field on Figure 8.1 (data from Corbett 1979). 

This facies contains higher Ti and Fe compared with the ignimbrites and lavas/intrusions, 

probably due to the higher abundance of titanomagnetite and clinopyroxene crystals and 

pervasive chlori'te alteration. It also has lower Si02 relative to the other Tyndall Group 

facies, probably due to the lack of quartz crystals and lesser quartz-albite alteration. 

GEOCHEMICAL CLASSIFICATION 

The Tyndall Group samples mostly plot in the rhyolite to rhyodacite/dacite field of Figure 

8.1, except for the quartz-poor crystal-rich volcaniclastic sandstones and one homblende

rich sandstone sample which plot in the andesite field. The Tyndall Group is part of a 

medium- to high-K calc-alkaline volcanic suite (defined as suite 1 by Crawford etal. 

1992), that includes most of the felsic and some intermediate volcanic rocks in the Mount 

· Read Volcanics. On Si02 versus P205/Ti02 and Ti/Zr discrimination diagrams, most of 

the Tyndall Group lithofacies plot within the suite 1 field defined by Crawford et al. 

(1992), or close to its margin (Fig. 8.2a, b). 

GEOCHEMICAL DISCRIMINATION OF THE TYNDALL GROUP FROM OTHER 

SUITE 1 ROCKS 

The Tyndall Group can be discriminated from other suite 1 rocks (i.e. Eastern quartz

phyric sequence, Central Volcanic Complex, quartz-feldspar porphyry, Cambrian granite) 

ori the basis of whole rock geochemistry. On average, the Tyndall Group lithofacies are 

depleted in Rb, P, Ti, V, Ni, and Cr relative to the other suite 1 rocks (Fig. 8.3). There 

are few analyses of volcaniclastic samples from the other suite 1 groups available for 

comparison with the Tyndall Group volcaniclastic samples, therefore only the lavas 

and/or intrusions were used for comparison. The Tyndall Group lavas/intrusions are 

significantly depleted in Ti, P, and V relative to the other suite 1 rocks (Fig. 8.3). The 

composition of the volcaniclastic facies overlaps with other suite 1 rocks with respect to 

most elements because the volcaniclastic lithofacies have been significantly modified from 

the parent magma composition during transport. 
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Fig. 8.2 a) Si02 versus P20 5/Ti02 and b) Si02 versus Ti/Zr discrimination plots 
defined by Crawford et al. (1992) for the Cambrian Mount Read Volanics. The 
Tyndall Group lithofacies (including lavas/intrusions and volcaniclastic facies), 
fall within or close to the suite 1 calc-alkaline field. Other suite 1 units shown 
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Cambrian granite and quartz-feldspar porphyry (Crawford et al. 1992). 
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The Tyndall Group lavas/intrusions are distinguished from other suite 1 rocks on the 

basis of their depleted Ti, P, and V values, plotting in separate fields on bivariate 

diagrams (Fig. 8.4a, b).The Tyndall Group lavas/intrusions also have low Ti/Zr ratios 

(4.6-6.1) relative to the other suite 1 rocks (6.4-32.0) and relatively high Si02 values 

(Fig. 8.4c). The Tyndall Group lavas/intrusions are true rhyolites, whereas the other suite 

1 rocks are mostly rhyodacitic to andesitic. 

One major problem in the Mount Read Volcanics is discriminating between quartz-bearing 

Tyndall Group facies and the Eastern quartz-phyric sequence (EQPS) in the field. Rocks 

which are now considered to be part of the EQPS were previously included in the Tyndall 

Group (e.g. Corbett and McNeill 1988) but have been re-assigned on the basis of 

different age relationships with the Cambrian granites (Corbett 1992). The EQPS is 

intruded by, and is therefore older than the Cambrian granites. In contrast, the Tyndall 

Group contains clasts of Cambrian granite and is therefore younger. In areas where these 

field criteria are absent, distinguishing between the two units is more difficult. When 

geochemical characteristics of the coherent volcanic facies are compared, the two groups 

can generally be distinguished on discrimination plots (Fig. 8.4). The Tyndall Group 

lavas/intrusions are rhyolitic in composition and have depleted Ti, P and V values. The 

EQPS lavas/intrusions have rhyodacitic to dacitic compositions, higher Ti, P and V 

values and are similar to other suite 1 rocks of Crawford et al. (1992). The Tyndall 

Group is younger than the other suite 1 rocks (based on contact relationships with the 

Cambrian granites) and may have been sourced from more evolved felsic magmas with a 

distinctive geochemical signature (high Si02 and low Ti, V and P; Fig. 8.4). 

The geochemical discrimination between EQPS and Tyndall Group lavas/intrusions 

outlined above has been tested by plotting two coherent volcanic samples from the Lake 

Jukes area (J79/2 and J79/1; Crawford et al. 1992) on Figure 8.4. These two samples 

were reported in Crawford et al. (1992) as part of the Tyndall Group, but recent mapping 

by Corbett et al. (1993) indicates that they are part of the EQPS. When plotted on Figure 

8.4, the two samples from the Lake Jukes area fall in the EQPS field, in agreement with 

revised field mapping (Corbett et al. 1993). 

Some of the welded ignimbrite samples have similar compositions to the Tyndall Group 

lavas/intrusions (Fig. 8.4). Although, the welded ignimbrites are somewhat depleted in 

fine ash due to elutriation during explosive eruption and transport (Chapter 7), and their 

compositions do not exactly mirror parent magma compositions, they were probably 

sourced from rhyolitic magmas with similar characteristics to the rhyolite lavas/intrusions. 
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The Anthony Road and Zig Zag Hill ignimbrites are most like the composition of the 

lavas/intrusions and are relatively crystal-poor (10-20% crystals) compared with the 

Cradle Mountain Link Road ignimbrite (25-35% crystals). This is probably due to less 

fine ash elutriation and crystal-enrichment during eruption and transport (Chapter 7). In 

addition, the Anthony Road and Zig Zag Hill ignimbrites contain higher proportions of 

quartz crystals compared with the Cradle Mountain Link Road ignimbrite (Appendix D) 

and may have come from more quartz-rich magma batches than the Cradle Mountain Link 

Road ignimbrite (Chapter 7). 

In summary, the rhyolite lavas/intrusions and least crystal enriched ignimbrites (Zig Zag . 

Hill and Anthony Road ignimbrites) have distinctive chemical compositions (i.e. average 

Si02 = 77.38%, average Ti02 = 0.17%, average P205 = 0.23% and average V = 5 ppm) 

relative to the other suite 1 Mount Read Volcanics units. They are distinctly rhyolitic 

whereas other suite 1 rocks are rhyodacitic to andesitic in composition. Nd and Sr isotope 

data for the Tyndall Group suggest that the lavas/intrusions contain a major component 

derived from Proterozoic crust (Whitford and Crawford; in Crawford et al. 1992) and it 

may be that the distinctive rhyolitic compositions in the Tyndall Group reflect crustal 

melting of the lower crust 

Interpretation of geochemical trends 

IMMOBILE ELEMENTS 

The use of immobile elements in interpreting geochemical data and characterising volcanic 

suites has been documented by many authors (e.g. Floyd and Winchester 1975, 1978, 

MacLean and Kranidiotis 1987, Whitford et al. 1989). Elements such as Zr, Ti, Al, Nb, 

Y, Sc and P can remain immobile during diagenesis and low-grade metamorphism (e.g. 

Stolz 1992). Element mobility may increase with increasing grade of metamorphism or 

intensity of hydrothermal alteration (Finlow-Bates and Stumpfl 1981). Immobile elements 

define linear trends that pass through the origin when plotted on bivariate diagrams, 

indicating that the primary ratios between immobile elements are preserved in the rocks 

during metamorphism and/or alteration. 

For the Tyndall Group, the elements that are thought to be immobile are Ti, P and Sc. 

These elements define linear trends on bivariate diagrams, that pass through (or close to) 

the origin (Fig. 8.5a, b). Nb and Y are also well correlated, however, they do not 

correlate with Ti, P and Sc and therefore may have been mobilised. Data from 

volcaniclastic samples are scattered due to compositional inhomogeneities, which is to be 
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expected with elastic samples. Most of the CRVS samples contain higher proportions of 

Ti, P and Sc than the welded ignimbrites (Fig. 8.5a, b ), which is probably related to the 

degree of crystal enrichment (Chapter 7). The relative position of samples on the li~ear 

trends on Figure 8.5 is also controlled by the addition or loss of mobile elements during 

alteration. Primary immobile element ratios were preserved during this alteration. The 

characteristics of alteration in the CRVS facies and possible genetic models are discussed 

in Chapter 9. 

CRYSTAL ENRICHMENT PROCESSES 

Flood et al. (1980) showed that slight differences in the composition between the Dundee 

Rhyodacite ignimbrite and nearby granite plutons of the Moonbi Plutonic Suite, New 

England Fold Belt, probably resulted from selective separation of pumice and glass 

shards, and complementary crystal enrichment in the ignimbrite during eruption, rather 

than from any primary difference in parent magma compositions. The Moonbi Suite 
'-

granites are mineralogically and isotopically similar to the Dundee Rhyodacite, and are 

considered to be genetically related
1
(Wilkinson et al. 1964, Flood et al. 1977). To explain 

the differences between the whole rock ignimbrite composition and the granite 

(approximate magma composition), Flood et al. (1980) suggested that 36 wt% of the 

vitric fraction (approximated by the ignimbrite matrix composition), was lost during 

eruption of the magma. Phenocrysts were concentrated in pyroclastic flows and the 

resulting ignimbrite, whereas vitric ash (largely glass shards and pumice) was 

concentrated in the eruption column. 

The loss of vitric ash during eruption and pyroclastic flow transport was studied by 

Walker (1972), and is discussed in Chapter 7. Flood et al. (1980) showed the inferred 

geochemical effects of vitric ash loss and crystal enrichment associated with explosive 

volcanism, with respect to Si02 and CaO (Fig. 8.6). Concentration of crystals in 

pyroclastic flows will cause the composition of their deposits to shift towards the crystal 

composition, lowering the Si02 content by loss of silica-rich glass. The concentration of 

vitric components in associated ash fall deposits results in compositions close to glass 

composition (high Si02 deposits). The crystal-rich and ash-rich deposits plot on the 

"partial unmixing" line (Fig. 8.6). The relative positions of the samples on the line marks 

the degree of unmixing. 
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Fig. 8.6 Si02 versus CaO bivariate diagram showing chemical effects due to "partial 
unmixing" (modified from Flood et al. 1980). The concentration of crystals in 
pyroclastic flows will cause the composition to shift from the original magma 
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The unmixing model of Flood et al. (1980) is used herein to explain the compositional 

variation between the welded ignimbrite and CRVS samples in the Tyndall Group. 

Unmixing (or crystal-enrichment) could be further enhanced if the pyroclastic flows 

interact with water, and transform into water-supported sediment gravity flows, resulting 

in greater concentration of crystals (Chapter 7). The crystal-rich nature of the CRVS is 

therefore interpreted to represent an extremely "unmixed" or "fractionated" portion of the 

parent magma, compared with the less "unmixed" ignimbrites which contain more vitric 

ash matrix. Depletion of vitric components from the CRVS occurred firstly during the 

eruption and subaerial transport of pyroclastic flows, then during interaction with water 

as the pyroclastic flows entered the sea, and finally during subaqueous transport. The 

multi-stage crystal enrichment processes that occurred during CRVS emplacement have 

substantially modified the chemical composition. Si02 shows an inverse linear 

relationship with many elements (e.g. Al, Ti) which is interpreted to reflect the 

progressive enrichment of crystals (e.g. plagioclase, titanomagnetite), and loss of silica

rich glass during the crystal enrichment processes (Fig. 8. 7). On a plot of Si02 versus 

Al203, the crystal-enriched samples (CRVS) plot on a linear array which trends away 
~ 

from the welded igni.Jp.brite composition and towards the composition of the crystal 

phases (e.g. plagioclase; Fig. 8.7a). 

The primary immobile element ratios in the welded ignimbrite and CRVS samples have 

been preserved during the crystal enrichment processes (Fig. 8.5). The primary magmas 

were most likely more rhyolitic than the welded ignimbrites, because they would have 

contained more of the vitric components that were elutriated during erup,tion and transport 

(cf. Walker 1972). The mudstones associated with the CRVS represent mixtures ofvitric

rich ash and crystals, and plot on the linear trends in various positions between the 

welded ignimbrite and CRVS facies (Fig. 8.5). 
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pink and green bulk averages were used for these plots. 
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Summary 

The Tyndall Group is mostly rhyolitic to dacitic in composition, apart from the andesitic 

Lynchford Member sandstones, and is part of the suite 1 calc-alkaline suite of Crawford 

et al. (1992). Tyndall Group coherent rhyolite lavas/intrusions are distinguished from 

other suite 1 lavas/intrusions by their distinctive rhyolitic compositions. Immobile element 

ratios are similar in the coherent rhyolite and syn-eruptive volcaniclastic facies of the 

Comstock Formation, defining linear trends on bivariate plots. The position on the linear 

trend is interpreted to be due to the degree of crystal enrichment and also to addition or 

subtraction of more mobile components during alteration. Immobile element ratios for the 

welded ignimbrite and CRVS facies are similar, which is consistent with the interpretation 

that the two facies are genetically related (Chapters 6 and 7). The ignimbrites have 

undergone some crystal concentration during eruption and transport by the elutriation of 

vitric components. The CRVS facies underwent additional crystal concentration during 

interaction with, and transport in water, leading to further crystal enrichment. This caused 

the composition to shift away from the welded ignimbrite and towards the overall crystal 

composition (i.e. to a dacitic composition). The composition of the source magma have 

not been determined, but were probably more probably more Si02-rich than both the 

ignimbrites and the CRVS. Nd-Sr isotopes on Tyndall Group lavas/intrusions (Whitford 

and Crawford; in Crawford et al. 1992) suggest that the Tyndall Group was generated 

from melting of Proterozoic crust. 
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CHAPTER 9 

THE ORIGIN OF ALTERATION TEXTURES IN 
THE CRYSTAL-RICH VOLCANICLASTIC 

SANDSTONE(CRVS)FACIES 

Introduction 

Primary textures and structures in volcanic deposits reflect the primary physical processes 

and chemical conditions apparent during eruption and emplacement. Primary textures and 

structures may be overprinted or modified by a variety of post-depositional processes, 

including devitrification and hydration of glass, diagenetic alteration, diagenetic 

compaction, hydrothermal alteration, metamorphism and tectonic deformation. The 

intensity of textural modification will be controlled in part by the primary composition and 

texture of the deposits. For example, in most circumstances glass will undergo changes 

more readily than other, more stable components (e.g. crystals). The chemical 

composition may also be modified by post-depositional processes such as hydrothermal 

alteration. Because volcanic textures evolve through time, textural analysis of ancient 

volcanic deposits requires an understanding of both the primary and post-depositional 

processes that may have occurred. 

Alteration textures in the quartz-rich crystal-rich volcaniclastic sandstone facies (CRVS) 

of the Comstock Formation are particularly distinctive, and consist of pink, albite + 
quartz-rich domains and green, chlorite-rich domains in the matrix between framework 

crystals. These textures have been commented on by many previous workers (e.g. 

Solomon 1964, Corbett et al. 1974), but are still poorly understood. In this chapter, the 

textures and the geochemistry of the albite-quartz and chlorite matrix domains in the 

CRVS are described, and genetic processes are considered. 

Alteration mineral assemblages and textures in the CRVS facies 

The quartz-rich CRVS facies comprises 40--70% crystals and crystal fragments (mainly 

quartz and plagioclase, 1-3 mm across), and minor lithic pebbles, in a matrix of fine 

grained quartz, albite and chlorite with minor sericite, calcite, Fe-Ti oxides (magnetite, 

titanomagnetite, ilmenite, hematite), sphene, epidote and actinolite/tremolite. The CRVS 
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is highly crystal rich and has a closed framework texture (Fig. 4.2a). The original matrix 

was probably composed of a large proportion of vitric ash, because non-welded bubble 

wall shards are preserved in places (Fig. 4.2b). Alteration of the CRVS is 'selectively 

pervasive' in its occurrence (cf. Titley 1982); it is pervasive as it occurs throughout the 

CRVS facies on a regional scale, but is also selective as it has mainly affected the 

originally vitric-rich matrix. Crystals and lithic clasts are generally well preserved. 

However, plagioclase has undergone widespread albitisation and is partially altered to 

sericite in places. The alteration assemblages are commonly domainal in character, 

forming discrete pink, albite + quartz-rich domains and green, chlorite-rich domains. The 

pink colour of the albite + quartz-rich domains is due to fine grained hematite. 

DISTRIBUTION OF ALBITE + QUARTZ- AND CHLORITE-RICH MATRIX 

DOMAINS 

Bedding-parallel banding 

In the CRVS facies, pink albite + quartz and green chlorite-rich matrix domains 

commonly occur in laterally extensive alternating bands (2-10 cm thick), within massive 

crystal-rich sandstone (Fig. 3.5a, b). The pink bands are rich in albite and quartz (Fig. 

9.la), but also contain minor chlorite, sericite, Fe-Ti oxides, and variable amounts of 

epidote, calcite and actinolite/tremolite. The green bands are rich in chlorite (Fig. 9.lb), 

but also contain minor albite, quartz, sericite, Fe-Ti oxides, and variable amounts of 

epidote, calcite and actinolite/tremolite. The albite + quartz-rich and chlorite-rich bands 

occur regionally in the CRVS facies, and are well exposed at Comstock, Zig Zag Hill, 

along the Anthony-Road and at the Mount Lyell Mill area. Weakly banded examples occur 

in the Cradle Mountain Link Road area and in the quartz-poor crystal-rich volcaniclastic 

sandstone facies of the Lynchford Member at Lynchford. The bands are laterally 

continuous for 10-20 m in areas of good exposure (Fig. 9.lc), and are subparallel to 

regional bedding. In some areas, the bedding-parallel green chlorite-rich bands are 

oblique to, and appear to be cross-cut by, the regional Devonian cleavage. 

In some instances, discontinuous, bedding-parallel, chlorite-rich lenses are present within 

albite + quartz-rich domains, forming a pseudoclastic texture that resembles fiamme in 

welded ignimbrites (Fig. 9.ld). In addition, very thin (0.2-1 cm), discontinuous, 

chlorite-rich lenses surrounded by pink albite + quartz-rich domains occur within fine 

grained sandstone at the top of thick, normally-graded CRVS units on the Anthony Road 

(Fig. 9.le). These very thin chlorite lenses are similar to bedding-parallel stylolites in 

pumice-rich volcaniclastic units in the Rosebery-Hercules area (McPhie et al. 1993). 
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Fig. 9.1 Photomicrographs and photographs of alteration minerals and textures. 

a) Photomicrograph of albite + quartz-rich alteration in the quartz-rich crystal-rich 
volcaniclastic sandstone (CRVS) facies. Sample AR53, crossed nicols. 

b) Photomicrograph of chlorite-rich alteration in the CRVS facies. Sample AR31, plane 
polarised light. 

c) Laterally continuous pink albite +quartz-rich and green chlorite-rich alteration bands in 
outcrop at Comstock. The bands extend across the length of the exposure (10-15 m), 
(GR 5345460N - 383130E). 

d) Intensely chlorite-altered wispy pseudoclasts in albite + quartz-altered CRVS, Anthony 
Road area (GR 5356730N - 381410E). 

e) Discontinuous, thin, intensely chlorite-altered, stylolite-type bands in albite +quartz
altered CRVS, Anthony Road area (GR 5357810N - 381090E). 

f) Pink albite + quartz alteration halos around lithic clasts in green albite + quartz + 
chlorite-altered CRVS, Anthony Road area (GR 5358080N - 3811 OOE). 

g) Trace of the planar alpite + quartz alteration features on a steeply dipping bedding 
plane. The planar pink albite + quartz alteration features occur in green albite + quartz + 
chlorite-altered CRVS, Anthony Road area, (GR 5357650N - 38 l080E). 

h) Chlorite + sericite-altered lenses in pale-coloured quartz+ K-feldspar + albite-altered 
pumice breccia, Central Volcanic Complex, Hercules haul road (-GR 5367730N -
376340E). 





Albite + quartz-rich halos around lithic clasts 

Conspicuous pink albite +quartz-rich halos surround lithic pebbles and cobbles in the 

CRVS facies and associated volcaniclastic lithic breccia facies. The pink halos extend up 

to 10 cm outward from the clasts and form spherical albite + quartz-rich rinds within 

green chlorite + quartz + albite-rich domains (Fig. 9. lf). The lithic clasts consist of 

angular to well rounded, felsic volcanic and fine grained cherty fragments. 

Discordant planar albite + quartz-rich domains 

Narrow planar, pink albite +quartz-rich zones that transect bedding occur in one location 

on the Anthony Road section (Fig. 9.lg). These 'vein-like' features are typically oriented 

in two directions at an angle of approximately 90° to each other, and at a moderately high 

angle to bedding. The planar features are 1-5 cm wide and occur within, green chlorite + 

quartz + albite-rich massive CRVS. The planar nature of the albite + quartz-rich domains 

suggests that they may have formed by the passage of fluids along joints, which formed 

after lithification. 

Alteration geochemistry 

Pink albite + quartz-rich bands and green chlorite-rich bands from four well banded 

samples of CRVS were analysed for major and trace elements in order to constrain their 

composition. The samples (CD13 and CEl from Comstock, and T05 and AR72 from the 

Anthony Road area) were analysed by X-ray fluorescence (XRF) at the University of 

Tasmania, using the techniques described in Chapter 8. Albite + quartz-rich bands and 

chlorite-rich bands were separated prior to analysis. Whole rock analyses are listed in 

Appendix F. 

The geochemical results are consistent with the observed mineralogy of the pink and 

green domains. The albite + quartz-rich bands are depleted in most elements except Si, 

Na, Ca and Sr, relative to the chlorite-rich bands (Appendix F). The alteration has 

resulted in relatively high concentrations of Si, Na and Ca in the albite + quartz-rich 

bands, and Fe and Mg in the chlorite-rich bands. 

Quantitative calculations for determining changes in composition and volume during 

alteration (e.g. Gresens 1967) were attempted on the albite +quartz-rich and chlorite-rich 

sample pairs, however, a number of problems were encountered. A necessary 
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prerequisite of a Gresens analysis, is to demonstrate that some elements remained 

immobile during alteration. One test of immobility is to plot suspected immobile elements 

on bivariate plots and establish whether the analyses lie on linear trends that pass through 

the origin. For the Tyndall Group, Ti, P and Sc are well correlated and are considered to 

be immobile during alteration (Fig. 8.5). However, there is some spread away from the 

linear trends, particularly with the CRVS data, probably due to sample inhomogeneities 

(i.e. variations in the framework crystal contents). The differences in the immobile 

element concentrations between the albite + quartz-rich bands and the chlorite-rich bands 

(Fig. 8.5), may partly be a result of alteration (by the addition or subtraction of more 

mobile elements), but also partly due to variations in framework crystal components (e.g. 

titanomagnetite, apatite). A second prerequisite for a Gresens analysis is identification of 

a least-altered equivalent, with which the altered samples are compared (Gresens 1967, 

Grant 1986, Huston 1993). A suitable least-altered equivalent for the banded CRVS 

samples was not found. Therefore a Gresens-style analysis is unsuitable for this dataset. 

A quantitative comparison of the albite + quartz-rich samples with the chlorite-rich 

samples was also not undertaken because the sample inhomogeneity problem precludes 

establishing a reliable isocon slope. 

Genetic models for the pink and green matrix domains 

In this section, possible origins for the albite + quartz-rich and chlorite-rich matrix 

assemblages are discussed. These interpretations are based solely on textural observations 

and whole rock geochemical data. Fluid inclusion and stable isotope studies, which are 

required to accurately determine the physical and chemical conditions that prevailed 

during the alteration event(s) are beyond the scope of this project. Three genetic models 

are considered: a Devonian regional metamorphic model, a hydrothermal alteration model 

and a diagenetic alteration/compaction model. 

DEVONIAN REGIONAL METAMORPHIC MODEL 

Regional metamorphism in the Mount Read Volcanics occurred during the Devonian 

Tabberabberan orogeny (Corbett and Lees 1987, Corbett and Turner 1989), which also 

produced regional scale folding and associated cleavage(s). Alteration of the CRVS facies 

has resulted in an assemblage comprising quartz, albite and chlorite together with minor 

sericite, calcite, Fe-Ti oxides, and variable sphene, epidote and actinolite/tremolite. This 

mineral assemblage is typical of lower greenschist facies regional metamorphic rocks ( cf. 

Turner 1981). Eastoe et al. (1987) proposed that the banded and mottled pink and green 

domains in the Comstock Formation ('post-ore' rocks) were a product of Devonian 
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regional greenschist facies metamorphism, as opposed to Cambrian hydrothermal 

alteration, which is recorded in the 'pre-ore' volcanic rocks (Mount Read Volcanics) close 

to volcanic-hosted massive sulfide (VHMS) deposits. Eastoe et al. (1987) proposed that 

the 'post-ore' volcanic rocks (e.g. Tyndall Group) retained most of their primary 

mineralogy until the Devonian, when albite, chlorite, calcite, sphene and epidote were 

formed by metamorphic processes. In Eastoe et al. 's (1987) model, metamorphism did 

not affect the pre-existing chemical composition of the rocks on a regional scale, but 

redistribution of Na, Ca, Mg, and Fe occurred on a mesoscopic scale, producing pink 

and green mottles and bands. 

The alteration minerals in the CRVS are similar to those reported from other lower 

greenschist facies rocks, such as the metagreywackes of the Permian Haast Schist terrain, 

southern New Zealand (Brown 1967, Turner 1981). Typical lower greenschist facies 

metamorphic assemblages in the metagreywackes of the Haast Schist include: 1) quartz

albite-epidote-muscovite-stilpnomelane ± actinolite; 2) quartz-albite-epidote-muscovite

chlorite ± stilpnomelane ± actinolite (Brown 1967). Most of these metagreywackes have 

been completely recrystallised, with prominent foliations and lineations reflecting repeated 

episodes of penetrative deformation and lower greenschist facies metamorphism. 

Although the mineralogy is similar to that of the CRVS facies of the Tyndall Group, some 

primary components (e.g. amphibole, clinopyroxene crystals) survived the alteration 

event in the CRVS, and a schistose fabric is not developed. This is interpreted to be 

inconsistent with a metamorphic origin for the domainal albite + quartz-rich and chlorite-
' 

rich alteration in the CRVS. In addition, the bedding-parallel, chlorite-rich bands are 

oblique to, and appear to be cross-cut by the regional Devonian cleavage in places, 

indicating a pre-Devonian age for the banding textures. Devonian regional greenschist 

metamorphism would have had some affect on the CRVS facies but was probably not 

responsible for forming the bedding-parallel albite + quartz-rich and chlorite-rich 

domainal textures. 

HYDROTHERMAL ALIBRATION MODEL 

There is abundant evidence for Cambrian hydrothermal alteration systems being active 

during accumulation of the Mount Read Volcanics (e.g. Large 1992), therefore a 

Cambrian hydrothermal origin for the albite + quartz-rich and chlorite-rich assemblages is 

considered. A Cambrian hydrothermal origin would require that fluid flow was mostly 

diffuse, stratabound to the Comstock Formation, and widespread (as the assemblages 

have a regional distribution). However, the low intensity and composition of alteration in 

the CRVS facies, compared with other older Mount Read Volcanic units (e.g. Central 
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Volcanic Complex) is not consistent with proximity to hydrothermal systems associated 

with VHMS mineralisation. The hydrothermally altered volcanic facies that host the 

massive sulfide deposits in the Mount Read Volcanics generally show marked depletion 

in Na20 and CaO and an increase in K10 and MgO (Stolz 1992). In contrast, the CRVS 

is rich in Na (as albite) and therefore was probably not affected by VHMS-related 

hydrothermal alteration. 

DIAGENETIC AL1ERATION AND COMPACTION MODEL 

Diagenetic alteration and compaction of pumiceous breccia in the Rosebery-Hercules area 

Diagenetic alteration and compaction has been proposed as the major process responsible 

for the formation of chlorite + sericite-rich lenses in feldspar+ quartz-rich alteration 

domains in pumice breccia in the Rosebery-Hercules area (Allen and Cas 1990, Allen 

1990, McPhie et al. 1993). The altered pumice breccia comprises' dark, phyllosilicate-rich 

lenticular domains generally 1-5 cm long that are aligned roughly parallel to regional 

bedding and set in pale quartz+ K-feldspar + albite-rich domains (Fig. 9.lh). In the pale 

domains, delicate, unflattened, undeformed pumice and glass shard textures are well 

preserved, implying that the pumice breccia was originally non-welded. Pumiceous 

textures are rarely recognisable in the dark lenticular domains. The pumiceous units have 

sharp bases, very thick (tens of metres) massive or graded lower parts and thin, finer, 

stratified upper parts suggesting deposition from cold, water-supported mass flows in a 

submarine environment, below wave base (Allen and Cas 1990). 

Allen and Cas (1990) suggested that the originally glassy pumice breccias were 

heterogeneously altered soon after deposition, resulting in domains with different 

mineralogies and mechanical properties. Phyllosilicate-altered domains were flattened 

during bedding-parallel diagene_tic compaction resulting in fiamme textures. However, 

pumice and shards in the relatively "strong", quartz+ K-feldspar + albite-altered domains 

were not deformed during compaction. The two-phase alteration evidently occurred prior 

to cleavage development and also prior to the conclusion of diagenetic compaction (Allen 

~990, Allen and Cas 1990). It is uncertain whether the current mineral assemblages were 

the first to form, or whether they replaced earlier mineral assemblages such as zeolites 

and clays. Elements such as Na, K, Al and Si which were necessary to form the 

widespread quartz + K-feldspar + albite alteration, were probably derived from the 

dissolution of volcanic glass at clast contacts during diagenetic compaction, and/or from 

upward migration of elements Jiberated by diagenetic or hydrothermal leaching of glass 

deeper in the pile (McPhie et al. 1993). Textural evidence that is consistent with early 
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dissolution of glassy clasts is the wide§pread occurrence of a bedding-parallel, spaced, 

stylolite foliation. This foliation is interpreted to be a diagenetic compaction fabric, and 

has been crenulated by the Devonian regional cleavage (McPhie et al. 1993). 

Diagenetic alteration and compaction origin for the domainal albite + quartz-rich and 

chlorite-rich domains in the Tyndall Group 

A diagenetic alteration and compaction origin for the alteration in the CRVS facies in the 

Tyndall Group, is strongly supported by the regional distribution, bedding-parallel 

orientation and domainal nature of the alteration assemblages. In addition, the alteration 

minerals and textures in the CRVS are similar to those described in the pumice breccias at 

Rosebery-Hercules (Allen and Cas 1990, Allen 1990, McPhie et al. 1993) where a 

diagenetic alteration and compaction origin has been well established. In both these cases, 
-

alteration has involved the replacement of original vitric components (i.e. pumice and 

glass shards). 

The CRVS facies of the Comstock Formation was buried by coarse grained deposits of 

the Zig Zag Hill Formation and Owen Conglomerate during the Late Cambrian to Early 

Ordovician (Corbett 1992). Increased lithostatic pressures and temperatures would have 

resulted in compaction and fluid expulsion, causing early devitrification and/or diagenetic 

alteration of unstable components, such as the glassy ash-rich matrix in the CRVS; 

volcanic glass is unstable in sub-seafloor environments (Masuda et al. 1992). Seawater 

was the most likely pore fluid, and would have facilitated diagenetic alteration by acting 

as the transport medium, carrying dissolved substances to sites of precipitation. 

The discontinuous, bedding-parallel, chlorite-rich wisps in albite + quartz-rich domains in 

the CRVS (Fig. 9.ld) probably developed as a consequence of two-phase alteration of 

the glassy ash matrix, occurring contemporaneously with diagenetic compaction (cf. 

Allen and Cas 1990). Chlorite-altered, bedding-parallel, stylolitic features (Fig. 9. le) 

developed preferentially in the fine grained, glassy ash-rich upper portions of some of the 

normally graded CRVS units. The laterally continuous, bedding-parallel, albite +quartz

rich and chlorite-rich bands (Figs 3.5a, 3.5b, 9.lc) may also have developed by this 

process. However, the regular alternation of the bands suggests that ·an additional feature, 

such as primary compositional layering or diffuse bedding, may have had some control 

on the distribution of the alteration assemblages. In this case, the movement of diagenetic 

fluids niay have been controlled by permeable zones along diffuse bedding planes. Lithic 

clasts would have locally affected diffuse fluid flow through the unconsolidated crystal

rich sands, producing alteration halos around lithic clasts (Fig. 9. lf). In rare cases, the 
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movement of fluids also occurred after initial lithification, forming joint-controlled, planar 

albite +quartz-rich alteration features (Fig. 9.lg). 

Discussion 

One of the major problems with interpreting the origins of alteration in the CRVS is the 

overprinting effects of the Devonian metamorphism and deformation. If the banding 

textures were formed in the Late Cambrian to Early Ordovician (i.e. during burial 

diagenesis), then the original diagenetic minerals would have been metamorphosed and 

recrystallised during the Devonian lower greenschist event, modifying or destroying 

earlier records of diagenesis. However, some of the textures in the CRVS (e.g. bedding

parallel alteration bands and wispy pseudoclastic textures) are inconsistent with a 

Devonian metamorphic origin, and are best explained by the Late Cambrian to Early 

Ordovician diagenesis model. The glassy ash matrix would have been susceptible to early 

devitrification and alteration because glass is unstable during burial diagenesis (Surdam 

and Boles 1979). It is not known whether precursor minerals such as zeolites and clays 

were formed prior to the albite + quartz and chlorite assemblages. If so, they were 

probably converted to the current assemblage during Devonian metamorphism. The albite 

+quartz-rich and chlorite-rich bedding-parallel bands are oblique to, and appear to be 

cross-cut by the regional Devonian cleavage in places, indicating a pre-Devonian age for 

the banding textures. 

The selectively pervasive nature of alteration in the CRVS facies and the overall lack of 

fracture-controlled alteration, is consistent with a diagenetic alteration and compaction 

origin. The movement of diagenetic fluids would have been controlled by the initial 

porosity and permeability of the massive to diffusely-stratified, coarse grained sands. 

Diffuse bedding planes and bedding-parallel compositional bands in the CRVS may have 

influenced diagenetic fluid flow, leading to the formation of bedding-parallel alteration 

domains. 

It is not known whether the albite + quartz-rich and chlorite-rich alteration assemblages in 
-

the CRVS facies formed contemporaneously, or in two separate events. Based on the 

geochemical data, the albite + quartz-rich bands are depleted in most elements except Si, 

Na, Ca and Sr, relative to the chlorite-rich bands, which could be due to dilution (mineral 

precipitation) in the albite + quartz-rich bands. Thus, the chlorite alteration assemblage 

may have formed first, and was overprinted by albite + quartz alteration. Supporting 

textural evidence includes the Pl:"esence of rare planar, albite + quartz-rich zones in green 

chlorite-altered CRVS in the Anthony Road section. In this case, fluids (precipitating 
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albite + quartz) may have passed along joint planes that were previously developed in 

lithified chlorite-altered CRVS, implying that the chlorite alteration locally preceded albite 

+ quartz alteration. However, post-lithification textures are rare. In most areas, diagenetic 

fluid flow was diffuse, through unconsolidated crystal-rich sands, and in this case the 

two-phase alteration may have occurred contemporaneously. 

The physical and chemical nature of the early diagenetic fluids are not known, and 

detailed geochemical studies (e.g. fluid inclusions, stable isotope analyses, high-precision 

mineral analyses) are recommended to fully characterise the alteration event(s). The 

effects of the Devonian regional greenschist metamorphic event are also poorly 

constrained and require further work. 

Summary 

Tµe alteration minerals in the CRVS facies consist of albite, quartz, chlorite, and minor 

sericite, calcite, Fe-Ti oxides, sphene, epidote and actinolite/tremolite. These minerals are 

mostly products of alteration of an originally glassy ash-rich matrix. Primary frkiework 

crystal components of the CRVS (e.g. quartz, clinopyroxene and amphibole) have 

undergone partial alteration but are generally well-preserved. Primary plagioclase crystals 

have been albitised and partially altered to sericite. Pink, albite + quartz-rich and green, 

chlorite-rich alteration assemblages are common in the CRVS, occurring as laterally 

continuous alternating bands and discontinuous wispy domains within massive crystal

rich sandstone. Geochemical analysis of the albite + quartz-altered and chlorite-altered 

bands show that Si, Na and Ca are enriched in the albite + quartz bands, whereas Fe and 

Mg are enriched in the chlorite bands. 

The albite + quartz-rich and chlorite-rich bands and wispy textures are dominantly 

bedding-parallel, and similar to those documented by Allen and Cas (1990) in the pumice 

breccia units at Rosebery-Hercules. The bands were probably formed by diagenetic 

alteration and compaction during burial. Earlier-formed diagenetic phases (e.g. zeolites, 

clays) may have been metamorphosed to the current mineral assemblage during Devonian 

lower greenschist regional metamorphism. More analytical work is required to constrain 

the conditions under which the alteration minerals formed. 
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CHAPTER 10 

RECONSTRUCTION OF THE 
PALAEOGEOGRAPHY AND VOLCANOLOGY 

OF THE TYNDALL GROUP AND 
IMPLICATIONS FOR TECTONIC SETTING 

Introduction 

In this chapter, the volcanology of the Tyndall Group is discussed in the context of a 

palaeogeographic model reconstructed from regional facies analysis, detailed petrographic 

studies and volcanological interpretations that are presented in previous chapters. 

Implications for the Middle to Late Cambrian tectonic setting of the Tyndall Group are 

also considered, especially in relation to the post-collisional tectonic model for the Mount 

Read Volcanics proposed by Berry and Crawford (1988), Crawford and Berry (1992). 

Two modem analogues for the palaeogeography of the Tyndall Group are also suggested. 

Palaeogeographic setting 

The volcanic source areas for the Tyndall Group are not exposed or not preserved. 

However, the submarine volcanic facies in the Tyndall Group provide a record of the 

character and setting of the volcanic provenance. The abundance of pyroclasts (crystals, 

crystal fragments, bubble wall shards, pumice) in the volcaniclastic facies of the 

Comstock Formation indicates that large-volume, explosive, magmatic or 

phreatomagmatic volcanic eruptions were the dominant source (Chapter 4 ). Vents for 

these explosive eruptions were probably located in subaerial to shallow marine 

environments. In water depths greater than about 1 km, expansion of volatiles is greatly 

reduced due to the hydrostatic pressure exerted by the overlying water column (McBimey 

1963, Cas and Wright 1987) and sustained explosive eruptions are most likely restricted 

to shallower depths. In addition, shallow water carbonates at the base of the Tyndall 

Group at Comstock imply a submarine depositional environment, less than a few hundred 

metres deep (Chapter 5). Proximity to subaerial and/or shallow marine environments is 

also implied by the presence of rounded clasts in volcaniclastic conglomerate and 

sandstone facies in the Zig Zag Hill Formation. In this case, rounding occurred in high 

energy, above-wave-base environments prior to final transport and deposition below 
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storm wave base. Thus, the Tyndall Group accumulated in a marine setting (largely sub

wave base), that was adjacent to a subaerial to shallow water volcanic terrain (Fig. 10.1 ). 

The Tyndall Group represents the submarine record of eruptive activity (Comstock 

Formation), and subsequent erosion (Zig Zag Hill Formation) of this volcanic terrain. 

This setting could be similar to that of a prograding fan-delta system (cf. Wescott and 

Ethridge 1980, Mastalerz 1995). Fan deltas are the continuation of alluvial fans and 

braided fluvial systems that prograde from a highland, directly into water (sea or lake). 

POSIDON OF THE SOURCE VOLCANIC TERRAIN 

The north-south elongate distribution of the Tyndall Group exposures (Fig. 2.2) implies 

that the original Tyndall Group depocentre was probably elongate. The position of the 

volcanic source terrain relative to the preserved submarine deposits is not known due to 

lack of palaeocurrent indicators in the Tyndall Group lithofacies. However, the Tyndall 

Group is exposed on the eastern side of the Mount Read V olcanics, close to the contact 

with the Tyennan Precambrian basement. The Tyennan region was probably uplifted 

during the Late Cambrian (Crawford and Berry 1992), and contributed Precambrian 

basement-derived clasts to the Zig Zag Hill Formation and overlying Owen 

Conglomerate. The Tyennan region is the most likely source of the Owen Conglomerate 

as palaeocurrent directions indicate an easterly source (Baillie 1989). In addition, 

Cambrian granites and older Mount Read Volcanic units on the eastern side of the Mount 

Read Volcanics contributed clasts to the Tyndall Group (e.g. Mount Selina area). Thus, 

although palaeocurrent indicators are lacking in the Tyndall Group, the regional 

geological context suggests an easterly provenance and a west-dipping palaeoslope for the 

Tyndall Group. 

SHALLOWING UPWARD TRENDS 

The Tyndall Group was deposited in a submarine setting, largely below storm wave base. 

Fossiliferous carbonates at the base of the Tyndall Group indicate that water depths were 

less than a few hundred metres deep (Chapter 5). Older lithostratigraphic units of the 

Mount Read Volcanics are dominated by relatively deep-water facies (McP_hie and Allen 

1992) and the only known shallow water carbonate occurs in the Tyndall Group. Welded 

ignimbrite in the Mount Read Volcanics is restricted to the Tyndall Group, and also 

suggests proximity to subaerial environments (Chapter 6). The clear shallowing upward 

trend from the older parts of the Mount Read Volcanics to the Tyndall Group is continued 

into the Owen Conglomerate which conformably overlies the Tyndall Group. The Owen 
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a) Comstock Formation stage 
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Fig. 10.1 Schematic diagram for the palaeogeography of the Tyndall Group. a) Comstock 
Formation stage and b) Zig Zag Hill Formation stage. 
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Conglomerate is dominated by shallow marine, fluvial and alluvial fan, above-wave-base 

sedimentary facies (Banks and Baillie 1989). 

Volcanology and sedimentology 

The volcanic and sedimentary history of the Tyndall Group is discussed in the context of 

the inferred palaeogeographic setting (Fig. 10.1). The marked contrast in facies of the 

Comstock Formation and the Zig Zag Hill Formation allows the identification of two 

main stages: 1) the Comstock Formation stage is characterised by abundant evidence for 

contemporaneous eruptions in the source volcanic terrain; and 2) the Zig Zag Hill 

Formation stage involved mainly post-eruptive denudation of the source volcanic terrain. 

COMSTOCK FORMATION STAGE 

At the start of the Comstock Formation stage, massive carbonates were deposited on 

older Mount Read Volcanics substrate, in moderately shallow water marine environments 

as indicated by in situ shallow marine fossils (Jago et al. 1972). Fine grained turbidites, 

massive mudstone, quartz-poor crystal-rich volcaniclastic sandstone and lithic breccia 

also accumulated at this time. Subaerial to shallow marine volcanic eruptions provided 

large volumes of juvenile pyroclasts (i.e. crystals, crystal fragments, shards, pumice) 

present in the Comstock Formation (Fig. 10.la). The initial eruptions were probably 

andesitic to dacitic in composition, leading to deposition of the quartz-poor 

(clinopyroxene-bearing) crystal-rich volcaniclastic units of the Lynchford Member. Felsic 

(rhyolitic to dacitic) eruptions followed, leading to deposition of plagioclase- and quartz

rich crystal-rich units of the Mount Julia Member. The moderate thickness and wide 

distribution of the syn-eruptive crystal-rich facies in the Comstock Formation imply that 

large volume, explosive magmatic or phreatomagmatic eruptions (e.g. felsic, caldera

forming eruptions) were occurring in the adjacent subaerial to shallow marine volcanic 

source terrain. The trend from less to more felsic volcanism observed in the Comstock 

Formation is consistent with observations in other subaerial volcanic terrains. Lipman 

(1984) notes that major caldera-forming, felsic pyroclastic eruptions are often preceded 

by volcanism of intermediate composition. 

Pyroclasts (largely crystals and glassy ash) were transported to the marine basin, mostly 

by pyroclastic flows. These transformed into water-supported sediment gravity flows on 

entry into water, and were finally deposited below storm wave base (Chapter 6, 7). The 

highly crystal-rich nature of the volcaniclastic facies is interpreted to be due to elutriation 

of light/fine components (vitric ash and pumice) during eruption and transport (Chapter 
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7). Ignimbrite would have been deposited in subaerial to shallow marine parts of the 

basin from the subaerial pyroclastic flows (Chapter 6). 

Deposition of in situ ignimbrite at Zig Zag Hill can be accounted for by the construction 

of a pyroclast-rich delta, generated by interaction between voluminous subaerial 

pyroclastic flows and the sea, producing thick sequences of crystal-rich volcaniclastic 

sandstone (CRVS) (Chapter 6). Temporary shallowing and regression of the shoreline 

associated with the formation of the delta created shallow water and/or subaerial 

environments, which allowed subsequent pyroclastic flows to deposit primary welded 

ignimbrite on CRVS. Welded ignimbrite that was deposited in subaerial to shallow water 

environments also contributed clasts (possibly up to 50 m across) to the marine basin. 

This may have occurred when the rapidly deposited and unstable CRVS deposits in 

shallow water settings were eroded, undercutting the overlying welded ignimbrite and 

causing it to collapse as large allochthonous blocks. The ignimbrite blocks were 

transported downslope, and together with crystal and lithic components, formed 

voluminous subaqueous sediment gravity flows (i.e. allochthonous model, Anthony 

Road ignimbrite; Chapter 6). The angular and irregularly shaped welded ignimbrite clasts 

in the Comstock ignimbrite breccia probably originated by quench brecciation of hot 

welded ignimbrite that was deposited in shallow water and/or from erosion of ignimbrite 

deposited in shallow water. 

Subaqueous volcanic centres also contributed to the Tyndall Group. Rhyolite lava dome 

complexes formed on the seafloor (Anthony Road/Henty Canal area) during the 

deposition of the Comstock Formation (Fig. 10.la), and persisted higher in the sequence, 

during accumulation of the overlying Zig Zag Hill Formation. Angular clasts of rhyolite, 

probably sourced from peripheral autoclastic breccia, were redeposited down the flanks 

of lava domes and incorporated into crystal-rich sediment gravity flows derived from 

subaerial to shallow marine sources. Syn-depositional intrabasinal faults active during 

deposition of the Tyndall Group influenced sedimentation, causing lateral facies and 

thickness variations (e.g. Comstock/Zig Zag Hill area; Appendix A). Faults may also 

have controlled the location of rhyolite intrusions and lava dome complexes, and provided 

fluid pathways for associated hydrothermal systems (e.g. Henty Gold Mine 

mineralisation). 

ZIGZAG IIlLL FORMATION STAGE 

The top of the Comstock Formation marks the end of syn-eruptive volcaniclastic 

sedimentation and probably also marks the end of the large volume, explosive volcanic 

161 



activity occurring in the source area. This was then followed by a phase of post-eruptive 

erosion and reworking, leading to deposition of the Zig Zag Hill Formation (Fig. 10.1 b ). 

The polymict volcaniclastic facies of the Zig Zag Hill Formation contain abundant 

rounded volcanic lithic (and other) clasts, indicating erosion and reworking in high 

energy environments prior to redeposition by subaqueous sediment gravity flows, and 

that the source areas were subaerial to shallow marine (Fig. 10.1 b ). Minor rhyolite lava 

dome complexes also formed on the seafloor during the deposition of the Zig Zag Hill 

Formation (Anthony Road area). Tectonic uplift in the source probably contributed to 

increased erosion rates, producing the large proportion of well rounded epiclasts present 

in this facies. The cessation of active volcanism, along with tectonic uplift in the source, 

caused the sudden change in depositional styles in the Tyndall Group (i.e. syn-eruptive to 

post-eruptive deposition). The episode of tectonic uplift eventually exposed Precambrian 

basement rocks (Crawford and Berry 1992), feeding Precambrian siliciclastic debris into 

the basin, as seen in the upper parts of the Zig Zag Hill Formation and overlying Owen 

Conglomerate. 

Syn-eruptive versus post-eruptive volcaniclastic facies 

The Tyndall Group provides excellent examples of both syn-eruptive and post-eruptive 

volcaniclastic facies. Distinguishing between these two categories in ancient successions 

can be difficult and requires detailed analysis of the lithofacies characteristics and 

petrography of the deposits. Syn-eruptive volcaniclastic deposits are sourced from, and 

emplaced synchronously with, (or shortly after) volcanic eruptions, and have immense 

significance in establishing the composition, setting and eruptive style of the source 

volcanic centres (McPhie et al. 1993). On the other hand, post-eruptive volcaniclastic 

deposits result from surface processes (weathering and erosion) acting on pre-existing 

volcanic deposits, and generally involve significant sedimentary transport and reworking. 

They can be dominated by true epiclasts ( clasts derived from weathering and erosion of 

volcanic rocks), or can be mixtures of epiclasts and autoclastic or pyroclastic particles 

derived from erosion of unconsolidated primary volcaniclastic deposits. 

Analysis of the Tyndall Group has provided criteria for distinguishing syn-eruptive 

volcaniclastic facies from post-eruptive volcaniclastic facies. Syn-eruptive volcaniclastic 

facies (e.g. CRVS facies) are characteristic of the Comstock Formation and contain high 

proportions of pyroclasts derived directly from explosive volcanic eruptions in the source 

region. In this case, subaerial pyroclastic flows delivered pyroclastic debris from the 

volcanic source terrain to the sea where they transformed into water-supported sediment 

gravity flows, continued downslope and finally deposited in below-storm-wave-base 
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environments as CRVS. The dense pyroclasts (dominantly crystals) were concentrated 

during the transport history by elutriation of light/fine vitric components (ash, shards, 

pumice), but did not suffer significant shape modification due to abrasion during 

transport. Some pyroclasts may have been temporarily stored in shallow marine 

environments, then redeposited downslope at a later date. However, the dominance of 

euhedral to subhedral crystals and angular crystal fragments indicates little or no 

reworking. The pyroclasts were probably transported and deposited during the eruptive 

cycle (perhaps as little as weeks to months after initial eruption) and may have travelled 

significant distances from the source to the site of final deposition (i.e. kilometres to tens 

of kilometres). The abundance of juvenile volcanic components, and lack of evidence for 

sedimentary reworking, are the key aspects in identifying syn-eruptive volcaniclastic 

facies in the Tyndall Group. 

The post-eruptive facies in the Zig Zag Hill Formation contain a wide range of volcanic 

(and other) lithic fragments that originated from many different sources. Final deposition 

clearly post-dates eruption of the volcanic components, as the lithic clasts are dominantly 

subrounded to well-rounded, indicating considerable erosion and reworking in above

wave-base environments prior to final deposition below storm wave base. Evidence for 

reworking and the presence of epiclasts are the key aspects in identifying post-eruptive 

volcaniclastic facies in the Tyndall Group. 

Tectonic setting 

CONSTRAINTS ON THE TECTONIC SETTING OF THE TYNDALL GROUP 

The following points are considered to be important in constraining the tectonic setting of 

the Tyndall Group. 

1) The Tyndall Group lavas/intrusions and most juvenile volcaniclastic lithofacies are 

calc-alkaline (suite 1 of Crawford et al. 1992) and were sourced from calc-alkaline felsic 

to intermediate magmas. The Tyndall Group is the youngest lithostratigraphic unit in the 

Mount Read Volcanics and overlies older calc-alkaline volcanic rocks and minor 

tholeiites. 

2) Nd and Sr isotopes for the Tyndall Group lavas/intrusions are consistent with a 

Proterozoic (continental) crustal source (Whitford and Crawford; in Crawford et al. 

1992). 
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3) The palaeogeography of the Tyndall Group comprises a marine setting (largely sub

wave base), that was adjacent to a subaerial to shallow water volcanic terrain. The 

Tyndall Group depocentre and adjacent source volcanic terrain were probably elongate. 

4) Regional geological relationships imply an easterly provenance and a west-dipping 

palaeoslope for the Tyndall Group depocentre. 

5) A shallowing upward trend is observed from the older parts of the Mount Read 

Volcanics to the Tyndall Group, and is continued into the Owen Conglomerate which 

conformably overlies the Tyndall Group. 

6) During the Zig Zag Hill Formation stage, tectonic uplift in the source probably 

contributed to erosion and the influx of well rounded volcanic and non-volcanic epiclasts. 

The episode of tectonic uplift eventually exposed Precambrian basement rocks (Crawford 

and Berry 1992) which contributed clasts to the Zig Zag Hill Formation and overlying 

Owen Conglomerate. Precambrian basement-derived clasts were probably sourced from 

the Tyennan region to the east. 

TECTONIC MODELS FOR WESTERN TASMANIA AND IMPLICATIONS FOR TIIE 

TYNDALL GROUP SETTING 

The tectonic setting of the Tyndall Group is best understood in the context of the tectonic 

evolution of the late Proterozoic to early Palaeozoic successions of western Tasmania as a 

whole, which is a highly debated topic. Many different models have been proposed over 

the past few decades and are reviewed in Corbett and Turner (1989). These models fall 

into three broad categories: 1) a rift model was proposed for the Dundas Trough by 

Corbett et al. (1972) and was adopted by subsequent workers (e.g. Corbett 1979); 2) 

convergent plate tectonic models were proposed involving either west-dipping or east

dipping subduction zones (e.g. Solomon and Griffiths 1972, Corbett and Lees 1987); 

and 3) an allochthon model involving a post-collisional origin for the Mount Read 

Volcanics has recently been proposed by Berry and Crawford (1988) and Crawford and 

Berry (1992) (Fig. 10.2). 

Rift model 

Corbett et al. (1972) proposed a rift model for the Dundas Trough in which the Mount 

Read Volcanics formed on the eastern margin of the trough, above rift faults (Fig. 10.2). 
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1. RIFT MODEL - after Corbett et al (1972), based on Campana & 
King (1963) 
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Fig. 10.2 Some of the tectonic models proposed for the late Proterozoic to early 
Palaeozoic geology of western Tasmania. In these models, the Tyndall Group forms the 
upper part of the Mount Read Volcanics or "Mount Read arc". The "Tyndall Group arc" 
is shown on model 2, forming on the earlier "Mount Read Volcanic arc" sequence. From 
Corbett and Turner (1989). 
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This model is based on an earlier "geosynclinal trough" model proposed by Campana and 

King (1963). Corbett et al. (1972) also presented two plate tectonic models, as 

alternatives to the rift model. Williams (1978) noted that tholeiites in the Crimson Creek 

Formation suggest and early stage of rifting, which was probably followed by a 

compressional stage that generated the Mount Read Volcanics. Corbett (1979) proposed a 

·rift-caldera model for the Mount Read Volcanics in which the rift structure was partly 

open to the sea and the Central Volcanic Complex formed in an intra-caldera setting. In 

this model, the "Comstock Tuff" (or Comstock Formation) is thought to have formed in 

subsidiary rifts within the main rift zones, and the upper part of the Tyndall Group (Zig 

Zag Hill Formation) and the Owen Conglomerate were part of a post-rift erosional stage. 

The main problem with the rift model, is that the composition of the Mount Read 

Volcanics are largely calc-alkaline (Crawford et al. 1992), and somewhat different from 

typical volcanic rocks in continental rift settings. Continental rift settings are dominated 

by alkaline to sub-alkaline and tholeiitic magmatism (Wilson 1989). The composition of 

mafic and ultramafic complexes in the Dundas Trough are unknown from any continental 

rift setting (Berry and Crawford 1988). Low-Ti basalts and boninites in association with 

these mafic and ultramafic complexes are only known from modem forearc areas of the 

west Pacific (Berry and Crawford 1988). The rift model is considered to be inappropriate 

for the evolution of the late Proterozoic to early Palaeozoic rocks of western Tasmania. 

Convergent plate tectonic models 

Several different plate tectonic models involving convergent margins have been proposed 

for the late Proterozoic to early Palaeozoic rocks of western Tasmania. Solomon and 

Griffiths (1972) proposed a convergent plate margin model with a west-dipping 

subduction zone and associated trench between the Mount Read Volcanic arc and the 

Tyennan region. Corbett et al. (1972) discussed this model and presented two alternative 

plate tectonic models: one involving an east-dipping subduction zone below the Mount 

Read Volcanic arc with the Dundas Trough forming in the fore-arc region; and another 

involving a west-dipping subduction zone below the Adamsfield Trough on the eastern 

side of the Tyennan region, with the Dundas Trough forming in a back-arc setting behind 

the Mount Read Volcanic arc. Solomon and Griffiths (1974) supported the east-dipping 

subduction zone model of Corbett et al. (1972) and emphasised the calc-alkaline, ensialic 

(Andean) nature of the Mount Read Volcanics. Green (1983, 1984) proposed that the 

ultramafic and associated high-Mg andesitic rocks in the Dundas Trough were derived 

from an oceanic island arc generated above a west-dipping subduction zone, situated 

within an ocean basin between the Tyennan and Rocky Cape regions. Following this, 
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collision of the Tyennan region with the arc caused a subduction polarity reversal to 

generate the Mount Read Volcanics above an east-dipping subduction zone (Fig. 10.2). 

In this model, the Dundas Trough formed in a fore-arc basin setting, a scenario that was 

later supported by Corbett and Lees (1987). Corbett and Lees (1987) suggested that the 

Tyndall Group was generated from a volcanic arc within and on the flanks of an earlier 

arc (Fig. 10.2). Another model involving a west-dipping subduction zone located at the 

Tamar Fracture to the east was proposed by Corbett and Turner (1989) (Fig. 10.2). 

Several problems with the convergent margin plate tectonic models were noted by Corbett 

and Turner (1989), and Berry and Crawford (1988). The main problem noted by these 

authors is that there is little evidence for a suture zone and any highly-deformed 

subduction complex rocks, which would be expected in such a model. 

With respect to most of the convergent margin plate tectonic models discussed above, the 

Tyndall Group represents a late stage of felsic to intermediate continental arc volcanism, 

generated in response to plate convergence and subduction. In this case, the Tyndall 

Group volcaniclastic deposits would have probably accumulated in either a fore-arc or 

back-arc basin, adjacent to the volcanic arc. Clinopyroxenes in the Comstock Formation, 

derived from the early andesitic phase of volcanism, have compositions which are 

consistent with a calc-alkaline, volcanic arc source (Chapter 4). A subduction-related, 

continental margin-arc model is also consistent with the inferred palaeogeography of the 

Tyndall Group, calc-alkaline composition, and style of volcanism and sedimentation. 

However, a convergent margin plate tectonic model is not favoured by Berry and 

Crawford (1988) and Crawford and Berry (1992), who developed a tectonic model 

which involves post-collisional volcanism that was not necessarily subduction-related. 

Post-collisional model 

The tectonic model recently proposed by Berry and Crawford (1988), and Crawford and 

Berry (1992) involves an initial allochthon stage followed by a post-collisional volcanism 

stage, the latter generating the Mount Read Volcanics (Figs 10.2, 10.3). Prior to the 

Middle Cambrian, eastward-directed intra-oceanic subduction occurred to the east of a 

passive margin, forming an oceanic arc with boninites and low-Ti magnesian quartz 

tholeiites in the forearc region (Fig. 10.3a). These lava compositions are restricted to the 

forearc regions of modem island arcs and are presently not known in continental margin 

arc or continental rift settings. Continued subduction eventually led to an arc/continent 

collision during the Middle Cambrian (Fig. 10.3b ). Sheets of forearc crust, dominated by 

low-Ti basalts and boninites, were overthrust westward as allochthons onto thinned 
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Fig. 10.3 Tectonic model for the late Proterozoic and early Palaeozoic geology of 
western Tasmania, from Crawford and Berry (1992). In this model the Tyndall Group 
forms in the final stages of Mount Read "arc" volcanism (stage d), and prior to the 
"molasse deposition" recorded by the Owen Conglomerate (stage e). 
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continental crust of the leading edge of the former passive margin (Fig. 10.3b). 

Compression at the suture zone resulted in backthrusting and development ofhalf-grabens 

(relaxation rifts) such as the Dundas Trough, which is considered to be a foreland basin 

by Crawford and Berry (1992) (Fig. 10.3c). The Mount Read Volcanics were erupted on 

the eastern side of the Dundas Trough as post-collisional volcanics, generated by partial 

melting of subduction-modified, underthrust passive margin subcontinental mantle, or 

possibly by a short-lived reversal of the subduction zone (Fig. 10.3d). The Mount Read 

Volcanics are largely medium to high-K, calc-alkaline and shoshonitic volcanics and are 

akin to lavas generated by subduction-modified upper mantle in modern post-collisional 

settings. A period of extension following this stage resulted in the emplacement of the 

Henty Dyke Swarm tholeiites. The Henty Dyke tholeiites intruded the Central Volcanic 

Complex, prior to the deposition of the Tyndall Group. In the final stages, extensive 

sheet-like quartz + feldspar-phyric intrusions and associated Tyndall Group felsic 

explosive volcanism sourced from lower crustal magmas occurred in the Dundas Trough. 

Continued rebound backthrusting exposed underthrust Proterozoic basement (Tyennan 

region), and uplift and erosion of the Tyennan region produced the coarse siliciclastic 

detritus in the Owen Conglomerate. This siliciclastic "molasse" flooded into and 

eventually filled the Dundas Trough (Fig. 10.3e ). 

The post-collisional model for the evolution of the Mount Read Volcanics (Berry and 

Crawford 1988, Crawford and Berry 1992) is consistent with available structural, 

stratigraphic, and geochemical evidence. Crawford and Berry (1992) use the distinctive 

compositions of some lavas in the Mount Read Volcanics (e.g. shoshonites) to constrain 

the tectonic setting by comparison with modern analogues. In the post-collisional model, 

the Tyndall Group was probably deposited at some time between the period of extension 

(Henty Dyke Swarm stage) and the period of Tyennan basement uplift which produced 

the Owen Conglomerate (i.e. between staged and stage e on Figure 10.3). The Zig Zag 

Hill Formation may have formed during the initial stages of the Late Cambrian 

backthrusting event that led to uplift and erosion of the Tyennan region as it conform.ably 

underlies the Owen Conglomerate, contains minor Precambrian-derived detritus like that 

in the Owen Conglomerate, and is dominated by coarse grained epiclastic facies, 

suggesting significant erosion and reworking in the source. However, the underlying 

Comstock Formation preserves abundant evidence for contemporaneous large volume, 

explosive volcanism reflecting a different tectonic regime. One possibility is that after the 

emplacement of the Henty Dyke Swarm, extension wanned and heat from the mantle 

melted significant portions of the thickened lower crust, generating felsic (and lesser 

intermediate magmas) that sourced the catastrophic explosive volcanic events recorded by 

the Comstock Formation. This is consistent with results from Nd-Sr isotope studies on 
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Tyndall Group lavas/intrusions (Whitford and Crawford; in Crawford et al. 1992) which 

indicate that the Tyndall Group was generated from melting of Proterozoic crust. In this 

model, volcanism recorded by the Comstock Formation was post-collisional and was 

probably generated from lower crustal magmas that were not necessarily associated with 

subduction processes. The overlying Zig Zag Hill Formation probably formed in 

response to rebound backthrusting after collision, which caused uplift and erosion of a 

volcanic-dominated terrain. The overlying siliciclastic Owen Conglomerate represents 

continued backthrusting causing uplift and erosion of Proterozoic basement crust in the 

Tyennan region. 

Two modern analogues for the Comstock Formation 

Two modem analogues for the palaeogeographic setting and style of volcanism recorded 

by the Comstock Formation are considered here: 1) the central North Island of New 

Zealand (Taupo Volcanic Zone) and the adjacent marine basins (e.g. offshore Taupo 

Volcanic Zone, Havre Trough); and 2) the Lesser Antilles volcanic arc and adjacent 

Grenada Basin. These two regions are modem analogues for the palaeogeography of the 

Tyndall Group and volcanism in the Comstock Formation stage, and are not necessarily 

analogues for the tectonic setting. 

Several limitations in proposing modem analogues for the Cambrian Tyndall Group need 

to be taken into account. Most data on possible modem analogues come from the 

subaerial volcanic terrains, and much less is known about the off shore submarine 

deposits and their transport processes, mainly due to difficulties in observing and 

sampling present-day submarine environments. The opposite case is true for the Tyndall 

Group, for which all information comes from the preserved submarine deposits, because 

the source areas are not preserved. Secondly, the original geometry and dimensions of the 

Tyndall Group depocentre are poorly constrained and difficult to compare with any 

modem analogue. The Tyndall Group and correlates are exposed along a strike length of 

approximately 80--100 km, and are about 10--20 km across in an east-west direction, in 

the central part of the Mount Read Volcanics. However, the Tyndall Group is covered by 

younger rocks, especially to the north, and has been folded and faulted during the 

Devonian. Therefore, the original distribution of the Tyndall Group was obviously 

somewhat different to the present distribution. Furthermore, there are few constraints on 

the position, geometry and dimensions of the Comstock Formation source volcanic 

terrain, as it is not exposed. Despite these limitations, the palaeogeography and style of 

volcanism inferred from the Tyndall Group have many features common with the two 

modem analogue areas outlined below. 
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1. NOR1H ISLAND, NEW ZEALAND 

The Taupo Volcanic Zone (TVZ) in the central North Island of New Zealand is the site of 

extensive late Pliocene to Quaternary volcanism resulting from subduction of the Pacific 

Plate oceanic crust beneath continental crust of the Australian Plate (Cole 1990, Wilson et 

al. 1995) (Fig. 10.4). The TVZ is a north-northeast-trending extensional zone interpreted 

by Cole (1990) to comprise a continental arc and back-arc basin, bound to the east and 

west by ranges of Upper Palaeozoic to Mesozoic greywacke and argillite. It extends from 

Ohakune in the south, northward across the North Island for some 200 km, and 

continues offshore for approximately 100 km (Fig. 10.4). The Kermadec Ridge-Havre 

Trough system, an active oceanic arc and back-arc basin, lies to the north-northeast of the 

TVZ. The TVZ and Kermadec Ridge-Havre Trough systems are separated by a 

southeast-trending discontinuity, the Vening Meinesz Fracture Zone (Fig. 10.4), along · 

which the extensional axes of these two systems are offset sinistrally by approximately 50 

km (Karig 1970, Gamble et al. 1993). The Vening Meinesz Fracture Zone, approximately 

100 km offshore, marks the transition from continental to oceanic crust and coincides 

with a major break in slope at around the 2000 m isobath. 

The TVZ is approximately 300 km long and up to 60 km wide, as defined by the vent 

positions and caldera structures. Active volcanic centres of the TVZ continue offshore to 

the north-northeast (e.g. White Island), to the edge of the continental crust (Gamble et al. 

1993). Offshore, the TVZ comprises a 40-50 km wide volcano-tectonic structure 

consisting of an axial volcanic ridge flanked by extensional grabens (Wright 1992). 

Sedimentation in the offshore part of the TVZ is highly variable and includes terrigenous 

sediment input from the ranges of Upper Palaeozoic to Mesozoic rocks in the eastern part 

of the North Island and an intermittent supply of mainly rhyolitic volcanic debris from the 

TVZ (Lewis and Pantin 1984) (Fig. 10.4). Volcaniclastic sediments are also derived from 

off shore, active and inactive volcanoes (e.g. White Island). 

The TVZ has been volcanically active during the past 2 million years. Rhyolite is the 

dominant magma erupted, andesite is an order of magnitude less abundant and basalt and 

dacite are volumetrically minor (Wilson et al. 1995). Estimated eruption volumes are 

15 000-20 OOO km 3, making the TVZ one of the most productive silicic volcanic systems 

on Earth (Wilson et al. 1995). Andesitic composite volcanoes occur at the northern and 

southern extremities whereas rhyolitic calderas dominate the middle portion of the zone 

on land (Fig. 10.4). Eight major rhyolitic caldera centres have been identified in the 

central part of the TVZ (Wilson et al. 1995). These rhyolitic eruptive centres have 
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Fig. 10.4 Map of the North Island of New Zealand and offshore regions, based 
on Wilson et al. (1995) showing the location of rhyolitic volcanic centres of the 
Taupo Volcanic Zone (TVZ). Sedimentation in the offshore part of the TVZ is 
highly variable and includes: an intermittent supply of mainly rhyolitic volcanic 
sediments from the TVZ (open arrow); terrigenous sediment input from the 
ranges of Upper Palaeozoic to Mesozoic rocks in the eastern part of the North 
Island (closed arrow); and volcanic sediments from offshore volcanoes (e.g. 
White Island). The TVZ extends from Ohakune in the south to the Vening 
Meinesz Fracture Zone (VMFZ) to the north-northeast. The VMFZ coincides 
with the 2000 m isobath. 
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produced large volume ignimbrites, pyroclastic fall deposits and lava domes, and account 

for approximately 15 OOO km3 of erupted products (Wilson et al. 1995). Single 

ignimbrites range in volume from 1to300 km.3. 

The North Island of New Zealand and offshore areas show many similarities to the 

inferred Comstock Formation source volcanic areas and depositional setting. 

1) The geographic setting of the TVZ is similar to the Comstock Formation in that 

subaerial rhyolitic volcanic centres lie close to the sea 

2) The style of volcanism in the TVZ is similar to that in the inferred Comstock 

Formation source terrain in being dominated by explosive rhyolitic ignimbrite-forming 

eruptions with lesser effusive eruptions. 

3) Subaerial pyroclastic flows erupted from rhyolitic volcanic centres in the TVZ are 

known to have reached the sea, as proposed for the Comstock Formation (Chapters 6 

and 7). For example, pyroclastic flows that deposited the 42 OOO year old Rotoiti 

ignimbrite reached the Bay of Plenty, approximately 30 km from their source in the 

Okataina Volcanic Centre. Walker (1979) proposed that the Rotoiti pyroclastic flows 

interacted explosively with water at the shoreline, producing widespread crystal-rich 

fallout deposits (Rotoehu Ash) (Chapter 7). 

The North Island of New Zealand and offshore areas also differ from the inferred 

Comstock Formation source volcanic areas and depositional setting. 

1) The north-northeast-trending TVZ is roughly perpendicular to the Bay of Plenty 

shoreline and the main volcaniclastic sediment transport direction is subparallel to the 

volcanic chain. In contrast, the source areas for the north-trending Tyndall Group are 

thought to have been to the east, involving sediment transport perpendicular to the 

volcanic chain. 

2) Although little is known about the sediments in the Bay of Plenty, available data 

suggest that sedimentation involves a large proportion of non-volcanic terrigenous 

sand and mud, with episodic volcaniclastic sedimentation sourced from the TVZ. In 

contrast, coarse grained syn-eruptive and post-eruptive volcaniclastic sedimentation 

dominates in the Tyndall Group. Syn-eruptive, massive crystal-rich volcaniclastic 

sandstones characteristic of the Comstock Formation have not been reported in the 

submarine areas of the TVZ. 

3) Although the dimensions of the Tyndall Group depocentre are poorly constrained, 

the preserved exposures (approximately 80-100 km long and 10-20 km wide), are 

somewhat smaller than the dimensions of the TVZ (300 km long and up to 60 km 

wide). 
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2. THE GRENADA BASIN, LESSER ANTILLES 

The north-trending, Grenada Basin, up to 3000 m deep, lies to the west of the north

trending Lesser Antilles volcanic arc, a 800 km long chain of volcanic islands that extend 

from Grenada in the south to the north of Saba (Sigurdsson and Carey 1981) (Fig. 10.5). 

Tertiary to Quaternary volcanism in the Lesser Antilles is the result of intra-oceanic, west

directed subduction which occurs several hundred kilometres to the east of the arc (Fig. 

10.5). The Grenada Basin is interpreted to be a back-arc basin (Carey and Sigurdsson 

1984) and contains approximately 4.2 km of sediment resting on slightly thickened crust 

of oceanic affinity (Boynton et al. 1979). The Aves Ridge is a north-trending structural 

high to the west of the Grenada Basin (Fig. 10.5) and is considered to be a remnant arc 

that was displaced by back-arc spreading (Carey and Sigurdsson 1984). 

Volcanogenic sediments in the Grenada Basin have been recovered in piston cores and are 

described by Carey and Sigurdsson (1978, 1980), Sigurdsson et al. (1980) and Whitham 

(1989). The basin contains abundant pyroclastic and volcanogenic sedimentary deposits, 

most of which have been interpreted as Holocene sediment gravity flow deposits and 

water-settled fallout deposits derived from the Lesser Antilles volcanic arc (Carey and 

Sigurdsson 1980, 1984). Volcanogenic turbidites and coarse grained sediment gravity 

flow deposits (e.g. debris flow deposits) are the most abundant types in the Grenada 

Basin. The majority of the airfall tephra gets transported eastward by the prevailing 

winds, and is deposited in the Atlantic Ocean (Carey and Sigurdsson 1980) (Fig. 10.5). 

The volcanogenic turbidites in the Grenada Basin rarely show the complete Bouma 

sequence. The most common turbidites consist of division-a sands and a combination of 

division-a and division-b sands (Carey and Sigurdsson 1984). The sediment gravity flow 

deposits are massive and poorly sorted and are interpreted to be debris flow deposits 

(Carey and Sigurdsson 1984). One of the sampled sediment gravity flow deposits in the 

Grenada Basin has been correlated with the subaerial Roseau pyroclastic flow deposits on 

the island of Dominica (Carey and Sigurdsson 1980) (Fig. 10.5). This deposit is 

interpreted to have formed from transformation of pyroclastic flows into submarine 

sediment gravity flows on entering the sea, on the west coast of Dominica. The Grenada 

Basin also contains abundant hemi-pelagic mud which is probably deposited continuously 

during the intervals between the periodic influx of volcanogenic sediment gravity flows. 

The volcanogenic turbidites and coarse grained sediment gravity flow deposits in the 

Grenada Basin are lithologically variable. Some deposits contain abundant pumice, glass 

shards, angular crystals and lithic clasts, and are likely to be associated with volcanic 

eruptions (Carey and Sigurdsson 1984). Others contain well-rounded crystals, lithic 
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Fig. 10.5 Map of the Grenada Basin and-Lesser Antilles arc, modified from 
Sigurdsson and Carey (1981), Whitham (1989). Volcaniclastic sediment in the 
Grenada Basin has largely been derived from the volcanic arc to the east, from 
subaerial eruptions on the islands of Dominica, Martinique, St Lucia and St 
Vincent. Open arrows show the submarine sediment gravity flow dispersal 
direction and closed arrows show the dominant down-wind fallout dispersal 
direction. The stippled area shows the known extent of sediment gravity flow 
deposits that were derived from the Roseau pyroclastic flows, Dominica. 
Contours shown are in metres below sea level. 
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clasts and biogenic particles, and are considered to have been reworked prior to final 

deposition. The detritus has largely been derived from the volcanic arc to the east, mainly 

from subaerial eruptions on the islands of Guadeloupe, Dominica, Martinique, St Lucia 

and St Vincent (Fig. 10.5). Submarine volcanogenic sedimentary deposits are commonly 

mixtures of detritus from one or more island sources. 

The style of volcanism in the Lesser Antilles arc is dominantly explosive. The central part 

of the Lesser Antilles arc, from Guadeloupe to Martinique, has been the most active part 

of the arc during the Quaternary, producing magmas of calc-alkaline affinity (Carey and 

Sigurdsson 1980, Sigurdsson and Carey 1981). Large magnitude explosive eruptions in 

silicic to intermediate volcanic centres in the central part of the arc have produced 

extensive plinian fall deposits and ignimbrites. Silicic lava domes are also produced in 

these centres. The collapse of lava domes on Dominica produced block and ash flows that 

flowed into the sea on the west coast of Dominica (Sparks et al. 1980a). 

The following features of the Grenada Basin and Lesser Antilles arc resemble those of the 

Comstock Formation depositional setting and inferred source volcanic terrain. 

1) The geographic setting involves active subaerial volcanic centres adjacent to a 

marine depocentre. 

2) Explosive volcanism is commonplace in the source volcanic area. 

3) The Lesser Antilles arc volcanic rocks are intermediate to silicic and calc-alkaline in 

composition. 

4) Subaerial silicic pyroclastic flows are known to have reached the shoreline and 

entered the sea (e.g. Roseau tephra; Carey and Sigurdsson 1980). 

5) Volcaniclastic turbidites in the Grenada Basin are not fully developed into complete 

Bouma sequences and are dominated by a-division sands. 

The Grenada Basin and Lesser Antilles Arc also have notable differences from the 

inferred Comstock Formation source volcanic areas and depositional setting. 

1) Syn-eruptive, massive crystal-rich volcaniclastic sandstones characteristic of the 

Comstock Formation have not been reported in the Grenada Basin. 

2) The Lesser Antilles arc is intra-oceanic and lies on oceanic crust whereas the 

Comstock Formation was probably sourced from volcanoes on continental crust. 

3) The Grenada Basin contains abundant hemi-pelagic mud deposits, whereas the 

Tyndall Group contains very few hemi-pelagic mudstone units. 
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4) Although the dimensions of the Tyndall Group depocentre are poorly constrained, 

the preserved exposures (approximately 80-100 km long and 20 km wide), are 

considerably smaller than the dimensions of the Lesser Antilles arc and offshore 

Grenada Basin (approximately 800 km long 100-200 km wide). 

Summary 

The Tyndall Group was deposited in a marine, mostly sub-wave base setting, adjacent to 

a subaerial to shallow water volcanic terrain. The source volcanoes were explosive, 

generating abundant pyroclasts that were rapidly transported to the marine basin and 

deposited offshore, forming the syn-eruptive facies of the Comstock Formation. 

Following active volcanism, denudation of the subaerial to shallow marine source areas 

dominated, possibly accelerated by tectonic uplift. Erosion contributed epiclastic volcanic 

and non-volcanic detritus to the depocentre, forming the post-eruptive facies of the Zig 

Zag Hill Formation. Although the tectonic setting is poorly constrained, the Tyndall 

Group probably formed at some time between a period of extensional volcanism 

(represented by the Henty Dyke Swarm) and a period of uplift and exposure of the 

Tyennan region (recorded by the Owen Conglomerate) (cf. Crawford and Berry 1992). 

The so_urce magmas for the Comstock Formation were calc-alkaline, and were probably 

generated by melting of Proterozoic continental crust (cf. Whitford and Crawford; in 

Crawford et al. 1992). The TVZ in New Zealand and offshore areas, and the Grenada 

Basin and the adjacent Lesser Antilles arc are considered to be two modem geographic 

and volcanic analogues for the Cambrian source volcanic terrain and depositional setting 

represented by the Tyndall Group. 
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CHAPTER 11 

SUMMARY AND CONCLUSIONS 

The following sections summarise the main results presented in this thesis. 

Regional characteristics of the Tyndall Group 

The Tyndall Group forms the upper part of the Cambrian Mount Read Volcanics in 

western Tasmania and is exposed from near Mount Darwin in the south, to Moxon 

Saddle in the north. Correlates of the Tyndall Group occur in the northern part of the 

Mount Read Volcanics around the Cradle Mountain Link Road and Mount Tor areas, and 

also in the Winterbrook area. The Tyndall Group comprises a wide variety of lithofacies 

including volcaniclastic breccia, conglomerate, sandstone and mudstone, welded 

ignimbrite, lavas and syn-volcanic intrusions, and non-volcanic sedimentary rocks. The 

Tyndall Group has variable basal contact relationships with older parts of the Mount Read 

Volcanics and is conformably overlain in places by the Late Cambrian to Early Ordovician 

Owen Conglomerate. In areas close to Cambrian granite, the Tyndall Group contains 

angular to rounded granite clasts, indicating a post-granite age, whereas the older 

lithostratigraphic units in the Mount Read Volcanics are intruded by the Cambrian granites 

(Corbett 1992). 

Stratigraphy of the Tyndall Group 

Detailed facies analysis on the Tyndall Group was carried out in several areas and 

regionally-mappable stratigraphic units were identified. The Tyndall Group is divided into 

two formations, the Comstock Formation and the overlying Zig Zag Hill Formation . .The 

Comstock Formation is further subdivided into the Lynchford Member and the overlying 

Mount Julia Member. This stratigraphic scheme is based on regional lithological 

variations, which largely reflect different provenance characteristics. The stratigraphic 

scheme provides a framework to which other less well constrained Tyndall Group 

exposures can be correlated. 
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The main stratigraphic units (Lynchford and Mount Julia Members of the Comstock 

Formation and the Zig Zag Hill Formation) each contain one or more principal lithofacies. 

The Comstock Formation is dominated by syn-eruptive, volcanogenic sedimentary 

deposits. The Lynchford Member of the Comstock Formation contains abundant quartz

poor crystal-rich volcaniclastic sandstone and breccia units that are generally more 

intermediate in composition relative to the rest of the Tyndall Group. The Lynchford 

Member also contains laminated mudstone and carbonate. The overlying Mount Julia 

Member of the Comstock Formation is dominated by more felsic, quartz-rich crystal-rich 

volcaniclastic sandstone and breccia. The Mount Julia Member also contains welded 

ignimbrite, coherent rhyolite and laminated mudstone units. The overlying Zig Zag Hill 

Formation is dominated by post-eruptive, polymict volcaniclastic conglomerate and 

sandstone. These stratigraphic units can be correlated across a large part of the central 

Mount Read Volcanics. 

Petrography and implications for provenance 

Volcaniclastic sandstones in the Comstock Formation contain a high proportion of 

crystals, along with bubble wall shards and possible pumice, suggesting that most 

components· were sourced from explosive volcanic events. The lack of evidence for 

reworking of these components suggests that they were transported and deposited during 

or shortly after the eruptive cycle, and represent essentially syn-eruptive deposits. The 

crystal-rich volcaniclastic deposits of the Comstock Formation were probably sourced 

from two magma types: the initial phase of volcanism that sourced the quartz-poor 

(clinopyroxene-bearing) sandstones of the Lynchford Member was intermediate in 

composition; and was succeeded by more felsic volcanism that generated the quartz-rich 

sandstones in the Mount Julia Member. In some areas, mixing of crystal components 

from these two sources probably occurred during transport to the site of deposition. The 

volcaniclastic sandstones in the overlying Zig Zag Formation contain true epiclasts 

derived from weathering and erosion of various volcanic and non-volcanic rocks, and are 

considered to be post-eruptive deposits. Modal analyses of sandstones from the different 

stratigraphic units in the Tyndall Group highlight these changes in provenance through 

time. 

The clinopyroxene crystals from sandstones in the Comstock Formation are 

geochemically similar, indicating derivation (along with other juvenile volcanic 

components) from the same volcanic source terrain. Comparison with the available 

literature indicates that they are geochemically similar to clinopyroxenes from calc-alkaline 

basalts in volcanic arc settings. 
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Sedimentation processes and depositional setting 

The bulk of the volcanogenic and non-volcanic sedimentary lithofacies in the Tyndall 

Group are interpreted to have been deposited from subaqueous sediment gravity flows. 

The presence of both high- and low-density turbidity current deposits and the absence of 

evidence for reworking of these beds suggests deposition in a below-storm-wave-base 

environment. However, an in situ limestone unit containing abundant shallow marine 

fossils (Jago et al. 1972) occurs at the base of the Comstock Formation at Comstock, and 

indicates that at least part of the group was deposited in water less than a few hundred 

metres deep. Many of the volcanogenic sedimentary deposits are very thick and non

stratified, implying relatively rapid deposition. 

Emplacement of the welded ignimbrite and associated CRVS 
facies 

Welded ignimbrite is intercalated with the subaqueous volcanogenic sedimentary 

sequences of the Comstock Formation at three locations and is compositionally and 

spatially associated with the crystal-rich volcaniclastic sandstone (CRVS) facies. The 

welded ignimbrite occurrences in the Tyndall Group could be submarine pyroclastic flow 

deposits, for example, originating from subaerially erupted pyroclastic flows that entered 

the sea, or else from subaqueously erupted pyroclastic flows. However, two alternative 

explanations are proposed that also account for closely associated volcanogenic 

sedimentary facies, especially the CRVS. 

In the first model, a pyroclastic delta was constructed as the result of subaerial pyroclastic 

flows meeting the sea, interacting with water and transforming into cold, water

supported, volcaniclastic sediment gravity flows. The delta was composed of crystal-rich 

volcaniclastic sand (CRVS) generated as a by-product of interaction between the hot 

pyroclastic flows and water. Temporary shallowing in response to rapid deposition of the 

CRVS facies and regression of the shoreline associated with delta progradation permitted 

deposition and in situ welding of deposits from subsequent pyroclastic flows in subaerial 

to shallow marine environments. Compaction and/or volcanotectonic subsidence after the 

eruptive phase produced a relative sea level rise and a return to below-wave-base 

sedimentation. The Zig Zag Hill ignimbrite and the closely associated CRVS facies may 

have originated in this way. 
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The second model involves the redeposition of welded portions of ignimbrite as 

allochthonous blocks and megablocks in large volume cold, water-supported, essentially 

syn-eruptive subaqueous sediment gravity flows. The ignimbrite was probably originally 

deposited and welded in shallow water to subaerial environments. The Comstock 

ignimbrite breccia is an example of this scenario, and possibly also the Anthony Road 

ignimbrite. 

The welded ignimbrite occurrences in the Tyndall Group are clearly remnants of the 

primary pyroclastic flow deposits. The closely associated syn-eruptive CRVS facies are 

also interpreted to have originated from pyroclastic flows , which in this case entered the 

sea and transformed into water-supported sediment gravity flows. Several volcanic and 

sedimentary transport processes may have contributed to the removal of fine vitric ash 

and resultant concentration of crystals in the deposits. After explosive eruption of 

phenocryst-bearing magma, dense components (e.g. crystals, lithic clasts) were 

preferentially concentrated into pyroclastic flows, whereas light/fine ash (mainly glass 

shards) was dispersed in ash clouds. Fine ash was further removed from the pyroclastic 

flows by elutriation into co-ignimbrite ash clouds. Additional crystal enrichment resulted 

from loss of fine ash in ash plumes generated by secondary explosions at the shoreline 

when the hot pyroclastic flows entered water, and in ash-rich suspensions associated with 

the ensuing submarine volcaniclastic sediment gravity flows. -

Geochemistry of the juvenile lithofacies 

The Tyndall Group is rhyolitic to dacitic in composition, apart from the andesitic 

Lynchford Member sandstones, and is part of the suite 1 calc-alkaline suite of Crawford 

et al. (1992). Tyndall Group coherent lavas/intrusions are distinguished from other suite 

1 lavas/intrusions by their depleted Ti, V and P concentrations, and distinctive rhyolitic 

compositions. Immobile element ratios for the welded ignimbrite and CRVS facies are 

similar, which is consistent with the interpretation that the two facies are genetically 

related. The ignimbrites have undergone some crystal concentration during eruption and 

transport, and the CRVS facies underwent additional crystal concentration during 

interaction with, and transport in water. This caused a shift in the composition away from 

the welded ignimbrite and towards the overall crystal composition (i.e. to a dacitic 

composition). Source magma compositions have not been determined, but were probably 

more Si02-rich than both the ignimbrites and the CRVS. 
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Origin of alteration textures in the CRVS facies 

The alteration minerals in the CRVS facies consist of albite, quartz, chlorite, and minor 

sericite, calcite, Fe-Ti oxides, sphene, epidote and actinolite/tremolite. These minerals are 

mostly products of alteration of an originally glassy ash-rich matrix. Primary framework 

crystal components of the CRVS (e.g. quartz, clinopyroxene and amphibole) have 

undergone partial alteration but are generally well-preserved. Pink, albite + quartz-rich 

and green, chlorite-rich alteration assemblages are common in the CRVS, occurring as 

laterally continuous alternating bands and discontinuous wispy domains within massive 

CRVS. Geochemical analysis of the albite +quartz-altered and chlorite-altered bands 

show that Si, Na and Ca are enriched in the albite + quartz bands, whereas Fe and Mg are 

enriched in the chlorite bands. 

The albite + quartz-rich and chlorite-rich bands and wispy textures are dominantly 

bedding-parallel, and are similar to those documented by Allen and Cas (1990) in the 

pumice breccia units at Rosebery-Hercules. The bands were probably formed by 

diagenetic alteration and compaction during burial. Earlier-formed diagenetic phases (e.g. 

zeolites, clays) may have been metamorphosed to the current mineral assemblage during 

Devonian lower greenschist regional metamorphism. More analytical work is required to 

constrain the conditions under which the alteration minerals formed. 

Palaeogeography, volcanology and implications for tectonic 
setting 

The Tyndall Group was deposited in a marine, mostly sub-wave base setting, adjacent to 

a subaerial to shallow water volcanic terrain. The source volcanoes were explosive, 

generating abundant pyroclasts that were rapidly transported to the marine basin and 

deposited offshore, forming the syn-eruptive facies of the Comstock Formation. 

Following active volcanism, denudation of the source areas dominated, contributing 

epiclastic volcanic and non-volcanic detritus to the basin, and forming post-eruptive facies 

of the Zig Zag Hill Formation. Although the tectonic setting is poorly constrained, the 

Tyndall Group is thought to have formed at some time between a period of extension 

(Henty Dyke Swarm stage) and a period of uplift (Owen Conglomerate stage), with 

respect to the post-collisional model of Crawford and Berry (1992). The source magmas 

for the Comstock Formation were calc-alkaline and probably generated by melting of 

Proterozoic continental crust, consistent with Nd-Sr isotope studies (Whitford and 

Crawford; in Crawford et al. 1992). The Zig Zag Hill Formation probably formed in 

response to tectonic uplift in the source. The Taupo Volcanic Zone in the central North 
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Island and offshore Bay of Plenty in New Zealand, and the Grenada Basin and adjacent 

Lesser Antilles arc are considered to be two modern geographic and volcanic analogues 

for the volcanic source terrain and depositional setting represented by the Tyndall Group. 
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APPENDIX Al 

BRIEF REPORT ON THE STRATIGRAPHY OF 
THE TYNDALL GROUP IN THE 

COMSTOCK/ZIG ZAG HILL AREA, 
CAMBRIAN MOUNT READ VOLCANICS, 

WESTERN TASMANIA 

Introduction 

This report describes the stratigraphy and lithofacies of the Tyndall Group in the 
Comstock/Zig Zag Hill area, which is situated 6 km north of Queenstown, between Mount 
Lyell and Mount Sedgwick. The area lies at the northern end of the Mount Lyell mineral 
field, and is accessible by unsealed road via the Mount Lyell mining lease. Field work was 
carried out in this area in the autumn and winter months of 1992. RGC Limited held the 
mining lease and exploration licence over the area at that time, and gave access to 
Comstock diamond drill cores. 

The Comstock/Zig Zag Hill area was selected for detailed analysis as it is the type section 
location of the "Comstock Tuff" as defined by Corbett et al. (1974). Mapping at 1:1000 
scale was carried out along the roads, ridges and along 100 m spaced, N-trending 
exploration gridlines. Results were then compiled on a 1:5000 scale topographical base 
map provided by RGC Limited. Seven RGC diamond drill holes drilled through the 
Tyndall Group sequence around Comstock, were also logged (Appendix B).This report 
is accompanied by a geological interpretation map (Fig. Al.I). 

Local geology 

The Tyndall Group in the Comstock/Zig Zag Hill area strikes southeast (average 140°) and 
dips moderately to steeply to the northeast, younging to the northeast. In some areas beds 
are overturned, dipping steeply to the southwest. A bedding-parallel cleavage is present in 
some outcrops and is generally defined by alignment of phyllosilicate minerals. The 
attitude of the beds is consistent over the area studied, with only minor mesoscopic open 
folding in places. The steeply dipping sequence probably forms part of the limb of a 
regional scale Devonian fold. The thickness of the Tyndall Group varies from 
approximately 450 m at Comstock to about 800 m at Zig Zag Hill, assuming minimal fault 
repetition (Fig. Al.2). The Tyndall Group is well exposed for approximately 2 km along 
strike; the exposures are terminated to the southeast by Quaternary glacial deposits, and to 
the northwest outcrop is sparse. 

The Tyndall Group in this area is conformably underlain by andesitic volcanic and 
volcaniclastic rocks (cf. Corbett 1992). A large massif of chert (Comstock chert) occurs 
within the underlying andesitic rocks to the southeast of the field area. Adjacent to the 
chert and within the andesites are a number of massive sulfide deposits containing 
significant copper, gold and silver mineralisation that is now largely mined out (Lyell 
Comstock Mine). Felsic volcanic units of the Central Volcanic Complex underlie the 
andesites and are in fault contact with the Tyndall Group in the southwestern part of the 
area. The upper contact of the Tyndall Group is masked by Quaternary glacial deposits on 
surface, but was intersected in two Comstock drill holes (C59, C50). In these holes, the 
Tyndall Group is unconformably overlain by siliciclastic sandstone interpreted as Pioneer 
Beds of the upper Owen Conglomerate. 
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A major east-trending structure occurs parallel to the upper East Queen River (Fig. Al.l). 
This fault is interpreted as a Cambrian growth fault that was active during Tyndall Group 
deposition. The fault influenced sedimentation, causing variations in the thickness and 
type of lithofacies deposited (Fig. Al.2). The crystal-rich volcaniclastic sandstone facies 
is considerably thicker on the northern side of the fault at Zig Zag Hill (Fig. Al .2). This 
fault may have been reactivated during the Devonian causing additional displacement of 
the facies. A number of smaller east-west trending faults have also disrupted the 
stratigraphy on Zig Zag Hill. 

Stratigraphic nomenclature 

The Tyndall Group was defined by Corbett et al. (1974) in the Comstock/Zig Zag Hill 
area as comprising the "Comstock Tuff" and the overlying "Jukes Formation". A new 
stratigraphic scheme was developed by White and McPhie (1996) due to various problems 
with the old stratigraphic scheme. The new stratigraphic scheme is based on regional 
facies analyses of the Tyndall Group and comprises the Comstock Formation (equivalent 
to the "Comstock Tuff") and the overlying Zig Zag Hill Formation (new name). The 
Comstock Formation is further subdivided into the Lynchford Member and overlying 
Mount Julia Member (White and McPhie 1996). 

Stratigraphy 

The stratigraphy of the Tyndall Group in this area will be discussed in two sections. 
Firstly the Comstock area is discussed, which includes logging results from 7 Comstock 
drill holes; then the Zig Zag Hill area will be discussed. The two areas are separated by an 
east-trending fault interpreted as a syn-depositional growth fault which has influenced 
Tyndall Group sedimentation. Stratigraphic sections of these two areas showing the main 
lithofacies and stratigraphic units is provided in Chapter 3 (Fig. 3.3). 

THE COMSTOCK AREA 

The Tyndall Group sequence in the Comstock area has been intersected by a number of 
exploratory diamond drill holes. The following holes were logged: C072, C59, C61, 
C56, C50, C68, and C074 (Appendix B).Drill holes C072 and C59 combined, and also 
hole C50 intersect a complete section of Tyndall Group. The internal stratigraphy in the 
holes correlates well with surface geological mapping. The following sections describe the 
lithofacies in the Tyndall Group from the lowermost units in the southwest, up through 
the sequence which youngs to the northeast. Gradational contacts were observed between 
most of the units in drill core suggesting that the sequence is largely conformable 
throughout. Some interfingering of facies was also observed. 

Carbonate 

Massive carbonate units occur in several of the Comstock drill holes (e.g. C50, C072, 
C074). Fossiliferous carbonate in hole C50 was studied by Jago et al. (1972); the fauna 
indicates a shallow marine depositional environment and a late Middle to early Late 
Cambrian age. Purple calcareous hematitic feldspar-bearing sandstone containing ~in 
lenses and nodules of carbonate occur in other Comstock holes (e.g. C56, C61, C68) at 
the same stratigraphic position and is interpreted as a lateral facies variation of the 
carbonates. The carbonate facies occurs as a series of lenses at the top of (and also within) 
the andesitic volcanic rocks underlying the Tyndall Group, showing transitional and 
gradational contacts. The carbonate unit in hole C50 is well preserved and pink in colour 
due to weak hematite alteration. The carbonate in holes C072 and C07 4 is strongly 
recrystallised, contains no visible fossils and shows a moderately strong cleavage, 
(approximately 30° to core axis) with sericitic-chloritic alteration on the cleavage planes. In 
places, the carbonate contains significant proportions of crystals (mainly feldspar), and 
andesitic lithic fragments up to pebble size. This material was probably eroded from 
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nearby andesitic volcanic deposits and incorporated into the carbonate. The carbonates are 
not exposed on surface in the expected stratigraphic position probably due to their poor 
preservation potential. The main carbonate zone in holes C072, C50 are approximately 
20-30 m true thickness. The carbonates are included in the Lynchford Member. 

Parallel laminated mudstone and sandstone 

The laminated mudstone and sandstone facies conformably overlies carbonate in most 
holes (eg. C072, C56, C68). However, a sharp faulted contact is observed in hole C61. 
The laminated mudstone and sandstone facies is well exposed on surface and consists of 
parallel laminated and bedded, graded dark grey mudstone, siltstone, and sandstone. Beds 
and laminae are a few millimetres to a few centimetres thick, but sandy beds and thick 
mudstone intervals can be up to several metres thick in places. Graded beds are common 
with sharp bases and fining up cycles, grading from medium-grained sandstone to 
siltstone and mudstone. Minor cross-laminated fine sandstone intervals are present in 
some beds. The sandstone beds consist of fine to medium grained feldspar ±quartz 
crystal-rich volcaniclastic sandstone and contain small angular mudstone intraclasts in 
places. The thickness of this facies varies, but at Comstock it averages around 20--40 m 
true thickness. This unit is classified into the Lynchford Member. 

Volcaniclastic lithic breccia 

Volcaniclastic lithic breccia occurs in some drill holes (e.g. C61, C56, C68) and is 
interbedded with the laminated mudstone and sandstone facies. The volcaniclastic 
breccias comprise thick units (metres to several tens of metres thick) of matrix-supported 
and lesser clast-supported volcaniclastic lithic breccia. The matrix generally comprises 
crystal-rich volcaniclastic sandstone. The lithic fragments are generally sub-rounded to 
angular, pebble to cobble sized clasts. Quartz- and feldspar-phyric volcanic clasts and 
mudstone intraclasts are most common. Other clast types include: wispy shaped quartz
and feldspar-phyric possible pumice clasts, fine grained cherty clasts and fine grained 
altered clasts of unknown origin. The breccia units are massive and normally graded or 
non-graded; the former grading upwards into sandstone and laminated mudstone. The 
volcaniclastic lithic breccia units are classified into the Lynchford Member. 

In hole C68, the lowest breccia units contain quartz- and feldspar-phyric volcanic clasts 
and mudstone intraclasts that are supported by a black mud-rich matrix. The unit is 
crudely normally graded where clasts decrease in size and abundance upwards. 

Crystal-rich volcaniclastic sandstone 

The crystal-rich volcaniclastic sandstone facies (CRVS) is gradational and conformable 
with the underlying mudstone and breccia facies. It comprises massive quartz-rich CRVS 
with an- admixture of lithic fragments in places. The lithic content is highest at the base of 
the unit (up to 10% in places). Plagioclase and quartz are the dominant crystal components 
with minor amounts of titanomagnetite, and accessory zircon and apatite. Crystals are 
generally euhedral to subhedral or sub-rounded in shape with estimated percentages of 
35-70%, displaying a closed-framework texture. Laterally continuous, pink albite+quartz
rich and green chlorite-rich alteration bands several centimetres thick are well developed at 
Comstock and trend sub-parallel to regional bedding. Wispy-shaped, chlorite-altered 
domains are also present and are interpreted as pseudoclastic alteration textures. However, 
some intensely chlorite-altered domains show an even distribution of quartz and feldspar 
crystals and contain possible spherulites in places and probably represent altered vitriclasts 
(i.e. pumice or dense glassy clasts). Microscopic analysis of this unit reveals the presence 
of rare undeformed bubble wall shards in the matrix. At Comstock this unit is 
approximately 180 m true thickness. This facies is included in the Mount Julia Member. 
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Ignimbrite-clast breccia unit 

This facies is approximately 5-10 m thick and is not exposed on surface, but is well 
exposed in drill holes C50, C59, and C61 (Appendix B).The unit shows conformable/ 
gradational contacts to the underlying crystal-rich sandstone facies and to the overlying 
polymict volcaniclastic conglomerate facies. The breccia is monomict and has a matrix
supported framework, where the matrix is similar to the underlying CRVS. The clasts 
consist of pebble size, orange to brown, highly angular and irregularly shaped quartz- and 
feldspar-phyric clasts. The matrix within the clasts shows a "wormy" type texture and in 
thin section comprises plastically deformed and welded shards, and minor perlite texture. 
The clasts were derived from welded ignimbrite. The ignimbrite clasts also contain 
flattened, wispy shaped, chlorite-altered clasts, possibly representing compacted pumice. 
This breccia unit is located at the same stratigraphic position as the welded ignimbrite unit 
exposed on Zig Zag Hill, occuning at the top of the Mount Julia Member. 

Volcaniclastic conglomerate and sandstonefacies 

This facies comprises purple to green, hematite+sericite-altered, massive and graded, 
polymict volcaniclastic conglomerate and sandstone. Normally graded units grade from 
boulder conglomerate to coarse sandstone. Units are several metres to tens of metres 
thick. Both clast-supported and matrix-supported framework textures are common in the 
conglomerates. The sandy beds are graded in places showing both fining upward and 
coarsening upward cycles. The grading is mostly diffuse, with sharp bedding contacts 
being rare. The clasts throughout this unit are dominantly subrounded to well rounded, 
suggesting that they have undergone significant reworking prior to final deposition. Minor 
angular clasts also exist in places. The composition of this unit is strongly polymict 
although there is an abundance of quartz- and feldspar-phyric felsic volcanic clasts. Other 
clast types include: well rounded metamorphic Precambrian basement-derived quartzite, 
green sericite-chlorite altered intermediate/mafic volcanics, fine grained grey siliceous 
cherty clasts, laminated mudstone, granite, quartz-feldspar-lithic-bearing volcaniclastic 
clasts, and a wide range of fine grained altered clasts of unknown origin. The matrix in the 
conglomerates is similar to the sandstone beds and comprises abundant quartz crystals and 
crystal fragments, lithic fragments and minor feldspar. 

Upper contact 

At the top of this unit there is a gradual increase in the proportion of rounded Precambrian 
basement-derived metamorphic quartzite pebbles, reaching up to about 30% in places. 
These clasts are similar to the clasts in the Owen Conglomerate. In holes C59 and C50, 
the polymict volcaniclastic conglomerate is abruptly overlain by siliciclastic sandstone, 
interpreted as Pioneer Beds (Corbett et al. 1974) which is overlain by the Gordon 
Limestone. The lower to middle part of the Owen Conglomerate is not preserved at 
Comstock. The contact at the top of the Tyndall Group is interpreted as an unconformity 
contact (cf. Haulage Unconformity; Wade and Solomon 1958, Corbett et al. 1974). The 
volcaniclastic conglomerate and sandstone unit in hole C59 is approximately 200 m true 
thickness. This facies is classified into the Zig Zag Hill Formation. 

ZIGZAG HILL AREA 

The Tyndall Group sequence at Zig Zag Hill (ZZH) is located to the northwest of the 
Comstock area. The sequence in this area is considerably thicker than at Comstock. The 
differences observed between the two areas are due to lateral facies and thickness 
variations associated with the inferred east-west growth fault (Fig. Al.1, Al.2). The 
carbonate facies is not exposed on surface in the ZZH area, but outcrop is poor at the base 
of the sequence in this area. Feldspar- and clinopyroxene-phyric andesitic volcanic rocks 
underlie the Tyndall Group. The top contact of the Tyndall Group is also not exposed, 
being covered by Quaternary glacial deposits. The exposed thickness of the Tyndall 
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Group on ZZH is approximately 700-800 m, hence the true thickness is greater. This area 
is the type section location for the "Comstock Tuff' as defined by Corbett et al. (1974). 

Quam-poor crystal-rich volcaniclastic sandstone 

The lowest unit of the Tyndall Group comprises feldspar-titanomagnetite ±clinopyroxene 
±quartz crystal-rich volcaniclastic sandstone of the Lynchford Member. The crystal 
composition implies an intermediate volcanic source. Thin lenses of parallel laminated 
mudstone and volcaniclastic breccia occur within this facies. This unit grades up into more 
quartz-rich crystal-rich volcaniclastic sandstone. The thickness of this unit is difficult to 
determine due to poor outcrop but is estimated to be approximately 150 m thick. _ 

Crystal-rich volcaniclastic sandstone (CRVS) and associated volcaniclastic lithic breccia 

The CRVS facies in this area is similar to the CRVS facies at Comstock (described above) 
and is included in the Mount Julia Member. The lithic content in the CRVS is highest at 
the base of the unit and also at the top of the unit (up to 10% in places). The total thickness 
of this facies is approximately 450 m. Within the CRVS facies are at least two relatively 
thin (-5-15 m), massive to crudely normally-graded lithic clast-rich breccia units that are 
poorly exposed. They consist of an open framework of angular, pebble size clasts (5-
30%) in a quartz and feldspar crystal-rich sandstone matrix, texturally identical to the 
enclosing CRVS. Lithic clasts comprise quartz- and feldspar-phyric volcanic rock types 
and mudstone intraclasts. The volcanic clasts include coherent porphyritic volcanic clasts, 
possible welded ignimbrite clasts and wispy shaped, strongly chlorite altered, possible 
compacted relict pumice clasts. 

Parallel bedded and laminated mudstone facies 

A number of lenses of pinkish white, parallel laminated and bedded mudstone and fine 
grained sandstone, up to 20 m thick, occur within the thick quartz-rich crystal-rich 
volcaniclastic sandstone interval of the Mount Julia Member. At one location the laminated 
mudstone contains chlorite-altered, quartz- and feldspar-phyric, pebble to cobble size 
volcanic clasts interpreted as pumiceous clasts that have become waterlogged and settled 
out of suspension during mudstone deposition. 

Welded ignimbrite unit 

A quartz- and feldspar-phyric welded ignimbrite unit approximately 30-60 m thick 
overlies the crystal rich sandstones on Zig Zag Hill (contact not exposed), and trends 
southeast, subparallel to regional bedding. The unit is laterally continuous over about 600 
m along strike but has been disrupted by a number of east-trending faults. The lower 
contact of the ignimbrite is not exposed but the upper contact is sharp, directly overlain by 
polymict volcaniclastic conglomerate. 

The ignimbrite contains an abundance of wispy shaped, quartz- and feldspar-phyric, 
chlorite altered, spherulitic clasts up to 40 cm (probably pumiceous vitriclasts) that are 
aligned subparallel to one another, defining a eutaxitic foliation, subparallel to regional 
bedding. The breccia also contains blocky shaped densely porphyritic (quartz-feldspar) 
volcanic clasts up to 50 cm long concentrated near the base of the unit (up to 10% total 
volume). The basal blocky shaped clasts decrease in grainsize and abundance up
sequence. 

The ignimbrite contains an even distribution of whole and broken quartz, feldspar and 
minor Fe-Ti oxide crystals (10-20%), and minor small chlorite-altered pumiceous clasts, 
in a strong silica-altered fine grained matrix. Microscopic examination has identified 
plastically deformed and welded bubble wall shards within the matrix and plastically 
deformed and compacted possible pumice shreds. This unit is included in the Mount Julia 
Member. 
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Volcaniclastic conglomerate and sandstonefacies 

This unit consists of. purple to green, matrix to clast supported, polymict volcaniclastic 
conglomerate and sandstone and is included in the Zig Zag Hill Formation. A sharp 
contact to the underlying ignimbrite unit is observed in several places. This facies is 
similar to the polymict volcaniclastic conglomerate and sandstone facies at Comstock. The 
beds are massive and graded to non-graded, and are lensoidal to tabular in shape. Bed 
contacts are diffuse and gradational. Normally-graded beds are several metres to tens of 
metres thick, which commonly grade from pebble/cobble conglomerate to granular 
sandstone. Elongation of bladed shaped clasts is observed in places parallel to the bedding 
contacts which strike southeast and dip steeply to the northeast The exposed thickness of 
this unit on Zig Zag Hill is about 150 m (upper contact is not exposed). 
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APPENDIX A2 

BRIEF REPORT ON THE STRATIGRAPHY OF 
THE TYNDALL GROUP IN THE MOUNT LYELL 

MILL AREA, CAMBRIAN MOUNT READ 
VOLCANICS, WESTERN TASMANIA 

Introduction 
/ 

This report describes the stratigraphy and lithofacies of the Tyndall Group in the area that 
overlooks the Mount Lyell Mill, a few hundred metres north of the Mount Lyell Mine 
entrance, two kilometres north of Queenstown. The area is accessible by unsealed road, 
from the Mount Lyell Mining Lease entrance. Mapping was carried out during May 1992, 
at 1:1000 scale on a base map generated from 1:2500 topographical maps provided by 
RGC Limited. This report is accompanied by a geological interpretation map (Fig. A2.1 ). 

Local geology 

The exposure of Tyndall Group rocks in the Mount Lyell Mill area is small; approximately 
300 m by 200 m in area. This area has little vegetation and good outcrop cover, but 
outcrops are highly weathered. The Tyndall Group sequence is underlain to the north by 
strongly weathered, chlorite- and sericite-altered, feldspar- and altered ferromagnesian
phyric andesitic volcanic and associated volcaniclastic rocks. The Tyndall Group units 
strike to the east and northeast (average 070°), and dip steeply to the south (average 70°), 
facing south. The lithologies and stratigraphic order of the facies show some similarities to 
the Comstock Formation at Comstock/Zig Zag Hill. The exposed thickness in the Mount 
Lyell Mill area is much thinner than at Comstock, due to the absence of the Zig Zag Hill 
Formation. The upper contact of the Tyndall Group is marked by an angular "erosional" 
unconformity to the overlying siliciclastic sandstones of the Pioneer Beds, upper Owen 
Conglomerate (Corbett et al. 1989). The preserved thickness of the Tyndall Group in this 
area varies from approximately 50 to 200 m due to the erosional effect associated with the 
angular unconformity. Black weathered clay overlies the Pioneer Beds and is interpreted 
as weathered Gordon Limestone (Corbett et al. 1989). Quaternary glacial deposits overlie 
the upper part of the sequence to the south. The area has been disrupted by minor faulting 
(probably Devonian age) which has displaced the unconformity contact up to about 50 m 
in places. ' 

Stratigraphy of the Tyndall Group 

PARALLEL LAMINATED MUDSTONE AND SANDSTONE FACIES 

This unit is well exposed over the Mount Lyell Mill area overlying the andesites. The 
nature of the basal contact is not known due to poor exposure. Although these rocks are 
highly weathered, the sedimentary structures are well preserved. The unit comprises well 
laminated and bedded, graded mudstone to medium grained sandstone. The sandstone 
beds within this unit contain feldspar and lesser quartz. The beds and lamina are laterally 
continuous for many metres (limited by the area of outcrop) and are commonly several 
millimetres to centimetres thick. Graded bedding is common ranging in grainsize from 
light coloured medium grained sandstone to black coloured mudstone, with sharp bed 
bases. Grading indicates a southerly facing direction. This unit varies in thickness from 
approximately 5 to 40 m thick. This facies is included in the Lynchford Member. 
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POL YMICT VOLCANICLASTIC BRECCIA FACIES 

On the western side of the study area, the mudstone unit is overlain by massive, polymict 
lithic breccia which increases in grainsize upwards to a highly unsorted boulder breccia 
containing clasts up to 1.5 metres diameter. The unit contains angular shaped mudstone 
intraclasts near its base, and abundant angular to rounded volcanic clasts throughout. The 
underlying mudstone and sandstone facies was probably eroded during the emplacement 
of this unit, shown by slight undulations in the basal contact and the abundance of 
mudstone intraclasts at the base. The structure is massive and poorly sorted, devoid of any 
grading or stratification. The matrix comprises coarse grained sand and granule sized 
crystals and lithic clasts. The unit decreases in grain size laterally, lensing out to the east, 
grading into the overlying crystal-rich volcaniclastic sandstone. This unit varies in 
thickness from approximately 5 to 70 m thick. 

The composition of this unit is strongly polymict, although there is a dominance of quartz
and feldspar-phyric felsic volcanic types. The felsic volcanic clasts are angular to rounded, 
varying in colour and texture. Other clast types include: green sericite+chlorite-altered 
intermediate or mafic volcanics, fine grained grey siliceous chert, laminated mudstone, a 
wide range of quartz-, feldspar- and lithic-bearing volcaniclastic types, and a wide range 
of different coloured fine grained altered clasts of unknown origin. This unit is correlated 
with the volcaniclastic lithic breccia facies of the Lynchford Member. 

CRYSTAL-RICH VOLCANICLASTIC SANDSTONE FACIES 

The laminated mudstone and volcaniclastic lithic breccia units are conformably overlain by 
quartz-rich crystal-rich volcaniclastic sandstone. This facies shows pink, albite+quartz
altered and green, chlorite-altered bands several centimetres thick. The banding strikes to 
the east and northeast dipping steeply to moderately to the south, and is subparallel to 
bedding readings in the underlying mudstone and sandstone facies. These rocks also 
contain up to 5% pebbly lithic clasts in places. The lithic types include lenticular shaped 
laminated mudstone intraclasts, wispy shaped sericite-chlorite altered volcanic clasts 
(some of which may be pseudoclasts) and felsic volcanic clasts. This unit is included in 
the Mount Julia Member. The maximum thickness of this unit is approximately 180 m on 
the eastern side of the study area and is unconformably overlain to the south by the 
siliciclastic sandstone of the Pioneer Beds. 
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APPENDIX A3 

BRIEF REPORT ON THE STRATIGRAPHY OF 
THE TYNDALL GROUP IN THE EAST MOUNT 

LYELL AREA, CAMBRIAN MOUNT READ 
VOLCANICS, WESTERN TASMANIA 

Introduction 

This report describes the stratigraphy and lithofacies of the Tyndall Group on the eastern 
side of Mount Lyell, west of Lake ~.urbury. Field work was carried out in this area in 
November, 1992. This area was selected for analysis because the Tyndall Group is 
exposed over a large area (approximately 5 km2) and the outcrop cover is relatively good. 
The Tyndall Group sequence at east Mount Lyell shows some similarities to the sequence 
at Comstock, located approximately 5 km to the north west. Mapping at 1: 10 OOO scale 
was carried out along ridges, in creeks and along an old abandoned railway that zig-zags 
through the area Results were plotted on 1:10 OOO topographicaj base maps acquired from 
the Tasmanian Department of Mines in Hobart. This report is accompanied by a geological 
interpretation map (Fig. A3.1). A stratigraphic section of this area showing the main 
lithofacies and stratigraphic units is provided in Chapter 3 (Fig. 3.3). 

Local geology 

The rocks in the east Mount Lyell area form part of a regional scale, west plunging 
anticline formed during the Devonian Tabberabberan orogeny. The oldest rocks, exposed 
in the core of the anticline, consist of quartz- and feldspar-phyric lavas and/or intrusions, 
with minor volcaniclastic facies and are considered as part of the Eastern quartz-phyric 
sequence (Corbett 1992). These rocks are overlain by a thick sequence of Tyndall Group 
(approximately 1000 m) which is conformably overlain by the siliciclastic conglomerate of 
the Lower Owen Conglomerate. A northwest-striking and subvertical cleavage, defined by 
alignment of sericite and chlorite alteration minerals, is pervasive throughout the area and 
is probably the axial plane foliation associated with the regional folding event. The 
stratigraphy is also disrupted by several Devonian faults. 

Tyndall Group stratigraphy 

CRYSTAL-RICH VOLCANICLASTIC SANDSTONE FACIES (CRVS) 

Quartz-rich crystal-rich volcaniclastic sandstone (CRVS) of the Mount Julia Member 
overlies the quartz-phyric rocks at east Mount Lyell (contact not exposed). The crystal-rich 
volcaniclastic sandstone contains abundant plagioclase and quartz, and is texturally and 
compositionally similar to the CRVS facies at Comstock. The CRVS is massive with only 
very subtle grainsize changes in places. Minor angular to subrounded volcanic clasts 
(pebble to cobble size) are present in places, especially near the base of the sequence, and 
comprise up to 10% total volume. Most of the clasts are quartz-feldspar phyric volcanic 
clasts and a wide range of fine-grained altered clasts of unknown origin. The proportion 
of lithics varies throughout the area but tends to be more concentrated in a zone near the 
base and in 2 other zones higher up in the sequence (Fig. 3.3). Lenses of laminated 
mudstone which occur in this facies at Comstock, were not located. The CRVS facies has 
a closed framework texture; the fine grained matrix material between the crystal grains is 
now totally altered to secondary minerals, including albite, quartz, chlorite, sericite, 
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carbonate and opaque minerals. Albite+quartz-rich and chlorite-rich alteration banding, 
which is typical of this facies elsewhere, was not observed in this area. This unit is 
approximately 650 m thick. 

VOLCANICLASTIC SANDSTONE UNIT 

At the top of the CRVS unit, observed at 4 locations, are massive quartz-, feldspar- and 
lithic-bearing volcaniclastic sandstone units, that are mapped by Corbett et al. (1989) as 
quartz-feldspar porphyry. This unit contains lower proportions (25-40%) of quartz and 
feldspar crystals and crystal fragments than the underlying CRVS facies and minor lithic 
clasts (up to 10%). The sandstones are massive and have an open framework texture. The 
crystals are euhedral and sub-euhedral in shape up to 3 mm across, with an abundance of 
angular crystal fragments. The lithic fragments are 2-100 mm across and comprise quartz
and feldspar-phyric clasts or fine-grained altered clasts of unknown origin. The fine 
grained matrix material consists of secondary quartz, feldspar, sericite, chlorite, carbonate 
and iron opaque minerals. The facies is conformable with the underlying CRVS and 
interfingers with the overlying conglomerate. The unit is poorly exposed but is probably 
less than 50 metres thick. This facies is considered to be part of the Mount Julia Member. 

POL YMICT VOLCANICLASTIC CONGWMERATE AND SANDSTONE 

This facies overlies the volcaniclastic sandstone and CRVS facies; the contact is poorly 
exposed but is probably conformable. The ratio of conglomerate to sandstone varies 
throughout this facies, but matrix-supported conglomerates and pebbly sandstones are the 
most common lithologies. Beds are generally non-stratified to parallel stratified, but cross 
bedding is present in several places comprising low- to moderately high-angle planar cross 
bedding. The beds are both lensoidal and tabular shaped, however, poor outcrop limits 
determining their true lateral continuity. Normally graded units are common, grading from 
conglomerate to sandstone over several metres to tens of metres thickness. 

The volcaniclastic conglomerate is strongly polymict, containing abundant sub-rounded 
and well-rounded clasts from granule to boulder size (maximum 50 cm). The clasts are 
dominantly quartz- and feldspar-phyric volcanic types. Minor amounts of other lithic 
clasts are observed, including pink hematitic quartzite, fine grained altered clasts of 
various textures and alteration styles, laminated mudstone clasts, and rare massive 
hematite clasts. The matrix material is similar to the sandstones, comprising granular 
coarse grained quartz- and lithic-rich sandstone. This facies is included in the Zig Zag Hill 
Formation. The thickness of this unit is approximately 400 m thick. 

UPPER CONTACT 

Well rounded, pink to white, Precambrian-derived quartzite pebbles and cobbles similar to 
the quartzite clasts in the Owen Conglomerate, occur in low proportions (up to 5 % ) 
throughout this facies. The percentage of these quartzite clasts increases rapidly near the 
upper contact of this unit. Within 50 metres of the upper contact, the unit consists of 
matrix-supported pebble/cobble conglomerate where the proportion of quartzite clasts is 
roughly equivalent to the volcanic clasts. Within 20 m of the contact, the felsic volcanic 
clasts become less abundant than the quartzite clasts. This transitional zone is sharply 
overlain by coarser grained pebble/cobble clast-supported siliciclastic conglomerate of the 
Lower Owen Conglomerate. The transition from volcaniclastic conglomerate in the 
Tyndall Group to siliciclastic conglomerate over approximately 50 m is interpreted as a 
gradational or conformable contact (cf. Corbett et al. 1974). No volcanic clasts were 
found in the overlying Lower Owen Conglomerate. 
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APPENDIX A4 

BRIEF REPORT ON THE STRATIGRAPHY OF 
THE TYNDALL GROUP IN THE 

ANTHONY ROAD/BENTY CANAL AREA, 
CAMBRIAN MOUNT READ VOLCANICS, 

WESTERN TASMANIA 

Introduction 

This report describes the stratigraphy and lithofacies of the Tyndall Group succession 
exposed in the Anthony Road/Henty Canal area, situated approximately 14-23 km north 
of Queenstown. Field work was carried out in this area during the summer field season of 
1992/1993. Additional mapping and drill core logging was undertaken during the summer 
field season of 1993/1994. This area was chosen for detailed analysis because of the 
excellent exposures of Tyndall Group rocks in the road cuttings and Hydro Electric 
Commission developments. The Anthony Road cuttings were mapped at 1: 1000 scale 
using tape and compass methods from the basal contact of the Tyndall Group (to Anthony 
Road andesite), up through the sequence to the Newton Creek Sandstone contact. The 
Tyndall Group rocks in the Howards Road cutting~ and in the Henty Canal were also 
mapped at 1: 1 OOO scale using tape and compass methods. The areas surrounding these 
main exposures were mapped at 1: 10 OOO scale in order to constrain the distribution of the 
lithofacies. The results from mapping were compiled on 1:10 OOO scale topographic base 
maps provided by Aberfoyle Resources. A number of diamond drill holes were drilled 
into the Tyndall Group in the Howards Anomaly region for mineralisation at the base of 
the Tyndall Group and in the underlying andesites. Two RGC Limited drill holes 
(TYN006, TYN007) that intersect a substantial sequence of Tyndall Group were logged in 
the autumn of 1994 (Appendix B). This report is accompanied by a two geological 
interpretation maps (Figs A4.l, A4.2). Stratigraphic sections of this area showingJhe 
main lithofacies and stratigraphic units is provided in Chapter 3 (Fig. 3.3). 

Local geology 

The Tyndall Group in the Anthony Road/Henty Canal area is ·approximately 600-900 m 
thick. The Tyndall Group rocks are underlain to the south and west by feldspar-, 
hornblende- and pyroxene-phyric andesites and associated autoclastic breccias. The basal 
contact of the Tyndall Group is probably conformable, as the andesites show an 
interfingering contact with volcaniclastic sandstones and siltstones of the overlying 
Tyndall Group. To the north, in the Henty Canal region, the Tyndall Group is underlain 
by feldspar-phyric dacites and andesites of the Central Volcanic Complex (CVC). 

In the northern part of the area, the Tyndall Group is conformably overlain by the Newton 
Creek Sandstone Member of the Owen Conglomerate. To the south, the Tyndall Group is 
in fault contact with the Owen Conglomerate (Great Lyell Fault; Corbett 1986). Hutton 
(1989), documents a faulted contact on the Anthony Road (near the Howards Road 
junction) due to the presence of fault striations near the contact, and a change in younging 
and vergence. 

The study area lies on the eastern limb of a large north-trending anticline which plunges 
gently to the north. The Tyndall Group units consistently strike north-northwest, dipping 
steeply to the east and facing east, but in places are steeply west dipping (i.e. overturned). 
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The regional folding has been attributed to the mid-Devonian Tabberabberan orogeny of 
the West Coast Range (Arnold and Fitzgerald 1986). Rare mesoscopic folding is also 
apparent in places. 

Two major north-trending faults occur in the area; the South Henty Fault to the west and 
the Great Lyell Fault to the east (see Corbett 1986). These faults, along with the North 
Henty Fault, converge together around the Henty Gold Mine. The Henty Gold Mine 
occurs a few kilometres to the north of the study area and is hosted in Tyndall Group 
rocks (Roberts 1990), adjacent to the Henty Fault Zone. Small faults were also observed 
in the road cuttings and canal exposures and consist of planar structures with thin pug or 
crush zones, several centimetres thick (displacement unknown). A fault repetition of 
Tyndall Group is inferred in the southern Anthony Road area as basal Lynchford Member 
facies and underlying andesitic rocks occur higher in the sequence near Tyndall Creek 
(Fig. A4.l, Chapter 3 - Fig. 3.3). The lower section of Comstock Formation is 
approximately 400-500 m thick, and is in fault contact with a sequence of Tyndall Group 
approximately 900 m thick. These two sections are discussed separately below. 

Some faults in the area appear to have had an influence on Tyndall Group deposition and 
are interpreted as Cambrian growth faults. One possible growth fault occurs near the 
Anthony Road/Howards Road intersection where considerable thickness variation is 
observed in the Zig Zag Hill Formation facies across the fault (Fig. A4.2). Several 
kilometres to the northwest, an area of polymict volcaniclastic breccia is exposed in the 
Henty Canal. The breccia unit is underlain by coherent rhyolite and contains abundant 
angular rhyolite clasts. This volcaniclastic breccia unit is probably fault bounded. Its 
distribution is interpreted to be controlled by growth faults, depositing within a small 
graben structure (Fig. A4.2). The breccia shows strong silica-sericite-chlorite-pyrite 
alteration interpreted as submarine VHMS-style hydrothermal alteration. Hydrothermal 
fluids responsible for this alteration probably accessed the porous breccia unit via the syn
depositional growth faults developed in the coherent rhyolite. 

Stratigraphy of the Tyndall Group 

ANTHONY ROAD AREA-SOUTHERN SECTION 

Basal crystal-rich volcaniclastic sandstone and mudstone 

The southern most Tyndall Group unit comprises crystal-rich (feldspar-quartz) 
volcaniclastic sandstone containing angular clasts of andesite, texturally similar to the 
underlying Anthony Road andesite (Jones in prep). The unit is approximately 20-40 m 
thick. Overlying this basal sandstone unit, over the next 170 m along the road to the north 
(approximately 50-70 m true thickness), is a series of andesitic units that alternate with 
crystal-rich sandstone and laminated mudstone units. This basal interval is interpreted as 
an interfingering, transitional contact zone. Although the sandstones are relatively quartz
rich, the gradational contact with underlying andesites and the association with the 
overlying thick black mudstone intervals typical of the Lynchford Member elsewhere, has 
prompted inclusion of this part of the sequence into the Lynchford Member. 

Laminated mudstone and sandstone facies 

Overlying the lower transitional zone after a gap in the section is an interval of laminated 
mudstone and sandstone. The sandstone bedsnaminae contain mudstone intraclasts in 
places and are composed of crystals (feldsP,ar and quartz) and finer mud. Beds and 
laminae are generally normally graded from a few millimetres to tens of centimetres thick. 
The upper part of this unit comprises thick intervals (several tens of metres) of finely 
laminated and black slatey mudstone. The black mudstones are strongly foliated and 
disrupted by faulting and possibly folding (Gibson 1991). This unit is included in the 
Lynchford Member. 

19 



Quartz-rich crystal-rich volcaniclastic sandstone 

The next 500 m of road section (approximately 100-200 m true thickness) comprises 
medium to fine grained quartz-rich crystal-rich volcaniclastic, sandstone and interbedded 
mudstone. The sandstones are dominantly massive and contain abundant crystals (35-
60%) and minor lithic clasts, set in a finer grained altered matrix of quartz, feldspar, 
chlorite and sericite. Thin section analysis shows that some of the fine sandstones and 
siltstones contain abundant glass shards. The sandstones show pink albite+quartz-rich and 
chlorite-rich alteration bands typical of the Mount Julia Member. The orientation of the 
bands is variable suggesting some folding and/or faulting in this area (cf Gibson 1991). 
This unit is overlain to the northeast by units of the Lynchford Member (described below); 
the contact is not exposed but is interpreted as a major fault 

ANTHONY ROAD AREA-NORTHERN SECTION 

Quartz-poor crystal-rich volcaniclastic sandstone and volcaniclastic lithic breccia 

Approximately 200 m south of Tyndall Creek, quartz-poor crystal-rich volcaniclastic 
sandstone and volcaniclastic lithic breccia is exposed, and continues north to Tyndall 
Creek. This sequence is approximately 100-150 m thick on the road. The rocks contain 
abundant plagioclase and clinopyroxene, with no visible quartz, typical of the Lynchford 
Member. Several normally graded beds (2-5 metres thick) occur in the outcrops and 
consist of matrix-rich volcaniclastic lithic breccia and pebbly lithic-crystal sandstone 
grading upwards to massive crystal-rich sandstone, and in places fining up to laminated 
mudstone. The lithic clasts in the breccia units consist of feldspar-phyric clasts, mudstone 
intraclasts and chlorite-sericite altered clasts of unknown origin. The alteration of the 
matrix in the sandstones and breccias is strongly chlorite-rich, giving these rocks a 
distinctive green colour. 

Along strike from this unit to the south, is an area of feldspar- and altered ferromagnesian
phyric andesite, which is correlated with the andesites underlying the Tyndall Group 
further south. The andesites are interpreted to be in fault contact with the underlying 
Tyndall Group sequence (Fig. A4.l). The base of the Tyndall Group in this area also 
contains lenses of massive carbonate up to several tens of metres thick. 

Volcaniclastic lithic breccia, quartz-rich crystal-rich volcaniclastic sandstone and laminated 
muds tone/sandstone 

This zone is dominated by quartz-rich crystal-rich volcaniclastic sandstone and crystal
and lithic-rich, matrix-supported volcaniclastic lithic breccia. This section if the type 
section for the Mount Julia Member. There is a gap in the road cutting exposure north of 
Tyndall Creek, of approximately 70 m. However, quartz-rich crystal-rich sandstone 
occurs at this stratigraphic level further south, around Tyndall Creek. The most southern 
outcrop on the road north of Tyndall Creek comprises a small exposure (<10 m across) of 
feldspar-phyric coherent volcanic rock of unknown origin. Overlying this unit is a 
sequence of normally graded volcaniclastic breccia and massive crystal-rich volcaniclastic 
sandstone units, that are exposed along the road over about 1500 m (approximately 300-
400 m true thickness). 

The lowest volcaniclastic breccia unit in the road cutting contains a large clast (minimum 
2m across) of quartz- and feldspar-phyric welded ignimbrite. Other large angular clasts 
(up to 70 cm across) of ignimbrite also occur in the unit. Welded ignimbrite outcrops also 
occur along strike further south and are interpreted as allochthonous blocks of ignimbrite 
within volcaniclastic sandstone and breccia units (Chapter 6). The ignimbrite block
bearing interval,is shown on Figure A4.1 and Figure 6.7 (Chapter 6). 
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Quartz-rich crystal rich volcaniclastic sandstone and volcaniclastic lithic breccia units occur 
over the next section of the stratigraphy. The sandstones are dominantly massive or non
stratified, but some units are normally graded and show diffuse stratification and/or cross 
stratification in the fine to medium grained sandstone portions. Sedimentation units are 
tens of centimetres to tens of metres thick. The sandstones show well-developed pink, 
albite+quartz-rich and green, chlorite-rich alteration banding of the matrix. The breccia 
units are generally normally graded; the clast size and clast percentage decreases upwards, 
grading into massive crystal rich volcaniclastic sandstone. Some graded units have a fine 
grained sandstone and/or mudstone cap. The clasts in the breccias are dominantly angular 
quartz- and feldspar-phyric and feldspar-phyric volcanic types with minor additions of 
mudstone intraclasts and cherty clasts of unknown origin. The clasts are generally pebble 
to cobble size with some boulders or blocks present in places. The matrix is 
mineralogically and texturally similar to the massive quartz-rich crystal-rich volcaniclastic 
sandstone. Some of the clasts have pink albite-quartz alteration halos up to 10 cm out from 
the clasts. 

Polymict volcaniclastic conglomerate and sandstone 

This unit is approximately 320 m thick on the Anthony Road but is substantially thinner to 
the north, possibly due to a Cambrian growth fault (Fig. A4.l). This unit comprises 
quartz-lithic sandstone and volcaniclastic lithic-rich conglomerate of the Zig Zag Hill 
Formation, with minor mudstone lenses and occurrences of coherent rhyolite. The 
alteration style in the elastic rocks is dominated by pervasive sericite and locally intense 
hematite alteration. The sandstone beds are quartz- and lithic-rich and are graded in places, 
generally grading from pebbly sandstone at the base up into fine grained sandstone or 
siltstone. The bed contacts are often diffuse; sharp bed bases are rare. The conglomerate 
beds are clast supported in places but usually matrix supported. Clasts are subrounded to 
well rounded and range in size from pebble to cobble size. The clast types are highly 
variable and include: quartz- and feldspar-phyric volcanic and volcaniclastic clasts 
(including possible ignimbrite clasts with eutaxitic texture), laminated mudstone clasts, 
and an abundance of fine grained altered clasts of unknown origin including quartz-altered 
cherty clasts, green sericite- and chlorite-altered clasts and purple hematite-altered clasts. 
The structure of the conglomerates is commonly massive and non-graded although 
upwardly fining cycles are observed in some places. The upper contact to the Owen 
Conglomerate is not exposed in this area. 

Quartz- and feldspar-phyric coherent rhyolite occurs in the northern part of the study area 
surrounded by the volcaniclastic conglomerate and sandstone facies. Two semi
conformable bodies showing well developed flow banding, flow folding and 
autobrecciation textures occur south of the Howards Road junction and are interpreted as 
lavas. Possible intrusions occur in road cuttings along the Anthony Road within the 
volcaniclastic conglomerate and sandstone. 

HENTY CANAL AREA 

Laminated mudstone and sandstone 

The lower part of the sequence is dominated by a unit of laminated mudstone and 
sandstone, approximately 40--80 m thick, which is included in the Lynchford Member. 
This unit contains grey laminated mudstone to fine sandstone and also minor massive and 
normally graded, quartz-poor, feldspar- and lithic-rich sandstone and lithic breccia. Lithic 
clasts in the coarser units are dominantly feldspar-phyric intermediate volcanic clasts, 
texturally similar to the underlying Central Volcanic Complex rocks. The lower contact of 
the Tyndall Group is not well exposed in the canal and is masked by strong alteration and 
deformation. The laminated mudstone and sandstone has a moderately strong, spaced 
cleavage subparallel to regional bedding. In the Henty Canal a northwest-trending 
subvertical fault structure has disrupted this package of rocks (Fig. A4.2). This facies is 
strongly altered to sericite, chlorite and quartz with minor pyrite in places. 
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Coherent rhyolite and associated rhyolite breccia 

This sequence sharply overlies the fine grained volcano-sedimentary rocks. It is 
dominated by massive, pink, quartz- and feldspar-phyric rhyolite and associated rhyolite 
breccia and is included in the Mount Julia Member. The sequence is around 250-300 m 
thick in the southern part of this area and thickens to around 300-500 m thick to the north. 
Similar rhyolites occur to the north at Moxon Saddle. The massive porphyritic rhyolites 
contain about 10-20% quartz and feldspar phenocrysts (up to 3 mm) in a pink 
groundmass of microcrystalline quartz and feldspar. The pink colour may be due to 
primary red thermal oxidation or a light dusting of hematite or other opaque phase 
alteration. This rock type is resistant to weathering and outcrops well in this area due to 
the silica-rich nature of the groundmass. Flow banding textures and open flow folding is 
observed on weathered outcrops. Near the top of this sequence are zones of relatively 
quartz-poor coherent volcanic rock. These rocks consist of felspar ± quartz phenocrysts in 
a groundmass of quartz-sericite-chlorite alteration. These zones may represent minor 
phases of more dacitic volcanism within a dominantly felsic rhyolitic volcanic complex. 
Minor pseudobreccia occurs throughout the rhyolite sequence and is probably the result of 
fracture controlled alteration. These rocks consist of massive quartz-feldspar porphyry cut 
by a network of chlorite-sericite veinlets, generating angular-shaped pseudoclasts with a 
tight, jig-saw fit texture. 

Autoclastic breccias (quench fragmented breccias and/or autobreccias) were observed on 
the margins and at the top of the massive rhyolite sequence. They consist of discrete 
blocky angular clasts of rhyolite in a matrix of similar composition but with a finely 
brecciated texture which contain a more diverse range of alteration minerals (albite, quartz, 
chlorite, sericite and opaque minerals). Redeposited volcaniclastic breccias are also present 
and are the most common rhyolite breccias observed in this sequence. These breccias 
consist of angular blocky shaped, pebble to cobble size rhyolite porphyry clasts supported 
in a matrix of crystal- and lithic-rich sandstone. The breccias were probably derived from 
redeposition of rhyolite clasts from peripheral rhyolite breccia deposits. 

Volcaniclastic lithic breccia and crystal-rich volcaniclastic sandstone 

This sequence is approximately 100-200 m thick and contains a wide variety of facies. 
The lower contact to the underlying rhyolite sequence is gradational and interfingering. 
This sequence includes crystal-rich volcaniclastic sandstone, crystal- and lithic-rich 
volcaniclastic sandstone, matrix-supported volcaniclastic lithic breccia, laminated 
mudstone to sandstone and minor quartz-feldspar rhyolite. The rhyolites are similar in 
appearance to the massive rhyolites in the underlying sequence and probably represent 
lava deposits. However, in places they are relatively crystal rich and difficult to 
distinguish from crystal-rich volcaniclastic sandstone. These facies are included in the 
Mount Julia Member. 

The dominant facies in this interval are massive crystal-rich volcaniclastic sandstone and 
lithic- and crystal-rich volcaniclastic sandstone. In the northern part of the area, the 
sandstones are lithic-rich, containing an abundance of rhyolite lithic clasts. In the southern 
part of the area, the sandstones are crystal-rich and resemble the quartz-rich crystal-rich 
volcaniclastic sandstone facies on the Anthony Road. The matrix-supported volcaniclastic 
lithic breccia units comprise angular pebble to cobble clasts in a matrix of crystal- and 
lithic-rich volcaniclastic sandstone. The most common lithic clasts in the breccia units are 
quartz- and feldspar-phyric volcanic clasts and laminated mudstone intraclasts. Minor 
clasts types include chlorite-altered feldspar-phyric clasts and fine grained altered clasts. 
Alteration of the matrix is dominated by quartz, feldspar and chlorite alteration minerals 
with minor amounts of sericite, opaque minerals and carbonate. The deposition of one 
breccia unit in the Henty Canal is interpreted to have been controlled by the presence of 
Cambrian growth faults (Fig. A4.2). Well laminated and bedded, normally graded 
mudstone to sandstone units are also present, interbedded with the coarser grained facies. 
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Polymict volcaniclastic lithic conglomerate and sandstone 

The sequence is approximately 50-100 m thick over most of this area but thickens 
substantially to the south around the Anthony Road junction to about 320 metres thick, 
possibly due to a Cambrian growth fault (Fig. A4.2). The sequence comprises quartz
lithic sandstone and volcaniclastic lithic-rich conglomerate with minor mudstone units and 
is included in the Zig Zag Hill Formation. The contact to the underlying volcaniclastic 
facies is gradational and interfingering. The conglomerate facies consists of massive, non
graded and normally graded matrix-supported (and lesser clast-supported) pebble to 
cobble volcaniclastic conglomerate containing dominantly subrounded to rounded quartz
feldspar porphyritic clasts of varying colour and texture. Other clasts types include: 
laminated mudstone clasts, cherty clasts, metamorphic Precambrian-derived quartzite 
clasts, feldspar-phyric clasts and a host of fine grained altered clasts. The sandstone 
consists of massive to graded quartz- and lithic-rich volcaniclastic sandstone. They are 
moderately to poorly sorted containing minor pebble sized clasts. At many locations, 
laterally continuous, normally-graded units are present where basal volcaniclastic pebble 
to cobble conglomerate grades up into sandstone. These units vary in thickness from a 
few tens of centimetres to a few metres thick. No cross bedding was observed in these 
units. The rocks of this sequence are light green to purple in colour due to moderately 
strong sericite-hematite alteration. Consequently, the rocks are more weathered than the 
rocks in the underlying Comstock Formation. 

Upper contact 

The upper contact to the Newton Creek Sandstone Member is well exposed at three 
locations and consists of a gradational and conformable contact over several metres. About 
5-20 m below the contact, the matrix-supported polymict volcaniclastic conglomerate and 
sandstone units contain up to 5% rounded metamorphic quartzite pebbles. The amount of 
quartzite clasts increases towards the contact and may exceed the proportion of volcanic 
clasts within 1..,...2 m below the contact. The matrix material in these conglomerates is 
similar to the massive sandstone below the contact and consists of massive quartz- and 
lithic-rich coarse grained sandstone. This bimodal conglomerate is sharply overlain by 
clast-supported siliciclastic pebble conglomerate, sandstone and laminated grey mudstone 
(Newton Creek Sandstone). At one location a thin-lens of quartz-lithic sandstone occurs in 
grey mudstone a few metres above the contact indicating an interfingering and 
conformable contact 
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APPENDIX AS 

BRIEF REPORT ON THE STRATIGRAPHY OF 
THE TYNDALL GROUP IN THE CRADLE 

MOUNTAIN LINK ROAD AREA, CAMBRIAN 
\ MOUNT READ VOLCANICS, 

WESTERN TASMANIA 

Introduction 

This report describes the stratigraphy and lithofacies of the Tyndall Group correlates in the 
Cradle Mountain Link Road area, approximately 3-4 kilometres northeast of Hellyer 
Mine, western Tasmania. The Tyndall Group correlates in this area form the upper part of 
the Mount Charter Group and have been termed the Mount Cripps Subgroup by Corbett 
(1992). The internal stratigraphy of this sequence correlates well with the Tyndall Group 
further south. Field work was carried out over two periods; the road cutting exposures 
were mapped during Autumn 1993 and the surrounding area was mapped during the 
summer of 1993/1994. Detailed mapping was carried out on the road cuttings at 1:500 and 
1:1000 scales using tape and compass methods, and 1:10 OOO scale mapping was carried 
out in the surrounding areas. Results of mapping were compiled on 1:10 OOO scale 
topographical base maps provided by Aberfoyle Resources. This report is accompanied by 
a geological interpretation map (Fig. A5.l). A stratigraphic section of this area showing 
the main lithofacies and stratigraphic units is provided in Chapter 3 (Fig. 3.3). 

Local geology 

The Tyndall Group sequence in this area varies in strike from 150° to 240°. Beds dip 
steeply to the east and south, facing east and south. Bedding in the western part of the area 
strikes north-northeast whereas the bedding in the eastern part strikes east-northeast. The 
cause of the variation in bedding attitudes is unknown but is probably due to regional 
folding and/or faulting. A number of small scale faults with minor displacements 
(probably less than 10 m) are observed in the road cuttings. These consist of planar 
structures with narrow pug or crush zones (up to a few centimetres thick) which have 
various attitudes but are generally steeply dipping. Large scale faults have also 
complicated the stratigraphy (Fig. A5.l). 

The Tyndall Group correlates are underlain to the west by the Southwell Subgroup 
(Mount Charter Group). Although the contact is poorly exposed, bedding attitudes in the 
lower part of the Tyndall Group are similar to those in the upper parts of the Southwell 
Subgroup indicating a conformable contact, (as suggested by Pemberton et al. 1991). The 
Tyndall Group in this area is approximately 1300 m thick (assuming minimal fault 
repetitions) and is overlain to the east by the Owen Conglomerate. The upper contact of 
the Tyndall Group to the Owen Conglomerate is sharp and is interpreted to be semi
conformable to disconformable. Regional geology and structure of this area has been 
documented by Pemberton and Vicary (1989) and Pemberton et al. (1991). 

SOUTHWELL SUBGROUP 

The Southwell Subgroup underlies the Tyndall Group and includes redeposited 
volcaniclastic mass-flow deposits, Precambrian-derived siliciclastic sedimentary deposits 
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and minor felsic coherent volcanic deposits. The Southwell Subgroup was defined by 
Corbett and Komyshan (1989), is approximately 1200-1400 m thick and conformably 
overlies the Que River Shale. 

The volcaniclastic facies consist of feldspar-, quartz- and ferromagnesian-bearing crystal
rich volcaniclastic sandstone, crystal- and pumice-bearing volcaniclastic sandstone and 
breccia, and crystal-, lithic- and pumice-bearing volcaniclastic breccia and sandstone. The 
pumice clasts within the volcaniclastic facies consist of angular to wispy shaped, sericite
altered fragments, up to 10 cm across. The volcaniclastic facies are dominantly massive 
and are both non-graded and normally graded. The normally graded units grade from lithic 
bearing matrix-supported pebble breccia at the base, into massive crystal-rich 
volcaniclastic sandstone, overlain by parallel laminated mudstone. These units are several 
metres to tens of metres thick and fine upwards to the east. Some of the crystal-rich 
volcaniclastic sandstone units resemble those within the overlying Tyndall Group 
correlates. 

A feldspar- and quartz-phyric coherent rhyolite unit directly underlies the Tyndall Group 
correlates. The even distribution of phenocrysts (5-10%) lie within a silica-feldspar
sericite altered groundmass that contains possible spherulites in places. Some exposures 
show flow banding textures. This unit is approximately 50-200 m thick and trends 
subparallel to regional bedding. Pemberton et al. (1991) interpret this unit as a lava that 
conformably overlies the tuffaceous pumice-bearing unit. However, an intrusive origin is 
also possible. The upper contact of the unit is poorly exposed but is in sharp contact to 
the overlying laminated mudstone and sandstone facies of the Tyndall Group correlates. 

Stratigraphy of the Tyndall Group correlates 

LAMINATED MUDSTONE, SANDSTONE AND SILICICLASTIC CONGLOMERATE 

This interval is approximately 70-80 m thick and comprises parallel laminated grey 
mudstone and sandstone, with minor siliciclastic pebble conglomerate. The mudstone/ 
sandstone beds and laminae are millimetres to centimetres thick and dip moderately steeply 
to the east-northeast. The sandstone portions consists of polycrystalline quartz- and mica
rich fine grained sandstone. Normal grading is common and beds are laterally continuous. 
The units are normally graded, fining upwards to the east. A normally graded siliciclastic 
conglomerate lens occurs in this interval and is 1-2 m thick in the road cutting. The 
conglomerate unit is up to several tens of metres thick along strike to the north. The 
conglomerate is clast-supported and comprises rounded quartzite clasts, mudstone 
intraclasts and minor volcanic clasts (up to cobble size) in a fine grained silicified matrix. 
This interval is highly disrupted in places by small scale faults and minor folding, and 
probably lenses out, to the south. This interval is included in the Lynchford Member. 

W"ELDEDIGNIMBRITE 

W" elded ignimbrite is exposed in the road cuttings on both sides of the Cradle Mountain 
Link Road. The ignimbrite overlies the parallel laminated mudstone and sandstone 
sequence. At the basal contact, a thin lens (up to 50 cm thick) of strongly weathered 
volcaniclastic lithic breccia/sandstone with a crystal rich matrix is present and may form 
part of the ignimbrite. The exposed dimensions of this body of ignimbrite are 
approximately 30 x 30 x 5 m. The section is also complicated by a number of small faults. 
Other small isolated exposures of ignimbrite were found to the south and to the north of 
the road (Fig. AS.I). These exposures are at approximately the same stratigraphic position 
and also higher in the sequence. This unit is included in the Mount Julia Member. 
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CRYSTAL RICH VOLCANICLASTIC SANDSTONE AND BRECCIA 

Overlying the welded ignimbrite unit after a gap in the sequence of approximately 30 m, is 
sequence of massive quartz-rich crystal rich volcaniclastic sandstone and volcaniclastic 
lithic breccia. This unit is approximately 370 m thick on the Link Road but thins rapidly to 
the south, and dips moderately steeply to the east. This interval is included in the Mount 
Julia Member. The volcaniclastic sandstones are crystal-rich (40-60%), comprising 
euhedral to subhedral and subrounded crystals and angular crystal fragments of 
plagioclase, quartz, clinopyroxene and Fe-Ti oxides. The sandstones contain lithic clasts 
which vary considerably in size (sand to pebble size), and abundance (5-25%). The lithic 
clasts include feldspar-, quartz- and pyroxene-phyric volcanic clasts, fine grained altered 
clasts, trilobite-bearing limestone clasts, mudstone intraclasts and rare welded ignimbrite 
clasts. Pemberton et al. (1991) reported the presence of rare massive sulfide clasts up to 
150 mm across at the contact with the underlying siliciclastic sequence. Subtle pink albite
quartz and green chlorite-altered bands (1-5 cm thick) typical of the Mount Julia Member 
sandstones further south occur in the crystal-rich volcaniclastic sandstone facies in this 
area. 

The sandstone-dominated sequence also contains lenses (up to 20 m thick) of matrix
supported to clast-supported volcaniclastic lithic breccia and conglomerate. The lithic 
clasts are angular to rounded, and up to cobble size, hosted within a strongly weathered 
fine grained mud and/or crystal rich matrix. The clast types consist of mainly felsic to 
intermediate volcanic clasts, mudstone intraclasts and fine grained altered clasts. The 
volcaniclastic breccia/conglomerate units are massive with crudely graded tops that fine 
upwards into pebbly crystal rich sandstone. The sequence also contains intervals (a few 
metres thick) of parallel laminated mudstone. These are commonly highly disrupted by 
faulting. 

The upper 60-70 m of this sequence consists of crystal- and lithic-bearing volcaniclastic 
pebbly sandstone which is intruded by feldspar- and altered ferromagnesian-phyric 
coherent andesite (Pemberton et al. 1991). The road cutting exposures are deeply 
weathered and true relationships are difficult to determine. However, slabbed samples 
collected from this area indicate quench-fragmentation of the andesite and formation of 
peperite textures. Intrusion of the andesite probably occurred whilst the sandstone was 
wet and unconsolidated. The brown coloured pebbly crystal-lithic volcaniclastic sandstone 
has joints perpendicular to the contacts of the green coloured andesite. The joints are 
thought to have developed by the heating and baking of the elastic matrix by the intrusive 
andesite, followed by cooling, producing cooling-related normal joints. The andesite 
contains spherulites and possible perlite texture within a chlorite-, feldspar- and quartz
altered groundmass. 

FOSSILIFEROUS MUDSTONE AND SANDSTONE 

Directly overlying the andesite intrusion is a small exposure about 15 m thick of creamy 
brown, finely laminated friable mudstone. To the east, after a gap in the sequence of 
approximately 75 m, is a section of weathered brown mudstone and quartz- and lithic
bearing fine to coarse parallel-bedded to cross-bedded sandstone, approximately 160 m 
thick. This sequence tends to thin rapidly to the south (see Fig. AS.I). A change in the 
attitude of the bedding occurs within this sequence probably in the vicinity of the gap in 
the exposure. The strata here dips steeply to the southeast, whereas to the west, the 
exposures dip steeply to the east and east-northeast. The cause of the change in bedding 
attitude is unknown, but probably due to regional folding and/or faulting. This unit is 
included in the Mount Julia Member. 

Pemberton et al. (1991) carried out a detailed analysis of the fauna within the lower part of 
this unit, in conjunction with Dr. J. B. Jago of the South Australian Institute of 
Technology. The fauna recognised include many types of agnostid trilobites, trilobites, 
rare acrotretid brachiopods, broken hyolithids, broken anomocarids, broken polymerid 
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trilobites and other various species. The fauna indicate a relatively deep, open sea 
depositional environment (cf. assemblage 1and2; Jago 1973) with some influence from 
fauna from a near shore environment (cf. assemblage 1; Jago 1973). Jago (in Pemberton 
et al. 1991) reports that the age of the fauna ranges over 2-3 late Middle Cambrian zones. 
This is consistent with the age of the faunas within the basal limestone unit within the 
Tyndall Group at Comstock (Jago et al. 1972), and is slightly younger than the fauna 
from the Que River Shale (Gee et al. 1970). 

POL YMICT VOLCANICLASTIC CONGLOMERATE AND SANDSTONE 

The upper contact of the laminated mudstone and sandstone sequence is not exposed. 
There is a small gap in the sequence on the Cradle Mountain Link Road of approximately 
20 m before the first exposures of volcaniclastic conglomerate and sandstone occur. This 
sequence is approximately 520 metres thick, dipping moderately to the east and southeast 
and correlates with the Zig Zag Hill Formation. The Link Road exposures consist of 
massive, pebble to boulder grade, polymict volcaniclastic conglomerate. To the south 
along Murrays East Road, the sequence is dominated by massive to diffusely bedded, 
polymict, pebbly volcaniclastic sandstone in the lower part overlain by pebble to boulder 
grade volcaniclastic conglomerate similar to that on the Cradle Mountain Link Road (Fig. 
AS.1). 

The volcaniclastic conglomerates are largely massive and clast-supported. Lithic clasts are 
sub-angular to well rounded and up to boulder size (maximum lithic size is 62 cm across). 
The clasts mostly consist of feldspar- and ferromagnesian-phyric intermediate volcanic 
clasts and quartz- and feldspar-phyric felsic volcanic clasts. The intermediate clasts are 
texturally and mineralogically similar to the andesite lower in the sequence, and to 
andesites of the Que-Hellyer Volcanics, (Pemberton et al. 1991). Minor altered aphyric 
clasts, myrmekitic textured clasts, mu'dstone intraclasts and rare Precambrian quartzite 
clasts also occur in this facies. The matrix is quartz- and lithic-rich, similar to the 
composition of the sandstones. The units are purple to green and moderately weathered 
reflecting moderate hematite-sericite-quartz alteration. 

The upper part of this sequence (approximately 40 m thick) consists of interbedded 
volcaniclastic sandstone and matrix- to clast-supported conglomerate that shows diffuse 
planar bedding and well-developed cross stratification. Felsic volcanic lithic clasts are 
more abundant here, and there is also an abundance of well rounded Precambrian-derived 
quartzite clasts. The conglomerate beds are laterally discontinuous, lensoidal in shape and 
show low angle truncations with the diffusely bedded pebbly sandstone. 

Upper contact 

The upper contact of the Tyndall Group correlates to the Owen Conglomerate is sharp, but 
the bedding attitudes are similar in both units. The contact consists of a wavy thin zone (a 
few centimetres thick) of weathered foliated green clay material overlying bleached 
volcaniclastic sandstone. The contact is interpreted to be semi-conformable to 
disconformable. Pemberton et al. (1991) interpreted a conformable contact at this location. 
The presence of Precambrian-derived quartzite clasts near the upper contact is similar to 
the situation further south at east Mount Lyell where a conformable contact to the Owen 
Conglomerate is observed. 

The overlying Owen Conglomerate comprises siliciclastic clast-supported pebble to cobble 
conglomerate and pebbly sandstone. The beds are massive, diffusely bedded and also 
show minor low angle cross-stratification. Silicification of the matrix is intense, with 
minor pink hematite alteration in places. 
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APPENDIX A6 

BRIEF REPORT ON THE STRATIGRAPHY OF 
THE TYNDALL GROUP IN THE LYNCHFORD 

AREA, MOUNT READ VOLCANICS, 
WESTERN TASMANIA 

Introduction 

This report describes the stratigraphy and lithofacies of the Tyndall Group sequence in the 
Lynchford area, approximately 1-3 km south of Queenstown, western Tasmania. The 
Huxley Track, which turns off Lynchford Road south of Queenstown, is the main access 
road to the area. Geological mapping was carried out during August 1993 at 1:5000 scale, 
and results were compiled on topographical base maps provided by Pasminco 
Exploration. The area is hilly and. covered by secondary stunted scrub and forest, and 
many of the rock exposures are strongly weathered. Mapping was carried out from the 
roads and also east-trending, 200 m spaced exploration gridlines. This report is 
accompanied by a geological interpretation map (Fig. A6. l ). A stratigraphic section of this 
area showing the main lithofacies and stratigraphic units is provided in Chapter 3 (Fig. 
3.3). 

Corbett (1979) termed the sequence of brown-weathering massive to banded intermediate 
tuff and agglomerate at Lynchford, the "Lynchford Tuff' and Corbett (1992) correlates the 
sequence with the Tyndall Group. The "Lynchford Tuff" was redefined as Lynchford 
Member by White and McPhie (1996). The section along the Huxley Track through the 
Lynchford area was assigned as the type section for the Lynchford Member. 

Local geology 

The true thickness of the Tyndall Group sequence in this area is difficult to determine due 
to strong faulting and poor exposure, but is in the order of 600-700 m thick. The Tyndall 
Group units strike north to north-northwest, dipping steeply and facing to the west, and 
are overturned in places. A moderately weak to strong, steeply dipping, northwest
trending regional cleavage is present in the sequence and is generally defined by alignment 
of phyllosilicate minerals and/or open space cleavage. The cleavage is weaker in the 
massive sandstone facies and is more pronounced in the mudstones. A large scale, 
northwest-trending fault has been inferred from the offset of stratigraphic units (Fig. 
A6.1). The fault dissects the stratigraphy and continues to the northwest into the Siluro
Devonian sedimentary rocks (Corbett et al. 1989) suggesting it is probably Devonian or 
younger in age. The apparent offset of stratigraphic units mapped in the field indicates 
apparent dextral movement on the fault of approximately 500-700 m, in the horizontal 
plane. Close to this fault, within the parallel laminated mudstones of the Yolande River 
sequence (YRS), mesoscopic faults with displacements of several centimetres show 
movement of the beds, consistent with a dextral sense of movement. An east-trending 
fault occurs in the western part of the area and has caused an apparent dextral displacement 
of about 300-500 m, in the horizontal plane. 

The Tyndall Group is underlain by the YRS and the Lynch Creek basalt. The YRS 
comprises mainly massive quartz-rich volcaniclastic sandstone and parallel laminated and 
bedded, graded mudstone and sandstone. The contact to the overlying Tyndall Group is 
not exposed, however, the attitude of bedding in the upper part of the YRS is subparallel 
with bedding in the overlying Tyndall Group rocks, suggesting a conformable to 
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disconformable contact. Corbett (1979) infers a conformable contact at this location 
whereas Dower (1991) infers a parallel unconformity contact, as the YRS is thought to be 
somewhat older than the Tyndall Group (Corbett 1992). 

Lynch Creek basalt underlies the Tyndall Group in the southern part of the area and occurs 
within and at the top of, the YRS. The Lynch Creek basalt comprises chlorite- and 
sericite-altered feldspar- and pyroxene-phyric coherent basalt and associated autoclastic 
breccias. The contact to the overlying Tyndall Group rocks is not exposed. Dower (1991) 
showed that the pyroxenes in the Lynch Creek basalt and also the underlying Miners 
Ridge basalt are compositionally different to the pyroxenes in the Tyndall Group, and 
therefore have different sources. 

Poorly exposed siliciclastic sandstone correlated to the Pioneer Beds overlie the Tyndall 
Group in the northwestem part of the area (Corbett et al. 1989). Although the contact is 
not exposed, an unconformity contact is inferred from regional stratigraphic relationships. 
The contact is referred to as the Lynchford Unconformity (Corbett et al. 1974) which is 
equivalent to the Haulage Unconformity (Wade and Solomon 1958). A similar 
unconformity contact is clearly exposed near the Mount Lyell mill (Appendix A2), where 
the Comstock Formation is overlain by Pioneer Beds; the contact being an angular 
unconformity. 

Stratigraphy of the Tyndall Group 

The Tyndall Group in the Lynchford area consists of massive quartz-poor crystal-rich 
(feldspar-, pyroxene-, titanomagnetite-, quartz-bearing) volcaniclastic sandstone, parallel 
laminated mudstone and crystal- and lithic-bearing volcaniclastic pebbly sandstone and 
minor lithic breccia. These facies are included in the Lynchford Member of the Comstock 
Formation (White and McPhie 1996). Minor quartz-rich volcaniclastic sandstone is also 
observed in places. 

The quartz-poor crystal-rich volcaniclastic sandstone is the most common facies and has 
an andesitic composition (56.9-59.5% SiOz; Corbett 1979) suggesting an andesitic
intermediate volcanic source. This facies is texturally and mineralogically similar to the 
quartz-poor crystal-rich volcaniclastic sandstone facies at Zig Zag Hill and the Anthony 
Road area. However, the basal facies in those two other areas are somewhat thinner than 
the sequence at Lynchford, and grade upwards into typical quartz-rich crystal-rich 
volcaniclastic sandstone. The entire Tyndall Group sequence at Lynchford is included in 
the Lynchford Member. The Mount Julia Member and overlying Zig Zag Hill Formation is 
not preserved. 

The massive quartz-poor crystal-rich volcaniclastic sandstone facies at Lynchford occurs 
as subrounded tors in outcrop. The crystals content is high (approximately 40-65% ), and 
crystal proportions vary across the area (i.e. some samples contain more quartz than 
others). Many samples also contain minor granule to pebble sized felsic to intermediate 
angular lithic clasts. Thin lenses of pebbly sandstone to matrix-supported volcaniclastic 
lithic breccia occur in places and contain angular felsic to intermediate volcanic clasts, fine 
grained altered clasts and mudstone intraclasts up to 10 cm across. Some of the 
porphyritic textured lithics have a similar composition to the sandstone in which they 
occur (ie. quartz-, feldspar-, pyroxene-phyric). The fine matrix between the crystal and 
lithic components comprises alteration minerals including chlorite, quartz, albite, opaque 
minerals, ±epidote ±sericite, ±carbonate ±actinolite/tremolite. Subtle bedding-parallel pink 
albite+quartz-rich and green chlorite-rich alteration banding textures also occur in some 
outcrops. 

The parallel laminated mudstone and sandstone intervals within the sandstones are well 
exposed on the Huxley Track and consist of laterally continuous, normal graded fine 
sandstone to mudstone beds and laminae, millimetres to several centimetres thick Normal 
grading and small scours at the base of these beds indicate younging direction to the west 

32 



The sandstone beds contain feldspar and quartz crystals and mudstone is very fine grained 
and black. The quartz-poor crystal-rich volcaniclastic sandstones and breccias immediately 
overlying the parallel laminated mudstone lens contains angular laminated mudstone 
intraclasts up to 40 cm long (5-10%), and were probably eroded from the underlying 
mudstone units during emplacement of those coarser units. 

The minor occurrences of quartz-rich crystal-rich volcaniclastic sandstone, referred to by 
Corbett 1979 as "white tuffs", are strongly weathered and poorly exposed and have a 
similar appearance to the quartz-rich volcaniclastic sandstones in the underlying YRS. The 
main outcrop of quartz crystal-rich sandstone in the Tyndall Group occurs against the 
major northwest-trending fault Another exposure occurs within the Tyndall Group on the 
south side of the fault at approximately the same stratigraphic position, suggesting that the 
quartz-rich crystal-rich volcaniclastic sandstone occurs as a stratigraphic unit within 
quartz-poor crystal-rich volcaniclastic sandstone. 
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APPENDIX B 

Drill hole logs, Comstock and Anthony Road areas 

• Drill hole log codes 

• Drill hole CSO, Comstock area 

• Drill hole C56, Comstock area 

• Drill hole C59, Comstock area 

• Drill hole C61, Comstock area 

• Drill hole C68, Comstock area 

• Drill hole C072, Comstock area 

•Drill hole C074, Comstock area 

• Drill hole TYN006, Anthony Road area 

• Drill hole TYN007, Anthony Road area 



APPENDIX B - DRILL CORE LOGGING CODES 

COMPONENTS 

CRYSTAL GRAINS 
Q-Quartz 
F-Feldspar 
P - Ferromagnesian 
H - Hornblende 
G - Magnetite 
( _) - Minor to rare component 
e.g. (Q) = Quartz less than -5% 

LITHICS 
L - Lithic clasts 
Lms - Mudstone clast 
Lqfp - Quartz-feldspar phyric volcanic clast 
Loqfp - As above, orange colour 
Lpqfp - As above, purple colour 
Lfp - Feldspar phyric volcanic clast 
Lfpp - Feldspar-ferromagnesian phyric clast 
Laph - Undefined fine grained altered clast 

(aphyric) 
Loaph - As above, orange colour 
Lpaph - As above, purple colour 
Lser - Green sericite/chlorite altered clast 
LC03 - Carbonate clast 
Lcht, Lebert - Cherty fine grained clast 
Lgr - Granitic textured clast 
Lchl - Chlorite altered wispy clasts or 

pseudoclasts 
Lfg - Fine grained altered clast 
Lt-Total lithics (%) 
AL-Average lithic (size) 
ML- Maximum lithic (size) 
peb-Pebble 
cob-Cobble 
bid - Boulder 

ALTERATION 
Type 
alt - Alteration 
sil - Silica, quartz 
feld - Feldspar 
alb-Albite 
chi - Chlorite 
ser - Sericite 
C03 - Carbonate 
epi - Epidote 
hem - Hematite 
py-Pyrite 
mag - Magnetite 
opaque - Black undefined opaque minerals 
bar-Barite 

1 

LITHOTYPE 

VS - Volcaniclastic sandstone 
peb VS - Pebbly volcaniclastic sandstone 
CRVS - Crystal rich volcaniclastic sandstone 
L VB - Volcaniclastic lithic breccia 
LVC - Volcaniclastic lithic conglomerate 
MS, MIS - Mudstone 
PLMS - Parallel laminated mudstone/fine 

sandstone 
PBLGMS - Parallel bedded/laminated, graded 

mudstone 
SS, SIS - Sandstone 
C03, US - Massive carbonate, limestone 
CV - Coherent volcanic rock (porphyritic lava or 

intrusive) 
JG, ig - lgnimbrite, probable ignimbrite 

STRUCTURE/TEXTURE 
mass - Massive 
norm grad - Normally graded 
rev grad - Reverse graded 
m-supp - Matrix supported 
c-supp - Clast supported 
band - Alteration banding 
lam - laminated 
fol - Foliated 
Bx - Brecciated 
Flt-Fault 

MISCELLANEOUS 
mtx-Matrix 
gdms - Groundmass 
med-Medium 
gr - Grainsize 
poss - Possible 
prob - Probable 
dom - Dominantly 
wthd - Weathered 
tx-Texture 
ang - Angular 
C.A. - Core axis 
mag sus - Magnetic susceptibility 
purp - Purple 
E.O.H. - End of Hole 

ALTERATION 
Intensity 
str- Strong 
med-Medium 
mod - Moderate 
wk-Weak 
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-

-
--
-
-
-
-

--
-

-

-

-

--
-

-
-

-

FACIES 
CODE 

pt..b L&V.S 

LVC.,. 
pu L.QIJS 

pek> LQ VS + 
tt!-5'-ff L \JC 

-

-,_ pt.lo L~VS + 

f'l·f'ff LVC.. 

- (r."ir<tr L.o1irt 
wddd i~ J;) 

- 1'1-5'ff LVB 

CO-OROS. PAGE. ~ OF 7 
1.,, GRAINSIZE R.L. DIP AZ. I Scale• I:~ LOl9 ~ N t":'-:".::::'~~~...;;;;.;;.;;....~~~-=:..:...~~~--f~~~~...L..~~:...!..:..::!~~ 

o o N 111,., ALTBR- DESCRIPTION LOGGED BY• M&oJ 
I 11 ATION DATE• 10- &- 'f2. 

= 

= 
i..- c.NLI•.- -)07.2,~ - 'H ... 7~ - n.$ , ... ~.. n•_lA •-"""-~ 

.... u ~-

~·-·- 1n-r."'7&..- "~·~-. - /vr_ / -...J,.. L61.VC.. IJ. a-~,,.;7nT-
-t.../--I.. 1-,.UALJ1 ,J I _..__ ,__ ... .......Lr ~ 

.... ,_~, L L·- -..L. •A L IOto c nt+v 

r.., -~- 1 ~T --c-ro·r_ 
~,.,. __ - -..i._... ___ II '' ;;;.L_ 1-- ~.-. 

-· "--'-• -~•- .. I 1__ ""-•-• ~---'- •- --'•- l_I - - -- ~' .... ·-- --- ,,._ -1- -·' 

{ -J- --- IC-... .... ~ ..r...-..J "'1lf ·~ 
I I 
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-

·-- - 1~5f."!_ - 1 ... 'i ... - -1.. I L'\\JC + M, .. r..aA u __ 

-. -· I L . .A- r..__.1'U -~J..1 -...-- I ,.,:__-c.Jtt. 

I•-•• IJ~II ILl \ -·,,.--, I ~-·L '- 1
-. - IYll'A L • •• L~ LA.AL , --- , -1!¥ -· 

I 

........ ~ ··-

r11''""/lt l'-!!!'i· .. -1-rr.7 .... M-1! ... A u71 -, - , •-~i ..... r ... ,., I 

- • _ ... - ---' .J.... Jtn ......... ,_ 
~ -
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DIAMOND DRILL LOG 
PROJECT. 

LOCATION. HOLE No: c. So 
CO-OROS. PAGE. 4- OF 7 

FACIES 
CODE 

150' m 

1 g GRAIN SIZE rR.~L·=-"'T---=D;,::lP:__ __ -=AZ~·---4---.JlwS!!:C:!!;OI!!,•:..,• 1!,!=~2.0~0!L..J 
LOG 0 0

1!' N CD~ ALTER- LOGGED &Yr mw 
r• ATIO DESCRIPTION 

I I I I I I N DATE I ft:I • Jt- '11. ,.,..,.7 .. _ l•-.&.lllii - ..... ____ .,.. 

---·- -._,, 
u . 

. 
....-.Lmiii'-7.liil• n - ... -.. • .... _ .. 1.-..L...1.L -;-11.-• • .-

- GFVS 
1:1~~ • V""'~U!iili J f_ ..... t,,o 
--~ •.-/ !... _ _,_ 

"' -"- ... r..~1 u -· 2n_ ~ .. -1 .___., -

-
l&D .... IA•..JI. ,.__In - .. ...._.._ .... - - r.i-..Jl.I ---... ~· _.... -- •: .. -'---, 

...... --. ... _.... .,. ,,,,,._-.... "A::J, 

/'1lV5 <J ..._ uon.,,..,~ .-1r . . 
• __ , ,, &i.&. ... _ .. 6 "7·''- - -

Jll'ltft ,;. -A.LA l\~I •--II I -- -- ....t.A...,1.A .-r--1 , ___ _..._ __ ,,. 

• ,_....:._.. 1 ... rr --"'£.-.. -,,,. __ _ 

-
- ~t.tf 

\70 
QFVS 

-i-

. 

- ;.;,,,,;;i-__ • 

-
-

180 ---
. 

-
-

-

lCfO -~ 

. 

. 

- ·-···-" ... t----+----------~-------J 
~;:~,:~ ;::;:.~ii ;;t----11-------------------------..J 

2.Do -~·;....._ ................... .;1-~:;~~~:=·1~~~·~··=·":!::~;=·~!~==f:!~·=~=·:1::::::::;t:::::;:::::; .. ;:_;;::;:;:::;;::;;::;:::;:;;:::::;:;;;;;:;;:::::;:::;:J 
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DIAMOND DRILL LOG 
PROJECT. 

LOCATION. HOLE No 1 C 50 
CO-OR OS. PAGE. 5 OF 7 

FACIES 
CODE 

loo m 

GRAINSIZE R.L. DIP AZ. I Scale• (:%Do 
~ N f"7Al,;~:JER==:--r---..;;;.;;;._ ____ --:;::.:. ______ --f--------~~~~~:_J 
0 N CD,., - DESCRIPTION LOGGED BY• MW 

A110N DATE• ft1 - ff - 41 

- ::: C!ill.L.IA 7c;i&.,Clliiiir.-'7£f,Q - .... --:...~ .. n..11a;.;;u- t111ttlL I - - _ .. 
_IJ. L - ,. f.,,. ' u ,, 

-
bLV1ded 

- G.F'i S 

= -
-= 

:tlO --- -= 

== 

. 

-
-
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-

-

-
-

. 2.30-i-

-
-

- -

-

-
-
. 

.... -- ·-·--...... 1----tr--------------------J 
§~i¥.::::;.; ;;:~:.~H-~;a------+-----------------------------------------' 
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DIAMOND 
PROJECT. 

HOLE No• c.. 50 DRILL LOG LOCATION. 
co-OROS. PAGE. {, OF 7 

FACIES LO}~ 
GRAIN SIZE R.L. DIP AZ. Scale• (:.:too .,, 

CODE 0 0 Nm~ ALTER- DESCRIPTION LOGGED BY• "1C.V 
A110N DATE• 10- s-tta.. 

1 •'!1 ~, ... I 1 ---.1.ct.- -'£...t.n - --~,,.)··- '~".\ ..,,'Jll. 121.111_--:::.-:: 

,_, .. /.£ -r_ -~. 'II 

Qr:vs J 

= 
, __ , 

_, ""'1 Ji - '7 L I .n IOAl\l!i: 

~~ ·--- I •• "' _.:,A-A -•--r ---- c--- . - ,.,.., ... ... ~ ., 
~ 

= . 
::::; 

GF(L)V 5 ~ 
-

(L1111s "r"tf') ~ -

-- - ~ 260 

... 111.ui ... 1 7 c.,1.n - 7-'1:1 •b - .. -- ' l.f..'....o r-oJ /,JA - ~, .1-I.1 ...... "'-'~-- - "----.-...... 1---· - / 
r....J~'llloll- J ""' 7n• r ~. 
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~ , _ _, J~· 

IAJ~,.J~ ,_, .... . ., I -h, ..,_ 
- " . 

-
'J...70 --

-
J,..\J8/J...6lF\fS 

...... ~··· I "J ?'J 1L - 7 7L • 1-~ - L • ... a..• .rl ... u lt11IOU- - •v- L CIC- - r-..._ ___ _. 

- , ....... ·'" . • ---II 
~ ··-- ,_ _.,c If ( L-,. - • -•--Al ~ '. 

Cl'. ..... 
~-- -· ~ 

~ ·M.. !. - _._,_ -<,, ..I- Lv Vlll 
~ - ·- - - _J __ , - - - • -- ,.,.,.,,,_ ~ '·, tJI -le. .. 

.. ""' L.•--U- A 06 

- - ''- -· - ___ ,,,_, 
_...a I / 9_ , __ ,_,... 

- Aflolc.stlic.- '? I ., -,,,..7.11;: .~. •4"' - '--LI· ~--l..11 -~~--.... - ·· .. .... •· AL•- I .. 
~ ror)c.. - r~ •- ,. .-..J-:-:r.- _ • ,..J,,,,H.11.-J.. ,,,.L_....,,,J. __ J 

1.,,,_ ~u rn. --
C..03 rn •• 1711'1.~-., •lJ - r;Alf --•~ --• ,J 1 - .111-.J,..I~- ... _ ... ,_ ... I'd •• JYJ. 

- - -- ·•~.+ ..J. ,rt: '··· -- ,_ .... --· -·.I - ... J.. _J 1...~ -I. ;_,__,_ ·. 

Antk-s ;J; c..-
""'"'-'- I '2__1'.,.n _ 'f •§•Q - l':s-• •-IA-~• •• 1.-.7 "'-"'-""''· _, ~ ,,. .,c_ -,_, --- -

- ·-·· 
__ ,_ 

u-~- .. ... L 'I•·· _,._ 

a# ndl,. - <I I . "' 
~ "D•ll•l1ft fl .L. - .1 - .... _ ... _ ... , ... .._ .lL 1 r.u1 ( [,'--· ~- 1 

- £ • .._J,,,L-1 ~-- "'o-···~ .-.. 11os.r1 ·'"' -li."r:u -
~ --· <- ,.,.L,.A -,,_,.,.1.,7 -r.. J.. -r~,.-,. =7 

C03 ··-· .. ~-- • .1.1.·.1 ,_ 
1: ~--'' '°.I:! ..-. .... s 

,, _ -··- ••• 1·. .L • •· - ~ !J~r.1.1 .~ lfte <'.IS. -

2'10 -~ -

I 
- . 

C03 .... GtFL . -
- = 

s.:Md~ l(.'ISC.$ 

~ !i -- ~ 

' 
_ .. .. - - -,,, .. _ ., __ .,_ "Z 

•A , --·mu 111, ... ,. .... _ 4.- ~ I -co 

- . '·--· .. ~_ .. D-..t.. -..J- ·;...•,/. ·-
- .foss;/~J - ...... - ......._,,. ,-,r ~- .~ 

,.__,,, "·<- "' - ·--· _..;z.. __ ~ ---u 
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- ·- . 
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~ :: ~ .).::: -- . .. . -
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PROJECT. 
DIAMOND DRILL LOG L.OCATION. 

FACIES 
1 

CODE L.ol~ 
0 

fi>.ss.l1f<nu~ i i../ s 

Ano/,r;tic.. 
vo/d. rotk. 

GR AINSIZE 
on 

N ID~ 0 
I tl 

~ 

= 

= 

CO-OROS. 

R.L.. 

ALTER
ATION 

,,,.,, -

HOLE No: C.So 
PAGE. 7 OF 7 

DIP AZ. I Scale= I: .200 

DESCRIPTION L.OGGED BY• ~W 

"0"'-~1-'i.l·llE"•K.. C".t,,~,1..,_,_..,.S rFi• _ .A..-z. , _____ ,_, ____ . 
1#9'-•· ,, .... Cii.- 11:1"1111:: •• - J • ·-- •• JM.. -;&..-. 

L.~- _,_ -..&. L__ ·-

" 

,IAI -AA .~ -llrr. ..-.,,-z.,,.,, - , _ _,_. __ . ,.._ 
~ J ll"M .. _.&..I ,.,.. ,.. r- -- :i. ~--~---

I - 1 - L-1,.., - r11r1 ... u ,,,.,_,,,,,,_ - -

_l_J - ·- "' -

-.- - a.,. __ , -- ,_----;J .. 
Vnl' 

.,. . 
- ~ , _ _ 1 ... r...,/ ,~, ... ,,,.,~_ 

M ""'1 1 .- - V 

l'D •i. t. ~ 7Y (} r»6- ;,. ,.,,.,_ .. 

I 

=·-~- .. ~:-:a----+---------------------------1 
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PROJECT. R~c G,M .1fDc.k_ 

DIAMOND DRILL LOG LOCATION. CotvtafDd<_ Vo.II~ HOLE No: c. 5b 
CO-OROS. S34-52.7.2.N 38 2.11~€ PAGE. I OF + 

0 

FACIES 
1 GRAINSIZE R.L. DIP 50•' 0 AZ. IS'f·3° I Scale: I• :t.oo 

LOG'~ in 
CODE 0 6 Nm~ ALlER-

DESCRIPTION 
LOGGED BY• l't!W 

ATION 8- '12... m 
DATE: 7-

"" l.til/.l:.IA I a- l'f,fl""' \AJ.M ... I C\~ I. c 
·-L/ - = "'· ,, 1 __ ... ~ ..... -, . .,. - ,,,. ..... ,, I-~- -~-v , 

i== 
- = 

""" - w.Uitl = .... 
~ 

Qf(L)V .S ~ -
= 

10 ---
-
- . 

-
-

-- ... 1~••1 Ill.IP - Ln...n-- - r.i :"fL1u~ - IMll C~1'1• CIC ll~ 
_,.., I -:OU .... .,_ 5'. - .:.---,,.re 7,•u_ ~'- r n __ I •• , ·r;,..L.-

-~ I - • , ____ .J_ 
I -- _, ....... - ·- __ , __ - a..- ,,_.L., 

- -~f(L)VS. ~ ...... ,.. -· r. _;,_ ·-= ,.,.,,. II~ ""-
~~.J- IJ~J ·- _. ,.J. .I,,<_, _ __, I l>r .o'-,_,.., I 
t .. >~·- _, ... -· ,, ~-~-·-

...L....- ___J.3... •• _....,_,, 

/J,...4,sv r_,·A, /' - ..... .. --- ..... ,, ~;,11 -- ,, .. !~ ,. ... ,·,, ....... r - - 7'• I • ... ~.U.• oh '"-·~ ... ··- A.,_ ... 1_ ~ •I• - ..J.,J ....... - -- ,.,._ .... ...L- . ... ,, ...L... - -~ ~ 
~ - - J _,,, - , -· ,.,_,_ 

~-~ 

____ .I 

f •M • ··----- ~. u ,-._ 1 ••• 11 A•..w1.-.- .... • J. ~ 

- , ... , , __ , 
n,c_ ..---

, ___ 
II 

-~~ -,._ ~ /#!'-~ J v I 

--~ I/ - L, / .::: ---~ 
3o --

--
- ~-

- -- ---
! -
~ 

~-- -~ --
-.. ---- ---- ' 

__ ,,,._ ,. ..... 

- -- - - _, ....... ... -
~:::·~;;~ ----:1··. -

--:-·:r :-: 

.So -- ; ~-: .• ~ .... :'.!:-~ c:·!::J.:: 
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PROJECT. 
DIAMOND DRILL LOG LOCATION. HOLE No• C 56 

FACIES 
CODE 

-
- GF(L.)\JS 

-

-
--
-
-
-
- (2f (L.) v .s 

-· 
-
-

-

-
_,_ 

-
-
-

- ~FL..VS 

--
-

-
-
-
--. &F(!-),VS 

CO-OROS. PAGE.").. OF + 
lg ,,,GRAIN SIZE t":"R:-:.L=. =-·---D,;;IP~--..:AZ=·----+----ll..:S~ca~l!;•'~IL.:.'~2.():£!:0LJ 

LOG o 6 N CD:: ALTER- DESCRIPTION LOGGED BY• Mi.> 
I 11 I ATION DATE: 7- g - '/'2.. 

== 

-= 

-- -- -+-

..• ·-. ... ....... .... 

c::··-
~~ r.=. _,,...:: .. •"4-••• ~~ 

• I - , • 
•. 6.. • • •. 

_'Clll.t•l.11 /'l.ll· .. -·D- r;ir::tll••~< 

, ..J 

~1/1.L.UI LIP ·D - C7L •4, • ,. I!!/ L l\H' et-<' ............. • •• :..H..-
1,.1.1 I .t .. J - - ,. •L.f •• ,,;-... 

_r-~ -J .IA ir •r 1. •U •U-_1-. 

•- r ~ IZ. .... -In .,ft,.,.J. 
_,,. -•L..._ .. , r••,._ .-=: C-0/8 

Al.•4- - "f'I•7~ •v-•_V_~ - _.,.._•-I' -.....- n""•-A• .+ 
.,_I.I ._ - ..:: ...... _ I -, __ ,. I -1 l+'Zlllf'l-1(·v,_ 

,..,~n L ,_.-1 .... .: ..... ! ,IA--,,,. · r 
_..., A'1L. IC'J&4.V( I c.J - -- •·-- I,,.,,, 
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PROJECT. 
DIAMOND DRILL LOG LOCATION. 

FACIES 
CODE 

~f(L)VS 

GFL..\/ S 

1'1·Sn f,, 
c- 'ff 

I-VB 

Pl-S'1f Ll/B 

/Vl-J'V- LVB 
17,... Fol 

G.FVS 
IVl-I'1f L l/S 

(XF(L)l/J 

tv!S 

lll·llff c.,v.g 

CO-OROS. PAGE . .3 OF (f= 
'llco GRAINSIZE R.L. DIP AZ. I Scale• l:ioo 

LOl9 ~ N t"".'"::':::::-,----=.::....------~-------j.------.....1.~~~,:E.~...1 
o o N ro ,., ALTER- DESCRIPTION LOGGED BY• l"\W 

11111 I ATION DATE: ?-8-'11.. 

rot::n•"~ 

c••ri..- 111..•7 rrCJ.JI l':Jf;;l.V-C - -- ~.-' __ ,,. ___ .. ,,,. IA ..... _._ ~ 

~1 l--- _.,,.. r-.... 1......L.L _, ">r'!ti Ok, 
I _..., r I - •--L -.1. .L / - LI - -~· rlll ~ 

I 

r-.ru ... r,f/ ll9l·X- 1 ... r1.'f_li: LVll.- ..,._,,-..it!U_-fn l"-'°'AA /111< 
-.:;.1..J L-1- =t ;in __ en.,,._ , ·- ,.,__ -~• 11. • __ 

---- -.LI.I-I" LJ4_,c;;;_1g,.-..,. 

n.___ E ... ,. 7 r ..L Aoa,.r I - L,/ .... .... ;--

HA- L_ 'J. - • , u ~.1' ~,. ..,._,,,._r .L' /---

"'" ---·-- , , __ -'~' ... .. •• -.£.I 1.1r -.-.... n 
IDu--~•"' ~ _ _..,.. £.,,, _,. 1J'1',.-' __ 

, _ _1,__'f,,,,,. .• ____ ,,,, 

.... ·c.- 7'X' , 
' u 

,~.-,~ - l':l•.• Al .. 1!:.u11 I r., _.,.,.,,_ .--!-.,.i•• 
f./-~lf-1/) 9£-. fA< (./Al-. • .-.-1---.J:#I 

.1_ • ,,,. .I _,_,. _,,,,,,,,,. __ 
r ........ 11£..., - 11.1.:;..; -L•- •. _ ,,. ~ __ ._ 

_., ,,_ / • .:7if'-~ 
r-'-·-~ ... ,, .... r,._ vt1·'* 

' 
- ·---~ 135·K-H-1.ac - r;;i.;;;u-s- _,,r_(',.11 r1!1fC' ·-~ 

-L'11,..- r.... - l-1.f .:-•r 
I ,, 113'7•.,S- Jrtl.4- - 1111·$••.. I ..:ll.. __ _... - ·---"-

I _,, I -L L. A.Lo L ;J. (V ,,,.K.,..,. _ 1¥7J.7 c - - -It_ _...fJi:.- ·..I ~ ·"' I ~ • .., r ... ( 

~.7c;; - 'WTl•Ct' - L.~,,,,. -..... __. 
-.lllOlllO-""",,._•,..-.: - ----L· l .. 1n .,J... ID~LV( ;;.., l -.E... ... 

J .LI II J • -/-~, :_ r..e ,.J...:./1-~ 

......... _, .. ..,._ ..... ,.,_ 
---,--·:-. rl .. IAI •~ 0 &;. L 

·~ ·~·-·- _, -~' :,,. 
AR_. ··--'-V - I .-f_ Irr•-

j,' .LL.- __ ,, ;a 
I ,,. U-.N,. II•.-&.. fU ;... U I 1-- --'--

--~---1.. - .,,._ -' .. r.- ..i..•L 1-11A ·- • 

.,._ rr1 IJ. .&. .. • •,... __. ,._ .-. 
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PROJECT. 
DIAMOND DRILL LOG LOCATION. HOLE No 1 C.66 

FACIES 
CODE 

calc/litm 
s/s 

Afk,d 
A11t-Cu;.J.i"' 

"'""" ? 

CO-OROS. PAGE. 4 OF + 
Jg GRAINSIZ E t-'.R.~L·:::--r---=D:.::IP:..._ ___ A::Z::.:.·---4----.JIL..:S~c~ale!!.':..1.:.1:~2.o:£.!:OL..I 

LOG 6 o~ N 111 ,,,N ALTER· LOGGED BY• M•·' n DESCRIPTION _, 
I 11 I 1I1 >t. ON DATE: 7-R -~ l.. 

r~t·"'-- 1#..-.;.-, _ ··-- .... _ ,,...,... 
7 

~II ,,,._ ·-. -

!'-- .:. _,,,._ ,,,,. IE: ,, 

, __ , .•• __ ...1.11, 

~- ,_ ··-· 6 , .. -- - 1-,-~.19· 

I -·- "-. .... 

IL~--,- ·1•.-C , ----- ,. ,,._,, ... -~,, .. ~ 
7 ---~ ---C•-- -- V,,,..., V 1 .. •II rn• 

~- ·- ""'-" ---JI 
,.,..,,,. - . ,,,, _ ... ~ ..... --- -..-....r i. 

u J " .~ -- . 

.t::,..._ - ---· 
.... , 

I 

,...._ 
---- -·-- .=:~.-:-: ... t---+--------------------~ 
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PROJECT. RC C. - CoMs+.~ 
DI A M 0 ND DR I L L LOG LOCATION. C.011..s-!Pcll... Ro~"-

co-oR os. 63 +s+ 61 N s 83 1 06 E 
HOLE No 1 C. 5'f 

FACIES 
CODE 

PAGE. I OF 'f 
GRAINSIZE R.L. DIP 4-5.. AZ.04-7·?0 Scale• f::Loo 
~ :~ ~ t:AI.::':J'ER=:'_l __ ..:,:::....;;!;:l~-~~::t:iU:..:..._J-L-0-G-G-E-O-BY.J:L.:!!f>!~W!!..J~~~_J 

ATION DESCRIPTION 
I DATE: 10-5-'f:L 

.. : .... ,,,,., 11;'.1. - ....... .., • 
.J...L ,..,_, 

_... ~••::n1 .. 

= 

= 

= 

u,•,..1.1.. . -- - ' • 
.... ~ .. J ,,,. __ ,.. , __ _ 

frl•IJ ~ ;rL -In -u;;;,~ 1 • .M..J Ku.~1c_-

,.... _~t"hl• ,. .. ,Ill: u -
A ,.L FAIL ... ,: I - -~ r ... ~ 1- ~-•- 1 -- _ _... . --~~--- ~ ~·-,. ----
u r,-,. _._._..,. --· -- J ,,__.,.,,,, -'LI -- U-

.... • .. ,.. •L--.-11 AA-~•-t" \I "'NIA.- L. 

~ J,._s.1 • -- a-I • .... 'N,.,.,,. 
. 

-~===·--------1----------------------------------------------------..J 
= 

= 

A-? •7 - II• .,c;: ~c ... ~ ----·--

- ~ &FVS __ ..................... ..... -:-;, -.iL_,..•T -..J ~ r,,,._s..1L-.•,,,.1_1 
,_ L---~•-. --..: .... ~. ,.. .. ··-
a.1-li A. _ _, _ .... Cflh't 

~-J : •• I _, A_;,,_ CO .J.. L. ,, 

- ._.. .~, .. -- -•--- , .. .,!A ~- 61..1"11...•.,.-

E.· 
___ ,_,,,,_,, ,_,, ,, 

,_ - ~~ -
- /-'-- - .. J 
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PROJECT. 
DIAMOND DRILL LOG LOCATION. HOLE No: c scr 

co-OROS. PAGE. 2 OF , 
FAC!ES 

1 GRAINSIZE R.L. DIP AZ. I Scale• I : U>o 
LOl~ on mm 

CODE 0 0 N CD~ ALTER-
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DIAMOND DRILL LOG 
PROJECT. 

LOCATION. 
co-oR'os. 

HOLE No: C bi 
PAGE. 2... OF 'f 

FACIES 
1 

LOl~ 
GRAINSIZE R.L. DlP AZ. I Seal•= I: .lJlo 
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LOGGED BY• mw 

...,,u,.uc:t 
--
A#' n,, _._. _____ --·-

v 

70.n- u.n .. ~ ,......., 
-- .!"" r;... U: ,.,..,,_i,,,,. 1- I.UC 
UT .-. . .- a{ -- --,;,;;;;,,t:.Lt. #" iA ,,,.£., / 1./,. 

--•""-. /N\.IC" --~ _,..-... L•--fr...--£1 

L • .n.,,_ - ... - L-'""75; 7 _c,;. ., .L-- L---...£.. 

" 
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DIAMOND 
PROJECT. 

DRILL LOG LOCATION. HOLE No• c .61 
CO-OROS. PAGE. 3 OF Cf 

FACIES ]co GRAIN SIZE R.L. DIP AZ. I Seate: I ::Loo 
LOG9 in mm 

CODE 6 N ALTER- LOGGED BY• niiv 0 N CD.., DESCRIPTION 
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DIAMOND DRILL LOG 
PROJECT. 

LOCATION. HOLE No1 G 6 / 
CO-OROS. PAGE. 4- OF If 

FACIES 
CODE 

]co GRAINSIZE t:R;:.L:. =-·-__;D:;::!!IP:.,_ __ _!,A~Z~. ---~l----Jll.,;S!!!C:!!O:!!l•!.:,'J'i:2D~o?__J 
LOG<? ~mm 

o o N CD~ ~~- DESCRIPTION LOGGED BY• MW 

ISO' m+------4-~""'!l 11 - DATE• 5- &-'l:Z. 
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PROJECT. 

DIAMOND DRILL LOG LOCATION. 
co-OROS. 

HOLE No: C 6 I 
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ATION DESCRIPTION 
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PROJECT. 
DIAMOND DRILL LOG LOCATION. HOLE No 1 C 6 I 
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CODE 
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CO-OROS. PAGE. 6 OF 'f 
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'°0· ~~~ N,,, ALTER- LOGGED BY: '""'H• 1 
n A'n DESCRIPTION IFI 
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PROJECT. 

DRILL LOG LOCATION. HOLE No: c. 6 I 
CO-OROS. PAGE. 7 OF " 
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FACIES 18 GRAIN SIZE R.L. DIP AZ. I Scale• /:zoo mm 
CODE LO Go 

.., 
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I 
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PROJECT. 
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DATE: 5- S--12.. 
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CO-OROS. ~3 fSSl'f N 3 S1c:r'f't E 
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CODE 
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PAGE. I OF 6 
1 GRAINSIZE R.L. DIP 1,.+.7s• AZ. /Kl•fS 0 

LoC:~ '° N AL....,n_ 
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LOGGED BY• MW 
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APPENDIX C 

Stratigraphic unit definitions submitted to the Central Register 
of Australian Stratigraphic Names, Australian Geological 
Survey Organisation 

• Definition of the Comstock Formation 

• Definition of the Zig Zag Hill Formation 

• Definition of the Lynchford Member 

• Definition of the Mount Julia Member 



NAME OF UNIT Comstock Formation 

STATE Tasmania 

Redefinition of Unit 
(Redefinition of unit that was published, but never formally registered) 

PROPOSER/S Matthew J. White (CODES, Geology Department, University of 
Tasmania) 

RESERVED IN REGISTER OF PROPOSED NAMES June 1995 

PROPOSED PUBLICATION Australian Journal of Earth Sciences 
White and McPhie (1996) 

DEFINITION 

INITIAL STATEMENT: 
This unit was defined by Corbett et al. (1974) as the Comstock Tuff, and was later 
referred to as the Comstock Formation (Corbett 1975, Corbett and Brown 1976), but was 
never registered at the Central Register of Australian Stratigraphic Names. The aim of this 
application is to formally register this unit as the 'Comstock Formation' in order to 
allocate formal member names to two sub-units defined within the formation. The details 
given here are reasonably consistent with details given by Corbett et al. (1974) for the 
Comstock Tuff. However, more updated descriptions and other detailed information is 
also given. The Comstock Formation is the lowermost of two formations which make up 
the Tyndall Group. A full description of the Tyndall Group stratigraphy is given in White 
and McPhie (1996). 

DERIVATION OF NAME: 
Lyell Comstock Creek (geographical location) AMG Grid Reference 5345500N -
384000E Gormanston sheet, Tasmania 1 :25 OOO series topographical map, Tasmanian 
Lands Department. Also Lyell Comstock Mine (often referred to as Comstock Mine) 
AMG Grid Reference 5344100N - 382100E. 

DISTRIBUTION: 
The Comstock Formation is exposed in the central part of the Mount Read Volcanics from 
the Mount Darwin area to the Moxon Saddle area. Correlates of the Comstock Formation 
occur in the Mount Cripps Subgroup (Corbett 1992) in the Cradle Mountain Link Road 
and Mount Tor areas. Other correlates occur in the Winterbrook area (Pemberton and 
Vicary 1989) and possibly in parts of the Western volcanosedimentary sequences (e.g. 
Pinnacles area, McKibben 1993). 

TYPE SECTION: 
The Comstock Formation was defined as the Comstock Tuff in the Comstock/Zig Zag 
Hill area by Corbett et al. (1974). A type section was given in Corbett et al. (1974) and is 
situated on Zig Zag Hill between 82535, 36115 (base) and 82535, 36175 (top; Lyell 1:63 
360 sheet). The top of the Comstock Tuff as defined by Corbett et al. (1974), occurs at 
the base of a unit of laminated pink siltstone on Zig Zag Hill. However, more Comstock
type sandstone and breccia is exposed above this siltstone unit (as noted by Corbett et al. 
1974) and therefore the top of the unit is more likely to be approximately 100-130 metres 
stratigraphically higher, at the top of the welded ignimbrite unit. The Zig Zag Hill 
Formation (new term) (referred to as the "Jukes Formation" by Corbett et al. 1974) 
sharply overlies the welded ignimbrite unit on Zig Zag Hill and contains deposits that 
have a different origin to deposits in the underlying Comstock Formation (as explained in 
White and McPhie 1996). The Comstock Formation is dominated by syn-eruptive crystal-

1 



rich volcaniclastic deposits and is clearly different to the overlying Jukes Formation 
dominated by post-eruptive polymict volcaniclastic conglomerate and sandstone. 

I suggest that a type area be assigned to the Comstock Formation (i.e. the 
Comstock!Zig Zag Hill area) as the old type section on Zig Zag Hill is largely overgrown 
with vegetation and better exposures are seen 1 km to the southeast in the Comstock area 
and in the Comstock drill holes (e.g. C50: 477-1003 feet, C61: 222-407 m). On Zig Zag 
Hill, the Comstock Formation dips steeply to the northeast and is exposed between 
5345800N - 381750E (base) and 5346200N - 382400E (top) (AMG Grid co-ordinates, 
Gormanston sheet, Tasmania 1:25 OOO series, Tasmanian Lands Department.). 

LITHOLOGY: 
The Comstock Formation is dominated by massive crystal-rich volcaniclastic sandstone 
and massive to normally graded crystal-, lithic-rich volcaniclastic lithic breccia units. 
Minor facies include laminated and graded fine sandstone/mudstone units, carbonate 
(fossiliferous in places; Jago et al. 1972), welded ignimbrite, ignimbrite-clast 
volcaniclastic breccia, coherent rhyolite (flow banded in places) and rhyolite clast 
volcaniclastic breccia. The lower part is derived largely from andesitic to dacitic 
volcanism (Lynchford Member) while the upper part is derived largely from rhyolitic to 
dacitic volcanism (Mount Julia Member). Details are given in White and McPhie (1996). 
Crystal-rich volcaniclastic facies containing approximately 1-5% titanomagnetite are 
abundant in this formation which gives it a characteristically high magnetic signature 
relative to the surrounding units. Corbett et al. (1974) defines the Comstock Tuff as 
comprising an interbedded sequence of quartz-keratophyric tuff, breccia, sandstone, shale 
and limestone. 

THICKNESS: 
The Comstock Formation varies in thickness from approximately 200 m (Comstock area) 
to 800 m thick (Henty Canal, Cradle Mountain Link Road areas). Thinner, incomplete 
sequences are also exposed in parts of the Mount Read Volcanics (e.g. near the Mount 
Lyell Mill). 

RELATIONSHIPS AND BOUNDARY CRITERIA: 
The character of the lower contact (to older underlying rocks) appears to be conformable 
in some areas (e.g. Comstock, Anthony Road) where an interfingering contact to the 
underlying andesite units is observed. In some areas (e.g. Lynchford, Moxon Saddle) the 
Comstock Formation is interpreted to rest unconformably on, or in fault contact with 
older rocks of the Mount Read Volcanics. In other areas the contact is poorly defmed due 
to poor exposure. 

In areas of good exposure (e.g. Comstock, Anthony Road, Henty Canal), the 
upper contact of the Comstock Formation (with the overlying Zig Zag Hill Formation) is 
gradational and conformable. 

AGE AND EVIDENCE: 
The age is best constrained by fossil dating. Marine fossils found in a brown mudstone 
unit (largely trilobites) within the 'Comstock Formation correlates' on the Cradle 
Mountain Link Road are dated as late Middle Cambrian in age (Lejopyge laevigata II and 
ill to Damesella torosa-Ascionepea janitrix zones) (Pemberton et al. 1991). The age 
range of these fossils is approximately 530 to 520 Ma (Shergold 1989). The fossiliferous 
carbonate (limestone) unit in the Comstock Formation at Comstock contains fauna of a 
similar age (late Middle to early Late Cambrian age: Jago et al. 1972). 

Recent isotopic U-Pb dating of magmatic zircons from 2 crystal-rich volcaniclastic 
sandstone samples in the Comstock Formation yielded two relatively young dates of 
494.4±3.8 Ma and 502.5±3.3 Ma (Perkins and Walshe 1993). 
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SYNONYMY: 
Comstock Tuff (Corbett et al. 1974). 
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NAME OF UNIT Zig Zag Hill Formation 

STATE Tasmania 

New name 

PROPOSER/S Matthew J. White (CODES, Geology Department, University of 
Tasmania) 

RESERVED IN REGISTER OF PROPOSED NAMES June 1995 

PROPOSED PUBLICATION Australian Journal of Earth Sciences 
White and McPhie (1996) 

DEFINITION 

INITIAL STATEMENT: 
Corbett et al. ( 197 4) defined the Tyndall Group in the Comstock/Zig Zag Hill area as 
comprising 2 formations. The lower formation was named the Comstock Tuff (later 
referred to as the Comstock Formation) and the upper formation was referred to as the 
Jukes Formation, from an inferred correlation with a previously defined unit, the Jukes 
Breccia (Hills 1914) or Jukes Conglomerate (Wade and Solomon 1958, Banks 1962, 
Campana and King 1963). This correlation with the Jukes Conglomerate was 
subsequently argued to be inappropriate (Solomon 1979, Corbett 1989) and the term 
Jukes Formation was no longer used. Recently the unit has been referred to informally as 
the 'upper Tyndall Group' or 'upper part of the Tyndall Group' (e.g. Corbett 1992). 
There is clearly a need to give this upper unit an appropriate formal formation name, as it 
is one of two formations that forms the Tyndall Group (a group comprises two or more 
formations; Staines 1985). The term 'Zig Zag Hill Formation' is proposed. 

DERIVATION OF NAME: 
Zig Zag Hill (geographical location) AMG Grid Reference 5346700N - 382100E 
Gormanston sheet, Tasmania 1 :25 OOO series topographical map, Tasmanian Lands 
Department. 

DISTRIBUTION: 
The formation is exposed in the central part of the Mount Read Volcanics, in western 
Tasmania from the Jukes-Darwin area to the Anthony Road/Henty Canal area. Correlates 
of this unit occur: further north in the Mount Cripps Subgroup (Corbett 1992) in the 
Cradle Mountain Link Road area; in the Winterbrook area (Pemberton and Vicary 1989) 
around Mount Selina (McNeill 1987); and near Mount Sorell (Corbett et al. 1993). The 
Dora Conglomerate (Bradley 1954) is also a correlate of this formation and continues 
south from Lake Dora to Mount Sedgwick (Corbett and Jackson 1987). 

TYPE SECTION: 
A type area (Mount Lyell area) is proposed, rather than a single type section as the 
formation is well exposed at a number of locations in the Mount Lyell district. The best 
exposure of this formation occurs on Zig Zag Hill to the north of Mount Lyell, however, 
the upper contact is not exposed there, being masked by Quaternary glacial deposits. 
Other good exposures occur approximately 1 km along strike to-the southeast around the 
Lyell Comstock Mine area, where a number of diamond drill holes intersect the formation 
(e.g. C50: 187-477 feet, C59: 4601384 feet). The Zig Zag Hill Formation is also well 
exposed approximately 4 km further southeast at a place referred to as "East Mount 
Lyell". 
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LITHOLOGY: 
This unit contains massive, normally graded and less commonly inversely graded 
polymict volcaniclastic conglomerate and sandstone beds (metres to several tens of metres 
thick) with very uncommon units of laminated fine sandstone/mudstone (up to 50 cm 
thick). Normally graded units consist of clast-supported boulder/cobble/pebble 
conglomerate at the base and grade up into pebbly sandstone. Massive units· comprise 
dominantly matrix-supported pebble/cobble conglomerate. Planar diffuse stratification 
and low-angle cross-stratification is present in some beds. The clast population in the 
conglomerate beds is diverse but is dominated by subrounded to well rounded, pebble to 
boulder size, quartz-feldspar porphyritic volcanic clasts in a quartz-, lithic-rich sandy 
matrix. Other clast types include intermediate-mafic clasts, sedimentary clasts, granite 
clasts, fine grained altered clasts, cherty clasts and metamorphic basement-derived clasts. 
Details are given in White and McPhie (1996). 

TIDCKNESS: The thickness ranges from approximately 40 m (Henty Canal area) to 
500 m thick (Cradle Mountain Link Road area). In type area, the Zig Zag Hill Formation 
is up to 240 m thick at Comstock and approximately 400 m thick at East Mount Lyell. 

RELATIONSHIPS AND BOUNDARY CRITERIA: 
In most areas analysed, the Zig Zag Hill Formation conformably overlies rocks of the 
Comstock Formation (lower part of the Tyndall Group). At some locations where the 
Comstock Formation is missing, the Zig Zag Hill Formation rests unconformably on, or 
in fault contact with, older Mount Read Volcanic rocks (e.g. Mount Selina, Mount 
Huxley, Mount Sedgwick areas). 

The upper contact of the Zig Zag Hill Formation is not exposed at Zig Zag Hill, but 
elsewhere it is both conformably and unconformably overlain by the Owen 
Conglomerate. At Comstock the Zig Zag Hill Formation is exposed in drill core (Hole 
C59), and the upper contact is interpreted as an unconformity to the overlying siliciclastic 
sandstone of the Pioneer Beds (upper Owen Conglomerate). Approximately 4 km further 
southeast at a place referred to as "East Mount Lyell" the upper contact of the Zig Zag Hill 
Formation is gradational and conformable with the overlying Lower Owen Conglomerate. 
In the Henty Canal area, the Zig Zag Hill Formation is conformably overlain by the 
Newton Creek Sandstone (Owen Conglomerate). 

AGE AND EVIDENCE: 
The age of the Zig Zag Hill Formation is constrained by fossil dating in underlying and 
overlying units. Fossils have not been identified in the Zig Zag Hill Formation. Marine 
fossils found in a brown mudstone unit within the 'Comstock Formation correlates' 
underlying the 'Zig Zag Hill Formation correlates' on the Cradle Mountain Link Road are 
dated as late Middle Cambrian in age (Lejopyge laevigata Il and ID to Damesella torosa
Ascionepea janitrix zones) (Pemberton et al. 1991). The limestone unit in the underlying 
Comstock Formation at Comstock contains fauna of a similar age (late Middle to early 
Late Cambrian age: Jago et al. 1972). Fossils in the Newton Creek Sandstone (lower to 
middle Owen Conglomerate) conformably overlying the Zig Zag Hill Formation in the 
Henty Canal area, are dated as Post-Idamean to Pre-Payntonian Bin age (Corbett 1975, 
Jago 1979, Banks 1982). Therefore the age of the Zig Zag Hill Formation is between 
Boomerangian and Post-Idamean to Pre-Payntonian B ages (between approximately 530 
and 508 Ma; Shergold 1989). 

Recent isotopic U-Pb dating of magmatic zircons in two samples from the 
underlying Comstock Formation gave two relatively young dates of 494.4±3.8 Ma and 
502.5±3.3 Ma (Perkins and Walshe 1993). 

SYNONYMY: 
The Zig Zag Hill Formation is synonymous with the 'Jukes Formation' of Corbett et al. 
(1974), and is recently referred to as the upper Tyndall Group (Corbett 1992) (as 
explained above). The Dora Conglomerate (Bradley 1954) is also considered to be a 
correlate of the Zig Zag Hill Formation. 
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DEFINITION 

INITIAL STATEMENT: 
The Lynchford Member is the lower member of two members in the Comstock 
Formation. The Comstock Formation is the lowermost of two formations in the Tyndall 
Group. The Lynchford Member correlates with the "Lynchford Tuff' defined by Corbett 
(1979). The unit is redefined herein and renamed the Lynchford Member. 

DERIVATION OF NAME: 
Lynchford (place name), 5 km southwest of Queenstown, western Tasmania (AMG Grid 
Reference 5336000N - 378000E Strahan sheet, Tasmania 1 :25 OOO series topographical 
map, Tasmanian Lands Department). 

DISTRIBUTION: 
The Lynchford Member is well exposed in the central part of the Mount Read Volcanics, 
just northeast of Lynchford. It is also exposed in the Zig Zag Hill, Comstock, Anthony 
Road and Henty Canal/Howards Road areas. Possible correlates of the Lynchford 
Member occur in the Mount Cripps Subgroup in the Cradle Mountain Link Road area and 
possibly in parts of the Western volcanosedimentary sequences (e.g. Pinnacles area, 
McKibben 1993). 

TYPE SECTION: 
The type section is located in the Lynchford area, immediately east of the Queen River. 
The rocks dip steeply to the east and west, facing west, and are exposed along the Huxley 
Track between 5337500N - 379520E (base) and 5337800N - 378960E (top; Strahan 
sheet, Tasmania 1:25 OOO series topographical map, Tasmanian Lands Department). A 
fault repetition exposes Lynchford Member facies further west along the Huxley Track. 
Corbett (1979) refers to this sequence of rocks as the Lynchford Tuff, and noted their 
similarity to the Comstock Tuff (Comstock Formation) at Comstock. The Lynchford 
Member is approximately 600--700 m thick at the type section locality. 

LITHOLOGY: 
The Lynchford Member forms the lower part of the Comstock Formation and comprises 
four main facies: 1) quartz-poor crystal-rich volcaniclastic sandstone; 2) laminated fine 
sandstone/mudstone; 3) volcaniclastic lithic breccia; 4) carbonate. 

The quartz-poor crystal-rich volcaniclastic sandstone facies is the most common 
facies in the Lynchford Member and occurs in the Lynchford, Comstock, Zig Zag Hill, 
Anthony Road and Henty Canal areas. The crystal-rich sandstone is generally massive 
and contains lenses of laminated fine sandstone and mudstone, and volcaniclastic lithic 
breccia. The crystal-rich facies contains abundant crystals and crystal fragments (35-
70% ), comprising largely plagioclase and titanomagnetite, ±clinopyroxene ±ilmenite, 
with minor additions of quartz and angular felsic to mafic volcanic lithic clasts. The 
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crystal composition suggests an andesitic to dacitic volcanic provenance. Crystal-rich 
volcaniclastic facies containing approximately 1-5% titanomagnetite are abundant in this 
member which gives it a characteristically high magnetic signature relative to the 
surrounding units. 

Carbonate units mark the base of the Tyndall Group (Lynchford Member) at 
Comstock (Corbett et al. 1974) and in parts of the Anthony Road area (around Howards 
Anomaly). In one Comstock drill hole (CSO), the main carbonate unit contains abundant 
shallow marine fossils including trilobites, small echinoderm plates, hyolithids, 
gastropods and inarticulate brachiopods (Jago et al. 1972). At Comstock the basal 
carbonates are overlain by other facies of the Lynchford Member including laminated 
mudstone and volcaniclastic lithic breccia. Details are given in White and McPhie (1996). 

THICKNESS: 
The Lynchford Member varies in thickness from approximately 60 m (Comstock, Henty 
Canal area) to 600--700 m thick (Lynchford). The Tyndall Group sequence at Lynchford 
is composed entirely of quartz-poor crystal-rich volcaniclastic sandstone/breccia and 
laminated muds~one facies of the Lynchford Member (cf. Lynchford Tuff, Corbett 1979). 
In the Anthony Road area, the Lynchford Member is approximately 200 m thick. 

RELATIONSHIPS AND BOUNDARY CRITERIA: 
The character of the lower contact (to older underlying rocks) appears to be conformable 
in some areas (e.g. Comstock, Anthony Road) where an interfingering contact to the 
underlying andesite units is observed. In some areas the Lynchford Member is interpreted 
to rest unconformably on, or in fault contact with older rocks of the Mount Read 
Volcanics, (e.g. Lynchford). At Lynchford the Lynchford Member lies to the west of 
older Yolande River sequence rocks (contact not exposed) and overlaps a large exposure 
of mafic rocks (Lynch Creek basalt). In other areas the contact is poorly defined due to 
poor exposure. 

The quartz-poor (andesitic to dacitic) crystal-rich volcaniclastic units of the 
Lynchford Member grade upwards into more felsic (dacitic to rhyolitic) quartz-rich units 
of the Mount Julia Member at a number of locations (Zig Zag Hill, Comstock, Anthony 
Road). The contact between these members is gradational and interfingering, and largely 
based on a very subtle compositional variation up-sequence. The Lynchford Member 
generally contains a lower proportion of quartz crystals (0-5%) compared to the 
overlying Mount Julia Member (5-20% ), and overall, the Lynchford Member contains a 
much higher proportion of laminated mudstone/sandstone units relative to the Mount Julia 
Member. At Lynchford, the Tyndall Group sequence is incomplete and the Lynchford 
Member is unconformably overlain by siliciclastic sandstone, interpreted as Pioneer Beds 
of the upper Owen Conglomerate (Corbett et al. 1989). 

AGE AND EVIDENCE: 
The age is constrained by fossil dating. Fossiliferous carbonate (limestone) units in the 
Lynchford Member at Comstock contain fauna dated as late Middle to early Late 
Cambrian age (Jago et al. 1972). 

SYNONYMY: 
Lynchford Tuff, (Corbett 1979). 
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New name 

PROPOSER/S Matthew J. White (CODES, Geology Department, University of 
Tasmania) 
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DEFINITION 

INITIAL STATEMENT: 
The Mount Julia Member is the upper member of two members in the Comstock 
Formation. The Comstock Formation is the lowermost of two formations in the Tyndall 
Group. The term 'Mount Julia' was chosen as it is the closest geographical location to the 
type section location (Anthony Road), that has not been already used for stratigraphic 
naming. 

DERIVATION OF NAME: 
Mount Julia (AMG Grid Reference 5361600N - 380800E, Selina sheet, Tasmania 
1:25 OOO series topographical map, Tasmanian Lands Department). Mount Julia is located 
approximately 2-3 km north of the type section (Anthony Road). 

DISTRIBUTION: 
The Mount Julia Member occurs from the Mount Darwin area to the Moxon Saddle area. 
Correlates of the Mount Julia Member occur further north in the Mount Cripps Subgroup 
(Corbett 1992) in the Cradle Mountain Link Road area, and in the Winterbrook area 
(Pemberton and Vicary 1989). 

TYPE SECTION: 
The type section is situated along the Anthony Road south of the Howards Road tum-off. 
The Mount Julia Member in this area is steeply dipping, facing east, and is exposed 
between 5357300N - 381050E (base) and 5358650N - 381040E (top) (AMG Grid 
References, Tyndall sheet, Tasmania 1 :25 OOO series topographical map, Tasmanian 
Lands Department). 

LITHOLOGY: 
The Mount Julia Member is quartz-rich (rhyolitic to dacitic) in character and comprises 
four main facies: 1) crystal-rich volcaniclastic sandstone; 2) massive to normally graded 
volcaniclastic breccia-sandstone units; 3) welded ignimbrite (including ignimbrite clast 
volcaniclastic breccia); 4) coherent rhyolite and associated rhyolite breccia. Minor 
laminated fine sandstone/mudstone units also occur in the Mount Julia Member in places. 
Details are given in White and McPhie (1996). 

Crystal-rich volcaniclastic sandstone (CRVS) is the most common facies in the 
Mount Julia Member and comprises a closed framework of dominantly plagioclase and 
quartz crystals and crystal fragments (35-70% ), with minor titanomagnetite ± ilmenite ± 
hornblende grains in a fine grained altered matrix. Minor additions of pebble to cobble 
size, angular to rounded lithic fragments (dominantly felsic volcanic clasts) also occur in 
places. The Mount Julia Member also contains tabular, normally graded volcaniclastic 
breccia/sandstone units (m's to lO's m thick) that are intercalated with massive CRVS 
units. They comprise volcaniclastic lithic breccia near the base grading up into massive 
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CRVS, with laminated fine sandstone±mudstone at the top and are interpreted as 
subaqueous mass-flow units. Crystal-rich volcaniclastic facies containing approximately 
1-3% titanomagnetite are abundant in this member which gives it a characteristically high 
magnetic signature relative to other surrounding rocks. 

THICKNESS: 
The Mount Julia Member ranges in thickness from approximately 150 m (Comstock area) 
to 750 m (Henty Canal, Cradle Mountain Link Road area). Incomplete thinner sequences 
are also present in places (e.g. Mount Lyell Mill area, Corbett et al. 1974). The Mount 
Julia Member is approximately 390 m thick at the type section locality along the Anthony 
Road. 

RELATIONSHIPS AND BOUNDARY CRITERIA: 
The quartz-poor (andesitic to dacitic) crystal-rich volcaniclastic units of the underlying 
Lynchford Member grade upwards into more felsic (dacitic to rhyolitic) quartz-rich units 
of the Mount Julia Member at a number of locations (Zig Zag Hill, Comstock, Anthony 
Road). The contact between these members is gradational and interfingering, and largely 
based on a very subtle compositional variation up-sequence. At East Mount Lyell, the 
Mount Julia Member rests directly on older felsic volcanic units interpreted as part of the 
Eastern quartz-phyric sequence (Corbett 1992). 

In areas of good exposure (e.g. Comstock, Anthony Road, Henty Canal), the 
upper contact of the Comstock Formation (with the overlying Zig Zag Hill Formation) is 
gradational and conformable. However at Zig Zag Hill a sharp contact between the 
welded ignimbrite unit (top of the Mount Julia Member) and the overlying Zig Zag Hill 
Formation suggests that some erosion occurred prior to deposition of the Zig Zag Hill 
Formation. This contact is interpreted as a parallel unconformity. 

AGE AND EVIDENCE: 
Marine fossils found in a brown mudstone unit within the Mount Julia Member correlates 
on the Cradle Mountain Link Road are dated as late Middle Cambrian in age (Lejopyge 
laevigata II and ID to Damesella torosa-Ascionepeajanitrix zones) (Jago; in Pemberton et 
al. 1991). The age range of these fossils is approximately 530 to 520 Ma (Shergold 
1989). The fossiliferous carbonate unit in the underlying Lynchford Member of the 
Comstock Formation at Comstock contains fauna of a similar age (late Middle to early 
Late Cambrian age: Jago et al. 1972). 

Recent isotopic U-Pb dating of magmatic zircons from 2 crystal-rich volcaniclastic 
sandstone samples in the Mount Julia Member gave two relatively young dates of 
494.4±3.8 Ma and 502.5±3.3 Ma (Perkins and Walshe 1993). 

SYNONYMY: 
None 
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APPENDIX D 

Modal analyses 

• 10 samples of quartz-poor crystal-rich volcaniclastic sandstone from the Lynchford 
Member 

• 10 samples of crystal-rich volcaniclastic sandstone (CRVS) from the Mount Julia 
Member 

• 10 samples of polymict lithic-rich volcaniclastic sandstone from the Zig Zag Hill 
Formation 

• 12 welded ignirnbrite samples from the Mount Julia Member 

Sample locations are given in Appendix G 



Volcaniclastic sandstones, Lynchford Member 

Samples AR79 AR409 AR401 AR402 AR403 CT20 CT15 LF13 LF28 LF37 

Modes% 

Quartz 0.8 0 0.4 0 0 0 7.3 1.2 2.5 4 

Feldspar 43.3 44.2 41.5 41.8 45.4 41.1 44.6 35.3 32.1 29.2 

Polycryst albite 10.9 6.5 0 2.4 9 1 0 0 0 0 

Opaques 0.5 2.7 5.5 1.9 3.8 4.9 1.3 4.1 3.3 2.7 

Clinopyroxene 0 1.5 12.4 2.2 0 7.5 0 10.7 6.6 9.1 

Amphibole 0 0 0.6 0 0 0 0 0 0 0 

Zircon 0 0 0 0 0 0 0 0 0 0 

Apatite 0 0 0 0 0 0 0 0 0 0 

Lithic (felsic) 0 0 0 0 0 0 1.3 0 0 0 ...... 
Lithic (interm) 0 0 0.3 2.3 1.3 0 0 5.1 0 0 

Lithic (fine grained) 0.4 3.7 4.1 0 0 0.4 0 1.8 0 0 

Matrix (chVser±ox) 36.2 38.9 13.2 21.7 33.7 5.6 42.6 15.7 11.6 8 

Matrix (alb/sil) 7.9 2.5 22 27.7 6.8 39.5 2.9 26.1 43.9 47 

Matrix (Carbonate) 0 0 0 0 0 0 0 0 0 0 

Matrix (total) 44.1 41.4 35.2 49.4 40.5 45.1 45.5 41.8 55.5 55 

Crystals (total) 55.5 54.9 60.4 48.3 58.2 54.5 53.2 51.3 44.5 45 

Lithic (total) 0.4 3.7 4.4 2.3 1.3 0.4 1.3 6.9 0 0 

Total 100 100 100 100 100 100 100 100 100 100 

chl=chlorite, ser=sericite, ox=Fe-Ti oxides, alb=albite, sil=silica, pk=pink, gr=green, av=average 



Volcaniclastic sandstones, Mount Julia Member 

Samples CT40 (gr) CT40 (pk) CT40 (av) CD2 (gr) CD2 (pk) CD2(av) CEl (gr) CEl (pk) CEl (av) CT60 (gr) CT60 (pk) 

Modes% 

Quartz 7 10.6 8.8 13.4 18.1 15.75 10.2 9.9 10.05 11.2 14.2 

Feldspar 33.3 37.3 35.3 37.2 31.9 34.55 33.1 41.9 37.5 40.2 38.7 

Polycryst albite 0 0 0 0 0 0 0 0 0 0 0 

Opaques 0.4 0.4 0.4 1.2 0.6 0.9 1.3 0.6 0.95 0.3 0.3 

Clinopyroxene 0 0 0 0 0 0 0 0 0 0 0 

Amphibole 0 0 0 0 0 0 0 0 0 0 0 

Zircon 0 0 0 0 0.1 0.05 0 0.3 0.15 0 0 

Apatite 0 0 0 0 0 0 0 0 0 0 0 

Lithic (felsic) 0 0 0 0 0 0 0 0 0 0.7 0 
IV 

Lithic (interm) 0 0 0 0 0 0 0 0 0 0 0 

Lithic (fine grained) 0 0 0 0 0 0 0 0 0 0 1.8 

Matrix (chUser/ox) 30 3.7 16.85 37.4 4.1 20.75 27.4 1.6 14.5 40.9 7 

Matrix (alb/sil) 29.3 48 38.65 10.6 42.8 26.7 28 45.7 36.85 6.7 38 

Matrix (Carbonate) 0 0 0 0.1 2.4 1.25 0 0 0 0 0 

Matrix (total) 59.3 51.7 55.5 48.1 49.3 48.7 55.4 47.3 51.35 47.6 45 

Crystals (total) 40.7 48.3 44.5 51.9 50.7 51.3 44.6 52.7 48.65 51.7 53.2 

Lithic (total) 0 0 0 0 0 0 0 0 0 0.7 1.8 

Total 100 100 100 99.9 100 99.95 100 100 100 100 100 



Volcaniclastic sandstones, Mount Julia Member, continued 

Samples CT60 (av) AR31 (gr) AR31 (pk) AR31 (av) AR72 (gr) AR72 (pk) AR72 (av) AR151 CML54 CML59 CML82 

Modes% 

Quartz 12.7 8.2 9.7 8.95 7.8 9.8 8.8 8.4 4.2 12.2 10.9 

Feldspar 39.45 39.6 40.1 39.85 48.1 50.7 49.4 38.7 50.8 34.7 49.7 

Polycryst albite 0 0 0 0 0 0 0 0 0 0 0 

Opaques 0.3 0.9 1.8 1.35 1.3 1.3 1.3 0.5 0.9 2.1 0.2 

Clinopyroxene 0 0 0 0 0 0 0 0 0 0 0 

Amphibole 0 0 0 0 0 0 0 0 0 0 0 

Zircon 0 0 0 0 0 0 0 0 0 0.1 0 

Apatite 0 0 0 0 0 0 0 0 0 0 0 

Lithic (felsic) 0.35 0.5 0 0.25 0 0 0 0.5 0.3 0 0 
VJ 

Lithic (interm) 0 0 0 0 0 0 0 0 0 0 0 

Lithic (fine grained) 0.9 0 0.3 0.15 0 0 0 0 2.2 1.3 0.6 

Matrix (chVser/ox) 23.95 27.3 3 15.15 9.4 1.6 5.5 10.5 2.5 36.8 12.1 

Matrix (alb/sil) 22.35 23.5 45.1 34.3 33.4 36.6 35 41.4 39.1 12.8 26.5 

Matrix (Carbonate) 0 0 0 0 0 0 0 0 0 0 0 

Matrix (total) 46.3 50.8 48.1 49.45 42.8 38.2 40.5 51.9 41.6 49.6 38.6 

Crystals (total) 52.45 48.7 51.6 50.15 57.2 61.8 59.5 47.6 55.9 49.1 60.8 

Lithic (total) 1.25 0.5 0.3 0.4 0 0 0 0.5 2.5 1.3 0.6 

Total 100 100 100 100 100 100 100 100 100 100 100 



Volcaniclastic sandstones, Zig Zag Hill Formation 

Samples CT33 .CE5 CE8 CEll AR43 AR65 HG15 CML62 ELl MJ18 

Modes% 

Quartz 21.1 15.2 16 15.9 20.8 17.6 29.3 7.1 17.1 21 

Feldspar 10.4 11.7 1.8 1.6 2.2 1.1 2 2.5 0.4 0.1 

Polycryst albite 0 0 0 0 0 0 0 0 0 0 

Opaques 3.6 2.5 1.6 0.5 0.9 < 0.5 0.1 2.9 0.6 2 

Clinopyroxene 0 0 0 0 0 0 0 0 0 0 

Amphibole ' 0 0 0 0 0 0 0 0.2 0.6 0 

Zircon 0 0.1 0 0 0.1 0 0 0 0 0 

Apatite 0 0 0 0 0 0 0 0 0 0 

Lithic (felsic) 6.2 5.1 12.8 17.9 2.6 14 0.5 0 2 2.9 

""" Lithic (interm) 0 0 0 0.4 0 0 0 2.4 2 0 

Lithic (fine grained) 23.5 18.2 33.2 19.2 29 27.1 29.6 47.4 50.4 16.9 

Matrix (chl/ser/ox) 23.4 35.2 17.4 38.7 7.3 30 35.7 28.9 17.4 41.2 

Matrix (alb/sil) 11.8 12 17.2 5.8 37.1 9.7 2.8 8.6 9.5 15.9 

Matrix (Carbonate) 0 0 0 0 0 0 0 0 0 0 
~ 

Matrix (total) 35.2 47.2 34.6 44.5 44.4 39.7 38.5 37.5 26.9 57.1 

Crystals (total) 35.1 29.5 19.4 18 24 19.2 31.4 12.7 18.7 23.1 

Lithic (total) 29.7 23.3 46 37.5 31.6 41.1 30.1 49.8 54.4 19.8 

Total 100 100 100 100 100 100 100 100 100 100 



Welded lgnimbrites, Mount Julia Member 

Samples CT44 CT83 CT32 CT87 AR26 AR212 AR83 AR206 CML80 CML88 CML87 CML4 

Modes% 

Quartz 9.2 7 11.9 9.7 10.4 4.7 5.7 7.9 6.9 5.8 9.8 8.6 

Feldspar 7 7 7.1 9.1 5 6.9 5.7 7.4 16.8 18.1 20.5 19 

Polycryst albite 0 0 0 0 0 0 0 0 0 0 0 0 

Opaques 0.2 0.1 0.3 0.1 0.4 0.1 0.3 0.2 0.6 0.4 0.7 0.5 

Clinopyroxene 0 0 0 0 0 0 0 0 0 0 0 0 

Amp hi bole 0 0.3 0 0 0 0 0 0 1.3 0.3 0.8 0.3 

Zircon 0 0 0 0 0 0 0 0 0 0 0 0.1 

Apatite 0 0 0 0 0 0 0 0 0 0 0 0 

Lithic (felsic) 0 1 2.1 0 1.2 0 0 0 0.7 0 0 0 
UI 

Lithic (interm) 0 0 0 0 0 0 0 0 0 0 0 0 

Lithic (fine grained) 0 0.5 0 0 0 0 0 0 0.5 0.5 0 0 

Matrix (chVser±ox) 6.6 1 2.4 3.1 3.6 0.1 3.9 0.7 1.2 3.4 4.1 3.1 

Matrix (alb/sil) 76.6 83.1 76.2 77.9 79.4 88.2 84.4 83.8 72 71.5 64.1 68.4 

Matrix (Carbonate) 0.4 0 0 0.1 0 0 0 0 0 0 0 0 

[_, 

Matrix (total) 83.6 84.1 78.6 81.1 83 88.3 88.3 84.5 73.2 74.9 68.2 71.5 

Crystals (total) 16.3 14.4 19.3 18.9 15.8 11.7 11.7 15.5 25.6 25.1 31.8 28.5 

Lithic (total) 0 1.5 2.1 0 1.2 0 0 0 - 1.2 0.5 0 0 

Total 100 100 100 100 100 100 100 100 100 100 100 100 



APPENDIX E 

Electron microprobe analyses 

• Microprobe analytical techniques 

• Microprobe analyses - feldspars 

• Microprobe analyses - Fe-Ti oxides 

• Microprobe analyses - clinopyroxenes 

• Microprobe analyses - amphiboles 

Sample locations are given in Appendix G 



Analytical Techniques - Cameca SX-50 electron microprobe 
University of Tasmania, Central Science Laboratory 

CRYSTALS 
Feldspars Fe-Ti oxides Pyroxenes Amphiboles Amphiboles 

Label Feldspar Magnetite Miscellaneous Miscellaneous Amp hi bole 
Voltage (kV) 15 15 15 15 15 
Current (nA) 15 20 20 20 15 
Beam (µm) -5-10 -1-10 -5-10 -5-10 -5-10 

Count times (peak/background; seconds) 
Si02 10/5 10/5 10/5 10/5 
Ti02 20/10, 20110 20110 20/10 20/10 
Al203 10/5 "'-- 20110 10/5 10/5 10/5 ¥ 

FeO 20110 10/5 20/10 20/10 20/10 
MgO 20110 20/10 10/5 10/5 10/5 
MnO 20110 20/10 20/10 20/10 20110 
Cao 10/5 10/5 10/5 10/5 
Na20 20/10 20/10 20/10 20/10 
KzO 20110 20/10 20/10 20/10 
P205 10/5 10/5 
V203 20/10 
Cr203 20110 20/10 20/10 20/10 20/10 
NiO 20/10 20/10 
SrO 40/20 
Bao 40120 
ZnO 20/10 
F 20/10 
a 20/10 20/10 20/10 

1 



APPENDIX E, FELDSPARS, FRAMEWORK CRYSTALS 

Na20 MgO Al203 Si02 K20 Cao Cr203 Ti02 MnO FeO• SIO Bao Total Ab An Or 
SampleCT20 
Rl ALB l 10.09 0.01 20.13 66.20 l.21 0.32 0.00 0.00 0.00 0.12 0.29 0.04 98.41 91.12 l.61 7.11) 
Rl ALB2 l l.21 0.01 19.72 66.55 0.11 0.06 0.01 0.00 0.02 0.06 0.24 0.00 97.98 99.08 0.29 0.63 
R6ALB l 10.43 0.00 20.54 65.58 0.11 0.76 0.02 0.02 0.00 0.06 0.36 0.04 97.90 95.44 3.83 0.67 
R6KFEL l 0.60 0.00 18.68 62.88 15.75 0.00 0.06 0.06 0.00 0.04 0.16 0.17 98.40 5.44 0.00 94.25 
RlOALB l 10.78 0.00 20.04 66.53 0.17 0.20 0.00 0.01 0.00 0.13 0.28 0.00 98.15 97.95 l.02 1.02 
Rl2ALB l 10.89 0.00 20.09 67.20 0.06 0.09 0.00 0.00 0.02 0.03 0.21 0.00 98.60 99.17 0.47 0.37 
Rl2ALB2 11.09 0.00 19.92 67.10 0.12 0.02 0.00 0.00 0.00 0.04 0.26 0.00 98.55 99.20 0.10 0.70 
Rl5 ALB l 10.63 0.01 20.25 66.88 0.54 0.50 0.04 0.00 0.00 0.00 0.29 0.04 99.16 94.33 2.47 3.14 
Rl5ALB2 10.49 0.29 20.45 66.18 0.27 0.47 0.00 0.05 0.00 0.23 0.31 0.00 98.73 96.01 2.38 1.60 
SampleCT30 
R7 ALB 1 10.98 0.01 20.02 68.43 0.08 0.09 0.01 ·0.00 0.05 0.04 0.25 0.00 99.95 99.09 0.45 0.46 
R7 ALB 2 11.04 0.01 19.90 67.93 0.12 0.04 0.00 0.01 0.00 0.01 0.26 0.01 99.31 99.08 0.18 0.73 
Rl3 ALB 1 10.86 0.00 19.96 68.38 0.09 0.03 0.03 0.04 0.06 0.02 0.25 0.00 99.73 99.31 0.17 0.52 
Rl3ALB2 11.02 0.01 19.78 67.88 0.10 0.04 0.00 0.01 0.00 0.00 0.25 0.01 99.10 99.18 0.20 0.61 
SampleCTOO 
R8ALB 1 11.22 0.00 20.07 68.25 0.15 0.14 0.00 0.04 0.09 0.11 0.27 0.01 100.35 98.46 0.66 0.87 
R8ALB 2 11.08 0.02 19.95 67.96 0.19 0.10 0.06 0.02 0.01 0.03 0.24 0.01 99.64 98.42 0.47 l.09 
R8ALB 3 11.06 0.00 20.10 68.41 0.13 0.02 0.00 0.01 0.00 0.03 0.24 0.02 100.01 99.14 0.08 0.76 

N SampleCD13 
R4ALB 1 11.08 0.00 20.14 67.72 0.09 0.13 0.04 0.02 0.01 0.05 0.26 0.01 99.54 98.80 0.65 0.54 
R4ALB2 11.01 0.00 19.98 68.29 0.06 0.11 0.00 0.00 0.00 0.05 0.28 0.01 99.79 99.07 0.56 0.36 
R5ALB 1 10.85 0.02 20.20 67.63 0.25 0.24 0.05 0.00 0.00 0.12 0.26 0.05 99.65 97.29 l.17 l.46 
R5 KFEL? 9.75 0.08 20.63 66.24 1.66 0.24 0.00 0.03 0.10 0.38 0.27 0.06 99.45 88.72 l.21 9.96 
R5 KFEL2 5.08 0.00 18.13 67.29 8.17 0.12 0.00 0.00 0.00 0.09 0.23 0.16 99.27 48.15 0.61 50.93 
R5ALB2 11.05 0.00 20.05 68.02 0.09 0.17 0.00 0.04 0.00 0.00 0.29 0.00 99.70 98.67 0.83 0.50 
SampleAR35 
R2ALB 1 10.37 0.05 20.92 64.86 0.42 0.34 0.00 0.16 0.10 1.09 0.27 0.02 98.61 95.65 1.74 2.57 
R2ALB2 10.73 0.20 20.40 65.61 0.13 0.45 0.00 0.10 0.02 1.62 0.32 0.02 99.58 96.95 2.25 o.n 
RlO ALB 1 9.19 0.01 16.33 70.44 0.64 0.09 0.09 0.00 0.04 0.07 0.26 0.03 97.18 95.07 0.50 4.38 
Rll ALB 1 11.04 0.00 19.97 67.23 0.08 0.09 0.00 0.00 0.00 0.00 0.26 0.02 98.69 99.04 0.46 0.47 
Rll ALB2 10.99 0.00 20.07 65.63 0.16 0.28 0.00 0.00 0.00 0.00 0.31 0.00 97.43 97.70 l.37 0.92 
Rll ALB 3 11.02 0.01 19.98 65.26 0.07 0.23 0.05 0.00 0.00 0.02 0.26 0.03 96.93 98.42 1.13 0.39 

Ab=albite, An= anorthite, Or=orthoclase 

FeO• = total iron as FeO 



FELDSPAR, FRAMEWORK CRYSTALS 

Na20 MgO Al203 Si02 K20 Cao Cr203 Ti02 MnO FeO SIO Bao Total Ab An Or 
SampleAR72 
RI ALB I 10.94 0.02 20.07 67.59 0.09 0.20 0.00 0.00 0.00 0.08 0.27 0.01 99.26 98.51 0.97 0.51 
R3ALB 1 10.91 0.00 20.19 67.71 0.10 0.28 0.02 0.00 0.00 0.05 0.27 0.01 99.53 99.03 1.38 0.58 
R3ALB 2 10.88 0.02 20.59 67.33 0.20 0.25 0.00 0.00 0.00 0.14 0.24 0.01 99.65 97.56 1.26 l.17 
R3ALB3 11.13 0.01 20.47 67.62 0.12 0.23 0.00 0.01 0.00 0.02 0.29 0.01 99.92 98.17 l.14 0.68 
R4ALB 1 10.94 0.00 20.33 67.79 0.14 0.20 0.00 0.00 0.00 0.04 0.30 0.02 99.76 98.18 0.99 0.80 
R4ALB2 10.73 0.01 20.33 66.62 0.25 0.35 0.06 0.00 0.00 0.07 0.29 0.02 98.72 96.72 1.74 1.51 
R7 ALB l 10.99 0.00 20.01 67.19 0.16 0.20 0.00 0.00 0.06 0.09 0.29 0.01 98.98 98.10 0.98 0.92 
R7 ALB2 10.96 0.02 20.16 67.92 0.08 0.25 0.01 0.00 0.03 0.08 0.29 0.01 99.80 98.29 1.24 0.4S 
Sample AR211 
RI ALB I 10.77 0.00 20.24 66.69 0.16 0.24 0.01 0.01 0.00 0.00 0.34 0.02 98.48 97.79 1.22 0.96 
Rl ALB 2 10.99 0.00 20.04 67.47 0.09 0.13 0.01 0.00 0.08 0.03 0.30 0.00 99.13 98.84 0.66 0.50 
RSALB 1 11.04 0.00 19.85 67.93 0.10 0.13 0.07 0.01 o.os 0.06 0.28 0.02 99.S3 98.7S 0.63 0.60 
RSALB2 10.86 0.01 19.86 67.76 0.14 0.13 0.00 0.01 0.00 0.00 0.26 0.00 99.03 98.S4 0.63 0.83 
R6ALB 1 10.70 0.01 19.8S 67.72 0.27 0.10 0.02 0.00 0.00 o.os 0.27 0.03 99.03 97.78 O.S3 1.64 
R6KFEL 1 8.40 0.02 19.8S 66.69 4.02 0.14 0.00 0.00 0.10 0.33 0.26 0.10 99.91 75.40 0.68 23.72 
Sample CML13 
Rll KFEL 1 0.25 0.00 18.77 63.16 16.18 0.00 0.00 0.00 0.00 0.00 0.25 0.63 99.24 2.29 0.00 96.56 
Rll ALB 1 9.96 0.09 21.48 6S.33 1.01 O.S3 o.04 0.00 0.00 0.18 0.3S 0.00 98.96 91.26 2.67 6.CTl 
Rll ALB2 10.80 0.00 20.66 66.08 0.12 0.90 0.03 0.09 0.08 0.01 0.37 0.00 99.14 94.91 4.38 0.71 

w 

ALBITE ALTERATION 
SampleCD13 
Rl ALBalt 9.40 0.00 17.17 71.45 0.11 0.13 0.08 0.00 0.00 0.08 0.29 0.03 98.74 98.46 0.74 0.72 
SampleAR3S 
R9ALBalt 10.91 0.07 19.39 66.22 0.26 0.12 0.02 0.14 0.01 0.24 0.23 0.00 97.60 97.8S 0.60 I.SS 
R9ALBalt2 10.98 0.02 19.88 66.9S 0.06 0.01 0.16 0.00 0.07 0.03 0.27 0.02 98.43 99.S6 0.04 0.38 
SampleAR72 
R2AL8alt 11.41 0.00 20.IS 68.37 0.04 0.05 0.03 0.02 0.04 0.00 0.26 0.00 100.35 99.S8 0.22 0.20 

Ab=albite, An= anorthite, Oi:orthoclase 

FeO• = total Fe as FeO 



APPENDIX E, Fe-Ti OXIDES (magnebteltitanomagnetite) 
Sam~les MgO Al203 Ti02 V205 Cr203 MnO FeO ZnO Fe203 Total 
Sample AR312 
RI MAGI 0.06 0.11 3.39 0.39 0.08 0.48 32.90 0.01 60.66 98.08 
Rt MAG2 0.06 0.05 6.55 0.50 0.06 0.82 35.73 0.01 55.16 98.94 
R4MAGI 0.02 0.23 6.72 0.60 0.06 1.37 35.38 0.01 S4.Sl 98.88 
R4MAG2 0.03 0.00 10.35 0.81 0.06 2.21 37.85 0.02 47.77 99.10 
RSMAG l 0.04 0.03 10.09 0.77 0.04 2.12 38.08 0.01 49.12 100.29 
RSMAG2 0.00 0.01 10.39 0.83 0.00 2.39 37.85 0.00 47.98 99.45 
RSMAG3 0.04 0.09 7.94 0.74 0.09 1.40 36.44 0.00 52.36 99.10 
R6MAGI 0.01 0.96 13.33 1.29 0.11 1.92 40.88 0.18 40.31 98.98 
R6MAG2 0.00 0.02 11.11 0.89 0.00 2.61 38.57 0.00 47.lS 100.35 
R2MAG1 0.02 1.49 12.14 1.18 O.lS 2.32 39.35 0.11 41.72 98.47 

SampleAR35 

R2MAG2 0.08 0.56 10.21 0.82 0.10 2.51 37.15 0.00 46.71 98.14 
R2MAG3 0.00 0.01 5.24 0.45 0.06 l.ll 34.38 0.08 57.89 99.21 
R3MAG4 0.01 3.35 12.05 0.94 0.07 2.60 39.57 0.07 40.35 99.02 
R3MAG5 0.06 2.55 9.59 1.06 0.10 1.99 36.93 0.01 44.34 96.63 
RSMAG6 0.04 1.43 8.80 0.99 0.45 1.90 36.50 0.87 47.65 98.63 
R8MAG7 0.00 0.89 10.43 0.93 0.07 0.08 34.95 0.03 34.71 82.08 
R8MAG8 0.02 0.00 9.37 0.71 0.()1) 2.ll 36.95 0.02 49.42 98.68 
R8MAG9 0.04 0.03 5.18 0.55 0.08 0.65 34.46 0.00 57.40 98.39 
R9MAGIO 0.03 0.22 11.23 0.99 0.07 2.39 37.74 0.06 44.05 96.78 
R9MAG11 0.01 0.00 8.87 0.80 0.09 2.00 36.32 0.04 49.71 97.84 
RlOMAG 12 0.02 0.45 11.95 1.09 0.09 2.46 38.73 0.31 43.10 98.19 
RlOMAG13 0.02 3.78 16.51 1.08 0.04 3.72 42.30 0.00 30.Sl 97.96 
Rl2MAG1~ 0.02 0.00 7.18 0.56 0.05 0.59 36.25 0.00 53.21 97.84 
SampleAR72 
R3MAG1 0.12 0.23 13.61 0.73 0.02 0.00 43.24 0.00 41.79 99.74 
RSMAGl 0.02 0.()1) 16.10 0.93 0.01 0.09 45.14 0.09 36.10 98.58 
RSMAG2 0.00 0.07 12.54 0.77 0.01 0.01 42.28 0.09 43.76 99.52 
RSMAG3 0.00 0.15 14.18 0.82 0.00 0.06 43.01 0.07 38.83 97.ll 
R7MAG1 0.02 0.00 13.08 0.71 0.05 0.04 42.88 0.00 43.14 99.92 
R7MAG2 0.06 0.07 11.55 0.54 0.01 0.00 41.67 0.05 46.59 100.54 
Sample CMLl3 • 
Rl MAGI 0.01 2.64 8.12 0.95 0.11 0.07 37.35 0.07 46.49 95.81 
RlMAGlb 0.00 2.13 8.16 0.94 0.13 0.06 37.58 0.00 47.58 96.58 
R2MAG2 0.01 2.21 8.17 0.96 0.11 0.06 36.86 0.11 45.83 94.32 
R2MAG3 0.01 2.18 8.13 0.98 0.12 0.09 36.96 0.04 46.34 94.85 
R2MAG4 0.23 0.41 7.06 0.66 0.09 0.00 35.93 0.00 51.81 96.18 
R4MAG5 0.00 1.71 8.28 0.97 0.08 0.02 37.52 0.10 47.61 96.30 
R4MAG6 0.00 2.79 8.30 1.08 0.14 0.12 37.51 0.00 45.95 95.90 
RSMAG7 0.00 1.67 7.87 0.88 0.09 0.07 37.24 0.12 48.79 96.72 
R6MAG8 0.05 1.97 9.93 0.89 0.05 0.09 38.85 0.19 43.93 95.96 
R8MAG9 0.03 2.07 8.18 1.03 0.10 0.05 37.33 0.10 47.13 96.00 
R8MAG 10 0.01 2.22 8.18 0.96 O.ll 0.08 37.46 0.07 47.20 96.29 
R10MAG 11 0.02 2.27 820 0.97 0.10 0.08 37.62 0.00 47.45 96.71 
RlOMAG 12 0.00 2.92 7.94 1.01 0.12 0.06 37.57 0.06 47.23 96.91 
Rll MAG 13 0.33 1.21 7.64 0.79 0.10 0.06 36.70 0.00 50.47 97.29 
Rll MAG 14 0.03 5.43 8.94 1.06 0.11 0.12 38.74 0.13 42.12 96.68 
Rll MAG 15 0.67 0.51 6.13 0.54 0.09 0.13 33.89 0.02 52.88 94.87 
Rll MAG16 0.02 3.08 7.77 1.00 0.09 0.08 37.31 0.10 47.24 96.68 
SampleCT20 
Rl MAG I 0.03 1.75 10.98 1.01 0.09 1.44 39.33 0.04 44.00 98.67 
RI MAG2 0.01 0.05 7.91 0.70 0.04 1.29 36.07 0.00 51.37 97.45 
Rl MAG3 0.14 0.11 6.17 0.68 0.03 0.85 34.70 0.06 54.73 97.46 
Rl MAG4 0.07 0.05 4.85 0.60 0.02 0.64 34.17 0.00 58.16 98.56 
R3MAG5 0.07 0.08 6.10 0.59 0.03 0.80 35.16 0.00 55.68 98.50 
R3MAG6 0.03 0.01 9.50 0.72 0.04 1.39 37.79 0.00 49.16 98.63 
R6MAG7 0.05 0.36 9.60 0.86 0.08 1.23 37.79 0.00 47.94 97.90 
R6MAG8 0.05 l.55 8.86 0.93 0.07 1.33 37.16 0.01 47.88 97.85 
R8MAG9 0.01 0.01 7.02 0.59 0.05 1.19 35.52 0.00 53.58 97.98 
R8MAG 10 0.06 2.77 9.36 0.99 0.04 0.90 38.35 0.00 45.72 98.17 
R9MAG 11 0.33 0.36 3.93 0.40 0.06 0.62 32.66 0.00 58.97 97.34 
Rl3MAG 12 0.21 0.30 3.12 0.48 0.07 0.33 32.21 0.09 60.18 97.00 
Rl4MAG 13 0.16 0.27 6.25 0.56 0.07 0.76 34.40 0.00 53.34 95.80 
Rl4MAG 14 0.03 0.04 9.81 0.78 0.04 1.44 37.91 0.00 48.30 98.35 
Rl5MAG 15 0.03 1.46 8.65 0.86 0.06 1.18 37.57 0.05 49.38 99.24 
Rl5MAG16 0.03 1.49 9.83 0.89 0.06 1.32 38.44 0.04 46.84 98.92 
RlSMAG 17 0.01 2.52 9.53 0.97 0.10 0.68 39.10 0.00 46.33 99.23 
Rl5MAG18 0.08 l.20 8.13 0.86 0.()1) 0.89 37.05 0.03 S0.21 98.54 
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Fe-Ti OXIDES (magnetite/tilanomagnetite) 
Sam~les M~ Al203 Ti02 V205 Cr203 MnO FeO ZnO Fe203 Total 
SampleCT20 
Sample LOI I 
ROMAG I 0.04 0.06 7.64 1.13 0.14 0.21 36.45 0.14 50.84 96.64 
RI MAG2 0.58 0.65 9.37 0.51 0.03 0.02 38.00 0.02 48.31 97.49 
RI MAG3 0.00 0.10 1.60 0.22 0.03 0.00 31.68 0.02 63.82 97.47 
RI MAG3 0.02 0.11 3.96 0.31 0.06 0.03 34.47 0.03 60.68 99.66 
R2MAG4 0.24 0.40 16.18 1.12 0.10 0.10 43.67 0.09 32.82 94.73 
R2MAG5 0.05 0.08 4.39 0.34 0.06 0.01 34.87 0.00 59.99 99.77 
R3MAG6 0.07 0.04 13.31 0.74 0.06 0.00 42.08 0.08 40.48 96.86 
R3MAG7 0.23 0.76 9.31 0.78 0.08 0.13 37.88 0.05 46.91 96.14 
R4MAG8 0.04 0.33 6.62 0.60 0.03 0.01 36.53 0.00 54.34 98.50 
R5MAG9 0.83 1.35 2.58 0.23 0.05 1.13 30.37 0.10 60.86 97.49 
R6MAG 10 0.02 0.11 13.27 0.72 0.08 0.19 42.26 0.00 41.13 97.78 
R6MAG11 0.08 0.06 5.61 0.38 0.05 0.04 35.65 0.00 57.08 98.95 
R6MAG 12 0.04 0.02 5.61 0.37 0.01 0.01 35.88 0.00 57.46 99.39 
R6MAG 13 0.02 1.01 7.46 0.49 0.00 0.04 37.87 0.00 52.92 99.81 
SampleLFll 
Rl MAGI 0.94 4.94 14.52 1.00 0.10 0.01 37.24 0.00 20.66 79.41 
RlMAG lb 0.00 4.22 9.04 0.93 0.05 0.05 39.39 0.01 44.88 98.56 
R2MAG2 0.00 0.00 8.59 0.59 0.02 0.00 ~8.33 0.00 50.82 98.36 
R5MAG3 0.00 0.00 6.39 0.42 0.04 0.00 36.12 0.00 54.69 97.65 
Rll MAG4 0.01 1.77 10.40 0.80 0.09 0.02 39.54 0.00 43.51 96.13 
Rl3MAG5 0.00 0.00 9.01 0.60 0.06 0.00 38.56 0.00 49.62 97.84 
Rl4MAG6 0.01 129 8.37 0.66 0.14 0.01 38.44 0.02 49.86 98.79 
R 14MAG6b 0.01 0.05 7.58 0.66 0.11 0.03 37.57 0.00 53.10 99.12 
Rl5MAG7 0.02 0.02 8.86 0.51 0.03 0.07 38.22 0.00 49.71 97.44 
Rl5MAG8 0.00 0.00 7.55 0.52 0.05 0.01 37.21 0.00 52.48 97.81 
SampleLF12 
RlMAGI 0.00 1.72 7.89 0.82 0.11 0.07 37.61 0.00 49.42 97.63 
Rl MAG lb 0.00 0.00 8.37 0.61 0.11 0.06 37.93 0.00 50.86 97.95 
RlMAG2 0.08 0.13 8.20 0.63 0.09 0.02 37.22 0.00 50.00 96.36 
RIMAG3 0.04 1.76 8.89 0.92 0.11 0.08 37.95 0.01 46.27 96.03 
R2MAG4 0.14 1.50 9.60 0.75 0.09 0.00 37.27 0.03 42.62 92.00 
R2MAG5 1.03 0.97 5.31 0.38 0.06 0.07 33.27 0.00 55.37 96.46 
Sample AR21 l 
R2MAGI 0.05 0.24 8.92 0.62 0.00 0.00 37.72 0.00 47.99 95.53 
R2MAG2 0.07 0.07 4.22 0.19 0.01 0.00 33.80 0.02 58.44 96.81 
R2MAG3 0.01 0.01 7.06 0.40 0.01 0.05 36.37 0.00 52.73 96.63 
Sample CTIOO 
Rl MAGI 0.01 0.78 16.26 0.96 0.02 0.06 45.54 0.28 35.15 99.06 
R3MAG2 0.05 329 19.83 1.07 0.00 0.00 48.57 1.18 23.72 97.70 
R5MAG3 0.00 0.00 13.87 0.80 0.04 0.06 42.89 0.08 40.01 97.75 
R5MAG4 0.01 0.76 14.31 0.90 0.06 0.00 43.60 0.04 38.48 98.17 
R6MAG5 0.02 0.17 20.00 1.08 0.04 0.15 48.58 0.00 28.16 98.18 
R7MAG6 0.00 0.06 15.50 0.80 0.02 0.01 44.89 0.00 37.73 99.00 
Rl2MAG7 0.01 0.19 9.93 0.61 0.00 0.02 39.85 0.03 48.64 99.27 
Rl2MAG8 0.01 0.81 13.19 0.71 0.03 0.00 42.52 0.33 40.51 98.11 
Rl3MAG9 0.01 2.90 20.36 1.09 0.04 0.02 48.66 1.65 22.28 97.02 
Rl3MAG 10 0.00 2.18 15.58 0.88 0.01 0.06 44.80 1.38 34.01 98.90 
Rl4MAG 11 0.01 0.68 24.36 1.25 0.01 0.07 52.46 0.15 18.35 97.34 
Rl4MAG 12 0.00 0.27 17.00 0.94 0.08 0.07 45.94 0.22 33.80 98.32 
RI5MAG 13 0.01 0.29 11.43 0.62 0.00 0.10 41.19 0.04 45.65 99.33 
SampleCT30 
Rl MAGI 0.00 0.77 20.10 0.92 0.00 0.00 48.80 0.00 26.92 97.52 
RIMAG2 0.00 1.89 19.35 1.07 0.00 0.03 42.88 0.03 15.06 80.30 
R2MAGI 0.00 0.31 16.58 0.68 0.00 0.00 45.92 0.02 35.31 98.81 
R4MAGI 0.00 0.06 15.60 0.80 0.00 0.02 44.66 0.07 36.88 98.08 
R6MAGI 0.00 0.08 12.84 0.76 0.00 0.06 42.17 0.08 42.39 98.38 
R8MAG6 0.04 0.29 17.47 0.96 0.01 0.05 46.65 0.14 33.65 99.27 
Rll MAG7 0.00 0.03 13.15 0.62 0.03 0.00 42.80 0.00 42.52 99.14 
Rl2MAGI 0.02 0.05 14.02 0.66 0.00 0.04 43.24 0.09 40.14 98.26 
Rl4MAGI 0.02 1.32 14.08 0.64 0.00 0.09 43.11 0.77 37.74 97.75 
Rl7MAG 10 0.02 0.87 24.00 0.92 0.00 0.00 51.85 0.00 18.02 95.68 
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APPENDIX E, Fe-Ti OXIDES (ilmenite) 
MgO Al203 Ti02 V205 Cr203 MnO FeO• ZnO Totals 

Sample AR3 l2 
RS ILM l O.Ol 0.00 48.77 2.29 0.02 9.86 39.18 0.07 100.20 
SampleAR35 
R41LM I 0.04 0.00 44.24 2.02 0.00 8.52 44.28 0.08 99.19 
R51LM2 0.04 0.00 49.43 2.27 0.03 10.40 39.10 0.06 101.33 
R5 ILM3 0.02 0.00 49.12 2.25 0.04 11.92 37.15 0.01 JOO.SI 
RSILM4 0.06 0.00 49.59 2.27 0.01 9.51 38.58 0.00 100.02 
Sample CMLl3 
R21LM I o.os 0.20 34.17 1.74 0.02 4.40 55.46 0.16 96.21 
R2ILM2 0.04 0.22 34.16 1.71 0.04 4.68 55.18 0.05 96.08 
R31LM3 0.04 0.16 34.40 1.75 0.04 4.93 52.63 0.14 94.10 
R31LM4 0.06 0.41 34.84 1.73 0.06 4.26 53.73 0.06 95.14 
Rl21LM5 0.17 0.00 64.39 2.90 0.02 1.23 25.81 0.06 94.58 
Rl31LM6 0.01 0.00 49.77 2.24 0.00 1.47 41.38 0.00 94.87 
Sample LFll 
R21LM I 0.05 0.00 50.24 2.32 0.04 6.21 41.89 0.00 100.75 
R31LM2 0.05 0.00 49.62 2.28 0.02 6.50 41.07 0.00 99.54 
R41LM3 0.08 0.00 50.31 2.33 0.02 6.18 40.94 0.04 99.89 
R41LM3b 0.08 5.14 46.90 2.24 0.03 S.30 37.81 0.12 97.61 
R71LM4 o.os 0.00 48.88 2.20 0.02 5.97 42.78 0.01 99.90 
R71LM4b 0.06 0.00 49.68 2.22 0.01 6.24 42.08 0.02 100.31 
Rl21LMS 0.06 0.00 48.67 2.34 0.06 S.78 42.41 0.09 99.40 
Rl2ILM6 0.07 1.03 45.69 2.29 0.03 5.07 46.36 0.08 100.60 
RlSILM7 0.06 0.00 50.92 2.50 0.01 6.09 40.37 0.00 99.94 
SampleLDll 
ROILMl 0.61 0.23 44.11 2.58 0.12 0.54 44.80 0.01 92.98 
RI ILM2 0.01 0.00 49.15 2.43 0.00 0.06 41.34 0.18 93.17 
R2ILM3 0.09 0.00 38.76 1.86 0.04 0.09 51.53 0.00 92.36 
R4ILM4 0.02 0.07 41.98 1.94 0.01 0.15 48.83 0.02 93.01 
RSILM5 0.01 0.00 46.71 2.22 0.05 0.17 45.39 0.01 94.56 
Sample AR211 
R3ILM I 0.03 0.24 54.82 2.75 0.03 0.00 36.47 0.00 94.35 
R41LM2 0.00 0.00 54.64 2.76 0.04 0.07 37.87 0.00 95.38 
R4ILM3 0.02 0.22 73.20 3.84 0.00 0.00 18.00 0.07 95.35 
R7ILM4 0.01 0.00 39.97 2.05 0.00 0.04 51.85 0.01 93.93 
R7ILM5 0.05 0.00 36.11 1.88 0.05 0.00 54.92 0.00 93.01 

FeO• =total Fe as FeO 
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APPENDIX E, CLINOPYROXENES 
SAMPLES Na20 MgO 
Tyndall Group, Zlg Zag mu, sample CT20 
R2cpx 1 
R2cpxlb 
R2cpx le 
R3cpx2a 
R3cpx2b 
R3 cpx2c 
R4cpx3a 
R4cpx3b 
R4cpx3c 
R5 cpx4a 
R5cpx4b 
R5cpx4c 
R9cpx5b 
R9cpx5c 
Rl0cpx6 
Rll cpx 7a 
Rl1cpx7b 
Rl4 cpx Ba 
Rl4cpx8b 

0.19 
0.24 
0.22 
0.20 
0.20 
0.23 
0.21 
0.21 
0.18 
0.21 
0.27 
0.27 
0.21 
0.25 
0.20 
0.19 
0.20 
0.26 
0.22 

14.15 
13.95 
13.78 
14.15 
14.37 
13.92 
14.00 
13.BO 
13.56 
13.76 
13.61 
13.63 
13.55 
13.39 
14.17 
15.91 
15.11 
14.02 
13.93 

Tyndall Group, Lynchford, sample LF 11 

Al203 

1.47 
l.3B 
1.29 
1.09 
0.97 
1.42 
1.12 
1.14 
1.03 
1.25 
1.42 
1.34 
1.48 
1.00 
1.55 
1.81 
2.63 
1.35 
1.20 

R2 cpx 1 0.24 13.23 1.76 
R2 cpx lb 0.19 13.48 1.01 
R3 cpx 2 0.27 13.87 1.73 
R5 cpx 3 0.24 14.06 1.21 
R6 cpx 4 026 13.71 1.38 
R6 cpx 5 0.33 12.20 1.99 
R6 cpx 6 0.23 13.B7 1.01 
RB cpx 7 0.22 14.11 2.05 
R9 cpx 8 0.27 13.67 1.65 
R9 cpx 9 0.17 14.40 1.48 
Rl I cpx 10 0.29 13.48 0.99 
Rl3 cpx 11 0.18 14.68 1.42 

Feo• = total Fe as FeO 

Si02 

50.51 
50.57 
50.73 
51.25 
51.03 
50.94 
51.01 
51.27 
51.19 
50.91 
50.31 
50.B3 
50.42 
50.94 
51.20 
51.36 
50.60 
51.23 
51.25 

50.59 
51.85 
51.07 
51.51 
51.60 
50.16 
51.88 
50.83 
50.B7 
51.29 
51.38 
51.45 

eao 

21.80 
21.20 
21.51 
21.68 
21.96 
21.63 
21.47 
21.30 
21.22 
21.15 
20.90 
21.15 
21.49 
21.53 
21.46 
22.92 
22.43 
21.06 
21.18 

21.54 
21.47 
22.14 
21.52 
21.83 
21.34 
21.87 
22.16 ,_ 
21.72 
21.17 
21.89 
22.09 

TI02 

0.33 
0.34 
0.27 
0.20 
0.18 
0.29 
0.22 
0.24 
0.20 
0.28 
0.29 
0.29 
0.30 
0.23 
0.33 
0.23 
0.33 
0.28 
0.29 

0.44 
0.25 
0.34 
0.26 
0.25 
0.35 
0.23 
0.36 
0.40 
0.34 
0.19 
0.34 

CJ203 

0.01 
0.01 
0.01 
0.04 
0.00 
0.01 
0.03 
0.02 
0.00 
0.00 
0.01 
0.00 
0.01 
0.00 
0.05 
0.04 
0.15 
0.00 
0.03 

0.00 
0.00 
0.08 
0.00 
0.00 
0.00 
0.00 
0.04 
0.00 
0.00 
0.01 
0.00 

MnO 

0.25 
0.38 
0.36 
0.41 
0.41 
0.39 
0.42 
0.40 
0.46 
0.38 
0.41 
0.30 
0.41 
0.36 
0.44 
0.19 
0.27 
0.40 
0.45 

0.45 
0.43 
0.23 
0.41 
0.41 
0.79 
0.51 
0.2B 
0.44 
0.36 
0.42 
0.24 

FeO• 

9.47 
10.13 
10.19 
9.62 
9.26 
9.65 
9.87 
10.14 
10.46 
9.90 
10.02 
10.44 
10.40 
10.47 
10.00 
5.74 
6.54 
10.35 
10.30 

11.22 
10.86 
9.56 
10.06 
10.16 
11.33 
10.44 
9.31 
10.29 
10.15 
10.42 
9.24 

Cale Total 

98.17 
98.20 
98.36 
9B.65 
9B.39 
9B.49 
9B.35 
9B.51 
9B.29 
97.83 
97.24 
9B.24 
9B.2B 
98.16 
99.42 
98.40 
9B.27 
98.96 
98.84 

99.47 
99.53 
99.28 
99.27 
99.59 
98.50 
100.04 
99.36 
99.31 
99.37 
99.08 
99.63 

Enstatite Feaosilite Wollastonite 

42.34 
41.96 
41.27 
41.93 
42.82 
41.56 
41.75 
40.BB 
40.23 
41.02 
41.31 
40.B2 
40.B2 
40.05 
42.01 
46.88 
45.18 
41.72 
41.33 

39.77 
39.47 
41.28 
41.57 
40.52 
37.52 
40.74 
42.05 
40.98 
42.45 
40.16 
43.05 

10.77 
12.22 
12.41 
ll.B7 
10.15 
12.05 
12.24 
13.75 
14.52 
13.66 
13.11 
13.65 
12.66 
13.67 
12.28 
4.59 
6.61 
13.24 
13.52 

46.89 
45.82 
46.32 
46.20 
47.03 
46.39 
46.02 
45.36 
45.25 
45.32 
45.SB 
45.54 
46.52 
46.28 
45.71 
48.53 
4B.20 
45.05 
45.15 

13.71 46.53 
15.38 45.16 
11.36 47.36 
12.69 45.74 
13.11 4637 
15.29 47.19 
13.09 46.17 
10.48 47.48 
12.23 46.79 
12.71 44.85 
12.98 46.86 
10.38 - 46.57 



00 

CLINOPYROXENES 
SAMPLES Na20 MgO Al203 

Tyndall Group, Lyncbford, sample LF 12 

R3 cpx I 0.21 13.51 0.99 
R3 cpx lb 0.23 13.44 0.98 

R4 cpx 2 0.22 13.70 1.15 

R5 cpx 3 0.22 14.26 1.01 

R5 cpx 3b 0.28 13.89 1.58 
R6 cpx 4 0.22 13.50 1.38 

R6 cpx 4b 0.22 13.60 1.39 

R7 cpx 5 0.21 14.07 1.33 

R7 cpx Sb 0.23 13.96 1.12 

Tyndall Group, Cradle Mountain Link Road, CML13 

R2cpx I 

R3cpx2 

R4 cpx 3 
R4cpx 3b 

R5 cpx4 
R5cpx4b 

R7 cpx5 

R7 cpx5b 

R7 cpx6 

R9 cpx 8 

R9cpx Sb 
RlOcpx 9 
RlOcpx 9b 

Rl2 cpx 10 

Rl2cpx IOb 

0.27 

0.25 

0.24 
0.24 
0.25 
0.24 
0.25 
0.28 

0.25 

0.21 

0.20 
0.23 

0.25 

0.26 
0.26 

13.98 

13.93 
14.05 

13.78 

13.88 
14.29 

14.12 

13.58 

13.71 

13.72 

13.57 
13.90 

14.11 

14.03 

14.04 

1.41 

1.60 
1.37 

0.91 

1.50 
1.19 

1.31 

1.40 

1.69 

1.34 

1.19 
1.44 

1.39 

1.59 

1.44 

Tyndall Group, Anthony Road, Sample AR401 

RI cpx la 0.20 14.22 1.79 
Rl cpxlb 0.19 14.45 1.80 

Rl cpx le 0.22 • 14.13 1.19 
R2 cpx 2 0.22 13.92 1.03 

R2 cpx 3 0.23 13.86 1.22 

R3 cpx 4 0.21 13.87 1.34 

R3 cpx 5 0.23 14.22 1.17 

Si02 

51.35 
50.94 
50.91 

51.30 

50.74 

50.54 

50.46 

50.56 

51.27 

51.19 

51.45 

51.44 

51.26 

51.00 
51.45 

51.65 
51.29 

50.32 

50.85 

50.37 
51.38 

51.23 

50.78 

50.95 

51.20 
51.25 
52.00 

51.95 

51.56 
51.48 

51.78 

eao 

21.66 
21.66 

21.53 

21.51 

21.99 

21.64 

21.70 

21.18 

21.29 

21.34 

21.03 

21.43 

21.59 
21.26 
2156 

21.46 

21.39 

21.22 

21.32 

21.27 
21.55 

21.26 

21.30 

21.48 

21.65 
21.58 

21.91 
21.65 

21.78 

21.73 

21.80 

Ti02 

0.19 
0.16 

0.25 

0.22 

0.37 

0.28 

0.31 

0.29 

0.23 

0.22 

0.32 

0.30 

0.20 
0.26 

0.19 

0.29 

0.30 

0.31 

0.28 

0.27 
0.24 
0.26 

0.32 

0.29 

0.43 
0.36 
0.25 

0.25 

0.28 

0.33 

0.29 

0203 

0.00 
0.01 

0.00 

0.04 
0.00 

0.03 

0.02 

0.00 

0.02 

0.02 

0.00 
0.00 

0.00 
0.00 
0.00 

0.01 
0.02 

0.01 

0.00 

0.02 
0.00 

0.00 

0.00 

0.00 

0.00 
0.02 

0.00 
0.00 

0.03 

0.01 

0.00 

MnO 

0.52 
0.44 

0.43 

0.41 

0.33 

0.45 

0.40 

0.30 

0.39 

0.35 

0.53 
0.42 

0.44 

0.35 
0.43 

0.42 
0.50 

0.43 

0.33 

0.38 
0.44 

0.42 

0.39 

0.44 

0.35 
0.29 
0.36 

0.41 

0.46 

0.30 

0.41 

FeO* 

10.45 

10.77 

10.47 

9.77 

9.82 

10.11 

10.25 

9.98 

10.04 

9.83 

10.34 

10.10 
10.28 

10.03 
10.09 

10.20 
11.23 

10.24 
11.23 

10.89 
10.06 

10.21 

10.22 

10.07 

10.06 
10.02 
10.23 

10.68 

10.34 

10.10 

9.99 

CalcTotal 

98.90 
98.61 

98.66 

98.75 

99.01 

98.15 

98.36 

97.91 

98.55 

98.62 

99.44 

99.33 
98.70 

98.54 
99.45 

99.72 

99.99 

98.18 

99.29 

98.16 
99.24 

99.12 

98.90 

98.98 

99.90 
99.94 
100.31 

100.11 

99.77 

99.37 

99.89 

Enstatite Ferrosilite W ollastonite 

40.11 

40.23 

40.97 

42.29 

41.73 

40.65 

40.97 

42.22 

41.43 

41.67 
41.30 

41.55 
41.00 

41.46 
42.37 

41.67 

40.48 

41.52 

40.95 

40.89 
41.22 

41.99 

42.12 

42.02 

42.03 
42.63 
41.29 

40.77 

40.94 

40.80 

41.77 

13.67 

13.19 

12.78 

11.85 

1078 

12.51 

12.06 

12.12 

13.16 

12.62 
13.88 

12.89 
12.85 

12.90 
11.71 

12.82 
13.68 

12.29 

13.34 

13.05 
12.86 

12.54 

11.92 

11.77 

11.97 
11.61 
12.71 

13.66 
12.83 

13.24 

12.22 

46.22 

46.59 
46.25 

45.86 

47.48 

46.84 

46.97 

45.67 

45.41 

45.71 

44.82 
45.56 

46.16 
45.64 
45.92 

45.52 

45.84 

46.19 

45.72 

46.06 
45.92 

45.47 

45.% 

4621 

46.00 
45.76 

46.01 
45.57 

4623 
45.% 

46.02 

•' 



\0 

CLINOPYROXENES 
SAMPLES Na20 MgO Al203 
Tyndall Group, Anthony Road, Sample AR401 
R4 cpx 6 0.19 13.63 0.99 
R5 cpx 7 0.22 15.18 1.35 
R5 cpx 8 0.23 14.41 1.45 
R6 cpx 9 0.25 14.13 1.23 
R6 cpx 10 0.16 14.15 0.81 
R7 cpx 11 0.21 14.18 1.34 
R7 cpx 12 0.20 14.02 1.10 
R8 cpx 13 0.20 13.80 0.93 
R9 cpx 14 0.20 14.27 1.41 
R9 cpx 15 0.17 14.52 1.04 

Comstock andesite, sample CT46 
Rl cpx I 
Rl cpx lb 
R2cpx2 
R2cpx2b 
R3 cpx3 
R4cpx4 
R5 cpx5 
R5 cpx5b 
R6cpx6 
R6cpx6b 
R7 cpx 7 
R7cpx 7b 
R8cpx 8 
R8cpx8b 
R9cpx 9 
R9Ccpx9b 
RlOcpx 10 
RlOcpx lOb 

0.24 
0.23 
0.25 
0.27 
0.19 
0.26 
0.23 
0.23 
0.26 
0.23 
0.26 
0.22 
0.23 
0.25 
0.26 
0.28 
0.26 
0.25 

14.48 
14.16 
14.47 
14.21 
16.00 
13.79 
14.30 
14.55 
14.38 
14.07 
14.27 
14.57 
14.47 
14.30 
13.94 
14.27 
14.38 
14.17 

2.88 
1.73 
1.66 
1.78 
2.38 
2.26 
1.55 
1.22 
1.88 
1.63 
1.86 
1.62 
1.52 
1.24 
1.83 
1.37 
1.24 
1.39 

Si02 

50.59 
52.49 
51.78 
51.88 
52.23 
51.81 
51.82 
52.13 
51.59 
52.45 

50.27 
50.72 
50.92 
50.67 
50.92 
50.47 
50.93 
51.47 
50.56 
50.75 
50.95 
51.24 
51.39 
51.25 
50.85 
51.04 
51.35 
51.24 

cao 

21.94 
22.23 
21.45 
22.01 
21.58 
21.81 
22.08 
21.96 
21.75 
21.67 

21.46 
20.82 
2122 
21.15 
20.63 
21.05 
21.20 
21.70 
20.83 
21.19 
20.78 
21.14 
21.10 
21.27 
20.99 
21.25 
21.13 
21.30 

Ti02 

0.23 
0.23 
0.35 
0.30 
0.20 
0.30 
0.29 
0.25 
0.28 
0.24 

0.36 
0.40 
0.40 
0.38 
0.30 
0.36 
0.31 
0.28 
0.39 
0.43 
0.44 
0.36 
0.36 
0.32 
0.37 
0.31 
0.36 
0.37 

CI203 

0.00 
0.07 
0.03 
0.00 
0.00 
0.01 
0.00 
0.02 
0.00 
0.00 

0.25 
0.02 
0.00 
0.16 
0.23 
0.34 
0.07 
0.04 
0.02 
0.00 
0.05 
0.00 
0.04 
0.03 
0.08 
0.01 
0.00 
0.00 

~ 

MnO 

0.46 
0.27 
0.29 
0.49 
0.39 
0.31 
0.32 
0.41 
0.36 
0.41 

0.28 
0.35 
0.30 
0.28 
0.24 
0.30 
0.36 
0.27 
0.28 
0.27 
0.22 
0.28 
0.34 
0.28 
0.34 
0.23 
0.28 
0.36 

FeO• 

9.62 
8.46 
10.23 
10.11 
9.89 
9.70 
9.84 
10.45 
10.06 
9.92 

8.02 
9.77 
9.55 
9.43 
7.75 
9.85 
10.01 
9.25 
9.99 
10.12 
10.09 
9.17 
9.87 
9.88 
10.22 
10.19 
10.12 
9.83 

Cale Total 

97.65 
100.50 
100.20 
100.39 
99.40 
99.67 
99.67 
100.15 
99.94 
100.42 

98.23 
98.20 
98.76 
98.32 
98.65 
98.68 
98.95 
99.01 
98.59 
98.69 
98.91 
98.60 
99.32 
98.82 
98.88 
98.95 
99.13 
98.89 

Enstatite Ferrosilite Wollastonite 

40.93 11.70 47.37 
43.87 9.95 46.18 
42.20 12.64 45.16 
41.52 11.99 46.49 
41.00 14.04 44.96 
41.48 12.67 45.86 
40.99 12.60 46.41 
40.17 13.86 45.96 
41.97 12.07 45.97 
41.92 13.10 44.98 

43.70 
42.34 
43.12 
42.65 
47.52 
41.55 
42.65 
42.88 
43.22 
41.99 
42.46 
43.07 
42.76 
42.41 
41.70 
42.57 
42.57 
42.04 

9.75 
12.91 
11.44 
11.73 
8.44 
12.85 
11.90 
11.14 
11.79 
12.56 
13.H 
12.00 
12.45 
12.26 
13.18 
11.89 
12.47 
12.56 

46.55 
44.75 
45.44 
45.63 
44.03 
45.60 
45.45 
45.98 
44.99 
45.45 
44.44 
44.94 
44.79 
45.34 
45.13 
45.54 
44.96 
45.40 



APPENDIX E, AMPHIBOLES, (micellaneous label) 

Na20 MgO Al203 Si02 P205 s Cl K20 CaO Ti02 Cr203 MnO Feo• NiO 0=0 Tolal 
Sample AR312 
Rl AMPH 1 1.45 11.78 7.46 44.50 0.20 0.00 0.31 0.69 11.10 1.66 0.00 0.39 17.07 0.05 -0.07 96.58 
RlAMPH2 1.39 12.17 7.07 45.12 0.19 0.10 0.35 0.58 11.13 1.62 0.00 0.39 16:50 0.01 -0.08 96.53 
R2AMPH 1 1.55 12.25 7.16 44.84 0.14 0.04 0.31 0.61 11.05 1.67 0.03 0.36 16.12 0.02 -0.07 96.07 
R2AMPH2 1.51 11.81 7.12 44.76 0.20 0.06 0.33 0.66 11.18 1.63 0.01 0.32 16.64 0.00 -0.07 96.15 
R3AMPH1 1.46 11.91 7.27 44.10 0.17 0.00 0.43 0.66 11.04 1.78 0.01 0.39 16.14 0.02 -0.10 95.25 
R3AMPH2 1.46 13.04 7.44 44.61 0.18 0.04 0.39 0.58 11.26 1.69 0.00 0.29 15.06 0.01 -0.09 95.95 
R7 AMPHl 2.12 7.49 13.34 40.81 0.17 0.00 0.03 0.66 10.35 0.85 0.05 0.20 19.04 0.07 -0.01 95.16 
R7AMPH2 2.36 7.40 13.73 40.70 0.15 0.00 0.00 0.61 9.72 0.92 0.00 0.32 19.54 0.00 0.00 95.43 
R8AMPH1 1.51 12.82 7.41 44.71 0.16 0.06 0.35 0.58 11.18 1.66 0.00 0.31 15.36 0.00 -0.08 96.02 
R9AMPla 1.48 12.53 7.17 44.71 0.15 0.00 0.42 0.70 10.99 1.62 0.01 0.40 15.86 0.04 -0.09 95.97 
R9AMPH lb 1.45 12.93 6.83 45.68 0.16 0.06 0.31 0.63 10.97 1.53 0.00 0.33 15.43 0.02 -0.07 96.25 
SampleLF12 
R4AMPH 1 1.52 12.24 7.64 44.65 0.20 0.00 0.39 0.35 11.16 1.52 0.00 0.33 15.86 0.00 -0.09 95.75 
R4AMPHlb 1.44 12.27 6.98 45.50 0.20 0.17 0.34 0.30 11.04 1.44 0.02 0.31 16.16 0.02 -0.08 96.10 

...... FeO* = total Fe as FeO 
0 



APPENDIX E, AMPHIBOLES, (amphibole label) 

F Na20 MgO Al203 Si02 Cl K20 Cao Ti02 Cr203 MnO FeO• H20 O=F 0=0 Total 
SampleAR35 
R3AMPH I 0.34 1.47 11.69 6.89 47.29 0.30 0.68 10.78 1.39 0.00 0.43 18.96 1.80 -0.14 -0.07 101.80 
R3AMPH2 0.46 1.60 11.66 7.41 46.99 0.39 0.64 10.85 1.61 0.03 0.39 18.25 1.72 -0.19 -0.09 101.73 
R6AMPH 1 0.99 1.59 14.06 6.97 48.22 0.32 0.67 11.09 1.60 0.00 0.31 14.67 1.52 -0.42 -0.07 101.52 
R6AMPH2 0.62 1.56 13.94 7.40 47.45 0.36 0.72 11.31 1.73 0.00 0.31 14.96 1.68 -0.26 -0.08 101.68 
R7 AMPHl 0.37 1.51 12.08 7.43 47.00 0.41 0.64 11.10 1.70 0.00 0.32 17.70 1.76 -0.16 -0.09 101.76 
R7AMPH2 0.46 1.43 12.08 7.21 47.50 0.37 0.61 11.09 1.64 0.00 0.32 17.57 1.73 -0.19 -0.08 101.74 
Rl2AMPH l 0.54 1.58 11.90 6.86 47.S9 0.31 0.51 10.73 1.49 0.00 0.3S 18.45 1.70 -023 -0.07 101.70 
Rl2AMPH2 O.S6 1.43 11.73 6.4S 48.SO 0.36 0.61 10.88 1.3S 0.00 0.37 18.07 1.69 -0.24 -0.08 101.69 
Rl3AMPH la 0.76 1.46 13.SO 6.7S 48.10 0.30 0.47 11.19 I.SO 0.01 0.31 16.06 1.63 -0.32 -0.07 101.62 
Rl3AMPH lb 0.61 1.52 13.46 6.99 48.Sl 0.28 0.44 11.12 1.48 0.00 0.31 lS.61 1.71 -0.26 -0.06 101.71 
Rl3AMPH le 0.43 1.48 13.01 7.13 47.72 0.34 o.ss 11.06 l.SS 0.01 0.30 16.69 1.77 -0.18 -0.08 101.n 
Sample CML13 
R6AMPH1 0.68 1.37 13.2S 6.SO 48.49 0.31 0.64 11.22 1.46 0.01 0.41 16.01 1.66 -0.29 -0.07 101.66 
R6AMPH2 0.61 I.SS 13.01 7.60 47.22 0.38 0.73 11.07 1.73 0.02 0.26 16.18 1.67 -0.26 -0.09 101.66 
SampleLF12 
R6AMPH l 0.14 1.02 12.93 3.83 S2.09 0.09 0.26 10.98 0.69 0.00 1.47 16.57 1.99 -0.06 -0.02 101.99 
R6AMPH lb 0.79 1.38 14.90 7.00 48.78 0.2S 0.47 11.29 I.SB 0.00 0.20 13.76 1.64 -0.33 -0.06 101.64 

- R8AMPH la 0.32 1.31 14.13 7.11 48.94 0.25 0.62 1121 1.22 0.06 0.30 14.72 1.86 -0.14 -0.06 101.86 
R8AMPH lb 0.30 l.Sl 14.07 7.66 48.09 0.27 0.63 11.19 I.SS 0.00 0.3S l4.S9 1.87 -0.13 -0.06 101.87 
R9AMPH la 0.3S 1.60 - 13.82 8.S6 47.20 0.27 0.47 11.19 1.60 0.00 0.22 14.94 1.84 -0.15 -0.06 101.84 
R9AMPH lb 0.13 1.39 14.04 7.90 48.21 0.27 O.S4 11.17 l.S8 0.00 0.34 14.S6 l.9S -0.06 -0.06 101.95 

FeO• = total Fe as FeO 



APPENDIX F 

Whole rock analyses 

Major and trace element concentrations of 27 Tyndall Group samples determined by 
X-ray fluorescence (XRF), Geology Department, University of Tasmania 

Sample locations are given in Appendix G 



Crystal-rich volcaniclastic sandstones 

Samples CD13 Pk CD13Gr CEl Pk CElGr TOSPk TOSGr AR72Pk AR72Gr AR35 AR195 CT40 CD2 CD13av CElav T05av AR72av 
(Wt%) 
Si02 73.8 56.18 73.85 63.71 69.65 64.71 68.97 65.48 60.52 65.17 72.54 64.27 64.99 68.78 67.18 67.225 
TI02 0.3 0.49 0.46 0.49 0.42 0.54 0.6 0.61 0.86 0.59 0.4 o.s 0.395 0.475 0.48 0.(j(J5 
Al203 12.37 17.87 13.62 17.12 15.01 16.34 16.73 16.85 15.93 16.86 12.7 16.Sl 15.12 15.37 15.675 16.79 
Fe203• 1.26 8.81 1.38 4.79 2.05 5.15 2.11 4.29 7.44 4.06 2.15 4.91 5.035 3.085 3.6 3.2 
MnO 0.05 0.14 0.02 0.09 0.09 0.06 0.01 0.04 0.16 0.07 0.05 0.1 0.095 0.055 0.075 0.025 
MgO 0.6 4.18 0.59 2.25 0.73 2 0.37 1.2 2.81 1.42 0.84 2.33 2.39 1.42 1.365 0.785 
eao 2.08 0.88 0.82 0.74 0.99 0.36 0.28 0.26 1.91 1.18 1.49 1 1.48 0.78 0.675 0.27 
Na20 5.63 3.66 4.69 S.34 8.05 7.1 9.1 8.41 7.84 8.3 S.36 S.29 4.645 5.015 7.575 8.755 
K20 1.29 2.96 2.87 2.82 0.66 1.14 0.72 0.68 0.66 1.32 1.86 2.46 2.125 2.845 0.9 0.7 
P205 0.06 0.07 0.1 0.09 0.07 0.09 0.11 0.1 0.12 0.21 0.07 0.08 0.065 0.095 0.08 0.105 
Loss 2.18 3.71 0.92 2.02 1.55 1.66 0.89 1.38 1.22 0.95 1.97 2.5 2.945 1.47 l.(j(J5 1.135 
Total 99.63 98.95 99.31 99.48 99.28 99.16 99.9 99.32 99.49 100.13 99.43 99.9S 99.29 99.395 99.22 99.61 
Trace elements (ppm) 
Nb 10.S 22.S 9.2 13.8 9.2 13.9 9.7 10.7 11.7 13.7 10.l lS 16.5 11.5 11.55 10.2 
Zr 243 479 262 3Sl 283 391 347 362 192 389 274 366 361 306.5 337 354.5 
Sr 180 128 178 168 269 274 237 226 259 278 134 168 154 173 271.5 231.5 
v 11 33 23 29 22 3S 28 47 157 67 18 31 22 26 28.5 37.5 
Cr 3.1 3.4 3.9 3.5 3.S 4.2 3.9 4.1 17 9.4 3.4 3.9 3.25 3.7 3.85 4 
Ba 6S7 869 S91 S73 461 S69 3S4 331 292 S08 627 787 763 582 515 342.5 ...... 
Sc 6.6 19.S 7.2 16 9.6 14.3 13.S 17.2 26.8 14.7 11.3 14 13.05 11.6 11.95 15.35 
La 2S SS 26 31 2S 23 20 16 31 46 19 34 40 28.5 24 18 
Ce S3 llS S1 71 Sl 47 so 34 60 97 39 69 84 64 49 42 
Nd 26 S3 2S 33 24 23 24 17 28 45 26 31 39.5 29 23.5 20.5 
y 29 67 20 35 20 32 18 17 25 37 3S 36 48 27.5 26 17.5 
Rb 3S 110 62 6S 14 3S 17 21 14 26 43 72 72.5 63.5 24.5 19 
Th 9.8 2S.3 4.9 11.8 S.8 11.8 2.8 S.2 10.3 15.3 7.9 12.2 17.55 8.35 8.8 4 
u l.S 6.S 2.1 2.4 l.S 2.3 l.S 1.3 2.4 3.7 2.4 3.4 4 \ 2.25 1.9 1.4 
Cu 9 s 6 4 22 40 3 3 6 6 3 3 7 5 31 3 
Zn 16 109 22 109 46 164 . 44 132 67 36 24 76 62.5 65.5 105 88 
Pb 4.7 3.6 3.6 <l.S 1.6 <l.S 9.3 10.6 2.7 88.3 3.1 2.9 4.15 2.2 1.2 9.95 
Ni 2.3 2.3 1.6 2 1.2 1.9 l.S 1.6 4.8 3.4 1.6 1.4 2.3 1.8 1.55 1.55 

/ 

Fe203• = total Fe as Fe203 
Pk=pink, Gr=green, av=average 



Lavasfmtrusions Welded ignimbrites Muds tones 

Samples AR315 AR316 AR318 CT82 CT83 CMLI CML2 AR306 AR1S CT41 CT66 AR134 AR405 AR406 AR407 
(Wt%) 
Si02 77.11 74.81 73.94 76.15 76.3S 71.94 72.21 84.17 79.12 78.96 78.47 71.12 16.S 78.92 71.05 
Ti02 0.16 0.23 O.lS 0.24 0.13 0.41 0.42 0.14 0.17 0.19 0.2 0.38 0.17 0.16 0.39 
Al203 11.49 13.64 13.04 11.92 11.79 14.39 14.37 8.94 11.07 10.64 11.51 14.87 10.94 10.28 14.77 
Fe203* l.1S 0.1 2.36 2.4 l.91 2.28 2.22 0.77 0.94 2.S3 l.56 3.42 4.43 2.79 3.27 
MnO 0.01 0 0.04 0.04 0.02 0.02 0.01 0 0.01 0.03 0.02 0.03 0.06 0.03 0.06 
MgO 0.46 0.08 0.5 0.63 0.4S 0.63 0.S1 0.27 0.25 0.61 0.37 1.28 1.63 1 1.34 
Cao 0.13 0.01 0.08 0.24 0.13 0.14 0.1 0.03 0.36 0.07 0.09 0.07 0.07 0.09 0.16 
Na20 2.S4 4.24 3.7 3.89 2.85 4.99 S.42 4.18 4.24 3.7 4.93 1.21 2.91 2.83 6.93 
K20 4.9 5.48 5.2 3.68 5.52 3.8 3.43 l.31 3.1 2.18 l.89 4.84 2.54 2.72 0.68 
P20S 0.02 0.02 0.02 0.04 0.02 O.o7 0.07 0.01 0.02 0.03 0.04 0.07 0.03 0.03 0.1 
Loss 1.17 0.6 0.66 0.76 0.51 1.14 1.19 0.48 0.56 1.03 0.79 2.67 1.46 1.03 1.64 
Total 99.73 9921 99.68 100 99.66 99.81 100 100.31 99.84 99.98 99.87 99.9S 100.74 99.88 100.39 
Trace elements (ppm) 
Nb 14.3 17.8 19.8 17.2 18.3 . 14.3 14.4 10.3 11.3 14 lS 17 14 11 14 
'Zz 171 253 183 239 168 261 264 171 194 260 278 323 187 14S 300 
Sr 71 33 97 90 66 179 lS9 70 1S2 SS Ill 60 154 130 186 
v 4 2 4 13 6 38 36 4 s 3 2 41 14 14 37 
Cr 3 2.7 l.9 2.6 2.7 4.4 4.6 2.4 2.2 2 3 14 4 7 6 
Ba 2204 lll4 1186 831 1411 1477 1430 567 2512 954 3079 876 2001 1868 483 

N Sc 5.S 12.1 S.8 7.6 4 9.2 9.3 4.S 4 7 9 17 7 7 11 
La 52 46 80 48 43 40 44 13 17 25 31 47 68 69 16 
Ce 107 96 161 99 97 88 96 33 46 58 72 113 ISO 146 45 
Nd 44 44 72 44 41 39 42 15 22 25 35 47 58 61 20 
y 27 46 57 50 37 33 31 19 29 32 41 44 37 37 31 
Rb 102 102 114 47 78 80 70 21 63 64 37 196 66 80 10 
Th 22 22.8 25.4 17 22 13.2 14.S 13.4 13.9 16.9 16.4 21 20.7 17.7 19.l 
u 4 S.l 5.6 6 4.8 3.2 3.3 2.7 2.S 4.7 35 S.2 · 4.6 4.9 4 
CU 3 2 1 2 2 2 3 12 19 4 4 4 7 4 4 
Zn 44.2 2 43 52 32.3 28 23 7 12 32 21 S2 64 38 so 
Pb 8.4 <l.S <l.S <l.S <l.S <l.S <l.S <l.S <l.S 6 <l.S 126 212 <l.S 6 
Ni 2 2.2 2.2 1.9 2.1 1.6 2.1 1.2 2 1 2 s s 4 3 

Fe203* = total Fe as Fe203 



APPENDIX G 

Sample catalogue 

224 samples housed in the University of Tasmania, Geology Department rock store 



Abbreviations used, sample catalogue 

Rock descriptions 

Abbreviation Expansion 
alt alteration I altered 
bt biotite 
bx breccia 
carb carbonate 
chl chlorite 
cong conglomerate 
cpx clinopyroxene 
et chert 
ff fine 
ferromag ferromagnesian 
fspr feldspar 
hbl hornblende 
hem hematite 
lam laminated 

Sample preparations 
Abbreviation Expansion 
R Hand specimen 
TS Thin section 
PS Polished thin section 
CR Crushed specimen 
PD Powdered specimen 

Area 
Abbreviation 
Com 
ZZH 
AR 
HC 

Expansion 
Comstock 
ZigZagHill 
Anthony Road 
HentyCanal 

Abbreviation 
ig 
lith 
mag 
mudst 
porph 
pum 
qz 
s'clastic 
sandst 
ser 
silic 
v'clastic 
w. 

CMLR Cradle Mountain Link Road 

1 

Expansion 
ignimbrite 
lithic 
magnetite 
mudstone 
porphyry 
pumice 
quartz 
siliciclastic 
sandstone 
sericite 
siliceous 
volcaniclastic 
with 



Catalog# Field# Rock description AMG (east north) Drill hole Depth(m) Area Stratigraphic unit Sample prep 

131941 CT4 qz fspr v'clastic sandst 383060 5345480 Com!ZZH Mount Julia Member R,TS 
131942 CT14 fspr ferromag porph 381600 5346420 Com!ZZH Andesites basalts R 
131943 CT15 fspr qz v'clastic sandst 381800 5346200 Com!ZZH Lynchford Member R,TS 
131944 CT19 qz fsprig 382400 5345990 Com!ZZH Mount Julia Member R,TS 
131945 CT20 fspr cpx mag v'clastic sandst 381790 5345780 Com!ZZH Lynchford Member R,PS 
131946 CT22 fspr mag v'clastic sandst 381790 5345995 Com!ZZH Lynchford Member R 
131947 CT30 qz fspr lith ig 382420 5346000 ComJZZH Mount Julia Member R,PS 
131948 CT32 qz fspr lith ig 382405 5346155 Com!ZZH Mount Julia Member R,TS 
131949 CT33 lith qz v'clastic sandst 382595 5346080 Com!ZZH Zig Zag Hill Formation R,TS 
131950 CT36 qz fspr lith v'clastic sandst 382000 5346190 Com!ZZH Zig Zag Hill Formation R 
131951 CT38 qz fspr v'clastic sandst 382015 5346450 Com!ZZH Mount Julia Member R,TS 
131952 CT40 qz fspr v'clastic sandst 382200 5346037 Com!ZZH Mount Julia Member R,TS,PD 
131953 CT41 lam silic mudst sandst 382230 5346065 Com!ZZH Mount Julia Member R,TS,PD 
131954 CT44 qz fsprig 382200 5346380 Com!ZZH Mount Julia Member R,TS 
131955 CT46 fspr cpx porph 381600 5345830 ComJZZH Andesites basalts R,PS 
131956 CT52 qz fspr lith ig 382410 5346000 ComJZZH Mount Julia Member R,TS 
131957 CT56 ser chi alt 382400 5345595 Com!ZZH Andesites basalts R,TS 

N 
131958 CT60 qz fspr v'clastic sandst 382700 5345765 Com!ZZH Mount Julia Member R,TS 
131959 CT64 Jam silic mudst sandst 382240 5346070 Com!ZZH Mount Julia Member R 
131960 CT66 lam silic mudst sandst 382240 5346070 Com!ZZH Mount Julia Member CR,PD 
131961 CT70 lam mudst sandst 381815 5345810 Com/ZZH Lynchford Member R 
131962 CTil lith qz fspr v'clastic bx 382195 5345850 ComJZZH Mount Julia Member R,TS 
131963 CT80 lam silic mudst w. chi alt pum 382240 5346060 Com!ZZH Mount Julia Member R,TS 
131964 CT82 qz fspr lith ig 382410 5346000 Com!ZZH Mount Julia Member R,TS,PD 
131965 CT83 qz fspr ig 382420 5346070 Com!ZZH Mount Julia Member R,TS,PD 
131966 CT84 lith v'clastic cong sandst 382405 5346100 Com!ZZH Zig Zag Hill Formation R,TS 
131967 CT85 lith v'clastic cong sandst 382405 5346100 Com!ZZH Zig Zag Hill Formation R,TS 
131968 CT86 qz fspr ig 382380 5346160 Com!ZZH Mount Julia Member R,TS 
131969 CT87 qz fsprig 382380 5346200 ComJZZH Mount Julia Member R,TS 
131970 CTlOO qz fspr ig 382405 5346000 Com!ZZH Mount Julia Member R,PS 
131971 CT101 qz fsprig 382380 5346190 ComJZZH Mount Julia Member R,TS 
131972 CDI qz fspr v'clastic sandst 383132 5345461 DDHC072 96.1 Com Mount Julia Member R,TS 
131973 CD2 qz fspr lith v'clastic sandst 383132 5345461 DDHC072 157.1 Com Mount Julia Member R,TS,PD 
131974 CD3 qz fspr v'clastic sandst 383132 5345461 DDHC072 194.2 Com Mount Julia Member R,TS 



Catalog# Field# Rock description AMGgrld DDH Depth(m) Area Stratigraphic unit Sample prep 

131975 CDS lam mudst fspr qz sandst 383132 5345461 DDHC072 234.5 Com Lynchford Member R,TS 

131976 CD6 carb 383132 5345461 DDHC072 289.3 Com Lynchford Member R,TS 

131977 CDS carb w. lith 383132 5345461 DDHC072 296.8 Com Lynchford Member R,TS 

131978 CD9 carb w. lith 383132 5345461 DDHC072 312.95 Com Lynchford Member R,TS 

131979 CDll fspr ferromag porph 383132 5345461 DDHC072 389.55 Com Andesites basalts R,TS 

131980 CD12 fspr ferromag porph 383132 5345461 DDHC072 426.8 Com Andesites basalts R,TS 

131981 CD13 qz fspr v'clastic sandst 383132 5345461 DDHC072 170.3 Com Mount Julia Member R,PS,PD 

131982 CEl qz fspr v'clastic sandst 38~ 106 5345462 DDHC59 69.9 Com Mount Julia Member R,TS,PD 

131983 CE2 qz fspr lith v'clastic sandst 383106 5345462 DDHC59 94.4 Com Mount Julia Member R,TS 

131984 CE3 qz fspr v'clastic sandst 383106 5345462 DDHC59 115.5 Com Mount Julia Member R,TS 

131985 CE4 v'clastic bx w. ig lith 383106 5345462 DDHC59 138.1 Com Mount Julia Member R,TS 

131986 CE5 lith qz v'clastic sandst 383106 5345462 DDHC59 149.7 Com Zig Zag Hill Formation R,TS 
131987 CE8 lith qz v'clastic cong 383106 5345462 DDHC59 170.4 Com Zig Zag Hill Formation R,TS 
131988 CE9 lith qz v'clastic cong sandst 383106 5345462 DDHC59 178.4 Com Zig Zag Hill Formation R,TS 
131989 CEll lith qz v'clastic sandst 383106 5345462 DDHC59 181.2 Com Zig Zag Hill Formation R,TS 
131990 CE13 lith qz v'clastic cong 383106 5345462 DDHC59 276.6 Com Zig Zag Hill Formation R 
131991 CE17 lith qz v'clastic cong 383106 5345462 DDHC59 401.7 Com Zig Zag Hill Formation R 

t.>l 
131992 CF2 v'clastic bx w. ig lith 383299 5345546 DDHC61 223.2 Com Mount Julia Member R,TS 
131993 CF3 v'clastic bx w. ig lith 383299 5345546 DDHC61 229.3 Com Mount Julia Member R,TS 
131994 CG2 qz fspr lith v'clastic sandst 383265 5345272 DDHC56 48.2 Com Mount Julia Member R 
131995 CG4 lith fspr v'clastic bx 383265 5345272 DDHC56 120.9 Com Lynchford Member R 
131996 CH2 v'clastic bx w. ig lith 383512 5345485 DDHC50 72.7 Com Mount Julia Member R,TS 
131997 CH3 v'clastic bx w. ig lith 383512 5345485 DDHC50 75.6 Com Lynchford Member R,TS 
131998 CH4 carb w. hem and fossils 383512 5345485 DDHC50 147.8 Com Lynchford Member R,TS 

131999 CJ3 mud supp lith bx 382999 5345519 DDHC68 123.14 Com Lynchford Member R 
132000 CJ4 lammudst 382999 5345519 DDHC68 159.86 Com Lynchford Member R 

132001 ELI lith qz v'clastic sandst 386385 5342230 East Mt Lyell Zig Zag Hill Formation R,TS 

132002 EL2 lith qz v'clastic sandst 386100 5342155 East Mt Lyell Zig Zag Hill Formation R 
132003 EL4 qz fspr lith v'clastic sandst 3867~0 5342190 East Mt Lyell Mount Julia Member R,TS 

132004 EL7 qz fspr v'clastic sandst 386820 5342100 East Mt Lyell Mount Julia Member R,TS 

132005 EL9 qz fspr v'clastic sandst 386910 5342135 East Mt Lyell Mount Julia Member R 
132006 ELIO qz fspr lith v'clastic sandst 386950 5342070 East Mt Lyell Mount Julia Member R,TS 
132007 EL12 qz fspr lith v'clastic sandst 387340 5342260 East Mt Lyell Mount Julia Member R,TS 
132008 EL21 qz fspr lith v'clastic sandst 386770 5342825 

--- - -
__ East }A:t Lyell Mount Julia Member R,TS 
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132009 EL26 qz fspr lith v'clastic sandst 386870 5341600 East Mt Lyell Mount Julia Member R,TS 
132010 EL31 qz lithic rock 387620 5342340 East Mt Lyell East qz-phyric sequence R,TS 
132011 EL35 qz fspr lith v'clastic sandst 387250 5342870 East Mt Lyell Mount Julia Member R,TS 
132012 EL38 qz fspr lith v'clastic sandst 387595 5342850 East Mt Lyell Mount Julia Member R,TS 
132013 EL40 qz fspr lith v'clastic sandst 387595 5342850 East Mt Lyell Mount Julia Member R,TS 
132014 EL44 lith qz v'clastic sandst 387530 5341000 East Mt Lyell Zig Zag Hill Formation R,TS 

132015 AR14 qz fspr v'clastic sandst 380620 5355910 AR/HC Comstock Formation R,TS 

132016 AR23 qz fspr v'clastic f/ sandst mudst 380780 5356690 AR/HC Mount Julia Member R,TS 

132017 AR26 qz fsprig 381060 5357290 AR/HC Mount Julia Member R,TS 

132018 AR29 qz fspr v'clastic sandst 381070 5357340 AR/HC Mount Julia Member R,TS 

132019 AR31 qz fspr v'clastic sandst 381075 5357370 AR/HC Mount Julia Member R,TS 
132020 AR33 qz fspr v'clastic sandst 381085 5357480 AR/HC Mount Julia Member R,TS 
132021 AR35 qz fspr hbl mag v'clastic sandst 381080 5357770 AR/HC Mount Julia Member R,PS,PD 
132022 AR37 qz fspr v'clastic sandst 381100 5357830 AR/HC Mount Julia Member R 
132023 AR38 qz fspr lith v'clastic sandst 381120 5358000 AR/HC Mount Julia Member R,TS 
132024 AR43 lith qz v'clastic sandst 381060 5358730 AR/HC Zig Zag Hill Formation R,TS 
132025 AR46 qz fspr porph 381180 5358960 AR/HC Zig Zag Hill Formation R 

~ 132026 AR48 qz fspr porph 381430 5358730 AR/HC Zig Zag Hill Formation R,TS 
132027 AR50 qz fspr porph 380320 5358360 AR/HC Zig Zag Hill Formation R,TS 
132028 AR51 fspr mag qz v'clastic sandst 380770 5357270 AR/HC Lynchford Member R,TS 
132029 AR53 qz fspr v'clastic sandst 381400 5357270 AR/HC Mount Julia Member R,TS 
132030 AR54 qz fspr porph 381240 5358870 AR/HC Zig Zag Hill Formation R,TS 
132031 AR58 lith qz v'clastic sandst 380960 5359570 AR/HC Zig Zag Hill Formation R,TS 
132032 AR63 lam mudst sandst 380720 5359570 AR/HC Mount Julia Member R,TS 
132033 AR64 lith qz fspr v'clastic bx 380480 5359810 AR/HC Mount Julia Member R,TS 
132034 AR65 lith qz v'clastic sandst 380650 5360160 AR/HC Zig Zag Hill Formation R,TS 
132035 AR68 qz fsprig 381060 5357290 AR/HC Mount Julia Member R,TS 
132036 AR70 lam s'clastic mudst sandst 380920 5359770 AR/HC Newton Creek Sandst R 
132037 AR72 qz fspr v'clastic sandst 381055 5358555 AR/HC Mount Julia Member R,PS,PD 
132038 AR75 qz fsprig 381060 5357290 AR/HC Mount Julia Member R,PS,PD 
132039 AR77 qz fsprig 381050 5357090 AR/HC Mount Julia Member R,TS 
132040 AR78 qz fspr lith ig 381060 5357080 AR/HC Mount Julia Member R,TS 
132041 AR79 fspr mag v'clastic sandst 380940 5357150 AR/HC Lynchford Member R,TS 
132042 AR82 qz fspr lith ig 381020 5357110 AR/HC Mount Julia Member R,TS 



... 
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132043 AR83 qz fspr lith ig 381030 5357105 AR/HC Mount Julia Member R,TS 
132044 AR90 qz fsprig 381225 5356900 AR/HC. Mount Julia Member R,TS 
132045 AR91 qz fsprig 381200 5356670 AR/HC Mount Julia Member R,TS 
132046 AR93 qz fspr lith ig 381020 5357110 AR/HC Mount Julia Member R,TS 
132047 AR94 qz fspr bbl mag v'clastic sandst 381100 5357830 AR/HC Mount Julia Member' R,TS 
132048 AR95 qz fspr v'clastic sandst 380775 5356650 AR/HC Mount Julia Member R,TS 
132049 AR104 qz fspr porpb 380685 5360005 AR/HC Mount Julia Member R,TS 
132050 AR106 lith qz fspr v'clastic bx 380280 5360005 AR/HC Mount Julia Member R,TS 
132051 AR112 qz fspr porpb 379900 5361380 AR/HC Mount Julia Member R,TS 
132052 AR117 qz fspr porpb 379900 5361380 AR/HC Mount Julia Member R,TS 
132053 AR118 qz fspr lith v'clastic sandst 379785 5362075 AR/HC Mount Julia Member R,TS 
132054 AR126 qz fspr porpb 79830 5362220 AR/HC Mount Julia Member R,TS 
132055 AR127 lith qz fspr v'clastic bx 379835 5362235 AR/HC Mount Julia Member R,TS 
132056 AR129 lith qz cong 379975 5362425 AR/HC Zig Zag Hill Formation R,TS 
132057 AR133 qz fspr lith v'clastic sandst 380150 5361130 AR/HC Mount Julia Member R,TS 
132058 AR134 lam silic mudst sandst 380100 5361390 AR/HC Mount Julia Member R,CR,PD 
132059 AR135 qz fspr porpb 379985 5361805 AR/HC Mount Julia Member R,TS 

UI 
132060 AR140 qz fspr v'clastic sandst 380245 5361245 AR/HC Mount Julia Member R,TS 
132061 AR145 qz fspr porph 380000 5360430 AR/HC Mount Julia Member R,TS 
132062 AR146 fspr v'clastic sandst w. cbl ser alt 379800 5360695 AR/HC Lyncbford Member R,TS 
132063 AR148 fspr qz porpb 379680 5360690 AR/HC Mount Julia Member R,TS 
132064 AR149 fspr lith v'clastic sandst w. ser alt 379840 5360680 AR/HC Lynchford Member R,TS 
132065 AR151 qz fspr v'clastic sandst 380980 5358995 AR/HC Mount Julia Member R,TS 
132066 AR153 qz fspr porpb 380690 5359185 AR/HC Mount Julia Member R,TS 
132067 AR194 qz fspr v'clastic sandst 381075 5357630 AR/HC Mount Julia Member R,TS 
132068 AR195 qz fspr bbl mag v'clastic sandst 381090 5357805 AR/HC Mount Julia Member R,PD 
132069 AR201 qz fsprig 81225 5356900 AR/HC Mount Julia Member R,TS 
132070 AR203 qz fsprig 381155 5357035 AR/HC Mount Julia Member R,TS 
132071 AR206 qz fsprig 381330 5356600 AR/HC Mount Julia Member R,TS 
132072 AR211 qz fsprig 381210 5356660 AR/HC Mount Julia Member R,PS 
132073 AR212 qz fsprig 381210 5356690 AR/HC Mount Julia Member R,TS 
132074 AR213 fspr litb qz v'clastic sandst 381110 5356510 AR/HC Lyncbford Member R,TS 
132075 AR217 fspr mag qz v'clastic sandst 379640 5361745 AR/HC Lyncbford Member R,TS 
132076 AR306 qz fsprig 381215 5356680 AR/HC Lyncbford Member R,PD 
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132077 AR312 qz fspr mag v'clastic sandst 381090 5357810 AR/HC Mount Julia Member R,PS 
132078 AR315 qz fspr porph 380480 5359375 AR/HC Mount Julia Member R,PD 
132079 AR316 qz fspr porph 380205 5360850 AR/HC Mount Julia Member R,PD 
132080 AR318 qz fspr porph 381240 5358870 AR/HC Zig Zag Hill Formation R,PD 
132081 AR401 fspr mag cpx lith v'clastic sandst 380875 5356980 AR/HC Lynchford Member R,PS 
132082 AR402 fspr mag lith v'clastic sandst 380880 5357000 AR/HC Lynchford Member R,TS 
132083 AR403 fspr mag lith v'clastic sandst 380890 5357015 AR/HC Lynchford Member R,TS 
132084 AR404 fspr mag lith v'clastic sandst 380940 5357150 AR/HC Lynchford Member R,TS 
132085 AR405 lam silic mudst sandst 380640 5359725 AR/HC Mount Julia Member R,TS,PD 
132086 AR406 lam mudst sandst 380645 5359725 AR/HC Mount Julia Member R,TS,PD 
132087 AR407 lam silic mudst 381070 5357370 AR/HC Mount Julia Member R,TS,PD 
132088 AR408 lam silic mudst 381070 5357370 AR/HC Mount Julia Member R,TS,PD 
132089 AR409 fspr mag lith v'clastic sandst 380890 5357010 AR/HC Lynchford Member R,TS 
132090 TNl qz fspr lithic v'clastic sandst 3813515356652 DDHTYN007 11.95 AR Mount Julia Member R,TS 
132091 TN2 v'clastic bx w. ig? lith 381351 5356652 DDHTYN007 80.77 AR Mount Julia Member R,TS 
132092 TN3 v'clastic bx w. ig? lith 381351 5356652 DDHTYN007 196.98 AR Mount Julia Member R,TS 
132093 TN4 fspr lith qz v'clastic sahdst 381351 5356652 DDHTYN007 202.26 AR Lynchford Member R,TS 

O'I 132094 TOl v'clastic bx w. ig? lith 381337 5356946 DDHTYN006 36 AR Mount Julia Member R,TS 
132095 T04 lith qz feld v'clastic bx w. ig? lith 381337 5356946 DDHTYN006 57.56 AR Mount Julia Member R,TS 
132096 T05 qz fspr v'clastic sandst 381337 5356946 DDHTYN006 116.96 AR Mount Julia Member R,PD 
132097 CMLl qz fspr ferromag ig 395365 5398700 CMLR Mount Julia Member R,TS,PD 
132098 CML2 qz fspr ferromag ig 395365 5398700 CMLR Mount Julia Member R,TS,PD 
132099 CML4 qz fspr ferromag ig 395365 5398700 CMLR Mount Julia Member R,TS 
132100 CMLlO qz lith s'clastic sandst 395290 5398675 CMLR Lynchford Member R,TS 
132101 CML13 fspr qz mag lith v'clastic sandst 395510 5398750 CMLR Mount Julia Member R,PS 
132102 CML15 fspr cpx qz lith v'clastic sandst 395520 5398735 CMLR Mount Julia Member R,TS 
132103 CML16 qz lith fspr v'clastic sandst 395725 5398820 CMLR Mount Julia Member R,TS 
132104 CML18 qz lith fspr v'clastic sandst 395790 5398835 CMLR Mount Julia Member R,TS 
132105 CML20 fspr ferromag porph 395840 5398845 CMLR Mount Julia Member R,TS 
132106 CML21 lith qz fspr v'clastic sandst 395840 5398850 CMLR Mount Julia Member R,TS 
132107 CML28 lith qz v'clastic cong 396705 5398780 CMLR Zig Zag Hill Formation R,TS 
132108 CML31 qz fspr ferromag ig 395365 5398710 CMLR Mount Julia Member R,TS 
132109 CMIA4 fspr pum qz v'clastic sandst 394900 5398535 CMLR Southwell Subgroup R,TS 
132110 CML52 qz fsprig 395355 5398710 CMLR Mount Julia Member R,TS 



Catalog#, Field# .Rock description AMGgrid DDH Depth(m) Area Stratigraphic unit Sample prep 
132111 CML53 qz fspr ferromag ig 395360 5398705 CMLR Mount Julia Member R,TS 
132112 CML54 qz fspr v'clastic sandst 395415 5398665 CMLR Mount Julia Member R,TS 
132113 CML56 qz fspr v'clastic sandst 395420 5398550 CMLR Mount Julia Member R,TS 
132114 CML58 qz fsprig 395530 5398570 CMLR Mount Julia Member R,TS 
132115 CML59 qz fspr v'clastic sandst 395570 5398475 CMLR Mount Julia Member R,TS 
132116 CML60 qz fspr ferromag? ig 395560 5398540 CMLR Mount Julia Member R,TS 
132117 CML61 qz fspr porph 395385 5398185 CMLR Southwell Subgroup R,TS 
132118 CML62 lith qz fspr v'clastic sandst 396015 5398345 CMLR Zig Zag Hill Formation R,TS 
132119 CML80 qz fspr ferromag? ig 395350 5398890 CMLR Mount Julia Member R,TS 
132120 CML82 qz fspr v'clastic sandst 395290 5399150 CMLR Mount Julia Member R,TS 
132121 CML86 qz fspr ferromag ig 395630 5399390 CMLR Mount Julia Member R,TS 
132122 CML87 qz fspr ferromag ig 395650 5399390 CMLR Mount Julia Member R,TS 
132123 CML88 qz fspr ferromag ig 395360 5398705 CMLR Mount Julia Member R,TS 
132124 LFlO fspr qz mag lith v'clastic sandst 380090 5337520 Lynchford Lynchford Member R,TS 
132125 LFll fspr cpx mag lith qz v'clastic sandst 380030 5337525 Lynchford Lynchford Member R,PS 
132126 LF12 fspr cpx mag lith qz v'clastic sandst 379950 5337495 Lynchford Lynchford Member R,PS 
132127 LF13 fspr cpx mag lith qz v'clastic sandst 379905 5337435 Lynchford Lynchford Member R,TS 

....... 132128 LF18 fspr qz cpx mag lith v'clastic sandst bx 379105 5337725 Lynchford Lynchford Member R,TS 
132129 LF21 fspr qz mag lith v'clastic sandst 379280 5337600 Lynchford Lynchford Member R,TS 
132130 LF28 fspr cpx qz mag v'clastic sandst 379860 5337605 Lynchford Lynchford Member R,TS 
132131 LF37 fspr cpx qz mag v'clastic sandst 379080 5338060 Lynchford · Lynchford Member R,TS 
132132 MD20 qz fspr v'clastic or porph 384695 5318065 Mt Darwin Comstock Formation R,TS 
132133 MD21 qz fspr v'clastic or porph 384682 5318040 Mt Darwin Comstock Formation R,TS 
132134 MD23 qz fspr v'clastic or porph 384612 5318102 Mt Darwin Comstock Formation R,TS 
132135 MD25 qz lith fspr v'clastic sandst 384110 5318550 Mt Darwin Comstock Formation R,TS 
132136 MD39 fspr qz ferromag porph 385030 5318180_ Mt Darwin Comstock Formation R,TS 
132137 MD43 qz fspr lith v'clastic sandst 384315 5318450 Mt Darwin Comstock Formation R,TS 
132138 MD50 qz fspr v'clastic or porph 384670 5~18045 Mt Darwin Comstock Formation R,TS 
132139 MH3 lith qz sandstone w. hem alt 383520 5333890 Mt Huxley Jukes Conglomerate R,TS 
132140 MH4 lith qz cong w. hem alt 383525 5333900 Mt Huxley Jukes Conglomerate R,TS 
132141 MJ6 lith qz cong w. hem alt 383140 5330800 Mt Jukes Jukes Conglomerate R,TS 
132142 MJll qz fspr ferromag porph 383750 5330885 Mt Jukes East qz-phyric sequence R,TS 
132143 MJl4 qz fspr ferromag porph 383860 5330655 Mt Jukes East qz-phyric sequence R,TS 
132144 MJ16 gz fs~r v'clastic sandst 383900 5330545 Mt Jukes East qz-phyric sequence R,TS 
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132145 MJ18 lith qz v'clastic sandst 384990 5329075 Mt Jukes Zig Zag Hill Formation R,TS 
132146 ED3 qz fspr ferromag porph 384920 5323000 East Darwin East qz-phyric sequence R,TS 
132147 ED7 qz fspr ferromag porph 384615 5322950 East Darwin East qz-phyric sequence R,TS 
132148 ED9 qz fspr ferromag porph 384485 5324550 East Darwin East qz-phyric sequence R,TS 
132149 EDll qz lith sandst 383730 5324530 East Darwin East qz-phyric sequence R,TS 
132150 LD2 fspr qz ferromag porph 387330 5355310 Lake Dora East qz-phyric sequence R,TS 
132151 LD4 qz fspr lith ferromag v'clastic sandst 387405 5355540 Lake Dora East qz-phyric sequence R,TS 
132152 LD5 fspr qz ferromag bt porph 387485 5355610 Lake Dora East qz-phyric sequence R,TS 
132153 LDll qz fspr mag v'clastic sandst 388380 5353120 Lake Dora Mount Julia Member R,PS 
132154 LD12 lith qz v'clastic cong 388185 5353135 Lake Dora Zig Zag Hill Formation R,TS 
132155 LD14 fspr ferromag bt porph 387965 5353425 Lake Dora East qz-phyric sequence R,TS 
132156 HG15 lith qz v'clastic sandst 380308 5363850 DDHHG156 348.7 Henty Mount Julia Member R,TS 
132157 WB5 qz fspr porph 415880 5412080 Winterbrook Comstock Formation R,TS 
132158 WB18 qz fspr porph 416140 5410240 Winterbrook Comstock Formation R,TS 
132159 WB22 fspr lith v'clastic sandst 416380 5411360 Winterbrook Comstock Formation R,TS 
132160 WB28 qz fspr porph 416320 5412120 Winterbrook Comstock Formation R,TS 
132161 WB36 qz fspr shard-rich v'clastic (ig?) 415130 5412240 Winterbrook Comstock Formation R,TS 

00 132162 WB48 lith qz fspr v'clastic sandstone 416800 5412490 Winterbrook Zig Zag Hill Formation? R,TS 
132163 WB63 qz fspr lith v'clastic sandst 416820 5412960 Winterbrook Comstock Formation R,TS 
132164 WB64 qz fspr lith v'clastic sandst 416820 5412960 Winterbrook Comstock Formation R,TS 
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