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P R E F A C E 

 
In March 1996, a joint venture project between the Geological Institute in Bonn (Rheinische 

Friedrich-Wilhelms-Universität), Germany, and the Australian Geological Survey 

Organisation (AGSO) in Canberra was initiated. Prof. Dr. A. Schäfer (Geological Institute, 

Rheinische Friedrich-Wilhelms-Universität Bonn) applied to the Deutsche 

Forschungsgemeinschaft (DFG) for financial assistance of the project „Sedimentologie und 

Provenanz von Konglomeraten als Schlüssel für die Tektonik des Bowen Basin im Vorland 

des New England Orogen, Ost-Australien” (Sedimentology and provenance of conglomerates 

in the foreland of the New England Orogen as a key to the tectonic understanding of the 

Bowen Basin, Eastern Australia). Within the proposal, the author was suggested as the 

research assistant working at AGSO and being supervised by Dr. Russell J. Korsch. 

 

AGSO subsequently changed its name to Geoscience Australia (GA) and shall therefore 

be referenced in this thesis as GA. 

 

The proposed project was followed the line of cooperative research in the past. Prof. Dr. 

Andreas Schäfer and Dr. Russell J. Korsch (GA) have been working on the tectonic 

interpretation of the Saar-Nahe Basin in western Germany (KORSCH &  SCHÄFER 1991, 1995; 

SCHÄFER &  KORSCH 1998). Their common interest in the sedimentation and 

tectonostratigraphic evolution of Permian-Triassic sedimentary basins in Eastern Australia set 

the cornerstone for this thesis. In September 1996, the author started working at GA. His 

research was integrated into the project 
‛
Tectonic framework of Eastern Australia’, financed 

by the Australian Geodynamics Cooperative Research Centre (AGCRC) and led by Russell 

Korsch. In March 1997, the proposed joint venture project was approved by the DFG. 

 

The main study area was chosen in an area of special tectonic interest, crossing the fault-

dominated, eastern margin of the Early Permian-Middle Triassic Bowen Basin in the 

subsurface. Here, the Permian-Triassic rocks are covered by younger sediments. Cores and 

geophysical data provide the only information of the Bowen Basin sedimentary record. The 

initial aim was to produce a better understanding of the subduction-related processes that left 

the Bowen Basin in a foreland position, although it is generally interpreted as being initiated 

by back-arc extensional processes. The issue was to trace the accommodation record from the 

provenance area of the New England Orogen to the east, to the conglomerate horizons of the 
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Bowen Basin that crop out to the west, crossing the subsurface area of interest. Moreover, the 

tectonic events that created the unusual subsurface geometry: the Late Devonian to Late 

Carboniferous fore-arc sediments of the Tamworth Belt conformably overlain by the back-arc 

Bowen Basin succession, needed clarifying. 

 

The Bowen Basin in Eastern Australia is contiguous with the Gunnedah Basin farther 

south. The two corresponding basins were examined in vicinity of the main study area; the 

Gunnedah Basin to the south-southwest (in northern New South Wales) and the Bowen Basin 

to the north (in southern Queensland). In both areas, Permian-Triassic conglomerates crop out 

and well control is available. Drill cores were analysed and, where possible, correlated with 

outcrop data. At least some of the conglomeratic horizons could clearly be linked to the New 

England Orogen as being the provenance area, although palynological control is sparse. 

However, the approach to trace the sedimentary record of the Gunnedah-Bowen Basin 

conglomerates from the depocentre across the subsurface Bowen Basin to a specific source 

area failed. 

 

As a result, the field of interest gradually shifted. The key to understanding the history of 

the Bowen Basin was now searched for at the base of the Permian-Triassic basin. Focus was 

drawn to the apparently conformable stratigraphic relationship between the successions in the 

Bowen Basin and the underlying Tamworth Belt. The basin architecture and tectonic 

evolution of the Tamworth Belt was now also targeted. As the main tool to examine the 

subsurface geometry of the fore-arc basin along the eastern limit of the Bowen Basin, shallow 

seismic reflection profiles (on average 4 seconds two-way travel time) were interpreted. In 

order to provide more detailed information on the geometry of the area under investigation 

and to complement the seismic interpretation for the tectonic setting of the Tamworth Belt, 

aeromagnetic and gravity data were also reprocessed and interpreted. 

 

During the author's time of research, one supporting paper was published in the 

proceedings of the NEO ‘99 Conference in Armidale, New South Wales, covering a talk on 

the subsurface geometry of the Tamworth Belt (WARTENBERG et al. 1999). Another paper has 

been published in a Special Publications volume of the Geological Society of London 

(WARTENBERG et al. 2003). 

 

This thesis is based on the author's research in Australia. 
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A B S T R A C T 
 

The subsurface geometry and tectonic development of the Devonian-Carboniferous Tamworth 

Belt, a fore-arc basin in the New England Orogen, Eastern Australia, has been examined using seismic 

reflection, drill core data, aeromagnetic and gravity data. In the study area, in southern Queensland, 

the belt is covered discordantly by up to nearly 2000 metres of Jurassic-Cretaceous sediments. 

The Tamworth Belt is affected in the west by the Moonie Fault, a short-cut thrust fault, which 

exhibits a fault-bend-fold geometry. An elongated positive magnetic anomaly is associated with the 

Moonie Fault, although the fault strikes beneath the thick Mesozoic cover. The western extent of the 

fore-arc basin lies far to the west of the study area, but probably is bounded by the Leichhardt Fault, a 

thrust fault that seems to root onto the same thrust flat at depth. 

A major westward-dipping structure forms the main eastern boundary of the belt, with a series of 

eastward-dipping backthrusts located farther to the west. The eastern margin also coincides with a 

gravity and magnetic ridge, similar to the gravity and magnetic pattern of the Lower Devonian 

serpentinites and iron-enriched rocks that are exposed along the Peel Fault to the south. 

In the study area, the Tamworth Belt is over 75 km wide and has been shortened by at least 35 km 

across strike. The sedimentary succession is moderately folded, and, due to thrust sheets sliding on top 

of each other, at least 12 km thick. Within the succession, six seismic sequences were identified, each 

of which is separated by a major sequence boundary. 

Three major deformational events have been recognised – a Mid Permian period of compressional 

deformation, the Mid-Late Triassic Goondiwindi Event and the Late Cretaceous Moonie Event. 

To the west of the Moonie Fault, Bowen-Gunnedah Basin rocks of Permian-Triassic age occur, 

comprising sediments that originate to the east of the Tamworth Belt succession and conformably 

overly at least the uppermost sequences of the Tamworth Belt succession. 

Within the Tamworth Belt succession, a hanging-wall syncline immediately to the east of the 

Moonie short-cut thrust fault may be correlated with the Rocky Creek Syncline in the northernmost 

exposed part of the fore-arc basin, approximately 170 km farther south. 

The eastern boundary separates the forearc basin sediments from rocks of the Tablelands 

Complex, which is a subduction-related accretionary wedge assemblage. The overall geometry of the 

subsurface Tamworth Belt in the southern study area is similar to that seen on the deep seismic survey 

and on geological cross sections farther south, but is a wider belt to the north. 

 

 

Keywords: Eastern Australia, New England Orogen, Tamworth Belt, Bowen Basin, Moonie Fault, Peel 
Fault, Gondwanaland, Tasman Orogenic Zone, Panthalassan Ocean, subduction-related geometry, foreland fold-
thrust belt, thrust fault, fault-bend fold, fore-arc basin, Devonian-Carboniferous, Permian-Triassic sediments, 
seismic sequences, aeromagnetic data, gravity data. 
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Wenn irdische Kräfte an irdische Stoffe pochen, so gibt Bewegung Echo. 
                   Hans Cloos (1936) 

 
Whenever earthly power hits earthly matter, the echo will be movement. 



1. INTRODUCTION 

 

The New England Orogen is the easternmost tectonic unit of 

the Australian continent, consisting of arc, fore-arc and ac-

cretionary wedge rocks produced during the Neoproterozoic 

to Cretaceous within a plate convergent setting. 

The various geological processes that formed the re-

cent shape of the orogenic belt occurred during Devonian to 

Cretaceous times and are described in Chapter 2 (Geology 

of Eastern Australia) in a regional overview of Eastern Aus-

tralia. In the area of interest, in southern Queensland, most 

of the orogen is covered discordantly by a thick sedimentary 

package of Mesozoic sediments (Fig. 1). Here, the subsur-

face geometry of the underlying fore-arc basin, the 

Devonian-Carboniferous Tamworth Belt, was examined. 

 This thesis, using a database which is mainly re-

stricted to industry shallow seismic profiles (and two addi-

tional deep seismic profiles), gravity and aeromagnetic 

potential field data and some isolated petroleum exploration 

wells, focuses on outlining the basin architecture and the tec-

tonic evolution of the fore-arc basin and continues the out-

come of earlier research (WARTENBERG et al., 1999, 2003). 

Seismic data within the study area suggest that the 

sequences of the Tamworth Belt and the Permian to Triassic 

Bowen Basin seem to be temporally and spatially related. 

This is dealt with in Chapter 3 (Stratigraphic geometry of 

the Tamworth Belt), where distinctive Tamworth Belt seis-

mic reflections are identified as stratigraphic units, and are 

then compared to units of existing sequence stratigraphy 

(e.g. Bowen Basin seismic reflections). 
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Fig. 1: Map of Eastern 
Australia, showing the 
relationship of the New 
England Orogen to the 
adjacent sedimentary 
basins. The Tamworth 
and Yarrol belts repre-
sent the Devonian-
Carboniferous fore-arc 
basin that extends in the 
subsurface to the east 
of the Goondiwindi-
Moonie and Burunga-
Leichhardt faults. 
 

The accretionary 
wedge assemblages 
displayed on the map 
consist of (from north to 
south) the Shoalwater 
and the Wandilla ter-
ranes, the D’Aguilar 
Block, the Beenleigh 
Terrane, the Woolomin 
and the Coffs Harbour 
associations. 

 
The Conners and 

Auburn arcs represent 
the magmatic arc com-
ponent. 

The Sydney, Gunne-
dah and Bowen basins 
are part of the Permian-
Triassic Bowen Basin 
system, with the Comet 
Ridge, the Denison and 
the Taroom troughs 
representing parts of 
major importance of the 
Bowen Basin (sensu 
stricto). 

 
The Eromanga, Su-

rat and Clarence-
Moreton basins were 
formed during the Ju-
rassic to Cretaceous. 

The box at the 
northern end of the 
Goondiwindi-Moonie 
Fault identifies the study 
area. 

 
See Chapter 2 for 
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Also, on in Chapter 3, attention is drawn to supporting borehole-stratigraphy that substan-

tiates the seismic record. As the Bowen Basin - now situated in a foreland basin position - is 

generally interpreted as being back-arc initiated, the apparently conformable behaviour be-

tween the Tamworth Belt fore-arc basin and Bowen Basin sequences raises an interesting 

question: which tectonic processes left the Bowen Basin in a foreland position? 

In an attempt to understand the tectonic processes, additional geophysical data were 

used to construct the recent boundary of the subsurface fore-arc basin. In Chapter 4 (Mag-

netic and gravity anomalies) aeromagnetic and gravity anomalies are investigated and then 

correlated to the seismic record. Another question is raised here: does the Moonie Fault, a 

thrust fault of major displacement in the western part of the study area (Fig. 1), identify the 

westernmost boundary of the subsurface Tamworth Belt? 

The conclusions drawn from the magnetic and gravity data lead to the discussion on 

the geometry and structural evolution of the Tamworth Belt. The arguments are summa-

rised in Chapter 5 (Structural geometry of the Tamworth Belt), which attempts to explain 

the present-day distribution of the Devonian-Triassic basin successions and thus attempts to 

answer the above questions. The structural geometry is described and the relative tectonic 

development of the fore-arc and back-arc basins to one another is examined. The resulting 

tectonic model is compared to the crustal architecture as interpreted on two deep seismic 

profiles (each of which was recorded to 20 seconds two-way travel time) to the north and 

to the south of the seismic study area (KORSCH et al. 1993, 1997; GLEN et al. 1993; WAKE-

DYSTER et al. 1987) (Fig. 5.2 & Fig. 5.3). 

 The pre-deformation history of the study area and the pathways of later tectonic ac-

tivity are finally discussed in Chapter 6 (Synthesis) and are set in context with previous 

studies. Chapter 7 (Conclusions) summarises the outcome of this study. 
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Das Auge hat sein Dasein dem Licht zu danken. 
Aus gleichgültigen tierischen Hülfsorganen 

ruft sich das Licht ein Organ hervor, 
das seinesgleichen werde; 

und so bildet sich das Auge am Lichte fürs Licht, 
damit das innere Licht dem äußeren entgegentrete. 

 
        Johann Wolfgang Goethe 
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2. GEOLOGY OF EASTERN AUSTRALIA 

 

The Australian continent is divided into several tectonic 

mega-elements, with the Tasman Orogenic Zone 

(Tasmanides, Tasman Orogenic System, Tasman Orogen) 

representing the youngest of these elements and forming the 

eastern margin of the continent. Australia's geological his-

tory, during the last billion years, is strongly influenced by 

two supercontinents, Neoproterozoic Rodinia and Palaeo-

zoic Gondwanaland. Gondwanaland formed at the begin-

ning of the Phanerozoic with the Tasman Orogenic Zone be-

ing located at the eastern edge of the palaeo-supercontinent. 

During the Early Cambrian, west-directed subduction of the 

Palaeo-Pacific Ocean along the eastern margin of the Tas-

manides commenced (LI & POWELL, 2000). 

 

  

2.1. Introduction 

The easternmost and youngest accreted tectonic unit of the 

Tasman Orogenic Zone in Eastern Australia is the New 

England Orogen (Fig. 1). The tectonic evolution of the 

New England Orogen essentially started during the Devo-

nian and Carboniferous at the eastern Gondwanaland margin 

where Gondwanaland faced the Panthalassan Ocean. Here, 

at low latitudes, west-directed subduction produced three 

parallel belts, representing a western Andean-style mag-

matic arc, a central fore-arc basin and an eastern accretion-

ary wedge (KIRKEGAARD, 1974; MURRAY et al., 1987; 

KORSCH et al., 1993; SCHEIBNER & BASDEN, 1996). In the 

Early Carboniferous, Australian Gondwanaland drifted rap-

idly from lower latitudes to a near-south polar position (LI 

& POWELL, 2000), at the time, when the opposite edge of 

the supercontinent collided with Laurussia. In the Late Car-
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boniferous, the tectonic regime of ancient Eastern Australia changed from compressional 

to extensional, possibly related to a change in the dynamics of the subduction system 

(KORSCH et al., 1997, MURRAY et al., 1987). 

 

Subsequently, in the Early Permian (c.295 – 280 Ma), the initiation of the Bowen-

Gunnedah-Sydney basin system occurred to the west of the continental margin mag-

matic arc in a back-arc tectonic setting (KORSCH et al.; 1993; TADROS, 1993). Also in the 

Early Permian, but probably later than the mechanical extension phase, oroclinal bending 

of the fore-arc basin and accretionary wedge (c.285 – 265 Ma) occurred to produce the 

Texas and Coffs Harbour oroclines (KORSCH & HARRINGTON, 1987; MURRAY et al., 

1987) (see Fig. 1 for location). 

 

The late Early to early Late Permian (c.265 – 262 Ma) saw another change in the dyna-

mics of the subduction system, when the magmatic arc was re-established along the Pa-

laeo-Pacific continental margin of Australia and the back-arc changed from an exten-

sional to a contractional regime (KORSCH & TOTTERDELL, 1995c). This led to the forma-

tion of a retro-foreland fold-thrust belt west of the magmatic arc (c.f. CATUNEANU et al., 

1997) that was better developed in the Queensland sector of the New England Orogen 

than in New South Wales (KORSCH et al., 1997). Moreover, the contractional regime re-

sulted in the development of a significant retro-foreland basin phase in the Bowen-

Gunnedah-Sydney basin system that extended until the Middle Triassic (KORSCH & TOT-

TERDELL, 1995b) (see Table 2.1 for details of the stratigraphy). The large foreland basin 

accumulated major coal deposits mainly during the Late Permian. 

 

From the Early Jurassic to Early Cretaceous, eastern Australia was still part of the eastern 

convergent margin of Gondwanaland, but almost all of it was situated in a back-arc set-

ting, with only minor remnants of the magmatic arc being preserved near the Queensland 

coast (KORSCH & TOTTERDELL, 1996). The Surat, Eromanga and Clarence-Moreton 

basins (see Fig. 1 for location) developed at this time within a back-arc setting, inboard 

of the continental margin volcanic arc. At times, this arc provided considerable amounts 

of detritus to the basins. Therefore, these basins contain a relatively thick, sometimes vol-

caniclastic, succession which blanketed much of the Devonian-Carboniferous subduction-

related units, including the fore-arc basin component (Tamworth Belt), part of which, in 
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southern Queensland and northern New South Wales, is still covered by up to nearly 2000 

metres of sediments (see Fig. 1 for location and Figs 3.4 & 3.7 for the Surat sediments). 

 

The basin genesis and tectonic development of the Tamworth Belt was accompanied by 

major climate changes in ancient Australia. During the Devonian to Carboniferous, Aus-

tralia was located at low latitudes with a warm climate. Glacial conditions dominated 

Australia’s climate during the Late Carboniferous to Earliest Permian. At the end of the 

Permian, the palaeo-environment again was suspect to drastic climate changes, leading to 

red-bed deposition in Early Triassic times (LI & POWELL, 2000). 

 

In order to provide a better understanding of the geological setting of the Tamworth Belt, 

 
Tab. 2.1: Chart showing the lithostratigraphy, seismic reflections and basin phases of the Bowen Basin 

and Tamworth Belt successions. Note, that the top of the Bowen Basin successions are defined by an un-

conformity (APT4) overlain by Surat Basin sediments. For the location of the Taroom Trough, see Fig. 1. 
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the relevant components of the New England Orogen and adjacent basins (e.g. back-arc 

Bowen Basin), together with some background information on geometry and tectonic de-

formation, are introduced in the following subsections. 

 

 

2.2. New England Orogen 

The New England Orogen (NEO) is the easternmost and youngest accreted tectonic unit 

of the Tasman Orogenic Zone, extending over approximately 1500 kilometres from Bo-

wen in Queensland (22° S) to Newcastle in New South Wales (32° S) (Fig. 1). It consists 

of magmatic arc, fore-arc and accretionary wedge rocks produced during Late Devonian 

to Cretaceous plate convergence at the interface of eastern Gondwanaland and the Pantha-

lassan Ocean (LEITCH, 1975; MURRAY et al., 1987; KORSCH et al. 1990). The New Eng-

land Orogen may be subdivided into a southern and a northern unit, due to the presence of 

the Mesozoic Surat and Clarence-Moreton basins that conceal much of the central part of 

the orogen (SCHEIBNER et al., 1996; C. G. MURRAY et al., 1997a). Thus, it is difficult to 

correlate the southern and the northern fore-arc basin successions (Tamworth and Yarrol 

belts, respectively, in Fig. 1). The accretionary wedge assemblages occur in outcrop 

across the whole eastern part of the New England Orogen (e.g. in New South Wales the 

Tablelands Complex assemblage - consisting of the Woolomin, Sandon and Coffs Har-

bour associations and in Queensland the Beenleigh, D’Aguilar, Wandilla and Shoalwater 

terranes) (see Fig. 1), whereas the magmatic arc component is only exposed in the north-

ern NEO (Conners and Auburn arcs in Fig. 1). 

         Another tectonostratigraphic unit, the Early Permian-Early Triassic Gympie Prov-

ince to the very east of the previously mentioned belts (see Fig. 1 for location), has been 

proposed as being an exotic terrane (C.G. MURRAY, 1997b). It probably accreted during 

the Middle Triassic Hunter-Bowen Orogeny (HARRINGTON & KORSCH, 1985). 

 

 

2.2.1.   Tablelands Complex 

The convergent plate margin model for Eastern Australia in the Late Devonian-

Carboniferous interprets the accretionary wedge assemblages as a once-continuous ac-

creted trench-fill that grew eastwards towards the Panthalassan Ocean (KORSCH et al., 

1990). Its clastic sedimentary components are mainly represented by volcaniclastic deep-
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water turbidites derived from the magmatic arc to the west. There are also infaulted slices 

of basalt, chert and pelagic mudstone which are considered to be fragments of the oceanic 

crust (KORSCH, 1977). The provenance of the turbidites in the accretionary wedge, how-

ever, can be linked to the fore-arc basin compositions, because the detritus was derived 

from the same volcanic arc (CAWOOD, 1983; KORSCH, 1984). Within the study area, the 

accretionary wedge rocks are represented by components of the Tablelands Complex that 

are covered by the Early Jurassic to Early Cretaceous Clarence-Moreton and Surat basins 

(see Fig. 1). 

 

 

2.2.2.   Tamworth Belt 

The fore-arc basin succession of the New England Orogen is represented by the Late De-

vonian to Late Carboniferous Tamworth and Yarrol belts, located between the arc to the 

west and the accretionary wedge to the east. The Tamworth Belt succession is the pre-

served fore-arc unit of the southern New England Orogen (including the Hastings Block; 

see Fig. 2.2). It is dominated by volcaniclastic sedimentary rocks deposited predomi-

nantly in a shallow-marine shelf environment (MCKELVEY & MCPHIE, 1995; SCHEIBNER, 

1998). Volcanic material (e.g. volcanic flows and tuff) is more abundant in the western 

part of the region, closer to the active 

magmatic arc (MCPHIE, 1987). A 

more detailed description of the Tam-

worth Belt sediments is given by CA-

WOOD (1983) and KORSCH (1984). 

Sandstone compositions described by 

MURRAY (1997c) and plotted within 

the QFL-triangle of DICKINSON & 

SUSZEK (1979) and DICKINSON et al. 

(1983), form a coherent group that 

contains mainly lithic fragments, de-

fining the provenance field of the 

fore-arc basin sediments as an undis-

sected arc tectonic environment (Fig. 

2.1). 

 
Fig. 2.1: QFL plot of sandstones from the Tamworth 

Belt in relation to provenance fields of DICKINSON & 

SUSZEK (1979) and DICKINSON et al. (1983) after MURRAY 
(1997c). The uniform tectonic setting of the sandstones is 
considered to be evidence for a common origin (note, 
however, that only about eight samples were used from a 
restricted area).  
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The Tamworth Belt is exposed in northern New South Wales but continues northwards in 

the subsurface into southern Queensland, covered by the Mesozoic sediments of the Surat 

and Clarence-Moreton basins (Fig. 1). The exposed part of the fore-arc unit has been sub-

divided into several blocks (see overlying terrane map in Fig. 4.1 of Chapter 4.2.1.), of 

which the Tamworth North and Tamworth South blocks identify a NNW-SSE-trending 

synclinorial zone to the east of the Permian-Triassic Gunnedah Basin. Both fore-arc basin 

blocks contain with long linear thrust faults along strike, mimicking the geometry of a 

major fold-thrust system (WOODWARD, 1995). Moreover, the outcropping Tamworth Belt 

may be divided into two units running sub-parallel to the overall basin trend, with the 

Carboniferous fore-arc deposits to the west and the Devonian sedimentary succession to 

the east. 

 

In the area of interest, in southern Queensland, the eastern boundary of the Tamworth 

Belt succession curves to the northeast. It is here, where the Devonian-Carboniferous jux-

taposition of the fore-arc and accretionary wedge belts, that can still be seen in the north-

ern and southern part of the orogen, is complicated by the above noted Early Permian oro-

clinal bending (see Chapter 2.1.). 

The eastern boundary of the Tam-

worth Belt forms part of the Texas 

and Coffs Harbour oroclines in the 

subsurface. Components of the oro-

clines that are considered to be part 

of the fore-arc basin succession in-

clude rocks of the Emu Creek 

Block and Carboniferous outcrops 

 
 
Fig. 2.2: Cartoon of the Late Devonian-

Early Carboniferous palaeogeography (not 
palin-spastically restored), showing pre-
sent-day distribution of the arc, fore-arc ba-
sin and accretionary wedge subduction 

complex (after MURRAY et al., 1987). The 
dashed heavy line represents the pre-
sumed limit of the fore-arc basin boundary 
in the subsurface after Early Permian oro-
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at Mount Barney (MURRAY et al., 1987) (Fig. 2.2), some 200 kilometres to the east of 

the northernmost outcropping and near-longitudinal oriented Tamworth Belt rocks. 

         South of Mount Barney, the fore-arc basin occurs to the east of the northern Coffs 

Harbour Block, beneath the Clarence-Moreton Basin (cf. Fig. 1). Here the Baryulgil Ser-

pentinite is located to the east of the Emu Creek Block and forms the boundary between 

the fore-arc basin sediments and the accretionary wedge assemblage (Fig. 2.2). North of 

Mount Barney, the fore-arc basin succession surfaces and eventually links with the ex-

posed Yarrol Belt farther north (see Fig. 2.2), representing the fore-arc unit of the subduc-

tion-related system of the northern New England Orogen. 

 

The Yarrol Belt has been described by DAY  et al. (1983) and recently its geology has 

been updated by the Queensland Department of Mines and Energy (MURRAY et al., 

1997a). As its fore-arc basin equivalent to the south (Tamworth Belt), the Yarrol Belt ba-

sin fill is dominated by volcaniclastic sedimentary rocks, deposited within a shallow-

marine environment. 

 

 

2.2.3.   Magmatic Arc 

There are apparently no arc-related rocks south of the Mesozoic cover (Fig. 1) and thus, 

no arc components are identified within the study area in southernmost Queensland. The 

BMR deep seismic survey across southern Queensland (BMR84.14, BMR86.16, 

BMR86.17) suggested a possible position of the volcanic arc beneath younger Permian 

extensional volcanics (WAKE-DYSTER et al. 1987) (see Fig. 5.3 of Chapter 5.1.1.). 

 

In describing the original tectonic setting along the eastern margin of Gondwanaland for 

the Silurian to Early-Middle Devonian, two scenarios have been proposed to justify the 

absence of the arc in the southern New England Orogen.  

         AITCHISON & FLOOD (1995) interpret the absence of the arc as related to a change 

in subduction direction over time. They envisage a western continental margin and an 

eastern island arc with the intervening oceanic crust being subducted to the east. After 

subduction ceased, there was a polarity change in the direction of subduction, with oce-

anic crust subducting to the west from Late Devonian to Late Carboniferous. 
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         KORSCH et al. (1997), however, argue against this flip in subduction sense. They 

have suggested that the subduction system always dipped westward and that the arc could 

now be buried beneath the younger Permian-Triassic sedimentary rocks of the Bowen-

Gunnedah Basin (see Fig. 1 for location). This study follows the latter interpretation, im-

plying a constant western-directed subduction polarity with the Silurian island arc possi-

bly getting accreted and converted to a continental margin arc by Middle Devonian times. 

         It shall be pointed out, however, that dating of rocks that were classified by DAY  et 

al. (1978) as arc components of the above mentioned Connors and Auburn arcs identifies 

their age as Late Carboniferous and Early Permian. Moreover, none of the rock-samples 

represent a Late Devonian age, questioning the position of the arc even in the northern 

New England Orogen. Recent work on rock specimen dated a few samples within the 

Earliest Carboniferous (c.360-350 ma), being overprinted by younger volcanics and hence 

proving at least some evidence for the arc (HUTTON et al., 1999). 

 

 

2.2.4.   Back-arc setting 

The back-arc Bowen Basin, located to the west of the Tamworth Belt, consists of terres-

trial to shallow marine successions (for definition of the relevant successions in southern 

Queensland, see DERRINGTON et al., 1959; cf. Tab. 2.1). It was initiated by Early Permian 

lithospheric extension and, from the middle Permian, subsidence was driven by foreland 

loading (KORSCH & TOTTERDELL, 1996). In the northern New England Orogen, where the 

arc is present, the Bowen Basin is bounded to the east by volcanic rocks which are rem-

nants of the intermittently active volcanic arc. To the south, it also continues in the sub-

surface beneath the younger Surat Basin sediments. The Bowen Basin is part of an elon-

gate Early Permian-Middle Triassic basin system that includes, from south to north, the 

Sydney, Gunnedah and Bowen basins (see Fig. 1 for location). 

 

 

2.3. Fault geometry 

Petroleum exploration industry seismic lines across the eastern part of the Bowen Basin 

system show that the approximate eastern limit of this basin system is defined by a major 

system of discrete Middle Triassic thrust faults and displacement transfer zones (KORSCH 

& TOTTERDELL, 1995a). These faults are, from south to north, the Hunter, Mooki, Kel-
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vin, Moonie, Goondiwindi, Leichhardt and Burunga faults (see Fig. 1 for location). 

Movement on all of these faults is west-directed, apart from the northernmost Burunga 

Fault, which is directed towards the east. 

 

To the south of the study area, in northern New South Wales, the Tamworth Belt has been 

thrust over the eastern margin of the Gunnedah Basin. Farther north, in southern Queen-

sland, the thrust front overrides the eastern margin of the Bowen Basin. The eastern limit 

of the exposed part of the Tamworth Belt is defined by the Peel Fault, to the east of 

which occur accretionary wedge rocks of the Tablelands Complex (Fig. 1). In outcrop, in 

northern New South Wales, the Peel Fault dips steeply to the east, and is interpreted on 

the deep seismic line BMR91.G01 to be a splay off of a major westward-dipping structure 

that cuts to the base of the crust (Fig. 2.3) (see also Fig. 5 in KORSCH et al., 1993, 1997). 

 

 

2.4. Deformation 

Deformation in the Tamworth and Yarrol belts was mainly controlled by west to west-

northwest-directed thrusting, forming part of a foreland thrust belt (WOODWARD, 1995; 

HOLCOMBE et al., 1997). In the Bowen and Surat basins, KORSCH & TOTTERDELL 

 
Fig. 2.3: Unmigrated deep seismic profile BMR91.G01 across the Tamworth Belt and Tablelands Com-

plex of the New England Orogen from KORSCH et al. 1997 (see Fig. 3.1 for location). Vertical scale approxi-
mately equals horizontal scale assuming an average crustal velocity of 6000 ms-1. 



14                                                                                                                                                                                                          GEOLOGY 

(1995b) and KORSCH et al. (1998) have defined several deformational events, most of 

which were contractional in nature. At least two of the deformational events seen in 

the subsurface Tamworth Belt can be related to events in the Bowen and Surat basins. 

These are the Middle-Late Triassic Goondiwindi Event and the early Late Cretaceous 

Moonie Event. 

 

In the study area, the Devonian-Carboniferous Tamworth Belt, therefore, is a fore-arc 

basin which is conformably overlain and concealed by the Early Permian to Middle 

Triassic back-arc Bowen Basin and, subsequently, unconformably overlain by the 

Early Jurassic to Early Cretaceous Surat Basin (FIELDING et al., 1990; O'BRIEN et al., 

1990; KORSCH et al., 1992a, 1992b) (see Fig. 1). Much of the hydrocarbon-driven re-

search in this area has been concentrated in the Surat Basin. Thus, the precise geome-

try and evolutionary history of the underlying Tamworth Belt has been relatively ig-

nored, but is addressed in this thesis. 
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Alles Geologische liegt zwischen einem ältesten und einem jüngsten 
 

          Johann Wolfgang Goethe 
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3. STRATIGRAPHIC GEOMETRY OF THE 

TAMWORTH BELT 

 

Data used for identifying the stratigraphic geometry of the 

Tamworth Belt consist mainly of seismic reflection profiles 

and information from petroleum exploration wells. These 

data were used to subdivide the sequences within the Tam-

worth Belt succession, and continues the documentation of 

overlying data that has been developed by KORSCH & TOT-

TERDELL (1995) and BRAKEL et al. (in press). The study 

area is located at the southern limit of the industry seismic 

data east of the Moonie Fault. Here, the highest concentra-

tion of seismic profiles across the subsurface fore-arc basin 

allows for seismic interpretation. 

 

 

3.1. Documentation of stratigraphic units based on 

seismic reflection profiling 

A regional network of shallow seismic reflection profiles 

was used to form a grid covering much of the subsurface 

Tamworth Belt in southernmost Queensland. Data used in 

the seismic study area consist of a series of 109 good quality 

seismic profiles (for distribution pattern and cover area, see 

Fig. 3.1), acquired to an average of 3 to 4 seconds two-way 

travel time (TWT). These seismic profiles were originally 

acquired by the petroleum exploration industry as part of 

their exploration of the overlying Surat Basin. The majority 

of the seismic lines are unmigrated (usually final stacks) and 

are displayed with a datum of 244 metres above sea level. 

         In comparison to the Queensland part of the fore-arc 

basin, the seismic coverage of the subsurface part of the belt 

in northernmost New South Wales is very sparse and limited 
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to a few lines across its west-

ern margin. Here, the quality 

of the seismic data for the 

subsurface Tamworth Belt in 

general decreases from the 

west to the east.  

 

         Supplementary deep     

         seismic data 

Two deep seismic profiles 

(acquired to 20 s TWT; ap-

proximately 60 km depth) 

supplement the seismic cov-

erage of the study area. The 

reflection pattern seen across 

the exposed part of the Tam-

worth Belt on deep seismic 

line BMR91.G01 (see figures 

3, 4 and 5 in KORSCH et al., 

1993, 1997; see also Figs 2.3 

& 5.2 this thesis; for location 

see Fig. 3.1) in the vicinity of 

Boggabri to Manilla is of 

similar quality to the industry 

seismic lines in northern New 

South Wales. The second 

deep seismic profile, line 

BMR84.14 (Fig. 5.3; for lo-

cation see Fig. 3.1), crosses 

the subsurface Tamworth 

Belt towards the northern 

limit of the industry seismic 

data in the study area, and is 

 
Fig. 3.1:  Map of Eastern Australia showing the locations of the 

seismic profiles within the study area (box to the left shows in detail 
the region marked in light grey at the northern end of the Goondi-
windi-Moonie Fault, representing the area with the highest concen-
tration of seismic profiles and thus the area of seismic interpretation 
and 3D imaging). The black heavy solid lines marked as 3.4, 3.5 
and 3.6 depict the location of the longest composite seismic profile 

in the study area (see Figs 3.4, 3.5 & 3.6). The east-west black 
heavy solid lines are the deep seismic profiles BMR84.14 and 

BMR91.GO1 respectively. For further details, see Fig. 1.  
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in an anomalous region where the belt is extremely wide due to repetition by the oroclinal 

bending (KORSCH et al., 1997). 

 

                  Depth conversion of the seismic reflection profiles 

On the shallow seismic reflection profiles, the depth conversion was done using a pro-

gram that picks the stacking velocities and converts them to depth. In general, the conver-

sion from time [s] to depth [km] can be simplified by taking the two-way travel time val-

ues times three. The deep seismic data were acquired at a different vertical scale and have 

an average velocity of 6000 m/s. 

 

                  Interpreted seismic reflections 

Beneath the base of the Bowen Basin (Fig. 3.2), within the Tamworth Belt succession, 

five reflections (HA, HB, HC, HD, HE) were interpreted throughout the area, although 

HE is restricted to the very eastern part of the region (see Chapter 3.1.1. for details). In 

general, the Tamworth Belt reflectors span a Late Devonian to Late Carboniferous age 

(Tab. 2.1). Of the interpreted reflections within the subsurface Tamworth Belt, HE repre-

sents the oldest identified seismic reflection and HA the youngest respectively. After in-

terpretation of the individual seismic profiles, maps were produced using UNIX-based 

PETROSYS software. 

 

           In this study, the author initially intended to introduce the seismic reflections in geological order 

with the fore-arc basin reflections designated HA (oldest) to HE (youngest). However, during the early 

stage of the research, the naming of the seismic sequences was the result of a more informal identification 

process. Difficulty was experienced in tracing the older seismic reflections throughout the study area and 

thus only the two youngest Tamworth Belt reflections, HA and HB, were introduced in the author’s first 

published abstract (WARTENBERG et al., 1998). As research progressed and some additional seismic profiles 

were interpreted, the author identified three older reflections and named them HC, HD and HE. In order to 

ensure the continuity of the initial nomenclature, the author decided against superseding the preliminary 

scheme. Hence, within the Tamworth Belt sedimentary package HA represents the youngest and uppermost 

mapped seismic sequence boundary. 

 

The precise ages of the individual reflectors, however, could not be determined, since it 

was not possible to correlate them with units in the wells (see Chapter 3.2.2. for details). 

Therefore, in order to ensure that the contour maps of the region were representative, the 

original database (heavy line box shown at the northern end of the Moonie Fault in Fig. 
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Fig. 3.3  (bottom): Map identi-
fying the shotpoints of the seis-
mic reflection profiles of key in-
terest within the seismic study 
area. The alpha-numeric code at 
the end of each seismic line 
identifies the seismic survey and 
line number. The box at the bot-
tom left shows the overall seis-

mic coverage (cf. Fig. 3.1). 

           Fig. 3.2 : Structure Con-
tour Map of the B30 seismic re-
flector, representing the base of 
the Bowen Basin. The heavy 
solid lines represents the Moonie 
Fault and a fault of minor dis-
placement, which is interpreted 
to be a splay-off fault of the 
Moonie Fault. The heavy dotted 
line depicts the position where 

B30 is cut by the Mesozoic hori-
zon S10. 
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3.1) was restricted to the area containing the highest concentration of seismic profiles to 

allow for seismic interpretation and three-dimensional imaging (shaded box shown in Fig. 

3.1, compare with the bigger heavy line box; cf. Fig. 3.3). 

 

                  Two distinct sequence boundaries above the Tamworth Belt succession 

On the seismic profiles, the overlying Surat Basin can be clearly identified and is repre-

sented by a series of strong, subhorizontal reflections, the strongest of which, in the mid-

dle of the succession, correspond to the coals in the Middle Jurassic Walloon Coal Meas-

ures (see Figs 3.4 & 3.5). The base of the Surat Basin is a sequence boundary defined by 

a pronounced angular unconformity between it and older units of the Bowen Basin and 

the Tamworth Belt (Fig. 3.4, Tab. 2.1). This basal surface is termed S10, following the 

terminology of TOTTERDELL et al. (1992). 

 

Another reflection, termed B30 identifies a second sequence boundary above the Tam-

worth Belt reflections and defines the base of the Bowen Basin (Fig. 3.2). It represents 

the base of Early Permian marine rocks and is marked by a high acoustic signal 

(TOTTERDELL et al., 1992, 1995; BRAKEL et al., in press) (Fig. 3.4, Tab. 2.1). To the west 

of the study area, however, in the Taroom Trough (see Fig. 3.1), the basal Bowen Basin is 

identified on seismic reflection profiles as the B15 horizon, representing the initial period 

of lithospheric extension and thus being of pre-B30-age (TOTTERDELL et al., 1995; 

BRAKEL et al., in press). 

 

 

         3.1.1.  Five Tamworth Belt reflections 

The best quality seismic data to identify and to characterise the five distinctive Tamworth 

Belt reflections (HA, HB, HC, HD, HE) within the structurally deformed tectonic envi-

ronment is found on profiles that occur in the broad and flat-bottomed eastern part of the 

hanging-wall asymmetrical syncline to the east of the Moonie Fault (Fig. 3.4). Closed 

loops of continued seismic reflection correlation with intersecting profiles verify the ties 

for each reflection. 

         HE, the oldest identified Tamworth Belt seismic reflection, may be traced within 

the study area only at great depths (<2500 ms TWT) and is restricted to the easternmost 

part of the region. It can be identified only on a few profiles to the southeast that were 
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processed down to 4 s TWT, such as MR89-08, MR89-10 and BMR86.MO1 (for loca-

tion, see Fig. 3.3). Elsewhere, on 3 s TWT seismic data, it rarely can be identified within 

the hanging-wall syncline, where Tamworth Belt sequences of older age can be observed 

along its flatly west-dipping east limb. However, as the quality of the eastern seismic 

lines is poor (see above), the western end of the Millmerran profile displays the HE re-

flection best (Fig. 3.6), identifying a clearly imaged discontinuity surface below baselap-

ping reflections. However, HE is within a strongly deformed zone, located between two 

westward-dipping, basin bounding faults to the east and is therefore hard to pick on the 

seismic record close to the eastern margin of the Tamworth Belt (Fig 3.6).  

         Reflector HD represents a seismic discontinuity surface within the lower Tamworth 

Belt sequence, and can best be traced within the westward-dipping sedimentary succes-

sion in the eastern part of the study area. On line H82-T-109 (Fig. 3.5) HD is interpreted 

as a truncating seismic horizon below toplapping reflections. 

         The seismic horizon HC, perhaps, is the strongest of all identified Tamworth Belt 

reflections in the study area. It is characterised by seismic reflections baselapping on to it 

 

           Fig. 3.4: Interpretation of seismic reflection profile A82-LT-24 (final stack) located at the eastern 
margin of the Bowen Basin. Heavy solid lines represent faults, such as the Moonie Fault as it cuts up sec-
tion during NW-directed movement (marked as “b”). Its fault tip line cuts the Mesozoic platform cover 
(marked as “a”, see text for details). Two synthetic faults are recognised (highlighted as “c”). 

           The light solid lines represent interpreted seismic horizons. HA, HB, HC and HD are within the Tam-
worth Belt succession. B30 and S10 represent the sequence boundaries at the base of the Bowen and Su-
rat basins, respectively, and B70 represents the approximate position of the Permian-Triassic boundary. 
The strong seismic reflections marked as “d” identify Latest Permian coal measures within the Bowen Ba-
sin. 
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(Fig. 3.5). On some seismic profiles in the study area, HC may be traced to depict the 

structure of an older ramp. 

         HB defines a distinct change of the reflection pattern on the seismic images and can 

be identified to truncate baselapping reflections (Figs 3.4 & 3.5). The HB reflection can 

often be traced to be a base of a package of reflections above a non-reflective zone within 

the seismic record. 

         The uppermost Tamworth Belt seismic reflection, HA, identifies a baselap horizon 

(Figs 3.4 & 3.7), that, at the western end of the hanging-wall succession, quite often is cut 

by a sub-horizontal running fault (see “FA” on Fig. 3.4). Also, the HA reflection can be 

recognised by truncation of reflections. 

 

 

         3.1.2. Defined Tamworth Belt sequences 

In the subsurface, within the Tamworth Belt, six seismic sequences are recognised on the 

basis of reflection truncation geometries, separated by the above mentioned five seismic 

 

           Fig. 3.5: Interpretation of the migrated seismic reflection profile H82-T-109 located south-east of line 
A82-LT-24, perpendicular to strike of the subsurface Tamworth Belt (cf. Fig. 3.4; see text for details). The 

light solid lines represent interpreted seismic horizons. HA, HB, HC and HD are within the Tamworth Belt 
succession. B30 and S10 represent the sequence boundaries at the base of the Bowen and Surat basins, 
respectively. Beneath the S10 discontinuity a weathering surface may be identified (marked as “a”). 
           Heavy solid lines represent interpreted faults. The fault marked as “b” depicts a back-thrust off a 
fault plane “c” that runs subparallel to the fore-arc basin sequences (see Chapter 5 for details). 
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horizons and showing more or less parallel reflections. Occasionally, the horizons become 

conformable but can be traced across the seismic line by reflection correlation. Internally, 

the seismic sequences appear to be very similar in terms of individual reflection proper-

ties (e.g. amplitude, continuity, etc.), although there are variations both in terms of these 

particular properties and also the relationship with either the underlying or overlying hori-

zons. The within-sequence variation of these zones is, therefore, indicative of the chang-

ing pattern of facies distribution over time. The Tamworth Belt sequences appear to 

slightly thicken towards the east, reaching their maximum thickness - at least within the 

southern part of the study area - close to the eastern margin of the belt (to the west of the 

zone including “c1” and “c2” on Fig. 3.6). Especially the sequence that is defined between 

the HA and the HB seismic reflection is more often imaged to thicken towards the east. 

The uppermost succession of the youngest Tamworth Belt sequence, that is, the sedimen-

tary section beneath the B30 base of the Bowen Basin, often is seen to be defined by rela-

tively high amplitude and more or less continuous reflections of subparallel behaviour. 

 

 

           Fig. 3.6: Interpretation of the migrated seismic reflection profile BMR86.MO1 (“Millmerran profile”) 
located to the east of line H82-T-109 at the eastern end of the Tamworth Belt (see text for details). Heavy 
solid lines represent interpreted faults. Two faults of major importance are marked as “c1” and “c2”, respec-
tively. “b” is interpreted as a back-thrust off the westward-dipping fault marked as “c1”. “a” indicates the reac-

tivation of faults influencing the lowermost sequences of the Mesozoic Surat Basin cover (S10 represents the 
base of the Surat Basin). 

           Light solid lines represent Tamworth Belt seismic reflections. HE, HD and HC are within the fore-arc 
basin succession. The ratio of vertical to horizontal scale approximately equals 1. 
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         3.1.3. Representative seismic sections 

“Excellent seismic images represent a real opportunity for quantitative insight into both 

regional structural development and fundamental deformational mecha-

nisms” (GONZALEZ-MIERES & SUPPE, 2004) - the same holds for the stratigraphic rela-

tionships displayed on seismic profiles. Within the investigated area, seismic imaging of 

the subsurface fore-arc basin is proof of this statement - at least at first site. The overall 

structural geometry seems to be relatively simple: a foreland fold thrust belt contains the 

fore-arc basin sedimentary record within its hanging-wall. In order to discuss the sedi-

mentary record and the subsurface geometry of the Tamworth Belt, several representative 

seismic sections shall be discussed. Seismic reflections within the hanging-wall unit were 

identified and help to improve the tectono-stratigraphic understanding of the Devonian-

Carboniferous sequences. The location of the seismic profiles of key interest within the 

study area are shown in Figure 3.3. The analysis of the seismic data, however, invokes a 

complex tectonic architecture. This required the author to separate the stratigraphic ge-

ometry (this chapter) from the structural development of the Tamworth Belt sequence 

(Chapter 5). 

 

                  Composite profile A82-LT-24 – H82-T-109 – BMR86.M01 

Within the seismic study area, the longest composite seismic cross section across the sub-

surface Tamworth Belt runs for approximately 66 kilometres and provides good quality 

seismic data (for location, see Fig. 3.3). It starts in the northwest with line A82-LT-24 

(Fig. 3.4), which imaged the Moonie thrust fault at its western end (Fig. 3.1). It proceeds 

along line H82-T-109 (Fig. 3.5) and ends in the east with line BMR86.M01 

(“Millmerran” profile,  Fig. 3.6). The Millmerran line does not cross the eastern boundary 

but depicts the belt’s geometry in close vicinity to it (see Fig. 3.6). A82-LT-24 and H82-

T-109 are industry lines that were acquired in 1982 by Alliance Minerals and Hartogen 

Exploration, respectively. The former was recorded to four seconds (~ 8.8 km depth) and 

the latter to three seconds two-way travel time (TWT) (~ 6.9 km depth). Both profiles 

were processed as final stacks. Line H82-T-109 was reprocessed as a migrated profile 

(Fig. 3.5). The third line to the east, BMR86.M01 (Fig. 3.6), was originally acquired by 

the Bureau of Mineral Resources (now Geoscience Australia - GA). The Millmerran pro-

file was the only seismic line within the study area that was recorded to six seconds TWT 

(~ 18 km depth). The original quality of this profile, however, was poor, and therefore in 
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1998 GA undertook additional processing of the profile to improve the display in order 

to better integrate the data into the existing database. The reprocessed Millmerran pro-

file was subsequently redisplayed at the same vertical scale as the two industrial lines. 

         Unfortunately, the three sections do not tie to one another, but the basin geome-

try has allowed correlation between the profiles (gaps between the lines are approxi-

mately 1100 m and 3000 m wide) and neighbouring seismic profiles (e.g. A82-LT-25, 

see Fig. 5.16 and SH85-902, see Fig. 3.3 for location) underline the belt’s geometry 

that is shown on the composite cross-section. The only sections across the entire sub-

surface Tamworth Belt, depicting the Moonie Fault to the west and the Peel Fault to 

the east, are the two deep seismic profiles BMR84.14 to the north and BMR91.G01 to 

the south (both recorded to 20 s TWT), both of which are located at some distance 

from the seismic study area (Fig. 3.1) (see Chapter 5.1.1.). Three other shallow seis-

mic (3 s TWT) composite sections across the subsurface Tamworth Belt also depict the 

Moonie Fault at the western end with the broad and moderately folded hanging-wall to 

the east of it, but do not picture the eastern end of the fore-arc basin succession. As for 

the seismic lines A82-LT-24 and H82-T-109, each of the seismic profiles was acquired 

in 1982 by Alliance Minerals and Hartogen Exploration, respectively. From north to 

south, the seismic traverses are A82-LT-20/A82-WR-22, A82-LT-29/H82-T-106 and 

8410/H82-T-101 (see Fig. 3.3 for location). 

 

The seismic profile A82-LT-24 is situated in the western part of the investigated area 

(Fig. 3.3) and was acquired perpendicular to the strike of the fore-arc basin. Here, the 

           Fig. 3.7  (previous page and be-
neath): Interpretation of the seismic 
reflection profile A82-WR-21 (final 
stack) located to the north-east of the 
study area. Heavy solid lines represent 
fault reflections. The light solid lines 
represent interpreted seismic horizons. 

HA to HD are within the Tamworth Belt 
succession. S10 represents the se-
quence boundary at the base of the 
Surat Basin. See text for details. 
           The profile on the previous page 
displays the seismic expression of the 
south-western part of the seismic line. 
Note onlap of the upper beds of the 

Tamworth Belt onto HA. 
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seismic reflections HD to HA may be tracked on to the east limb of the asymmetric 

syncline that identifies the eastern part of a thrust-related fault-bend fold (see Chapter 

5.1.). 

         Within the study area, the subsurface Tamworth Belt succession is bounded 

across strike by two major fault structures. The Moonie Fault to the west is identified 

as a thrust fault at the north-western end of line A82-LT-24, with north-west-directed 

movement beneath the Surat Basin sedimentary cover (Fig. 3.4). On the seismic profile 

BMR86.MO1 two major westward-dipping faults (“c1” and “c2” on Fig. 3.6) are iden-

tified, that form a zone representing the easternmost margin of the Tamworth Belt and 

are covered by the Surat Basin succession (S10 in Fig. 3.6). The main focus concern-

ing the stratigraphic geometry of the Tamworth Belt sequence shall therefore be drawn 

on the area between the Moonie Fault to the west and the west-dipping faults to the 

east. 

 

                  A82-WR-21 

Towards the north-eastern end of the study area, the seismic profile A82-WR-21 (Fig. 

3.7) images the reflection pattern of the eastern flank of the pre-Jurassic syncline (see 

Fig. 3.3 for location; cf. Fig. 3.5). Here, in the hanging-wall of the Moonie Fault, the 

Tamworth Belt succession has an apparent dip to the south-west (Fig. 3.7), displaying 

the youngest identified fore-arc basin reflections HD to HA (except HE) above a sub-

parallel fault plane which can be linked to the Moonie Fault to the west. 

         The HA reflection is cut by the base of the Surat Basin at the Shotpoint (SP) 320, 
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at a depth of c.950 ms TWT and 

dips south-westwards, identify-

ing a baselap horizon (at SP 

280 - 300) above two strong 

seismic reflectors (see south-

western part of Fig. 3.7). At the 

north-eastern end of the profile, 

beneath the Surat Basin cover 

(beneath S10), the seismic re-

flection pattern is clearly of a 

different character than the seis-

mic record at the south-western 

end of the profile (Fig. 3.7). 

Strong and more disrupted re-

flections mimic the seismic re-

cord of the hanging-wall se-

quence and are interpreted to be 

set off the south-western fore-

arc basin succession by a north-

east dipping fault that may be 

interpreted as another back-

thrust of a major fault plane (FB 

in Fig. 3.7). 

 

 

3.2. Comparison of defined 

        units to existing strati 

        graphy 

The uppermost Tamworth Belt 

seismic reflection HA is of most 

interest, when comparing the 

seismic sequences identified 

here to those seismic sequences 

 
           Fig. 3.8: Structure Contour Map showing the distribu-
tion of the seismic horizon HA (uppermost Tamworth Belt 
reflection) within the study area. The heavy solid lines repre-
sent faults cutting the fore-arc basin reflection. The light dot-
ted line represents the line where HA is truncated by S10 
(base Surat Basin). 

 
           Fig. 3.9 : Structure Contour Map showing the distribu-
tion of the seismic horizon HB within the study area. The 
heavy solid lines represent faults cutting the fore-arc basin 
reflector. The light dotted line represents the line where HB 
is truncated by S10 (base Surat Basin). 
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interpreted by earlier research. 

TOTTERDELL et al. (1995) and 

BRAKEL et al. (in press) identi-

fied another seismic reflection 

beneath the base of the Bowen 

Basin (B30), termed B15, and 

correlated B15 to the initial pe-

riod of lithospheric extension 

(see Chapter 3.1.). 

 

 

3.2.1. Palynology of previous 

         studies 

The uppermost Tamworth Belt 

reflections are of Late Carbon-

iferous age (Tab. 2.1), implying 

for B15 (the base of the Bowen 

Basin in the Taroom Trough to 

the west of the study area ) not 

to be of Early to Mid Permian 

age but older. In general, the 

defined seismic sequences in 

the Tamworth Belt are difficult 

to date because palynological 

control is sparse, provided by 

only a few samples from drill 

core across the entire region. 

         The oldest palynoflora, 

from the Durabilla 1 well, is 

Visean (Early Carboniferous) 

(DE JERSEY in MURRAY, 1994), 

confirming the correlation with 

the exposed Tamworth and 

 

           Fig. 3.10 : Structure Contour Map showing the distribu-
tion of the seismic horizon HC within the study area. The 
heavy solid lines represent faults cutting the fore-arc basin 

reflection. The light dotted line represents the line where HC 
is truncated by S10 (base Surat Basin). 

 

           Fig. 3.11 : Structure Contour Map showing the distribu-
tion of the seismic horizon HD within the study area. The 
heavy solid lines represent faults cutting the fore-arc basin 
reflection. 
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Yarrol belts. Palynological samples from five other wells have been dated as Late Car-

boniferous to earliest Permian (see MURRAY, 1994), equivalent to the uppermost parts 

of the exposed belts. In three other wells, including Gilgai 1 (see Fig. 6.1 for location), 

the palynoflora was dated as Early Permian (J. L. MCKELLAR, pers. comm., 1994) 

(APP 2.1 stage of PRICE, 1997), which provides a correlation with the sequence at the 

base of the Bowen Basin (Supersequence A of BRAKEL et al., in press). 

 

Defined Supersequences 

In the Bowen Basin, Supersequence A (BRAKEL et al., in press) occurs immediately 

below the B30 sequence boundary, implying that the seismic sequence in the subsur-

face Tamworth Belt between B30 and the seismic reflection HA is its equivalent. How-

ever, the interpretation of the grid of seismic lines in the study area does not provide 

more refined estimates of the ages of the sequences. 

 

 

3.2.2. Supporting borehole-stratigraphy 

Eight exploration wells support the seismic coverage of the subsurface fore-arc basin 

geometry in the area of interest, five of which penetrate the Tamworth Belt (see Chap-

ter 6 – age control). Moreover, the borehole data of another ninety-one wells, piercing 

pre-Jurassic rocks, has been examined by the author. However, out of the total of 

ninety-nine wells, it was only the data of well Deep Crossing that shows evidence for 

upper Tamworth Belt sequences close to the seismic study area (Fig. 3.12, see Fig. 6.1 

for location). As the primary target of most of the drilling within the study area was for 

hydrocarbons expected to be in the Early Jurassic Precipice Sandstone, the majority of 

the boreholes terminated soon after having penetrated the Hutton-Evergreen-Precipice 

sequence immediately above the base of the Surat Basin (S10; see Fig. 3.12). Hence, 

in most of the wells, the unconformably underlying Permo-Carboniferous rocks have 

been penetrated only at the metre scale and therefore can not be correlated with the re-

flection pattern seen on the seismic profiles. The basement rocks beneath the Precipice 

Sandstone in wells that intersect the seismic reflection profiles imaged in this thesis, 

were listed as Carboniferous basement (187.1 m thick) for the well Durabilla, Kuttung 

Formation (10.1 m thick) for the well Dilbong, and were not listed at all in the well 

Gilgai. 
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Note: Kuttung Formation as referred to in most of the drilling reports is not a proper geological 

term. The rocks identified as Kuttung Formation are meant to be pre-Permian Volcanics and/or 

volcanic derived sediments. 

In the wells studied, the Gunnedah-Bowen Basin system is represented by the Maules 

Creek Formation (Early Permian), the Back Creek Formation (Late Permian) and the 

Cabawin Formation (Early Triassic). The Early Jurassic Precipice Sandstone and Ev-

ergreen Shale are members of the disconformably overlying Surat Basin (Fig. 3.12). 

 

 

         Deep Crossing (Lat.: 27.468971S Long.: 150.486693E) 

A minor aim during the drilling of the Deep Croosing well was to develop a better un-

derstanding of the sand units in the Permian Back Creek Formation (Tab. 2.1). The 

well Deep Crossing terminated at a total depth of 2912 m, and, although it penetrated 

1284.5 metres of pre-Jurassic rocks, there were no sediments of the Blackwater and 

Back Creek groups found. Initially, these sediments were suspected to occur in Block I 

as shown on the lithology profile of Figure 3.12. The location of the well does not oc-

cur on any of the seismic traverses within the study area, but it in close vicinity to the 

seismic profiles A82-LT-07 (approx. 800 m), A82-LT-08 (approx. 1930 m), A82-LT-

19 (approx. 300 m), A82-LT-20 (approx. 1845 m) and A82-WR-22 (approx. 3240 m). 

Owing to the extremely sparse coverage of pre-Jurassic borehole data along the seis-

mic lines in the study area, the information gained from the Deep Crossing logs was 

used to trace at least the uppermost seismic reflection of the subsurface Tamworth 

Belt. 

 

 

         Lithology and Wireline Logs 

The base of the Surat Basin (S10 on the seismic profiles) is marked in Deep Crossing 

by a boundary between the Jurassic Precipice Sandstone and undifferentiated volcano-

genic rocks of unknown age beneath it at a depth of 1627.5 m (see Fig. 3.12). The 

Gamma Ray, Sonic and Resistivity logs identify this boundary as a transitional se-

quence that may be interpreted as a weathering zone (see “a” in Fig. 3.12). ADAMSON 

& DORSCH (1988) interpreted the well information by defining several segments in the 
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borehole record beneath the Surat Basin succession (see Fig. 3.12). The pre-Jurassic 

well data correspond to four blocks, subdivided using the wireline logs (from older to 

younger Block IV, III, II and I of Fig. 3.12). Moreover, ADAMSON & DORSCH (1988) 

defined six lithological units, designated Unit A (youngest) to Unit F (oldest). 

 

The upper sequence is predominantly characterised by volcanogenic rocks with a shaly 

intersection of c.65 m in thickness at the top of Block I and Unit A, respectively. On 

the lithology log, this sequence is identified at a more shallow depth than the corre-

sponding signal of the relevant wireline data – leaving the signal of the Gamma Ray, 

Sonic and Resistivity more to be trusted when depth-correlating the borehole data with 

the seismic record (compare b1, b2, b3 and b4 of Fig. 3.12). Block I is characterised by a 

very irregular profile (“kinky graph”) of the Sonic log (better observed on the larger 

scaled original log) and the Gamma Ray log and a frequently changing, high amplitude 

signal of the Resistivity log, identifying a frequent change in lithology. Block II depicts 

Fig. 3.12:  Borehole 
data from the well Deep 

Crossing (Lat.: 27.46 89 
71S; Long.: 150.48 66 
93E) drilled by the petro-
leum exploration industry. 

Precipice Sst, Ever-
green Fm and Hutton Sst 
represent the lowermost 
sedimentary succession of 
the Jurassic-Cretaceous 

Surat Basin. Block IV to 
Block I and Unit F to Unit A 
were identified by ADAM-
SON & DORSCH (1988). 

The correlations be-
tween the well-data and 
the interpreted seismic re-
flection profiles are marked 

“a” to “f”  and are referred 
to in Chapter 3.2.2.  
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a distinctive strong shift in the interval transit time of the Sonic log and clearly identi-

fies a change in the lithology within the volcanic rock sequence (see “e” in Fig. 3.12). 

ADAMSON & DORSCH (1988) here defined the lithological boundary Unit C/Unit B at a 

depth of c.2200 m. The uppermost part of ADAMSON & DORSCHs’ Unit D is repre-

sented by hard and highly silicified sandstone with angular break (highlighted as “c” in 

Fig. 3.12). Within Block III, at a depth of c.2450 m and, respectively between c.2540 

m and c.2645 m, ADAMSON & DORSCH observed a strong flow in the lithological 

groundmass (Marked “d” in Fig. 3.12). The top of Unit E and Block IV, respectively, is 

coincident with a slight shift in the interval transit time of the Sonic log and a higher 

amplitudinal signal of the Gamma Ray and the Resistivity respectively (“f” in Fig. 

3.12). The bottom 50 metres of well Deep Crossing identify the sixth lithological unit, 

Unit F, and depict a clear change in all wireline logs displayed. 

 

 

         Comparing the borehole data to the seismic record 

The transitional se-

quence at the base of the 

Jurassic succession 

(Precipice Sandstone) 

marked as “a” in the 

Gamma Ray, Sonic and 

Resistivity logs substan-

tiates the interpretation 

of various seismic pro-

files where a disruptive 

seismic signal was ob-

served and was inter-

preted to depict a weath-

ering zone along the 

basal Surat Basin reflec-

tion S10 (cf. “a” in Fig. 

3.12 and “a” in Fig. 3.5). 

 
Fig. 3.13:  Seismic profile A82-LT-19 (final stack), located im-

mediately to the north of the study area (for location see Fig. 
6.1), showing the position of the well Deep Crossing jump-tied on 
top of the seismic image (cf. Fig. 3.12) (the distance between the 
borehole location and the seismic survey approximately is 300 
m). Black solid lines represent faults. Light solid lines represent 
seismic reflections. 
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         The shaly intersection at the top of Block I (Fig. 3.12) can be compared to a zone 

of a diffractive seismic pattern of c.40 ms TWT on the seismic profiles which may cor-

respond to a zone of tectonic weakness within the uppermost Tamworth Belt succes-

sion (see fault structures in Fig 3.5). 

 

HA being the uppermost Tamworth Belt seismic reflection, may be identified by the 

borehole data in the volcanogenic rocks at a depth of c.2000 m in Deep Crossing Well 

(Fig. 3.12), depicting the Block I/BlockII boundary (ADAMSON & DORSCH, 1988). 

Here, the seismic horizon is coincident with a strong shift in the interval transit time of 

the Sonic log and a higher amplitudinal signal of the Gamma Ray (see “?HA” in Fig. 

3.12). 

 

The Tamworth Belt seismic reflection HB is interpreted to occur within the lower se-

quence of a volcanic intersection at c.2690 m. On the Sonic log a slight shift in the in-

terval transit time is observed, corresponding to a higher amplitudinal signal of the 

Gamma Ray and the Resistivity respectively (see “f” in Fig. 3.12). Moreover, the HB 

reflection corresponds with the top of the lithogical Unit E as defined by ADAMSON & 

DORSCH (1988). 

 

The bottom 50 metres of the borehole data depict a clear change in the wireline log re-

cord. Although the Sonic log of Deep Crossing shows a sharp and strong change in the 

interval transit time, the seismic data that are located nearby do not show any distinct 

changes in the reflection pattern. However, the location of the well Deep Crossing does 

not directly intersect any of the seismic profiles and thus the cause of the lithological 

and wireline signals of the bottom 50 metres of the well may not be displayed as a dis-

tinctive feature on the seismic reflection record. 

 

 

         3.2.3. Stratigraphic geometry – short discussion 

The individual Tamworth Belt seismic reflections designated HE (older) to HA 

(younger) identify five intra-fore-arc basin boundaries and can be recognised in the 

subsurface sedimentary record to lie more or less conform to each other. The oldest 

seismic reflection HE is within a strongly deformed zone, located between the two ba-
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sin bounding faults and is therefore hard to pick on the eastern side of the seismic re-

cord, close to the eastern margin of the fore-arc basin. The Tamworth Belt sedimentary 

succession thickens towards the basin bounding fault zone to the east. Six defined seis-

mic sequences appear to be internally very similar in terms of individual reflection 

properties such as amplitude and continuity. In the foot-wall, on the western side of the 

Moonie Fault, the Tamworth Belt reflections are less continuous. In the hanging-wall, 

to the east of the Moonie Fault, the stratigraphical record of the fore-arc basin succes-

sion is seen best. However, as the subsurface Tamworth Belt has been subject to major 

thrusting, sequence repetition within the interpreted fore-arc basin succession is likely 

to occur. 
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Es gab Steine links und Steine rechts 
Und niedriges dürres Gestrüpp dazwischen, 
und dreimal vernahm er ein tiefes knappes 

Knacken, 
obwohl niemals jemand zu sehen war. 

 
Rudyard Kipling 
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4. MAGNETIC AND GRAVITY ANOMALIES 

 

4.1. Introduction 

Gravity and aeromagnetic data from eastern Australia are 

held by Geoscience Australia. The digital information has 

been modified using ER Mapper 5.5a software, based on a 

geodetic Map Projection with a Geodetic Datum of AGD 66 

(Australian Grid Data). Total Magnetic Intensity (TMI ) and 

gravity datasets (Bouguer Gravity) were produced in pseu-

docolour mode and are here displayed in either RGB-colour 

(Red-Green-Blue) or shades of grey. The original datasets 

for both aeromagnetic and gravity information were initially 

generated to provide an overview of these parameters for the 

entire Australian continent. As part of this study, however, 

both the aeromagnetic and gravity data were reprocessed in 

order to provide more detailed information on the geometry 

of the area under investigation. The New England Orogen 

region was mapped from 19° S to 34° S and from 147° E to 

154° E, the study area, in larger scale, from 27° 15’ S to 28° 

S and from 150° 05’ E to 150° 40’ E. 

 

 

4.2. Aeromagnetic data 

The aeromagnetic images (gradient-enhanced residuals of 

total magnetic intensity) are based on the 1996 Geoscience 

Australia 1:5 000 000 scale Magnetic Anomaly Map of Aus-

tralia (TARLOWSKI et al., 1996) and on the 1976 Geoscience 

Australia 1:2 500 000 scale Magnetic Anomaly Map of Aus-

tralia (BMR, 1976). The data from surveys in the Tamworth 

Belt are reasonable closely spaced, with an average line 

spacing of about 400 metres, with some surveys having a 
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line spacing of 200 metres 

(flown by the state geological 

surveys). As part of this study, 

the generated images were 

modified by using a Gaussian 

Equalise with transform limits 

from 4430 nΤ to 5560 nΤ. This 

was based on a contrast maxi-

mise using a 3 x 3 North-South 

Kernel Sunangle Filter. A 3 x 3 

West-East Kernel Sunangle 

Filter was used in the algo-

rithm’s Intensity Layer. An 

Average 5 x 5 Kernel Lowpass 

Filter was added to the Pseudo 

Layer (e.g. Fig. 4.1). Addi-

tional techniques (e.g. smooth-

ing and draping colours) were 

used in order to enhance the 

anomaly contrast in such a way 

as to make it possible to view 

it as a grey-scale image (e.g. 

Fig. 4.2). 

 

 

 

 

 

 

 
Fig. 4.1: Aeromagnetic anomaly image, using Total Magnetic Intensity [nΤ], overlain by a terrane map of 

the New England Orogen (white solid lines). The pseudocolour image is based on aeromagnetic data col-
lected by Geoscience Australia and the Geological Surveys of New South Wales and Queensland. The 

aeromagnetic features marked as p and g refer to surface geology, depicting the location of Permian sedi-
ments and granite, respectively (see text for details). 
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4.2.1. Aeromagnetic data – presentation 

Aeromagnetic images of the New England Orogen and the surrounding region indicate 

that the Bowen Basin has a higher Total Magnetic Intensity than most of the New Eng-

land Orogen. The Tamworth Belt to the east is generally identified through lower mag-

netic anomaly values (Figs 4.1, 4.2, 4.6 & 4.7). The aeromagnetic response of the subsur-

face Tamworth Belt is characterised by a moderate decrease in magnetic intensity from 

west to east (Figs 4.1, 4.6 & 4.7). A slightly right-curved, N-S-trending disrupted mag-

netic ridge (c.5010 – 5060 nΤ on Fig. 4.1) identifies the easternmost limit of the Tam-

worth Belt in the southern New England Orogen, extending over approximately 400 kilo-

metres from S32° to S28° (Figs 4.1 & 4.2a). 

      In the study area, the close line spacing of maximum 400 m allowed the author to con-

struct several magnetic traverses along key seismic lines using the ER Mapper software, 

in order to complete the seismic interpretation of the subsurface Tamworth Belt succes-

sion across strike (Figs 4.3, 4.4, 4.5; cf. 4.7). 

 

 

4.2.2. Aeromagnetic data – interpretation 

By interpreting TMI images based on a line spacing of maximum 400 metres, one can ex-

pect to obtain valuable information on any major geological feature near the surface. The 

techniques described in Chapter 4.2. (e.g. draping colours) are used to emphasise the ex-

pression of anomalies attributable to near-surface geology. 

           As discussed above, the seismic reflection profiles indicate that the Mesozoic plat-

form cover (Surat Basin) is subhorizontal (Figs 3.4, 3.5 & 3.6). This is supplemented by 

borehole data from wells across the entire study area, drilled into sediments of the Surat 

Basin (cf. Chapter 3.2.2.). On the aeromagnetic images, some distinct features are seen 

(see Fig. 4.1) although the Mesozoic cover of the Surat Basin is at least up to 2000 metres 

thick and intermediate or mafic rocks do not occur within the sedimentary succession. It 

is assumed that the rock types of the Surat Basin are very similar throughout the entire 

study area and are therefore of a constant magnetic intensity. The Surat Basin sits directly 

and disconformably on a basement of Bowen Basin and Tamworth Belt, and the geometry 

of this basement could well explain at least some of the magnetic responses. 

           Although it is not possible to state categorically that the magnetic anomalies relate 

to the basement’s observed fault and fold geometry, it is possible that the stronger mag-
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 Fig. 4.2a (right): Grey-
scale Aeromagnetic anomaly 
image overlain by a simplified 
terrane map of the New Eng-
land Orogen, identifying out-
cropping magmatic arc, fore-
arc and accretionary complex 
rocks using different shades 
of brown. The box represents 
the study area and shows the 
location of the three magnetic 
profiles (marked as 4.3, 4.4 

and 4.5) as to be seen in Figs 
4.3, 4.4 & 4.5, respectively (cf. 
Fig. 1). The profile numbered 
4.7, located directly south of 
the study area, refers to the 
position of the aeromagnetic 

traverse shown in Fig. 4.7. 

Fig. 4.2b (beneath): Three 
dimensional terrane map of 
the New England Orogen. 
Note the zone of magnetic 
highs along the boundary be-
tween the fore-arc basin and 
accretionary wedge (brown 
coloured and light-brown col-

oured, cf. Fig. 4.2a). 
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netic features in the images are due to Middle and Late Palaeozoic rocks. Thus, it is prob-

able that the Mesozoic Surat Basin cover functions as a kind of “dilution filter”, affecting 

the overall Total Magnetic Intensity. The relatively deep sourced magnetic signals would 

penetrate, but be diluted by the Mesozoic sedimentary cover. This would explain two 

large linear magnetic anomalies along the western and the eastern end of the Tamworth 

Belt (Figs 4.1 & 4.2) that are associated with faults of major displacement beneath the 

Mesozoic platform cover, namely the Moonie Fault to the west and the Peel Fault to the 

east (Figs 3.4, 3.5 & 3.6). 

 

 

                       4.2.2.1. Aeromagnetic data – interpretation of the Southern NEO 

The aeromagnetic anomaly image of Eastern Australia shows that the Bowen Basin sys-

tem has an overall higher Total Magnetic Intensity than the subduction-related structural 

units of the New England Orogen to the east of it (cf. labelled Tamworth Belt, Tablelands 

Complex and Bowen Basin in Fig. 4.1). 

           However, in the southern New England Orogen, within the northernmost blocks of 

the outcropping Tamworth Belt succession (namely the Tamworth North and the Tam-

worth South, see Fig. 4.1, cf. Chapter 2.2.2.), the aeromagnetic anomaly image identifies 

two different levels of intensity, running sub-parallel to the overall basin trend (Fig. 4.1). 

Here, adjacent to the Bowen Basin in the west, the Total Magnetic Intensity seems to 

mimic the occurrence of the outcropping Tamworth Belt succession. To the west, higher 

magnetic intensities showing orange to dark red TMI values on the pseudocolour images 

characterise Carboniferous sediments that are more abundant in volcanic flows and tuffs 

(c.5050 – 5560 nT in Fig. 4.1). To the east, ranging from light blue to yellow on the pseu-

docolour aeromagnetic images, lower intensities are considered to identify Devonian sedi-

ments that were predominantly deposited in a shallow marine environment (c.4850 – 

5000 nT in Fig. 4.1). 

 

Some remnant aeromagnetic lows, however, can be identified by blue to dark blue values 

on the pseudocolour anomaly images, ranging from c.4430 – 4850 nT (Fig. 4.1). Based 

on the surficial geology, these lower magnetic values characterise Permian sediments at 

the western margin of the Tamworth Belt or even within the fore-arc basin unit (see “p”  

in Fig. 4.1). Within the south eastern part of the belt, some isolated aeromagnetic highs 
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are observed where plutonic bodies can be identified in outcrop (e.g. Barrington Tops 

Granite in the Tamworth Southeast block; see “g”  in Fig. 4.1). 

 

 

                      Western Tamworth Belt 

In the northern part of the exposed Tamworth Belt in New South Wales, to the south of 

the study area, a NNW-SSE-trending magnetic ridge occurs along the fore-arc basin’s 

western margin (Fig. 4.1 & 4.2). Here, the Mooki Fault (see Fig. 2.3) can be traced in 

outcrop to strike NNW-SSE (cf. Chapter 2.3.) and can be connected to the subsurface 

Moonie Fault farther north (Fig. 3.1; see Fig. 5.13). Associated with these faults, that 

thrust Devonian to Triassic sediments against flat-lying Permian strata, are TMI values 

that are slightly higher than the overall high values of the Total Magnetic Intensity seen in 

the Bowen Basin to the west of the thrust faults (Fig. 4.3). 

           In northernmost New South Wales, along the western end of the Tamworth North 

Block (Fig. 4.1), RAMSAY  & STANLEY  (1976) postulate that Permian to Triassic interme-

diate to mafic intrusive rocks of high susceptibility have been emplaced at depth on the 

Mooki thrust and that these rocks are the cause of the anomaly. A second type of the 

causative body, however, has been associated with the Mooki Fault farther north, extend-

ing for more than 20 kilometres. Here, RAMSAY & STANLEY  (1976) defined “a linear 

anomaly, which has a profile characteristic of a structure laminated parallel with its 

strike”. They describe the anomaly causing intrusive rock as hawaiite of conjectural age, 

but imply a Miocene age. 

 

 

                      Eastern Tamworth Belt 

In northern New South Wales, where the rocks of the southern New England Orogen are 

exposed at the surface (cf. simplified terrane map in Fig. 4.2 with overlain Terrane map in 

Fig. 4.1), the eastern margin of the Tamworth Belt is identified by the previously men-

tioned slightly right-curved, N-S-trending, disrupted magnetic ridge, identified by red val-

ues on the pseudocolour images (c.5010 – 5060 nT in Fig. 4.1). Along this magnetic 

anomaly, serpentinites and related mafic igneous rocks that intruded along the Peel Fault  

can be traced in outcrop (cf. Fig. 1 & Fig. 4.1) and are responsible for higher TMI-values 

(RAMSAY  & STANLEY , 1976). The age of the causative mafic to ultramafic rocks is de-
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scribed to be Lower Devonian or pre-Devonian (RAMSAY  & STANLEY , 1976). 

           Within the region that is covered by Surat Basin sediments, that is, between the 

northern and the southern New England Orogen terranes (cf. terrane map overlain in Figs 

4.1 & 4.2), a NE-SW trending ridge – which appears to change to a N-S orientated feature 

farther south – defines the easternmost boundary of the Tamworth Belt in southern 

Queensland. Off this aeromagnetic ridge, a second, smaller and more disrupted ridge of 

unknown cause can be seen bifurcating immediately to the west, trending NE-SW (Figs 

4.1 & 4.8). 

              If traced farther southwards, the eastern aeromagnetic feature may be connected to 

the magnetic ridge of the exposed part of the elongate masses of serpentinites in northern 

New South Wales. Thus, the easternmost magnetic anomaly ridge may be interpreted as a 

distinctive feature defining the boundary between the Tamworth Belt and the Tablelands 

Complex, or, in other words, the boundary between the fore-arc basin and the accretion-

ary wedge, respectively (Figs 4.1, 4.2 & 4.7). 

 

 

                       4.2.2.2. Aeromagnetic data – interpretation of the study area 

On the south-eastern side of the A82-LT-24 seismic profile, beneath the disconformably 

overlying Surat Basin succession, a thrust with a ramp-flat geometry has been interpreted, 

ramping up north-west directed and identifying the Moonie Fault (Fig. 3.4). On the A82-

LT-24 magnetic traverse, the Tamworth Belt succession and some overlaying remnants of 

the Bowen Basin succession to the south-east are identified by relatively low TMI values 

of c.4950 nΤ, whereas to the north-west, where oldest Bowen Basin sediments overlay the 

fore-arc basin succession, the Total Magnetic Intensity is observed to be higher, with val-

ues of c.5050 nΤ (Fig. 4.3). An asymmetrical high in the magnetic data in the centre of 

the traverse can be correlated with the thrust ramp on the seismic profile (cf. Figs 4.3 & 

3.4; see Chapter 3.1.2. for details). The asymmetry of this magnetic high is typical for 

magnetic anomaly graphs of dipoles as seen at medium latitudes (Fig. 4.3a). The mag-

netic peak, which is higher than the values in the Bowen Basin to the north-west (c.5145 

nΤ in Fig. 4.3), indicates that a magnetically source rock for the anomaly has been em-

placed along the fault. 

      On the images showing the Total Magnetic Intensity of the southern New England 

Orogen (Figs 5.1, 5.2 & 5.2a), the asymmetrical high identifies a linear anomaly that is 
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parallel to the strike of the Moonie-Goondiwindi fault system. To the north-west of the 

Texas Orocline, where the Moonie Fault strikes NE-SW and the Tamworth Belt succes-

sion is influenced by oroclinal bending, the linear anomaly becomes more disrupted (Fig. 

4.8), but still is parallel to orientation of the Moonie Fault. As this Moonie anomaly ex-

tends for over 200 kilometres (Fig. 4.1), from the study area to the north to northern New 

South Wales to the south, its cause is unlikely to be explained by intermediate to ultrama-

fic intrusive rocks. Moreover, the age of the causative body is uncertain. 

     On a hypothetically basis, this may confirm the structural geometry of the Moonie 

Fault ramping up north-west directed beneath the Surat Basin succession and, due to the 

faulting, bringing up more magnetic rocks of the Tamworth Belt closer to the surface (i.e. 

volcanogenic compared with more quartz-rich in the Surat and Bowen basins; cf. Figs 4.3 

& 4.3a). However, as no sharp lineation but more a zone of elongated, stronger magnetic 

signals defines the Moonie Fault, fluids that occur along the thrust containing ferro-oxides 

 

Fig. 4.3 (top): Magnetic traverse 
(Total Magnetic Intensity) along the 
seismic reflection profile A82-LT-24 

(cf. Fig. 3.3). The magnetic high oc-
curs at the Moonie thrust ramping to 
the NW. The precise location of the 

Moonie Fault is displayed in Chapter 
5.1.2. on Fig 5.4. For details see text. 

 
Fig. 4.3a (right): 

Magnetic anomaly 
graph of a dipole 
formed on a thin verti-
cal sheet at medium 
latitudes; here: 27° N 
(from MUSSETT & 
KHAN, 2000). The 
earth‘s field inclination 
is marked as the arrow. 
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and ferro-hydroxides may also be the cause for the diffusive anomaly on the correspond-

ing image. 

 

In general, field studies on fluid migration suggest, that, within the middle crustal layer that shows 

more of a brittle reaction to deformational movements, the fluids take more drastic measures, not 

only along the fault-plane, but also angular to it. Thus, the resulting ferromagnetic signature would 

create a more diffusive anomaly on the corresponding image as seen in the study area. 

 

The approximate depth of the top of the causative body was calculated using Peter’s half-

slope method (MUSSETT & KHAN, 2000). It varies from c.4800 metres (traverse A82-LT-

24) to c.6250 metres (traverse A82-LT-20, see chapter 5.1.2., Fig. 5.7). This, when ap-

plied to the depth converted seismic reflection data, indicates that part of the hanging-wall 

strata close to the thrust ramp is reasonable for the magnetic high. This is possibly in the 

vicinity of the anticlinal part of the seismic reflection HC (cf. Figs 3.4, 3.5 & 3.6). How-

ever, as (i) the sediment facies of the fore-arc basin succession varies to much to be pre-

cisely depth-correlated with the seismic reflection data and (ii) the magnetic anomalies in 

general vary dependant on the strike of the causative body (MUSSETT & KHAN, 2000), the 

source of the magnetic anomaly is speculative. 

Fig. 4.4: Magnetic traverse (Total Magnetic Intensity) along the seismic reflection profile H82-T-109 (cf. 
Fig. 3.4), located between A82-LT-24 to the west and BMR86.MO1 to the east. For details, see text. 

 

Fig. 4.5: Magnetic traverse (Total Magnetic Intensity) along the seismic reflection profile BMR86.MO1 
(cf. Fig. 3.5), located to the east of H82-T-109. For details, see text. 
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Fig. 4.6: Three dimensional aeromagnetic image of the study area, displayed in contours with a line 

spacing of 50 nΤ. The base of the block diagram is the 4500 nΤ contour line. The black solid lines high-

lighted 4.3, 4.4 and 4.5 refer to the locations of the aeromagnetic traverses shown in Figs 4.3, 4.4 & 4.5 
and to the locations of the corresponding seismic profiles seen in Figs 3.4, 3.5 & 3.6, respectively. The 
aeromagnetic high marked as c1 can be correlated with the westward-dipping fault c1 on the corresponding 

seismic profile of Fig. 3.6. The aeromagnetic ridge marked as ?c2 can be correlated with the northern ex-
tension of the Peel Fault (cf. c2 in Fig. 3.6). The magnetic high marked as d may be correlated with a du-
plex structure referred to in the text (cf. Fig. 4.8). 
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Fig. 4.7: Aeromagnetic anomaly traverse across the Tamworth Belt showing 

the Total Magnetic Intensity [nΤ]. See “4.7” in Fig. 4.2a for location (directly south 
of the study area). 
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Southeast of traverse A82-LT-24, on H82-T-109 (Fig. 4.4), the total magnetic intensity 

gently decreases south-eastwards for another 130 nΤ, starting at 4975 nΤ in the north-

west and reaching its minimum at the south-eastern end of the profile at approximately 

4845 nΤ. Although the fore-arc succession dips moderately to the north-west (Fig. 3.5), it 

does not coincide with the Total Magnetic Intensity direction of incidence (Fig. 4.4). 

However, the decrease in magnetic intensity - as one goes down the section - implies that 

the upper sequences in the Tamworth Belt are more magnetic than the lower ones. More-

over, it substantiates the correlation between the Moonie Fault and the higher magnetic 

anomaly associated with it; in other words, more the structural processes in the subsurface  

seem to cause the magnetic highs rather than the strata themselves. 

 

On the Millmerran profile (BMR86.MO1, Fig. 4.5) located farther to the east, two small 

highs are noted on the eastern end of the magnetic intensity section. These highs can be 

correlated with two major west-dipping faults (see “c1” and “c2” on Fig. 3.6) that are cov-

ered by the base of the Surat Basin on the corresponding seismic profile, with the eastern 

fault indicating the northern extension of the exposed Peel Fault in New South Wales (cf. 

Figs 3.6, 4.5, 4.6 & 4.7). The Total Magnetic Intensity graph on the western end of the 

traverse directly correlates to the values seen in traverse H82-T-109 (cf. Figs 4.6 & 4.7). 

The magnetic low in the middle of the Millmerran traverse coincides with the end of con-

tinuous seismic reflections of the Tamworth Belt sequences (Fig. 3.6). 

 

No scale 

Fig. 4.8: Three-

dimensional aeromag-

netic image of that part 

of the NEO, that was 

influenced by oroclinal 

bending, forming the 

Texas Orocline, and 

subsequently was cov-

ered by Surat Basin 

sediments. (cf. Fig. 4.6 

for terminology). 
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Immediately south of the study 

area, a WNW-ESE-oriented aero-

magnetic anomaly profile (see 

Fig. 4.2 for location, Fig. 4.7 for 

details) was constructed in the re-

gion where the Tamworth Belt 

narrows significantly. As a conse-

quence, the structural geometry of 

the belt is similar to that observed 

in the exposed part of the fore-arc 

basin farther to the south. This 

profile confirms the above de-

scribed magnetic anomalies and 

supports the fault-related asym-

metries in the subsurface Tam-

worth Belt (such as the asymme-

try of the magnetic signal for the 

Moonie Fault in Fig. 4.3 and the 

westward-dipping faults in Fig. 

4.5, respectively) (cf. Figs 4.6 & 

4.7). 

 

 

4.3. Gravity data 

The gravity anomaly map of the 

New England Orogen region (Fig. 

4.9) is based both on onshore re-

sidual Bouguer gravity anomalies 

(A. S. MURRAY et al., 1997) and 

on offshore free air gravity 

anomalies (SANDWELL & SMITH, 

1997). The transform limits dis-

playing the New England Orogen 

 
Fig. 4.9: Gravity anomaly image of the New England Orogen 

based on onshore residual Bouguer gravity anomalies and off-
shore free air gravity anomalies (µm s-2). The pseudocolour im-
age is overlain by the terrane map of the exposed part of the New 
England Orogen (white solid lines). 
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area range from -976.12 µm s-2 to 2886.64 µm s-2, the values in the image displaying the 

study area range from -579.05 µm s-2 to 488.96 µm s-2. The image contrast was enhanced 

by sun shading with an azimuth of 315° and an elevation of 75° and therefore can also be 

expressed as grey-scale anomaly maps (cf. Fig. 4.9 & Fig. 4.10). 

 

 

4.3.1. Gravity data – presentation 

On the Bouguer anomaly map (Fig. 4.9), a number of features substantiate the gradient-

enhanced residuals of the Total Magnetic Intensity. Because of the small scale grid cover-

age (a maximum of 11 km between the gravity stations), however, no gravity traverses 

along the key seismic lines were constructed as part of this study. 

 

 

4.3.2. Gravity data – interpretation 

Gravity data are of great importance to characterise the structural signature of pre-Jurassic 

rocks, especially in the northernmost part of the Southern New England Orogen, where 

the gravity signals seem to correlate to the tectonic setting. Although the gravity signals 

are more diffusive because of the long distances between the gravity stations, the cause of 

the anomaly can be picked easily on the contrast enhanced images (Figs 4.9 & 4.10). Its 

location, however, can not be identified precisely (at least less precise than the location of 

the magnetic anomaly causing bodies). 

 

                       Interpretation of the Southern New England Orogen 

In northern New South Wales, to the west of the Tablelands Complex accretionary wedge 

assemblage, two gravity ridges may be identified along the strike of the Tamworth Belt 

succession. Following these gravity lineaments into southern Queensland, they may be 

interpreted as a major tectonic structure, ranging from c.32° S to c.28° S and c.27° S re-

spectively (Figs 4.9 & 4.10). In the eastern Gunnedah-Bowen Basin - to the west of the 

study area - a more diffuse and disrupted ridge extends in a near longitudinal direction 

(Figs 4.9 & 4.10). This gravity lineament (c.-100 to 50 µm s-2), where documented in the 

seismic data, occurs to the west of the Mooki-Moonie faults in the Gunnedah an Bowen 

basins, but may be correlated to the western border of the fore-arc basin succession (see 

Chapter 6, Comparison with previous studies - western boundary). 



50                                                                                                                                                                         AEROMAGNETIC AND GRAVITY 

           Interpretation of the  

           study area 

In the region east of the 

Moonie Fault system, the most 

noticeable feature is that of a 

strong gravity signal along the 

exposed part of the Peel Fault 

in northern New South Wales 

(Figs 1, 4.9, 4.10 & 4.12). This 

is due to the higher Bouguer 

Gravity values of the serpen-

tinites and related mafic-

ultramafic rocks that occur 

along the fault (cf. Figs 4.9, 

4.10 & 4.12). The gravity sig-

nal is part of a distinctive cur-

vilinear gravity ridge (c.10 to 

50 µm s-2) at the eastern end of 

the investigated area, identify-

ing the boundary between the 

Tamworth Belt and the Table-

lands Complex and, moreover, 

the Texas Orocline in southern 

Queensland (cf. Figs 1 & 4.9). 

 

 

 

 

 

 

 

 

 
Fig. 4.10: Grey-scale Gravity anomaly image overlain by a 

simplified terrane map of the New England Orogen, identifying 
magmatic arc, fore-arc and accretionary complex rocks using dif-
ferent shades of brown. The box represents the study area, 
showing the location of the three seismic and magnetic profiles 

(marked as a, b and c) as seen in Figs 3.4, 3.5, 3.6 and 4.3, 4.4 & 
4.5 respectively. 
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4.4. Aeromagnetic and gravity data – discussion 

Higher magnetic signals in the Tamworth Belt may be correlated with structural differ-

ences in the subsurface fore-arc basin geometry (cf. Figs 4.3, 4.5 & 4.6). 

 

In northern New South Wales, to the south of the study area, the Tamworth Belt is ex-

posed on the surface. Here, two distinctive magnetic ridges were identified by RAMSAY  & 

STANLEY  (1976), located along the Mooki Thrust to the west (the fault equivalent in 

northern NSW to the Moonie Thrust in southern Queensland) and along the Peel Fault to 

the east (Fig. 4.11). The Peel anomaly is regarded to be caused by ultramafic and related 

rocks of a serpentinite belt, whereas the Mooki anomaly is suggested to be a composite 

anomaly caused by pluglike intermediate intrusives and a c.20 kilometres-long dike of ha-

waiite, respectively RAMSAY  & STANLEY  (1976). 

           Tracing the Mooki anomaly to the north, it continues along the Moonie Fault in 

southern Queensland, identifying a more or less continuing aeromagnetic lineament for at 

least 200 kilometres (Fig. 4.1). In the study area, where the structural geometry is influ-

enced by the Texas Orocline to the south-east, the magnetic signal becomes more dis-

rupted. The overall Mooki-Moonie magnetic anomaly, however, is stronger and less dis-

rupted than the Peel anomaly to the east. 

Because of the fact, that 

(1) the overall nature of the aeromagnetic anomaly ridge associated with the Moonie 

Fault is strong and ongoing, 

(2) the calculated depth of the causative body using Peter’s half slope method (see 

Chapter 4.2.2.2.) picks the location of the cause of the anomaly close to the 

Moonie thrust ramp and /or within the hanging-wall strata, 

(3) no seismic body due to potential intrusive rocks was interpreted at the base of the 

Moonie Fault on the seismic reflection profiles, 

the author questions, that the aeromagnetic anomaly can only be caused by intrusive rocks 

that were emplaced at the base of the thrust fault. If intrusive rocks would have been em-

placed at the base of the Moonie Fault, the resulting magnetic anomaly ridge would be 

more disrupted, that is, the causative intrusive rocks would be expected to be more plug-

like in form. 

           Ferromagnetic minerals present within the fore-arc basin succession and brought 

up closer to the surface by contractional (thin-skinned) tectonic forces are reasonable for 
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the large linear magnetic anomaly along the western part of the Tamworth Belt (see 

above). No sharp lineation but more a zone of stronger magnetic signals defines the 

Moonie Fault. Therefore, ferro-oxides/ferro-hydroxides within the hanging-wall sequence 

may also be responsible for the higher aeromagnetic response above the thrust fault, 

ramping north-westwards. 

           However, cause and age of the Moonie aeromagnetic anomaly is speculative. 

 

In the study area, in southern Queensland, two aeromagnetic ridges were identified within 

the incidence of the subsurface Tamworth Belt (Figs 4.1, 4.2b, 4.6 & 4.8). To the east, the 

easternmost magnetic lineament of a northwards bifurcating ridge was linked to the Peel 

Fault farther south (c2 in Figs 4.6 & 4.8). It defines the border between the accretionary 

wedge and the fore-arc basin units, following the indication of the Texas Orocline (cf. 

Fig. 4.8). Another aeromagnetic ridge is associated with the Moonie Fault, to the west of 

the study area, and occurs along strike of the thrust fault (Figs 3.3, 4.1 & 4.6). Between 

the two aeromagnetic ridges there is a gravity ridge, also following the curvilinear trend 

that can be observed in the aeromagnetic data (cf. Figs 4.1, 4.8, 4.9 & 4.12). 

 

The three-dimensional images of the New England Orogen were created using ER-

Mapper software and show the aeromagnetic data (“a”  in Fig. 4.12a), the gravity data 

(“b”  in Fig. 4.12a) and the gravity data overlain by the aeromagnetic data (“c”  in Fig. 

4.12a). The interrelation between the aeromagnetic and the gravity features are displayed 

 
Fig. 4.11: Magnetic traverse across the exposed part of the Tamworth Belt in northern New South Wales 

plotted with Bouguer Gravity (dashed line) (from RAMSAY & STANLEY, 1976). The profile runs WSW-ENE and 
is located to the east of the Gunnedah Basin, approximately 200 km to the south of the study area (see 

Fig.1). Two strong anomalies can be recognised, located at the Mooki Thrust to the west (which is the fault 
equivalent to the Moonie Fault in southern Queensland) and at the Peel Fault to the east. The simplified 
geological cross section is shown at the bottom part of the profile. 
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and correspond best in the southern New England Orogen (Fig. 4.12). In order to identify 

the extent of the subsurface Tamworth Belt lying within the transition zone between the 

southern and the northern New England Orogen, both the magnetic and the gravity data 

were used to map the boundaries of the fore-arc basin in the subsurface thus defining the 

Fig. 4.12a (right): Three-
dimensional perspective of the 

New England Orogen (cf. Figs 
4.1, 4.6 & 4.8), showing the aero-
magnetic image (a), the gravity 
image (b) and gravity data over-
lain by aeromagnetic data (c). 

 
Fig. 4.12 (beneath): Bounda-

ries of the subsurface fore-arc 
basin as interpreted from the 
aeromagnetic data. The 3D-
image shows a different, and 
zoomed-in perspective of the 
southern New England Orogen 

(cf. “c” in Fig. 4.11a) (compare to 
palaeogeography map, Fig. 2.2). 

 

No scale 
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Tamworth Belt boundary where it is covered by younger sediments in southern Queen-

sland (Fig. 4.12, white solid line). 

           The image was constructed by putting two different anomaly layers on top of each 

other. The colour code illustrates the aeromagnetic anomaly and is referenced to the same 

values as on figure 4.1 (red represent relatively high and blue relatively low TMI values). 

The relief mimics the gravity data (cf. Fig. 4.10). Thus, morphological highs represent 

relatively high values of the gravity field, while morphological lows represent lower val-

ues, respectively (cf. map “c” of Fig. 4.12). Hence, the morphological gravity ridge sub-

stantiates the information gained from the elongated magnetic pseudocolour highs, as-

suming, that thrust-related processes can cause an overall higher magnetic and gravity 

anomaly. Within the southern New England Orogen, two subduction-related structural 

units can be clearly separated from each other on both, the aeromagnetic anomaly image 

and the gravity anomaly image. Here, where the fore-arc basin Tamworth Belt is highly 

deformed due to subsequent tectonic deformation, the belt can be interpreted to consist of 

more anomaly causing mafic rocks - especially along its fault-dominated boundaries - 

than the accretionary wedge assemblage Tablelands Complex to the east. 

 

The proposed terrane boundaries as interpreted from the aeromagnetic data, the gravity 

data and the seismic reflection data (of which the latter is predominantly restricted to the 

western part of the visualised area) are the first attempt to outline the New England Oro-

gen terranes in the subsurface and will be refined when new data become available (cf. 

Figs 4.1, 4.9 & 4.12). 
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Allein die Sphäre der ausgebildeten Natur ist unaufhörlich beschäftigt, sich auszubreiten. 
 

   Immanuel Kant 
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5. STRUCTURAL GEOMETRY OF THE 

TAMWORTH BELT 

 

Relevant geophysical data in the study area consist of seis-

mic reflection profiles and gravity and aeromagnetic data. 

Together with petroleum exploration well information, these 

data were used to provide a complete view of the fore-arc 

Tamworth Belt buried underneath the Bowen and Surat ba-

sins. The boundaries and subsurface geometry of the Tam-

worth Belt will be defined below. 

 

 

5.1. Fault geometries from seismic sections 

In the study area, a series of major NW– and W-directed 

thrusts can be recognised  on the basis of seismic data (e.g. 

Figs 3.4 & 3.6). The most significant of these structures, the 

Moonie Fault (Fig. 3.4), is part of a larger Middle Triassic 

fault system (see Chapter 2.3. for details). The complexity 

of this thrust event is indicated by the presence of synthetic 

thrusts (Fig. 3.4) and backthrusts (“b” in Fig. 3.6). Two ma-

jor westward-dipping faults (“c1” and “c2” in Fig. 3.6) may 

form the eastern boundary of the Tamworth Belt. The west-

ern Tamworth Belt boundary could not be defined using the 

present data because it continues beneath the Bowen Basin 

to the west of the study area. Moreover, the base of the sub-

surface Tamworth Belt succession could not be defined due 

to the shallow character of the seismic profiles (the majority 

of the seismic lines of the investigated area has a recording 

time of 3 seconds TWT). Thus the base of the Tamworth 

Belt is below the lower limit of the seismic sections. How-

ever, the hanging-wall geometry is characterised by the 

Moonie Fault to the west (“b” in Fig. 3.4) and the two W-

dipping faults to the east (“c1“ and “c2” in Fig. 3.6) and thus 
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images the structure of the subsurface Tamworth Belt succession (Fig. 3.5). 

 

5.1.1. Additional information from deep seismic profiling 

Two deep seismic profiles (BMR84.14 to the north and BMR91.GO1 to the south, re-

corded to 20 seconds TWT), both of which are located some distance from the seismic 

study area, provide supplementary east-west cross-sections across the Tamworth Belt, 

(for location, see Fig. 3.1). They were acquired by the Bureau of Mineral Resources (now 

Geoscience Australia) and show the overall geometry of the Tamworth Belt and the adja-

cent tectonic successions (GLEN et al., 1993; KORSCH et al., 1993, 1997; FINLAYSON, 

1990; Wake-Dyster et al., 1987). 

         The fore-arc basin succession to the north of study area, as displayed on the deep 

seismic survey, line BMR84.14, identifies a shallow westward-dipping base of the Tam-

worth Belt (Fig. 5.1). Here, the Tamworth Belt is in an anomalous region and its sedimen-

tary succession is extremely wide due to repetition by the oroclinal bending (cf. Chapters 

2.2.2. and 3.1., respectively). 

         The Tamworth Belt, as seen on the southern deep seismic profile BMR91.G01 (Fig. 

5.2), has a doubly vergent structural geometry with a steep westward-dipping eastern 

margin. 

 
Fig. 5.2: Cartoon of the crustal architecture in the vicinity of the deep seismic survey BMR91.G01 to the 

south of the study area in the Southern New England Orogen (from KORSCH et al., 1997) (for location see 

 
Fig. 5.1: Cartoon of the crustal architecture in the vicinity of the eastern part of the deep seismic survey 

BMR84.14 immediately to the north of the study area (from KORSCH et al., 1997) (for location see Fig. 3.1). 
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         This change in structural geometry of the fore-arc basin unit, from broad and flat 

bottomed in the north to narrow and bounded by steep faults in the south, represents the 

overall variation in the basin geometry that can be seen in the study area (Fig. 4.8, chapter 

4.2.2.2.). The uppermost part (6 seconds TWT) of the northern BMR84.14 profile, was 

reprocessed by Geoscience Australia (GA) in 1999 to better integrate the data into the ex-

isting dataset. The interpretation will be discussed in Chapter 5.5.2.. 

 

 

5.1.2. Composite seismic profiles across the subsurface Tamworth Belt 

The tectono-stratigraphic geometry of the successions in the Tamworth Belt will be dis-

cussed by presenting three NW-SE-directed composite shallow seismic profiles across the 

subsurface fore-arc basin. From north to south these traverses are (see Fig. 3.3 for loca-

tion) A82-LT-20 and A82-WR-22, A82-LT-24, H82-T-109 and BMR86.M01 and A82-

LT-29 and H82-T-106. 

 

Seismic sequences within the concealed Tamworth Belt 

In the fore-arc basin, five reflections, defining six seismic sequences, could be recog-

nised. Variations in reflection amplitude and continuity within individual sequences, how-

ever, is interpreted in terms of lateral changes in the depositional environment. The identi-

fied seismic sequences appear to thicken slightly towards the eastern part of the region 

(Fig. 3.5), reaching their maximum thickness close to the eastern faulted margin (adjacent 

to the Peel Fault). The succession between the B30 and HD reflections on the H82-T-109 

seismic line (Fig. 3.5) is about 5000 metres thick (c.1800 ms TWT). Farther east, on the 

Millmerran profile (Fig. 3.6), the fore-arc succession below the HD reflector is about 

7000 metres thick (c.2000 ms TWT). The entire thickness of the Tamworth Belt succes-

sion is, therefore, at least 12 kilometres. This is similar to the values obtained by LIANG 

(1991) and WOODWARD (1995) in the exposed part of the Tamworth Belt in New South 

Wales. However, reprocessing of the uppermost 5000 ms TWT of the Millmerran and the 

BMR 84.14 profiles has led to a different approach in understanding the fore-arc basin ge-

ometry with the identification of two thrust sheets stapled upon each other that are re-

sponsible for the entire thickness of the Tamworth Belt succession in the study area (see 

Chapter 5.4.). 
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Fig. 5.3 (left): Schematic progressive development 
of fault-bend folds as a thrust sheet rides over a step in 
décollement (from SUPPE, 1985). 
 
 

Fig. 5.4 (beneath): Interpretation of seismic reflec-
tion profile A82-LT-24 (final stack). Heavy solid lines 
represent faults, such as the Moonie Fault as it ramps 
up to the NW (marked as “b”) with its fault tip line cut-
ting Mesozoic platform cover (marked as “a”, see text 
for details). Two synthetic faults are recognised 
(highlighted as “c”). 
The light solid lines represent interpreted seismic hori-

zons. HA, HB, HC and HD are within the Tamworth 
Belt succession. B30 and S10 represent the sequence 
boundaries at the base of the Bowen and Surat basins, 

respectively, and B70 represents the approximate posi-
tion of the Permian-Triassic boundary. The clear-cut 
seismic reflections marked as “d” identify latest Per-
mian Bowen Basin sedimentary sequences. 
          The aeromagnetic anomaly along this traverse 

(cf. Fig. 4.3) is illustrated above the seismic image. 
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The top of the Tamworth Belt succession is defined by the B30 reflection (which marks 

the transition to the Bowen Basin). Seismic data show that the folded Tamworth Belt suc-

cession appears to be stratigraphically conformable with the overlying Bowen Basin units 

(Figs 3.4; see also Figs 5.7 & 5.8), although there is evidence for some reflection trunca-

tion between the two. 

 

Towards its northern tip, the Moonie Fault curves to the north-east (Fig. 3.1) and has a 

classic fault-bend fold geometry (cf. Fig. 5.3; for definition see SUPPE, 1983). The fault 

appears to transport part of the Bowen Basin and the upper half of the Tamworth Belt as a 

piggy-back structure in the hanging-wall of the thrust (see Figs 5.4 & 5.5). 

 

 
Fig. 5.5: Interpretation of the seismic reflection profile H82-T-109 (migrated). The light solid lines repre-

sent interpreted seismic horizons. HA, HB, HC and HD are within the Tamworth Belt succession. B30 and 
S10 represent the sequence boundaries at the base of the Bowen and Surat basins, respectively. Beneath 
the S10 discontinuity a weathering surface may be identified (marked as “a”). 
           Heavy solid lines represent interpreted faults. The fault marked as “b” depicts a back-thrust off a fault 
plane “c” that runs subparallel to the fore-arc basin sequences. 

           The aeromagnetic anomaly along this traverse is illustrated above the seismic image (cf. Fig. 4.4). 
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On the profile A82-LT-24 (Fig. 5.4), the Moonie Fault has a vertical displacement of over 

3 kilometres. Geometrical restoration of the fault, prior to the phase of thrust movement, 

suggests that the Tamworth Belt succession possibly extends to the west within the 

Taroom Trough beneath the sedimentary rocks of the Bowen Basin (on seismic line A82-

LT-24, reflector HA was identified to the west of the thrust fault, Fig. 5.4). However, the 

full western extent of the Tamworth Belt could not be determined. The seismic pattern of 

the Tamworth Belt southeast of the Moonie Fault is clearly of a different character to that 

of the succession on the north-western side of the fault (cf. Figs 5.4, 5.5 & 5.6). Within 

the hanging-wall, the upper Tamworth Belt succession is characterised by strong, more 

continuous reflections mimicking a snakehead structure (HATCHER 1995, figure 11-34), 

whereas in the foot-wall, the reflections are weaker and markedly less continuous (Fig. 

5.4). This seismically imaged feature indicates that the fold is associated with a thrust 

 
Fig. 5.6: Interpretation of the migrated seismic reflection profile BMR86.MO1 (“Millmerran” profile). 

Heavy solid lines represent interpreted faults. Two faults of major importance are marked as “c1” and “c2”, 
respectively. “b” is interpreted as a back-thrust off the westward-dipping fault marked as “c1”. “a” identifies 

the reactivation of faults influencing the lowermost sequences of the Mesozoic Surat Basin cover (S10 
represents the base of the Surat Basin). 

           Light solid lines represent Tamworth Belt seismic horizons. HE, HD and HC are within the fore-arc 
basin succession. The ratio of vertical to horizontal scale approximately equals 1. 
           The aeromagnetic anomaly along this traverse is illustrated above the seismic image (cf. Fig. 4.5). 
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ramp (“b” in Fig 5.4). 

Tracing particular horizons across the thrust fault reveals that there is a distinct offset. For 

example, the B30 reflection occurs at c.1650 ms TWT within the hanging-wall succes-

sion, whereas on the footwall side it is at a depth of c.2600 ms TWT. The offset, there-

fore, between the two reflections is c.950 ms TWT which equals approximately 2850 m 

(Fig. 5.4). Additionally, both reflections may be traced almost as far as the fault plane, re-

vealing uplift in the hanging-wall, indicating a thrust sense of movement. Such a pattern 

suggests, perhaps, the presence of a fault ramp structure farther to the east of the seismic 

profile A82-L-24 (Fig. 5.4). 

 

The two composite seismic profiles A82-LT-20/A82-WR-22 (to the north, Fig. 5.7) and 

A82-LT-29/H82-T-106 (to the south, Fig. 5.8) depict the asymmetric syncline that forms 

part of the larger fault-bend-fold structure and is related to NW-directed thrust movement 

with the synclinal axis trending NE-SW. If the B30 reflection is taken as the marker, then 

the syncline is broad and flat bottomed in the southern part, but is narrower and more an-

gular in the north, with its east limb measuring c.3 kilometres for A82-LT-20/A82-WR-

22 and c.9 kilometres for A82-LT-29/H82-T-106 (Figs 5.7 & 5.8,). However, in the study 

area, the overall geometry of the hanging-wall tends to broaden towards the north (cf. 

Figs 5.4, 5.5, 5.7, 5.8 & 5.9). 

 

 

5.2. Fault Maps 

Erosion and peneplanation occurred in the Late Triassic removing not only part of the 

sedimentary record of the Tamworth Belt and the Bowen Basin but also part of the thrust 

fault-related palaeomorphology in the area of interest. Thus, the thrust faults that intersect 

the Early Jurassic rocks of the basal Surat Basin succession (Figs 5.4 & 5.7) do not mirror 

the palaeogeometrical orientation of the thrust sheet as the fault tip-line cutting the S10 

reflection (“a” in Fig 5.4) may be shortened differently in depth and angle. However, as 

the depicted thrust-faults of the study area predominantly have a flat-dipping character, 

the fault geometry may be interpreted as a trend. Most of these thrust faults appear to be 

NW- to W-directed, forming part of a foreland thrust-fold belt that deforms the entire 

Tamworth Belt succession. In the study area, the Tamworth Belt is uplifted as the hang-

ing-wall of the Moonie Fault ramp (“b” in Fig. 5.4). The plane of the Moonie Fault is in-
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terpreted to depict a detachment surface of major importance to the overall structural ge-

ometry in the subsurface. It is marked FB on some of the following figures imaging the 

Moonie Fault. For reasons of a better comprehensibility, the thrust sheet above the 

Moonie Fault shall be called “Moonie thrust sheet” in the following. 

 

 

       5.2.1. Moonie Fault plane 

Tracing the tip line of the Moonie Fault plane in the western part of the study area, three 

different trends of fault-strike may be identified on the fault map for the eastward-dipping 

thrust. The major fault orientation is SW-NE (Figs 5.10 & 5.11; see Figs 5.13 & 6.1) and 

so is the overall strike of the folded hanging-wall units (Fig. 5.13). Also, SE-NW-striking 

faults may be observed and, more rarely, near-N-S-striking faults (Figs 5.11, 5.13 & 6.1). 

            The study area is in an abnormal geometrical location in close, north-western vi-

cinity to the Texas Orocline (Fig. 3.1; see Chapter 3.1.). Here, the strike of the major 

ramps is interpreted to vary from the near-longitudinal strike of the major ramps of the 

exposed Tamworth Belt to the south of the study area in northern New South Wales (see 

Fig. 3.1). As the ramp structures are inclined at other angles to the thrust sheet movement, 

it is important to identify (i) the orientation of the lateral thrust ramps, as they strike ap-

proximately parallel to the transport direction (ii) seismic lines along strike of the frontal 

ramp. Within the hanging-wall to the east of the Moonie Fault, most of the SW-NE-

oriented seismic profiles show hardly any deformation with horizontal stratigraphy, im-

plying that the transport direction is perpendicular to the profiles. Thus, the SW-NE-

trending part of the Moonie Fault identifies the frontal ramp in the study area with the  
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           Fig. 5.7: Interpretation of the seismic reflection profiles (final stack) A82-LT-20 (to the north-west) and 
A82-WR-22 (to the south-east). The composite cross section is located in the northern study area across the 

strike of the subsurface Tamworth Belt (see Fig. 3.3 for location). Terminology as per figure 5.4. 

 
           Fig. 5.9: Interpretation of the seismic reflection profiles (final stack) 84-10 (to the north-west) and 
H82-T-101 (to the south-east). The composite cross section is located in the southern study area across the 

strike of the subsurface Tamworth Belt (see Fig. 3.3 for location). “a” identifies a drag on the thrust fault that 
ramps up to the NW (see text for details). Terminology as per figure 5.4. 

 
           Fig. 5.8 (previous page and above): Interpretation of the seismic reflection profiles (final stack) A82-
LT-29 (to the north-west) and H82-T-106 (to the south-east).  The composite seismic profile is located in the 

southern study area across the strike of the subsurface Tamworth Belt (see Fig. 3.3 for location). To the 
west, on A82-LT-29, “b” identifies the Moonie Fault as it ramps up to the NW. Terminology as per figure 5.4. 
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transport direction along 

the Moonie thrust plane 

from south-east to north-

west (Fig. 5.10; see Fig. 

5.11). Two lateral ramps 

are interpreted to strike SE-

NW (Fig. 5.11). The N-S-

striking thrust ramps are 

oblique ramps that are in-

clined at a different angle 

to the original transport di-

rection (see Fig. 5.11). 

 

 

5.2.2. Introducing another  

          thrust horizon 

As part of the foreland 

thrust-fold belt, the con-

cealed Tamworth Belt is 

uplifted in the hanging-wall 

of the Moonie Fault ramp, 

bringing fore-arc strata to 

the pre-Late Triassic pa-

laeo-surface. The gentle 

folding of the Tamworth 

Belt succession is a product 

of the thrusting (i.e. a cause 

of the fault-bend folding). 

However, within the study 

area, at least part of the 

shortening in the thrust belt 

seems to have been not 

only along the Moonie 

 
Fig. 5.10: Structure Contour Map of the Moonie thrust plane FB 

(based on the interpretation of the seismic profile network in the in-
vestigated area) identifying a NW-directed ramp structure to the west 
and a gently NW-dipping flat to the east (depths in milliseconds two-
way-travel time). The fault azimuth dips towards the north-east. The 
black heavy solid line represents the position of the Moonie Fault cut-

ting the S10 reflection (base of the Surat Basin). In the top left corner, 
the seismic profile network is illustrated in light black solid lines. 

 
Fig. 5.11: Schematic foot-wall morphology of the Moonie Fault to 

the west and to the north-west of the Texas Orocline as proposed 
from the interpreted seismic data. Note, that the cartoon shows the 
fault structure within the seismic study area and its continuation far-

ther to the north (cf. Fig. 6.1). The ramp structures that are inclined at 

different angles to the Moonie sheet movement are designated “f” for 
frontal ramps, “o” for oblique ramps and “l” for lateral ramps. See text 
for further details. 
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Fault detachment. To the east of the Moonie Fault ramp, in the upper part of the hang-

ing-wall block, another fault horizon is identified that can be traced parallel to the bed-

ding of the fore-arc basin sediments beneath it (Figs. 5.4 & 5.5). This fault is interpreted 

to be a second thrust surface within the upper Tamworth Belt succession and from now 

on be referred to as the FA thrust plane (marked as FA on some of the seismic profiles). 

             On several seismic reflection profiles, the FA thrust plane can be traced, running 

more or less conformably with the HB Tamworth Belt reflection (Figs 5.4 & 5.5), with 

some sections even indicating the incorporation of Bowen Basin sediments in the thrust-

ing process (Fig. 5.8). On the seismic profile H82-T-101, the FA horizon may be inter-

preted to identify an older ramp, showing the hanging-wall flat B30 dipping slightly to 

the NW, forming the easterly border of the basin succession with S10 truncating B30 

(Fig. 5.9). To the NW, at the eastern end of the neighbouring 84-10 seismic profile, the 

B30 horizon is thrusted upon itself with minor displacement. Here, a drag on the thrust 

fault may be observed with B30 picking up the thrust shear movement. 

 

 

5.3. Discussion 

One of the main goals of this study was to establish the three-dimensional relations be-

tween the faults that are relevant for the structural evolution in the study area in southern 

Queensland. As stated by BOYER & ELLIOTT (1982), the geometric relations between 

thrusts give rise to two typical questions: will my interpretation change if this thrust 

fault joins that one? – and – what does the thrust map pattern imply for the cross sec-

tion? 

         Seismically significant stratigraphic reflections and bounding thrusts of the 

Moonie Thrust Sheet allowed for mapping its subsurface geometry. Owing to the ex-

tremely sparse lithological, palynological and borehole-geophysical control within the 

Tamworth Belt succession (cf. Chapter 3.2.2.) it is pointed out that the final interpreta-

tion is based on the observed seismic stratigraphy and on aeromagnetic- and gravity 

data. This provides an understanding of the fore-arc basin geometry and an understand-

ing of the evolution of the subduction-related units within the subsurface New England 

Orogen. 
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5.3.1. The concealed Tam- 

         worth Belt – post-de- 

         positional deformation 

Following initial basin subsi-

dence and deposition, the 

Tamworth Belt was subjected 

to contractional and oroclinal 

deformation. Evidence for 

this may be seen in the pat-

tern of reflection offsets 

within the basin fill succes-

sion (Fig. 5.4). Two major 

fault sets developed in the 

Tamworth Belt - to the west 

the Moonie Fault (Figs 5.14 

& 5.15) and to the east the 

two westward-dipping faults 

(“c1” and “c2” on Fig. 5.6), 

east of which the accretion-

ary wedge is identified (“d” 

on Fig. 5.6; see Chapter 

5.3.2.). Owing to the lack of 

cross-cutting relationships it i s 

not possible to determine 

precisely which of the west-

ward-dipping faults devel-

oped first. However, the east-

ernmost faults define a zone 

between the fore-arc basin 

and the accretionary wedge 

succession (Fig. 5.6), sug-

gesting that they were part of 

the original fore-arc basin-

 
Fig. 5.12: Structure Contour Map of the thrust plane FA in the 

hanging-wall sequence of the subsurface Tamworth Belt based 
on the interpretation of the seismic profile network in the study 

area. The dotted line illustrates FA being truncated by S10. 
 

Fig. 5.13: Map of the seismic study area showing thrust faults 
and Tamworth Belt and Bowen Basin horizons at the S10 base of 
the Surat Basin. 
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bounding structures. In contrast, the Moonie Fault is a later structure, related to Middle to 

Late Triassic deformation, which offsets basin infill reflections (see above). Nevertheless, 

the author can not rule out the possibility that the westward-dipping faults may have 

formed during a post-depositional contractional event. 

 

 

5.3.2. Defining the eastern limit of the subsurface Tamworth Belt 

Two major westward-dipping faults, “c1” and “c2”, form a zone that defines the eastern 

margin of the Tamworth Belt on the seismic reflection profiles (Fig. 5.6). On the western 

side of this fault zone, the Tamworth Belt shows a nice stratigraphy (Figs 5.6 & 5.5). If 

the easternmost of the faults is projected upwards beyond the limits of the seismic line, it 

intersects the base of the Surat Basin at the position of the northern extension of the Peel 

Fault (as interpreted from the aeromagnetic data) (see “c2” on Fig. 4.6; cf. Fig. 4.8). To 

the south of the study area, the surface expression of the Peel Fault contains serpentinites 

and mafic related rocks which result in higher magnetic intensity along the fault trace. 

Thus, the aeromagnetic data suggest that the true limit of the subsurface Tamworth Belt 

lies along the eastern westward-dipping fault “c2” (Fig. 5.6). Deformation within the fault 

zone precludes precise definition on the seismic profiles of the margin of the Tamworth 

Belt, but the aeromagnetic data suggests that the boundary is coincident with the eastern-

most limit of the fault array (Figs 4.2a, 4.5 & 5.6) (see above). 

 

 

5.3.3. Structure of the concealed Tamworth Belt 

Fault initiation and propagation as a result of externally-controlled tectonic activity, led to 

deformation of the basin fill of the Tamworth Belt succession. Although the precise base 

of the Tamworth Belt is difficult to determine, it can be locally constrained in the area by 

the two basin fault sets, namely, the Moonie Fault and the northern extension of the Peel 

Fault (Figs 5.4 & 5.6). In the southern part of the study area, the Moonie Fault is approxi-

mately oriented north-south, curving to the NE (from approximately 28° 05' S), with the 

highest part of the fore-arc succession located along the concave part of the fault curve 

(Figs 5.10 & 5.11). The internal geometry of the Tamworth Belt can be determined only 

by a more detailed examination of the hanging-wall succession which developed between 

the Moonie Fault and the Peel Fault extension. The top of the hanging-wall succession, as  
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           Fig. 5.14: Interpretation of the seismic reflection profile A82-LT-21 (final stack) perpendicular to 
strike of the subsurface Tamworth Belt in the northern study area (see Fig. 3.3 for location). Heavy solid 
lines represent faults, such as the FB-Moonie Fault plane, here identifying a flat in the ramp-flat geometry 
of which the Moonie Fault ramps up towards the NW. The FA-roof thrust is identified within the hanging-
wall sequence. 

           The light solid lines represent the interpreted seismic horizons HA, HB, HC and HD within the Tam-
worth Belt succession. S10 and B30 represent the sequence boundaries at the base of the Surat and Bo-
wen Basins, respectively. 

 
           Fig. 5.15: Interpretation of the seismic reflection profile M7803 (final stack) oblique to strike of the 
subsurface Tamworth Belt in the southern study area (see Fig. 3.3 for location). Heavy solid lines represent 
faults, such as the FB-Moonie Fault plane, here identifying a flat from which the Moonie Fault ramps up to 
the SW (marked as “foot-wall ramp”) with its fault tip line at the base of the Surat Basin (marked as “a”). 
The FA-roof thrust is identified within the hanging-wall sequence. Its fault tip (at S10, marked “a”) can be 
traced to the south of the study area, possibly identifying the thrust fault to be the Tingan Fault equivalent. 
The timing of thrusting occurred during the Middle to Late Triassic Goondiwindi Event. Both thrust faults 

were reactivated during the early Late Cretaceous Moonie Event (“a”), uplifting the Mesozoic platform 
cover NE of the Tingan Fault relative to the same succession SW of the Moonie Fault. 

           The light solid line represents the interpreted seismic horizon HC which is within the Tamworth Belt 
succession. S10 and B30 represent the sequence boundaries at the base of the Surat and Bowen Basins, 
respectively. 
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defined by the Moonie Fault, lies less than 1 second TWT beneath the surface (c.700 ms 

TWT on Fig. 5.6), while the deepest part is to the east, at a depth of  c.3400 ms TWT 

(Fig. 5.4). The overall geometry of the hanging-wall succession tends to broaden towards 

the north, that is, the farther away the hanging-wall succession is from the Texas Oro-

cline, the wider it stretches west-east. The map, showing the uppermost three Tamworth 

Belt reflections HA, HB and HC (Fig. 5.13), depicts an asymmetric syncline that trends 

NE-SW and is broad and flat bottomed in the southern part of the study area, while steep-

 
           Fig. 5.16: Interpretation of the seismic reflection profile A82-LT-25 (migrated) perpendicular to strike 
of the subsurface Tamworth Belt (see Fig. 3.3 for location). Heavy solid lines represent fault surfaces. Two 
imbricates marked in light grey form a horse. (see text for details). 
           The light solid lines represent the interpreted seismic horizons within the Bowen Basin and the Tam-

worth Belt succession, respectively. S10 and B30 represent the sequence boundaries at the base of the 
Surat and Bowen Basins, respectively. 

 
 
 
 
 

           Fig. 5.16a: Cartoon showing the panels of forward 
and back dip in a simple-step fault-bend fold with two imbri-

cations (from SUPPE, 1983) (cf. Fig.5.3). 
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ening to the north (cf. Chapter 5.1.2.). This feature, which forms part of the larger fault-

bend-fold structure (as seen elsewhere in the region), is related to NW-directed thrust 

movement (Fig. 5.13). On the migrated seismic profile A82-LT-25 (Fig. 5.16), the 

Moonie Fault is interpreted to be a short cut thrust that roots on to the upper of two imbri-

cates. The imbricates form a horse that is located beneath the simple-step fault-bend fold 

in the hanging-wall sequence to the east of the fault (shaded area in Fig. 5.16). 

 

The NE-SW-trending steep asymmetric syncline that broadens to the south, together with 

the change in trend of the Moonie Fault from N-S (to the south of the study area) to NE-

SW (within the study area) underlines the anomalous geometric situation within the study 

area. Here (Texas Orocline), the Tamworth Belt sediments underwent oroclinal bending 

that influenced the geometry of the basin. To the south, the fore-arc basin geometry is de-

scribed by the faulted character of the Tamworth Belt succession with the eastward-

dipping Moonie Fault to the west and the westward-dipping northern extension of the 

Peel Fault to the east. Farther north, however, the basin geometry widens along strike, as 

can be seen in the deep seismic line BMR84.14 farther north (Fig. 4.12; WAKE-DYSTER et 

al., 1987). 

 

         The relationship between the Bowen Basin and the Tamworth Belt 

The previously noted apparent conformable stratigraphic relationship between the succes-

sions in the Tamworth Belt and Bowen Basin raises an interesting issue. The Tamworth 

Belt has been interpreted as a fore-arc basin succession (e.g. KORSCH & TOTTERDELL, 

1996), whereas the Bowen Basin is considered to have formed in a back-arc setting (e.g. 

MCKELVEY & MCPHIE, 1995). This relationship would imply that there was little defor-

mation of the Tamworth Belt succession during the period when subduction migrated 

(KORSCH et al., 1997) or jumped (AITCHISON & FLOOD, 1995) eastwards, and the mag-

matic arc relocated to the east of the current position of the Bowen Basin. In the vicinity 

of the seismic lines A82-LT-24 (Fig. 5.4) and A82-WR-22 (Fig. 5.7), a small remnant of 

the Bowen Basin is preserved to the east of the Moonie Fault. The presence of this rem-

nant of the Bowen Basin in a thrust sheet to the east of the main basin suggests that the 

original area covered by the basin extended much farther to the east than its present lim-

its. It also indicates that the original eastern margin of the Bowen Basin has been de-

stroyed and has been incorporated into the Late Permian to Middle Triassic retro-foreland 
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thrust belt of the New England Orogen. In the eastern part of the investigated region, the 

situation is less clear, partly due to the lack of sufficient seismic profile coverage (see Fig. 

3.3), and partly due to seismic record depths of only 3 seconds TWT. 

         Balancing of the above discussed cross sections has not been accomplished (a) due 

to the strong internal deformation within the seismic fore-arc basin sequences and (b) due 

to the strongly curved and low-angle folded character of the subsurface Tamworth Belt 

segments, especially in the easternmost area of interest (Figs 3.7 & 5.6). 

 

 

5.3.4. The concealed Tamworth Belt – fault history 

Three significant deformational events are recorded in the study area. Following initial 

formation and infill of the Tamworth Belt fore-arc basin, these tectonic events mark the 

various stages of subsequent thrusting (Figs 5.4, 5.5, 5.6, 5.15, 5.16, 5.17 & 5.18). 

 

On several SW-NE-oriented seismic profiles, structural features may be identified that 

show evidence for the oldest observed deformational phase in the study area. Thrust faults 

of minor displacement offset the uppermost Tamworth Belt succession and the lowermost 

sedimentary sequences of the Bowen Basin (Fig. 5.17). These faults are often observed to 

be combined with backthrusts, identifying pop-up structures as to be seen on the seismic 

profile H82-T-110 (Fig. 5.17). 

         This seismic survey was shot approximately along strike of the fore-arc basin unit 

(and therefore perpendicular to the earlier described composite seismic traverse; cf. Fig. 

3.3). Here, the main thrust is NE-directed and seems to root onto the HA reflection of the 

youngest Tamworth Belt succession. The fault offsets the base of the Bowen Basin (B30) 

with a maximum of c.150 metres to the northeast of the seismic profile (70 ms TWT in 

Fig. 5.17). Above the B30 reflection - and beneath the base of the Surat Basin (S10) - 

three strong seismic reflections may be identified, that are slightly folded but not influ-

enced by the fault displacement. The uppermost of these seismic reflectors is identified as 

the Early Triassic B70 horizon and assigned to the Late Permian-Early Triassic base of 

the Rewan Group. The two underlying seismic horizons are very distinctive on seismic 

profiles throughout the study area. The horizons are identified as the Late Permian B60 

horizon (base of the Burunga Formation) and the early Late Permian B65 horizon (which 

defines the base of the Baralaba Coal Measures) (see Tab. 2.1). A non-reflective pile 
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zone is seen above the B30 horizon on either side of the above mentioned pop-up struc-

ture (Fig. 5.17). In between the two structure-defining thrust faults, this pile zone has 

been removed. Here, the borehole data of the well Gilgai intersect the lowermost Bowen 

Basin sequences. A higher amplitudinal signal of the Gamma Ray log can be observed di-

rectly above the B30 seismic horizon (Fig. 5.17a). This high amlitudinal signal of the 

Gamma Ray log corresponds with a distinct unconformity as seen in the Bowen Basin. 

The geology anywhere else in the basin shows, that between the B30 and the B60 seismic 

horizons a big unconformity occurs at the base of the Oxtrack Formation and is identified 

on the seismic profiles as the B45 horizon (Tab. 2.1). On the H82-T-110 seismic profile, 

the B45 horizon may be located directly on top of the pile zone that has been removed, 

 
Fig. 5.17a (right): Image comparing the seismic reflection record of the profile 

H82-T-110 with the Sonic and the Gamma Ray logs of the well Gilgai. 

 
Fig. 5.17 (top): Asymmetrical pop-up structure as seen on the NE-part of the 

seismic profile H82-T-110, offsetting the B30 base of the Bowen Basin. The seismic interpretation shows a 
thrust - back-thrust geometry that occurs at high structural levels in the brittle field (see HAYWARD & GRA-

HAM, 1989). The main thrust is NE-directed and seems to root onto the HA reflector of the Tamworth Belt. 
For location of the seismic line H82-T-110, see Fig. 3.3. 
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providing evidence for thrusting processes at least during Mid Permian times (Fig. 5.17; 

cf. B30 to B70 of Table 2.1). 

 

Various seismic profiles in the study area show evidence for the second phase of thrust-

ing - the Goondiwindi Event of KORSCH et al. (1998) - where strata of the Tamworth Belt 

are thrust over Middle Triassic rocks of the Bowen Basin along the Moonie Fault. Line 

A82-LT-24 (Fig. 5.4) provides convincing evidence for at least 3 kilometres of vertical 

displacement on the Moonie Fault. Erosion and peneplanation occurred in the Late Trias-

sic before the Tamworth Belt and Bowen Basin were overlain by Early Jurassic rocks of 

the Surat Basin. Thus, the major period of fault movement was Middle-Late Triassic, cut-

ting Middle Triassic rocks. Deposition could have been synchronous with thrusting but it 

is also possible that sediments were removed during the peneplanation and prior to the de-

positional phase in the Early Jurassic within the Surat Basin. 

 

During the Late Cretaceous, there is evidence for the third deformational phase - the 

Moonie Event of KORSCH et al. (1998) - again seen on several seismic sections in the 

study area (e.g. Figs 5.4 & 5.6). Of note is the reactivation of the Moonie Fault, with the 

fault tip propagating into the Surat Basin succession and uplift of the Surat Basin on the 

hanging-wall side of the fault relative to the footwall (cf. Fig. 5.4). Further evidence for 

the Moonie Event is provided by folding and uplift of the Surat Basin succession above 

an eastward-dipping fault near station 2200 in seismic line BMR86.M01 (Fig. 5.6). Al-

though the faults were reactivated in the basement, in most cases they have not propa-

gated upwards into the Surat Basin succession, and usually there is no displacement of the 

Surat Basin succession above the faults. 

 

Fig. 5.18: Detail of the SW-part of 
the seismic reflection profile A82-WR-

21 (final stack) (for location, see Fig. 
3.3). The sedimentary succession be-
neath the B30 base of the Bowen Basin 
is dominated by minor, NE-directed 
thrust faults (solid black lines). To the 
right of the profile, “a” marks that part of 
the Surat Basin that is slightly effected 

by a later, post-S10 fault movement. 
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5.3.5. The concealed Tamworth Belt – fault orientation 

Throughout the study area, various seismic reflection profiles show different effects of the 

change in fault spacing on fold shape. 

         The discussion above on the overall geometry has shown that the movement of the 

Moonie thrust sheet took place over irregularly oriented flats and ramps, resulting in a 

moderate, asymmetric fold in the thrust sheet. The axial surface of this fold - best defined 

by its synclinal axis (see Fig. 5.13) - is controlled by the location of the changes of orien-

tation of the fault surface. 

          

Fig. 5.19: Migrated seismic reflection profile BMR86.MO1 (Millmerran) with reprocessed data illustrated 
on boxes I, II and III. Heavy solid lines depict fault surfaces. Two faults of major importance are marked as 
“c1” and “c2”, respectively. “b” is interpreted as a back-thrust off the westward-dipping fault marked as “c1”. “a” 
identifies the reactivation of faults affecting the lowermost sequences of the Mesozoic Surat Basin cover 

(S10 represents the base of the Surat Basin). “d”  marks the discontinuous seismic reflection pattern that 
may be assigned to the seismic resonance of the accretionary wedge assemblage. “e”  marks the proposed 
continuation of the HE Tamworth Belt reflection in between the two major fault surfaces described above. “f” 
highlights the top of a series of fault surfaces possibly due to basal shearing (basin evolution approach) or as 
a consequence of footwall horses (thrust mechanics approach) (see text for details). 

           Light solid lines represent Tamworth Belt seismic reflections. HE, HD and HC are within the fore-arc 
basin succession. The ratio of vertical to horizontal scale approximately equals 1. 
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5.4. Subsurface geometries from reprocessed seismic data – a different approach 

As described in Chapter 5.1., a series of major NW– to W-directed thrusts may be recog-

nised on the seismic sections (Figs 5.4 & 5.7) with the most significant of these structures 

being the Moonie Fault (Fig. 5.4). The complexity of this thrust belt is indicated by the 

presence of east dipping synthetic thrusts on the western side of the belt (Fig. 5.4) and 

east dipping structures that are interpreted as west-directed backthrusts on the eastern side 

of the belt (Fig. 5.6). On the Millmerran seismic profile (BMR86.MO1) the eastern 

boundary of the Tamworth Belt is identified by a major westward-dipping fault (Fig. 5.6) 

that may be interpreted as the boundary between fore-arc basin and accretionary wedge 

sequences. 

 

Geoscience Australia (formerly AGSO) undertook further processing of the two seismic 

surveys BMR86.MO1 and BMR84.14 down to 6 seconds TWT to improve the display in 

order to better integrate the data into the existing database. The reprocessed seismic data 

was subsequently redisplayed at the same vertical scale as most of the industrial shallow 

seismic lines. This has led to a more detailed interpretation of the overall subsurface ge-

ometry of the Tamworth Belt beneath the Surat Basin cover. 

 

 

5.4.1. Reprocessed seismic data – BMR86.MO1 (Millmerran profile) 

At the western end of the Millmerran seismic profile (Station 2004 to 2200 on Fig. 5.19) 

strong, westward-dipping reflections may be seen beneath the S10 reflection – at c.1000 

ms TWT – down to a recording depth of c.2300 ms TWT. Beneath this depth, the seismic 

pattern changes and may be characterised by strong, shallow curved reflections down to a 

recording depth of at least c.3200 ms TWT (Fig. 5.19). This change in the seismic reflec-

tive orientation marks the position of the seismic reflection HE (cf. Fig. 3.6). 

 

The thrust reflection (FB equivalent) of the base of the Moonie thrust sheet is positioned 

at c.2300 ms TWT at the western end of the seismic profile, whereas the basal thrust of 

the thrust sheet beneath it (from now on, this thrust sheet shall be simply called the “main 

thrust sheet”) is at a recording depth of c.3600 ms TWT, implying that the offset between 

the two thrusts is c.1300 ms TWT (Fig. 5.19). As a result from the reprocessing of the 

seismic data, the base of the Moonie Thrust Sheet (FB horizon) is considered to be the 
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same fault as the above 

mentioned c1 fault. 

Above the base of the 

main thrust sheet (“c1” 

on Fig. 5.19), a series of 

fault surfaces are de-

picted (see “f” on Fig. 

5.19) that may be inter-

preted as (i) footwall 

horses resulting from 

contraction or as (ii) re-

siduals of basal shearing 

processes during the 

time of fore-arc basin 

subsidence (see Chap-

ter 5.5. for further de-

tails). 

 

 

 

 

 

 

 

5.4.2. Reprocessed seismic data – BMR84.14 

The reprocessed data of line BMR84.14 (recording length down to 6 s TWT) has pro-

vided a more detailed image of the uppermost crustal seismic reflections. 

         On the deep seismic profile, the Moonie Fault ramp is interpreted to derive from the 

thrust base FB (Fig. 5.20). In contrast to several other seismic sections in the study area, 

the Moonie Fault is noted not to have been reactivated during the early Late Cretaceous 

Moonie Event (Fig. 5.20; cf. “a” on Fig. 5.4). 

         To the east of the Moonie Fault (at SP c.13530 on Fig. 5.20, at c.3000 m to the east 

of the fault), a fault has been identified within the hanging-wall sequence that shows a 

Fig. 5.20: Upper, re-
processed part (upper 1 - 
5 s TWT) of the deep 

seismic survey BMR84.14 
in southern Queensland 

(cf. Fig. 5.1). The boxes 
shown above and be-
neath the seismic profile 
are “zoom ins” that iden-
tify structures of greater 
importance. 
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near-vertical east dip with small vertical displace-

ment (Fig. 5.20). The fault is considered to be the 

Goondiwindi Fault equivalent (cf. Tingan Fault 

on Fig. 5.15) and, as the Moonie Fault, does not 

show any reactivation during Late Cretaceous 

time. As there are no other seismic data crosscut-

ting the deep seismic survey near to this fault, it 

is uncertain whether this near-vertical structure is 

(i) transfer fault-related (which is, due to the 

 
Fig. 5.20 (continued): These boxes show seis-

mic data of a second stage of reprocessing. The 

seismic reflection pattern as to be seen on box I to 
IV is displayed on the main seismic profile at a 
slightly different scale and may be identified by 

alphabetical markers. Box V shows an internal 
fore-arc basin structure farther to the east of the 
imaged seismic survey (cf. shotpoints) that may 
be correlated with the upper west-dipping struc-

ture as to be seen on BMR86.MO1 (“c1” of Figs 
5.6 & 5.19). For location see Figs 3.1 & 5.22. 

 

 
 
 
 
 

Fig. 5.20a: Cartoon of a snakehead 
duplex beneath a domed thrust sheet 
(from HATCHER, 1995) (cf. shaded area 

on Fig. 5.20 above). 

 snakehead duplex 

                         domed thrust sheet 
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fault’s steep dip and overall geometry, the preferred explanation in this study) or (ii) a 

short cut thrust that roots onto the Moonie Fault ramp. The reprocessing of the seismic 

data shows that this steep east-dipping fault ends at the Moonie Fault ramp at a depth of 

c.6300 m (c.2500 ms on Fig. 5.20). However, in case of the near-vertical fault being a 

short cut thrust (the latter approach), this would imply that the fore-arc basin sequence be-

neath the Surat Basin cover has been influenced by multiple deformational phases during 

the Middle to Late Triassic Goondiwindi Event (with the near-vertical fault being of post-

Middle Triassic but pre-Jurassic age). 

         To the east of the Goondiwindi Fault equivalent, the seismic image shows a non-

reflective zone directly beneath the Surat Basin cover that is based on two strong, parallel 

running seismic reflectors. This seismic reflection pattern is derived from the basal Bo-

wen Basin sequence, as seen elsewhere in the region in the hanging-wall (B30 on Fig. 

5.20, cf. Fig. 5.4). To the west of the Moonie Fault, in the foot-wall, and in between the 

two faults, these reflections can not be identified. Here, the sedimentary succession is 

considered to be influenced by the contractional movement of the thrust belt, showing the 

juxtaposition of sediments of similar age but of dissimilar facies and indicating major 

telescoping (Fig. 5.20; cf. Figs 5.4, 5.7, 5.14, 5.16 & Fig. 21). Thus, the B30 seismic re-

flection is at a lower position in between the two faults relative to B30 to the east and at a 

higher position relative to B30 to the west (Fig. 5.20). Therefore, the Moonie Fault to-

gether with the equivalent of the Goondiwindi Fault is responsible for the uplift of the 

base of the Bowen Basin (B30) on the hanging-wall side of the fault relative to the foot-

wall (a total of c.600 ms on Fig. 5.20). 

         To the east of the Goondiwindi Fault equivalent, between shot-point c.13650 and 

c.14050, a lens-shaped structure is recognised at a depth of c.2-3 s TWT and interpreted 

as a snakehead duplex (as defined by HATCHER, 1995, figure 11-26) beneath a domed 

thrust sheet (shaded area on Fig. 5.20). The branch line (“d” on Fig. 5.20) identifies the 

westernmost part of the duplex. This duplex indicates that there is a space problem in the 

thrust fold system (cf. Chapter 5.3.4.) even in the anomalous region where the fore-arc 

basin unit is extremely broad and flat bottomed (cf. Fig 5.1), underlining the great com-

plexity of the pre-Jurassic tectonic history. 

         Above the duplex, an eastward-dipping, west-directed fault is recognised at the S10 

seismic reflection at SP c.13900 (“b” on Fig. 5.20). This fault can be linked to a fault that 

has been identified within the easternmost study area (e.g. on seismic profile BMR86.
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MO1), cutting the Moonie thrust sheet by west-directed back-thrusting (Fig. 5.19; see 

Fig. 6.1). 

 

 

5.5. Seismic data – Discussion 

The development of the Tamworth Belt was influenced both by the initial period of sub-

duction-related activity and subsequent tectonic intra-plate deformation. The reprocessed 

seismic data of lines BMR84.14 and BMR86.MO1 suggests that the earlier discussed ver-

tical displacement of c.3000 m (c.1000 ms TWT) of the Moonie Fault (cf. Fig. 3.4) may 

be explained according to two different thrust sheets within the hanging-wall, with the FA 

thrust sheet overriding the Moonie thrust sheet. Thus, the tip line of the Moonie Fault 

ramp (see “b” in Fig. 3.4; Figs 5.7 & 5.15) may identify a short cut thrust offsetting a 

domed thrust sheet rather than a thrust fault of major displacement. In the study area, e.g. 

on the seismic profile A82-LT-25 (Fig. 5.16), the Moonie Fault (sensu stricto) is seen to 

root onto the upper imbricate of a horse structure situated to the west of the Moonie Fault 

ramp and, as seen on the seismic profile A82-LT-24 (Fig. 5.4), to the east of the synthetic 

thrusts that may be identified in the foot-wall sequence. The occurrence of imbricates 

forming a horse is dependant on the tectonic processes within the foreland-fold thrust belt 

and may influence the intensity of the aeromagnetic anomaly signals (see Fig. 6.1, cf. 

A82-LT-24 and A82-LT-25). As the shallow seismic lines (4 s TWT) do not show any 

evidence for intrusive rocks being emplaced at the base of the Moonie thrust (as proposed 

for the Mooki thrust to the south of the study area; RAMSAY  & STANLEY , 1976), the cause 

for the Moonie magnetic anomaly seems to be more likely located near the thrust ramp 

within the sedimentary succession (see Chapter 4.4). Which part of the sedimentary suc-

cession causes the asymmetric magnetic anomaly high along the Moonie Fault stays 

speculative (for A82-LT-20 and A82-LT-24, different depths were calculated for the 

causing magnetic anomaly along the thrust ramp; see Chapter 4.2.2.2.). However, on the 

BMR84.14 reprocessed data, noise of uncertain cause can be seen on the seismic record at 

a depth beneath c.4000 ms TWT (c.10+ km depth) (see “noise” on Fig. 5.20). 

 

         Reactivation of faults 

The reactivation of the Moonie Fault, with the fault tip propagating into the Surat Basin 

succession and the uplift of the Surat Basin on the hanging-wall side of the fault relative 
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to the footwall (cf. Fig. 3.4), is restricted to the area immediately west of the Texas 

Orocline (and cannot be observed in the anomalously wide region to the north that is 

depicted by the BMR84.14 survey; Fig. 5.20). Thus, the contractional forces that ef-

fected the reactivation of faults during the early Late Cretaceous Moonie Event seem 

to be related to the spatial distribution of the Tamworth Belt succession, showing the 

effect on the fore-arc basin unit in the south where it is narrow and steeply inclined. 

Here, the mechanism that initiated earlier fault structures generally seems to be camou-

flaged by the above mentioned Goondiwindi event and the earlier discussed Mid Per-

mian deformational phase, which negatively influences the palinspastic restoration of 

the geometric relationships that once initiated the thrust-development within a com-

pressional tectonic regime. 

 

         Faults of major importance 

The deep seismic survey BMR84.14 was shot at the northern end of the Moonie Fault 

(for location see Fig. 3.1), to the north of the study area. On the reprocessed part of the 

profile (upper 6 s TWT) the Moonie Fault has less influence on the overall subsurface 

geometry than seen on the investigated shallow seismic profiles farther south (compare 

Fig. 5.20 with Fig. 5.4). The characteristic west-directed thrust sense for the Moonie 

Fault is expressed mainly by folding of the hanging-wall sequence (Fig. 5.20) than by 

a distinctive vertical and horizontal displacement as to be seen on various seismic pro-

files within the study area (cf. Fig. 5.4). On the BMR84.14 seismic profile, the fault 

offsets the base of the Burunga Formation (B60) with a maximum of vertical displace-

ment of c.400 metres on the seismic profile (200 ms in Fig. 5.20), and has been re-

moved by erosion in the Late Triassic to the east of the Goondiwindi Fault equivalent 

(Fig. 5.20). Moreover, the - subhorizontal - fault beneath the above mentioned duplex 

structure (see FB on Fig. 5.20 at c.3500 ms) is recognised as the more important fault 

structure relevant to the subsurface geometry of the Tamworth Belt succession. This 

fault is considered to be the equivalent of the FB horizon that is identified to the south. 

Furthermore, the fault may be identified as the foot-wall ramp of the Moonie thrust 

sheet and may be connected with fault structures to the west of the Moonie Fault that 

are noted on various seismic profiles within the study area (Figs 5.4 & 5.14). The fault 

is interpreted as part of the westward-propagating thrust belt, with the Leichhardt Fault 

most likely to be the westernmost extension of the fore-arc basin sequence, approxi-
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mately 33 kilometres farther to the west of the Moonie Fault (where the Leichhardt 

Fault cuts S10 on the deep seismic survey at SP c.12650). This is not displayed on the 

seismic profile within the study area, but occurs farther to the west (see Fig. 5.1). 

         Earlier in this study, the author identified at least one of the Tamworth Belt seis-

mic reflections to the west of the Moonie thrust (HA). Discussing the overall tectonic 

architecture of the subsurface Tamworth Belt, this may result in the Moonie Fault 

(sensu lato) being the trailing fault and the Leichhardt Fault the leading thrust fault, 

forming the westernmost boundary of the Tamworth Belt succession. Another explana-

tion is that these faults are all part of one fault system with the individual faults sepa-

rated by relay zones. The western extent of the fore-arc basin, however, lies far to the 

west of the study area, but probably is bounded by the Leichhardt Fault, a thrust fault 

that seems to root onto the same thrust flat at depth as the Moonie Fault farther to the 

east. 

 

A major westward-dipping structure forms the eastern margin of the subsurface Tam-

worth Belt. The reprocessed Millmerran seismic data (Fig. 5.19) including the aero-

magnetic anomaly database (Figs 4.1, 4.6 & 4.8) clarifies, that the “c2” fault is the 

boundary between the fore-arc basin to the west and the accretionary wedge to the east. 

 

         A second thrust sheet is identified 

The FA-seismic reflection, as seen farther south in the study area, can be interpreted as 

the thrust plane which separates the adjacent Tamworth Belt sheets, representing the 

roof thrust of the Moonie thrust sheet (Figs 5.4, 5.5, 5.19 & 5.20). The location of its 

root zone is unknown, but on seismic line BMR84.14 it may be traced to lie far to the 

east of the identified duplex (Fig. 5.20). The shaded areas on WOODWARD’s (1995) 

cross-sections highlight a similar scenario for the exposed Tamworth Belt to the south 

of the study area, with thrust sheets sliding on top of each other (Fig. 5.21). 

 

         Subsidence history or tectonic evidence? 

Three trapezoidal shaped bodies were identified on the Millmerran seismic reflection 

profile at c.3000 - 3700 ms TWT (faults beneath “f”  on Fig. 5.19). These seismically 

imaged bodies as seen on the profile may be interpreted depending on the postulated 

idea of origin. 
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         The mechanism that affected the foreland thrust belt during times of contraction 

gives tectonic evidence. In the thrust-fold system, the faults can be explained to be the 

result of a possible solution to the room problem. On the Millmerran seismic profile, 

the author postulated that their seismic reflection pattern identifies duplexes, with the 

major westward-dipping fault (“c2“ on Fig. 5.19) representing the basal thrust. 

         A different, speculative explanation for the trapezoidal shape of the seismically 

imaged body, however, may be given by the basin history itself, asking for basal shear-

ing (cf. faults beneath “f”  on the reprocessed data of Fig. 5.19) at the base of the fore-

arc basin. 

         However, a final explanation for the faults above the basal thrust (“f”  above 

“c 2”  on Fig. 5.19) that continues to the east, to become the northern extension of the 

Peel Fault, cannot be stated because of the highly deformed succession above the 

structures and the depth they occur (c.7 km to c.12 km, Fig. 5.19). 

 

         Configuration of the Tamworth Belt related to its evolution - a hypothesis 

As the subsidence history of fore-arc basins is generally very complicated - i.e. there 

are specific variations in the configuration of fore-arc basins - it stays uncertain, which 

type of fore-arc basin the Tamworth Belt has to be categorised in. Three major ques-

tions can be raised about the tectonic history of the fore-arc basin succession in the 

            
Fig. 5.21: Three balanced cross sections across the northernmost exposed part of the Tamworth Belt 

in northern NSW (after WOODWARD, 1995). The cross sections are displayed in latitudinal order, with (a) 

located to the north, (c) to the south and (b) in between. The thrust marked as “M” and located to the 
west depicts the Mooki Fault, the New South Wales-thrust fault equivalent to the Moonie Fault in south-

ern Queensland (cf. Fig. 3.1). 
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subsurface in southern Queensland: (1) what were the original characteristics of the 

fore-arc basin type, (2) where is the accommodation space that is needed for the pro-

posed thickness and (3) how can the absence of the volcanic arc be explained? 

         The following scenario may explain the overall thrust-related geometry that is 

seen throughout the investigated area. (1) A ridged fore-arc basin configuration at a 

later basin stage (and here to the eastern end of the Tamworth Belt) may have devel-

oped on top of the accretionary wedge in a back-tilted fore-arc regime (see Fig. 5.22). 

This scenario would (2) accumulate sediments of substantial thickness during basin 

evolution whilst the sedimentary fill may become deformed stronger as seen in the 

study area and (3) explain the “missing arc” as the volcanic arc may have been sub-

merged below sea level. Moreover, this scenario could create an initial position of the 

fore-arc basin and the back-arc basin sediments at which the two basin successions 

could have been pushed on top of each other during times of contraction and thus ex-

plaining the apparently conformable behaviour between the Bowen Basin and Tam-

worth Belt successions farther 

to the west (that is, the vol-

canic arc would not need to be 

a “physical barrier” that sepa-

rates Bowen Basin sediments 

from Tamworth Belt sedi-

ments). 

 

 

 

5.5.1. Structural Geometry – conclusion 

The configuration of the original Tamworth Belt fore-arc basin related to its evolution 

stays subject to speculation. 

         However, the apparently conformable behaviour between the Tamworth Belt and 

the Bowen Basin sequences can - at least in parts - be explained by the thrust tectonic 

processes that occurred during three deformational events. The FA-thrust horizon is in-

terpreted to have transported the Bowen Basin and Tamworth Belt successions with 

westward-directed movement by sliding on top of the Moonie sheet. The back-arc ini-

 

           Fig. 5.22: Cartoon showing the configuration of a fore-
arc basin related to its evolution, depicting a ridged basin type 
(from EINSELE, 2000).  
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tiated Bowen Basin originally extended farther to the east than its recent position sug-

gests. The fore-arc Tamworth Belt continues in the subsurface beneath the foreland po-

sitioned Bowen Basin system to the west of the Moonie Fault and hence is not 

bounded to the west by the  Middle Triassic thrust fault. The western extent of the 

fore-arc basin unit is probably bounded by the Leichhardt Fault (Fig. 3.1), a thrust 

fault that is interpreted on the new BMR84.14 seismic data (see Chapter 5.5.) to root 

onto the same thrust flat at depth (“FB”  at the western end on Fig. 5.20). 

         The question, which tectonic processes left the Bowen Basin in a foreland posi-

tion cannot be answered here. However, as the author can not rule out the possibility 

that the sequence above the HA seismic horizon depicts oldest Bowen Basin sedi-

ments, this - on reflection truncation geometries based - HA horizon may be considered 

to be the possible equivalent to the B15 seismic reflection of the Bowen Basin (as de-

fined by TOTTERDELL et al., 1995) (see Chapter 3.2.3.). Moreover, the FA seismic re-

flection depicts a pronounced angular relationship between the Moonie sheet and the 

sedimentary succession above the FA reflection, identifying a second thrust horizon 

above the FB basal thrust. Thus, the FA thrust plane may be considered to identify a 

thrust of major importance that may have transported the back-arc Bowen Basin suc-

cession with westward-directed movement on top of the fore-arc basin unit. 
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Die Hauptschwierigkeit der Geologie beruht auf der Ansicht; 
darauf nämlich, daß man das Atomistische und Mechanische, 
welches in gewissen Momenten freilich sich wirksam erweist, 

solange als möglich zurückdrängt, 
dem Dynamischen dagegen, einem gesetzmäßig bedingten Entstehen, 

einem Entwickeln und Umgestalten, 
sein Recht gibt. 

 
Johann Wolfgang Goethe 
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6.   SYNTHESIS 

 

The tectono-stratigraphic evolution of Eastern Australia dur-

ing Silurian to Carboniferous times involves the subduction 

of the Panthalassan Ocean plate beneath the eastern margin 

of Gondwanaland. This was accompanied by the develop-

ment of a series of subduction-related sedimentary basins, 

where individual basin stratigraphy was strongly influenced 

by the ongoing orogenic activity. Such changes included 

possible conversion from an island arc to continental margin 

arc subduction system (KORSCH et al., 1997) or reversals in 

subduction polarity (AITCHISON & FLOOD, 1995) from Late 

Devonian to Late Carboniferous. 

In the Early Permian, the region was subjected to 

oroclinal bending producing the Texas and Coffs Harbour 

oroclines, which resulted in the development of a complex 

structural pattern. As noted above, the study area is located 

immediately to the west of the Texas Orocline. Thus, the de-

velopment of the Tamworth Belt was influenced both by the 

initial period of subduction-related activity (which included 

basin formation and infill) and subsequent tectonic deforma-

tion during oroclinal bending. The study area with its loca-

tion adjacent to the oroclinal bend is, therefore, of key inter-

est in elucidating both the pre-deformation history of the 

area, and the nature of later tectonic activity. 

 

 

Initiation of the fore-arc succession 

Initial formation of the Tamworth Belt fore-arc basin began 

in the Late Devonian (Table 2.1). The precise dimensions 

and extent of the original basin are uncertain, however, due 

to subsequent tectonic deformation and sequence repetition 

by thrusting (see Chapter 5.3.4.). LEITCH (1975) suggested 
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for the Tamworth Belt a possible length of c.400 km and a width of c.50 km. The total 

length of the fore-arc basin including both, the Tamworth and the Yarrol Belt must be at 

least 1000 km (see Fig. 2.2), which is considerably larger than values obtained for current 

fore-arc basins (see DICKINSON, 1995). Fore-arc basin environments are extremely com-

plex and variable both in terms of the basin architecture and the infill pattern (see DICKIN-

SON, 1995), who recognises a range of morphological types (DICKINSON, 1995, figure 

6.4). The limited Tamworth Belt database precluded the recognition of any specific mor-

phology. 

A ridged fore-arc basin configuration (see Fig. 5.22) at a later basin stage, how-

ever, may explain the apparently conformable behaviour between the Tamworth Belt 

fore-arc basin and the Bowen Basin sequences. Following up this hypothetical scenario, 

the potential basin configuration may have developed on top of the accretionary wedge in 

a back-tilted fore-arc regime, that is, the volcanic arc would not need to be a “physical 

barrier” that separates Bowen Basin sediments from Tamworth Belt sediments (see 

Chapter 5.5.). 

 

 

         Age control 

Precise dating of the sequences in the study area is difficult since palynological control is 

sparse, and provided by only a few drill core samples across the entire region (see Chap-

ter 3.2.2.). The oldest palynoflora dated is Visean in the Early Carboniferous (DE JERSEY, 

in MURRAY, 1994), confirming the correlation with the exposed Tamworth and Yarrol 

belts. Palynological samples from five wells to the west of the study area have been dated 

as Late Carboniferous to earliest Permian (MURRAY, 1994). These are equivalent to the 

uppermost parts of the exposed belts. In three other wells (pers. comm. MCKELLAR, 

1998), the palynoflora was dated as Early Permian (APP2.1 stage of PRICE, 1997, see Ta-

ble 2.1), which provides a correlation with the sequence at the base of the Bowen Basin 

(cf. Supersequence A in Table 2.1, defined by BRAKEL et al., in press; KORSCH et al., 

1998). 

In the Bowen Basin, Supersequence A occurs immediately below the B30 se-

quence boundary, implying that the seismic sequence in the subsurface Tamworth Belt 

between B30 and reflector HA is its equivalent (Table 2.1) (cf. Chapter 3.2.). Neverthe-

less, the stratigraphic relationship between the Supersequence A section and the upper-
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most Tamworth Belt succession is unclear as no seismic lines tie the two successions. Un-

fortunately, interpretation of well information associated with the grid of seismic lines 

across the eastern Surat Basin did not provide further estimates of the ages of the se-

quences as the base of the Bowen Basin that has been identified on some of the seismic 

profiles to the west of the study area - the seismic reflector B15 (cf. TOTTERDELL et al., 

1995; BRAKEL et al., in press) - could not be picked within the reflective package that un-

derlies B30. 

 

 

Comparison with previous studies 

The concealed Tamworth Belt has been deformed by a series of major thrust faults, most 

of which appear to be westward-directed, and probably form part of a westward-

propagating foreland thrust belt (Figs 5.4, 5.5, 5.6, 5.7, 5.14 & 5.15). Based on the inter-

pretation of the seismic profile network in the investigated area, the thickest vertical suc-

cession of the Tamworth Belt is situated between the Moonie Fault to the west and the 

northern extension of the Peel Fault to the east. However, the western boundary of the 

Tamworth Belt is not defined by the Moonie Fault. Fore-arc basin sediments were also 

deposited to the west of this structure but are now mainly deeper than the seismic resolu-

tion (see Figs 5.4, 5.14 & 5.16 where the uppermost reflectors can be traced west of the 

fault). Due to the shallow character of the seismic profile network (most surveys were 

shot down to 3 s TWT), the basement is not always clearly imaged within the Tamworth 

Belt itself (see Figs 5.5, 5.7, 5.8, 5.9 & 6.1). Thus, the elaborated distribution of structures 

illustrates the broad, rather than the detailed basin trend. 

The overall geometry in the study area is best seen on the longest composite seis-

mic cross section (66 km) perpendicular to the subsurface Tamworth Belt (Fig. 6.2). It is 

completed by two deep seismic surveys to the north and to the south of the study area. In 

the vicinity of seismic line A82-LT-24, in the hanging-wall of the Moonie Fault, the sedi-

mentary succession is folded into an anticline-syncline pair (see also seismic lines of Figs 

3.7 and 5.7) with the crest of the anticline being planed off by subsequent erosion. Farther 

east, on seismic line H82-T-109, the Tamworth Belt succession dips moderately to the 

west and forms the eastern limb of the syncline, being interrupted by a west-directed 

thrust with minor vertical displacement (Fig. 5.5). On the eastern side of the belt, a series 

of minor eastward-dipping thrusts appear to be backthrusts which sole onto a major west-
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ward-dipping fault, with the amount of displacement on the backthrusts decreasing to the 

west (Figs 5.6 & 5.19). Farther north, on the reprocessed deep seismic line BMR84.14, an 

eastward-dipping fault (SP c.13840 on Fig. 5.20) may be taken to track the westernmost 

back-thrust that hits the base of the Surat Basin on the Millmerran profile (“a” on Fig. 

5.19, cf. Fig.6.1). The overall geometry of the subsurface Tamworth Belt in the study area 

is similar to that seen on the deep seismic line BMR91.G01 in the Boggabri-Manilla area 

(GLEN et al., 1993; KORSCH et al., 1993, 1997) (Fig. 4.2; see Fig. 3.1 for location) and on 

geological cross sections (see Fig. 21) from the same region (LIANG, 1991; GLEN & 

BROWN, 1993; WOODWARD, 1995). 

 

 

Comparison with previous studies – assigning of structural units 

The fault-bend fold in the hanging-wall of the Moonie Fault (Figs 3.4, 3.5, 3.6 & 5.7) is 

similar to the ramp anticline forming the Tulcumba Ridge, as described by LIANG (1991), 

whereas the hanging-wall syncline (Figs 5.7, 5.8; see Fig. 6.1 & 6.2) is equivalent to the 

Rocky Creek Syncline seen in the deep seismic profile BMR91.G01 (KORSCH et al., 

1997, fig. 4) and to the Belvue Syncline in the cross-section of LIANG (1991). The west-

ward-dipping east-limb of the asymmetric syncline that has been identified within the 

study area, however, tends to widen as we approach the southern part of the investigated 

area (cf. Figs 3.5 & 3.7). Farther east, the eastward-dipping faults in the Millmerran pro-

file appear to be in the same structural position and equivalent to the Baldwin Fault in 

BMR91.G01 (Fig. 2.3) (KORSCH et al., 1997, figure 3). 

 

 

Comparison with previous studies – major faults 

Two major westward-dipping faults can be identified within the study area, and the west-

erly structure appears to die out just to the northeast of the investigated area at a latitude 

of approximately 27° 20’S (Figs 3.6 & 4.4). This may be due to the stronger influence of 

the oroclinal bending to the east. The cross sections constructed by LIANG (1991) and 

WOODWARD (1995) invoke an eastward-dipping thrust system associated with the eastern 

limit of the Tamworth Belt, whereas the seismic sections of this study suggest that this 

boundary is defined by a major westward-dipping fault zone, reaching a depth of at least 

3.5 s TWT (approximately 11 km) (c1 and c2 on Fig. 5.19) (see also KORSCH et al., 1997). 
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           Fig. 6.1: The subsurface Tamworth Belt in southern Queensland is located directly to the north-west 
of the Texas Orocline. Shown in pseudocolour mode is the aeromagnetic anomaly map of a part of the 

New England Orogen to the NW of the Texas Orocline (cf. Figs 4.6, 4.8 & 4.12). Overlain on the aeromag-
netic data is the distribution of structures at the level of the S10 disconformity, that is, beneath the Surat 
Basin sedimentary cover (white solid lines).  
           The Moonie Fault to the west is best seen on the seismic reflection data. The Peel Fault extension 

to the east (marked as „?c2“), however, is not clearly imaged on the seismic data, but may be identified by 
several continuous peaks on the total magnetic intensity data (“pearls on a string”). Both, the seismic and 
the aeromagnetic fault patterns can be traced farther to the south of the study area, where surface data 
depict these faults as being of major importance in New South Wales. 
           Seismic profiles of major importance are shown as black solid lines. 
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The BMR84.14 deep seismic line (Fig. 5.1; for location see Fig. 3.1) imaged a prominent 

series of mid-crustal reflections at a depth of c.20 km with westward-dipping orientation 

(KORSCH et al., 1997). MURRAY (1997c), with respective on depth and dip of the strata, 

questioned whether this seismic marker represented the detachment surface along which 

movement of the fore-arc succession took place. Within the study area, however, thrusts 

that developed at the eastern boundary of the subsurface Tamworth Belt form a major 

westward-dipping fault zone ((c1 and?) c2 on Fig. 5.19) that may continue to greater depth 

(see KORSCH et al., 1997). This fault zone can be interpreted to root onto the mid-crustal 

reflections as indicated by FINLAYSON et al. (1990). Nevertheless, the precise character of 

this fault zone is uncertain due to the sparse seismic data and its poor quality within the 

eastern part of the investigated area (Fig. 3.3). 

 

 

Comparison with previous studies – the youngest fore-arc basin seismic reflection 

During this study, the uppermost Tamworth Belt seismic reflection HA was traced on the 

seismic profiles to be conformably overlain by the B30 horizon with over one kilometre 

of section between the two reflections (c.400 ms TWT = c.1200 m on seismic line A82-

WR-21, Fig. 3.7 and c.450 ms TWT = c.1350 m on seismic line H82-T-109, Fig. 5.5). In 

the lithological record for the Deep Crossing well (Chapter 3.2.2.), ADAMSON & 

DORSCH (1988) did not identify any rocks of the Early Permian Back Creek Group 

(c.280-259 Ma; cf. Table 2.1), leaving their lithostratigraphic equivalent to the HA seis-

mic reflection (Block I) to be of Earliest Permian age (pre-280 Ma) if not Late Carbonif-

erous (Fig. 3.12, Table 2.1). Hence, the author can not rule out the possibility that the se-

quence above the HA horizon depicts oldest Bowen Basin sediments, that is, the HA Tam-

worth Belt seismic reflection may be considered to be the possible equivalent to the B15 

seismic reflection of TOTTERDELL et al. (1995). 

 

 

Comparison with previous studies – eastern boundary 

The eastern boundary of the Tamworth Belt, the Peel Fault in New South Wales, is 

known to dip steeply to the east at the surface. On the deep seismic line BMR91.G01 

(Fig. 2.3; for location see Fig. 3.1) the fault is interpreted as an east-dipping splay off a 

major west-dipping structure that corresponds with a mélange zone of serpentinite and re-
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lated mafic igneous rocks and extends to the base of the crust (KORSCH et al., 1993, 

1997). This would suggest that the entire Tamworth Belt has been thrust eastwards over 

rocks of the accretionary wedge. 

In the subsurface, in southern Queensland, the curved magnetic (Fig. 4.8) and 

gravity anomaly (Fig. 4.10) represents the northern continuation of the fault (see also 

WELLMANN , 1990). Evidence for the fore-arc basin succession having been influenced by 

thrust faults is here given by the seismic record of the seismic reflection profiles men-

tioned in the geometry chapters of this thesis (Figs 3.4, 5.7, 5.15 & 5.20; cf. Fig 6.2), 

identifying the Moonie thrust sheet with its base, the FB seismic horizon, and its top, the 

roof thrust that may be picked as the FA seismic horizon. The interpretation of these seis-

mic profiles postulates a westward-directed transport of the Moonie thrust sheet for at 

least 10 kilometres. 

 

 

Comparison with previous studies – western boundary 

The western boundary of the Tamworth Belt is commonly described as being represented 

by the Goondiwindi-Moonie Fault (MURRAY, 1997c). As seen on the seismic profiles 

BMR84.14 (Fig. 5.20), M7803 (Fig. 5.15) and A82-LT-25 (Fig. 5.16), however, it is 

more likely that sediments of the Tamworth Belt continue farther to the west of the 

Moonie fault system, with at least the two seismic horizons HA and HB being identified 

beneath the Bowen Basin seismic horizons (Figs 5.4 & 5.14). ELLIOTT (1993, Fig. 12) 

noted a fundamental change in structural style towards the northern end of the Moonie 

Fault. To the south, he postulates basement rocks being thrust westwards over the Taroom 

Trough, whereas to the north, Taroom Trough sediments have been thrust eastwards over 

basement along back-thrusts that are related to large-scale duplex structures. It is at the 

northern end of the Moonie Fault, where the deep seismic survey BMR84.14 was shot by 

Geoscience Australia. The upper 6 s TWT that have been reprocessed and displayed in 

this study, suggest a major duplex structure with westward thrust movement (Fig. 5.20). 

On the deep seismic survey BMR84.14 WAKE-DYSTER et al. (1987) and KORSCH 

et al. (1997) recognised the westernmost fore-arc basin boundary to be the Leichhardt 

Fault to the west of the Moonie Fault. The occurrence of at least two Tamworth Belt se-

quences to the west of the Moonie Fault, described in this study, used the information 

given by a number of industry shallow seismic data to link the fault behaviour from the 
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narrow fore-arc basin geometry in the southern study area (Figs 5.7, 5.8) to the anoma-

lously wide basin architecture to the north of it (Fig. 5.20). The interpretation here of the 

reprocessed BMR84.14 seismic data supports WAKE-DYSTER‘s and KORSCH‘s interpreta-

tion (see Chapter 5.4.2., Fig. 5.20). 

 

 

Comparison with previous studies – overall geometry 

In the vicinity of seismic line BMR91.G01, the intensity of deformation within the Tam-

worth Belt increases eastwards towards the Peel Fault, while surface studies have indi-

cated that cleavage development also increases markedly (DURNEY & K ISCH, 1994). This 

eastward increase in deformational intensity, together with a concomitant steepening of 

the structures, is the probable explanation for the decrease in the quality of the seismic 

data seen on both lines BMR91.G01 and BMR86.M01 (Fig. 5.19). 

 

The interpretation of the seismic profiles in the southern part of the study area postulates a 

westward-directed transport of the Moonie thrust sheet (Figs 5.8 & 5.15). Farther south, 

in the vicinity of the deep seismic line BMR91.G01 (Fig. 5.2), the Tamworth Belt forms 

 

           Fig. 6.2: Cartoon of the composite seismic cross-section across the subsurface Tamworth Belt in 
southern Queensland. Heavy solid lines represent interpreted faults. The light solid lines represent inter-

preted seismic horizons. HA, HB, HC, HD and HE separate the recognised Tamworth Belt seismic se-
quences and are within the fore-arc basin succession. 
           The overlying Jurassic to Cretaceous Surat Basin succession is marked in light grey. Shown in grey 
and located beneath the Surat Basin and above the Tamworth Belt succession is the Bowen Basin succes-
sion. The accretionary wedge assemblage is located to the SE of the composite cross-section and is high-

lighted in dark grey. Above it, a westward dipping major fault (c2 on the seismic profile BMR86.MO1, Fig. 
5.19) identifies the eastern boundary of the Tamworth Belt in the subsurface in southern Queensland. 
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part of a doubly vergent orogen, with its western side being thrust to the west and its east-

ern side being thrust to the east at the same time (pers. comm. KORSCH, 2004). 

 

– overall geometry: width and shortening 

From south to north, the Tamworth Belt shows great variability in its width, ranging from 

over 90 km in the far south, to only about 25 km near the border between Queensland and 

New South Wales (Fig. 1 & Fig. 4.8). 

In the subsurface, in the vicinity of the composite seismic cross-sections (as de-

scribed in Chapter 3.1.2.), the belt is just over 75 km wide, and it is here estimated 

(geometrical reconstruction of the composite cross section based on the interpreted seis-

mic faults) that, across the belt, there has been a minimum of at least 10 km (c.14%) of 

shortening due to thrust movement along the Moonie thrust. The existence of the FA 

thrust plane (Figs 5.8, 5.9, 5.15) and footwall horses beneath the Moonie thrust sheet 

(Fig. 5.19) suggests at least another 25 km (c.33%) of shortening. Therefore the total esti-

mated amount of shortening across the Tamworth Belt has been at least ~35 km (~44%). 

In the southern part of the study area, the width of the belt is just over 50 km, very 

similar to the width where seismic line BMR91.G01 crosses the belt (see Fig. 3.1 for lo-

cation). In that area, LIANG (1991) estimated that the belt had been shortened by 25% 

(c.12.5 km). LIANG’s result is significantly less than the 48% (75 km) shortening deter-

mined by WOODWARD (1995) in the vicinity of BMR91.G01. Woodward (1995) showed 

much greater complexity in his balanced cross sections (see Fig. 5.21), including a series 

of footwall horses in his section closest to BMR91.G01. 

 

– overall geometry: thrust-related structures 

On the reprocessed seismic profile BMR84.14, a snakehead duplex structure (as defined 

by HATCHER, 1995) is recognised beneath the domed Moonie thrust sheet. This seismic 

feature, perhaps, may be linked to a distinct magnetic high farther south (“d”  on Fig. 

4.8). Hence, the observed magnetic high depicts a domed thrust sheet above a thrust-

related structure. The base of the thrust sheet may be traced southwards into the seismic 

study area, where it defines the base of the Moonie thrust sheet. However, within it, the 

precise location of the Tamworth Belt seismic reflections HD (older) to HA (younger) 

stays uncertain and can not be linked precisely to the reflections that have been identified 

within the study area. 
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The horses that have been interpreted on the Millmerran seismic profile (Fig. 

5.19) and the snakehead duplex on the reprocessed upper 6 s TWT of deep seismic sur-

vey BMR84.14 (Fig. 5.20) indicate that the tectonic history of the Tamworth Belt is 

much more complex than WARTENBERG et al. (2003) had proposed. They proposed a 

fault-bend-fold in the hanging-wall sequence with a ramp to the east of the Moonie 

Fault associated with the geometrical room problem. 

 

– overall geometry: status of the Moonie Fault 

The seismic data in the investigated area suggest that the enormous vertical displace-

ment of the Moonie Fault (e.g. c.3000 m, which equals c.1000 ms TWT in Fig. 3.4) 

may possibly be explained by the FA thrust sheet overriding the Moonie thrust sheet, 

recognising the tip line of the Moonie Fault as a short cut thrust (see Chapter 5.4.2.). 

Moreover, the Moonie short cut thrust - in some seismic profiles - roots on to the upper 

of a total of two imbricates that cause the simple-step fault-bend fold in the hanging-

wall sequence to the east of the Moonie Fault (Fig. 5.16). This broadens the under-

standing of the cause for the fault-bend fold with the easiest explanation being a flat-

ramp geometry on a single thrust (see Fig. 5.3). However, the identification of two 

thrust sheets stapled upon each other (Figs 5.4, 5.5, 5.8, 5.15 & 5.16) improves the ar-

gument of WARTENBERG et al. (2003). Facing the offset on either side of the Moonie 

thrust, they asked for a tectonic ramp to the east of the Moonie Fault to explain the dis-

tinct vertical displacement of the fault itself (with B30 to the west being adjacent to HC 

on the east side of the Moonie Fault). 

 

– overall geometry: the subsurface Bowen Basin – an indicator for thrusting 

Thin-skinned thrust deformation occurs throughout the study area, as seen within the 

defined seismic Bowen Basin and Tamworth Belt sequences. For the Bowen Basin far-

ther north, in central Queensland, FIELDING et al. (1997a) define the time span of thin-

skinned thrust deformation at around 235-230 Ma, terminating the Bowen Basin sedi-

ment accumulation. KORSCH et al. (1998) identified the period of deformation from 

265 to 230 Ma. This time span also identifies the deformational event of major impor-

tance within the study area. 

The presence of Bowen Basin sequences in the hanging-wall sequence to the 

east of the main basin suggests that the original area covered by the basin extended 
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much farther to the east than its present limits (Figs 5.4 & 5.8). On the deep seismic 

survey BMR84.14, Triassic sequences occur c.70 km to the east of the Moonie Fault 

within the Cecil Plains Syncline (Fig. 5.1). The interpretation of the seismic data of 

this study suggests that these Triassic sediments may be a remnant of the - elsewhere 

eroded - Triassic unit within a synclinal upper part of the broad and slightly folded 

thrust sheet (cf. seismic reflectors beneath S10 at the eastern side of the reprocessed 

data – Fig. 5.20) and thus part of the west-directed thrust system. Due to the tectoni-

cally unusual location of BMR84.14 to the north of the Texas Orocline and due to the 

sparse seismic data in this area, however, it remains uncertain whether the Permian-

Triassic conglomerates in the Horrane Trough (to the east of the BMR84.14 seismic 

profile) described by O’BRIEN et al. (1990) are involved in, and explained by, the same 

thrusting process. 

 

– overall geometry: a third deformational phase has been depicted 

Another deformational phase was depicted on various seismic profiles in the study area 

within the Moonie Fault hanging-wall sequence, offsetting Early to Mid Permian sedi-

ments. The observed faults do not influence Late Permian and Early Triassic sequences 

and therefore may be interpreted to describe a period of compressional deformation at 

around 265-250 Ma. During this time span, thrust faults developed that root onto the 

uppermost HA-Tamworth Belt horizon (Fig. 5.17) or onto the FA-roof thrust (Fig. 

5.4). Most likely, this deformational phase occurred during Mid Permian times, tracing 

a distinct unconformity in the Bowen Basin beneath the seismic horizon B45 which 

identifies the base of the Oxtrack Formation (cf. Table 2.1). To the north-west of the 

study area -and thus to the north-west of the Moonie Fault - evidence for this seismi-

cally distinct B45 unconformity is best seen within the Denison Trough succession (for 

location, see Fig. 1), identifying the Aldebaran Event, dated 265-260 Ma (KORSCH, 

2004). 

         As seen elsewhere in the study area, the Mid Permian faults – where being cut by 

the disconformably overlying Surat Basin sediments – slightly folded the S10 seismic 

reflector, and thus identify the Late Cretaceous Moonie Event by reactivation of the 

thrust movement during a later phase of compression (see “a” in Figs 5.6 & 5.18). 
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Final statement 

The arguments discussed above shall be used in an attempt to speculate on the nature 

and mechanics of the thrust-fold system within the study area and the overall thrust-

mechanics that has led to the recent subsurface Tamworth Belt geometry. However, 

the outcome of this study highlights the need for further research on this matter to in-

crease the understanding of the structural evolution not only of the Tamworth Belt 

concealed by Surat Basin sediments, but of the New England Orogen as a whole. 
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Alles ist, was es ist, weil es so geworden ist. 
 

           D’Arcy Thompson 
 

 



7. CONCLUSIONS 

 

1. Interpretation of seismic and aeromagnetic profiles 

within the study area, the eastern Jurassic-Cretaceous Surat 

Basin of southern Queensland, has led to an increase in the 

understanding of the geometry of the Devonian-

Carboniferous Tamworth Belt which occurs beneath the 

younger sedimentary cover. 

2. The succession in the Tamworth Belt is at least 12 km 

thick and is moderately folded. Within it, six seismic se-

quences have been identified. Each sequence is separated by 

a significant sequence boundary. Due to poorer resolution of 

the seismic data in the eastern part of the study area, it is 

likely that there are other sequence boundaries not imaged 

seismically. 

3. The succession in the Tamworth Belt – which is part of 

a large foreland fold-thrust belt – has been subjected to 

large-scale thrusting, with the Moonie thrust sheet having 

been transported westwards for at least 8 kilometres. 

4. In the vicinity of the seismic profiles, the subsurface 

Tamworth Belt is over 75 km wide. It has been shortened by 

at least 35 km. Its overall geometry is similar to that ob-

served farther south in the exposed part of the belt, with an 

anomalous increase in the width of the belt across strike to 

the north. The major thrust movement was NW-directed. 

5. Two major deformational events have been recognised, 

(a) the Mid-Late Triassic Goondiwindi Event and (b) the 

Late Cretaceous Moonie Event. 

6. An early deformational phase has been identified, that 

occurred before the Goondiwindi- and the Moonie events,  
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most likely during Mid Permian times, tracing a distinct unconformity in the Bowen Basin 

and coinciding with the Aldebaran Event as seen in the Denison Trough to the west of the 

study area. 

7. The Moonie Fault is interpreted as a short cut thrust with major displacement, with the 

Leichhardt Fault to the west possibly being the leading thrust fault of the overall north-

south trending fault system along the western side of the Tamworth Belt. 

8. The succession in the western part of the Tamworth Belt is truncated by the Moonie 

Fault, but continues farther to the west beneath the Bowen Basin. The western extent of the 

fore-arc basin in the footwall is likely to be bounded by the Leichhardt Fault. The strata in 

the Moonie thrust sheet have a classic fault-bend fold geometry, with a hanging-wall anti-

cline-syncline pair occurring immediately to the east of the thrust. Farther to the east, the 

sedimentary package dips moderately to the west. 

9. To the east, on the western side of the Texas Orocline, the boundary between the 

Tamworth Belt and the Tablelands Complex is defined by a major westward-dipping struc-

ture, with a series of eastward-dipping backthrusts located farther to the west. 

10. In the hanging-wall, immediately to the east of the Moonie Fault and within the up-

per Tamworth Belt succession, a second thrust surface (referred to as FA) can be identified 

above the Moonie thrust sheet. 

11. The aeromagnetic traverses along the seismic lines A82-LT-24, H82-T-109 and 

BMR86.M01 correlate, at least in part with the corresponding seismic profiles. Some of the 

magnetic responses, especially those of broad wavelength, can be explained by the geometry 

of the subsurface Bowen Basin and the underlying Tamworth Belt, although the Mesozoic 

sedimentary cover is up to 2000 m thick. 

12. The Moonie Fault to the west coincides with an elongated magnetic high that contin-

ues for at least 200 km to the south. The cause of this positive anomaly is speculative. 

13. The eastern boundary of the Tamworth Belt coincides with a gravity and magnetic 

ridge, mimicking the gravity and magnetic pattern of the Lower Devonian serpentinites and 

iron-rich rocks that occur along the Peel Fault to the south. 
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I N T E R P R E T A T I O N   I N D E X 

 

The following are some of the interpretations of structures and processes 

seen on seismic reflection profiles within the study area. 

 

Baselap Baselap is lapout at the lower boundary of a depositional sequence. 

Two important types are recognised. Later structural movement may 

necessitate the reconstruction of depositional surfaces. The study 

area proved to be an area of great structural complication. Therefore, 

the discrimination between onlap and downlap may be practically 

impossible and the author may be able to determine only that the 

strata are in a baselap relation. Onlap and downlap are indicators of 

nondepositional hiatuses rather than erosional hiatuses (MITCHUM et 

al. 1977). Because of the later structural movement, baselap is the 

more inclusive term to be used for two-dimensional seismic data. 

Branch line  May be used to indicate the direction of major thrust movement. 

Downlap Downlap is baselap in which initially inclined stratum terminates 

downdip against an initially horizontal or inclined surface. 

Flat That part of a staircase thrust plane trajectory which has a horizontal 

or subhorizontal orientation. 

Horizon Surface separating two beds and hence having no thickness. 

Horse A lenticular or sigmoidal pod of rock which is completely bounded 

by two or more fault surfaces that may diverge after branching and 

then converge along strike and up-dip to meet again. 

Imbricate (Latin: imbricare = to cover with tiles) The structure resulting from the 

piling upon one another of wedges or sheets of rock, like the partly-

overlapping tiles of a roof. It is a series of thrust slices, hence an 

“imbrication”. Without incipient folding, the strata are repeated by a 

series of minor thrusts or reversed faults, which lie at an oblique 

angle to more important dislocations, termed thrust planes. 

Onlap Onlap is baselap in which initially horizontal stratum laps out against 

an initially inclined surface, or in which an initially inclined stratum 

laps out updip against a surface of greater initial inclination. 
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Ramp   That part of a staircase thrust trajectory which forms the steeply 

dipping sections between the flats. Where thrusting 

occurs in horizontally bedded strata the ramps cup up-section,  

obliquely to the bedding. A thrust belt may contain several types of a  

ramp, classified as frontal, oblique and lateral according to their  

respective perpendicular, oblique, and parallel strike orientations in 

relation to the main direction of transport. 

Reflection  What is seen on the seismic profiles, that is, what is recorded by 

the equipment. 

Reflector  Geological feature in the subsurface that the seismic waves 

bounce off. 

Splay   Implies the existence of a main fault with higher displacement. 

Thrust A low-angle (commonly less than 45°) reverse fault with a 

significant dip-slip component, in which the hanging-wall overhangs 

the foot-wall. Synthetic thrust sets form imbricate fan structures 

which may be thrust-bound, when they form a duplex. Single thrusts 

typically show a staircase trajectory composed of ramps and flats. 

An individual thrust sheet may have a distinctive stratigraphy and 

may therefore be correlated long distances. 
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