
Gravity and Magnetics of the West Tamar District, 

Northern Tasmania 

Matthew Zengerer B.Sc (Flin) 

University of Tasmania 

A Research Thesis submitted in partial fulfilment of the requirements of the 
degree of Bachelor of Science with Honours 

Centre of Ore Deposit Research, 
School of Earth Sciences, 
University of Tasmania. 

November 1999. 



Abstract 

The West Tamar District of northern Tasmania is a region of diverse geology and 

complex structure. The area comprises an allochthonous block of Precambrian basement, 

the Badger Head Block, a Lower Palaeozoic thrust belt, and a large Tertiary graben, the 

Tamar Graben. A gravity survey was carried out in the area in order to model the 

subsurface geology and structure. 

The residual Bouguer anomaly reveals some large and small scale trends. To the east 

steep symmetrical west and east directed gradients mark the down thrown block that is 

the Tamar Graben, whilst to the west a long, N-S trending, east-directed gradient marks 

the western boundary of the Badger Head Block and is considered to mark a major 

structure. An ultramafic complex near the centre of the study area causes a large negative 

anomaly due to its level of serpentinisation, whilst positive anomalies over the low 

density Badger Head Block suggest denser lithologies at depth. 

Gridding and re-interpretation of pre-existing aeromagnetic data sets has enabled the 

complex faulting structure of the area to be outlined. Comparisons of faults inferred from 

the magnetics with a digital elevation model and local geology reveals that much of the 

present topography and outcrop geology is controlled by northwest and northeast trending 

faults. The northwest trending faults form the major structures in the region. The 

ultramafic complex is comprised of two main bodies, with a third inferred to branch west 

from the main body beneath the Badger Head Block. 

Three structural cross sections have been created using forward modelling of gravity and 

magnetics. Two of the sections model east-dipping, thrust-bound packages of Lower 

Palaeozoic strata along the eastern part of their sections. The western sections are best 

modelled with Cambrian ultramafics and sedimentary rocks dipping west beneath the 

Neoproterozoic Badger Head Block. 

The tectonic implications of the outcome of structural modelling are that a NE-directed 

thrusting event is inferred to have occurred during the Cambrian or Early-Middle 

Devonian prior to SW -directed thrusting in the Middle Devonian, which emplaced 

Palaeozoic strata in the Beaconsfield area into thrust fault-bound packages. 



Frontispiece 

Gravity Surveying at its logistical best ..... . 



Acknowledgements 

• I would first like to thank my supervisor, Dr. Michael Roach, for offering me a really 

interesting a project, getting the ball rolling for me and then putting up with all the 

little dramas and eternally nagging questions I gave him in return. His help, 

knowledge and goodwill have been invaluable. 

• I would like to thank Grant MacDonald from the Beaconsfield Mine JV. His 

friendliness, hospitality, assistance with fieldwork and drafting and interest in my 

project has helped make the project happen. Also thanks to Peter Hills, Chief 

Geologist, for his assistance and advice. 

• I would like to thank all the friends I have made this year for making me feel 

welcome and at home in a strange city, and for making my life interesting outside of 

University hours, particularly my housemate Peter "Pendeco!" Frikken and Greg 

"Bear" Hudson. 

• Special thanks go to all the friends I made in my Honours class, in particular Bronwyn 

Stacey for her help and for putting up with my awful humour and Chris MUller for 

being around all those long nights at the end of the year. Andrew "Toast" Fitzpatrick 

also for his friendliness and advice and help at the end. 

• Extra special thanks go to my friend Jude, just for being around and for making one 

trip out to my field area much more enjoyable. 

• I would also like to thank Dr Alistair Reed of Mineral Resources of Tasmania for his 

interest and his enthusiasm regarding my project, and for the great job he did of 

reviewing my chapters. I also thank Drs. Bob Richardson and Clive Calver for their 

assistance. 

• I also thank Dr David Cooke and Professor Ross Large for the opportunity of studying 

at CODES, and other members of the department who have provided useful advice or 

assistance throughout the year. 

• Thanks also go to the staff at the Exchange Hotel, Beaconsfield for their hospitality. 

• Finally, I dedicate this thesis to my Mother, my Grandparents and my Uncle for 

believing in me. 

lll 



Contents 

ABSTRACT .................................................................................................................................................... I 

FRONTISPIECE ........................................................................................................................................... II 

ACKNOWLEDGEMENTS ........................................................................................................................ III 

CONTENTS ................................................................................................................................................. IV 

LIST OF FIGURES .................................................................................................................................... VI 

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

1.1 BACKGROUND AND GEOGRAPHICAL SETTING ........................................................................................ 1 

1.2 PREVIOUS GEOLOGICAL AND GEOPHYSICAL WORK: A SUMMARY ......................................................... 2 
1.2.1 Geological Research ....................................................................................................................... 2 
1.2.2 Geophysical Research ..................................................................................................................... 3 

1.3 SUMMARY OF PREVIOUS FINDINGS ......................................................................................................... 3 
1 .3. 1 Geology ........................................................................................................................................... 4 
1.3.2 Geophysics ...................................................................................................................................... 5 
1.3.3 Unresolved Problems; Motivation for Geophysical Study .............................................................. 5 

1.4 AIMS ....................................................................................................................................................... 5 

CHAPTER 2 GEOLOGY & STRUCTURE ................................................................................................ 6 

2.1 REGIONAL GEOLOGICAL SETTING .......................................................................................................... 6 
2.2 LOCAL GEOLOGY- PRECAMBRIAN ......................................................................................................... 6 

2.2.1 Badger Head Block ......................................................................................................................... 6 
2.3 LOWER PALAEOZOIC .............................................................................................................................. 7 

2.3. 1 Port Sorell F Ormlltion ..................................................................................................................... 7 
2.3.2 Anderson's Creek Ultramafic Complex .......................................................................................... 8 
2.3.3 Blyth Creek Formation .................................................................................................................... 8 
2.3.4 Denison Group ................................................................................................................................ 9 
2.3.5 Gordon Group ............................................................................................................................... /0 
2.3.6 Corn Hill Beds .............................................................................................................................. 10 

2.4 UPPER PALAEOZOIC TO RECENT ........................................................................................................... 10 

2.4.1 Overview ....................................................................................................................................... /0 
2.5 STRUCTURAL SYNTHESIS ...................................................................................................................... 11 

2.5. 1 Structural History ......................................................................................................................... 11 

CHAPTER 3 GRAVITY SURVEY ............................................................................................................ 12 

3.1 SURVEY OBJECTIVES ............................................................................................................................ 12 
3.2 DATA ACQUISITION .............................................................................................................................. 12 
3.3 DATA REDUCTION AND PROCESSING .................................................................................................... 13 

3.3.1 Terrain Corrections and the Bouguer Anomaly ............................................................................ 14 
3.3.2 The Residual Bouguer Anomaly and Gridding ............................................................................. 16 

3.5 SURVEY PRECISION ............................................................................................................................... I? 

CHAPTER 4 PETROPHYSICS ................................................................................................................. 18 

4.1 DATA ACQUISITION ANDANALYSIS ....................................................................................................... 18 
4.2 RESULTS AND INTERPRETATION ........................................................................................................... 19 

CHAPTER 5 GEOPHYSICAL INTERPRETATION ............................................................................. 22 

5.1 REGIONAL GEOPHYSICS ........................................................................................................................ 22 
5.1.1 Gravity .......................................................................................................................................... 22 
5.1.2 Magnetics ...................................................................................................................................... 22 

5.2 QUALITATIVE GRAVITY lNTERPRETATION ............................................................................................ 23 
5.3 ACQUISITION AND PROCESSING OF AIRBORNE MAGNETICS AND RADIOMETRICS ................................. 26 
5.4 MAGNETICS INTERPRETATION .............................................................................................................. 28 

5.4. 1 Jntroduction ................................................................................................................................... 28 

iv 



5.4.2 Qualitative Interpretation ............................................................................................................. 28 
5.4.3 Detailed Interpretation ................................................................................................................. 29 

5.5 INTERPRETATION OFRADIOMETRICS .................................................................................................... 33 

CHAPTER 6 FORWARD MODELLING ................................................................................................. 36 

6.1 INTRODUCTION ......................................................................................................... ~ ........................... 36 
6.2 GEOLOGICAL AND PETROPHYSICAL CONSTRAINTS ............................................................................... 36 
6.3 2-D FORWARD MODELLING .................................................................................................................. 37 
6.4 DISCUSSION .......................................................................................................................................... 39 

6.4./ Preamble ....................................................................................................................................... 39 
6.4.2 Section 1 ........................................................................................................................................ 39 
6.4.3 Section 2 ........................................................................................................................................ 42 
6.4.4 Section 3 ........................................................................................................................................ 44 

CHAPTER 7 SUMMARY AND CONCLUSIONS ................................................................................... 47 

7.1 SUMMARY OF GEOPHYSICAL INTERPRETATIONS .................................................................................. .47 
7.1./ Gravity and Petrophysics .............................................................................................................. 47 
7.1.2 Magnetics ...................................................................................................................................... 48 
7.1.3 Radiometries ................................................................................................................................. 49 
7.1.4 Forward Modelling ....................................................................................................................... 49 

7.2 TECTONICS OF NORTHERN TASMANIA ...................................................................... ., .......................... 50 
7.3 TECTONIC SIGNIFICANCE OF GEOPHYSICAL INTERPRETATIONS ........... , ................................................ 52 
7.4 CONCLUSIONS ....................................................................................................................................... 53 
7.5 RECOMMENDATIONS FOR FURTHER STUDY ........................................................ , ................................. 55 

REFERENCES ............................................................................................................................................. 56 

APPENDIX 1 ................................................................................................................................................ 61 

LITERATURE REVIEW- EVOLUTION OF THE DELAMERIAN FOLD BELT: AN OVERVIEW 
OF EVIDENCE FROM SOUTH EAST GONDWANA 

APPENDIX 2 ................................................................................................................................................ 62 

BASE STATION DESCRIPTION 

APPENDIX 3 ................................................................................................................................................ 63 

TERRAIN CORRECTION PROGRAM, TERRAINZ 

APPENDIX 4 ................................................................................................................................................ 64 

GRAVITY STATION LISTING WITH BOUGUER AND RESIDUAL BOUGUER GRAVITY 
VALUES 

APPENDIX 5 ................................................................................................................................................ 65 

ROCK CATALOGUE WITH PETROPHYSICAL DATA 

v 

http:�..�.....��.�.......��.��......���.��.�.���.��..�.��������..���.��..����.�...��.�.�.��....�..�..��....�.�.��............�............�...�
http:�.�....�.��....��........�.��.......�.����������.��.�.�����������.����..�.��..�.�....�..�.�.�.��.�.�.�.....�..�...��......�..��..�.��.�


List of Figures 

Figure 1.1 Locality Map 

Figure 1.2 Broad Subdivision of West Tamar District Geology 

Figure 2.1 Geology, West Tamar District 

Figure 2.2 Structural History, West Tamar District 

Figure 3.1 Digital Elevation Model, West Tamar District 

P.1 

P.4 

P.6a 

P.11a 

P.15a 

Figure 4.1 Density and Magnetic Susceptibility of West Tamar lithologies P.19 

Figure 4.2 Density distribution of West Tamar District Lithologies P .19a 

Figure 4.3 Log Magnetic Susceptibility vs. Density P .20a 

Figure 5.1 Total Bouguer Gravity, Northern Tasmania P.22a 

Figure 5.2 Residual Bouguer Gravity, Northern Tasmania P.22b 

Figure 5.3 Total Magnetic Intensity, Northern Tasmania P.22c 

Figure 5.4 Total Bouguer Anomaly, West Tamar District P.23a 

Figure 5.5 Residual Bouguer Anomaly, West Tamar District 

Figure 5.6 Total Magnetic Intensity, West Tamar District 

Figure 5.7 Total Magnetic Intensity, Beaconsfield Area 

Figure 5.8 Total Magnetic Intensity, West Tamar District 

Figure 5.9 Residual Bouguer Gravity & Total Magnetic Intensity, 

West Tamar District 

Figure 5.10 Magnetic Interpretation, West Tamar District 

Figure 5.11 Digital Elevation Model with NE Illumination and 

P.24a 

P.27a 

P.27b 

P.29a 

P.29b 

P.30a 

Magnetic Features P .31 a 

Figure 5.12 Digital Elevation Model with NW Illumination and 

Magnetic Features P .32a 

Figure 5.13 Total U-Th-K Radiometries and 1:250 000 Geology P.33a 

Figure 5.14 Mosaic of Pseudocolour Radiometries P .35a 

Figure 6.1 Section 1- Modelled Gravity and Magnetics, Beaconsfield P.39a 

Figure 6.2 Section 2- Modelled Gravity and Magnetics, 

West Tamar District 

Figure 6.3 Section 3 - Modelled Gravity and Magnetics, 

Frankford to Winkleigh 

P.42a 

P.44a 

vi 



Chapter I Introduction 

1.1 Background and Geographical Setting 

The West Tamar District describes a region of northern Tasmania lying between the 

Tamar River and the Port Sorell embayment. The region is bounded to the north by Bass 

Strait and extends just south of the hamlet of Frankford on the Exeter-Devonport road 

(route B71, see Figure 1.1), a total area ofapproximately1000 km2
. 

Access to the area is obtained via two major highways, the West Tamar Highway (A7) 

which runs north from Launceston via Exeter and Beaconsfield, eventually terminating at 

Green's Beach, and the Exeter-Devonport Road (B71). In addition the area is criss­

crossed with minor roads and forestry roads, which are mostly gravel. Some areas, 

particularly in the vicinity of the Dazzler Range and the Supply River, are only accessible 

via four-wheel drive, normally only in good weather. Access to some areas had to be 

obtained by foot, particularly farm properties and the area around Anderson's Creek 

(figure 1.1). 

Figure 1.1. Locality Map (not to scale) 



The field area consists mainly of forested hills and rural farmland. In the rugged northern 

part of the area and along the coastal regions lies the Asbestos Range National Park, 

whilst to the south are extensive State forestry operations. Quite a wide variation in 

topography exists across the field area, ranging from sea level near Port Sorell and the 

River Tamar to over 500m in the central regions. Steep gradients are quite common, 

particularly in the central parts of the field area where drops of 20m over distances of 

10m were encountered. 

The West Tamar district is an area of diverse geology, comprising rocks ranging from 

Proterozoic age through to recent. The area has complex structural geology, having 

experienced repeated episodes of deformation. The area is of economic significance as it 

hosts the Beaconsfield Gold Mine, presently the one of the largest in Tasmania, and 

numerous small precious and base metal deposits. 

1.2 Previous Geological and Geophysical Work: a Summary 

1.2.1 Geological Research 

During the early 181
h Century iron and asbestos deposits were discovered in the West 

Tamar area, followed by the discovery of gold at Beaconsfield in 1877. Gold was also 

discovered in northeastern Tasmania at approximately the same time. These discoveries 

had the effect of boosting population and industry in northeastern Tasmania, as well as 

heightening geological interest in the area (Gee & Legge, 1979). 

As a consequence of the mining activity in the region, early geological research in the 

West Tamar district focussed mainly on the mining areas. Gould (1866) was the first to 

make geological observations regarding the prospectivity of the area, followed by more 

descriptive reports on the geology of the Beaconsfield goldfield (e.g. Montgomery, 1891; 

Twelvetrees, 1903). Subsequent reports by Green (1957, 1959) and Gee & Legge (1974, 

1979) have described the geology of the West Tamar area in more detail. The complex 

structural history of the area has been summarised by Elliott et al. (1993), and several 

honours theses (e.g. Komyshan, 1977; Hills, 1982; Parry, 1997; Lewis, 1998; and 

Atchison, 1998) have described various aspects of the geology of the area. In addition to 

these specific works numerous research papers (e.g. Berry & Crawford, 1988; Powell & 
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Baillie, 1992) have included aspects of the geology and structural history of the West 

Tamar district. The geology of the area is also summarised in Burrett & Martin ( 1989). 

1.2.2 Geophysical Research 

Geophysical studies in the West Tamar district are limited. A regional gravity survey was 

carried out in the area by Leaman et al. during 1970. The results and interpretations were 

described in a subsequent report (Leaman et al. 1973). Additionally, regional gravity 

stations were also acquired in the southern part of the area by Longman & Leaman during 

a gravity survey of Tasmania's Tertiary basins (Longman & Leaman, 1971a), and by 

Mineral Resources of Tasmania in1990 (R. Richardson, pers. comm.). 

Other geophysical studies in the area consist of airborne magnetics and radiometries. 

Aeromagnetic data for the area was acquired by the Australian Geological Survey 

Organisation (AGSO) in 1985/86 along broadly spaced (1500m) east-west flight lines as 

part of regional coverage for the State (Richardson & Roach, 1994 ). Airborne 

geophysical surveys have also been carried at more detailed levels for exploration and 

mining companies. An east-west survey of magnetics and radiometries at 150m flight line 

spacing and average 90m elevation was carried out in 1988 for the Beaconsfield Gold 

Mine Ltd. Subsequently a helicopter magnetic survey was flown in 1998 at 50m spacing, 

40m elevation and an east-northeasterly trend for Allstate Explorations NL, the present 

manager of the Beaconsfield Mine Joint Venture. Groundmagnetics in and around the 

town of Beaconsfield have also been <,tcquired by Allstate Explorations NL. 

The geophysical data for the West Tamar area and the north of Tasmania in general have 

been interpreted in several studies and publications (e.g. Leaman et al. (1973, 1975); 

Richardson et al. in Burrett & Martin (1989); Roach et al. (1993); Roach (1994) and 

Richardson & Roach (1994)). These studies have interpreted only regional gravity and 

magnetics. 

1.3 Summary of Previous Findings 

Studies of the geological evolution of the West Tamar district have proven to be 

controversial. Despite the potential tectonic and economic significance of the area, little 
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in the way of detailed mapping and exploration in the area has occurred until recently, 

with 1: 25000 scale regional mapping by Mineral Resources of Tasmania commencing 

during the course of this study. 

1.3.1 Geology 

The pre-Carboniferous geology of the West Tamar district can be broadly subdivided into 

three domains. These are the Port Sorell, Badger Head, and Beaconsfield "Blocks" of 

Elliott et al. (1993). The three "blocks", in the nomenclature of Elliott et al. (1993), 

respectively represent a Cambrian tectonic melange, Precambrian continental crust, and a 

,... -':~:'~1'EIt'" 

\..'-:. ... :.-. ~ 

./~,:!;~-~.~ 0-;'~ . ::'.~~~- ~ 

I!'......... ! ,) ~."::. ~ .';:. ' .~
 

1 L- __ .. ~ . . ) '. ~"""--"__ .:~ ..Ral,~ r • • ~.,(.. ."'CONS _,'. _'". ...) '. Bl.OCK _1..~  .. _. 
( . ..-~  ~ 

:~c~;~%,2l~~~~}~~~'
 
"'0 : ',;'. ·"""·_·..·,,· ...EAll. )~.  t"'~..  ...~~.... _'"Q ' ":. '- .....,.~  ... '. • -n, : <If#. ~._ 

X '.. ~J~  ~'::--:...  BLOCK: { .... T.5rTNlJ/.:
~...  "i --.. '~" .. ~-2..:. ..~. R~ > 
~ :.:.' :.:.~~, 1.-""""': : ~f'~"-:::'~';'.....,.'~\:~ 
,.... " ""j .....---../j. .{, .. :t,'.-, •., J. 
r- .... ";..--;.~ . \ '.... '&,)"".'J 

~':";;;"i"\v/  .: r ,.,. ..~.
 

"'SO'R'it=.,. '. \ ~-:;......._...... . \'" .,
 
~ .~ .... ~ ". ---' BLOC/< .. ". ":; ..\ . 

:. ,~.":¥  }~  

N 
, -, 

A 
Q 

---~ 

-
~ 

-~Po~-~n~I~~~~ .J 

Oroo"i~an  • DS''''Onial'' SOOIrno"J\a'Y r«:k$ 

Cll.m~'la"  U:I"IlIl:!'1laI)' rockS 

Cll.mr>r,c., t;1I.,amaf,.: arid reIale':l t:lCk3 

?P"o:e-czcil: r0ck5 

Figure 1.2 Broad Subdivision of West Tamar District Geology (after A. Reed, 1998) 

Lower Palaeozoic fold-thrust system. Collectively they comprise a package of 

sedimentary, volcanic, and ultramafic rocks with a minor dioritic intrusive body (e.g. 

Green (1957, 1959); Gee & Legge (1974, 1979); Gulline (1981); Elliott et al. (1993)). 

Mapping by these authors and others has recognised multiple episodes of deformation in 

the West Tamar district, causing repeated folding and faulting of the rocks in the area 
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1.3.2 Geophysics 

Leaman et al. (1973) interpreted a regional gravity survey of the West Tamar area, 

suggesting that the Badger Head Block was allochthonous with respect to surrounding 

rocks. 

1.3.3 Unresolved Problems; Motivation for Geophysical Study 

Previous studies have been very useful in clarifying the structural and geological 

complexities of the West Tamar District. Knowledge of subsurface geological and 

structural trends, however, is lacking in part due to the cover of Cainozoic sediments and 

thick vegetation, and in part due to the lack of detailed mapping and geophysical studies 

in the area. Consequently, the nature and timing of deformation events in the area, and 

hence the tectonic evolution of the area, are not completely understood. The potential for 

economic mineralisation has also highlighted the need for further regional exploration of 

the area, particularly since the re-opening of the Tasmania Mine at Beaconsfield during 

1999. 

Geophysical methods are viewed as a key tool in regional exploration. In particular, 

detailed gravity and magnetic traverses at close spacing are regarded as a good method 

for determining subsurface geological and structural trends. As gravity stations had 

previously been acquired only at regional scale, it was determined to acquire traverses of 

closely spaced gravity stations, whilst also reviewing airborne geophysical data from the 

area. 

1.4 Aims 

The principal aim of this study is to develop a geophysical interpretation of the complex 

structural geology of the West Tamar District. This will be achieved through the analysis 

and forward modelling of gravity data obtained from the region. Existing airborne 

magnetic data will also be re-examined and modelled with the gravity data. A 

petrophysical database obtained from local rocks will provide parameters to constrain the 

models. Tectonic models for this region of northern Tasmania will also be examined. 
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Chapter 2 Geology & Structure 

2.1 Regional Geological Setting 

The West Tamar District lies close to the boundary between what is traditionally termed 

Western and Eastern Tasmania (e.g. Burrett & Martin, 1989). To the west and south of 

the area of interest lies Western Tasmania, composed of Precambrian metasediments, 

Cambrian volcanics and sediments, Ordovician to Devonian shelf sediments, and further 

sequences of Late Carboniferous to Triassic sediments (Parmeener Supergroup) intruded 

by Jurassic dolerite. Western Tasmania has also been intruded by Cambrian and 

Devonian granitoids. East of the field area, on the eastern side of the river Tamar (Eastern 

Tasmania), lie Ordovician to Devonian turbidites of the Mathinna Group (Powell & 

Baillie, 1992). These have been intruded by Devonian granitoids and overlain by 

Devonian volcanics, Parmeener Group sediments and Jurassic dolerite. 

2.2 Local Geology - Precambrian 

2.2.1 Badger Head Block 

The Badger Head Block (BHB) is a region of the crust containing sequences of strongly 

deformed siltstones and sandstones, comprising the Badger Head Formation (BHF) (see 

figure 2.1). Sub-greenschist facies metamorphism has altered the lithologies to quartzite, 

greywacke and phyllite. The Badger Head Formation has been interpreted by Gee & 

Legge (1979) to be a turbiditic sedimentary sequence of Neoproterozoic age. This 

correlation is made on the basis of comparisons with similar sedimentary sequences (the 

Burnie and Oonah Formations) that occur within strongly deformed basement inliers in 

northwestern Tasmania. The sequences have also been compared to the deformed 

turbidites of the Mathinna Group, however a correlation between these units is unlikely, 

given the apparently unconformable contact relationship between Early Ordovician 

siliclastics of the older Denison Group and the Badger Head Formation in the Frankford 

area (Gulline, 1981; Atchison, 1998). Comparisons of detrital zircon populations from 

BHF rocks with those from the Mathinna Group are also more consistent with these rocks 

being of disparate age, and not lateral facies equivalents of one another (A. Reed, pers. 

comm.). 
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The actual age for the BHF, however, remains unknown. One whole rock K-Ar age of 

512 ± 7 Ma has been obtained by Adams et al. (1985) from a deformed phyllite, however 

this is likely to represent an age of metamorphism due to thermal resetting. 

Rocks from the Badger Head Block outcrop mainly along the north coast of the field area, 

particularly in the type area at Badger Head. They are also exposed in cuttings along 

forest roads in the hilly central spine of the field area, and in small fault-bounded inliers 

southwest of the hamlet of Frankford. In outcrop, the BHB is found to be fault-bounded, 

except in the Mt. Careless area to the south where it is in apparent unconformable contact 

with the Denison Group. However, this unit is itself completely fault-bound (Atchison, 

1998; Elliott et aI., 1993). 

2.3 Lower Palaeozoic 

2.3.1 Port Sorell Formation 

West of the BHB, and east of the Port Sorell embayment, lies a poorly exposed sequence 

of marine sedimentary rocks and mafic igneous rocks (Figure 2.1). The sequence is 

highly deformed and its age is unknown, but may be Late Neoproterozoic (R. Berry, pers. 

comm.) or Cambrian. It has been termed the Port Sorell Formation (Elliott et aI., 1993). 

Chief lithologies in the Port Sorell Formation (PSF) include marine shale, siltstone, 

sandstone and chert, with intervals of dolomite, conglomerate, intermediate to mafic 

volcanics, dolerite and volcaniclastic sandstone (Elliott et al., 1993; C. Calver, pers. 

comm.). The most common igneous rock is dolerite. It occurs as dykes, sills, blocks, and 

"blobs" in sedimentary units. No clasts of Badger Head Formation have been found in the 

PSF, which is fault bound against the BHB. The contact between the PSF and the BHB 

was interpreted by Elliott et al. (1993) to be a NNE-striking fault zone that dips 

moderately to the east-southeast. However, the actual contact between the PSF and the 

BHB is not exposed (c. Calver, pers. comm.). 

The PSF has been defined by Elliott et al. (1993) as a tectonic melange, in the sense that 

it is composed of a variety of rock types within a sheared fine-grained matrix, and that its 

formation caused disruption and deformation of pre-lithified mafic bodies. Many contacts 
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between rock types are faults, and the whole package has been tightly folded and faulted. 

Internal faults are commonly parallel or sub-parallel to bedding, and the dominant 

bedding facing is to the east. (Elliott et al., 1993). Alternatively, the PSF may just 

represent a broken formation (R. Berry, pers. comm., C. Calver, pers. comm.). 

2.3.2 Anderson's Creek Ultramafic Complex 

To the east of the Badger Head Block lies a poorly exposed slice of chert and pelitic 

sediments of presumed Cambrian age (Gee & Legge, 1979; Banks, in Burrett & Martin 

(1989, p. 82). The unit is fault-bounded to the west against the BHB (Elliott et al., 1993) 

and bears lithological similarities to both the Port Sorell Formation (Elliott et aI., 1993) 

and the Cambrian Blyth Creek Formation (Hills, 1999). 

Immediately east of the Cambrian sedimentary rocks is a layered complex of serpentinite, 

pyroxenite and gabbro, with pods of metamorphosed sedimentary rocks, known as the 

Anderson's Creek Ultramafic Complex (ACUC). The contact between the ACUC and the 

sliver of Cambrian sediments is not exposed, but it may be either a primary intrusive 

contact (Gee & Legge, 1979; Elliott et al., 1993) or a thrust fault (Hills & MacDonald, 

1999). The ACUC has been interpreted by Elliott et al. (1993) as a slice of ocean floor 

emplaced within an accretionary complex. This interpretation is given more weight if the 

slice of Cambrian rocks between the BHB and the ACUC can be correlated with the PSF. 

The eastern contact between the ACUC and Ordovician or Cambrian strata to the east has 

been interpreted as a fault, possibly a thrust (Elliott et aI., 1993), but may in fact be a 

faulted unconformity (G. MacDonald, pers. comm.) 

2.3.3 Blyth Creek Formation 

The Upper Middle Cambrian to early Ordovician Blyth Creek Formation (Green, 1959; 

Lewis, 1998; G. MacDonald, 1998a) contains a variety of lithologies, ranging from chert 

and black shale through to sandstone, siltstone, limestone and dolomite. The Blyth Creek 

Formation (BCF) also contains altered intermediate to mafic volcanics, e. g. the West 

Tamar Highway andesite, and a matrix-supported polymict conglomerate (Gee & Legge, 

1979; Lewis, 1998; Hills & MacDonald, 1999). The BCF has been correlated with the 

Dundas Group (Hills & MacDonald, 1999). 
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The base of the BCF is not exposed, with basal sequences commonly faulted. However, 

the polymict conglomerate, which typically occurs close to the faults, contains clasts of 

ultramafic material, implying that the ACUC originally lay stratigraphically beneath the 

BCF (G. MacDonald, pers. comm.). Outcrop of the BCF is poor west of Beaconsfield, 

however exposures are known near Peaked Hill and Holwell (Hills & MacDonald, 1999; 

Purvis (1999), in Hills (1999, p.3.). East of Beaconsfield the BCF is up to 500m thick (G. 

MacDonald, pers. comm.). 

2.3.4 Denison Group 

The early Ordovician Denison Group is represented to the east and south of the BHB by 

sequences of conglomerates, sandstones and siltstones with minor tholeiitic mafic 

volcanics (Gee & Legge, 1979, Gulline, 1981, Hills & Macdonald, 1999). The Denison 

Group rocks have been studied in detail, and subdivided by Lewis (1998), and Atchison 

(1998). In the Beaconsfield area the Denison Group comprises the Cabbage Tree 

Conglomerate, the Salisbury Hill Formation, and the Eaglehawk Gully Formation (Lewis, 

1998), (see Figure 2.3). The Cabbage Tree Conglomerate overlies and contains clasts of 

Blyth Creek Formation. It also contains quartz-rich detritus derived from the BHB and 

detrital olivine and chromite from the ACUC. The Cabbage Tree Conglomerate is 

transitionally overlain by the Salisbury Hill and Eaglehawk Gully Formations (Lewis, 

1998), the latter two formations hosting the 2M oz. Au Beaconsfield orebody. Each 

formation represents a progressively more fine-grained facies equivalent of the Cabbage 

Tree Conglomerate (Lewis, 1998). 

In the Frankford area, southwest of Beaconsfield lies the Mt Careless Subgroup. This 

comprises the Frankford Formation, Supply River Sandstone and Reids Creek Siltstone, 

as well as a possible correlate of the Blyth Creek Formation (Atchison, 1998, Purvis 

(1999), in Hills (1999, p.3.». The Mt Careless Subgroup is deposited unconformably on 

the Badger Head Formation, and represents a facies equivalent of the units in the 

Beaconsfield area. The major difference between the two areas is the virtual absence of 

ultramafic detritus in the Mt Careless Subgroup (Atchison, 1998). 
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2.3.5 Gordon Group 

Gradationally overlying the Eaglehawk Gully Formation is a light grey, stylolitic, deep­

water limestone called the Flowery Gully Limestone (Hills, 1982; Lewis, 1998). The 

limestone is transitionally overlain by a black, pyrite-bearing shale called the Grubb Shale 

(Green, 1959). Both the Flowery Gully Limestone and the Grubb Shale contain 

Ordovician fossils (Kennedy, in Burrett & Martin (1989, p.213) and have been correlated 

with the Gordon Group of West Tasmania (Green, 1959). 

2.3.6 Corn Hill Beds 

To the west and southwest of the Beaconsfield Mine are a sequence of dark grey massive 

sandstones and siltstones, grading into turbiditic greywackes containing early Devonian 

fossils. These rocks are termed the Corn Hill Beds (Hills, 1982). The sandstone unit 

contains Late Ordovician to Early Silurian fossils, whilst the dark, micaceous siltstones 

may be facies equivalents of the Grubb Shale (Banks et aI., in Burrett & Martin (1989, 

p.212-3); Hills & MacDonald, 1999). These rocks have been correlated with both the 

Eldon Group of West Tasmania (Hills, 1982) and the Mathinna Group of East Tasmania 

(Baillie et aI., in Burrett & Martin 1989, p. 235). Corn Hill Beds are also found in 

drillcore to the east of Beaconsfield (K. Morrison, pers. comm.). 

2.4 Upper Palaeozoic to Recent 

2.4.1 Overview 

Late Carboniferous to Triassic age rocks of the Parmeener Supergroup comprise 

glacigenic and fluvial to shallow marine sediments. Sequences are thickest toward the 

eastern and southwestern margins of the field area (Burrett & Martin, 1989). East of 

Beaconsfield, Permian sediments gently onlap Palaeozoic strata with angular 

unconformity, dipping approximately 10° NE. This implies that older units formed a 

structural high during Permian times (G. MacDonald, pers. comm.). 

Parmeener Supergroup rocks are intruded by Jurassic dolerite sills and dykes, particularly 

in the vicinity of the River Tamar and Port Sorell, where they form NW-trending 

structures, roughly parallel to the trend of Mesozoic-Cainozoic extensional basins, 

particularly the Tamar Graben. Tertiary basalts are also found in the vicinity of the Tamar 
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Graben and Port Sorell. Gravelly sediments of Tertiary age and Quaternary alluvium 

occur throughout the field area (Gee & Legge, 1979; Elliott et aI., 1993). 

Since Mesozoic times both normal and strike-slip faulting have occurred in the vicinity of 

the present Tamar Valley, along with a mild compressional event which has gently 

warped the Jurassic and older rocks. These events, plus the intrusion of Jurassic dolerite 

and extrusion of Tertiary basalt, are likely to be associated with the break-up of 

Antarctica and Australia (Woodward et aL., 1993). 

2.5 Structural Synthesis 

2.5.1 Structural History 

The main structures in the West Tamar District are faults, with folding prominent only in 

the Badger Head Block (Elliott et aL., 1993). The complex structural history of the area 

can be attributed to the effects of the Middle Cambrian - Early Ordovician Delamerian 

Orogeny and the Middle Devonian Tabberabberan Orogeny, plus post-Permian 

extensional faulting and mild compression (Elliott et aI., 1993). 

The structural history of the West Tamar District is summarised in Figure 2.2. The table 

is not meant to be a complete summary of the deformation history of the West Tamar 

District, rather a broad synthesis of what deformational events and their associated effects 

are presently known to have occurred and where they can be correlated. Nor does the 

table imply anything fixed regarding the relationships between different tectono­

stratigraphic units or their present distribution. The "Block" terminology of Elliot et al. 

(1993) is used for convenience. 

Four main thrust slices are known in the Beaconsfield area. These have been termed, from 

west to east, the Anderson's Creek Slice, the Peaked Hill Slice, the Cabbage Tree Slice 

and the Cobblestone Creek Slice (Hills & MacDonald, 1999; Hills, 1999). The 

Beaconsfield gold orebody is hosted within the Cabbage Tree Slice. Thrusting is also 

confined to units older than the Carboniferous. Rocks of the Parmeener Supergroup are 

only mildly deformed and overlie older sequences with angular unconformity. 
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Chapter 3 Gravity Survey 

3.1 Survey Objectives 

The aim of the gravity survey was to delineate subsurface geology and structure in the 

West Tamar district. This was to be achieved by acquiring a detailed coverage of gravity 

stations along traverses, in order to infill regional gravity station coverage, and hence 

provide complementary data to aeromagnetics for 2-dimensional structural modelling. 

The resolution of a gravity survey is dependent on three major factors: 

•� The spacing of measurements. Measuring the Earth's gravity field at a broad or 

regional scale, for example every kilometre or more, will tend to pick up only regional 

gravity gradients generated by deeper crustal sources. A closely spaced survey, with 

measurements every 100 metres or less, will be much more sensitive to upper crustal 

sources and local effects. 

•� The density contrast between different lithologies. A gravity survey may prove to be 

of little use if there is no effective contrast between lithologies on a local or regional 

scale (see section 3.3). Petrophysical data was obtained from rocks in the region to 

help determine this factor. 

•� The accuracy of the survey, especially with regards to the measured elevation, 

geographical position, gravity meter sensitivity and applied terrain correction. 

3.2 Data Acquisition 

A total of 5 traverses, with stations acquired at a semi-regional and local scale, were 

deemed adequate for the scope of this study. The traverses were chosen so as to run 

approximately perpendicular to regional structural and bedding trends. The locations of 

the traverses were chosen to give as broad a coverage as possible across the most 

representative lithologies. Traverses were initially drawn as straight lines on 1:25000 

topographic maps and 1:63360 regional geology maps, then modified to lines of best fit 

allowing for vehicle or foot access (Figure 2.1). 

During the survey a flexible approach was adopted out of necessity, as access to many 

areas was limited due to either bad or non-existent roads, roadblocks, dense undergrowth, 

swampy ground or steep topography, and unreachable or inhospitable landowners. In 
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addition solo foot traverses were deemed impracticable due to cumbersome field 

equipment and four-wheel drive access was limited. The assistance of the exploration 

geologist from the Beaconsfield mine joint venture for the foot traverses is gratefully 

acknowledged. 

A total of 370 new gravity stations, including a new gravity base station, were acquired 

from April through to August 1999, using a Scintrex CG-3 gravity meter. At each station 

gravity was read for 40 seconds, then recorded along with station number on the meter. 

Repeat readings, measured for 120 seconds, were obtained daily at the base station, where 

loops of gravity readings were tied. Repeat readings were also taken selectively in the 

field. Station densities ranged from approximately 1 for every hundred metres along the 

line of best fit for the traverse, to approximately 1 in 500m across the Badger Read Block. 

The final locations of the traverses, outlined by gravity station coverage, are shown in 

figure 2.1. The new gravity base station, number 9949.9001, was established in 

Beaconsfield by tying to base station 7051.9101 at the corner of Beauty Point Road and 

Kelly's Lookout Road north of the town. Its location is shown in Appendix 2. 

Australian Map Grid, Zone 55 (AMG 55) positions and elevations (ARD) for the gravity 

stations were determined using differential GPS receivers in what is termed a post­

processed survey. This involved the use of two Ashtech Reliance GPS units taking 

simultaneous position measurements, one located at a base station with known 

coordinates (base GPS), and the other located at the new gravity station (roving GPS). 

The roving GPS reads positional information for a set period, typically 3-5 minutes 

depending on satellite coverage and/or tree/topographic/building obstructions. Such 

factors also have an influence on the final accuracy of positions obtained. Each evening 

GPS data from each unit were downloaded onto and processed on a laptop computer, 

using Reliance software. The output of the Reliance software is an ASCII file containing 

the AMG eastings, northings and elevations, and their respective errors. Errors are 

discussed in section 3.5. 

3.3 Data Reduction and Processing 

Data from gravity measurements were corrected daily for meter drift and loop errors 

using a time dependent difference method, and subtracted from the base station readings 

to obtain the differences in gravity for each station relative to the known base station 
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gravity. GPS antenna elevations were also accounted for at the computer processing stage 

each evening. The pre-reduction gravity dataset consisted of gravity station differences 

from base gravity, in rnilligals ,(mGal), and AMG coordinates, including elevation, for 

each station. 

3.3.1 Terrain Corrections and the Bouguer Anomaly 

The objective of reducing gravity data is to first obtain the total Bouguer anomaly, which 

reflects the density contrast between anomalous masses and normal crustal density (2.67 

tlm\ A map of the residual Bouguer anomaly can then be created, which will higWight 

local density variations with the effect of the regional gravitational field generated by 

deep crustal sources removed. The residual Bouguer anomaly is calculated via a process 

known as regional-residual separation, which is described in section 3.3.2. 

The reduction sequence follows closely to the method of Leaman (1995). 

1. Calculate the observed gravity for the station (in rnilligals). 

Gobs = G base + difference from base (1 ) 

2. Calculate theoretical gravity for the station, which is the gravity field generated by the 

whole earth ellipsoid at the sea level-equivalent position of the station. Using the 1930 

International Gravity Formula, which is the standard for Tasmania, 

G1heo =978049(1 + O.0052884sin2A. - O.0000059sin22A.) (2) 

Where Gtheo is in milligals and Ais the latitude of the station in radians. 

3. Calculate the Free Air correction, which accounts for the elevation of the station above 

the ellipsoid. This has the effect of decreasing the earth's field by 0.3086 mGal per metre. 

FA = -0.3086h (3) 

Where h is the height of the station in metres above sea level. 
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4. Calculate the Bouguer correction, which accounts for the presence of mass between the 

station and the ellipsoid. 

BC =O.04191ph (4) 

Where h is the height of the station, and p represents the background density relative to 

which the anomalies are defined. For this and most geological situations the standard 

crustal density of 2.67 Um3 is assumed. 

5. Calculate the Terrain correction (TC), which approximates the gravitational effect of 

topography in the surrounding area on the gravity reading at a given station. The terrain 

correction also helps to overcome the overcompensation generated by the Bouguer 

correction near topographic features (Blakely, 1996). In areas of low relief, this correction 

is often not applied. Due to the considerable topographic variation in the West Tamar 

area, this effect is particularly important. 

Terrain corrections were generated in two parts. The first part of the correction, which 

accounted for topographic effects from a radius of 22 km to 50 m around each station, 

was generated by inputting a digital elevation model (DEM) and station coordinates into a 

Fortran program, terrainz, which is shown in Appendix 3. The program estimates the 

gravitational attraction of rectangular prisms with constant density defined by the DEM. 

The digital elevation model was created in the software program ARCINFO, using digital 

elevation data provided by the Department of Lands, an equivalent of twelve 1:25000 

map sheets covering the field area. Due to the large spread of stations across a fairly large 

field area, the 1:25000 digital elevation data was supplemented with 1:250000 data 

toward the extremities of the required correction radius. Bathymetric contours from Bass 

Strait were also included with the I :25000 digital elevation data. The combined vector 

data sets were converted into a triangulated irregular network (tin) and subsequently 

gridded by linear interpolation. The grid mesh size was 20 metres. The DEM is shown in 

Figure 3.1. 

The second part of the terrain correction relied on the method of Hammer (1939) to 

manually calculate the corrections for the inner 50m around the station, as the DEM does 
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not have sufficient resolution to account for near-station topographic effects. Owing to 

the abrupt relief in many parts of the field area, these effects were often significant. Field 

notes of local topographic changes and 1:25000 maps were used to estimate the inner 

zone correction. The corrections created in this fashion were added to the corresponding 

output values from terrainz to obtain the total terrain correction. 

6. Finally, calculate the Bouguer Anomaly. This is given by the formula: 

BA = (Gobs - FA - BC + TC) - G theo 

=(Gobs + 0.3086h - O.04191ph + TC) - G theo (5) 

The Fortran program UI91DK, which is standard for Tasmania gravity reduction, was 

used to automate this process, except for calculating terrain corrections. All that is 

required are the station coordinates, the known base gravity value and the differences 

from base gravity, plus the final terrain corrections. The resultant output, with Bouguer 

gravity values, is tabulated in Appendix 4. 

3.3.2 The Residual Bouguer Anomaly and Gridding 

Prior to data reduction, the existing MANTLE 91 Residual (Leaman & Richardson, 92) 

and Bouguer gravity dataset for Tasmania was obtained under licence from Mineral 

Resources of Tasmania. A section of that data was combined with the new gravity 

dataset. The Bouguer gravity values from the combined gravity dataset were initially 

gridded using triangulation in the program Surfer to highlight erroneous data points. 

Thirteen data points were removed, five from the new survey and eight from the 

MANTLE 91 database. The main source of error was assumed to be bad station 

elevations, leading to erroneous Bouguer gravity values. 

The dataset was subsequently gridded in Surfer at 50m-mesh spacing using a minimum 

curvature algorithm, with a total grid density of 814 rows by 590 columns, and grid nodes 

corresponding to roughly 1/2 to 1/20 of the space between stations. The 50m-mesh 

spacing was chosen as it corresponds to approximately one half the average distance 

between stations along traverses. A contoured pseudocolour image of the total Bouguer 

anomaly over the West Tamar District is shown in Figure 5.4. Due to the relatively high 
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density of stations along traverse lines, and only regional coverage elsewhere, the 

gridding process tends to create artefacts in some areas between traverses and artificial 

anomalies in areas of very low station coverage. The image is nevertheless as 

representative as possible. 

The residual Bouguer gravity values were generated via a method akin to that of the state 

residual gravity model, MANTLE 91 of Leaman & Richardson (1992). The MANTLE 91 

model separates the regional gravity field from the Bouguer anomaly field through 

forward modelling. The MANTLE 91 regional attempts to model the gross changes in 

crustal thickness and composition across Tasmania. 

The approach was adopted for this study involved extracting a grid of the regional field 

from the MANTLE 91 database, and interpolating between grid points to obtain regional 

gravity values for each new gravity station. The residual gravity field was obtained by 

subtraction of the interpolated regional field from the total Bouguer gravity values for 

each station. Pre-existing residual gravity values obtained in this way differed from their 

MANTLE 91 counterparts by 0.003 of a milligal or less, so the method was accepted for 

all values. Residual Bouguer gravity values for the area are tabulated in Appendix 4. A 

contoured pseudocolour image of the residual Bouguer anomaly is shown in Figure 5.5. 

3.5 Survey Precision 

The accuracy in recorded elevation ranged from 0.11 to 1.96 metres, with a median value 

of 0.49 metres. This corresponds to an average uncertainty in the Bouguer anomaly of 0.1 

mGal, and a maximum uncertainty of 0.4 mGal. The uncertainties in eastings and 

northings ranged from 0.09 to 1.97 metres and 0.12 to 1.12 metres respectively, with both 

having a median of 0.35 metres. Dense tree coverage or local topographic effects limiting 

satellite coverage and interfering with signal reception were the normal cause of 

positional errors. Gravity meter errors were generated mainly by microseismic activity or 

by planting the meter tripod in swampy ground. Typically errors are to the order of 

O.OlmGal. Given a 5% error in the terrain correction model, or 0.065 mGal (Hillier, 

1998), this produces a total average uncertainty of 0.18 mGal in the Bouguer anomaly 

map for the area. 
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Chapter 4 Petrophysics 

4. 1 Data acquisition and analysis 

Accurate modelling of the gravitational and magnetic response of rocks can only be 

achieved through knowledge of the physical properties of rocks pertaining to these fields, 

density and magnetic susceptibility. Hence density and magnetic susceptibility 

measurements were obtained from a representative suite of rocks from the West Tamar 

District. 

Most measurements were taken whilst at Beaconsfield using carefully picked samples of 

drillcore or hand specimens where no drillcore was available. The exceptions were the 

samples of Badger Head Formation, retrieved from relatively fresh rock along the north 

coast, under a Department of Lands permit. Density and magnetic susceptibility 

measurements of these were calculated at the University of Tasmania. Petrophysical 

measurements of Anderson' s Creek ultramafic rocks were carried out on core samples 

stored in the Mineral Resources of Tasmania core shed, on location. A total of 93 samples 

were obtained from a variety of rock types. 

Magnetic Susceptibility was recorded using a hand-held Exploranium KT-5 meter, which 

reads to 3 significant figures and has a range from 0.01 to 999 SI * 10-3
. Density 

measurements were obtained using a set of electronic scales, a weighing basket, buckets 

of water and Archimedes' principle. If water is assumed to have a density of 1.00 tlm3
, 

then the density of a sample mass is given by: 

Dry Mass (mDJ 

Density (p) = (tlm3
) (6) 

Dry Mass - Wet Mass (mwJ 

All samples were soaked in water for at least 24 hours so as to fill as much pore space as 

possible, and hence obtain the most accurate volume displacement when weighed in 

water. Samples were then weighed whilst suspended in a basket immersed in water to 

obtain the wet mass (mw), then quickly surface dried and weighed in air to obtain the dry 

mass (mD). The separate masses were recorded, and densities calculated using equation 

(6). The full list of magnetic susceptibility and density values obtained is shown in 

Appendix 5. 
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4.2 Results and Interpretation 

The range of density and magnetic susceptibility values for West Tamar lithologies is 

shown in Figure 4.1. 

Rock Unit 
Density 
Range 

tlm3 

Mean 
tlm3 

Median 
tlm3 

Mag. 
Susc. 
Range 
SI*10-3 

Mean 
SI*10-3 

Median 
SI*10·3 

Anderson's 
Creek 

Ultramafic 2.0-3.1 2.49 2.36 5-150 65 59 
Complex 
(ACUC) 

Port Sorell 
Formation 2.3-3.0 2.70 2.72 0.01-1.42 0.44 0.48 

(PSF) 

Badger 
Head 

Formation 
2.6-2.7 2.67 2.67 0.08-0.17 0.13 0.13 

(BHF) 

Denison 
Group (DG) 2.5-2.9 2.71 2.72 0.03-5 0.54 0.15 

Grubb 
Shale, Corn 

Hill Beds 
2.5-2.8 2.65 2.65 0.05-0.27 0.17 0.17 

(GS+CHB) 

Blyth Creek 
Formation 

2.5-3.0 2.78 2.8 0.02-21 0.23* 0.22* 

Flowery 
Gully 

Limestone 
2.6-2.8 2.74 2.74 0.02-0.04 0.03 -

(FGL) 
Permian 

sandstone & 
siltstone 

2.4-2.6 2.52 - 0.04-0.05 0.04 -

(PERM) 

.. Not including volcanics and occasional serpentinite 

Figure 4.1 Density and Magnetic Susceptibility of West Tamar lithologies 

The petrophysics of the rock units in the West Tamar area is best described with reference 

to figures 4.2 and 4.3. The density distribution illustrated in figure 4.2 shows an overall 

density mean of approximately 2.7 t/m3
. Taking into account the upward rounding effect 

of the histogram generation, the immediate implication for the gravity reduction process 

is that the standard crustal density of 2.67 t/m3 used to generate the Bouguer anomaly is 
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Figure 4.2 Density Distribution of West Tamar District 
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appropriate for the West Tamar District. Also obvious from figures 4.1-4.3 is the wide 

range of densities and very high magnetic susceptibilities of samples from the Anderson's 

Creek Ultramafic complex. Although ultramafics do intrinsically have high densities, up 

to 3.3 tlm3 (Telford et aI., 1990), intense serpentinisation of the ultramafics during their 

deformation and metamorphism (Elliott et aI., 1993) has led to the lower densities 

measured. Abundant magnetite in the ultramafic complex (Gee & Legge, 1979) is 

responsible for high magnetic susceptibility. 

A wide range of densities and magnetic susceptibilities is also recorded from the Blyth 

Creek and Port Sorell Formations, though this is to be expected given that these 

undifferentiated formations contain both sedimentary rocks and volcanics. The variation 

in densities in these two formations and the ACUC implies that interpretation of gravity 

profiles over these units, particularly where only regional coverage exists, is likely to be 

somewhat subjective. Density and magnetic susceptibility values for the Badger Head 

Formation and Lower Palaeozoic strata tend to cluster between 2.6-2.8 tlm3 and 0.1-0.3 

SI* 10-3
, also implying some potential difficulty in differentiating between the units, 

particularly with regard to their magnetic signature. The values obtained from the Badger 

Head Formation were typical of what one would expect from cratonic metasedimentary 

rocks. The Flowery Gully Limestone does stand out somewhat due to its consistent 

relatively high density (2.74 tlm3
) and very low magnetic susceptibility (0.03 SI* 10-3

). 

Permian rocks also record low density and magnetic susceptibilities. Jurassic dolerite was 

not included in the survey as no fresh samples were obtained. The physical properties of 

Jurassic dolerite however are well known due to its abundance in Tasmania; values used 

in this survey are 2.9 tlm3
, from Leaman et al. (1973), and an assumed range of 1-10 

SI* 10-3 for magnetic susceptibility. Cainozoic sediments are assumed to have very low 

densities, to the order of 2.0 tlm3
, and to be non-magnetic. 

A slightly disturbing result was the relatively wide range in densities obtained from 

samples of the economically significant Denison Group. The dense values obtained may 

be due to the presence of dominantly clast-rich conglomerate in the Cabbage Tree 

Conglomerate and calcareous siltstone and limestone in the Eaglehawk Gully Formation. 

Low density values are mainly derived from grits and sandstones in the Cabbage Tree 

Conglomerate and the Salisbury Hill Formation. High magnetic susceptibilities in the 

Eaglehawk Gully Formation are due to secondary magnetite veins, presumably 
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Figure 4.3 Log Magnetic Susceptibility vs. Density 
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precipitated from fluids that have passed through ultramafics at depth (G. MacDonald, 

pers. comm.). The wide range of densities does however make differentiation of the 

Cabbage Tree Formation from other strata subjective. 

The overall implication of results from the petrophysical survey is that differentiation of 

units on the basis of magnetics is extremely difficult, with the exception of the ACUC and 

Jurassic dolerite. A closely spaced gravity survey is most likely to reveal variations 

between lithologies, but an attempt to ascribe units based purely on gravity signature is 

likely to be fraught with error. Cautious forward modelling, with known structural and 

lithostratigraphic trends uppermost in mind, is the method most likely to have success in 

delineating subsurface trends (see section 6.2). 
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Chapter 5 Geophysical Interpretation 

5.1 Regional Geophysics 

5.1.1 Gravity 

Pseudocolour images of total and residual Bouguer gravity for central northern Tasmania 

are presented in figures 5.1 and 5.2 respectively. The regional total Bouguer anomaly 

image shows several main features. The major regional trend is for a gradual decrease in 

total Bouguer gravity to the south due to crustal thickening, and the presence of light 

Precambrian crust. (Sheehan, 1969; Leaman et aI., 1973). Tasmanian crust thickens from 

approximately 25 km beneath Bass Strait to 30 km beneath the central plateau (Sheehan, 

1969; Roach et aI., 1993). The broad NNW-trending negative anomalies to the north and 

southwest of Launceston depicted in figure 5.2 correspond to the Tamar Graben and the 

Longford Basin respectively. These are Mesozoic-Cainozoic rift basins in filled with light 

sediments (Leaman et aI., 1973; Direen, 1995). 

To the south of Port Sorell a broad positive anomaly with steep gradients on its western 

and eastern sides (-450000E, 468000E) extends toward Deloraine (figure 5.2). The 

eastern gradient appears to be related to the western edge of the Precambrian Badger 

Head Block and its neighbouring Lower Palaeozoic sediments (Leaman et aI., 1973), 

whilst the western gradient is associated with the Tiers Fault, a major crustal lineament 

(Leaman, 1994). The northwesterly trending anomaly towards the southwestern part of 

the map follows a structural trend known as the DelorainelRailton Trend (Seymour, in 

Burrett & Martin (1989, p.240-45) which parallels the eastern. extension of the Dundas 

Trough (Burrett & Martin, 1989). To the east and northeast of Launceston (-510000E, 

5410000N) a large positive anomaly marks an area of dense Mathinna Group rocks 

(Symonds, 1971). The gradual negative trend along the far east of the image signals an 

encroaching granite batholith (Leaman et aI., 1973). 

5.1 .2 Magnetics 

A pseudocolour image of regional aeromagnetics with northeast sunshading is shown in 

Figure 5.3. The aeromagnetic data are part of the AGSO 1500m east-west state coverage. 

The large north-northwest trending positive anomaly west of the River Tamar 
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corresponds to the position (-480000E, 5440000N) of the outcropping Anderson' s Creek 

Ultramafic Complex. Clearly it is greater in extent in the subsurface and also appears to 

be linked at its southern margin to a series of similarly trending positive anomalies. 

Directly to the west and east of the ultramafic body are broad negative anomalies, 

corresponding to the essentially nonmagnetic Badger Head Block and Lower Palaeozoic 

sedimentary rocks respectively. Richardson & Roach (1994) interpreted the intensity of 

the negative anomaly over the Badger Head Block as a function of the increasing 

thickness of the Precambrian crust to the south. The boundary between the BHB anomaly 

and the ACUC anomaly also appears to lie along a major north-northwest trending 

structure, possibly a fault. The dominant structural trend in the region is north­

northwesterly, except toward the southwest where the trend swings to the west. The east­

west flight direction tends to mask any features which may be trending in that sense. 

Most of the positive anomalies throughout the remainder of the region correspond to 

bodies of Jurassic dolerite and Tertiary basalt (e. g. near 492000E, 5442000N), though 

some intensely negative anomalies (-500000E, 5456000N) correspond to reverse 

remanent magnetisation in Tertiary basalt (Richardson & Roach, 1994). Richardson & 

Roach (1994) have interpreted the large positive anomaly in the far northeastern corner of 

the image as due to the presence of more ultramafics at depth, overprinted by north­

northwesterly trending anomalies produced by Mathinna Group rocks. 

5.2 Qualitative Gravity Interpretation 

The interpretation of the total Bouguer and residual Bouguer gravity field over the West 

Tamar District was carried out using templates of Figures 5.4 and 5.5 respectively, and an 

overlay of 1:250000 geology for northeast Tasmania (McClenaghan & Calver, 

comp.1994). Two outstanding features are immediately apparent, the roughly rectangular 

north-northwesterly trending Mesozoic-Cainozoic extensional basin that is the Tamar 

Graben (Leaman et al., 1973), and a steep, east-directed gradient trending north-south 

toward the west of the images along 470000E. 

In the Tamar Graben, negative anomalies occur either where the present River Tamar 

flows, or where low density Cainozoic sediments have accumulated. The latter may 

represent former river channels, now point-bar deposits, or lakes and lacustrine 

sediments. This is illustrated particularly well near Rowella (492000E, 5440000N) and 
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Figure 5.4 Total Bouguer Anomaly, West Tamar District
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also to the east and west of the present river mouth, implying that the river has not only 

changed its flow direction but also its mouth (see also figures 1.1 and 2.1). Some locally 

positive anomalies are due to the presence of interbedded Tertiary basalts, but most 

positive effects due to basalt are swamped by Cainozoic sedimentation. Local highs 

slightly further away from the river course trend north-northwest and correspond to 

Jurassic dolerite sills, which appear· to mark the boundaries of thickest Cainozoic 

deposition. These are particularly prominent near Sidmouth (492000E, 5438000N) and 

east of Georgetown (488000E, 5450000N), where highs persist under sedimentary cover 

and mark the position of buried dolerite. The steep east and west-directed gradients in the 

area are clear markers of a downthrown block and most Cainozoic sedimentation in the 

northeast is confined to this broad graben structure. 

To the southeast a large patch of Quaternary sediments over a broad positive anomaly 

corresponds to the Supply River valley. Gravity contours in figure 5.5 follow the shape of 

the river, particularly near 492000E, 5430000N. Further gravity lows in the central and 

southern parts of the area, in the vicinity of Holwell, Sidmouth and Winkleigh (e. g. near 

484000E, 5422000N), appear to be controlled in part by Permian sedimentation. Gravity 

contours also appear to mimic bedding trends, perhaps reflecting different stratigraphic 

densities. The Bald Tier Fault, which separates Ordovician and Permian strata in the area 

east of Frankford, corresponds to a local minimum near (483000E, 5426000N), with 

gravity contours following the north-south trend of the fault. The overall low to the south 

is likely to be due to thickening Parmeener Supergroup sequences and increasing 

Cainozoic cover. A prominent gravity low to the northwest of Frankford marks another 

small Tertiary basin (473000E, 5428000N). 

Strings of locally negative and positive anomalies, trending NNW-SSE from 

Beaconsfield (484000E, 5439000N) marks the position of the Ordovician Cabbage Tree 

Formation. The locally steep east and west-directed gradients either side of the string of 

lows not only mark abrupt density changes, they parallel the strike of the Cabbage Tree 

and Cobblestone Creek thrust faults. It should be noted however that the anomaly patterns 
I 

in this area are strongly controlled by the gravity station traverses with little coverage 

between. The bulbous lobe of low gravity immediately to the west of Beaconsfield 

corresponds to Cabbage Tree Formation within the Peaked Hill Slice (483000E, 

5436000N). Low gravity is also a feature to the southwest where facies equivalents of the 
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Cabbage Tree Formation crop out near Frankford (-481OOOE, 5426000N). Low residual 

gravity appears to be feature of zones of Denison Group sedimentation within the study 

area. 

The prominent gravity low to the west of Beaconsfield also lies over outcropping 

Anderson's Creek ultramafics and Permian sediments. This is to be expected given the 

serpentinisation of the ultramafic complex. The extension of the low to the south of 

outcropping ultramafics also supports continuation of the body at depth, but the 

contribution of the Ordovician and Permian sediments to the negative anomaly should be 

considered. The non-uniformity of the density distribution of ultramafics suggests that the 

body as a whole may still have an effective density greater than that of the mean or 

median illustrated in Figure 4.1. Toward the western margins of the outcropping 

ultramafics the residual Bouguer anomaly becomes more positive, and the northern 

extension of the body as suggested by regional magnetics implies that the body may 

continue north under more dense lithologies. 

In the western part of the field area the prominent north-south trending, east-directed 

gradient lies along the boundary between the Port Sorell Formation and the Badger Head 

Block, and persists to the south following the contact between the PSF and a body of 

Jurassic dolerite. The gradient clearly represents a major structure due to its size and 

persistence. Factors contributing to the large gravity high in the west include the presence 

of abundant Jurassic dolerite and Tertiary basalt, in addition to dense Cambrian 

sediments, dolerite and basalt. Relative lows within this positive anomaly are generated 

by Cainozoic sediments near Port Sorell (e. g. 465000E, 5434000N), and by Permian and 

Triassic sediments south of Port Sorell and near Elizabeth Town. 

The shape and overall negativity of the residual Bouguer anomaly over and to the south 

of the outcropping Badger Head Formation suggests continuation of the Precambrian 

BHB to the south. However, in addition to the north-south gradient bounding the BHB to 

the west, north-south trending positive anomalies also exist along 478000E, inside the 
I 

confines of known BHF outcrop. The presence of these and other positive anomalies over 

the BHB suggests the presence of denser units at depth, as noted by Leaman et aL. (1973). 

A positive ridge to the west and south of Frankford also marks the position of 

outcropping inliers of BHF, again likely to be underlain by denser lithologies. 
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Some anomalies in the field area are poorly constrained due to low or no station coverage, 

the main example being the large positive anomaly lying across the northern part of the 

BHB. Gravity stations do exist along Asbestos Range Road (C74l, see Fig 1.1) and along 

the coast, but nowhere between. Although a positive trend is likely in the area, 

particularly due to the effect of crustalthinning, it may not be to the extent defined by the 

anomaly. Similarly the positive anomaly north of Low Head is not constrained by any 

gravity measurements as it lies offshore, and is no doubt a gridding artefact generated by 

the presence of a gravity station on dolerite at Low Head. The negative anomalies 

northwest of Frankford are also poorly constrained by station coverage, though a low is 

expected over the Cainozoic sediments. 

The strong and broad positive anomalies in the vicinity of Winkleigh (486000E, 

5428000N) are likely to be real features, caused by Jurassic dolerite intruding Permian 

sediments under Quaternary and Permian cover, and lor possibly relatively dense Lower 

Palaeozoic rocks at depth. The evidence for dolerite at depth is strengthened by the 

presence of corresponding magnetic highs (figures 5.3, 5.6-5.9). 

5.3 Acquisition and Processing of Airborne Magneties and Radiometries 

As part of their support for this study the Beaconsfield Mine JV agreed to release airborne 

geophysical data held under closed file by the Mineral Resources of Tasmania. These 

surveys included the Beaconsfield 1988 fixed wing geophysical survey, a helimag survey 

flown in 1997 and groundmagnetics around the town of Beaconsfield acquired during 
I 

1998. The datasets were obtained from Mineral Resources of Tasmania as raw located 

data files on magnetic tape. 

The Beaconsfield 1988 dataset consisted of airborne magnetics and radiometries. The raw 

data was dumped off magnetic tape and imported into the program AGP version 4.0, 

where initial editing to remove noisy data was conducted. This process was carried out 

for each channel of magnetics and radiometrics. The raw dataset, consisting of 

aeromagnetics flown at 200m line spacing and average 90m terrain clearance, was 

subsequently gridded at 40m spacing, using a bicubic spline algorithm, in order to 

interpolate between flight coverage, and exported in an ER Mapper v.5.5a raster file 
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fonnat. The 1997 helimag raw dataset, flown at 50m line spacing and 40m terrain 

clearance, was treated in similar fashion and exported into ER Mapper, but the 1998 

groundmag dataset was deemed to too noisy for practical use at the scale of interpretation 

and ignored. 

In ER Mapper, the Beaconsfield 1988 magnetic data was imaged and filtered using a 

variety of techniques to enhance the response and see structural trends. A plain 

pseudocolour image of total magnetic intensity for the Beaconsfield 1988 data, with 

sunshading on the intensity layer, is shown in figure 5.6. The 1988 higher resolution 

image has been complemented with the older 1500m spaced coverage, in order to cover 

an equivalent area to that shown in the images of Bouguer gravity. The same filtering and 

processing techniques have been applied to each raster dataset. 

As the main magnetic unit in the area is an ultramafic body, and other units were virtually 

non-magnetic, the signal from the ultramafic body tended to swamp the magnetic 

response from the area. An automatic gain control filter was applied to. enhance smaller 

magnetic highs and lows, whilst preserving the stronger signals. Additionally, a low pass 

filter was applied to remove background noise from the signal response, and a sun angle 

filter, effectively a horizontal gradient filter, was applied to highlight structural trends. 

The resultant image, shown in figure 5.7 as a plain greyscale image of the 1988 dataset, 

proves to be most effective in enhancing the subtle magnetic trends in the area, as well as 

highlighting major and minor structural features. A similar image is shown in figure 5.8 

as greyscale image overlain by a pseudocolour layer and complemented with regional 

aeromagnetics. These two images, plus an additional image of enhanced magnetics 

overlain by pseudocolour layer of residual Bouguer gravity (figure 5.9), have been 

selected for interpretation. 

The helimag raster dataset was processed in the same way as the Beaconsfield 1988 

dataset. However, upon production and comparison with the enhanced Beaconsfield 1988 

magnetics, it was realised that the effective resolution of the two datasets was the same at 

the scale of interpretation, so the helimag images were not required for detailed 

interpretation. 
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Raster datasets of radiometrics were treated in much simpler fashion, requiring simply the 

production of pseudocolour images for each channel of uranium, thorium and potassium. 

Additionally, a composite greyscale image of total radiometric intensity overlain by a 

semi-transparent RedGreenBlue image was produced, with red representing total 

potassium count, green as uranium and blue as thorium. These images are shown in 

figures 5.13 and 5.14, the former showing total radiometrics overlain by arcs from 

regional 1:250 000 scale geology for northeast Tasmania (McClenaghan & Calver, 

comp.1994). 

5.4 Magnetics Interpretation 

5.4.1 Introduction 

The qualitative interpretation of magnetics was carried out using a template of figure 5.6 

and overlaying this image with a transparent overlay of Northeast Tasmania 1:250 000 

geology (McClenaghan & Calver, comp. 1994), and by making comparisons with 

Bouguer gravity and regional magnetics. The detailed interpretation involved similar 

techniques, using templates of figures 5.7 to 5.9, eventually sketching inferred bedding 

and structural trends on a transparent overlay, before digitising the lines using ArcInfo 

v.7.2.1. 

5.4.2 Qualitative Interpretation 

The pseudocolour image of total magnetic intensity with northeastern sunshading in 

figure 5.6 reveals little more than the regional magnetics. The outstanding features are the 
/ 

Anderson's Creek Ultramafics and bodies of Jurassic dolerite to the south of the image, as 

well as Tertiary basalts in the Tamar Graben and near Port Sorell. Some subtle features 

are more apparent in this image. Small north-northwest trending bodies of Jurassic 

dolerite appear toward the southeast of the image and also near West Head in the northern 

extremities of the image. A north-northwest trending structure bounding Jurassic dolerite 

is also more apparent toward the southwestern corner of the image. 

To the east of the ultramafics further north-northwest trending structures are apparent 

within the areas of high and low magnetic intensity, possibly reflecting bedding trends in 
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more magnetic lithologies in the vicinity of Beaconsfield. Within the ultramafic body 

itself some internal structure is apparent, with an obvious bulge and overall kink to the 

west. Broad positive anomalies to the south and east of the ultramafics do not appear to 

be obviously related to dolerite but due to some deeper source, possibly more buried 

ultramafics. The powerline running from Bell Bay toward Frankford also stands out as an 

east-northeast trending series of small. blobs, no doubt the position of pylons, near the 

central part of the area. 

5.4.3 Detailed Interpretation 

There are two main types of features that become obvious from inspection of the 

enhanced magnetics, bedding trends and faults. There is not enough magnetic distinction 

between lithologies for any confident correlation of particular magnetic units with known 

stratigraphy, with the exception of dolerite, basalt, and ultramafic bodies, however 

bedding trends are clear enough to make some local distinctions. The detailed 

interpretation of structural and bedding trends in the area is illustrated in figure 5.10. 

a) Bedding and geological trends 

The main geological feature shown by the enhanced magnetics image is the surface and 

subsurface distribution of the Anderson's Creek Ultramafic Complex. The complex 

actually appears to be composed of several ultramafic bodies or one complexly faulted 

body. The distribution of the body is intriguing, given the tectonic implications of its 

emplacement. The body extends a long way north and south of its outcrop extent in the 

subsurface, relatively unchanged. Close to and within its outcrop extents (481000E, 

5437000N) the body seems to be divided by an approximately north-south trending fault, 

mapped as a thrust on the Beaconsfield 1:25000 geological map sheet of the area 

(McClenaghan, comp. 1996). The eastern body itself seems to be separated by dextral 

strike-slip faulting, e. g. near (482000E, 5438000N), whilst the western body (near 

480000E, 5437000N) curves substantially toward the west before encountering a fault 

and reappearing further south. This fault also marks the southernmost extent of ultramafic 

outcrop. Of particular note is a branch of ultramafic material extending to the west from 

the western body, apparently underneath outcropping Cambrian sediments and 

Proterozoic Badger Head Formation near (479000E, 5436000N). 
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Farther to the south near Winkleigh (486000E, 5428000N) it is unclear whether two 

north-northwesterly trending bodies underlying broadly positive magnetic anomalies 

correspond to further ultramafics at depth. As the area also corresponds to a gravity high 

(figure 5.9) and ultramafic densities are known to be low on average in the Beaconsfield 

area, the bodies could be Jurassic dolerite. However, the broad shape of the anomalies 

implies a deep source, and ultramafics are not necessarily low in density everywhere. A 

combination of the two is a possibility. If the bodies are ultramafics, it appears that they 

are separated from the main body by sinistral strike-slip faulting. The broad positive 

anomaly to the southeast of Beaconsfield may also correspond to the presence of 

ultramafics at depth. The tectonic implications of the ACUC are considered in chapter 7. 

East and south of the ACUC bedding trends are indicated by a series of north-northwest 

trending shallow anomalies, disrupted by faults. Some disparity exists between bedding 

trends and known outcrop extents, though this is expected given that lithologies continue 

under cover and there is little difference in the magnetic response of Palaeozoic strata. A 

slight magnetic high does occur over the West Tamar Highway andesite at approximately 

(488000E, 5436000N) and continues slightly south and north of known outcrop. There is 

generally a good correlation between bedding trends indicated by magnetics and those 

known from outcrop, except to the south of Holwell and near Frankford, where magnetic 

lineaments trend more to the west and appear to cross cut known Ordovician north-south 

bedding trends (e. g. near 482000E, 5422000N). This may be due to subtle magnetic 

trends in Proterozoic basement. 

b) Structural trends 

The area is riddled with faults. There are many generations of faulting potentially related 

to Cambrian and/or Devonian deformation, in addition to' post-Permian extensional 

faulting. Many older faults are likely to have been reactivated during later deformation, as 

evidenced by the fact that younger structures such as the Tamar Graben strike parallel to 

the trend of known Devonian thrusts. This is a likely scenario given that pre-existing 

planes of weakness will tend to reactivate under renewed strain. 

Four different types of faults have been inferred from the enhanced images, though it is 

acknowledged that there are other generations of faulting. In particular the bedding­

parallel thrusts in the Beaconsfield area are not able to be determined from magnetics, 
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though there is little doubt that they are manifest elsewhere in the region (see Chapter 6). 

East-west trending faults known from the area are also not observed, most likely due to 

the east-west flight path. 

The faults that stand out in the enhanced aeromagnetics are a) Northeast trending faults; 

b) North-northeast trending faults; c) North-south trending faults; d) Northwest trending 

faults. It is difficult to prescribe ages to the different faults, but all have apparently 

experienced post-Permian movement, as they control the distribution of or offset Permian 

and/or younger rocks. The first three types are shown to be dominant in the eastern half of 

the area, but this is of course is in part due to the availability of higher resolution 

magnetics in this area. The digitised magnetic trends shown in Figure 5.10 are excellently 

complemented by digitised magnetic trends overlying the DEM in Figures 5.11 and 5.12, 

with Northeast and Northwest sunshading filters applied to highlight northwest and 

northeast trends respectively. Comparison of these figures with the enhanced magnetics 

shown in Figure 5.8 gives the best appreciation of structural trends in the West Tamar 

District. 

Northwest trending faults seem to have experienced the latest movement, as they offset 

other structures in most areas. The northwest trending faults also appear to be the main 

structures in the area, as they form the main boundaries to prominent lithostratigraphic 

units or structures (see also Figures 5.11 and 5.12). The present distribution of Jurassic 

dolerite across the entire area is controlled by northwest trending faults, as. are the 

boundaries of the Tamar Graben. The boundaries of the Port Sorell Formation and the 

western boundary of the Badger Head Block are northwest trending faults also. The 

western boundary of the BHB appears to be continuous with a fault bounding Jurassic 

dolerite, as well as lying directly over the major east-directed gravity gradient and is 

clearly a major structure. Northwest trending faults also form the boundary of an inlier of 

the BHB to the west and south of Frankford, and also the boundary between Ordovician 

and Permian strata south of Holwell (the Bald Tier Fault). 

Movement on the northwest-trending faults appears to be dominantly normal, with 

apparent reverse motion evident in some places, due to the juxtapositioning of different 

age units along fault boundaries without apparent lateral displacement. The Bald Tier 

Fault however demonstrates dextral strike-slip movement, though a dip-slip component is 
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not ruled out. Although northwest trending faults may show the most recent movement, 

they also may be amongst the oldest faults in the area; some may be remobilised 

Devonian thrusts. 

North-south faulting appears to be the second youngest faulting event in the area, as they 

truncate northeasterly trending faults and are themselves truncated by northwesterly 

trending faults. The overall sense of movement on these faults is uncertain, but a mapped 

north-south fault near Holwell (-482000E, 5431000N) displaces Permian strata with a 

dextral sense of motion. Other north-south trending faults occur to the east and southeast 

of Beaconsfield, but two east of Beaconsfield (-486000E, 5438000N) appear to show 

sinistral movement, whilst another to the south (-493000E, 5430000N) is apparently 

dextral. The inferred different motion on these faults does not necessarily imply separate 

faulting generations. If the faults have been remobilised the sense of displacement may 

only be apparent. 

North-northeast and northeast trending faults may or may not be separate fault 

generations. They are fairly abundant across the eastern part of the field area, and some 

are traceable for many kilometres. Some appear to bend to the north or south in places, 

suggesting deformation or displacement by other faults. Their overall sense of motion is 

uncertain; many do not obviously displace units in a lateral sense and hence may be dip­

slip faults, particularly the more northerly trending faults, though a dextral displacement 

does appear in some places. Dextral movement appears to be more a feature of more 

easterly trending faults. North-northeast trending faults appear to have a more intimate 

relationship with older lithologies; one fault appears to be offset by the Cabbage Tree and 

Cobblestone Creek thrusts near Beaconsfield, implying that it may be older than 

Devonian. 

Another fault zone cuts across the Cabbage Tree Slice just north of Beaconsfield and 

continues northeast, paralleling Pease Creek before terminating at a northwest trending 

fault in the Tamar Graben (Figure 5.10, 5.11). Bedding trends in Palaeozoic strata show 

marked curvature toward this zone (e. g. near 484000E, 5438000N). The fault zone also 

appears to continue to the southwest, changing direction slightly to a more southerly 

trend. Near the ACUC its position becomes uncertain, but it may continue as the same 

north-south trending fault which offsets the ultramafics (-482000N, 5432000N), and then 

32 



Z 
e 
~  

o 
It) 
:E 

z 
§ 
~ 

:E 

z 
§ 
~ 

:E 

·70.....E ·80.....E 

~ 

o 5 10 15 km 
! ! ! ! 

o Tertloty basaft 

Dolerlte 

Ullramafics/\/
 
/V Minor magnetic lineaments (bedding) 

/V Major magnetic lineaments (bedding) 

N NS lineament (Badger Head) 

/V NWlaults 

/V NStaults 

/V NE taulls 

/V NNElaults 

z 
§ 
~ 

:E 

z 
§ 
g 
:E 

z 
§ 
o 
C\I 
:E 

'90ooomE 

WEST TAMAR DISTRICT 

Digital Elevation Model 
With NW Illumination 
And Magnetic Features 

Figure 5.12 



continue down toward Frankford, cross-cutting the Mt Careless Subgroup near its contact 

with the Badger Head Formation. If this is the case, the fault appears to follow a pattern 

outlined by the northern outcropping extents of the Ordovician units, which do outcrop 

north of the fault zone but in a more limited sense. 

With this pattern in mind, closer inspection of the topography, landforms and outcropping 

geological extents in the West Tamar district, and also outside the district to the east 

reveals pre-eminently northeast-directed trends. Particularly obvious are the nearly 

rectangular bends in the River Tamar, and also tributary stream directions, for example 

Pease Creek and the Supply River, suggesting that these geographical features are 

influenced by the northeast trending faults (Figures 5.11, 5.12). Another example lines up 

the known Johnson's Creek Fault zone near Flowery Gully, the southernmost finger of 

the main body of mapped Badger Head Formation and a rectangular bend in the River 

Tamar. 

It seems to be clear that northeast trending faults play a key role in the present distribution 

of Lower Palaeozoic strata. They appear to displace Lower Palaeozoic strata in a dextral 

sense southwestward from Beaconsfield, and also may have a role in controlling the 

vertical displacement of Lower Palaeozoic strata. In the Frankford area the interpreted 

faults correspond well to the position of faults mapped by Atchison (1998). An apparent 

contradiction to the dextral faulting may exist if sinistral strike-slip faulting separates the 

inferred ultramafic bodies south of Winkleigh and Holwell. 

5.5 Interpretation of Radiometries 

The interpretation of radiometries is best considered with respect to the total count first, 

to assess the major correlations of radiometries with geology, before looking at the 

contributions of the individual channels of uranium, potassium and thorium to the total 

effect. Figure 5.13 shows total radiometric intensity, overlain by 1:250 000 geology, 

whilst Figure 5.14 is a mosaic of the contributions of the individual channels, with 

another image of total count inserted for easy comparison. 

Figure 5.13 shows a wide variation in colour and total intensity. Prominent lineaments in 

both white (enriched) and black (depleted) areas exist in the region. The depleted areas 
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principally occur over Tertiary sediments or water, defining these particularly well in the 

north of the coverage. Similarly depleted areas also occur directly over known outcrop of 

the Cabbage Tree Formation at Beaconsfield, and also to the southeast near Frankford, 

where they also correspond nearly exactly to the Frankford Formation mapped by 

Atchison (1998), a facies equivalent of the Cabbage Tree Formation. A depleted zone 

also occurs over Peaked Hill immediately to the west of Beaconsfield, where Cabbage 

Tree Formation sediments crop out, again there is nearly exact correlation in size and 

shape. As all these areas correspond to ridges or hills, and hence are not likely to be zones 

of juvenile sediment accumulation, the Denison Group appears to be naturally highly 

depleted in radioactive elements. Depleted areas do however appear to be slightly 

enriched in uranium around their margins. 

The enriched areas correspond mainly to areas of low elevation and high drainage, for 

example the Supply River valley to the south, west of Cabbage Tree Hill and near the 

West Arm north of Beauty Point. Erosion is responsible for enriching Quaternary 

alluvium in radioactive elements derived from local lithologies. The lithologies in the 

areas of enrichment are typically shale, siltstone and limestone, as found in the Corn Hill 

Beds and the Flowery Gully Limestone west and south of Beaconsfield. Areas of 

anomalous blue, indicating enrichment in thorium, may correspond to particularly clay­

rich zones (see explanation below). 

Jurassic dolerite is marked clearly by slightly depleted zones, though enriched in 

potassium and therefore pink-red. The Badger Head Formation, which outcrops along the 

western fringe of the image, also appears to be enriched in potassium, due to the 

abundance of originally shaley lithologies. The ACUC does not stand out, though it may 

be slightly enriched in uranium. 

Examination of the individual channels verifies the abundance of potassium in shaley 

lithologies, particularly the Perrnian strata, the BHF and the Corn Hill Beds, as well as in 

areas of recent sediment accumulation. Thorium appears to be particularly enriched over 

outcropping Corn Hill Beds, and thus may prove to be a marker for this unit. The reason 

for this response may be that the Corn Hill Beds weather very easily to clays, which may 

concentrate thorium (G. MacDonald, pers. comm.). Uranium is mainly enriched in areas 
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of active sedimentation, with the possible exceptions mentioned above. It also shows 

concentration in two or three areas on the BHB. 
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Chapter 6 Forward Modelling 

6.1 Introduction 

This chapter shows the application of potential field methods to interpret the sources for 

the gravity and magnetic response .of the West Tamar District. Potential fields are 

dependent on some physical property and its spatial distribution, in this instance density 

and magnetic susceptibility. 

The forward method of potential field interpretation calculates the potential field response 

of some model shape with assumed physical properties and compares it to an observed 

response. When the anomaly patterns do not match, the physical and geometrical 

parameters are adjusted to compensate and the process is repeated until a close match is 

found. The resulting model shape and its physical properties are taken to reflect those of 

the real-world body. Whilst forward modelling interpretations are inherently non-unique 

(Blakely, 1996), they nevertheless provide one of the best and most commonly used 

techniques of geophysical interpretation. 

6.2 Geological and Petrophysical Constraints 

A number of criteria must be satisfied if a given model is to accurately reflect the real� 

geological situation. The listed criteria below are after Leaman (1994b) with comment� 

inserted.� 

a). Does the model honour geological constraints?� 

It is critically important that any forward model is at least partly constrained by� 

geological data, such as mapping, drillcore data and structural information, otherwise the� 

non-uniqueness of forward modelling may allow virtually any type of geological� 

situation.� 

b). Does the model contain discontinuities in either properties or geometry which are not� 

sustainable?� 

Models must allow realistic geological and structural situations. There is little point in� 

creating bodies that simply match the anomaly.� 
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c). Are the physical properties used within ranges measured or which can be inferred� 

from the data?� 

Forward modelling may allow bodies that have intrinsically incorrect physical properties� 

to match the required response if the correct contrast exists between the bodies.� 

d). Is the solution based on several, preferably interlocking, profiles across the dataset?� 

A single profile may locally match subsurface geology but bear no resemblance� 

whatsoever to geological trends elsewhere. Ideally a close correlation will exist between� 

models over areas with small spatial separation, or models will conform to some broad� 

regional trend. With increasing geological and structural complexity, this becomes more� 

difficult to achieve.� 

e). Has a consistent base level been derived for the entire data set from the modelling?� 

When modelling geological situations, one is typically using a residual gravity or levelled� 

magnetics dataset, one from which regional or background effects have been removed� 

(Roach et aI., 1993, Leaman, 1994b). Despite this separation, some modelling requires a� 

DC shift in background magnetic intensity or gravity to match calculated profiles. In� 

many cases this may be due to geological units at depth beneath the intended depth of� 

modelling. If a common base level is not used for all profiles, it must imply some gross� 

local change in background field intensity, an effect that is most unlikely in nearly all� 

geological situations.� 

6.32-D Forward Modelling 

Two-dimensional forward modelling of gravity and magnetic data was carried out using 

the modelling program Potent v.4.01. This modelling program uses the algorithms of 

Talwani (1965) to calculate the magnetic and gravitational response of two-dimensional 

bodies, under the assumption that these bodies extend infinitely in the third dimension. 

While unrealistic, it is a good approximation in many geological situations where 

stratigraphic units do persist for greater than three times their thickness and hold similar 

orientation away from the modelled section. Two-dimensional cross-sections of 

subsurface geology are all that can be derived with accuracy from the West Tamar gravity 

and magnetics. 
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The three section lines chosen for modelling are depicted in figure 2.2. These sections 

were chosen so as to give the most representative coverage of lithologies and structural 

trends. They were also chosen to lie across the strike of these dominantly northwest­

directed trends, and form lines of best fit to the gravity traverses carried out by the author. 

The section lines were created in ER Mapper v.5.5, using the traverse option, which 

extracts AMG coordinates and gravity and magnetic data values from raster datasets and 

saves them as ASCII text files. The text files were subsequently imported into Potent for 

modelling. This is not the preferred way of generating profile data for modelling, but the 

program required the starting points for gravity and magnetic profiles to be at exactly the 

same locations. The modelled sections are shown in figures 6.1 to 6.3. 

Symbols used for the models are as follows: 

Nb =Neoproterozoic Badger Head Block 

Cp =Cambrian Port Sorell Formation 

Cu =Cambrian ultramafics 

Cb =Cambrian Blyth Creek Formation 

Cv =Cambrian volcanics 

Oc =Ordovician Cabbage Tree Formation / Frankford Formation undifferentiated 

Os = Ordovician Supply River Sandstone / Eaglehawk Gully Formation 

Og =Ordovician Flowery Gully Limestone 

Dc =Devonian Corn Hill Beds 

Pm = Permian sedimentary rocks 

Ts =Triassic sedimentary rocks 

Jd =Jurassic dolerite 

Tb =Tertiary basalt 

Ti =Tertiary ironstone 

Q =Quaternary alluvium 

All models have 1 km ticks across section. 
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6.4 Discussion 

6.4.1 Preamble 

Where possible, the modelling has adhered to the criteria outlined in section 6.2. The 

petrophysical values used are consistent for each of the sections, with some exceptions 

outlined below. The values used were mostly taken from the acquired petrophysical 

database. An approximate gravity shift of -6.5 mGal was applied to all modelled sections, 

and a magnetic shift of --61200 nT has also been applied to the models. Structural and 

geological trends have been tightly adhered to. Positions of lithologies in the subsurface 

were picked from their surface traces where possible, and where lithostratigraphic units 

have been inferred in the subsurface, the principles of superposition have been applied for 

the most part. When building models, the author has also held the known tectonic 

evolution of the area in mind. 

6.4.2 Section 1 

Section 1 was chosen so as to pass from the Badger Head Block and the Anderson' s 

Creek Ultramafic Complex through the Ordovician mine sequence at Beaconsfield and 

end at the edge of the Tamar Graben, a total length of approximately 9 km. Whilst 

Section 1 is the shortest section, it passes through the greatest density of gravity station 

coverage and is the best constrained by known geology. The structural and geological 

trends illustrated in Section 1 are also used to help constrain the modelling in Sections 2 

and 3. 

The residual Bouguer gravity anomaly demonstrates a total decrease of approximately 7 

mGal from west to east across the section. There are two negative anomalies, one with a 

wavelength of -4.5 km and an amplitude of -5.5 mGal, 3.5 km along section, and the 

other with a wavelength of -1 km and an amplitude of -1.5 mGal, -6 km along section. 

The neighbouring positive anomalies to the second negative anomaly have wavelengths 

of -1 km and -700 m, with -2 mGal and 1 mGal amplitudes respectively. The profile is 

mainly smooth, with abrupt points corresponding to sudden density changes. 

The magnetics profile is dominated by three positive anomalies to the west, which are 

superimposed on a broader anomaly some 4 km wide and 3600 nT in total amplitude. The 
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remainder of the signal to the east is flat. The three peaks, each of which is some 400 nT 

in amplitude and less than 1 km wide, reflect fairly shallow magnetic sources, whilst the 

overall broad anomaly reflects a large, deep source. 

The magnetic anomalies are clearly due to the ACUC and correspond to its outcropping 

position. No other potentially magnetic source is known from the area, with the exception 

of some Tertiary ironstone derived from the ultramafics and directly overlying it. This has 

been modelled in the section, as a small body with an assumed low density of 2.17 Um3 

and a magnetic susceptibility of 0.1 SI, to simulate the third peak which could not be 

accounted for by ultramafics alone. The ultramafics themselves have been modelled as 

three separate bodies, the western bodies dipping to the west, and the eastern body 

dipping to the east. The reason for this is that the magnetic anomalies could not be 

matched sensibly by one body. The profile shape required a magnetic body dipping to 

both the east and west to match the signal, an unlikely geological scenario unless the body 

was plutonic, which it is not. Slightly different physical properties have also been inferred 

for each ultramafic body, both to match the required signal, and also for the reasons 

outlined in section 5.1. The physical properties inferred lie well within the acceptable 

ranges for the ultramafics, and are 2.585 Um3 and 0.085SI for the eastern body, 2.65 Um3 

and 0.07 SI for the near western body, and 2.67 Um3 and 0.07 SI for the far western body. 

The western ultramafic bodies are modelled as dipping westward beneath the Badger 

Head Block. The presence of the westernmost body beneath mapped or inferred outcrop 

of BHF has already been noted in section 5.4.3. The tectonic implications of westward­

dipping Cambrian bodies beneath Proterozoic basement will be discussed. in the next 

chapter. 

The Badger Head Formation has been modelled with a density of 2.67 Um3 and a 

magnetic susceptibility of 0.00013 SI, and hence has virtually no net effect on the 

modelled profile of gravity or magnetics. A separate thrust slice of BHF has been inferred 

in the model to account for the westernmost ultramafic body. Bodies interfingering with 

ultramafics and dipping west and east have been modelled as equivalents to the Port 

Sorell Formation, including the slice between the BHF and the ACUC which actually 

crops out. The modelled properties of the PSF are 2.76 Um3 and 0.00003 SI, allowing for 

the presence of mapped chert in the PSF. The relatively high density PSF juxtaposed 

40 



beneath and over ultramafics is responsible for the positive trend toward the west of the 

profile. 

The abrupt drop in magnetic intensity at the eastern boundary of the ACUC corresponds 

to a sudden positive increase in Bouguer gravity. To account for this change and from the 

known outcrop contact along section the Blyth Creek Formation has been modelled with 

a density of 2.75 tlm3 and a magnetic susceptibility of 0.0005 SI. The actual outcrop is 

mapped as Cabbage Tree Formation on the 1:25000 Beaconsfield geology map sheet, 

however this correlation is questioned (G. MacDonald, pers. comm., this study), due to 

the fact that the modelled petrophysical properties of the BCF are very similar to the 

upper transitional beds in the Cabbage Tree Formation (Eaglehawk Gully Formation), 

they are lithologically very similar in parts, and mapped Blyth Creek Formation occurs to 

the southwest of the outcrop on the other side of a north-northeast trending fault. 

Modelling as BCF preserves local stratigraphic trends and helps to justify the fault as a 

normal fault, or a strike-slip fault with a normal component. The fault appears clearly in 

the magnetics image and is inferred upon geological map sheets. 

The modelled sequence on the eastern side of the fault preserves the known Lower 

Palaeozoic stratigraphy and dip direction (e. g. Lewis, 1998) and clearly matches the 

observed gravity and magnetics. The Cabbage Tree Formation, in red, is modelled with a 

density of 2.6 tlm3
, somewhat lower than the mean density of 2.71 tlm3 calculated for the 

Denison Group. This value lies closer to that of conglomerates and grits within the 

formation, and is also used because close to the surface and in outcrop the Cabbage Tree 

Formation is a friable, porous unit which although untested is likely to have weathered 

densities substantially lower than its true density range. By regional inspection low 

gravity occurs wherever Denison Group rocks crop out, so the value has been accepted 

for modelling. The other Lower Palaeozoic units, the Flowery Gully Limestone and the 

Corn Hill Beds, are modelled with or very close to their mean densities, 2.74 tlm3 and 

2.64 tlm3 respectively. All of these lithologies have very low magnetic susceptibility, 

hence the flat response of the magnetics with respect to the ultramafic complex. 

Sub-bedding-parallel, east-dipping thrusts are indicated by small arrows pointing in the 

direction of the upthrown blocks and generally occur where Blyth Creek Formation is 

modelled to overlie the Cabbage Tree Formation. From west to east these are the Peaked 
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Rill, Cabbage Tree and Cobblestone Creek Thrusts, and an inferred thrust to the east of 

the section. The lithostratigraphic packages between thrusts are named slices, in the same 

sense as the thrusts, however the Anderson's Creek Slice, which refers to the package of 

rocks between the Peaked Hill Thrust and the BRB, clearly refers to a west-dipping slice 

which is truncated by the Peaked Rill Thrust. 

To the east, the encroaching Tamar Graben causes a steep negative gravity gradient. 

Shallowly dipping, non-magnetic Permian and Cainozoic sediments, with model densities 

of 2.54 and 2.0 tlm3 model this negative trend. Small bodies of Cainozoic sediments are 

also modelled elsewhere where these units are known to be thick, such as over Flowery 

Gully Limestone and Corn Rill Beds. 

6.4.3 Section 2 

An east-west model across most of the field area has been created in Section 2. This 

section was chosen so as to build a representative cross-section of the area. The total 

length of the section is approximately 24km. 

The residual Bouguer gravity decreases by 18 mGal across the area from west to east. 

Several smaller anomalies, both positive and negative, appear in the profile, which as a 

whole is fairly smooth. The eastern anomalies occur in nearly the same relative positions 

as in Section 1 and have similar amplitudes. Further to the west a negative anomaly, with 

a magnitude of -3 mGal over 1 km, appears in the BRB. There is nothing obvious in the 

known mapped area to cause the anomaly, and it has been ignored in the Section 2 model. 

The anomaly does however lie along the strike of a north-south trending gravity and 

magnetic lineament in the BRB. Near Port Sorell the smooth gravity profile is broken into 

small positive and negative anomalies, less than 0.5 mGal in amplitude and 300m in 

width, these are most likely due to the presence of locally dense bodies, such as Tertiary 

basalt or dense sedimentary units. 

The magnetics profile, like the profile in Section 1, is virtually flat, except where it 

crosses over the ACUC and appears as a broad 1900 nT double-peaked anomaly with a 

wavelength of -3.5 km. As in Section 1 this reflects a large, deep magnetic source. A 

small positive anomaly, with a wavelength of -500 m and an amplitude of -200 nT, is the 
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only other feature visible on the magnetics profile. The amplitudes and scale of total 

magnetic intensity are smaller in Section 2 & 3 as the source for the magnetic data is the 

older 1500 m spaced regional coverage, acquired at higher terrain clearance, acquired at 

higher terrain clearance. 

The physical properties used for modelling in Section 2 were virtually the same as in 

Section 1, with a few exceptions. Near the Port Sorell end of the section the Port Sorell 

Formation has been given a higher magnetic susceptibility of 0.0005 SI as volcanics and 

dolerites are known to occur within the PSF, though the unit has been treated as a whole. 

A small body of Tertiary basalt, with model properties of 2.9 t/m3 and 0.015 SI, has been 

emplaced at shallow depth to model the small magnetic anomaly. This body is likely to be 

similar to other bodies of Tertiary basalt common in the area. Slightly lower densities 

were used to model the response of the ultramafics than in Section 1, though the density 

contrast between the two units was the same. The lower densities required may be due to 

the effect of low density Permian sequences just to the south of ultramafics along the 

section, exposing the limitation of apparent strike length in the 2-D modelling process as 

described previously. Alternatively, the longer section profile may be "seeing" a larger 

gravity shift than the one applied due to greater regional effects. 

Unlike Section 1, a third peak is not seen in the magnetics profile. The enhanced 

magnetics image shows the far western body of ultramafics appearing to the north of 

Section 2. Opposite-dipping bodies however are still necessary to match the general shape 

of the magnetic anomaly. The model was not successful in completely matching the 

observed magnetic intensity, though the shape of the anomaly was well approximated and 

a very good fit was obtained with gravity. The rest of the section was modelled almost 

identically to Section 1, applying the same stratigraphic principles. 

Section 2 reveals a more complete picture than Section 1. The increasingly positive 

residual Bouguer gravity to the west is determined by the presence of PSF lying beneath 

the BHB along a shallowly dipping detachment at approximately 4500 m depth. The 

contact between the BHB and the PSF is modelled as west dipping, in contrast to previous 

model interpretations (Leaman et aI., 1973; Roach, 1994). The east-dipping Peaked Hill 

Thrust is seen to truncate a west-dipping thrust (Anderson's Creek Thrust). The 

remainder of the model adheres to the same pattern as Section 1. 
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6.4.4 Section 3 

Section 3 was chosen to test the potential subsurface distribution of Lower Palaeozoic 

strata in an area of mostly Permian and Cainozoic outcrop and complex faulting. The 

section strikes northeast and is approximately 16 km long. Physical properties used in 

modelling were identical to those used for Section 1 & 2, with additional data to 

accommodate the presence of Jurassic dolerite, Triassic sandstone and a· Cambrian 

volcanic unit. 

The magnetics profile shows a smooth, broad positive anomaly to the east of the profile, 

with a wavelength of -6 km and an amplitude of -60 nT, complemented by a similarly 

broad negative anomaly to the east, which has an amplitude of -8 km and an amplitude of 

-45 nT. Such a broad anomaly is most likely to be generated by a deeply buried, east­

dipping body lying in the eastern half of the section. This has been modelled in Section 3 

by a correlate of the ACUC that appears adjacent to a steep fault, possibly another thrust, 

within the Blyth Creek Formation. The ultramafic body is actually modelled to bend away 

to the east in a listric fashion at a depth beyond the limits shown in Section 3. The 

ultramafic body is the only unit in the section with major control on the magnetic 

anomaly; all other lithologies in the section are essentially nonmagnetic, with the 

exception of Jurassic dolerite. 

Jurassic dolerite petrophysical properties were assumed to be 2.90 t/m3 and 0.001 SI. The 

petrophysical properties used to model Triassic sandstone were 2.45 t/m3 and 0.0005 SI. 

As neither rock type was included in the petrophysical survey, density values were 

obtained from Leaman et al. (1973) and magnetic susceptibilities were estimated from the 

overall magnetic response of the region. Magnetic susceptibilities of Jurassic dolerite are 

often much higher, up to 0.02 SI (Richardson and Roach, 1993), but values of this 

magnitude along the section at relatively shallow depths (as dolerite intrudes almost 

exclusively into Permian or Triassic units, M. Roach pers. comm.) would have induced 

steep out-of-character anomalies, hence Jurassic dolerite is unlikely to be responsible for 

the broad magnetic anomaly observed in Section 3. 

The residual gravity profile shows a great deal of variation, though it has a net change of 

only 1 mGal across the entire section. Over the western part of the profile are three 
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positive anomalies, at 1.5km, 3 km and 5km along section, separated by similar size 

negative anomalies. The anomalies have wavelengths between 500 m and 1km and 

amplitudes of between 0.5 and 1 mGal. The locally steep sides of the anomalies, as well 

as their short wavelengths, imply abrupt changes in densities, a strong indicator of 

faulting. Inspection of the Frankford 1:63360 geological map sheet (Gulline et aI., 1973) 

shows the area in the vicinity of Section 3 to be crosscut by faults. Hence the modelling 

approach adopted for this part of the traverse involved modelling Permian to Jurassic 

lithologies as rectangular blocks separated by dip-slip faults. 

Lithostratigraphic trends observed in previous models, as well as those illustrated on the� 

Frankford geological mapsheet, were applied in Section 3. For example the fault-bounded� 

. inlier of BHF exposed in outcrop beneath a positive anomaly is modelled with underlying� 

PSF, whereas elsewhere BHF is shown as forming the basement. Port Sorell Formation is� 

suggested to lie at depth beneath all BHF shown on the section. 

Farther east along the profile anomalies become broader, a 3 km wavelength negative 

anomaly with an amplitude of -1.5 mGal, 7km along section, shifts moderately steeply 

into an even broader 4km wavelength positive anomaly with an amplitude of -2 mGal,. 

occurring from 9-13 km along section, which has three superimposed 0.5 mGal amplitude 

anomalies forming peaks. The far eastern part of the profile sees a very steep 3 mGal 

plunge off the broad positive anomaly and a return to the type of character observed in the 

western part of the profile, implying further dip-slip faults. 

The broadly negative anomaly corresponds to the Ordovician Frankford Formation, with 

the positive peak to the west forming over implied Blyth Creek Formation and Supply 

River sandstone, the correlate of Salisbury Hill or Eaglehawk Gully Formation in the 

Beaconsfield area (Atchison, 1998). The smaller positive step in the negative anomaly 1 

km to the east is inferred to have been produced by further beds of Supply River 

Sandstone. The Bald Tier Fault separates the Frankford Formation from Permian strata in 

outcrop and on the section also, but the positive creep of the gravity profile is modelled 

by Blyth Creek Formation at depth and then close to the surface, corresponding to a 

sudden positive shift in the anomaly. This shift, which corresponds to the appearance of 

Blyth Creek Formation at the surface, has been modelled as a steep fault, either a normal 
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fault or a thrust, and coincides with the appearance of modelled ultramafics as described 

above. 

Over the broad positive anomaly, beginning 9km along section, superimposed smaller 

scale anomalies have been explained by inferring a Lower Palaeozoic sequence akin to 

those modelled in Sections 1 & 2 beneath a thin cover of Cainozoic alluvium and Permian 

sediments intruded by Jurassic dolerite. The thin peak on the easternmost superimposed 

anomaly, 13km along section, may be artificial, or perhaps corresponds to a modelled 

volcanic body within the Blyth Creek Formation. Alternatively the volcanic body could 

represent a Jurassic dolerite feeder dyke. Of note in this part of the model is the existence 

of another thrust between Devonian Corn Hill Beds and Cambrian Blyth Creek 

Formation. 

The steep negative gradient marking the edge of the broad positive anomaly is taken to 

mark a normal fault with the eastern block downthrown. The effect of this inferred fault 

on the modelled section is to have a greater thickness of Perrnian sediments overlying 

Denison Group rocks on the eastern side. Another positive anomaly with locally steep 

gradients defining its edges marks the position of two more inferred faults, with normal 

sense of movement down to the west. Repetition of the Lower Palaeozoic stratigraphic 

trend beneath cover of Permian sedimentary rocks and Jurassic dolerite continues to 

match observed gravity in the model well. 
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Chapter 7 Summary and Conclusions� 

7.1 Summary of Geophysical Interpretations 

7.1.1 Gravity and Petrophysics 

The residual Bouguer anomaly image generated as a result of the gravity survey in figure 

5.5 reveals both large scale structural features and more subtle local features. These are 

listed below in order of relative prominence. 

a). The Tamar Graben, which is bounded by north-northwest trending steep east and 

west-directed gradients and infilled with low density Cainozoic sediments, resulting in a 

large negative anomaly. 

b). A long north-south trending and east-directed gradient to the west marks the boundary 

between the low density Neoproterozoic Badger Head Block and the higher density 

Cambrian Port Sorell Formation. It also marks the boundary of a large body of Jurassic 

dolerite and appears to be a major regional structure. 

c). Negative anomalies to the south are due to thickening low density Parmeener 

Supergroup and Cainozoic sediments. A negative anomaly at 474000E, 5428000N marks 

another centre of Cainozoic deposition. 

d). The large north-south trending negative anomaly in the centre of the image is 

generated by serpentinised ultramafics, Permian Parmeener Supergroup sedimentary 

rocks and low density Ordovician Denison Group sedimentary rocks. 

e). The broad positive anomalies near 486000E, 5428000N may be caused by either or 

both of dense Jurassic dolerite sills intruding Permian sediments and relatively dense 

Lower Palaeozoic rocks at fairly shallow depth beneath the Permian cover. 

O. North-northwest trending positive and negative anomalies lying near 484000E, 

5438000N mark the positions of thrust-bound packages of Lower Palaeozoic strata. 

h). More subtle features revealed by the residual gravity image include the possible 

positions of former river channels or lakes in the Tamar Graben and a north-south 

trending positive lineament in the Badger Head Block, where positive anomalies suggest 

the presence of underlying dense units. 

Analysis of Petrophysical data has shown that only ultramafics, Jurassic dolerite and 

Tertiary basalt may be distinguished on the basis of magnetic susceptibility. Similarly 
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most rocks surveyed in the area share a common density range, particularly Lower 

Palaeozoic age rocks. This implies greater emphasis on structural and geological controls 

in forward modelling of gravity and magnetic data. 

7.1 .2 Magnetics 

Images of aeromagnetics obtained from the West Tamar District (figures 5.3, 5.6) show 

that strongly magnetic bodies in the area conform to regional north-northwesterly trends. 

Most of these bodies constitute Jurassic dolerite and Tertiary basalt, the latter occurring 

especially within the confines of the Tamar Graben and near Port Sorell. A strongly 

magnetic north-northwesterly trending body near 480000E, 5440000N is a composite 

signal generated by ultramafic bodies. The Badger Head Block and Lower Palaeozoic 

strata, lying to the west and east of the ultramafics respectively, show negative magnetic 

anomalies. 

Application of local enhancement to the magnetics through automatic gain control and 

low pass filtering enables structural and bedding trends to be inferred from the magnetics 

in much greater detail (figures 5.7-5.9). The Anderson's Creek Ultramafic Complex is 

seen to be composed of at least two main bodies, with a possible third branching to the 

west beneath an outcrop of Port Sorell Formation correlate and also the Badger Head 

Block. Faulting has substantially disrupted all ultramafic bodies. Possible correlates of the 

ultramafic complex at depth are also seen to the south and east of the main body, offset 

from the main body potentially by sinistral strike-slip faulting. 

Numerous generations of faulting can also be inferred from the enhanced magnetics. Four 

main types have been distinguished, comprising northwest, north-south, northeast, and 

north-northeast trending faults, in order of relative age. All faults have experienced post­

Permian movement as they offset or control the present structural position of Permian and 

younger lithologies (figure 5.10). Northwest trending faults appear to form the main 

structures in the area, forming the boundaries of the Tamar Graben, the western edge of 

the BHB and the Port Sorell Formation, in addition to controlling the distribution of 

Jurassic dolerite and in all likelihood the major topographic features of the area (figures 

5.10-5.12). The dominant sense of movement on these faults is dip-slip. 
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North-northeast and northeast trending faulting form the other main structural features in 

the area. These tend to have mainly strike-slip displacement and may in some instances 

form transfer structures between northwest trending faults. A few may also have a role in 

controlling the vertical displacement of Lower Palaeozoic strata and hence have dip-slip 

motion. Northeast trending faults parallel the right-angle bends in the River Tamar, and 

appear to limit north-northwest trending topological features and hence the outcrop 

extents of some geological units, in particular the Ordovician Denison Group rocks 

7.1.3 Radiometries 

Radiometric data from the area (Figures 5.13-5.14) demonstrate a marked depletion over 

outcrop of Ordovician Denison Group rocks and Tertiary sediments. Highly enriched 

areas occur mainly over drainage areas, especially near the Supply River, and also over 

shale and limestone-dominated lithologies such as the Corn Hill Beds and Flowery Gully 

Limestone. Jurassic dolerite and Badger Head Formation show slight enrichment in 

potassium, whilst the known outcrop area of Corn Hill Beds shows elevated thorium 

levels. Uranium levels as a whole over the area are low. 

7.1.4 Forward Modelling 

Three two-dimensional structure models have been created through forward modelling of 

gravity and magnetics. These are illustrated in Figures 6.1-6.3, with section locations 

shown in Figure 2.1. 

Section 1 has modelled a traverse across Lower Palaeozoic strata through Beaconsfield 

and thence across the Anderson's Creek Ultramafic Complex onto the Badger Head 

Block. Repetitive sequences of east-dipping Palaeozoic strata serve to model the residual 

Bouguer gravity along the eastern half of the section. Bedding-parallel thrusts are inferred 

where the Cambrian Blyth Creek Formation is modelled to structurally overlie younger 

strata. Four east-dipping, thrust-bound packages are inferred in the section. From west to 

east these are called the Peaked Hill, Cabbage Tree and Cobblestone Creek Slices, with 

an unnamed slice inferred to exist in the far east of the section. 
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The western half of the section is dominated by ultramafics. Three peaks over a large 

magnetic anomaly have been modelled as three distinct ultramafic bodies. The two bodies 

to the west have been modelled as west-dipping, and the eastern body as east-dipping, in 

order to explain the shape of the magnetic anomaly. The furthest west ultramafic body is 

the same seen in the enhanced magnetics images (Figures 5.7-5.9) to lie beneath the 

BHB, and is modelled as such, implying west-dipping slices within the BHB. 

Section 2 extends east-west across most of the field area. Forward modelling has inferred 

the eastern part of the section to follow the same pattern of repetitive stratigraphy 

separated by thrust faults "as in Section 1 to match a similar size and shape gravity 

anomaly. Only two bodies of ultramafics have been modelled in Section 2, corresponding 

to a double peak in the large magnetic anomaly. The same geometrical sense applied to 

the ultramafics in Section 1 has been applied to the ultramafic bodies to explain the 

magnetic anomaly shape. A west dipping ultramafic body is supported in this model by a 

west-dipping contact between the Port Sorell Formation and the BHB to match the 

residual Bouguer anomaly, with the PSF underlying the BHB in a listric sense. 

Section 3 stretches from near Winkleigh to southwest of Frankford. The multiple 

anomalies present in the residual gravity profile are for the most part explained by 

inferring normal faults separating packages of Parmeener Supergroup intruded by Jurassic 

dolerite. A broad anomaly occurs where thick Ordovician Denison Group sediments crop 

out. The western part of the section has modelled Parmeener Supergroup rocks overlying 

Precambrian Badger Head Formation, which is itself in part underlain by Cambrian Port 

Sorell Formation. The eastern part of the section has modelled Parmeener Supergroup 

rocks overlying repetitive sequences of east-dipping Lower Palaeozoic strata separated by 

thrusts, similar to Sections 1 and 2. The broad magnetic anomaly has been modelled by a 

deep, east-dipping ultramafic body occurring approximately 9 km along section next to a 

steep normal fault. 

7.2 Tectonics of Northern Tasmania 

Tectonic models for the evolution of Tasmania as a whole (e. g. Burrett & Martin, 1989) 

have considered Tasmania to be comprised of two separate "terranes", east and west 

Tasmania. These two terranes presumably relate to different pieces of continental crust, 
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which during the Middle Devonian Tabberabberan Orogeny were juxtaposed along some 

major fault or fracture zone (Williams, in Burrett & Martin, 1989, p,468-9). The eastern 

and western terranes were inferred mainly due to differences in geology, as no deep water 

turbidite facies rocks of Silurian-Devonian age were known in outcrop west of the River 

Tamar, and granitic plutons to the northeast are somewhat older than those to the west 

(Williams, in Burrett & Martin, 1989 p,468-9). 

Part of the tectonic significance of the West Tarnar region lies in the fact that it is one of 

the few areas where rocks of eastern Tasmania lie in proximity to those correlated with 

sequences in western Tasmania. Recent studies (Hills, 1982; Baillie et al., in Burrett & 

Martin 1989, p.236; Hills & MacDonald, 1999) have correlated the Corn Hill Beds in the 

Beaconsfield area with the Mathinna Group. This implies that either the Corn Hill Beds 

are allochthonous with respect to the underlying Palaeozoic strata everywhere they occur, 

and have been transported to their present structural position during southwest-directed 

thrusting in the Devonian (Elliott et aI., 1993). Alternatively, the Corn Hill Beds are in 

situ and the relationship between east and west Tasmania is more intimate than previously 

proposed. Mapping in the Beaconsfield area by the Beaconsfield Mine JV supports the 

latter correlation (Hills & MacDonald, 1999). 

Most deformation in the West Tamar district has been attributed to southwest-directed 

thrusting in the Devonian (e.g. Gee & Legge, 1979; Powell & Baillie, 1992; Elliott et aI., 

1993). This event has been regarded as responsible for the structural emplacement of 

older Palaeozoic strata over younger strata, as well as being responsible for the final 

structural emplacement of the Badger Head Block and· ACUC over the Port Sorell 

Formation (Elliott et aI., 1993). Existing two-dimensional gravity models over the area 

(Leaman et aI., 1973) and gravity and magnetics models (Richardson & Roach, 1993; 

Roach, 1994) support the west-directed emplacement of lithostratigraphic units in the 

area. 

Recent studies by Reed (1998) have concluded that northeast-directed tectonic movement 

during the Devonian was responsible for east-facing recumbent folds in the Mathinna 

Group and in the Badger Head Block, and that this movement predated the southwest­

directed tectonic motion. Elliott et al. (1993) also observed east-facing recumbent folds in 
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the BHB, but concluded that they were Cambrian in age. It has been unclear how or if 

lithologies younger than the BHB have been affected by this earlier event. 

7.3 Tectonic Significance of Geophysical Interpretations 

The models presented in Figures 6.1-6.3 bear some resemblance to those created by 

Leaman et al. (1973) and Richardson & Roach (1993), as well as existing structural and 

tectonic models for the region, but there are some important differences that may have 

far-reaching implications for the tectonic development of the region. 

The eastern halves of Section 1 and 2 agree with previous tectonic and geophysical 

models which demonstrate an overall west-directed thrusting event during the Devonian; 

the geological and structural trends in the vicinity of Beaconsfield are fairly well 

established. The western halves of the models, which show ultramafics, Port Sorell 

Formation and Badger Head Block dipping to the west, are completely different and 

therefore require tectonic justification. Careful consideration of the potential ramifications 

of west-dipping structures was required before going ahead with the modelling, once it 

was realised that a much better fit to gravity and magnetic profiles was obtained by 

allowing west-dipping bodies, and that an ultramafic unit did physically appear on the 

magnetics images beneath mapped outcrop of Badger Head Formation. 

Knowledge of the older east-directed tectonic event inferred by Reed (1998) and Elliott et 

al. (1993) allowed east-directed thrust models, truncated by later west-directed thrusts, to 

be created with some confidence despite Cambrian or Devonian age ambiguities. The 

new models account for the some of the same inferences of previous models, such as 

dense Cambrian rocks underlying the Badger Head Block. The models also explain the 

presence of several ultramafic bodies instead of one, as shown by the magnetics (Figure 

5.8). The models may also serve to explain the presence of metamorphics within the 

outcropping Anderson's Creek Ultramafic Complex, as possible Port Sorell Formation 

rocks that have ridden up the thrusts from depth. 

A Late Cambrian age for the east-directed thrusts could explain a mechanism whereby 

Badger Head Block rocks and ACUC rocks were uplifted and eroded to form detritus in 

\ 
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the neighbouring Ordovician Denison Group rocks (Lewis, 1998). However a Late 

Cambrian age for northeast-directed thrusting is too early to produce deformation in the 

Ma~hinna  Group, unless the thrusts were remobilised during the Devonian. The regional 

scale picture has also been considered. The entire packages modelled in the sections may 

ride on or be truncated by a crusta! scale east-dipping fault, the Tiers Fault, whose surface 

trace must occur to the west of Port Sorell (Leaman, 1994a). 

The model created by Section 3 is equivocal with respect to the controversy of Section 1 

and 2. The model developed represents an extensional setting with intense normal 

faulting, with Precambrian basement underlain by Cambrian strata to the west, and east­

dipping Lower Palaeozoic strata and ultramafics to the east. 

7.4 Conclusions 

A gravity survey, acquired at local and semi-regional scale in the West Tamar District of 

northern Tasmania, has proven to be successful in providing a useful data set for 

interpretation and modelling. The new gravity data have been combined with pre-existing 

regional gravity station coverage for these processes. 

The residual Bouguer gravity anomaly has delineated both gross and subtle changes in the 

local field due to geological effects. Steep gradients in the area often mark the position of 

faults. Particularly prominent are the fault-bounded Tamar Graben and Badger Head 

Block. 

Large negative anomalies occur over Tertiary basins, Pelmian sediments and ultramafics 

due to their low densities. The Ordovician Denison Group is also characterised by 

negative anomalies. Positive anomalies are generated mainly over Jurassic dolerite and 

Cambrian sediments. 

Automatic gain control and low pass filtering of aeromagnetic data obtained from Mineral 

Resources of Tasmania has revealed many previously unknown or unnoticed structural 

and bedding trends in the area. Of particular interest are the many generations of faulting 
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observed. In addition to known northwest trending thrust faults, four main generations of 

faulting have been recognised. 

Northwest and northeast trending faults are the most prominent types of faults and can be 

seen from comparison of magnetic trends with local geology and digital topography to 

have a major role in controlling the present surface geological and topographical features. 

North-northeasterly and north-south trending faults also appear to influence local geology 

and topography. A long north-northeasterly trending fault in particular appears to control 

the northern outcrop distribution of Ordovician stratigraphy. 

The Anderson's Creek Ultramafic Complex is found from the enhanced magnetics 

Images of Radiometric data from the area highlight depleted areas corresponding to 

Ordovician Denison Group outcrop and Tertiary basins. Enriched areas correspond to 

areas of high drainage or clayey sediments. The Devonian Corn Hill Beds appear to have 

elevated thorium levels. 

Forward modelling of gravity and magnetic data from two sections across central part of 

the field area has shown monotonous repeated east-dipping thrust-bound packages of 

Lower Palaeozoic strata toward the eastern halves of the model profiles. An ultramafic 

body also dips to the east in each profile. The western halves of the model profiles show 

west-dipping ultramafics and Cambrian rocks beneath the Precambrian Badger Head 

Block. The western contact between the Badger Head Block and the Cambrian Port Sorell 

Formation is also modelled to be west-dipping. 

The tectonic implication of these two models is that a northeast-directed thrusting event 

occurred in the area prior to southwestward-directed thrusting during the Middle 

Devonian. The exact age of this event is uncertain, but may be Cambrian or Early Middle 

Devonian. 

A third modelled section to the south of the field area shows a multiply faulted region of 

Parmeener Supergroup rocks intruded by Jurassic dolerite. These are underlain by Badger 

"Head Formation to the west and thrust-bound packages of Lower Palaeozoic strata to the 

east, the latter cropping out along the central part of the profile. A deeply buried east­

dipping ultramafic body is responsible for a broad positive magnetic anomaly. 
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7.5 Recommendations for Further Study 

Like nearly all scientific studies, the results of this research open up more questions than 

puzzles solved. Whilst this study has been successful in revealing some structural and 

magnetic trends that were previously unknown or unnoticed, making correlations of 

radiometries with geology and modelling some sections of subsurface geology, it has 

merely served to open a door to potentially more detailed studies. The hypothesis of west­

dipping structures implying a northeast-directed tectonic event, whilst very likely, needs 

to be tested with further modelling. 

It is hoped that future geophysical studies in the area will include detailed regional gravity 

coverage, as well as a detailed interpretation of aeromagnetics recently acquired by 

AGSO. Application of seismic techniques to explore for hydrocarbon potential in the 

Parmeener Supergroup rocks could also be used to determine deeper crustal faulting 

trends. 

Many geological problems still exist in the West Tamar area. Two of the main problems 

are the lack of radiometric or fossil ages on lithologies, in particular the Badger Head 

Block and the Port Sorell Formation. Some age determinations could greatly constrain 

tectonic speculation regarding the area. Additionally, no formal sedimentological studies 

are known to have been carried out on the assumed Cambrian age stratigraphic units, the 

Blyth Creek Formation and the Port Sorell Formation. Further work on understanding the 

role of these units could play a critical part in helping to unravel the complex tectono­

stratigraphic history of the area. 
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Abstract 

The Delamerian Orogeny in southeastern Gondwana lasted more than 80 million years, 

from the latest Neoproterozoic to the early Ordovician. The Orogeny evolved as an 

eastward-migrating deformation front, which caused crustal thickening via shortening and 

granite intrusion, and varying grades of metamorphism. Metamorphic characteristics were 

low-pressurelhigh temperature styles in the west and higher pressurellow to moderate 

temperature in the east. The tectonic setting in the west was predominantly intra-plate, with 

shallow marine to terrestrial affinities, prior to the onset of the orogeny. Deformation in the 

west was predominantly thick-skinned and basement-involved. Tectonic settings in the east 

showed the characteristics of a convergent margin with strong oceanic affinities. Eastern 

deformation was largely thin skinned and involved emplacement of fault slices, commonly 

of oceanic mafic-ultramafic material. 

Important mechanisms influencing the development of orogenesis involved continental 

rifting and crustal weakening prior to and during the orogeny. The orogeny was most likely 

triggered by the collision of the weakened continental passive margin with oceanic island 

arcs, and was sustained by the removal of the lithospheric mantle, causing high heat flow 

and crustal doming. A great mountain chain was built along the eastern margin of 

Gondwana during the orogeny, and was very rapidly eroded to form the vast Lachlan Fold 

Belt qmutz-rich flysch. 
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Foreword 

The notion of writing my Honours literature review on tectonics was motivated by several 

factors: firstly and most importantly, my own interest in the subject. The second was the 

suggestion of Drs Michael Roach and David Leaman to study structural geology and 

tectonics, as while I am carrying out a geophysical research project, the interpretations are 

potentially quite significant for understanding the tectonic evolution of northern Tasmania. 

The final reason emerged as I began studying the literature. The study of tectonics is a vast 

and far-reaching subject, and has a tendency to carry one farther and farther away from his 

or her original study area as the pieces of the puzzle are attempted to be assembled. 

In like fashion my original research on crustal structure in northern Tasmania developed 

into a desire to understand the evolution of the Lachlan and Delamerian Fold Belts of 

Gondwana, as many of the important elements of these are represented in the vicinity of my 

field area. Unfortunately my original attempt to overview both the Lachlan and Delamerian 

Fold belts dissolved at the time of writing, as I realised that the subject is too big to be 

covered in one short paper with time constraints. 

Therefore this literature review only represents my research on the Delamerian Fold Belt. It 

attempts to overview some of what I believe to be are the most important concepts in 

understanding the evolution of this ancient fold belt, for whilst in a given region there may 

be relatively good knowledge of the geology and geophysics, the way the different regions 

(or terranes as they are usually called) relate to one another is poorly understood. 

A few words on nomenclature: nomenclature is one of the sticking points of all sciences, 

often causing misunderstanding and rnisapplication of the "correct" terminology. Geology 

is certainly no exception, so I have endeavoured within this paper to use particular terms to 

consistently describe events, places, etc, and hopefully have simplified some of the jargon. 
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Chapter 1: Introduction 

1.1 Regional Setting 

The topography of southeastern Australia and the eastern margin of Antarctica is 

dominated by long, arcuate mountain chains. These are called the FlindersIMt. Lofty 

Ranges in South Australia, the Great Dividing Range in Victoria and New South Wales 

and the Transantarctic Mountains in Antarctica. In Australia the mountains never reach 

great heights (-2000m maximum) but in Antarctica many stand well over 3000m, 

making the Transantarctic Mountain~  one of the world's great mountain ranges (Stump, 

1995). 

Numerous studies over the years have shown that in ancient times, over 150 million years 

ago, these mountains formed one long sinuous chain that stre~ched  all the way from 

present day South Australia across Antarctica and into South America. At this time the 

continents of South America, Africa, India, Australia, Antarctica, and the micro­

continents of Madagascar and New Zealand (and most likely numerous others) were 

joined together to form the super-continent of Gondwana, see Figure!. 

Figure 1. Reconstruction of Gondwana 

according to Li et al, 1997, showing 

Cambrian-early Ordovician palaeomagnetic 

polar wander. 

In actuality, this super-mountain chain was made up of various crustal terranes, which 

were formed and folded into mountains at various times from the Neoproterozoic through 

to Mesozoic times, with most terranes becoming accreted to the seaward margins of the 

growing super-continent, though some were formed in brief intra-plate settings. 

Following the breakup of Gondwana in the late Mesozoic, the natural processes of 

tectonics and geology have continued, with the result that pieces of the mountain chain 
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are now scattered and lie thousands of kilometres apart, and evidence of the origins of the 

mountain chain has become obscured. 

This paper will overview some of the important evidence for understanding the evolution 

of southeastern Australia, and its connections to Antarctica and New Zealand during the 

growth of Gondwana, by focusing on the great mountain-building event known as the 

DelamerianlRoss Orogeny. 

Figure 2. Map of the Tasman Orogenic . 
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1.2 Concept of the Delamerian Fold Belt as applied to Australia and Antarctica 

The Delamerian Fold Belt (DFB) is a term used in this paper to describe the package of 

crust that was cratonised during the,so-called Delamerian and Ross Orogens (see Figure 

2). The latter two terms describe major deformation, folding and granitic intrusion events 

which occurred contemporaneously during latest Neoproterozoic-early Ordovician times 

along or close to the eastern margin of Gondwana, in Australia and Antarctica 

respectively. In Australia the fold belt is called the Adelaide Fold Belt (AFE), whilst in 

Antarctica it is called the Ross Fold Belt (RFB). The term "AFE" is a little misleading as 
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there are large areas in the eastern states of Australia which were affected by the 

DelamerianJRoss Orogeny and are spatially distant from the Adelaide type sections. 

It seems more convenient to use DFB to describe the entire belt in Australia and 

Antarctica, however for the purposes of this literature review I will describe the AFB and 

the RFB separately before amalgamating these with other areas affected by the� 

DelamerianIRoss Orogeny.� 

Chapter 2. Adelaide Fold Belt. 

2.1 Location and Geology 

The AFB lies in central and southern South Australia. It is bounded to the west by the St. 

Vincent and Spencer Gulfs, to the northeast by Lake Frome and the Strezlecki desert, and 

to the.southeast by the Murray River and the bleak lowlands of the Murray Basin. 

The Torrens Hinge Zone to the west forms the structural boundary between the AFB, 

Archaean-Proterozoic Gawler Craton and the late Proterozoic Stuart Shelf. To the 

northeast lies the Proterozoic Curnamona Craton, and to the southeast is the Mesozoic­

Cainozoic Murray Basin (preiss, 1987), see Figure 3. 

Figure 3. Map of the Adelaide Fold.� 

Belt, showing major stratigraphic units� 

and structural domains� 

(after Paul et ai, 1999).� 
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The AFB is comprised of three main stratigraphic elements. Inliers of Paleo­

Mesoproterozoic basement are overlain by a Neoproterozoic-early Cambrian sedimentary 

and minor volcanic sequence, which in turn is overlain by an early-middle Cambrian 

sedimentary sequence (Jenkins & Sandiford, 1992). The Neoproterozoic sequences have 

been subdivided into four groups. In order of decreasing age, these are the Callanna, 

Burra, Umberatana and Wilpena Groups. The sedimentary successi?n passes broadly 

from evaporites, dolomites and volcanics, through transgressive sands and shales into a 

glaciomarine sequence. The Wilpena Group represents two transgressive-regressive 

cycles, ending in red beds. Early Cambrian sediments overlying the Wilpena Group thin 

to the north, with the uppermost units possibly representing synorogenic deposits (Paul et 

al.1999). 

Early-middle Cambrian sequences in the southern AFB comprise the Normanville, 

Kangaroo Island and Kanmantoo Groups. The sediments of the Normanville and 

Kangaroo Island Groups represent platform successions similar to Cambrian units 

mentioned previously, whereas the Kanmantoo Group is a mostly turbiditic sequence of 

enigmatic origin (Jenkins & Sandiford, 1992; Flottmann et al. 1998). The Neoproterozoic 

and early Cambrian sediments have been deposited in setting of crustal extension, with a 

triple point occurring within the Nackara Arc. The AFB bifurcates, with one arm 

extending north in the direction of Lake Eyre, and the other extending northeasterly into 

New South Wales (Preiss, 1987). 

2.2 Structural evolution 

The AFB has been subdivided into four structural domains: the northern Flinders Ranges, 

the central Flinders Ranges, the Nackara Arc and the southern Adelaide Fold-Thrust Belt 

(Paul et al. 1999) (Figure 3). North-south shortening is responsible for east-northeast­

trending macroscopic open folds in the northern Flinders Ranges. The region has also 

been intruded by diapirs resulting from mobilisation of the evaporitic Callanna Group 

during and prior to the Delamerian Orogeny. Higher metamorphic grades (locally 

amphibolite grade) than normal in the AFB have been experienced in northeastern areas 

due to the higher heat flows associated with uranium and rare earth element enriched 

granites. The central Flinders Ranges represents the least deformed part of the AFB, 

dominantly a series of gentle dome and basin-type structures, whilst the Nackara Arc 
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represents a northwesterly verging fold belt which experienced shortening during the 

Delamerian Orogeny (Paul et al. 1999). 

The southern Adelaide Fold-Thrust Belt appears to have experienced the greatest amount 

of deformation during the Delamerian Orogeny. A considerable amount of crustal 

shortening has caused northeast trending folding, which when combined with southeast­

dipping and northeast trending thrust faults has resulted in an overall westward vergence. 

In the south shortening has exceeded 50%, allowing small thrust-bound inliers of 

basement to pop up into the exposed stratigraphy (Paul et al1999; Jenkins & Sandiford 

1992). Metamorphic grades are also locally higher in this region also; high heat flow has 

been generated by crustal thickening and syndeformational granite intrusions in the 

eastern and southern areas. The high temperature-low pressure conditions prevailing in 

the vicinity of the granites has resulted in sillimanite and migmatite grade metamorphism 

of the Kanmantoo Group and, in some locations, the older basement complex and the 

Neoproterozoic sequences (Jenkins & Sandiford, 1992). Temperatures remained high 

throughout the duration of the Delamerian Orogeny, with a post-tectonic suite of granitic 

and mafic plutons also intruded during the closing stages of the orogeny (Foden et al, 

1999). The overall structural style seems to suggest thin-skinned deformation in the 

external, west-northwestward parts of the fold-and-thrust belt, and thick-skinned, 

basement-involved deformation toward the internal or eastern regions (Jenkins & 

Sandiford, 1992). 

2.3 Problems 

As is the case in all geological studies of orogenic belts, three major questions inevitably 

arise: what was the timing and duration of the orogeny, what was the style of 

deformation, igneous activity and metamorphism, and in what tectonic setting did it take 

place? A good deal of conjecture, as well as healthy debate, has been generated with 

respect to the tectonic evolution of the DFB. 

The structural style, metamorphism and igneous activity of the AFB seems to be a 

reasonably well understood subject, with some of the main features described above. 

However, the timing and duration of the Delamerian Orogeny, along with its tectonic 

setting, are still unresolved problems, despite numerous studies. A fairly well­

documented end to Delamerian deformation in South Australia is based on radiometric 

dating of the post-tectonic granite/mafic suite. The 480-490 Ma ages obtained provide a 
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minimum age for the end of pervasive deformation (Foden et al, 1999). The initiation of 

the orogeny, however, is still being discussed. The oldest igneous intrusives, in particular 

the Rathjen Gneiss (see Figure 4), have been deformed by the orogeny, so their use as a 

timing indicator becomes somewhat hazy. In addition, the syntectonic granitoids have 

intruded the enigmatic Kanmantoo Group, whose stratigraphic and structural relationship 

with respect to the rest of the AFB has been uncertain until recently. A V-Pb zircon age 

of 526 ± 4 Ma was. obtained from a tuff bed in the Heatherdale Shale of the Nonnanville 

Group, which stratigraphically underlies the Kanmantoo group. This has provided a 

minimum age for the deposition of the Kanmantoo Group (Jenkins & Sandiford, 1992). 

Some other ~ethods  of providing a minimum age for the De1amerian Orogeny have been 

documented recently and will be discussed in the next section along with evidence from 

the Rathjen Gneiss. 

Figure 4. Igneous Rock 

distribution in the 

southemAFB 

(after Foden et aI, 1999). SOUTHERN ADELAIDE ~ 

FOLD BELT g 
~ 

;.:
N� Cfj 

~ 

~. 

~~  

~:yCape 

Willoughby� 
.<) 
~ 

..~ 

.\ Vivonhe • Post-orogenlc gabbro 4'.:­
Remarkable Bay :!l:. Marcollat 

Rocks Cape Ycunghusband EJ Younger granlle� granlle 8 
\ 

~  Order granite� ~ ~ $ (-l'I 

~E;J  ~  Ell ~(Ir'§ Kan~antco Trough sedimentary rocks o 50 100 km ~ti>. e!il ~  

1 J J ~  Adelaldeen sedimentary rocks 
~ (Lata. Proterozoic) 

~ 

~ Pre Adelaldean basemem Inliers 
. ~	 Taratap e 

Even more controversial is the tectonic setting of what was to become the AFB prior to 

and during the Delamerian Orogeny. Both continental margin and intra-plate settings 

have been suggested, and in fact both may apply (P.Haines, pers.comm). The key to 

understanding the tectonic setting in the southern and central parts of the AFB lies in the 

understanding of the formation of the Kanmantoo Trough, as the Kanmantoo Group 
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sediments were the last deposited before (or even during) the onset of the Delamerian 

Orogeny (Jenkins & Sandiford, 1992). In the northern areas of the AFB, evidence is a 

little more obscure. Early Cambrian sedimentation was taking place under shallow 

marine to sub-aerial conditions (Preiss, 1987), and in addition the effects of the 

Delamerian Orogeny were felt around and at least in part within the Curnamona cratonic 

nucleus (Paul et al, 1999; Direen, 1999; Berry et al1978). On the s~rength of the last 

sentence alone an intra-plate setting seems likely, at least in the northern regions. 

2.4 Recent evidence 

New evidence for the tectonic setting of the AFB has been presented in recent times, 

along with further constraints on the timing of the Delamerian Orogeny and mechanisms 

for the orogeny. A recent paper by Foden et al (1999) has demonstrated a crystallisation 

age of 514 ± 5 Ma for the Rathjen Gneiss, with thermal overprinting occurring at 503 ± 7 

Ma. The inherited zircon age distribution of the Rathjen Gneiss also corresponds well 

with the detrital zircon age distribution of the Kanmantoo Group, suggesting that the 

Rathjen Gneiss was in part derived from partial melting of the Kanmantoo group 

sediments. Together with the 526 ± 4 Ma age as a minimum depositional age for the 

Kanmantoo Group, this suggests that the Kanmantoo Group was deposited, buried, 

heated and partially melted in a maximum of 20 million years, a very rapid process in 

geological terms (Foden et ai, 1999). 

However, complicating these findings is the radiometric dating of a tuff bed within the 

early-middle Cambrian Billy Creek Formation, which has been interpreted as a 

synorogenic red bed sequence derived from erosion of the uplifting AFB (Haines & 

Flottmann, 1998). The tuffbed has been dated at 523 ± 2 Ma. Another deformed granite 

from Kangaroo Island has been dated at 523 ± 6 Ma (Direen, 1999). Finally, Ar-Ar 

spectra studies of metamorphic white micas from the rocks deformed in the Delamerian 

Orogeny show deformation commencing between 550-540 Ma, with resetting at 510-505 

Ma and also at 453 Ma (Offler et ai, 1998). For all of these studies to be correct this 

implies Delamerian deformation to be a diachronous series of events in different regions. 

An intra-plate tectonic setting for deformation, at least in the northern sections of the 

AFB, has been supported by the (Paul et ai, 1999) suggestion of intra-cratonic basin 

inversion during the Delamerian Orogeny. This involved the mobilisation of the 
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Curnamona cratonic basement, which is now exposed as the Mt. Painter, Mt. Babbage, 

and Willyama inliers. 

The southern part of the AFB, however, appears to require a convergent margin setting, 

with associated east-directed subduction of highly attenuated continentallithosphere and 

oceanic crust. This explains the tectonic setting proposed by (Haines & Flottmann, 1998; 

Flotmann et aI, 1998) for deposition and subsequent inversion of the Kanmantoo Group 

immediately prior to and during the Delamerian Orogeny. The Kanmantoo Group is 

considered to have been deposited in a narrow, rapidly subsiding trough at a passive 

continental margin, with its geometry influenced by strike-slip motion along an intra­

continental tear fault (Flottmann et aI, 1998) (see Figures 5,6). Further evidence 

supporting and contradicting these ideas will be discussed in a later section. 

2.5 Summary 

The AFB is composed of a folded sequence of Neoproterozoic to early-middle Cambrian 

sediments. The Neoproterozoic to early Cambrian sediments were deposited in an 

extensional setting, whilst early-middle Cambrian sediments were deposited in 

continental foreland basins associated with tectonism and uplift, and others were 

deposited in a narrow, deep water trough on the subsiding margin (Preiss, 1987; Haines 

& Flottman, 1998; Flottmann et aI, 1998). 

The Delamerian Orogeny caused basin inversion, basement activation, folding and 

thrusting. Associated with these events was widespread greenschist facies 

metamorphism, and local amphibolite facies metamorphism associated with syntectonic 

granite intrusion (Jenkins & Sandiford, 1992; Paul et aI, 1999). Cessation of Delamerian 

deformation is marked by the intrusion of a bimodal igneous suite between 480-490 Ma 

(Foden et aI, 1999). 

Timing of the beginning of Delamerian deformation is poorly constrained, despite 

numerous studies. Similarly the tectonic setting of Delamerian deformation is 

controversial, and is linked to the previous problem. However, the effects of Delamerian 

deformation are widespread and are not localised to the AFB. 
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Chapter 3. Ross Fold Belt 

3.1 Location and Geological setting 

The terms RFB and the Transantarctic Mountains are normally used in an equivalent 

sense. However, unlike the case of the AFB which evolved in a single orogeny, the RFB 

is to some-extent an amalgam of two orogenic events, the DelarnerianJRoss Orogeny and 

the younger Lachlan Orogeny. This study overviews only the Delame:ianJRoss Orogeny, 

citing evidence from North Victoria Land and the central Transantarctic mountains. 

The RFB lies to the east (and eventually, to the west) of what is termed the East Antarctic 

Shield, which defines the Archaean to Proterozoic craton of Antarctica. Its other 

boundary is comprised of the Pacific Ocean, the Ross Sea, and the composite terrane of 

West Antarctica. Geographically the Transantarctic Mountains can presently be described 

as an intra-continental mountain range, with extended continental crust and Phanerozoic 

accreted rocks lying outboard (Stump, 1995), yet its early Paleozoic tectonic setting 

remains controversial. 

The RFB along its entire length is comprised of Proterozoic to Mesozoic rocks (Stump, 

1995) but due to a lack of intensive research the stratigraphy is not well defined, 

particularly in areas ~here  metamorphic grades are high and structure is confusing. Some 

stratigraphic subdivisions have been made. 

Figure 5. Map of Northem Victoria J Wilson Terrane 
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3.2 Geology and structural evolution: past and present ideas 

North Victoria Land, Antarctica, has been structurally subdivided into three fault­

bounded regions or 'terranes', based roughly on stratigraphy and age. These are, from 

west to east, the Wilson, Bowers and Robertson Bay Terranes (Stump, 1995), see Figure 

5. Further south, in the central Transantarctic Mountains beyond the Ross Ice Shelf, these 

distinctions are lost. 

The Wilson Terrane is comprised of greenschist to granulite facies schists and gneisses, 

intruded by c.53D-480 Ma S and I-type granites (Stump, 1995; Flottmann et aI, 1993, 

1998). The greenschist-amphibolite grade rocks are inferred to be Neoproterozoic to early 

Cambrian rocks, the Wilson & Berg Groups. Granulite facies rocks are confined to 

enclaves of presumed older Proterozoic basement (Flottmann et aI, 1993, 1998). To the 

east the Lanterman Fault zone marks the boundary between the Wilson and Bowers 

Terranes. A belt of high pressure metamorphic rocks and ultramafics lies in the foot wall 

of the fault zone (Flottmann et aI, 1993, 1998). 

Equivalent granitic, metamorphic and possibly contemporaneous sedimentary age rocks 

are recognised in the central Transantarctic Mountains. These comprise the Precambrian 

Nimrod Group, the Neoproterozoic-early Cambrian Beardmore Group and the Cambrian 

Byrd Group. The granite suite is named the Granite Harbour intrusives (Goodge et aI, 

1993; Goodge, 1997). Deformation and plutonism in the Wilson Terrane and in the 

central Transantarctic Mountains has been associated with a west-dipping subduction 

zone initiated during the Cambrian or possibly earlier (Goodge 1997; FlOttmann et al 

1998), although the sense and style of deformation are different. 

The Bowers Terrane is comprised of middle Cambrian sediments and volcanics, overlain 

by Cambro-Ordovician sediments (FlOttmann et aI, 1993, 1998). The volcanics (Glasgow 

Volcanics) consist of andesitic to basaltic lavas, boninites, and minor felsic lavas, which 

have the geochemical signature of production in an island arc setting. The sequence 

passes conformably in places into the marginal marine Mariner Group and the fluviatile, 

conglomeratic Leap Year Group. A fault-bounded unit, the Husky Conglomerate, crops 

out along the western edge of the Bowers Terrane. It contains clasts of boninites derived 

from erosion of the Glasgow Volcanics (Crawford, 1993). 

The Leap Year Fault separates the Bowers Terrane from the Robertson Bay Terrane, 

which mainly comprises Cambro-Ordovician quartz-rich flysch sediments (Flottmann et 

aI, 1993). Both the Bowers Terrane and the Robertson Bay Terrane have been intruded by 
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Devonian plutons (Admiralty Granite Suite), with accompanying Devonian­

Carboniferous volcanism (Stump, 1995). Like the Wilson Terrane, the structural and 

geological setting has generally been explained by an active margin along the east coast 

of Gondwana during the Cambrian, with accompanying west-dipping subduction· 

(Flottmann et al, 1993, 1998), (see-Figure 5, 6). 
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3.3 Comparisons between Adelaide and Ross Fold Belts 

Since the advent of plate tectonics, the realisation that Australia was once joinedto 

Antarctica has led to numerous attempts at correlating the pre-Mesozoic geology of the 

two continents. The Wilson Terrane has been traditionally correlated with the inboard 

regions affected by the Delamerian Orogeny, ie the AFB (Flottmann et aI, 1998). The. 

major similarities are in structural style, metamorphism, and plutonism, rather than direct 

sedimentaryimalogues, as the higher le~el  of metamorphism observ~d  in the Wilson 

Terrane obliterates most sedimentary features, and is taken to indicate a deeper level of 

crustal exposure within the Wilson Terrane. 

The Berg Group has been compared to the Kanmantoo Group on lithological grounds, 

however the age ofthe sedimentary protolith is still controversial. However, the S-type 

granites in the Wilson Terrane contain 1100 Ma detrital zircons, similar to the granites 

intruding the Kanmantoo Group.·These granites were intruded syn-deformationally, along 

with I-type granites and an undeformed younger suite, and are restricted to the Wilson 

Terrane. The 530-480 Ma ages correspond well to the AFB ages (Flottmann et aI, 1998). 

Structural information also indicates a correspondence between the major thrust belts 

displacing the Delamerian and Ross Orogens cratonward along their western boundaries, 

and away from the craton at their eastern boundaries (FlOttmann et aI, 1993) (see Figure 

7). Basin inversion and the involvement of cratonic basement in deformation is a feature 

of both systems (Paul et aI, 1999; Jenkins & Sandiford, 1992; Goodge et aI, 1993; 

Goodge, 1997). 

Figure 7. Map of divergent, contractional 

detachmentpattems developed at palaeo"Pacific 

margin of Gondwana. ST = Stawell Terrane, 

LFB =Lachlan Fold Belt 

(after FlOttmann et ai, 1993). 

'+ +1 ~ Greenstohes
i:....±...J Craton ~ (+ 'od. cover) 
~ Early Paleozolcl:::::;:'! Tulbldlles 
~orCgem"belt :.:.:.:. 

Timing of deformation is still controversial to both the Ross and Delamerian orogens. 

Maximum deformation and syn-deformational granite intrusion appears to have occurred 
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between 540-520 Ma during the Ross Orogeny, whereas a range of 520-500 Ma is the 

case for the Delamerian Orogeny (Foden et aI, 1999; Flottmann et aI, 1998; Goodge et aI, 

1993). Recent evidence, however, has shown that deformation is diachronous across the 

entire DFB and may have initiated as early as the latest Neoproterozoic (Offler et aI, 

1998; Goodge, 1997). The younger time limit of deformation, as well as the tectonic 

setting for the DelamerianIRoss Orogeny, is also still being discussed.This leads on to the 

involvement and significance of the Bowers and Robertson Bay Terranes, as well as 

provinces in Tasmania and the eastern states of Australia, in DelamerianIRoss orogenesis. 

3.4 Summary 

The Transantarctic Mountains, which divide the east Antarctic craton from the Pacific 

Ocean and the west Antarctic composite terrane, are comprised of Precambrian to 

Mesozoic rocks (Stump, 1995). Rocks from the North Victoria Land region of the 

mountains have been compared with those from the AFB, as well as other parts of 

southern Australia, as these areas lay adjacent to one another prior to the break up of 

Gondwana during the latter Mesozoic. Pre-early Ordovician rocks of the Transantarctic 

Mountains were deformed during the DelamerianIRoss Orogeny. The exact timing and 

tectonic setting of the orogeny are still controversial, but deformation and granite 

intrusion is known to have occurred from the latest Neoproterozoic through to the early 

Ordovician (Goodge, 1997; Flottmann et aI, 1998). 

Chapter 4: The DFB in eastern Australia and Antarctica 

4.1 Concept of the Tasman Line, or Tasman Zone? 

For some time the nature of the boundary between crust affected by the Delamerian 

Orogeny and that affected by the Lachlan orogenic events of eastern Australia has been 

the subject of controversy and discussion. Whilst this is still an ongoing process, some 

important new research has shed some light on Delamerian and Lachlan deformation in 

the grey zone between the Delamerian and Lachlan Fold Belts, as well as the geology in 

this area. 

The Tasman Line is a term which has historically been used to describe the boundary 

between the Australian Precambrian Shield and its eastern Paleozoic crustal terranes (eg 

Coney, 1992; Leven et aI, 1998). It has also been used as a marker between crust affected 

17 



by the Delamerian Orogeny and the Lachlan orogenies (eg Glen, 1992). Thirdly, the 

Tasman Line has also been used as the ancient boundary between the supercontinents of 

Gondwana and Laurentia (eg Dalziel, 1991; Crawford et al, 1997; Powell, 1998). The 

exact position of the line also varies depending on the paper being studied. 

One of the main arguments of this paper is to replace the idea of the Tasman Line with a 

Tasman Zone, representing the major overlap of Lachlan and Delamerian deformation. 

An arcuate belt of gravity and magnetic highs in southeastern Australia and Tasmania 

marks the position of the Tasman Zone, shown in Figure 8. 
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Figure 8. AGSO Magnetic Image of Southern Australia. Tasman Zone in black. Red boxes show approximate 

positions of Koonenberry Belt (north) and Glenelg Zone (south). 

4.2 The Koonenberry Belt of western New South Wales. 

The Koonenberry Belt (see Figure 8), like the other regional sub-headings in this chapter, 

has represented part of the previously mentioned 'grey zone' of uncertain tectono­

stratigraphy. It lies to the east of the Proterozoic Broken HilllEuriowie Blocks, separated 

from them by the Lower Paleozoic Bacannia Trough (Crawford et al, 1997). 

The Koonenberry Belt in this region is composed of numerous litho-stratigraphic units, 

ranging from late Neoproterozoic through to Devonian in age. It has been deformed 

during the Delamerian Orogeny and also during several Paleozoic events associated with 

the Lachlan orogenies (Direen, 1999), though only Delamerian effects are discussed here. 

Late Neoproterozoic to early Ordovician units comprise the Mt Arrowsmith Volcanics, 

Kara Beds, Gnalta Group (including the Mt Wright Volcanics), Teltawongee Group, 

Ponto Complex/Macs Tank Complex, and Mootwingee/Kayrunnera Groups (Direen, 



1999). Significantly, two periods of crustal attenuation/rifting are represented by the Mt 

Arrowsmith and Mt Wright Volcanics, at 587 and 525 Ma respectively (Crawford et al, 

1997). The interpreted geological history of (Direen, 1999) is briefly summarised as 

follows. 

Late Neoproterozoic rifting generated fluvial to shallow marine sediments, with 

associated alkaline basaltic to rhyolitic volcanism. Early Cambrian deep water turbiditic, 

sedimentation was followed by further shallow marine sedimentation and rift-related 

volcanism. The onset of the Delamerian Orogeny resulted in a package of deep water 

turbidites and oceanic crust from a marginal ocean basin to be thrust westward over the 

rifted passive margin, and caused folding and greenschist fades metamorphism of the 

country rocks. Post-collisional calc-alkaline volcanism occurred between 508 and 486 

Ma, with temporally late dyke swarms representing a further attempt to initiate rifting. 

Shallow marine sedimentation followed Delamerian deformation prior to the onset of 

Lachlan orogenesis (Direen, 1999). 

There are a number of strong contrasts between the deformational styles and exposed 

geology in the KFB, when compared to the AFB and Wilson Terrane, despite the similar 

time of deformation. No granites are exposed or indicated at depth by geophysics. 

Thrusting is thin-skinned and does not involve crystalline basement and high heat flow. 

The strongest deformation actually occurs later during the Silurian to Carboniferous, 

when the Ponto Complex is metamorphosed to amphibolite fades (Direen, 1999). No 

middle Paleozoic events are recognised within the AFB, although reactivation of thrust 

faults has been suggested by (Offler et al, 1998), and Devonian folding, thrusting and 

granite intrusion during the Borchgrevnik Orogeny has been recognised within North 

Victoria Land (Crawford, 1993; Stump, 1995). 

There is also a general deeper water/ oceanic affinity within the KFB, indicated by the 

dominance of turbiditic fades and the appearance of ultramafic bodies with geochemistry 

indicating an oceanic crustal origin. However, the turbiditic Teltawongee Group is not 

regarded as a correlate of the Kanmantoo Group, despite the lithological and age 

. similarity. The major similarity between the KFB and the AFBlWilson Terrane is the 

apparently divergen.t thrust faults bounding the belt, cratonward in the west and the 

opposite sense in the east (Direen, 1999). The overall deformational style is much more 

reminiscent of that seen in the Lachlan Fold Belt (LFB) (cf. Gray & Foster, 1997). 
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4.3 Western Victoria 

The Glenelg River Complex of western Victoria has historically been regarded as an 
.' . 

eastern extension of the Kanmant60 Group, and as such represents the eaSternmost 

extension of the DFB in mainland Australia (Crawford et aI, 1997). 

There is certainly plenty of evidence to support the latter correlation, but the exact 

. tectonic and geological affinities of the Glenelg River Complex, as well as its 

neighbouring terranes to the east, remain open for debate. 
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The Glenelg River Complex (see Figure 9) is composed of a late Neoproterozoic to 

Cambrian sequence of meta-siltstones and sandstones, in parts carbonaceous, These have 

been intruded by granitoids and metamorphosed to arnphibolite facies grade during the 

ri~i~.m~ifan  Orogeny (Anderson & Gray, 1994). Thoieiitic dykes have-alsolntrUaed the 

sediments prior to metamorphism, indicating a general setting of lithospheric extension 

prior to the onset of the Delamerian Orogeny (Crawford et aI, 1997). In addition, granites 

of the post-tectonic suite exposed in the eastern AFB and Padthaway Ridge area have 

intruded the Glenelg River Complex (eg Dergholm Granite at 485 ± 5 Ma, Turner et aI, 

1996), whilst the sedimentary geochemistry and deformation style show an affinity with 

the Kanmantoo Group (Anderson & Gray, 1994). 

On the basis of these relationships, it would appear that most of the geological affinities 

of the Glenelg River Complex lie with the Kanmantoo Group, despite the lack of 

sedimentary structures to help pinpoint lithological and tectonic correlations. 
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More intensive research in recent times (eg Direen, 1999; Geological Survey of Victoria 

mapping) has focussed on the Grampians Zone immediately to the east of the Glenelg 

River Complex. It has been suspected for some time (Wilson et ai, 1992; Crawford, 

1993) that Delamerian age crust underlies the Grampian and/or Stawell Zones of the 

westernLFB. 

Mapping by (Cayley & Taylor, 1998) has demonstrated that the M~yston  Fault to the east 

of the Grampians forms a suture zone between the Delamerian Fold Belt and the LFB 

(LFB). The Grampians themselves are an allochthonous, structurally thickened stack of 

Ordovician-Silurian age fluvial to shallow marine sediments that were originally 

deposited in a passive basin margin of the DFB, then thrust over the passive margin 

during Silurian deformation. Devonian post-tectonic granite intrusion followed (Taylor & 

Cayley, 1998). 

Amphibolite facies rocks exposed in the hanging wall of the Moyston Fault, in what is 

termed the Stawell Zone, are not Delamerian crust, as proposed by (Wilson et ai, 1992). 

They represent deeper crustal exposures of younger metasediments (R. Cayley, pers. 

comm.). 

The Glenelg Zone has been used as the collective name for what was previously known 

as the Glenelg River Complex and the Grampians Zone, in the nomenclature of Direen 

(1999) and his reference to Moore (1996, 1997). However, I will still use the previous 

terms and refer to the Glenelg Zone as a whole. 

The underlying passive margin beneath the Grampians allochthon comprises the poorly 

exposed Mt Stavely Volcanic Belt, a series of highly alkaline andesites, basalts, 

serpentinites and volcaniclastic sediments. The volcanics were erupted at 500 ± 2 Ma 

following the collision of an island arc with the evolving Delamerian passive continental 

margin. In this regard they are identical to the Mount Read Volcanics of western 

Tasmania (Crawford, 1993; Direen, 1999). 

Other features of the Grampians Zone include slices of pre-Ordovician mafic-ultramafic 

rocks with boninitic affinities, a sequence of altered boninites, basaltic andesites to 

rhyolites and volcaniclastic breccias and sediments erupted in a submarine setting (Mt 

Dryden Volcanics) and older schists and gneisses associated with the Glenelg River 

Complex. Picrites and tholeiitic basalts have also been intersected in drillholes, whilst 

another sequence of volcanics, the Black Range Volcanics, have strong affinities to the 

Mt Dryden Volcanics (Direen, 1999). 
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Whilst the Mt Dryden volcanics have not been dated, they are overlain by an upper 

Cambrian sandstone and have been interpreted to be a post-collisional suite erupted 

around the same time as the Mt Stavely Belt. The picrites and tholeiitic basalts are 

interpreted as representing the same extensional phases as the Mt. Arrowsmith and Mt 

Wright Volcanics (Direen, 1999). 

Maximum Delamerian deformation, along with west-vergent thrusting and granite 

intrusion, appears to have taken place roughly between 510-490 Ma, synchronous with 

ophiolite emplacement and volcanism, although the ophiolite emplacement is inferred to 

precede volcanic activity (Direen, 1999). The mechanism for orogenesis along this 

margin of Gondwana during the Cambrian/Ordovician is clearly a submarine collision of 

an island arc with the passive continental margin, ie a convergent margin tectonic setting. 

The interpretation of Direen (1999) goes on to say that the tectono-stratigraphic affinities 

of the Glenelg Zone are more similar to the KFB than with the Kanmantoo Group. 

Indeed, the oceanic affinities, as well as thin-skinned deformation, are very similar. 

However, his comments regarding the absence of granites and generally low heat flow 

within the type area of the KFB do not appear to be valid in the Glenelg Zone. 

Granites have intruded copiously within the Glenelg Zone, both syndeformationally and 

post-deformationally. Post-deformational granite plutons have in fact stitched up major 

thrust faults within the Glenelg Zone, and have intruded as late as 466 Ma, as also noted 

by (Direen, 1999). Many of the granites and minor intrusives appear to have a somewhat 

mafic character. Abundant volcanism occurred during the Delamerian Orogeny, and 

enough heat has clearly remained within the area to perhaps facilitate Silurian felsic 

volcanism and also Lachlan orogenesis and Devonian plutonism. 

4.4 Tasmania 

Tasmania presents very intriguing problems to geologists, as here many types of 

lithological and structural associations are represented. DFB age crust is juxtaposed 

against LFB crust, and overprinted by Lachlan deformation. Even older Proterozoic 

crustal units and deformations are represented, and there are widespread, relatively 

undeformed upper Paleozoic and younger units. Tasmania also represents a keystone in 

understanding the Gondwanan relationship between Australia and Antarctica (see Figure 

10). 

The emphasis of this section will be to summarise the development of the Mt Read 

Volcanics, Tyennan Block and the emplacement of the mafic-ultramafic complexes 
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Figure 10. Simplified Precambrian­

lower Paleozoic geology ofTasm~mia  

(after Crawford & Berry, 1992).. 
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(MUC) which are widespread across Tasmania, as this was the expression of the 

Delamerian Orogeny in Tasmania. In addition some broad lithological and structural 

correlations will be made. 

UnJilrecently, Tasmania was-_knm.\':n_to_contain_the._on1¥_exp_Qse~terozoic..continental  

crust in southeastern Australia, though recent findings in Victoria may dispute this fact 

(R. Cayley, pers. comm.). These are the Rocky Cape and Tyennan Blocks, representing 

mid-Neoproterozoic and mid-late Mesoproterozoic age crust respectively (Turner et ai, 

1998). Small inliers of Proterozoic crust also appear in the northern parts of Tasmania, 

and also on King Island (Direen, 1999). 

Between the Rocky Cape Block and the Tyennan Block, within the region known as the 

Dundas Trough, is a belt of late Neoproterozoic rift-related sediments and volcanics, the 

Crimson Creek and Success Creek Formations. Equivalents to these units also lie in the 

Dial Range and Smithton Troughs to the north and northwest respectively, and on King 

Island (Crawford & Berry, 1992; Direen, 1999). Basaltic dykes correlated with the 
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Crimson Creek Formation have been dated from 588-600 ± 8 Ma, and the Crimson Creek 

and Success Creek have been interpreted by (Direen, 1999) as correlates of the Mt 

Arrowsmith Volcanics and the Kara Beds. 
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Structurally overlying the Crimson Creek Formation or older units in many places 

throughout Tasmania (SEE FIGURE) are fault-bound slices of mafic-ultramafic rocks 

(Crawford & Berry, 1992). These include serpentinites, pyroxenites, low-Ti basalts and 

boninites (Crawford, 1993). The (MUC) were thrust over the rifted passive continental 

margin of Gondwana during the early-middle Cambrian (Crawford & Berry, 1992). 

The tectonic model invoked by (Crawford & Berry, 1992) to explain this phenomenon 

requires east-directed intra-oceanic subduction to be occurring outboard of the late 
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Neoproterozoic passive margin, ie the Rocky Cape Block (Figure 11). Emplacement of 

the MUC occurs when sufficient subduction has caused the fore-arc region of the island 

arc generated above the subduction zone to collide with the passive margin. 

Following the emplacement of the MUC, the passive margin collapses and forms an 

extensional foredeep (The Dundas Trough), where marine sedimentation continues whilst 

the continental margin attempts to be subducted. The failure to subquct continental crust 

results in rebound back thrusting of Rocky Cape crust to expose the Tyennan Block. 

Meanwhile, brief west-directed subduction of oceanic crust beneath the continental 

margin generates crustally contaminated mantle melts. The lavas are erupted in the 

foredeep half-grabens as sequences of dominantly calc-alkaline basalts, andesites and 

dacites (Mt Read Volcanics). Continuing mantle upwelling results in further exhumation, 

relaxation and extension of the newly evolving orogenic belt, causing the emplacement of 

a tholeiitic dyke swarm (Henty Dyke Swarm). Rapid erosion of the Tyennan and Rocky 

Cape Blocks, as well as the younger Neoproterozoic sequences and MUC, results in the 

deposition of thick conglomeratic sequences (Owen Conglomerate and equivalents) 

(Crawford & Berry, 1992; Crawford, 1993).The Cambrian granites of Tasmania may 

have also been emplaced during this process. 

Following the Delamerian Orogeny, continued erosion of the uplifted blocks provided the 

source for shallow marine and later turbiditic sediment deposition. (Crawford, 1993). The 

exhumation of the Tyennan Block from the deep crust provides an explanation for the 

presence of 500 Ma eclogites within what is dominantlyllOO Ma crust or older (Turner, 

1998). It also possibly explains the relative age difference between the Tyennan and 

Rocky Cape Crust. High pressure metamorphic rocks of blueschist fades are also 

exposed in the Arthur Metamorphic Belt adjacent to the Rocky Cape Block, perhaps 

another product of collisional stresses and exhumation (0. Holm, pers. comm.). 

The model of Crawford and Berry also helps explain the tectonic setting for the Glenelg 

Zone and the Koonenberry Belt and, as will be seen, a general setting for the entire 

eastern margin of Gondwana, though every area has some variation from the model. 

4.5 Antarctica (revisited) and New Zealand 

This penultimate section looks at the easternmost extensions of Delamerian deformation 

in Antarctica and New Zealand. 
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4.5.1 The Bowers and Robertson Bay Terranes, Antarctica 

As previously described, the fault-bounded Bowers Terrane contains remnants of an 

intra-oceanic island arc, the Glasgow Volcanics. These middle Cambrian volcanics have 

been compared to both the Mt Read Volcanics and the Mt Stavely Volcanics, as they 

share broad lithological similarities and were erupted contemporaneously (Crawford, 

1993). However, as (Crawford, 1993) points out, they are not equiv,alent. Invoking the 

tectonic model of (Crawford & Berry, 1992), whereas the Mt Read and Mt Stavely 

volcanics were erupted following the collision of an intra-oceanic arc with the continental 

passive margin, the Glasgow Volcanics were erupted over an intra-oceanic subduction 

zone, ie they are the arc. The post eruption sequences are there also, a sequence of 

shallow marine sediments followed by fluviatile conglomerates, the Leap Year Group 

and Husky Conglomerate, which contain clasts of Glasgow Volcanics, implying rapid 

exhumation. 

The question arises, however, why aren't there post-collisional volcanics, and why is the 

western conglomerate sequence (Husky Conglomerate) fault-bounded, and where are the 

arc predecessors, the mafic-ultramafic complexes? Where is the rebounded basement? 

Why, for that matter, is the Bowers Terrane fault-bounded? The tectonic model of 

(Crawford & Berry, 1992) requires east-directed subduction of oceanic crust and 

extended continentallithosphere. In contrast, the model of (FlOttmann et ai, 1993, 1998) 

requires west-directed subduction to explain the structural geometry of North Victoria 

Land (Figures 5, 6). 

There is no definitive answer as yet, but some suggestions can be made. Before 

attempting to tackle this question, the Roberstson Bay Terrane has been previously 

described as being composed of late Cambrian-Ordovician quartz-rich turbidites, 

Devonian granite and volcanics. The source of the turbidites presumably was the rapidly 

exhumed Bowers Terrane and the metamorphic hinterland of the Wilson Terrane to the 

east, as the case is similar for similar turbidite terranes in Australia and Tasmania. 

It is the feeling of the author that a west-dipping subduction model during the Cambrian 

does not satisfactorily explain the development of the rocks comprising the Bowers and 

Robertson Bay terranes, despite west-dipping subduction explaining the overall 

geometry. The 'missing' mafic-ultramafic rocks occur along with 'high pressure' rocks in 

a fault-bounded slice between the Bowers Terrane and the Wilson Terrane (FlOttmann et 
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ai, 1993, 1998). Ultramafic rocks, with relict ec1ogite, are also described by Goodge et al 

(1993) from the Nimrod Group in the central Transantarctic Mountains. 

An east-dipping model, analogous to the modem situation in Taiwan, where an island arc 

has encountered a very thick passive.continental margin, apparently explains the 

observed geometry of North Victoria Land quite well (5. Meffre: pers.comm.). I 

tentatively support this idea, with perhaps the extended notion that east-directed 
.. 

subduction ceased during the Cambrian collision, and re-initiated somewhat later to the 

east of the evolving Robertson Bay Terrane, in a west-directed sense. The west-directed 

subduc~ion  eventually led to the evolution of the Devonian magmas beneath the 

Robertson Bay and Bowers Terranes, and reactivation of major faults in all three terranes . 

during the Siluro-Devonian Borchgrevnik Orogeny, an idea supported by the findings of 

Findlay (1992), presented in the paper of Crawford (1993). 
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4.5.2 Takaka Terrane, New Zealand 

The Takaka Terrane (Figure 12) contains the easternmost evidence of Delamerian 

deformation (Roser et ai, 1996). The terrane occurs as a highly complex, fault-bounded 

inlier in the Nelson region, western South Island, and contains rocks of Cambrian to 

Devonian age. Cambrian rocks occur in thirteen fault-bounded slices (Roser et ai, 1996). 

The oldest unit is an early-middle Cambrian turbiditic succession, i!1 fault contact with 

other Cambrian units (Roser et ai, 1996). Structurally overlying this unit is the Cobb 

Igneous Complex, a layered complex of olivine-pyroxene cumulates and gabbros. This is 

also structurally overlain by the Devil River Volcanics, a sequence of moderately 

potassic-calc-alkaline andesites and dacites, with a younger series of moderately alkaline 

basalts and interbedded limestones (Crawford, 1993). 

There is a very strong similarity between the ages and progression of these sequences and 

those exposed in western Tasmania, suggesting that the Takaka Terrane lay proximal to 

western Tasmania during the Lower Paleozoic. Lending further support to this is the 

presence of a late Cambrian tholeiitic dyke swarm, the Takaka Dyke Swarm, intruding 

the Devil River Volcanics, and an overlying conglomerate, the Lockett Conglomerate, 

which contains ultramafic detritus (Crawford, 1993). 

All of these units have been deformed by a late Cambrianlearly Ordovician event, the 

Haupiri movement, and further deformed in the SilurianlDevonian (Roser et ai, 1996). 

The Haupiri movement is correlated with Delamerian deformation. Overall, the 

similarities with western Tasmania and Victoria are very striking. 

Chapter 5: Some Inferences, Some Philosophy 

5.1 Piecing together the puzzles (or vice-versa) of southeast Gondwana 

The previous chapters have attempted to provide a broad overview of what is in reality an 

amazingly complex process. Geologists from Australia and abroad have often spent many 

years of their lives trying to unravel some of the tectonic processes that have taken place 

such a long time ago. The summaries and comparisons I am making in this section, like 

those made in previous sections, are very general, and are based partly on my own 

interpretation of people's research, and none are meant to dismiss or offend any other 

worker's hard-earned interpretations~  Certainly some may turn out to have any valid 

scientific basis at all! 
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5.2 Some inferences and mechanisms 

The first major impression one gets from the DFB, when comparing information from all 

sources, is one of eastward-migrating deformation over time. This is reflected in the 

overall younging in age of litho-stratigraphic units to the east, the timing of the onset of 

deformation, and the timing of granite plutonism. 

The next impression comes in the idea of the broad pre and syndeformational tectonic 

setting. On the eastern margins ofthe DFB, there are very strong indications of the 

involvement of oceanic crustal material in all examined environments, the key indicator 

being the almost ubiquitous presence of mafic-ultramafic complexes. Supporting this 

correlation are the presence of monotonous turbidite facies rocks and submarine volcanic 

complexes. Convergent margin settings, typically involving east-dipping subduction of 

extended continentallithosphere grading into oceanic crust, beneath intra-oceanic island 

arcs. Deformation is mostly thin-skinned thrusting, and where granitic bodies occur, they 

tend to have a more mafic character (ie I-type, some A-types).There are many modem 

analogues of these settings around the Pacific margin. 

Farther inboard, the tectonic settings become more complex to define. The best that can 

be said about these is that most are likely to be intra-plate, though some areas, like the 

southern AFB and the Kanmantoo Trough, have a somewhat mixed character. The 

features of these intra-plate settings are that the sediments have been deposited under 

mostly shallow marine to fluviatile settings, in old rift basins. 

Deformation, when it occurs, is often thick-skinned and involves the mobilisation of 

older basement compleXes. Granitic intrusions lean toward S-types, though I-types 3;re 

still usually common. The northern AFB is a good example of an intra-plate setting. 

An intra-plate setting is favoured in the southern AFB also, despite the deeper water 

setting for Kanmantoo sedimentation. According to FlOttmann et al (1998), the 

Kanmantoo group was deposited in a trough formed by intra-continental tear faulting and 

influenced by strike-slip movement, with dominantly southerly sedimentary input. 

The model represents a fair conclusion, however I think that continental rifting was also 

an influence for the development of the trough, and that the turbiditic facies represented 

may have as much to do with rapidity of input as water depth. The equally rapid 

exhumation of older Antarctic crust to the south may also have had an impact, as the 
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Delamerian Orogeny initiated somewhat earlier further to the south (Goodge, 1997; 

Direen, 1999). 

This leads onto the notion of continental rifting and mechanisms for orogenesis. Two 

widespread rifting events have been recognised before and immediately prior to or during 

the Delamerian Orogeny, one approximately between 590 and 600 Ma, and the other at 

525 Ma (Direen, 1999; Crawford et aI, 1997). Of the two, the older event appears to be 

more widespread, recognised as far north as northern New South Wales and as far south 

as South Victoria Land (Direen, 1999). This event is also particularly recognised along 

the eastern margins of the DFB, whereas the other has been recognised farther inboard 

(eg Truro Volcanics). 

Paleomagnetic evidence from Li et al (1997) and Powell et al (1994) (in Crawford et aI, 

1997) suggests that the supercontinent of Rodinia had broken up well before 600 Ma, 

with Laurentia being placed well south wi~h  respect to Gondwana at that stage. The 

suggestion of Crawford et al (1997) is that the 590-600 Ma rifting event separated a 

continental fragment that is presently embedded in China. An alternate possibility is that 

the fragment is now beneath the Lord Howe Rise. A third possibility is that the fragment 

now lies beneath eastern Australia. 

However, Li et al (1997) also proved that, if the Rocky Cape crustal Block had rifted 

away from Gondwana, it had returned to close proximity by the early Ordovician. On the 

basis that the Rocky Cape and Tyennan Blocks exist where they are presently, as well as 

suspicious magnetic and gravity anomalies on mainland Australia, and new evidence of 

continental crust beneath the Melbourne Zone (R. Cayley, pers. comm.), I propose the 

following tectonic setting. 

The 590-600 Ma rifting event does represent the rifting of what is now a Chinese 

continental fragment. Rifting at 525 Ma attenuated and slightly rotated a further 

fragment(s) of crust, though not enough to generate oceanic crust. The rifted fragment(s) 

represent the Rocky Cape Block and other smaller crustal blocks which now lie beneath 

eastern Australia. Deformation, large scale shearing, and Mesozoic rifting have further 

displaced these fragments with respect to one another and the Australian craton. For 

example, I believe that Tasmania has been displaced eastward with respect to Victoria, as 

large scale magnetic features corresponding to very similar geology (Direen, 1999) have 

displaced with respect to one another. This is shown in Figure 8. 
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Continental rifting, along with plate convergence, can provide mechanisms for 

orogenesis. Mantle upwelling provides a source of heat and induces crustal extension. 

Stretching the crust and supplying a heat source also weakens the crust, enabling it to be 

easily deformed. A neighbouring compressional event such as ocean-continent 

convergence can supply enough stress to initiate deformation of the stretched crust. 

Buckling of the crust allows room for more upwelling, and so the process continues. 

Turner et al (1996) have demonstrated also that crusta! thickening as a result of 

orogenesis can result in large volumes of lithosphere being displaced into the mantle. A 

great deal of partial melting of the lithosphere will result in very rapid doming of the 

crust, and exhumation of deeper crusta! material. 

The two mechanisms outlined here have been shown by Turner et al (1996) to facilitate 

the progress of Delamerian orogenesis,.and hence qualify the rapid exhumation of deep 

crustal material. This in turn provides a sediment source for synorogenic deposition of the 

conglomeratic sedimentary units which are so common in the upper Cambrian/Lower 

Ordovician of Gondwana. The distal products of such rapid exhumation and erosion have 

formed the vast Lachlan Fold Belt flysch. 

5.3 Some philosophy 

The notion of orogenesis, particularly with respect to timing and the complicated 

processes going on within the crust, is something of a fuzzy concept. It is unreasonable to 

expect that we can constrain the timing of an event that lasted over 80 million years. The 

best answers one can expect to make are inferences. To use examples, we still have no 

idea what drives mantle convective systems, the real driving force behind plate tectonics. 

Another example is attempting to draw a line between Delamerian-affected crust and 

Lachlan-affected crust, or between former plate boundaries, or even measuring an entire 

detrital zircon population. 

The idea that geologists can draw lines and boundaries when geology is dominated by 

chaotic and stochastic systems is a little far-fetched, but we still like to try. It is part of the 

fun of being a geologist. 
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Figure 9. Regional Geology of southeastern Australia (after Anderson & Gray, 1994) 20.� 

Figure 10. Simplified Precambrian-Iower Paleozoic geology of Tasmania (after Crawford� 

& Berry, 1992) 23.� 

Figure 11. Schematic tectonic development of Tasmania in the latest Proterozoic and� 

Cambrian (after Crawford & Berry, 1992) 24.� 

Figure 12. Generalised Geological Map of Nelson region, New Zealand (after Roser et aI,� 

1996) 27.� 
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Appendix 2� 

Description of Gravity Base Station 

Name: 9949.9001 

Location: Beaconsfield, Tasmania, corner of Shaw St and Jubilee St, in by 2x2m 

from road on Exchange Hotel fence corner (slightly on front, northwestern side) 

AMG Zone 55 Coordinates:484396.5E, 5438850.8N+ 

Elevation:36.22m 

Value:980277.947 mGal 
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PROGRAM TERRAINz� 
DIMENSION Z(5005,5005)� 
INTEGER NCOLS,NROWS� 
REAL XMIN,YMIN,DX,DY,radmax,radmin,tcorr,xnull� 
real*8 stn� 

c 
radmax=22 000 
radmin=53 

c 
c Read in the DTM into the array Z 
c 

OPEN(3,FILE='/home/mzengere/badascii',STATUS='OLD') 
write (6,300) 
READ(3,lOO) NCOLS 
write(6,lOO) NCOLS 
READ(3,100) NROWS 
write(6,lOO) NROWS 
READ (3, 110) XMIN 
write(6,llO) xmin 
READ(3,llO) YMIN 
write(6,llO) ymin 
READ (3 , 110 ) DX 
write(6,110) dx 
DY=DX 
read(3,110)xnull 
write(6,llO) xnull 
DO 10 J=l,NROWS 

write(6,112) J 
READ(3,*) (Z(I,J), I=l,NCOLS) 

c write(6,lll) (Z(I,J), I=l,NCOLS) 
10 CONTINUE 

CLOSE(l) 
c 
c Calculate the constant for the mass line calculation 
c 

cc=6.672e-ll*2670*dx*dy*100000.0 
c 
c Read in the gravity station parameters 
c 

OPEN(4,FILE='/home/mzengere/wtmgrv.csv',STATUS='OLD') 
open(7,file='/home/mzengere/wtmgrv.out',status='unknown') 
write (6, 310) 

20� read(4,*,end=9999)stn,x,y,elev� 
dg=O� 
abc='test'� 
tcinner=O� 

c 
c Calculate the location of the station in the array 
c 

ix=ifix((x-xmin)/dx)+l 
iyl=ifix((y-ymin)/dy) 
iy=nrows-iyl-l 

c 
c Calculate the offset distance of the gravity station from the 
array 
c 

xs=float(ix-l)*dx-x 
ys=dy-(y-float(iyl)*dy) 

c 
c Calculate the parameters for array interpolation 
c 

Appendix 3 Fortran Program Terrainz 



a=xs*xs� 
b=ys*ys� 
c=(dx-xs) * (dx-xs)� 
d=(dy-ys) * (dy-ys)� 
d1=1.0/sqrt(a+b)� 
d2=1.0/sqrt(a+d)� 
d3=1.0/sqrt(c+d)� 
d4=1.0/sqrt(c+b)� 
dtot=d1+d2+d3+d4� 

c 
c Interpolate the array and calculate the terrain correction from a 
radius 
c of radmin out to a radius of radmax. 
c 

tcorr=O� 
istart=iy-ifix(radmax/dy)� 
istop=iy+ifix(radmax/dy)� 
if (istart.lt.1.or.istop.gt.nrows) go to 80� 
do 30 i=istart,istop� 

ydist=float(iy-i)*dy� 
xdist=sqrt(radmax*radmax-ydist*ydist)� 
jinc=ifix(xdist/dx)� 
jstart=ix-jinc� 
jstop=ix+jinc� 

c� write(6,100) jstart,jstop 
if (jstart.lt.O.or.jstop.gt.ncols) go to 80 
do 30 j=jstart,jstop 

zsum=z(j,i)*d1+z(j,i+1)*d2+z(j+1,i+1)*d3+z(j+1,i)*d4 
zint=zsum/dtot 
r1=sqrt(float((iy-i)*(iy-i)+(ix-j)*(ix-j)))*dx 
if (r1.lt.radmin) go to 30 
zx=zint-elev 
r2=sqrt(r1*r1+zx*zx) 
tcorr=tcorr+cc*(1.0/r1-1.0/r2) 

30 continue 
c 

tcorr=tcorr+tcinner 
write(7,125) stn,x,y,elev,dg,abc,tcorr 
write(6,125) stn,x,y,elev,dg,abc,tcorr 

c 
c Loop to read another gravity station 

GO TO 20 
c 

80 write(7,130) stn 
go to 20 

c 
100 FORMAT (14X, I7) 
110 FORMAT(14X,F8.0) 
111 format(4F8.2) 
112 format('Loading row',1x,i5) 
120 format(F9.4,2F10.1,F8.2,F10.2,A10,F7.2) 
121 format('Station: ',1x,I4) 
125 format(F9.4,2F10.1,F8.2,F10.2,A10,F7.2) 
130 format(1x,f9.4, " - Too close to DTM Boundary" 
300 forma t ( 11 Loading DTM Data .... )11 

310 format("Calculating Terrain Corrections")� 
9999 END� 
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Appendix 4� 

Gravity Station Listing with Bouguer and Residual Bouguer� 

Gravity Values� 
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Station AMGE (m) AMGN (m) Elev (m) Gobs (Gal) Gthr (Gal) TC (mGal) BG (mGal OWNER RG (mGal) 
9949.9001 484396.5 5438850.8 36.22 980.2779 
9949.1001 485083.0 5442872.6 15.57 980.2739 980.2843 0.28 -7.08 ZENG99 -3.71933 
9949.1002 485029.8 5442719.1 16.88 980.2741 980.2845 0.29 -6.72 ZENG99 -3.27783 
9949.1003 484931.3 5442579.1 18.51 980.2744 980.2846 0.32 -6.23 ZENG99 -2.71350 
9949.1004 484757.6 5442394.5 20.60 980.2751 980.2847 0.33 -5.29 ZENG99 -1.67562 
9949.1005 484630.8 5442280.5 24.21 980.2751 980.2848 0.32 -4.62 ZENG99 -0.94510 
9949.1006 484552.1 5441888.8 17.23 980.2790 980.2851 0.29 -2.48 ZENG99 1.40219 
9949.1007 484426.0 5441671.4 8.73 Q80.2802 980.2853 0.34 -3.01 ZENG99 0.98699 
9949.1008 484460.4 5441724.9 13.04 980.2799 980.2853 0.25 ' -2.51 ZENG99 1.45879 
9949.1009 484337.8 5441532.6 14.19 980.2806 980.2854 0.21 -1.79 ZENG99 2.28024 
9949.1010 484224.3 5441396.2 16.81 980.2804 980.2855 0.18 -1.64 ZENG99 2.50217 
9949.1011 484130.9 5441289.4 21.61 980.2797 980.2856 0.16 -1.46 ZENG99 2.73829 
9949.1012 484047.9 5441179.5 23.58 980.2799 980.2857 0.17 -1.02 ZENG99 3.23623 
9949.1013 483965.3 5441066.3 25.87 980.2800 980.2858 0.18 -0.48 ZENG99 3.83557 
9949.1014 483881.6 5440931.2 28.73 980.2800 980.2859 0.19 -0.09 ZENG99 4.29759 
9949.1015 483753.7 5440769.2 29.99 980.2801 980.2860 0.17 0.18 ZENG99 4.65527 
9949.1016 483693.0 5440678.8 32.28 980.2799 980.2861 0.17 0.28 ZENG99 4.80416 
9949.1017 483619.7 5440630.0 31.63 980.2801 980.2861 0.18 0.37 ZENG99 4.92141 
9949.1018 483538.6 5440587.8 33.53 980.2798 980.2862 0.19 0.42 ZENG99 4.99506 
9949.1019 483457.5 5440546.3 34.69 980.2793 980.2862 0.20 0.13 ZENG99 4.72844 
9949.1020 483382.2 5440503.1 36.64 980.2787 980.2862 0.20 -0.16 ZENG99 4.46280 
9949.1021 483227.0 5440396.9 45.28 980.2767 980.2863 0.20 -0.57 ZENG99 4.11171 
9949.1022 483018.8 5440496.3 57.39 980.2744 980.2863 0.29 -0.27 ZENG99 4.36195 
9949.1023 482843.8 5440501.6 55.83 980.2748 980.2862 0.20 -0.28 ZENG99 4.35164 
9949.1024 482674.1 5440520.8 57.58 980.2743 980.2862 0.19 -0.44 ZENG99 4.18319 
9949.1025 482525.8 5440492.9 58.65 980.2744 980.2863 0.18 -0.15 ZENG99 4.49046 
9949.1026 482384.7 5440419.2 60.98 980.2745 980.2863 0.19 0.40 ZENG99 5.08271 
9949.1027 482325.7 5440362.0 61.51 980.2744 980.2864 0.19 0.35 ZENG99 5.06483 
9949.1028 482181.4 5440274.3 64.46 980.2741 980.2864 0.21 0.54 ZENG99 5.30509 
9949.1029 482015.3 5440298.7 69.13 980.2735 980.2864 0.22 0.89 ZENG99 5.64403 
9949.1030 481879.0 5440325.4 71.95 980.2727 980.2864 0.20 0.71 ZENG99 5.45095 
9949.1031 481782.8 5440338.4 75.71 980.2717 980.2864 0.23 0.41 ZENG99 5.14507 
9949.1032 481675.2 5440283.9 80.56 980.2720 980.2864 0.26 1.70 ZENG99 6.46655 
9949.1033 481490.7 5440266.7 67.51 980.2739 980.2864 0.35 1.10 ZENG99 5.87866 
9949.1034 481324.9 5440338.4 67.08 980.2751 980.2864 0.38 2.34 ZENG99 7.08124 
9949.1035 481186.2 5440395.4 55.04 980.2759 980.2863 0.34 0.77 ZENG99 5.48189 
9949.1036 481044.7 5440430.0 48.89 980.2769 980.2863 0.35 0.55 ZENG99 5.24510 
9949.1037 480861.0 5440475.3 38.02 980.2788 980.2863 0.35 0.36 ZENG99 5.03342 
9949.1038 480684.1 5440526.0 36.88 980.2787 980.2862 0.32 0.07 ZENG99 4.71921 
9949.1039 480526.4 5440552.3 38.02 980.2784 980.2862 0.35 0.02 ZENG99 4.65766 
9949.1040 480363.4 5440573.5 27.80 980.2792 980.2862 0.34 -1.15 ZENG99 3.47917 
9949.1041 480228.5 5440599.3 23.37 980.2806 980.2862 0.39 -0.56 ZENG99 4.05748 
9949.1042 480162.6 5440374.2 26.00 980.2800 980.2863 0.43 -0.84 ZENG99 3.90099 
9949.1043 480085.1 5440113.7 27.64 980.2796 980.2866 0.48 -1.00 ZENG99 3.88402 
9949.1044 479915.0 5440138.7 31.23 980.2795 980.2865 0.48 -0.40 ZENG99 4.47416 
9949.1045 479877.7 5440217.7 28.30 980.2802 980.2865 0.56 -0.13 ZENG99 4.70223 
9949.1046 479893.4 5440425.4 34.87 980.2790 980.2863 0.54 0.09 ZENG99 4.80795 
9949.1047 479828.5 5440627.0 42.41 980.2766 980.2861 0.55 -0.70 ZENG99 3.90851 
9949.1048 479771.3 5440689.7 47.77 980.2765 980.2861 0.59 0.43 ZENG99 5.00425 
9949.1049 479643.4 5440743.1 38.34 980.2785 980.2860 0.44 0.44 ZENG99 4.98595 
9949.1050 479547.8 5440843.0 39.60 980.2794 980.2860 0.43 1.64 ZENG99 6.13129 
9949.1051 479488.3 5440912.2 37.29 980.2807 980.2859 0.45 2.53 ZENG99 6.98350 
9949.1052 479434.3 5440974.9 45.38 980.2808 980.2859 0.48 4.38 ZENG99 8.79899 
9949.1053 479329.6 5441138.8 48.35 980.2790 980.2857 0.45 3.23 ZENG99 7.55873 
9949.1054 479257.1 5441245.8 49.11 980.2786 980.2856 0.43 3.08 ZENG99 7.34988 
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Station AMGE (m) AMGN (m) Elev (m) Gobs (Gal) Gthr (Gal) TC (mGal) BG (mGal OWNER RG (mGal) 

9949.1055 479169.3 5441327.5 45.24 980.2802 980.2856 0.47 3.96 ZENG99 8.18546 
9949.1056 479057.6 5441354.4 42.49 980.2813 980.2856 0.49 4.64 ZENG99 8.85175 
9949.1057 478943.6 5441398.5 47.31 980.2808 980.2855 0.67 5.29 ZENG99 9.47859 
9949.1058 478828.9 5441459.1 52.98 980.2787 980.2855 0.62 4.24 ZENG99 8.39622 
9949.1059 478738.9 5441431.3 58.31 980.2773 980.2855 0.77 4.06 ZENG99 8.23267 
9949.1060 478639.1 5441530.9 70.59 980.2751 980.2854 1.00 4.57 ZENG99 8.68834 
9949.1061 478575.4 5441633.2 79.29 980.2734 980.2853 1.35 5.06 ZENG99 9.12218 
9949.1062 478503.8 5441752.5 92.82 980.2705 980.2852 1.39 4.96 ZENG99 8.95635 
9949.1063 478399.3 5441917.1 108.53 980.2677 980.2851 0.91 4.87 ZENG99 8.77580 
9949.1064 478400.7 5441493.3 121.10 980.2652 980.2854 1.17 4.76 ZENG99 8.90219 
9949.1065 478307.8 5441454.1 117.95 980.2658 980.2855 0.84 4.40 ZENG99 8.56538 
9949.1066 478241.1 5441572.5 111.41 980.2682 980.2854 1.07 5.78 ZENG99 9.88005 
9949.1067 478117.4 5441045.3 88.65 980.2730 980.2858 1.49 6.12 ZENG99 10.51795 
9949.1068 477836.9 5440300.2 87.66 980.2726 980.2864 1.52 4.91 ZENG99 9.72909 
9949.1069 477578.2 5440374.7 110.83 980.2680 980.2863 1.73 5.22 ZENG99 10.00102 
9949.1070 477283.5 5440033.3 117.53 980.2673 980.2866 1.49 5.32 ZENG99 10.29634 
9949.1071 491189.6 5443544.1 8.34 980.2715 980.2838 0.22 -10.48 ZENG99 -7.43372 
9949.1072 489468.9 5442680.0 4.36 980.2716 980.2845 0.12 -11.89 ZENG99 -8.43366 
9949.1073 488611.3 5441357.0 6.84 980.2760 980.2856 0.15 -8.12 ZENG99 -3.98853 
9949.1074 486908.2 5441451.1 9.21 980.2766 980.2855 0.23 -6.81 ZENG99 -2.70668 
9949.1075 485476.2 5439937.2 14.79 980.2832 980.2867 0.17 -0.46 ZENG99 4.43650 
9949.1076 485369.7 5439977.7 12.06 980.2837 980.2867 0.16 -0.41 ZENG99 4.46770 
9949.1077 485280.9 5439999.1 9.49 980.2842 980.2867 0.17 -0.46 ZENG99 4.40837 
9949.1078 485160.2 5439995.5 11.22 980.2841 980.2867 0.18 -0.21 ZENG99 4.66258 
9949.1079 485098.2 5439911.5 13.82 980.2837 980.2867 0.18 -0.18 ZENG99 4.73730 
9949.1080 485008.7 5439786.7 17.70 980.2830 980.2868 0.18 -0.12 ZENG99 4.86483 
9949.1081 484955.0 5439706.7 18.98 980.2830 980.2869 0.18 0.00 ZENG99 5.02714 
9949.1082 484884.8 5439630.3 17.23 980.2833 980.2870 0.19 -0.09 ZENG99 4.97741 
9949.1083 484773.5 5439563.5 17.25 980.2836 980.2870 0.21 0.17 ZENG99 5.27339 
9949.1084 484652.2 5439487.1 21.47 980.2832 980.2871 0.21 0.57 ZENG99 5.71442 
9949.1085 484548.4 5439422.3 22.12 980.2830 980.2871 0.23 0.50 ZENG99 5.67934 
9949.1086 484435.7 5439333.4 28.40 980.2822 980.2872 0.25 0.80 ZENG99 6.02998 
9949.1087 484288.2 5439257.1 38.93 980.2793 980.2873 0.26 -0.08 ZENG99 5.19511 
9949.1088 484176.6 5439195.3 39.95 980.2787 980.2873 0.28 -0.46 ZENG99 4.85121 
9949.1089 484080.0 5439131.9 40.60 980.2774 980.2874 0.37 -1.57 ZENG99 3.77711 
9949.1090 484011.5 5439077.8 51.52 980.2751 980.2874 0.49 -1.64 ZENG99 3.73634 
9949.1091 483927.5 5439037.5 72.47 980.2709 980.2874 0.68 -1.61 ZENG99 3.78873 
9949.1092 483856.7 5438997.0 88.50 980.2667 980.2875 0.82 -2.52 ZENG99 2.90103 
9949.1093 483744.5 5438935.2 118.59 980.2616 980.2875 1.12 -1.49 ZENG99 3.96540 
9949.1094 483666.1 5438878.0 106.79 980.2644 980.2876 0.78 -1.36 ZENG99 4.12773 
9949.1095 483565.8 5438845.1 79.93 980.2715 980.2876 0.51 0.16 ZENG99 5.66733 
9949.1096 483474.1 5438802.8 68.78 980.2743 980.2876 0.33 0.49 ZENG99 6.02176 
9949.1097 483405.2 5438743.1 66.18 980.2750 980.2877 0.27 0.63 ZENG99 6.19574 
9949.1098 483329.2 5438675.7 68.29 980.2746 980.2877 0.22 0.51 ZENG99 6.11395 
9949.1099 483250.8 5438604.7 71.33 980.2738 980.2878 0.20 0.21 ZENG99 5.85417 
9949.1100 483180.0 5438529.9 76.61 980.2728 980.2878 0.21 0.23 ZENG99 5.91629 
9949.1101 483086.7 5438489.4 77.70 980.2726 980.2879 0.20 0.18 ZENG99 5.89045 
9949.1102 482986.8 5438476.1 79.30 980.2722 980.2879 0.20 0.14 ZENG99 5.86018 
9949.1103 482893.5 5438498.1 82.82 980.2712 980.2879 0.22 -0.12 ZENG99 5.59037 
9949.1104 482819.9 5438556.3 84.73 980.2706 980.2878 0.22 -0.31 ZENG99 5.37016 
9949.1105 482725.0 5438617.4 89.49 980.2695 980.2878 0.23 -0.44 ZENG99 5.20909 
9949.1106 482645.0 5438562.9 88.64 980.2698 980.2878 0.25 -0.37 ZENG99 5.31074 
9949.1107 482568.0 5438506.6 95.01 980.2687 980.2879 0.33 -0.15 ZENG99 5.56341 
9949.1108 482478.6 5438452.3 101.69 980.2669 980.2879 0.42 -0.56 ZENG99 5.18501 
9949.1109 482390.1 5438401.9 102.94 980.2668 980.2879 0.48 -0.46 ZENG99 5.31468 
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Station AMGE (m) AMGN (m) Elev (m) Gobs (Gal) Gthr (Gal) TC (mGal) BG (mGal OWNER RG (mGal) 

9949.1110 482307.2 5438344.8 107.28 980.2652 980.2880 0.49 -1.23 ZENG99 4.57774 
9949.1111 482230.4 5438278.0 109.50 980.2644 980.2880 0.54 -1.56 ZENG99 4.28598 
9949.1112 482156.4 5438356.5 97.75 980.2674 980.2880 0.31 -1.06 ZENG99 4.74489 
9949.1113 482091.9 5438279.9 90.15 980.2681 980.2880 0.30 -1.91 ZENG99 3.93795 
9949.1114 482012.4 5438218.9 90.91 980.2674 980.2881 0.27 -2.54 ZENG99 3.34291 
9949.1115 481918.9 5438217.1 95.22 980.2665 980.2881 0.31 -2.60 ZENG99 3.28606 
9949.1116 481815.4 5438216.7 107.58 980.2636 980.2881 0.46 -2.83 ZENG99 3.05868 
9949.1117 481741.6 5438184.8 117.46 ·980.2614 980.2881 0.62 -2.95 ZENG99 2.95764 
9949.1118 481657.2 5438134.5 131.48 980.2585 980.2882 0.65 , -3.18 ZENG99 2.75733 
9949.1119 481601.7 5438055.6 134.01 980.2576 980.2882 0.60 -3.69 ZENG99 2.29197 
9949.1120 481562.6 5437967.6 137.29 980.2574 980.2883 0.66 -3.27 ZENG99 2.76116· 
9949.1121 481471.6 5437913.1 139.97 980.2571 980.2883 0.75 -3.00 ZENG99 3.06320 
9949.1122 481474.8 5437797.1 140.03 980.2571 980.2884 0.87 -2.96 ZENG99 3.16675 
9949.1123 481360.0 5437778.8 123.59 980.2605 980.2884 0.62 -3.06 ZENG99 3.07934 
9949.1124 481264.4 5437836.3 104.80 980.2642 980.2884 0.80 -2.83 ZENG99 3.28006 
9949.1125 481171.0 5437883.7 91.88 980.2669 980.2884 0.68 -2.67 . ZENG99 3.41649 
9949.1126 481086.5 5437939.5 75.22 980.2699 980.2883 0.69 -2.93 ZENG99 3.12778 
9949.1127 481066.6 5438030.7 70.85 980.2710 980.2882 0.66 -2.64 ZENG99 3.36834 
9949.1128 480982.2 5438043.6 59.57 980.2735 980.2882 0.67 -2.37 ZENG99 3.63321 
9949.1129 480875.2 5438132.7 51.75 980.2754 980.2882 0.61 -2.00 ZENG99 3.95693 
9949.1130 480779.5 5438166.9 45.30 980.2770 980.2881 0.57 -1.69 ZENG99 4.25027 
9949.1131 480752.1 5437885.2 43.72 980.2772 980.2883 0.70 -1.89 ZENG99 4.20793 
9949.1132 480749.6 5438031.2 42.05 980.2775 980.2882 0.58 -1.86 ZENG99 4.15595 
9949.1133 480700.5 5438120.0 40.05 980.2777 980.2882 0.57 -1.97 ZENG99 3.99797 
9949.1134 480459.5 5438110.4 45.91 980.2775 980.2882 0.48 -1.18 ZENG99 4.80180 
9949.1135 480385.6 5438133.5 44.22 980.2775 980.2881 0.47 -1.47 ZENG99 4.50156 
9949.1136 480299.6 5438092.9 47.91 980.2771 980.2882 0.48 -1.17 ZENG99 4.82745 
9949.1137 480215.9 5438032.4 47.18 980.2772 980.2882 0.48 -1.26 ZENG99 4.77450 
9949.1138 480126.3 5438006.0 48.35 980.2772 980.2883 0.49 -1.02 ZENG99 5.03265 
9949.1139 480023.1 5437963.9 52.26 980.2772 980.2883 0.50 -0.28 ZENG99 5.80001 
9949.1140 479903.7 5437940.1 51.74 980.2774 980.2883 0.52 -0.23 ZENG99 5.86784 
9949.1141 479808.3 5437968.1 56.22 980.2777 980.2883 0.53 0.96 ZENG99 7.04557 
9949.1142 479708.8 5437996.5 60.43 980.2774 980.2883 0.54 1.58 ZENG99 7.65316 
9949.1143 479600.9 5437983.5 66.40 980.2772 980.2883 0.56 2.57 ZENG99 8.65439 
9949.1144 479522.5 5437964.9 77.62 980.2761 980.2883 0.61 3.64 ZENG99 9.73764 
9949.1145 479445.1 5437894.5 78.89 980.2738 980.2883 0.62 1.63 ZENG99 7.77009 
9949.1146 479340.2 5437870.6 92.91 980.2708 980.2884 0.80 1.52 ZENG99 7.67707 
9949.1147 479233.0 5437901.7 98.08 980.2691 980.2883 0.83 0.86 ZENG99 7.00260 
9949.1148 479155.5 5437886.9 102.31 980.2699 980.2883 0.76 2.42 ZENG99 8.57280 
9949.1149 479030.3 5437864.0 118.11 980.2661 980.2884 1.24 2.23 ZENG99 8.39904 
9949.1150 478953.6 5437805.7 111.15 980.2680 980.2884 1.15 2.56 ZENG99 8.76412 
9949.1151 478838.2 5437729.4 113.12 980.2675 980.2885 1.31 2.57 ZENG99 8.82009 
9949.1152 478770.2 5437658.9 114.57 980.2671 980.2885 1.07 2.21 ZENG99 8.50198 
9949.1153 478704.5 5437774.8 106.79 980.2689 980.2884 1.08 2.55 ZENG99 8.77865 
9949.1154 478602.8 5437937.8 106.39 980.2714 980.2883 0.88 4.85 ZENG99 10.99024 
9949.1155 478428.9 5437998.1 101.84 980.2716 980.2883 0.88 4.27 ZENG99 10.38259 
9949.1156 478331.3 5438073.9 110.66 980.2693 980.2882 0.89 3.73 ZENG99 9.80305 
9949.1157 487453.9 5436671.8 39.87 980.2797 980.2893 0.18 -1.60 ZENG99 4.94367 
9949.1158 487263.7 5436966.8 43.23 980.2789 980.2891 0.21 -1.54 ZENG99 4.85749 
9949.1159 487113.3 5437063.0 25.96 980.2826 980.2890 0.26 -1.08 ZENG99 5.27264 
9949.1160 486933.0 5437062.9 17.90 980.2845 980.2890 0.29 -0.69 ZENG99 5.66822 
9949.1161 486844.5 5437062.8 26.41 980.2836 980.2890 0.27 0.02 ZENG99 6.38096 
9949.1162 486793.2 5436991.2 30.59 980.2825 980.2891 0.27 -0.32 ZENG99 6.07969 
9949.1163 486767.5 5436861.7 35.82 980.2812 980.2892 0.26 -0.69 ZENG99 5.77727 
9949.1164 486663.0 5436881.2 35.28 980.2803 980.2892 0.22 -1.74 ZENG99 4.72045 
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Station AMGE (m) AMGN (m) Elev (m) Gobs (Gal) Gthr (Gal) TC (mGal) BG (mGal OWNER RG (mGal) 
9949.1165 486613.1 5436795.1 35.90 980.2803 980.2892 0.23 -1.64 ZENG99 4.86635 
9949.1166 486599.8 5436714.2 36.90 980.2806 980.2893 0.24 -1.19 ZENG99 5.35853 
9949.1167 486690.6 5436635.2 39.18 980.2807 980.2894 0.24 -0.76 ZENG99 5.82646 
9949.1168 486626.0 5436586.7 33.21 980.2817 980.2894 0.26 -0.90 ZENG99 5.71348 
9949.1169 486552.2 5436539.3 25.91 980.2829 980.2894 0.33 -1.12 ZENG99 5.52000 
9949.1170 486446.1 5436484.0 22.76 980.2827 980.2895 0.40 -1.93 ZENG99 4.74274 
9949.1171 486378.5 5436449.2 27.40 980.2815 980.2895 0.35 -2.30 ZENG99 4.39410 
9949.1172 486281.5 5436465.4 30.52 ·980.2801 980.2895 0.35 -3.06 ZENG99 3.62960 
9949.1173 486182.1 5436466.6 33.89 980.2787 980.2895 0.38 , -3.75 ZENG99 2.94338 
9949.1174 486049.1 5436470.6 41.74 980.2771 980.2895 0.41 -3.81 ZENG99 2.88703 
9949.1175 485950.5 5436464.3 51.35 980.2753 980.2895 0.49 -3.62 ZENG99 3.08454 
9949.1176 485855.8 5436462.2 67.44 980.2730 980.2895 0.63 -2.58 ZENG99 4.13012 
9949.1177 485788.8 5436456.9 71.43 980.2721 980.2895 0.61 -2.72 ZENG99 3.99579 
9949.1178 485704.1 5436499.1 66.38 980.2732 980.2895 0.73 -2.46 ZENG99 4.23734 
9949.1179 485659.3 5436479.2 52.47 980.2765 980.2895 0.79 -1.89 ZENG99 4.81972 
9949.1180 485561.6 5436524.1 30.55 980.2806 980.2895 0.90 -1.98 ZENG99 4.70949 
9949.1181 485418.3 5436461.7 35.90 980.2799 980.2895 1.15 -1.41 ZENG99 5.31823 
9949.1182 485239.3 5436388.9 34.19 980.2815 980.2896 0.86 -0.45 ZENG99 6.32360 
9949.1183 485141.3 5436299.8 31.34 980.2828 980.2896 0.57 -0.15 ZENG99 6.67477 
9949.1184 485028.6 5436209.9 33.15 980.2822 980.2897 0.45 -0.54 ZENG99 6.33701 
9949.1185 484929.9 5436157.4 35.16 980.2818 980.2897 0.40 -0.66 ZENG99 6.24872 
9949.1186 484811.5 5436177.6 36.39 980.2817 980.2897 0.37 -0.53 ZENG99 6.37246 
9949.1187 484716.9 5436199.7 39.77 980.2811 980.2897 0.33 -0.50 ZENG99 6.39424 
9949.1188 484591.0 5436222.3 46.20 980.2793 980.2897 0.31 -0.96 ZENG99 5.92666 
9949.1189 484481.9 5436240.2 45.85 980.2790 980.2897 0.30 -1.33 ZENG99 5.55139 
9949.1190 484338.9 5436275.6 48.18 980.2785 980.2897 0.29 -1.43 ZENG99 5.43778 
9949.1191 484266.7 5436138.1 58.12 980.2759 980.2898 0.34 -2.09 ZENG99 4.85387 
9949.1192 484219.6 5436090.6 58.35 980.2762 980.2898 0.34 -1.83 ZENG99 5.14098 
9949.1193 484164.6 5436019.7 52.43 980.2767 980.2899 0.31 -2.57 ZENG99 4.44093 
9949.1194 484108.1 5435953.7 51.76 980.2766 980.2899 0.33 -2.83 ZENG99 4.21827 
9949.1195 484052.9 5435892.1 50.37 980.2762 980.2900 0.35 -3.47 ZENG99 3.61315 
9949.1196 484023.0 5435853.3 58.19 980.2755 980.2900 0.37 -2.72 ZENG99 4.38482 
9949.1197 483928.5 5436235.4 48.12 980.2773 980.2897 0.31 -2.65 ZENG99 4.25444 
9949.1198 483851.6 5436167.6 50.35 980.2768 980.2897 0.32 -2.76 ZENG99 4.18361 
9949.1199 483774.8 5436098.6 53.17 980.2758 980.2898 0.33 -3.26 ZENG99 3.72330 
9949.1200 483699.4 5436143.4 52.50 980.2758 980.2898 0.33 -3.28 ZENG99 3.68209 
9949.1201 483611.6 5436177.6 50.39 980.2761 980.2897 0.34 -3.36 ZENG99 3.58722 
9949.1202 483551.2 5436248.3 48.94 980.2765 980.2897 0.34 -3.20 ZENG99 3.71158 
9949.1203 483492.1 5436023.5 52.70 980.2742 980.2899 0.39 -4.94 ZENG99 2.09388 
9949.1204 483392.5 5435995.1 54.21 980.2735 980.2899 0.40 -5.29 ZENG99 1.76281 
9949.1205 483295.1 5435974.9 54.85 980.2733 980.2899 0.43 -5.41 ZENG99 1.65712 
9949.1206 483190.4 5435942.6 57.47 980.2726 980.2899 0.46 -5.52 ZENG99 1.56837 
9949.1207 483105.8 5435921.0 61.72 980.2720 980.2899 0.48 -5.32 ZENG99 1.78355 
9949.1208 483016.7 5435898.4 67.36 980.2713 980.2900 0.48 -4.95 ZENG99 2.17002 
9949.1209 482942.1 5435870.1 74.70 980.2704 980.2900 0.50 -4.37 ZENG99 2.76924 
9949.1210 482906.1 5435795.8 92.56 980.2698 980.2900 0.65 -1.40 ZENG99 5.78151 
9949.1211 482823.0 5435747.8 91.00 980.2696 980.2901 0.68 -1.87 ZENG99 5.34182 
9949.1212 482754.3 5435689.3 90.23 980.2689 980.2901 0.63 -2.85 ZENG99 4.39718 
9949.1213 482665.4 5435660.3 95.85 980.2681 980.2901 0.53 -2.69 ZENG99 4.57737 
9949.1214 482573.6 5435622.1 101.56 980.2667 980.2902 0.47 -3.02 ZENG99 4.27289 
9949.1215 482491.9 5435664.4 102.82 980.2657 980.2901 0.47 -3.73 ZENG99 3.54356 
9949.1216 482326.3 5435681.4 86.07 980.2691 980.2901 0.61 -3.51 ZENG99 3.76226 
9949.1217 482266.5 5435756.2 80.92 980.2704 980.2901 0.58 -3.18 ZENG99 4.05394 
9949.1218 482195.7 5435809.1 72.41 980.2721 980.2900 0.56 -3.15 ZENG99 4.05754 
9949.1219 482064.8 5435590.0 74.27 980.2713 980.2902 0.50 -3.81 ZENG99 3.52347 
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9949.1220 481863.2 5435225.4 80.81 980.2694 980.2905 0.52 -4.71 ZENG99 2.83245 
9949.1221 481721.6 5435292.1 79.87 980.2686 980.2904 0.69 -5.49 ZENG99 2.02117 
9949.1222 481646.9 5435359.8 82.14 980.2683 980.2904 0.57 -5.35 ZENG99 2.12648 
9949.1223 481567.5 5435461.4 82.65 980.2683 980.2903 0.52 -5.20 ZENG99 2.22349 
9949.1224 481494.6 5435556.7 86.53 980.2677 980.2902 0.43 -5.07 ZENG99 2.30383 
9949.1225 481393.0 5435617.9 90.31 980.2669 980.2902 0.40 -5.11 ZENG99 2.23377 
9949.1226 481310.1 5435663.1 93.60 980.2663 980.2901 0.40 -5.04 ZENG99 2.28210 
9949.1227 481172.5 5435712.4 96.82 980.2652 980.2901 0.41 -5.42 ZENG99 1.88005 
9949.1228 481091.6 5435760.8 100.38 980.2643 980.2901 0.41 -5.63 ZENG99 1.64637 
9949.1229 481013.7 5435784.4 106.24 980.2634 980.2900 0.41 -5.35 ZENG99 1.91638 
9949.1230 480875.9 5435796.7 99.27 980.2648 980.2900 0.47 -5.28 ZENG99 1.98504 
9949.1231 480784.5 5435829.4 97.97 980.2658 980.2900 0.49 -4.43 ZENG99 2.82033 
9949.1232 480668.4 5435858.5 86.67 980.2670 980.2900 0.60 -5.32 ZENG99 1.91876 
9949.1233 480546.5 5435845.4 85.08 980.2679 980.2900 0.65 -4.70 ZENG99 2.55062 
9949.1234 480431.9 5435718.5 80.38 980.2685 980.2901 0.68 -5.07 ZENG99 2.25513 
9949.1235 480330.5 5435673.0 82.23 980.2684 980.2901 0.64 -4.90 ZENG99 2.45414 
9949.1236 480246.1 5435651.3 79.50 980.2694 980.2901 0.68 -4.39 ZENG99 2.97925 
9949.1237 480156.7 5435636.1 74.55 980.2701 980.2902 0.75 -4.69 ZENG99 2.69123 
9949.1238 480064.5 5435609.4 73.84 980.2707 980.2902 0.79 -4.18 ZENG99 3.21940 
9949.1239 479975.7 5435577.3 69.29 980.2719 980.2902 0.89 -3.81 ZENG99 3.61048 
9949.1240 479875.6 5435528.9 65.72 980.2726 980.2902 0.99 -3.76 ZENG99 3.69109 
9949.1241 479813.5 5435479.1 65.09 980.2723 980.2903 1.04 -4.15 ZENG99 3.33108 
9949.1242 479735.4 5435468.5 69.57 980.2724 980.2903 1.01 -3.16 ZENG99 4.32987 
9949.1243 479661.8 5435480.4 69.13 980.2724 980.2903 1.07 -3.20 ZENG99 4.28607 
9949.1244 479175.7 5435754.3 93.12 980.2698 980.2901 1.24 -0.71 ZENG99 6.64285 
9949.1245 479141.4 5435592.5 118.36 980.2643 980.2902 1.53 -1.04 ZENG99 6.40418 
9949.1246 479634.0 5435481.8 71.47 980.2722 980.2903 1.06 -2.97 ZENG99 4.51630 
9949.1247 479584.7 5435510.4 72.37 980.2718 980.2903 1.07 -3.18 ZENG99 4.29246 
9949.1248 479587.5 5435630.5 65.82 980.2731 980.2902 1.07 -3.07 ZENG99 4.33610 
9949.1249 479566.7 5435745.1 68.37 980.2738 980.2901 1.02 -1.78 ZENG99 5.56353 
9949.1250 479489.1 5435807.8 64.87 980.2743 980.2900 1.09 -1.88 ZENG99 5.43140 
9949.1251 479385.7 5435821.3 69.78 980.2733 980.2900 1.15 -1.81 ZENG99 5.49757 
9949.1252 479284.0 5435799.0 81.41 980.2709 980.2900 1.22 -1.87 ZENG99 5.45391 
9949.1253 479037.0 5435591.4 123.40 980.2626 980.2902 1.57 -1.78 ZENG99 5.66874 
9949.1254 478931.0 5435579.9 138.33 980.2606 980.2902 1.86 -0.52 ZENG99 6.93915 
9949.1255 478811.6 5435558.0 153.07 980.2581 980.2902 1.94 -0.03 ZENG99 7.44587 
9949.1256 478679.8 5435596.5 162.75 980.2558 980.2902 1.94 -0.43 ZENG99 7.02964 
9949.1257 478435.8 5435617.6 183.66 980.2510 980.2902 1.98 -1.07 ZENG99 6.38662 
9949.1258 478033.4 5435590.9 230.31 980.2433 980.2902 2.58 1.01 ZENG99 8.49646 
9949.1259 477681.3 5435914.2 288.42 980.2307 980.2899 3.51 1.05 ZENG99 8.36621 
9949.1260 477147.3 5436018.4 390.56 980.2104 980.2898 4.68 2.07 ZENG99 9.34659 
9949.1261 476744.5 5436255.9 467.44 980.1923 980.2897 6.51 1.07 ZENG99 8.22658 
9949.1262 476341.5 5436287.7 492.22 980.1871 980.2896 6.62 0.92 ZENG99 8.07297 
9949.1263 475931.4 5436591.4 494.41 980.1887 980.2894 6.86 3.48 ZENG99 10.47861 
9949.1264 471055.0 5435582.8 113.27 980.2700 980.2902 0.76 2.90 ZENG99 10.69678 
9949.1265 470797.6 5435875.9 96.02 980.2735 980.2899 0.82 3.28 ZENG99 10.91247 
9949.1266 470450.9 5436228.6 68.57 980.2790 980.2897 1.00 3.79 ZENG99 11.22450 
9949.1267 469962.3 5436379.2 70.75 980.2799 980.2895 0.82 5.10 ZENG99 12.46776 
9949.1268 469511.1 5436480.7 82.72 980.2789 980.2895 0.48 6.24 ZENG99 13.57176 
9949.1269 469098.4 5436412.5 58.14 980.2849 980.2895 0.72 7.53 ZENG99 14.92166 
9949.1270 468873.3 5436657.4 37.13 980.2886 980.2893 0.79 7.39 ZENG99 14.64321 
9949.1271 468489.2 5436261.7 36.30 980.2894 980.2896 0.49 7.42 ZENG99 14.92548 
9949.1272 468388.6 5436274.4 30.88 980.2911 980.2896 0.49 8.02 ZENG99 15.52147 
9949.1273 468240.7 5436263.7 28.70 980.2916 980.2896 0.48 8.10 ZENG99 15.61362 
9949.1274 468115.0 5436251.3 27.94 980.2915 980.2896 0.46 7.86 ZENG99 15.38550 

Appendix 4 : Gravity Station Listing with Bouguer and Residual Bouguer Gravity Values 
Page 5 



Station AMGE (m) AMGN (r:n) Elev (m) Gobs (Gal) Gthr (Gal) TC (mGal) BG (mGal OWNER RG (mGal) 

9949.1275 468010.8 5436268.2 31.03 980.2914 980.2896 0.39 8.27 ZENG99 15.78948 
9949.1276 467907.7 5436282.9 39.46 980.2898 980.2896 0.33 8.27 ZENG99 15.78432 
9949.1277 467769.7 5436258.4 38.70 980.2899 980.2896 0.30 8.22 ZENG99 15.75417 
9949.1278 467662.1 5436234.3 34.47 980.2904 980.2896 0.32 7.87 ZENG99 15.42258 
9949.1279 467523.4 5436193.4 31.84 980.2914 980.2897 0.30 8.27 ZENG99 15.85235 
9949.1280 488555.3 5434315.2 63.97 980.2769 980.2912 0.28 -1.51 ZENG99 6.20458 
9949.1281 488427.8 5434246.2 62.74 980.2770 980.2913 0.25 -1.67 ZENG99 6.08899 
9949.1282 488326.8 5434162.0 60.69 980.2775 980.2914 0.25 -1.69 ZENG99 6.12030 
9949.1283 488235.2 5434106.0 56.56 980.2778 980.2914 0.28 ( -2.19 ZENG99 5.65602 
9949.1284 488159.7 5434065.6 58.65 980.2780 980.2914 0.25 -1.70 ZENG99 6.17182 
9949.1285 488063.0 5434017.9 55.46 980.2779 980.2915 0.28 -2.35 ZENG99 5.55197 
9949.1286 487972.0 5433962.5 56.38 980.2776 980.2915 0.27 -2.56 ZENG99 5.37594 
9949.1287 487886.2 5433912.2 56.01 980.2775 980.2916 0.29 -2.77 ZENG99 5.19700 
9949.1288 487737.0 5433863.6 64.50 980.2745 980.2916 0.29 -4.11 ZENG99 3.89015 
9949.1289 487601.4 5433787.9 83.13 980.2706 980.2917 0.37 -4.39 ZENG99 3.65695 
9949.1290 487481.7 5433706.2 76.47 980.2726 980.2917 0.40 -3.69 ZENG99 4.40641 
9949.1291 487341.2 5433620.8 60.88 980.2753 980.2918 0.42 -4.10 ZENG99 4.04849 
9949.1292 487254.4 5433582.3 59.14 980.2756 980.2918 0.44 -4.13 ZENG99 4.04323 
9949.1293 487139.3 5433517.9 59.77 980.2752 980.2919 0.48 -4.44 ZENG99 3.77317 
9949.1294 487065.7 5433452.5 61.66 980.2750 980.2919 0.49 -4.36 ZENG99 3.89158 
9949.1295 486978.7 5433412.9 64.25 980.2752 980.2920 0.50 -3.67 ZENG99 4.60686 
9949.1296 486890.6 5433358.6 67.49 980.2749 980.2920 0.50 -3.31 ZENG99 5.00016 
9949.1297 486804.3 5433306.5 71.65 980.2745 980.2920 0.51 -2.92 ZENG99 5.42204 
9949.1298 486728.2 5433241.9 75.19 980.2749 980.2921 0.53 -1.89 ZENG99 6.49004 
9949.1299 486618.3 5433229.2 99.24 980.2694 980.2921 0.55 -2.65 ZENG99 5.74240 
9949.1300 486510.3 5433159.4 87.32 980.2728 980.2922 0.47 -1.74 ZENG99 6.69465 
9949.1301 486411.5 5433102.0 91.24 980.2719 980.2922 0.46 -1.93 ZENG99 6.54006 
9949.1302 486297.5 5433054.3 102.52 980.2687 980.2923 0.57 -2.84 ZENG99 5.66093 
9949.1303 486213.1 5432953.2 134.29 980.2617 980.2923 1.23 -2.95 ZENG99 5.60898 
9949.1304 486079.2 5432896.2 155.84 980.2573 980.2924 1.11 -3.35 ZENG99 5.24588 
9949.1305 485975.0 5432866.0 147.02 980.2588 980.2924 1.27 -3.37 ZENG99 5.24697 
9949.1306 485875.5 5432794.1 118.91 980.2661 980.2925 1.19 -1.78 ZENG99 6.88012 
9949.1307 485750.0 5432732.4 91.38 980.2711 980.2925 1.00 -2.40 ZENG99 6.29899 
9949.1308 485646.0 5432752.0 115.02 980.2660 980.2925 0.91 -3.00 ZENG99 5.69381 
9949.1309 485585.5 5432627.1 148.39 980.2596 980.2926 1.10 -2.70 ZENG99 6.06314 
9949.1310 485462.2 5432563.6 119.55 980.2656 980.2926 0.86 -2.72 ZENG99 6.08296 
9949.1311 485336.9 5432469.2 104.93 980.2689 980.2927 0.60 -2.56· ZENG99 6.29963 
9949.1312 485226.1 5432408.9 114.83 980.2663 980.2928 0.79 -3.12 ZENG99 5.78049 
9949.1313 485147.4 5432365.3 122.39 980.2644 980.2928 0.63 -3.67 ZENG99 5.26021 
9949.1314 485051.4 5432317.9 105.12 980.2678 980.2928 0.78 -3.55 ZENG99 5.41285 
9949.1315 484959.5 5432206.7 104.25 980.2680 980.2929 0.74 -3.67 ZENG99 5.35833 
9949.1316 484855.7 5432126.9 117.04 980.2651 980.2930 0.71 -4.14 ZENG99 4.93658 
9949.1317 484746.9 5432094.6 140.59 980.2606 980.2930 0.90 -3.89 ZENG99 5.20969 
9949.1318 484710.0 5432000.6 142.15 980.2608 980.2931 0.85 -3.49 ZENG99 5.66235 
9949.1319 484608.0 5432041.5 114.50 980.2670 980.2931 1.08 -2.44 ZENG99 6.69565 
9949.1320 484425.8 5432264.7 89.46 980.2716 980.2929 0.74 -2.98 ZENG99 6.04511 
9949.1321 484404.2 5432138.3 93.78 980.2709 980.2930 0.77 -2.89 ZENG99 6.20431 
9949.1322 484324.9 5432043.6 94.96 980.2707 980.2931 0.85 -2.83 ZENG99 6.32038 
9949.1323 484223.5 5431979.7 92.51 980.2713 980.2931 1.10 -2.54 ZENG99 6.65268 
9949.1324 484096.8 5431979.5 94.00 980.2705 980.2931 1.03 -3.09 ZENG99 6.11216 
9949.1325 483975.9 5431994.2 95.72 980.2701 980.2931 1.05 -3.15 ZENG99 6.05303 
9949.1326 483912.7 5431892.5 101.69 980.2690 980.2932 1.44 -2.75 ZENG99 6.51348 
9949.1327 483823.3 5431794.9 102.98 980.2694 980.2933 1.27 -2.30 ZENG99 7.02345 
9949.1328 483770.4 5431648.6 113.11 980.2672 980.2934 1.10 -2.81 ZENG99 6.59747 
9949.1329 483743.1 5431553.8 117.89 980.2664 980.2935 1.13 -2.78 ZENG99 6.68115 

Appendix 4 : Gravity Station Listing with Bouguer an-a Residual Bouguer Gravity Values 
Page 6 



Station AMGE (m) AMGN (m) Elev (m) Gobs (Gal) Gthr (Gal) TC (mGal) BG (mGal OWNER RG (mGal) 
9949.1330 483476.0 5431636.0 144.86 980.2607 980.2934 1.18 -3.06 ZENG99 6.37384 
9949.1331 479738.7 5420956.0 420.27 980.2091 980.3020 1.95 -8.24 ZENG99 7.60934 
9949.1332 479851.9 5420953.0 402.98 980.2134 980.3020 1.51 -7.84 ZENG99 7.99863 
9949.1333 479941.5 5420988.2 384.37 980.2167 980.3020 1.21 -8.42 ZENG99 7.38826 
9949.1334 479994.7 5421060.0 363.39 980.2204 980.3019 0.75 -9.31 ZENG99 6.44982 
9949.1335 480071.3 5421081.2 365.62 980.2189 980.3019 0.64 -10.45 ZENG99 5.28921 
9949.1336 480275.5 . 5421034.3 367.83 980.2181 980.3019 0.65 -10.83 ZENG99 4.91360 
9949.1337 480371.6 5421018.3 364.42 980.2185 980.3019 0.63 -11.16 ZENG99 4.58212 
9949.1338 480569.6 5420980.8 355.18 980.2208 980.3020 0.61 , -10.66 ZENG99 5.08178 
9949.1339 481104.1 5420889.0 335.11 980.2257 980.3020 0.71 -9.71 ZENG99 6.02551 
9949.1340 481604.4 5420958.2 301.22 980.2307 980.3020 0.52 -11.53 ZENG99 4.11156 
9949.1341 481987.3 5420949.6 308.00 980.2300 980.3020 0.58 -10.88 ZENG99 4.72468 
9949.1342 482250.7 5421378.0 289.62 980.2326 980.3017 0.49 -11.63 ZENG99 3.69699 
9949.1343 482546.6 5421517.4 259.51 980.2386 980.3015 0.58 -11.35 ZENG99 3.86172 
9949.1344 485189.0 5423215.5 134.98 980.2629 980.3002 0.96 -9.78 ZENG99 4.18512 
9949.1345 485398.4 5423250.0 128.53 980.2645 980.3002 0.87 -9.50 ZENG99 4.42242 
9949.1346 485774.5 5423524.1 118.20 980.2674 980.2999 0.63 -8.66 ZENG99 5.06956 
9949.1347 485917.5 5423920.9 109.93 980.2698 980.2996 0.61 -7.62 ZENG99 5.87684 
9949.1348 485832.6 5424366.8 99.53 980.2720 980.2993 0.83 -6.88 ZENG99 6.38069 
9949.1349 486048.3 5424510.0 106.12 980.2727 980.2991 0.69 -4.83 ZENG99 8.32855 
9949.1350 486404.9 5424958.2 119.54 980.2693 980.2988 0.63 -5.30 ZENG99 7.57106 
9949.1351 486853.5 5424981.9 110.60 980.2720 980.2988 0.48 -4.49 ZENG99 8.32167 
9949.1352 487267.9 5425306.2 102.34 980.2744 980.2985 0.36 -3.63 ZENG99 8.96412 
9949.1353 487780.5 5426015.5 78.76 980.2782 980.2979 0.33 -3.93 ZENG99 8.22849 
9949.1354 488408.0 5426292.4 70.74 980.2802 980.2977 0.29 -3.29 ZENG99 8.65545 
9949.1355 488853.4 5426675.7 66.89 980.2803 980.2974 0.28 -3.64 ZENG99 8.06573 
9949.1356 489102.5 5427092.3 68.38 980.2792 980.2971 0.25 -4.12 ZENG99 7.33907 
9949.1357 489258.9 5427265.3 65.28 980.2782 980.2969 0.27 -5.63 ZENG99 5.72338 
9949.1358 489635.7 5427593.9 62.27 980.2787 980.2967 0.25 -5.43 ZENG99 5.71749 
9949.1359 490108.7 5427792.4 60.42 980.2793 980.2965 0.21 -5.09 ZENG99 5.91143 
9949.1360 490571.5 5427846.7 54.20 980.2807 980.2965 0.21 -4.84 ZENG99 6.09224 
9949.1361 491131.1 5428216.7 53.58 980.2812 980.2962 0.19 -4.19 ZENG99 6.50108 
9949.1362 491456.2 5428392.0 52.20 980.2814 980.2960 0.18 -4.13 ZENG99 6.44051 
9949.1363 483738.8 5421627.6 233.53 980.2417 980.3015 0.66 -13.13 ZENG99 1.88797 
9949.1364 484179.6 5421656.0 225.95 980.2426 980.3014 0.48 -13.88 ZENG99 1.07232 
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no. sampleno. rock age unit density magsusc. 
*=UTasRC (t/m3 ) (SI*10-3) 

1 B52 sandstone Cambrian Port Sorell Formation 2.54 1.42 
2 B62 dolerite Cambrian Port Sorell Formation 2.93 0.78 
3 B36 shale Cambrian Port Sorell Formation 2.48 0.04 
4 P11 chert Cambrian Port Sorell Formation 2.72 0.01 
5 P13 basalt Cambrian Port Sorell Formation 2.88 0.74 
6 B63 dolerite Cambrian Port Sorell Formation 3.01 0.57 
7 P14 dolerite Cambrian Port Sorell Formation 2.78 0.55 
8 B14 basalt Cambrian Port Sorell Formation 2.75 0.48 
9 P12 shale Cambrian Port Sorell Formation 2.33 0.01 
10 P17 sandstone Cambrian Port Sorell Formation 2.59 0.16 
11 B57 limestone Cambrian Port Sorell Formation 2.72 0.08 
12 141567* psammite Neoproterozoic Badger Head Formation 2.68 0.13 
13 141568* psammite Neoproterozoic Badger Head Formation 2.68 0.13 
14 141569* psammite Neoproterozoic Badger Head Formation 2.62 0.13 
15 141570* pelite Neoproterozoic Badger Head Formation 2.67 0.13 
16 141571* pelite Neoproterozoic Badger Head Formation 2.67 0.08 
17 141572* pelite Neoproterozoic Badger Head Formation 2.64 0.13 
18 141573* psammite Neoproterozoic Badger Head Formation 2.65 0.13 
19 141574* psammite Neoproterozoic Badger Head Formation 2.71 0.13 
20 141575* psammite Neoproterozoic Badger Head Formation 2.69 0.17 
21 213525 shale Ordovician Grubb Shale 2.52 0.28 
22 213526 shale Ordovician Grubb Shale 2.61 0.25 
23 213527 shale Ordovician Grubb Shale 2.74 0.26 
24 213528 shale Ordovician Grubb Shale 2.77 0.16 
25 213529 shale Ordovician Grubb Shale 2.67 0.23 
26 213492 limestone Ordovician Flowery Gully Limestone 2.74 0.02 
27 213493 limestone Ordovician Flowery Gully Limestone 2.69 0.03 
28 213494 limestone Ordovician Flowery Gully Limestone 2.63 0.05 
29 213538 limestone Ordovician Flowery Gully Limestone 2.80 0.03 
30 213539 limestone Ordovician Flowery Gully Limestone 2.83 0.02 
31 213562 siltstone Ordovician Eaglehawk Gully Formation 2.75 5.87 
32 213488 siltstone Ordovician Eaglehawk Gully Formation 2.77 1.67 
33 213489 siltstone Ordovician Eaglehawk Gully Formation 2.71 0.17 
34 213506 siltstone Ordovician Eaglehawk Gully Formation 2.86 0.43 
35 213507 siltstone Ordovician Eaglehawk Gully Formation 2.83 0.32 
36 213510 siltstone Ordovician Eaglehawk Gully Formation 2.96 0.23 
37 213423 basalt/siltstone Ordovician Eaglehawk Gully Formation 2.45 0.45 
38 213511 sandstone Ordovician Salisbury Hill Formation 2.69 0.16 
39 213513 conglomerate Ordovician Salisbury Hill Formation 2.54 0.14 
40 213515 sandstone Ordovician Salisbury Hill Formation 2.73 0.06 
41 213518 conglomerate Ordovician Salisbury Hill Formation 2.59 0.05 
42 213519 conglomerate Ordovician Salisbury Hill Formation 2.74 0.31 
43 213498 sandstone Ordovician Salisbury Hill Formation 2.87 0.43 
44 213482 sandstone Ordovician Salisbury Hill Formation 2.73 0.06 
45 213552 conglomerate Ordovician Cabbage Tree Conglomerate 2.58 0.02 
46 213553 conglomerate Ordovician Cabbage Tree Conglomerate 2.63 0.13 
47 213522 conglomerate Ordovician Cabbage Tree Conglomerate 2.72 0.05 
48 213486 conglomerate Ordovician Cabbage Tree Conglomerate 2.83 0.11 
49 213491 conglomerate Ordovician Cabbage Tree Conglomerate 2.63 0.03 
50 213487 conglomerate Ordovician Cabbage Tree Conglomerate 2.61 0.03 
51 213565 limestone Cambrian Blyth Creek 'Formation 2.63 0.05 
52 213567 limestone Cambrian Blyth Creek Formation 2.91 0.02 
53 213568 calc-siltstone Cambrian Blyth Creek Formation 2.84 0.22 
54 213535 serpentinite Cambrian Blyth Creek Formation 2.59 20.80 
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no. sampleno. rock age unit density magsusc. 
*=UTasRC (tlm3 ) (81*10-3) 

55 213534 dolomite Cambrian Blyth Creek Formation 3.08 0.21 
56 213532 limestone Cambrian Blyth Creek Formation 2.75 0.08 
57 213530 siltstone Cambrian Blyth Creek Formation 2.72 0.27 
58 213531 shale Cambrian Blyth Creek Formation 2.98 0.22 
59 213617 siltstone Cambrian Blyth Creek Formation. 2.54 0.18 
60 siltstone Cambrian Blyth Creek Formation 2.67 0.28 
61 213586 conglomerate Cambrian Blyth Creek Formation 2.80 0.28 
62 213614 conglomerate Cambrian Blyth Creek Formation 2.46 0.13 
63 213452 amphibolite Cambrian Blyth Creek Formation 2.92 0.30 
64 216141 chert Cambrian Blyth Creek Formation 2.62 0.02 
65 213455 andesite Cambrian Blyth Creek Formation 2.86 0.64 
66 213428 andesite Cambrian Blyth Creek Formation 2.89 0.57 
67 213575 diorite Cambrian 2.66 0.27 
68 213433 andesite Cambrian Blyth Creek Formation 3.00 0.50 
69 A andesite Cambrian Blyth Creek Formation 2.66 0.74 
70 213431 andesite Cambrian Blyth Creek Formation 2.88 2.50 
71 siltstone Ord-Devonian Corn Hill Beds 2.66 0.17 
72 siltstone Ord-Devonian Corn Hill Beds 2.69 0.17 
73 shale Ord-Devonian Corn Hill Beds 2.69 0.05 
74 shale Ord-Devonian Corn Hill Beds 2.61 0.18 
75 shale Ord-Devonian Corn Hill Beds 2.59 0.14 
76 sandstone Ord-Devonian Corn Hill Beds 2.63 0.05 
77 sandstone Ord-Devonian Corn Hill Beds 2.67 0.05 
78 siltstone Ord-Devonian Corn Hill Beds 2.60 0.12 
79 siltstone Ord-Devonian Corn Hill Beds 2.62 0.18 
80 siltstone Permian Parmeener 8upergroup 2.45 0.08 
81 siltstone Permian Parmeener 8upergroup 2.52 0.08 
82 siltstone Permian Parmeener 8upergroup 2.60 0.10 
83 ultramafic Cambrian Anderson's Creek Ultramafics 2.55 59.38 
84 ultramafic Cambrian Anderson's Creek Ultramafics 2.24 57.00 
85 ultramafic Cambrian Anderson's Creek Ultramafics 2.05 77.63 
86 ultramafic Cambrian Anderson's Creek Ultramafics 2.00 74.50 
87 ultramafic Cambrian Anderson's Creek Ultramafics 2.89 146.25 
88 ultramafic Cambri~n  Anderson's Creek Ultramafics 2.23 60.25 
89 ultramafic Cambrian Anderson's Creek Ultramafics 3.01 105.50 
90 ultramafic Cambrian Anderson's Creek Ultramafics 2.81 33.63 
91 ultramafic Cambrian Anderson's Creek Ultramafics 2.36 47.50 
92 ultramafic Cambrian Anderson's Creek Ultramafics 2.34 4.25 
93 ultramafic Cambrian Anderson's Creek Ultramafics 2.95 46.13 
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