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Abstract

ABSTRACT

A number of extensive silicic ignimbrites crop out along 
the western edge of the southern part of the New England 
Orogen, in the Hunter Valley from north of Scone to Port 
Stephens on the central east coast of New South Wales. The 
Early Carboniferous ignimbrites occur closest to the western 
margin of the Orogen and six of them, by partially overlapping 
each other, outcrop along almost the entire length of Hunter 
Valley. These six ignimbrites were analysed for primary flow- 
induced lineations of crystals and pumice clasts, using a 
slightly modified method used by previous workers, by measuring 
the lineated objects on sawn slabs of the ignimbrite rather 
than thin sections. The flow lineation vector strengths 
determined average 53% overall and they are statistically much 
stronger any previous study using thin sections whose average 
vector strengths are 24%.

By projecting the determined flow lineations until they 
intersected, clusters of intersection points enabled source 
areas of the ignimbrites to be defined. Three source areas were 
determined and they lie on the western side of the Hunter 
Fault, that forms the western margin of the New England Orogen, 
beneath the Permian Sydney Basin succession.

In the region of each of the three determined source areas 
are significant circular, mostly negative, gravity anomalies 
which are best explained by there being calderas infilled with 
low density lavas and pyroclastics now buried below the Permian 
succession.

The calderas are a part of volcanic centres that each 
consist of several vents. The Curra Keith, Oakfields and 
MCCullys Gap ignimbrites (named herein) are determined to have 
originated from different vents within the Muswellbrook caldera 
which is located just west of the township of Muswellbrook. The 
Port Stephens and Nelson Bay ignimbrites (named herein) 
originated from the Port Stephens caldera located approximately 
5 km south of Port Stephens, and the Martins Creek ignimbrite 
originated from the Maitland caldera located between the 
townships of Maitland and Branxton. The three calderas form a
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chain which is named the Kuttung Volcanic Chain, and this chain 
was sited within an ensialic back-arc basin, the same as 
'modern' large-scale ignimbrite-producing calderas are.

The Maitland caldera is the closest to the surface as 
three inliers of Early Carboniferous lavas and a granodiorite 
intrusion crop out within the confines of the gravity anomaly. 
The granodiorite is assumed to be the exposed root of the 
caldera and the comagmatic source of the ignimbrites derived 
from it.

The ignimbrites were petrographically and, geochemically 
analysed for both major and trace elements so that Curra Keith, 
Oakfields and Port Stephens ignimbrites plot as high-K 
rhyolites and the Nelson Bay and Martins Creek ignimbrites are 
both high-K dacites. The MCCullys Gap ignimbrite is best called 
a sodic trachyte. A plot of V versus Sr distinguishes each of 
the ignimbrites from each other, Ni+Cr versus Si02 
discriminates the rhyolites from the dacites, and Zr versus 
Si02 differentiates the Muswellbrook Volcanic Centre from the 
Maitland and Port Stephens Centres'.

A new geology map of the Port Stephens District is 
presented containing new structural data. Bedding in the 
massive Port Stephens ignimbrite which outcrops over much of 
the district was determined in the laboratory from collected 
orientated samples of the ignimbrite. Once plotted the bedding 
data shows that the Port Stephens District is criss-crossed by 
two sets of faults that form many fault blocks, and by 
repeatedly stepping up to the north they bring the southerly 
dipping Port Stephens ignimbrite back to the surface. The two 
main fault directions of the fault sets are NNW-SSE, and WNW- 
ESE and they are consistent with other fault directions in the 
rest of the southern part of the New England Orogen. An 
orthogonal joint set N-S and E-W is related to the Girvan 
Anticline which closes in the Port Stephens District and they 
are intruded by some sixty Tertiary basalt dykes. A co- 
ignimbrite lag-fall breccia at the base of the Port Stephens 
ignimbrite confirms the proximal nature of the ignimbrites in 
the Port Stephens District.
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T'O^sQ/T'O/rUyQA; CUT-Qy QyitoycL

Signed

12 August 1988



Table of Contents

TABLE OF CONTENTS

ABSTRACT....................................................... iii

CERTIFICATE OF ORIGINALITY.....................................v

ACKNOWLEDGMENTS................................................. x

CHAPTER 1 ...................................................... 1
INTRODUCTION

1.1 Purpose and Scope of Study...................... 1
1.2 Thesis Format..................................... 2
1.3 The Study Area....................................4
1.4 Geological Setting............................... 4
1.5 Tectonic Setting................................. 10
1.6 Regional Gravity Setting........................ 16
1.7 Grid References...................................17
1.8 References........................................ 17

CHAPTER 2 ...................................................... 20
FLOW DIRECTION INDICATORS IN IGNIMBRITES DELINEATE A  
LOWER CARBONIFEROUS VOLCANIC CENTRE IN THE UPPER HUNTER 
VALLEY, NEW SOUTH WALES, AUSTRALIA

2.1 Abstract...........................................20
2.2 Introduction...................................... 21
2.3 Previous Work..................................... 22
2.4 Regional Geology................................. 23

2.4.1 Stratigraphy............................. 25
2.4.2 Structure................................ 27
2.4.3 Metamorphism............................. 29

2.5 Major Ignimbrite Units...........................31
2.5.1 Curra Keith Ignimbrite................. 33
2.5.2 Oakfields Ignimbrite....................33
2.5.3 McCullys Gap Ignimbrite................ 36

2.6 Investigation techniques and Methodology......36
2.6.1 Determination of Flow Lineations......36
2.6.2 Determination of Flow Azimuths........ 38

2.7 Statistical Treatment............................ 39
2.7.1 Accuracy of the Data Obtained......... 40

2.8 Results............................................43
2.8.1 Flow Lineation Patterns................ 43
2.8.2 Direction of Flow....................... 45
2.8.3 Location of Ignimbrite Source Areas...45
2.8.4 Source Areas............................. 4 6
2.8.5 Source Areas and Gravity Anomalies.... 48
2.8.6 Pre-Ignimbrite Topography.............. 50
2.8.7 Size of the Ignimbrites................ 53

2.9 Discussion........................................ 55
vi



Table of Contents

2.9.1 Rheomorphism vs Primary Flow.......... 55
2.10 Conclusions....................................... 57
2.11 References........................................ 59

CHAPTER 3 ......................................................64
LOWER CARBONIFEROUS CALDERAS IN A  VOLCANIC CHAIN, 
REVEALED BY FLOW DIRECTIONS IN IGNIMBRITES, NEW SOUTH 
WALES, AUSTRALIA

3.1 Abstract.......................................... 64
3.2 Introduction...................................... 65
3.3 Regional Geology................................. 69
3.4 Methods and Techniques...........................71

3.5.1 Determination of Flow Lineations and 
their statistical significance........... 71

3.4.2 Determination of flow directions......... 72
3.4.3 How the source areas were located........ 74

3.5 Ignimbrites and their sources.................. 74
3.5.1 Curra Keith Ignimbrite..................... 74
3.5.2 Oakfields Ignimbrite....................... 7 9
3.5.3 Martins Creek Ignimbrite...................82
3.5.4 Nelson Bay Ignimbrite...................... 83
3.5.5 Port Stephens Ignimbrite...................87

3.6 Volcanic Centres and Gravity Anomalies........ 8 9
3.7 The 'Kuttung' Volcanoes.......................... 98

3.7.1 Volcanic Arc or Volcanic Chain........... 98
3.7.2 Palaeo-topography of the Kuttung

Volcanic Chain and Surrounds.............. 101
3.8 Movement on the Hunter Fault....................103
3.9 Conclusions....................................... 103

CHAPTER 4 ..................................................... 109
GEOCHEMISTRY OF THE LOWER CARBONIFEROUS DACITIC AND 
RHYOLITIC IGNIMBRITES IN THE SOUTHERN NEW ENGLAND 
OROGEN, NEW SOUTH WALES, AUSTRALIA.

4.1 Abstract...........................................109
4.2 Introduction...................................... 110
4.3 Ignimbrites and their Centres of Eruption.....113
4.4 Muswellbrook Caldera Ignimbrites............... 115

4.4.1 Curra Keith Ignimbrite................. 115
4.4.2 McCullys Gap Ignimbrite................ 116
4.4.3 Oakfields Ignimbrite....................117

4.5 Maitland Caldera Ignimbrites....................117
4.5.1 Martins Creek Ignimbrite............... 117

4.6 Port Stephens Caldera Ignimbrites.............. 118
4.6.1 Nelson Bay Ignimbrite...................118
4.6.2 Port Stephens Ignimbrite............... 119

4.7 Analytical Methods............................... 120
4.8 Previous Analyses................................ 121
4.9 Chemical Classification of the Ignimbrites.... 123

vii



Table of Contents

4.10 Major Element Chemistry......................... 130
4.11 Trace Element Chemistry......................... 132
4.12 Nature of the Volcanic Source Region.......... 134
4.13 Discussion and Conclusions...................... 137
4.14 References........................................ 139

CHAPTER 5 ......................................................143
GEOLOGY OF THE NERONG VOLCANICS IN THE PORT STEPHENS 
AREA, NEW SOUTH WALES, AUSTRALIA

5.1 Abstract.......................................... 143
5.2 Introduction...................................... 144
5.3 The Study Area....................................145
5.4 Previous Work.....................................145
5.5 Regional Geological Setting.....................14 6
5.6 The Geology Map...................................147
5.7 Stratigraphy...................................... 151

5.7.1 Wootton Beds.............................151
5.7.2 Conger Formation........................ 152
5.7.3 Nerong Volcanics........................ 152

5.8 Structure......................................... 158
5.8.1 Methods....................................158
5.8.2 Folding.................................. 160
5.8.3 Faulting................................. 161
5.8.4 Joints and Dykes........................ 164

5.9 Chemistry and Mineralogy........................ 165
5.9.1 Nelson Bay Ignimbrite....................167
5.9.2 Port Stephens Ignimbrite................ 171

5.10 Conclusions....................................... 180
5.11 References........................................ 181

CHAPTER 6...................................................... 183
SUMMARY AND CONCLUSIONS

APPENDIX 1....................................................188
DEFINITION OF IGNIMBRITE

References...................................... 193

APPENDIX II...................................................194
SAMPLE NUMBERS AND LOCATIONS

APPENDIX III................................................. 202
SAMPLING AND PREPARATION METHODS, FLOW DIRECTION 
MEASUREMENTS AND STATISTICAL PARAMETERS

111.1 Previous Work...................................202
111.2 Methods of investigation...................... 202

Field Work...................................... 202
Cutting of the Specimens...................... 205
Observations....................................205

111.3 Statistical Parameters........................ 207
viii



Table of Contents

Vector Mean.....................................207
Vector Magnitude............................... 207
Tukey Chi Square............................... 208

111.4 Data processing................................ 209
Computer Programs.............................. 210
Determination of flow lineation and 
correction of data for tectonic tilt........ 211

111.5 References...................................... 213

APPENDIX IV.................................................. 214
FLOW LINEATION STATISTICAL DATA

APPENDIX V ....................................................224
ROSE DIAGRAMS (not included in thesis)

APPENDIX V I ...................................................227
PETROLOGICAL MISCELLANIA

V I . 1 Flow Banding...................................... 227
VI.2 Co-ignimbrite Lag-fall Deposit................. 227
VI.3 Airfall Deposits................................. 231
VI.4 References........................................ 232

APPENDIX V II................................................. 233
PREVIOUS CHEMICAL ANALYSES

APPENDIX V II................................................. 238
COMPUTER PROGRAMS

ix



Acknowledgments

ACKNOWLEDGMENTS

This project was initially funded for field expenses with 
a Macquarie University Research Grant and that assistance is 
gratefully acknowledged.

Dr. R.H. Flood, Senior Lecturer at Macquarie University, 
is acknowledged as the principle supervisor of this project.

I thank Professor W. E. Elston of the University of New 
Mexico who provided me with early stimulus on this project and 
the computer program he used to process the flow lineation 
data.

I am grateful to Professor John Roberts of the University 
of New South Wales who provided me with unpublished geology 
maps of the study area, without which this project could not 
have eventuated.

Rod, John and Ken in the drafting office at Macquarie 
University are thanked for their work on some of the diagrams 
in this thesis. Their work is of the highest standard and they 
merit praise.

My NEC Powermate 1 performed magnificently throughout the 
preparation of this thesis. Thanks NEC !

x




