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Feature photo: 
Composite Landsat Multispectral Scanner false-colour image (bands 4, 5 and 7) ofthe Gunnedah Basin. The images were 

taken in 1986. Red and pink colours indicate green vegetation and crops; white indicates good grazing lands; red soils 
and some forests are represented by light to dark-green colours. Blue/grey-grey colours indicate grey soils, alluvium 
and river flood plains. Dark colours from brown to black indicate some types of forests, lakes, reservoirs or bare 
basalt. Landsat images supplied by the Australian Centre for Remote Sensing, Australian Surveying and Land 
Information Group for publiction in the Gunnedah Basin Memoir (Tadros 1993b) 
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CHAPTER 1 

INTRODUCTION 

1.1 BASIN DEFINITION 

The Gunnedah Basin is a structural trough in north-eastern New South Wales, forming the middle part 

ofthe larger Sydney - Bowen "stmctural" Basin, which extends for 1700 km along the eastem margin 

of Australia from central Queensland In the north to the edge of the continental shelf in south-eastern 

New South Wales (figure 1.1). The Gunnedah Basin roughly occupies the northem two thirds of the 

New South Wales portion of the Sydney - Bowen Basin. It is bounded by a regional unconformity 

surface over the Lachlan Fold Belt to the west and by the New England Fold Belt to the east along the 

Hunter - Mooki Fault System, and Is continuous with the Bowen Basin to the north. Until recentiy, the 

subsurface eastern extent of the Gunnedah Basin beneath the overthmst complexes was not known 

(see chapter 3). The basin contains sediments of Permian and Triassic age. 

The Hunter- Mooki Fault System north of Murmrundi trends north-north-westerly (figure 1.2) and dips 

43°- 48.5°NE (Carey 1934a, b). Farther north, in the Maules Creek area, Ramsay and Stanley (1976) 

estimated dips of around 25°E. The Eariy Permian sequences are terminated at the surface against 

the thrust (Hanlon 1950b; Thomson 1986a, b), and it was not known until recentiy how far east they 

continue beneath the overthrust Tamworth Zone (see chapter 3). 

Although studies on the region which is occupied by the Gunnedah Basin date back to the discovery of 

coal in the Gunnedah-Curlewis district in 1877, the identity of the basin, and particularly its structural 

identity, remained unclear well into the twentieth century and there was confusion regarding its 

relationship to the Sydney Basin. During the nineteenth and early twentieth centuries, workers tried to 

fit the newly discovered Gunnedah - Curlewis coal-bearing area into one of the established coalfields 

of the "Main Coal Basin" (the southern part of which later became the Sydney Basin) to the south 

(figure 1.3; Geological Survey of New South Wales 1925, p. 11). The Gunnedah - Curlewis area was 

variously named over the years as: the "Gunnedah Coalfield" (Stonier 1890, Harper 1926), the 

"Curlewis Coalfield" - being a northernmost extension of the Western Coalfield (Came 1908) or a 

continuation of the Northern Coalfield (Geological Survey of New South Wales 1925), or the "North

western Coalfield" (Hanlon 1948-1950). Hanlon's definifion of the "North-Westem Coalfield" 

incorporated much ofthe area containing Permian outcrops in the Gunnedah Basin. 

The term "North-Westem Coalfield" persisted in the literature (e.g. Britten and Hanlon 1975) and was 

used not only by the mining industry and government administration but also by geologists as a 

convenient geographical unit (Standing Committee on Coalfield Geology of New South Wales 1976). 
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Figure 1.1. Location of Permian coal-bearing basins of eastern Australia 
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Figure 1.3. The "Main Coal Basin" of New South Wales (modified from Geological Survey of New South Wales 1925, 
map) 

In 1985, the Standing Committee on Coalfield Geology of New South Wales adopted the name 

"Gunnedah Coalfield" and defined its boundaries to be "that part of the Gunnedah Basin bounded in 

the south by the northern boundary of the Western Coalfield and the north-western boundary of the 

Hunter Coalfield, bounded in the east by the Hunter- Mooki Thrust, and bounded in the west by the 

limit of recognition of Permian strata" (figure 1.4). No definition has been given to the northern 

boundary of the Gunnedah Coalfield. In some instances parts of the region north of the Liverpool 

Range were given other basin names. Dulhunty (1940) named the "Oxiey Basin", a structural and 

depositional basin filled with Permian to Jurassic sediments extending from south of the Goulburn 

River to south of Gunnedah, including the Murrurundi - Rylstone - Coolah - Tambar Springs - Breeza 

districts. Other authors (Branagan and Packham 1970, McElroy 1957) disputed the southern boundary 

ofthe "OxIey Basin", and Bembrick et al. (1973) suggested that the name OxIey Basin be restricted to 

file:///punedooJr
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the Jurassic strata only, and thus it is a sub-basin of the Surat Basin (figure 1.5). In the north, American 

Overseas Petroleum Ltd (AMOSEAS)/Mid-Eastern Oil N.L.(MEO) (1964) defined the "Bohena Basin" 

as a basin centred roughly at Bohena, some 30 km south-west of Narrabri. It was not until 1973, 

when Bembrick et al. (1973) subdivided the New South Wales portion of the Sydney -Bowen Basin 

into two lower category basins, that the Gunnedah Basin finally acquired its own structural identity 

distinct from the Sydney and Bowen Basins (figure 1.5). Their definition is the closest to that adopted 

(with modified northern and western boundaries) in this thesis. 

Bembrick ef al. (1973) defined a boundary between the Gunnedah and Bowen Basins along a 

transverse structural high shown on their map (their figure 1) as a dotted line at Bellata some 45 km 

north of Narrabri. They also defined a boundary between the Sydney and Gunnedah Basins along the 

Mount Coricudgy Anticline to the south (figure 1.5). Subsequent workers have modified these 

structural subdivisions. They are based mainly on aspects of stratigraphy within the Sydney and 

Gunnedah Basins (Bradley and Moloney 1983; Hamilton 1985a, b; Bradley et al. 1985; Hill 1986; West 

and Bradley 1986 and Etheridge 1987) and not on the structural elements which influenced the 

deposition of the Permian and Triassic sediments in the basins. Bradley and Moloney (1983) 

suggested that the Mount Coricudgy Anticline although characterised by a zone of thinning with the 

appearance of being active throughout deposition of the coal measures did not control deposition of all 

the component formations in the coal measures. West and Bradley (1986) argued that the stratigraphy 

of the lllawarra Coal Measures of the western Sydney Basin is identifiable from Lithgow north to 

Coolah. They referred to Beckett and McDonald (1984) and argued that there is also no significant 

change in the Singleton Supergroup strata between Singleton and Aberdeen (north of Muswellbrook) in 

the Hunter Coalfield. Furthermore, although Jones et al. (1984) adopted the northern boundary at 

Bellata (at about 30°S), they subdivided the Sydney Basin into the "Gunnedah Sub-Basin" north of 

32°S (about the Liverpool Range) and the "Newcastle Sub-Basin" to the south. Many of these authors 

opted for a "boundary of convenience" between the Sydney and Gunnedah Basins along a line from 

Dunedoo to Coolah thence eastwards over the Liverpool Range to Quirindi (figure 1.2). This line 

corresponds approximately to a major Landsat lineament (Scheibner, in Bradley et al. 1985). The 

northern boundary has also been disputed. Hill (1986) suggested that the structural high north of 

Narrabri does not exist, and that the Gunnedah Basin sediments extend as far as Bellata and may 

extend north towards the Queensland border. 

In this study, the Sydney, Gunnedah and Bowen Basins are considered as remnants of one continuous 

depositional basin (figure 1.2) with prominent structural subdivisions which are evident from total 

gravity, magnetic, and Landsat and ERTS-1 satellite imagery maps and from seismic cross-sections 

(Tadros 1988c; see chapters 3 and 4). The subdivision of the Sydney-Bowen Basin into lower 

category structural basins as originally proposed by Bembrick et al. (1973; 1980) and recently modified 

by Tadros (1988c, 1993f) has been adopted in this study, with the northern boundary ofthe Gunnedah 

Basin being the Moree High and the southern boundary the Mount Coricudgy Anticline. 
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1.2 GEOGRAPHY 

The present-day Gunnedah Basin, is some 350 km long and up to 200 km wide, and covers an area of 

50 000 km2. Few towns and several villages are located within the basin area north of the Liverpool 

Range (figure 1.6) and neariy all are located on the western edge of the Namoi River alluvial plain 

which ranges in elevation from 290 m above sea level (asl) at Breeza in the south to 212 m asl at 

Narrabri - 212 m asl in the north. 

Other population centres are mainly in the south-eastern comer of the basin area and include 

Muswellbrook, Scone and Murrurundi. Small rural and mining centres are present at Rylstone, Ulan 

and Coolah in the south-west. 

Access to most towns is by two major sealed highways and by the North Western branch railway which 

connects Sydney and Moree. 

A large part of the Gunnedah Basin underties the Liverpool Plains of the Namoi and Mooki Rivers 

(fijgure 1.6). Generally, the topography is flat to gently undulating, with elevations from 220 m to 

300 m asl. Low-lying areas are mainly covered by alluvium of the Namoi and Mooki Rivers and are 

subject to flooding. Slopes vary from less than 1% along the floodplains of the Namoi and Mooki 

Rivers to around 15% in the valleys. Irregulariy distributed, often prominentiy dissected, hills and 

ridges ranging in elevation from 300 m to 700 m occur along the eastern and south-western margins of 

the Gunnedah Basin north of the Liverpool Range. Prominent sandstone ridges form much of the 

Pilliga State Forest to the west. 

The Permian sediments have low resistance to weathering and consequentiy have deep weathering 

profiles. As a result, outcrop is generally poor or absent over large areas. Only the more resistant 

sandstone and conglomerate form isolated hills and ridges, particulariy those with Tertiary volcanic 

capping. 

Tertiary volcanic rocks form three spectacular mountain ranges in the Gunnedah Basin region, the 

Nandewar Range east of Narrabri, the Warrumbungle Range west of Coonabarabran and the Liverpool 

Range between Murrurundi and Coolah in the south. The Nandewar Range is about 50 km long and up 

to 30 km wide, covering an area of about 750 km^. The highest peak is Mount Kaputar, where the 

lookout is 1500 m asl, some 1200 m above the Namoi plain. The Warrumbungle Range covers an 

area 60 km long and 50 km wide, with outiiers of basaltic rocks extending over a wide belt to the south

east, towards the western limit ofthe Liverpool Range (Dulhunty 1973a, b). The Warrumbungle Range 

is deeply dissected by drainage with a radial pattern and provides spectacular scenery {photos 

1.1a, b andc) with peaks attaining 1200 m asl. The Liverpool Range is the largest volcanic province in 

New South Wales, covering an area of some 6000 km^. it extends for approximately 120 km from 

Willow Tree and Scone in the east to Coolah in the west and attains a maximum width of 70 km in the 

middle with peaks up to 1280 m asl. The Liverpool Range forms two main topographic features; a 

plateau in the west near the Warrumbungle Range; and a narrow ridge system over the larger part of 
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Photo 1.1a. Belougery Spire (trachyte) 
on the Grand High Tops in the central 
area of theWarrumbungle Volcanic 
Complex (SH/55-16,009IB) 
(From Tadros 1993 h, photo 2.1a) 

Photo 1.1b. Crater Bluff (peralkaline 
trachyte) on the Grand High Tops in the 
central area of theWarrumbungle 
Volcanic Complex (SH/55-16,0098) 
(From Tadros 1993 h, photo 2.1b) 

Photo 1.1c. The Breadknife (peralkaline 
trachyte) dyke on the Grand High Tops 
in the central area of the Warrumbungle 
Volcanic Complex (SH/55-16,0096A) 
(From Tadros 1993 h, photo 2.1c) 
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Photo 1.2a. Extrusive domes of the Jurassic Garrawilla Volcanics in the Mullaley-Nombi area (SH/55-16, 0109A) 
(From Tadros 1993 h, photo 2.2a) 

^^4 

Photo 1.2b. Close-upof an extrusive dome of the Garrawilla Volcanics (From Tadros 1993 h, photo 2.2b) 
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the Range in the east. Two types of ridge are recognised: the larger type curves gradually north

eastward from the eastern side of the plateau; and the smaller is developed in the south-western part 

of the Range with peaks aligned in a south-south-westeriy direction towards Coolah (Schon 1989). 

Extrusive domes of the Jurassic Garrawilla Volcanics are scattered throughout the central and western 

parts of the basin between Gunnedah and Coonabarabran, with a large central-type volcano 

dominating the land feature in the Mullaley area (photos 1.2a, b). 

Large State Forests and National Parks in the Gunnedah Basin region include the Leard State Forest 

and the Vickery State Forest situated to the east and south-east of Boggabri respectively, and the 

Pilliga State Forest which, together with the adjoining Pilliga Nature Reserve to the south, covers a 

large area of the central western part of the Gunnedah Basin between Narrabri and Baradine (figure 

1.6) and parts of the Mount Kaputar National Park in the north-east, the Goulburn River and Wollomi 

National Parks in the south and the Warrumbungle National Park in the central west. 

The north to north-westeriy flowing Namoi River is the major river of the Gunnedah Basin area north of 

the Liverpool Range. Several streams, including the Mooki River, Maules Creek and Coxs Creek, join 

the Namoi River near Gunnedah, Baan Baa and Boggabri respectively. Quirindi Creek joins the Mooki 

River some 4 km north of Caroona. A large number of small streams in the Namoi River system are 

generally dry except in periods of prolonged rainfall. Extensive alluvial flats to the south-west of 

Gunnedah, where drainage is extremely sluggish, can be transformed into a transitory lake, named 

Lake Goran, which can last for a few years after a prolonged wet season. North of Narrabri. the 

topography is mature, the alluvium is both thick and extensive, the river gradient is low and the 

floodplain is flat. South of Narrabri, the entire valley floor consists of extensive Quaternary alluvial 

deposits. 

1.3 RECENT GEOLOGICAL INVESTIGATIONS 

The discovery of coal near Gunnedah and subsequent coal related prospecfing provided the basis for 

the earliest geological investigations between 1886 and 1890. David (1887) briefly reported on the 

newly discovered coal in the Gunnedah - Curiewis area followed by Stonier (1890, 1891) who 

described in some detail, the stratigraphy of the coal measures at Curiewis and attempted correlations 

of the coal seams. Workers such as Carne (1908) then began to make comparisons between the 

sequence in the Gunnedah-Curiewis area and the coal resources in other coalfields. Additional 

knowledge was gained from investigation of the underground water resources and mapping of the 

Dubbo-Coonabarabran area by Kenny between 1928 and 1929. 

F.N. Hanlon of the Geological Survey of New South Wales carried out the first systematic geological 

investigations on the "North-Western Coalfield" between 1948 and 1950. He mapped and described 

the surface geology of separate districts in the eastern Gunnedah Basin and broadly defined the 

stratigraphy ofthe Permian and Triassic rocks. 
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Between 1964 and 1965, the University of New England published several 1:100 000 geological maps, 

including Boggabri (Voisey 1964), Tamworth (White 1964), Horton (McKelvey and White 1965), 

Curiewis (Manser 1965a), Gunnedah (Manser 1965b) and Tareela (White 1965). In that series, the 

authors provided descriptions of the basal volcanic units and the "Continental Permian and Mesozoic 

sequence" (in the eastern half of the Gunnedah Basin) and the Devonian and Carboniferous rocks in 

the adjacent New England Fold Belt to the east. 

Runnegar (1969, 1970) correlated Permian faunas between the Sydney and Bowen Basins and 

indicated that the Permian sediments are continuous between the two basins. He also suggested that 

an unconformity exists between the Eariy Permian lower coal measures (Maules Creek Formation) and 

the overiying marine sediments (Porcupine Formation). 

It has already been mentioned that Bembrick ê  al. (1973) subdivided the New South Wales portion of 

the Sydney - Bowen Basin into two lower category structural basins and named the northern one the 

Gunnedah Basin. 

Britten and Hanlon (1975) briefly described the stratigraphy ofthe "Black Jack Coal Measures" in the 

Gunnedah - Curiewis area and introduced three lithostratigraphic members (figure 1.7). 

Russell (1981) in his unpublished overview report on the geology of the Gunnedah Basin summarised 

the stratigraphic nomenclature and integrated the previous schemes into a simplified stratigraphic 

framework for the basin north ofthe Liverpool Range. 

Few published reports are available for the period between 1975 and eariy 1982. Bourke and Hawke 

(1977) discussed the correlation of the Triassic sequence in the eastern side of the Coonamble 

Embayment (of the Great Australian Basin) and the Gunnedah Basin. Russell and Middleton (1981) 

carried out coal rank and organic diagenesis studies in the basin north of the Liverpool Range, Tadros 

(1982) discussed the geology of the Boggabri area, and Hawke and Cramsie (1984) described the 

Permian sequence briefly and the Triassic sequence in some detail. 

Many internal reports and publications have been produced subsequent to the Gunnedah Basin 

Regional Drilling Programme. Beckett et al. (1983) reviewed the Permo-Triassic sequence, proposed 

a genetic basin model and divided the sequence into a number of sedimentary facies which could be 

correlated over large areas of the basin. Tadros and Beckett (1983) established criteria for the 

interpretation of sedimentary facies and depositional environments and provided genetic 

interpretations of drill core for the Permian section. Hamilton and Beckett (1984) discussed the 

depositional systems of the Permian sequence based on a genetic facies analysis of drill core (figure 

1.8). 

Tadros (1985) discussed the geology of the Breeza area and investigated the influence of the 

depositional setting of the Black Jack Formation (now Group) on the coal characteristics. 
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Hamilton (1985a, b) and Tadros (1986a, b) carried out detailed sedimentological studies on, and 

described the principal genetic sedimentary facies within, the Black Jack Group. They divided the 

sequence into two parts separated by the Hoskissons Coal Member (now Formation; figure 1.9): a 

lower part characterised by deltaic and marine sediments (Hamilton 1985a, b); and an upper part 

terrestrial in character (Tadros 1986a, b). Hamilton (1985a) also examined the influence of the deltaic 

depositional environments on the coal quality and provided a bnef assessment of the petroleum 

potential of the lower part of the Black Jack sequence. Recently, Tadros (19931) advanced the 

sedimentological studies of the upper part of the Black Jack sequence, completed correlations of 

several coal seams, and mapped in detail the sand facies between the seams. As a result, Tadros and 

Hamilton (1991) and Hamilton and Tadros (1994) have been able to demonstrate the utility of 

regionally extensive coal seams as genetic stratigraphic sequence boundaries in non-marine basins. 

In a major report by the then Bureau of Mineral Resources (now the Australian Geological Survey 

Organisation - AGSO) and the Commonwealth Scientific and Industnal Research Organisation 

(CSIRO) on the Permian coals of eastem Australia, Brakel (1984, published in 1989) discussed 

correlation problems between the Sydney, Gunnedah and Bowen Basins, and in 1986, Brakel applied 

the concept of global sea-level nse to the basins and proposed correlations of manne sequences in 

widely separated areas. He correlated a burrowed unit (taken to indicate marine conditions based on 

Beckett et al.'s 1983 model) in the upper Black Jack Group with the Black Alley Shale and MacMillan 

Formation in the Bowen Basin and the Dempsey Formation and its equivalents in the Sydney Basin. 

Hill (1986) mapped the Denah Forest area to the east of Narrabri and suggested (p. 1) that the 

Boggabri Ridge extends in the subsurface "to a point 18 km southeast of Bellata" and confirmed 

reports by earlier workers (Hanlon 1948-1950; Tadros 1982; Thomson 1984) of onlap of Earty Permian 

sediments on to the ridge. He also believed, as mentioned eartier, that the Narrabri High does not 

exist. 

Numerous palynological age determinations have been carried out on Gunnedah Basin drill core by 

Morgan (1975a-d; 1976a-h) and later by A. McMinn, who produced some 41 separate palynological 

reports on approximately 750 samples taken from 65 boreholes in the Gunnedah Basin north of the 

Liverpool Range between 1981 and 1988 (see References). 

Maceral analyses have been used on a very limited scale for commercial characterisation of coals 

produced from the two collieries near Gunnedah. Diessel (1982;1985) discussed coal types and 

applied regional facies analysis to Maules Creek Formation coals to the east of Boggabri. He also 

applied new petrographic indices (gelification index and tissue preservation index) in the correlation of 

coal facies and depositional environments of coal measures in the Sydney and Gunnedah Basins 

(Diessel 1986). 

Hunt (1984a) investigated on a very broad basis the general trends and distnbution of coal type and 

quality characteristics in the Sydney, Gunnedah and Bowen Basins. 
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Several petrological investigations of the rocks of the Gunnedah Basin have been carried out by 

Barron (1982), Byrnes (1976a, b; 1982a-f) and Slansky (1981a, b, 1982), Hamilton (1987), Martin 

(1990), Jian (1991) and Leitch (1993). 

Etheridge (1987) used seismic data and results from a Department of Mineral Resources stratigraphic 

hole drilled 50 km north of Narrabri and 4 km west of Bellata to investigate the stratigraphy and 

structure ofthe northern Gunnedah Basin and the overiying Surat Basin. 

Tadros (in Tadros et al. 1987b) discussed the geology ofthe area between Narrabri and Boggabri in the 

northern Gunnedah Basin based on considerable amount of data obtained from the Narrabri Drilling 

Programme which was carried out during 1984 -1985. 

Detailed sedimentological and structural studies ofthe Narrabri data provided this author with the basis 

for significant modifications to the depositional model of Beckett et al. (1983) and Hamilton and 

Beckett (1984), and allowed the establishment of a framework for new structural and deposifional basin 

models. In particular, the studies resolved problems related to the age ofthe Triassic Digby Formation 

and the nature of the Permo-Triassic boundary (Tadros 1986b; Tadros in Tadros et al. 1987b). Tadros 

(1986a, b) also established that marine deltaic sedimentation ceased after the widespread regression 

which preceded the development ofthe Hoskissons peat swamps until at least the Middle Triassic, and 

that the burrowed unit above the Hoskissons Coal is a lake shore facies within a widespread lacustrine 

system. Further, Tadros in Tadros et al. (1987b) and Tadros (1988c) recognised distinct changes in 

the character of the sedimentary sequence and coal quality across a south-westeriy trend through 

Boggabri. Recognition of these changes was the starting point for basin-wide analysis of geological 

and geophysical data and led to the delineation of structural and morphotectonic elements which 

influenced basin development in the Permian and Triassic, and provided the basis for a structural 

subdivision ofthe basin (Tadros 1988c, 1993f). 

In contrast to the Permian sequence, the Triassic rocks in the Gunnedah Basin, until recently, have not 

been adequately described and many stratigraphic schemes have been used for different parts of the 

basin (table 2.1). 

For example, Kenny (1928; 1929) investigated the sequence from outcrops in the Gunnedah-

Coonabarabran area, Hanlon (1948-1950) described Triassic units from outcrops between Curiewis and 

Narrabri, and Dulhunty (1973b); Higgins and Loughnan (1973); Bourke and Hawke (1977); and 

Loughnan and Evans (1978) have dealt with the Dubbo - Binnaway - Wollar region. 

In an overview ofthe stratigraphy ofthe Gunnedah Basin north ofthe Liverpool Range, Russell (1981) 

tried to stabilise the Triassic terminology by modifying the terms originally proposed by Kenny (1928; 

1929) to "Digby Conglomerate" and Napperby Formation. Russell's terminology has only been slightly 

modified by subsequent workers (Jian 1991). 

This author has been associated with the explorafion and research in the Gunnedah Basin for more 

than 12 years since 1981. His work culminated in publishing Geology Memoir 12 of the Geological 

Survey of New South Wales on the Gunnedah Basin (Tadros 1993b) (Supporting Publication No. 9, 
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accompanying this thesis). In addition to being the sole or principal author of a large number of the 25 

chapters in the Memoir, Tadros was also the compiler and editor. He compiled and integrated much of 

the modem work on the Gunnedah Basin into this one volume. The Memoir provides a comprehensive 

record of the geology of the Gunnedah Basin, with particular emphasis on the Permian sediments and 

the contained coal resources. The Memoir was the result of an overview project of the New South 

Wales Department of Mineral Resources, carried out by this author and occasionally assisted by other 

staff, aimed at assessing and documenting the massive amount of data and geological information 

obtained from Departmental drilling programmes between 1975 and 1986 (discussed in detail below). 

The main objective of the project was to improve the understanding of the geology of the basin in order 

to enable the proper assessment and most efficient utilisation of its coal resources. The overview 

involved processing and synthesising the information, applying modern basin analysis techniques to 

improve the geological interpretations, and carrying out a comprehensive assessment of the coal 

resources. 

The text ofthe Gunnedah Basin Memoir spans 25 chapters grouped into six parts. Part 1 Introduction: 

includes information on the geography of the region, the present infrastructure and the history of 

exploration and mining, and an overview of previous geological investigations. Part 2 discusses the 

tectonics and structure of the Gunnedah Basin. Parts 3 and 4 provide extensive treatment of the 

stratigraphy and sedimentology of the Permian and Triassic rocks in the Gunnedah Basin, using the 

concepts of depositional episodes and the depositional systems. Specialised topics such as 

geophysics, petrology, igneous intrusions and petroleum studies are grouped in Part 5. The coal 

resources ofthe basin north ofthe Liverpool Range are covered in Part 6. 

1.4 RECENT EXPLORATION 

The Gunnedah Basin has been associated with coal exploration and mining for over a century. 

Historically, coal mining in the basin has been centred at Gunnedah and Curiewis (15 km south of 

Gunnedah), with two collieries producing mainly for the railways and the local electricity generation 

facility at Tamworth. Coal is currentiy supplied to both local and overseas markets. 

Until the mid 1970s, exploratory drilling was mainly carried out by colliery companies between Curiewis 

and Gunnedah. Thirty bores were drilled on the Preston holding and about 100 bores on the 

Gunnedah holding between 1969 and 1975. Most of that drilling was serviced by the Joint Coal Board. 

Exploration activity of the two operating mining companies increased by expanding to adjacent areas 

after 1975: 50 bores were drilled at Preston Extended Colliery; and over 230 at Gunnedah Colliery (but 

the majority are not fully cored). Further, ICI Australia Ltd (Minimp Pty Ltd 1973) drilled eight rotary 

holes to test water quality in the westem basin area, and Northern Tablelands Mines N.L. drilled seven 

cored holes for coal exploration in the Quirindi area in the south-eastern part ofthe basin. 

Between 1975 and 1985, in addition to localised drilling by the mining companies, the New South 

Wales Department of Mineral Resources drilled some 154 cored boreholes north of the Liverpool 

Range and in the south-western basin area. 



1. INTRODUCTION 21 

Departmental drilling in the Gunnedah Basin can be divided into two phases; a scout drilling phase 

between 1975 and 1981 during which 27 cored boreholes were drilled in six programmes and a 

regional drilling phase between 1981 and 1985 during which some 127 cored boreholes were drilled in 

four programmes. 

a) 1975-1981, Scout drilling phase: 

1. Narrabri - Weetaliba Drilling Programme (Hanlon 1975a); four cored boreholes drilled along the 

western area ofthe basin. 

2. Boggabri - Maules Creek Drilling Programme (Hanlon 1975b; Brownlow 1976); eight cored 

boreholes drilled in the Maules Creek area. 

3. Gunnedah Drilling Programme (McDonald 1976); five cored boreholes located along a line from 

Boggabri to Caroona. 

4. Great Australian Basin Drilling Programme (Bourke 1976a, b, c); included three scout boreholes 

drilled along the western area ofthe Gunnedah Basin. 

5. Breeza Drilling Programme (Winward 1978); three cored boreholes drilled in the Breeza-

Caroona area. 

6. West Boggabri Drilling Programme (Tadros 1981; 1982); four cored boreholes located west of 

Boggabri to assist in town planning. 

b) 1981 -1985, Regional drilling phase: 

1. Goulburn River - Binnaway Drilling Programme (Yoo et al. 1983); nine cored boreholes drilled in 

the south-western corner of the Gunnedah Basin and the contiguous north-western corner of the 

Sydney Basin. 

2. Gunnedah Basin Regional Drilling Programme; carried out during 1981-82 and involved 

approximately 31 000 m of drilling in 62 fully cored boreholes, some up to 1000 m deep. The 

holes were sited on a grid pattern with 12 km spacing along east - west lines approximately 

24 km apart. Results of this programme were reported separately for the Gunnedah and West 

Gunnedah areas (Hill 1983; Beckett 1983). 

3. Breeza - Caroona Drilling Programme (Tadros 1983; Hamilton 1983); the Gunnedah Basin 

Regional Drilling Programme was followed during 1982 by some 4000 m of drilling in 15 fully 

cored boreholes in the Breeza - Caroona area to the south of Gunnedah. The holes were 

generally spaced at 4 km centres and targeted at the Black Jack Group. 

4. Narrabri Drilling Programme (Tadros ê  al. 1987a, b); a second follow-up programme was earned 

out during 1984-85 in the Narrabri - Boggabri area and involved some 8000 m of cored drilling in 

41 boreholes spaced at 4 km centres. The exploration programme was a joint venture between 

the New South Wales Department of Mineral Resources and the then Electricity Commission of 

New South Wales (now Pacific Power). The programme was designed to define the northern 
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extent of the Hoskissons Coal, to assess the coal resources within the Narrabri area, and to 

provide information about the structure of the north-eastern part of the Gunnedah Basin. 

The locations of all the New South Wales Department of Mineral Resources boreholes used in this 

study (and 6 important petroleum wells) are shown on figure 1.10. A comprehensive listing of all 

boreholes in the basin are given in Appendix 1. The boreholes provide an excellent regional coverage 

ofthe basin north ofthe Liverpool Range and have formed the basis of several reports since 1975. 

Little was known of the geology and coal resources in the area to the east of Gunnedah and Boggabri 

until the mid 1970s when the New South Wales Department of Mineral Resources carried out the 

Boggabri - Maules Creek Drilling Programme and revealed the enormous potential of the region. This 

region was soon the target of intensive drilling by coal exploration companies in two discrete areas: the 

Maules Creek area in the north; and the Vickery State Forest area in the south. Large-scale mining 

developments are proposed for these areas, with planned production of up to 20 million tonnes per 

annum. A detailed account ofthe exploration history in these areas is given in Tadros (1993b). 

The then Bureau of Mineral Resources (now Australian Geological Survey Organisation, AGSO) 

carried out regional seismic and gravity surveys over the Gunnedah Basin during the 1960s and 1970s, 

and the New South Wales Department of Mineral Resources perfonmed a regional seismic survey in 

1981. 

Since the eariy 1960s, petroleum exploration companies have carried out several seismic, gravity and 

aeromagnetic surveys over selected parts of the Gunnedah Basin. Many of these surveys were 

followed by exploration drilling. A total of only 17 petroleum exploration wells have been drilled to 

provide stratigraphic information, but some were targeted at structural traps interpreted mainly from 

seismic surveys. 

During the mid to late 1980s a consortium consisting mainly of Consolidated Petroleum Australia N.L., 

Hartogen Energy Ltd and The Australian Gas Light Co. held three petroleum exploration licences 

covering a large area of the Gunnedah Basin. The consortium carried out detailed seismic surveys 

over selected areas of the basin to the west and north of Narrabri. The New South Wales Department 

of Mineral Resources also carried out a seismic survey to the north of Narrabri near Bellata (Etheridge 

1986), followed by a deep stratigraphic borehole, DM Bellata DDH 1, approximately 4 km west of 

Bellata (Etheridge 1987; for location see figure 3.25). 
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Figure 1.10. Departmental and company boreholes used extensively in this study. Bores are listed alphabetically and 
according to map reference number. Boreholes outside the area of this map are given in appendix 1 
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Borehole name Ref No. 
Alliance Quirindi DDH 1 
Amoseas Bohena RHD 1 
Amoseas Wee Waa RDH 1 
CPA Wilga Park RDH 1 
DM An-arownie DDH 1 
DM Bando DDH 1 
DM Benelabri DDH 1 
DM Benelabri DDH 2 
DM Benelabri DDH 3 
DM Blake DDH 1 
DM 
DM 

Boggabri DDH 1 
Boqqabri DDH 2 

DM Boqqabri DDH 3 
DM 
DM 

Boggabri DDH 4 
Boqqabri DDH 5 

DM Bomera DDH 1 
DM Borah DDH 1 
DM Breeza DDH 1 
DM Breeza DDH 2 
DM 
DM 

Brigalow DDH 1 
Brigalow DDH 2 

DM Bro'thers DDH 1 
DM Brown D D H l , 1A 
DM Brown DDH 2 
DM Caroona DDH 1 
DM Caroona DDH 2 
DM Caroona DDH 3 
DM Caroona DDH 4 
DM Clift DDH 1 
DM Clift DDH 2 
DM Clift DDH 3 
DM Clift DDH 4 
DM Clift DDH 5 
DM Coogal DDH 1 
DM Cookabingie DDH 1 
DM Coolanbilla DDH 1 
DM Coolanbilla DDH 2 
DM Curlewis DDH 1 
DM Dampier DDH 1 
DM Denison DDH 1 
DM Denison West DDH 1 
DM Dewhurst DDH 1 
DM 
DM 
DM 

Digby DDH 1 
Dight DDH 1 
Dighl DDH 2 

DM Doona DDH 1 
DM Emerald Hill DDH 1 
DM Eulah DDH 1 
DMFerr ierDDH 1,1A 

Ref No. Borehole name 
1 
2 
3 
4 
5 
S 
7 
8 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
23 
24 
25 
26 
27 
28 
29 
31 
32 
33 
34 
35 
36 
37 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 

DM Moema DDH 1 
DM Narrabri DDH 2 
DM Narrabri DDH I B 
DME Narrabri DDH 28 
DM Killarney DDH 1 

156 
24 

6 
7 

55 
102 
92 
85 
86 
10 
50 
52 
51 
53 
54 

131 
94 

114 
113 

90 
89 

118 
108 
110 
137 
140 
125 
136 
115 
119 
116 
122 
117 

91 
143 
133 
139 
106 
23 
79 
78 
56 

105 
96 
97 

135 
80 
13 

124 

Amoseas Wee Waa RDH 1 
CPA Wilga Park RDH 1 
DME Narrabri DDH 16 
DM Blake DDH 1 
DM Turrawan DDH 2A 
DME Narrabri DDH 38 
DM Eulah DDH 1 
DME Narrabri DDH 37 
DME Narrabri DDH 15 
DME Narrabri DDH 27 
DME Narrabri DDH 35 
DM Wallah DDH 1 
DME Narrabri DDH 30 
DME Narrabri DDH 14 
DME Narrabri DDH 26 
DM Dampier DDH 1 
Amoseas Bohena RHD 1 
DM Jacks Creek DDH 1 
DM Gorman DDH 1 
DME Narrabri DDH 13 
DM Turrawan DDH 1 
DME Narrabri DDH 25 
DME Narrabri DDH 29 
DME Narrabri DDH 12 
DME Narrabri DDH 24 
DME Narrabri DDH 11 
DME Narrabri DDH 23 
DME Narrabri DDH 39 
DMTullamullenDDH 1 
DME Narrabri DDH 6 
DME Narrabri DDH 22 
MEO Pilliga DDH 1 
DM Part<es DDH 3 
DME Narrabri DDH 5 
DME Narrabri DDH 10 
DME Narrabri DDH 21 
DME Narrabri DDH 4 
DME Narrabri DDH 9 
DME Narrabri DDH 20 
DME Narrabri DDH 34 
DM Boggabri DDH 1 
DM Boggabri DDH 3 
DM Boggabri DDH 2 
DM Boggabri DDH 4 

Borehole name Ref No. 
DM Ferrier DDH 2 
DM 
DM 

Galloway RDH 1 
Girrawillie - Bulaa DDH 1 

DM Goran DDH 1 
DM Goran DDH 2 
DM Gornian DDH 1 
DM Gunnadilly DDH 1 
iDM Gunnedafi DDH 1 
DM Hall DDH 1 
DM Howes Hill DDH 1 
DM Jacks Creek DDH 1 
DM Killarney DDH 1 
DM Maules Creek DDH 1 
DM Maules Creek DDH 2 
DM Maules Creek DDH 3 
DM Maules Creek DDH 4 
DM Maules Creek DDH 5 
DM Maules Creek DDH 6 
DM Maules Creek DDH 7 
DM Maules Creek DDH 8 
DM Millie DDH 1 
DM Moema DDH 1 
DM Morven DDH 1 
DM Napier DDH 1 
DM Narrabri DDH I B 
DM Narrabri DDH 2 
DM Nea DDH 1 
DM Nea DDH 2 
DM Nea DDH 3 
DM Nombi DDH 1 
DM Pari<es DDH 1 
DM Pari<es DDH 2 
DM Pari<es DDH 3 
DM Parsons Hill DDH 1 
DM Puriawauoh DDH 1 
DM Sorinqfield DDH 1 
DM Terrawinda DON 1 
DM Texas DDH 1 
DM Tinkrameanah DDH 1 
DM Trinkey DDH 1 
DM Tullamullen DDH 1 
DM Tunmallallee DDH 1 
DM Turrawan DDH 1 
DM Turrawan DDH 2A 
DM Ulinda DH 1 
DM Walla Walla DDH 1 
DM Walla Walla DDH 2 
DM Wallah DDH 1 
DM Wallala DDH 1 

Ref No. Borehole name 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
67 
68 
69 
70 
71 
72 
73 
75 
76 
77 
78 
79 
80 
81 
82 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
101 
102 
103 
104 
105 
106 

DM Boggabri DDH 5 
DM Arrarownie DDH 1 
DM Dewhurst DDH 1 
DM Pari<es DDH 1 
DM Parties DDH 2 
DME Narrabri DDH 3 
DM Walla Walla DDH 1 
DME Narrabri DDH 19 
DME Narrabri DDH 33 
DM Galloway RDH 1 
DME Narrabri DDH 2 
DME Narrabri DDH 8 
DME Narrabri DDH 18 
DME Narrabri DDH 32 
DM Walla Walla DDH 2 
DME Nan-abri DDH 7 
DME Narrabri DDH 17 
DME Narrabri DDH 31 
DME Narrabri DDH 1 
DME Narrabri DDH 40 
DME Narrabri DDH 41 
DM Tunmallallee DDH 1 
DM Denison West DDH 
DM [ienison DDH 1 
DM Emerald Hill DDH 1 
DM Yanari DDH 1 
MEO Kelvin RDH 1 
DM Benelabri DDH 2 
DM Benelabri DDH 3 
DM Worigal DDH 1 
DM Hall DDH 1 
DM Brigalow DDH 2 
DM Brigalow DDH 1 
DM Coogal DDH 1 
DM Benelabri DDH 1 
DM Gunnedah DDH 1 
DM Borah DDH 1 
DM Millie DDH 1 
DM Dight DDH 1 
DM Dight DDH 2 
DM Wondobah DDH 1 
DM Yaminba DDH 1 

123 
63 

100 
104 
103 

26 
145 
93 
88 

120 
25 

5 
175 
179 
177 
178 
180 
176 
173 
174 
95 

1 
165 
160 

3 
2 

109 
111 
112 
101 
57 
58 
42 

164 
121 
134 
128 
107 
129 
132 
37 
77 
28 
11 

146 
60 
69 
18 

126 

DM Girrawillie - Bulga DDH 1 
DM Nombi DDH 1 
DM Bando DDH 1 
DM Goran DDH 2 
DM Goran DDH 1 
DM Digby DDH 1 
DM Curlewis DDH 1 

Borehole name Ref f^o-
DM Wallala DDH 2 
DM Wallala DDH 3 
DM Wilson DDH 1 
DM Wondobah DDH 1 
DM Worigal DDH 1 
DM Yaminba DDH 1 
DM Yarrari DDH 1 
DME Narrabri DDH 1 
DME Narrabri DDH 2 
DME Narrabri DDH 3 
DME Narrabri DDH 4 
DME Narrabri DDH 5 
DME Narrabri DDH 6 
DME Narrabri DDH 7 
DME Narrabri DDH 8 
DME Narrabri DDH 9 
DME Narrabri DDH 10 
DME Narrabri DDH 11 
DME Narrabri DDH 12 
DME Narrabri DDH 13 
DME Narrabri DDH 14 
DME Narrabri DDH 15 
DME Narrabri DDH 16 
DME Narrabri DDH 17 
DME Narrabri DDH 18 
DME Narrabri DDH 19 
DME Narrabri DDH 20 
DME Narrabri DDH 21 
DME Narrabri DDH 22 
DME Narrabri DDH 23 
DME Narrabri DDH 24 
DME Narrabri DDH 25 
DME Narrabri DDH 26 
DME Narrabri DDH 27 
DME Narrabri DDH 28 
DME Narrabri DDH 29 
DME Narrabri DDH 30 
DME Narrabri DDH 31 
DME Narrabri DDH 32 
DME Narrabri DDH 33 
DME Narrabri DDH 34 
DME Narrabri DDH 35 
DME Narrabri DDH 37 
DME Narrabri DDH 38 
DME Narrabri DDH 39 
DME Narrabri DDH 40 
DME Narrabri DDH 41 
MEO Kelvin RDH 1 
MEO Pilliga DDH 1 

Ref No. Borehole name 
107 DM Texas D D H l 
108 DM Brown DDH 1,1A 
109 DM Nea DDH 1 
110 DM Brown DDH 2 
111 DM Nea DDH 2 
112 D M N e a D D H 3 
113 DM Breeza DDH 2 
114 DM Breeza D D H l 
115 DM Clift D D H l 
116 DM Clift DDH 3 
117 DM Clift DDH 5 
118 DM Brothers DDH 1 
119 DM Clift DDH 2 
120 DM Howes Hill DDH 1 
121 DM Puriawaugh DDH 1 
122 DM Clift DDH 4 
123 DM Ferrier DDH 2 
124 DMFerr ierDDH 1, 1A 
125 DM Caroona DDH 3 
126 DM Wallala DDH 1 
127 DM Wallala DDH 2 
128 DM Terrawinda DDH 1 
129 DM Tinkrameanah DDH 1 
130 DM Wilson D D H l 
131 DM Bomera D D H l 
132 DM Trinkey D D H l 
133 DM Coolanbilla DDH 1 
134 DM Springfield DDH 1 
135 DM Doona D D H l 
136 DM Caroona DDH 4 
137 DM Caroona DDH 1 
138 DM Wallala DDH 3 
139 DM Coolanbilla DDH 2 
140 DM Caroona DDH 2 
143 DM Cookabingie DDH 1 
145 DM Gunnadilly DDH 1 
146 DM Ulinda D H l 
156 Alliance Quirindi DDH 1 
160 DM Napier DDH 1 
164 DM Parsons Hill DDH 1 
165 DM Morven D D H l 
173 DM Maules Creek DDH 7 
174 DM Maules Creek DDH 8 
175 DM Maules Creek DDH 1 
176 DM Maules Creek DDH 6 
177 DM Maules Creek DDH 3 
178 DM Maules Creek DDH 4 
179 DM Maules Creek DDH 2 
180 DM Maules Creek DDH 5 

127 
138 
130 
98 
87 
99 
81 
73 
64 
59 
46 
43 
39 
70 
65 
47 
44 
34 
32 
27 
20 
15 

8 
71 
67 
61 
48 
45 
40 
35 
33 
29 
21 
16 
4 

31 
19 
72 
68 
62 
49 
17 
14 
12 
36 
75 
76 
82 
41 
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1.5 SUMMARY OF GEOLOGY 

The Gunnedah Basin contains up to 1200 m of marine and non-marine Penmian and Triassic 

sediments resting unconformably upon Early Permian (and possibly Late Carboniferous) silicic and 

mafic volcanics, which form the effective basement for the basin east of the Rocky Glen Ridge (figure 

1.11). Metavolcanics and metasediments and minor ignimbritic volcanics of the Lachlan Fold Belt 

form much of the basement underneath the western part of the Gunnedah Basin (the Rocky Glen 

Ridge and Gilgandra Sut)-basin (figures 2.1 and 4.1 ). 

The mafic and silicic basement volcanic rocks in the east include the Werrie Basalt and the Boggabri 

Volcanics, with subordinate intercalated fine-grained sediments. Outcrops of the basement volcanic 

rocks form the Boggabri Ridge, a longitudinal structure along the eastem side of the basin most 

prominent between Gunnedah and north of Boggabri (figures 4.1 and 4.2). 

North of the Liverpool Range, the Permo-Triassic sequence is unconformably overiain by Jurassic 

sediments of the Surat Basin, a sub-basin of the Great Australian Basin (figure 1.11), and the 

Gunnedah Basin sequence crops out as a narrow north-north-westeriy trending zone from south of 

Quirindi to north of Narrabri (figure 1.12). Outcrop is generally poor. In the east the Permo-Triassic 

sequence is largely eroded or covered by thick Quaternary alluvium. 

The Permian section contains Eariy and Late Permian coal measure sequences (figure 1.11). The 

Eariy Permian coal measures, the Maules Creek Formation, crop out in the area to the north-east, east 

and south-east of Boggabri and to the south-west of Gunnedah. The Maules Creek Formation is up to 

800 m thick and consists of lithic granule to pebble conglomerate, lithic and quartzose sandstone, 

siltstone and claystone. The formation also contains numerous coal seams, some of which are up to 

8 m thick and form a significant coal resource amenable to either open cut or underground extraction. 

The coals are characterised by their low ash, high energy, high volatile matter and low phosphorus and 

are suitable as thermal and soft coking coals. 

The Late Permian coal measures, the Black Jack Group, crop out in a narrow north-north-westeriy 

trending zone of discontinuous hills extending from Breeza in the south-west to Boggabri in the north 

(figure 1.12). Deltaic and fiuvial deposits of the Black Jack Group are up to 470 m thick and consist of 

lithic conglomerate and sandstone, quartzose sandstone, siltstone, claystone, tuff and numerous coal 

seams. The Hoskissons and Melvilles seams are the most important and contain a significant resource 

amenable mainly to underground extraction. The seams comprise medium to high-ash, thermal-quality 

coals. Small quantities of low-ash low-phosphorus, soft coking coal are produced in the two collieries 

near Gunnedah, mainly for blending with other coals. 

The upper and lower coal measures are separated by a Late Permian marine sequence, the Porcupine 

and Watermark Formations, which generally conformably overiie the lower coal measures (figure 

1.11). The upper part of the Watermark Formation consists of prodelta and delta front 



26 GUNNEDAH BASIN - INTRODUCTION 

PERIOD 

O 
cn 
CO 
< 

Z) 
- 3 

o 
CO 
en 
< 
DC 

< 

cc 
LU 
Q_ 

LU 

< 
_ l 

LLI 
_ 1 
Q 

9 

_ l 
DC 
< 
LU 

LU 
_ l 
Q 
Q 

> 
_ j 
CC 
< 
LU 

UJ 
I -
< 

> 
_ J 

< 
LLI 

, < 
LU ^ 

' - ' - I I I 

FORMATION LITHOLOGY 

ORALLO 

FORMATION 

PILLIGA 

SANDSTONE 

PURLAWAUGH 

FORMATION 

GARRAWILLA 

VOLCANICS 

DERIAH FORMATION 

NAPPERBY 

FORMATION 

DIGBY 

FORMATION 

BLACK JACK 

GROUP 

WATERMARK 

FORMATION 

PORCUPINE 

FORMATION 

MAULES CREEK 
FORMATION 

GOONBRI and 
LEARD FORMATIONS 

Boggabri Volcanics, 
Werrie Basalt 

and 
Lachlan Fold 
Belt rocks 

o t i 

if-o_.a;<j.ij".j 

I'^rf;^ 

Clayey to quartzose sandstone, subordinate siltstone 
and conglomerate. 

Fluvial,medium to coarse-grained quartzose sandstone. 

Carbonaceous claystone, siltstone, sandstone and 
subordinate coal. 

Alkali basalt, trachyte, hawaiite, pyroclastlcs and 
subordinate sediments. 

Green lithic sandstone rich In volcanic fragments and mud clasts. 

Thinly bedded claystone, siltstone and 
sandstone, common bioturbation and burrows. 

Lithic and quartz conglomerates, sandstones and minor 
finer grained sediments. 

Dominantly fluvial and lacustrine sediments; lithic and 
quartz sandstones and conglomerates, siltstone, clay 
tuff and coal. 

Regressive marine sediments; sandy siltstone, 
sandstone, common bioturbation,sporadic erratics and 
secondary calcite "cone-in-cone" replacements. 

Marine shelf sediments; lithic sandstone and 
conglomerate and bioturbated mudstone. 

Fluvial; dominantly lithic and subordinate quartz-rich 
sandstone and conglomerate 

Colluvial and lacustrine sediments; pelletoidal claystone and 
upward - coarsening sequences of organic - rich claystone 
to sandstone. 

Mainly rhyolite flows and pyroclastics; minor sediments, 
basalt, subordinate tuffs and andesite lavas. 

Metavolcanics and metasediments. 

Figure 1.11. Stratigraphic sequence ofthe Permo-Triassic Gunnedah Basin and the Jurassic section ofthe overlying 
Surat Basin (modified from Tadros 1993 c) 
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sediments which form the foundation of the major delta system in the lower part of the overiying Black 

Jack Group. 

The Triassic section of the Gunnedah Basin sequence unconformably overiies the Permian Black Jack 

Group over a large area of the basin, except along the eastern and western margins where it overiies 

basement rocks. The Digby Formation consists of a lower part of lithic conglomerate, a middle part of 

lithic and quartz-lithic sandstones and an upper part mainly of quartzose sandstone. The sequence is 

generally capped by a basin-wide palaeosol horizon. The Napperby Fonmation consists of an overall 

upward-coarsening sequence of dark-grey claystone, interbedded siltstone and sandstone with 

common bioturbation, and medium to coarse-grained sandstone. The Deriah Formation occupies the 

uppermost part of the Gunnedah Basin sequence in the north. The upper boundary of the Napperby 

Formation (or the Deriah Formation where present) represents the upper limit of the Gunnedah Basin 

sequence and is marked by a regional unconformity between the Triassic and Jurassic sediments. 

In many areas the Gunnedah Basin sequence contains basic igneous intrusions of Mesozoic 

(?Triassic - Jurassic) and Tertiary age associated with the massive extrusions of the Garrawilla 

Volcanics complex and the Liverpool, Warrumbungle and Nandewar Ranges in the central, south, 

south-west and north-east of the basin respectively. Mesozoic phonolite intrusions and Tertiary 

igneous rocks (basalt and dolerite plugs, sills and diatremes) also occur in the south-westernmost part 

ofthe basin, in the Rylstone - Wollar- Bylong area (Yoo 1991). 

The Surat Basin sequence, of Jurassic age, unconformably overiies the Permian and Triassic 

sediments of the Gunnedah Basin in the north and west (figure 1.12). The Garrawilla Volcanics form 

the basal unit of the Surat Basin sequence, with outcrops mainly in the central area of the Gunnedah 

Basin around Mullaley- Coonabarabran. The volcanic sequence consists of up to 180m of alkali 

basaltic lava fiows, pyroclastic units and subordinate intercalated claystones (Bean 1970, 1974, 1975). 

The Eariy to mid-Jurassic fluvial and lacustrine sediments of the Puriawaugh Formation overiie the 

Garrawilla Volcanics and consist of up to 75 m of thinly bedded carbonaceous mudstone, silty 

sandstone and subordinate coal. Where the Garrawilla Volcanics are absent, the Puriawaugh 

Formation unconformably overlies the Triassic sediments of the Gunnedah Basin sequence. Middle to 

Late Jurassic medium to coarse-grained fluvial quartzose sandstones of the Pilliga Sandstone 

conformably overiie the Puriawaugh Formation and crop out over much ofthe area of Jurassic cover in 

the Gunnedah Basin. The Late Jurassic Orallo Formation consists of clayey to quartzose sandstone, 

subordinate siltstone and conglomerate, and conformably and gradationally overiies the Pilliga 

Sandstone in the north and north-west of the Gunnedah Basin. Cretaceous sediments (Bungil 

Formation) occur under Tertiary igneous rocks (basalt) in the western part ofthe Liverpool Range (Yoo 

etal. 1983). 

1.6 FOSSIL FUEL RESOURCES 

It has already been mentioned that the Gunnedah Basin has been associated with coal exploration and 

mining since the late 1890s. Company and the New South Wales Department of Mineral Resources 
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exploration since 1975 has confirmed that the Eariy and Late Permian coal measures contain coal 

resources of considerable economic potential. Coal resources in the Eariy Permian coal measures are 

the subject of three important mining projects in the Vickery, Boggabri and Maules Creek areas. The 

bulk of the coal resources of the Gunnedah Basin north of the Liverpool Range, however, is contained 

in the Late Permian coal measures, particulariy in the Hoskissons seam, which has been mined in the 

Gunnedah - Curiewis area for neariy a century. 

In addition to its coal resources, the Gunnedah Basin also has potential for the discovery of oil and gas, 

especially as good petroleum source rocks are indicated at several stratigraphic horizons. Sandstones 

with good to excellent reservoir potential also occur at several stratigraphic levels and many are sealed 

by regionally extensive clayey units or intraformational claystone units (Hamilton 1987). The part of 

the basin sequence concealed beneath the Tamworth Zone in the east may also have some potential 

and warrants further investigation. Results from the then Bureau of Mineral Resources (now Australian 

Geological Survey Organisation, AGSO) deep seismic profiling across the northern part of the 

Gunnedah Basin suggest that the sedimentary succession of the Maules Creek Formation and the 

underiying basal volcanic units appear to extend for at least 15 km to the east beneath the Tamworth 

Zone (Korsch etal. 1993). 

Minor gas shows have been reported from many locations in the basin (Beckett et al. 1982). The 

discovery in 1985 of natural gas at CPA Wilga Park No. 1, south-west of Narrabri, although 

subeconomic, has revived interest in the basin as a possible source of oil and gas. The hydrocarbon 

potential of the western part of the Gunnedah Basin is not known because of lack of drilling 

information. However, results from AGSO's recent deep seismic profile across the northern part of the 

Gunnedah Basin (Korsch et al. 1993) suggest that the sedimentary sequence is just over 400 m thick. 

1.7 DATA BASE 

As the basin lacks extensive exposures, drill core from exploration drilling by the New South Wales 

Department of Mineral Resources since 1974 was the only objective tool available for study. The 

exploration drilling provided a comprehensive regional and stratigraphic coverage of the Gunnedah 

Basin. Drill core and down hole geophysical logs from these programmes provided the database on 

which investigations for this thesis are based. In particular, the relatively recent regional exploration 

between 1981 and 1985, including the Gunnedah Basin Regional, the Breeza-Caroona and the 

Narrabri Drilling Programmes, have been studied in detail. Core from the eartier scout exploration 

drilling have also been investigated. In all some 154 boreholes, most of them are fully cored, have 

been studied. The locations of these boreholes (and 6 important petroleum wells) are shown on figure 

1.10. During the course of this study and as an integral part of my work as the Departmental Senior 

Geologist for the Gunnedah Coalfield 1 had a unique opportunity to investigate drill core and results of 

company exploration in the basin. Collaboration with geologists from these companies, particulariy 
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during the work on the Gunnedah Basin Memoir has greatly enhanced the quality of the data available 

to the author. 

All departmental drill core have been photographed in colour (35 mm) and stored at the New South 

Wales Department of Mineral Resources Core Storage Complex at Gunnedah, with the exception of a 

small representative sample kept at the Central Core Library at Londonderry, west of Sydney. The 

Mineral Resources Development Laboratory (MRDL), Lidcombe, New South Wales, perî ormed 

chemical analyses on a large number of coal seams. The results of the analyses were very useful in 

seam correlation, assessment of coal quality and in the study of composition and/or distribution of ash 

and sulphur for chapter 8. The MRDL also produced radiographs of coal core for the important seams, 

which helped in seam sampling for chemical analyses and as an additional tool in correlation. 

The Coal and Petroleum Geology Branch of the New South Wales Department of Mineral Resources, 

St Leonards, is the repository for the entire Gunnedah Basin analytical data base. 

Appendix 7 provides a summary ofthe analytical data. 

At the eariy stages of the Gunnedah Basin Regional Drilling Programme, palynological age 

determinations were carried out on drill core at almost regular intervals from a large number of drill 

holes, but later sampling and analysis were performed to resolve specific problems. Approximately 

750 analysed samples and some 44 reports by A. McMinn (see references) are held by the New South 

Wales Department of Mineral Resources, St Leonards. 

The Specialist Services Branch of the New South Wales Department of Mineral Resources performed 

petrologic analysis on a large number of samples from Gunnedah Basin drill core, reported by Barron 

(1982), Byrnes (1976a, b; 1982a-f) and Slansky (1981a, b, 1982). The analysis covered sandstones, 

tuff and tuffaceous sediments and igneous intrusions particulariy from and within the Black Jack 

Group, The analysis also included basal volcanic and extrusive igneous rocks (Tertiary basalt and 

Garrawilla Volcanics). In addition, detailed petrological analysis have been carried out on 48 

sandstone samples from the fluvial depositional systems of the upper part of the Black Jack Group. 

These samples were taken from 21 boreholes chosen to give representative coverage ofthe basin. Dr. 

B. Steveson of Amdel, S.A. provided the initial petrological descriptions under contract to the 

Department of Mineral Resources and subsequently, the author reviewed the descriptions before 

accepting them in the data base. All petrologic reports and the thin sections are held by the 

Department of Mineral Resources and are listed in the references. 

Although generally not cored, petroleum exploration wells reached greater depths into basement than 

the deepest coal borehole and, therefore, in addition to general stratigraphic information, the petroleum 

exploration wells provided extremely useful information on basement characteristics for chapters 2, 3 

and 4. 

Regional aeromagnetic and gravity surveys, supplemented by Landsat and ERTS-1 satellite imagery 

data, provided valuable information on the structural framework and morphotectonic elements of the 

basin. Results of the New South Wales Department of Mineral Resources 1981 regional seismic 



30 GUNNEDAH BASIN - INTRODUCTION 

survey are not used in this research because of the poor quality of the data (Greenwood, 1983), but 

detailed seismic surveys by petroleum companies in many parts of the basin and recently by the 

Department at Bellata produced very good quality data and form an integral part of this thesis. 

1.8 SCOPE AND OBJECTIVES 

The eariy tectonic history of the Gunnedah Basin has been difficult to unravel from surface 

investigations of the pooriy exposed remnant (structural) basin and, as a result, several different 

theories have been proposed for its origin. Lack of understanding of the basin's eariy tectonic history 

and origin has hindered the ability to develop structural and sedimentation models, which could allow 

reliable prediction beyond the limits of available data, resulting in severe limitations to resource 

exploration in the basin. Therefore, one of the main objectives of this research was to unravel the 

basin's tectonic history and structural evolution, in order to understand the factors which controlled and 

influenced distribution of clastic sediments and the contained coal resources. 

In order to achieve this objective, a detailed structural study was undertaken utilising the vast amount 

of subsurface data that became available as a result of the 1975 - 1985 core drilling exploration 

programmes, supplemented by gravity, magnetic, seismic, and Landsat and ERTS-1 imagery data. A 

knowledge of basement structure, the basin's tectonic history and geometry and distribution of the 

genetic stratigraphic units provides the means to understand the interrelationship between basin origin, 

tectonics and sedimentation, which in turn, help in prediction of sediment distribution and 

characteristics outside areas of close data control, with wide-ranging implications for the evaluation of 

coal and hydrocarbon resources within the sedimentary basin. 

Therefore, a comprehensive sedimentological study, applying genetic stratigraphic analysis, was 

undertaken on the upper part of the Black Jack Group with a view to defining the geometry and 

distribution of genetic stratigraphic units and mapping sediment dispersion patterns within the 

sequence in order to develop sedimentation models and to determine the palaeogeography which 

relates back to tectonism expressed as basin subsidence and uplift in the source regions. 

Galloway and Hobday (1983a) explained an hierarchical approach to genetic stratigraphic analysis, 

which first defines regional attributes of genetic sequences before attempting site specific 

interpretations. They consider this approach affords the greatest potential for successful interpretation 

of depositional sequences, and application of that interpretation to resource discovery and 

development. They emphasise the importance of carrying out several levels of increasing detail of 

description and interpretation; these are: 

First, framework of the depositional basin, including its size, shape and major sources of sediment. 

Second, the principal genetic stratigraphic units or depositional episodes, and an analysis of their 

depositional architecture, using regional well logs or seismic sections. The third level of analysis is 

achieved by the use of isolith and sandstone percent maps, and various quantitative facies maps and 

cross-sections to define the three-dimensional geometry of framework facies outlining major 
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depositional elements or systems and their component facies. The fourth task is to recognise the 

recurrent vertical sequences, both within the larger genetic units as well as within specific facies. 

Geophysical well logs are an especially effective tool for revealing vertical changes in lithology or bed 

thickness. The fifth level of analysis incorporates interpretations of lateral and vertical facies 

associations and cross-sectional geometry by carrying out detailed correlation and mapping of selected 

representative bore hole logs and measured sections. The final step requires outcrop or core material 

to carry out interpretation of internal bedding and sedimentary structures, texture and bedding features 

of main facies. 

Outcrop of the Gunnedah Basin sequence is poor, and hence emphasis has been placed on drill core 

interpretation. Availability of a large number of fully cored bore holes, many of which are 

complemented with geophysical logs, provided comprehensive regional and stratigraphic coverage for 

data on the vertical and lateral distribution of facies sequences. This data base has been effectively 

utilised for the first five levels and the majority ofthe interpretation for the final level of analysis. 

Further, in addition to thorough interpretation of drill core, the architectural element analysis approach 

of Miall (1985) has been applied to an outcrop of the bed-load facies of the Western Fluvial System at 

Mount Watermark west of Breeza to complete the analysis. Lack of suitable outcrop for rocks of the 

Eastern Fluvial System restricted the study of that system to drill core and geophysical well logs. 

Recognition and mapping of the depositional systems define bounding surfaces for the contained 

genetic facies and allow establishment and or refinement of coal seam correlafions, particulariy those 

of subregional extent. The concept of depositional systems implies that component facies are spatially 

related, three-dimensional units, which may be readily described by commonly available types of 

subsurface data augmented where possible with description of core or outcrop sections (Galloway and 

Hobday 1983a). Lithofacies mapping of the genetic units (depositional systems and the contained 

facies) enhances depocentres, reveals areal and stratigraphic distribution of sand bodies within the 

genetic units, allows recognition of the impact of contemporaneous basement structures on sand 

distribution and ultimately provides the means to construct depositional and tectonic history of the 

basin. Genetically defined units can also provide the basis for the establishment of a usable 

lithostratigraphic scheme for the basin. 

The role that coal deposits play in the sedimentary record is very important, and a significant part of 

this thesis is devoted to the study of the coal particulariy in the upper part of the Black Jack Group. 

Generally, peats are a manifestation of the basic sedimentologic principles of basin filling by 

siliciclastic sediments. They are biochemical sediments that record gaps in the accumulation of clastic 

sediments and therefore, significant interruptions in the sediment record that signify major 

reorganisations in basin tectonics or climate. Regionally extensive coals bear all the characteristics 

essential to a genetic sequence boundary. They are lithologically distinctive and therefore readily 

recognised. Moreover, the seam lithotype profile is a feature unique to coals that enhances reliability 

of regional correlation and the establishment of the seam's regional coverage. Coal seams have time 

significance as demonstrated by the numerous essentially isochronous events occurring throughout the 
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development of a peat swamp that are recorded by the coal's lithotype profile such as airfall tuffs. 

These seams separate genetic sequences of distinctly different depositional setting, bedding 

architecture, and sediment composition and demonstrate the utility of coals in defining the basin's 

genetic stratigraphic framework. 

The upper Black Jack sequence has been divided into four major genetic elements (depositional 

systems) based on contrasts in lithology, depositional and tectonic setting, on palaeogeographic 

relationships and on recognition of major sequence boundaries. Depositional systems serve as 

mapping units, which define bounding surfaces for the contained genetic facies, and allow 

establishment and or refinement of coal seam correlations particulariy those of sub-regional extent. 

Six newly recognised, and formally defined, coal seams in the upper Black Jack Group in the southern 

part of the sub-basin, together with the Hoskissons Coal, provide bounding surfaces for smaller genetic 

stratigraphic intervals. Maps have been constructed for the key interseam intervals and integrated with 

data on sediment composition and sedimentological analysis to investigate the relative contribution of 

the Lachlan and New England Fold Belts to the evolution of the upper Black Jack fluvial systems. This 

analysis also provides the means to investigate the influence of the depositional setting, including 

quantity and composition of fluvial sediment input into the peat swamp and subsidence, on coal seam 

quality, thickness and continuity. Subsidence plays a very important role in controlling behaviour of 

fluvial channels and sediment dispersion patterns in the basin. Subsidence also has a significant 

control on ground water table and subsequently on the peat swamp environment and formation and 

preservation of peat. Therefore, analysis of the different causes of subsidence and the effect on coal 

seam quality, thickness and continuity enables development of predictive models that can be applied 

to coal exploration and coal resource evaluation. 

The knowledge gained from the comprehensive analysis of the structure and sedimentation in the 

Gunnedah Basin, complemented with a study ofthe peat swamp environment and coal facies analysis, 

can greatly improve understanding of the factors which controlled peat swamp development and peat 

formation, coal quality and distribution, seam thickness and splitting, and the nature of the mineral 

matter in the coal, and can provide the basis for reliable seam correlations. All of these are important 

factors in the assessment of the basin's coal resources which has been carried out and presented in 

detail in chapter 10. 

In summary the main objectives ofthe study are: 

• To carry out a detailed study to unravel the basin's tectonic history and structural evolution, in 

order to understand the factors which controlled and influenced distribution of clastic sediments and 

the contained coal resources. 

• To carry out a sedimentological study, applying genetic stratigraphic analysis on the upper part of 

the Black Jack Group in order to: 

• define the geometry and distribution of genetic stratigraphic units and map sediment dispersion 

patterns within the sequence. 
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• develop sedimentation models, 

• determine the palaeogeography which relates back to tectonism expressed as basin 

subsidence and uplift in the source regions and, 

• provide the basis for the establishment of a usable lithostratigraphic scheme for the basin. 

• To study the coal particulariy in the upper part ofthe Black Jack Group to: 

• characterise the contained seams through identifying and describing their lithotype profile, 

thickness and quality. 

• study in detail the depositional setting and environment of peat fonmation in order to 

investigate their influence on coal seam quality, thickness and continuity 

• To develop predictive models that can be applied to coal exploration and coal resource 

evaluation. 

• Apply the gained knowledge to assess the potential ofthe main coal seams and to provide a 

comprehensive assessment of the coal resource potenfial of the main coal areas. 
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An outcrop of coal-bearing strata near the base of the lower part of the Black Jack Group on the 
westem flank of Pyramid Hill, approximately 9 km west of Gunnedah. The coal seam in the middle is 
affected by the igneous intrusion in the lower left comer of the photo. Photo was taken looking east-
south-east (SH/56-13, 0598B). 



CHAPTER 2 

LITHOSTRATIGRAPHY 

2.1 INTRODUCTION 

Over a history spanning more than half a century and in contrast to the Sydney and Bowen Basins, 

only a limited number of stratigraphic schemes have been established for various areas and districts 

in the Gunnedah Basin north ofthe Liverpool Range (e.g. Coonabarabran - Gunnedah area - Kenny 

1928; 1929; and 1964; the regions between Narrabri and Breeza - Hanlon 1949a, b, c; 1950a, b; the 

Gunnedah - Curiewis district - Manser 1965a, b; the Dubbo - Binnaway - Wollar region - Dulhunty 

1973a, b; the Merrygoen - Digilah district - Higgins and Loughnan 1973; the Narrabri - Coonabarabran 

area - Bourke and Hawke 1977 and the Maules Creek area - Brownlow 1981b; table 2.1). It was not 

until 1981, that Russell (1981) integrated the previous schemes into a simplified stratigraphic 

framework for the northern part of the Gunnedah Basin. Russell's (1981) scheme was only a 

preliminary attempt based on limited information at the time. Detailed sedimentological studies of the 

rocks were not available to him and rigorous definition of many of the stratigraphic units was not 

possible. However, his scheme was useful as a framework for further studies which were undertaken 

when data became available as a result of extensive exploration by the New South Wales Department 

of Mineral Resources and coal exploration companies. 

The Liverpool Range (figure 1.2) constituted a natural geographic barrier which influenced geological 

investigations in the Sydney - Gunnedah Basin. Areas to the south received greater interest from 

geologists than those in the north as a result of the intensive coal mining activities in the upper Hunter 

Valley and Western Coalfield regions. As a result, stratigraphic terminologies evolved separately 

north and south of the Liverpool Range. In the south, Sydney Basin stratigraphy and terminology 

have been used. Now that the Gunnedah Basin is a recognised entity, workers trying to establish 

basin stratigraphy to encompass the whole of the Gunnedah Basin, including areas to the south of the 

Liverpool Range, are faced with problems of terminology and the several stratigraphic schemes ofthe 

Sydney Basin. Further, the terminologies used in the south are deeply entrenched and any attempt to 

change them will only create confusion. Therefore, this chapter aims at: 

(a) presenting an up-to-date comprehensive definition and description of the lithostratigraphy of the 

Gunnedah Basin north ofthe Liverpool Range, 

(b) retaining Sydney Basin terminology for those areas ofthe Gunnedah Basin south ofthe Liverpool 

Range; and 

(c) providing correlations of equivalent stratigraphic units in the Sydney and Gunnedah Basins. 
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The expanded knowledge of the Gunnedah Basin sequence allowed correlation, not only of its 

stratigraphy but also of its depositional history, with those of the Sydney Basin. The correlation with 

the Sydney Basin is given at the end of this chapter (table 2.3). 

Formal definition of coal units in this study has been limited to those units which are characterised by 

relafively minor amounts of intra-seam sediments, clear boundary definition and where they coalesce 

with other coal units they maintain their identity. Two of these coal units have been most extensively 

studied and correlated with reliability, viz. the Hoskissons Coal and Melvilles Coal Member. Locally, 

the coal seams may split, but without great loss of identity. 

Appendix 2 contains comprehensive data tables for all main stratigraphic units in the Gunnedah Basin. 

Further, appendix 3 contains data on the depositional systems and their assigned stratigraphic units 

within the upper part of the Black Jack Group. 

The new stratigraphy of the Gunnedah Basin has been published in Tadros (1993a, h) and recently in 

Tadros (1995b). The Permian stratigraphy section has been ratified by the Coalfield Geology Council 

of New South Wales (previously the Standing Committee on Coalfield Geology of New South Wales). 

The new Gunnedah Basin Stratigraphy (table 2.2 and appendix 2) is now widely used by workers from 

the coal and petroleum exploration and mining industries and from universities. 

2.1.1 APPLICATION OF GENETIC STRATIGRAPHIC ANALYSIS 

The lithostratigraphy in this study (table 2.2) uses Russell's (1981) terminology only as a framework for 

a more comprehensive description of the sedimentary sequence in the Gunnedah Basin, north of the 

Liverpool Range. The new lithostratigraphic classification is based mainly on the genetic approach to 

stratigraphic analysis, explained by Galloway and Hobday (1983a). The concept of genetic 

stratigraphic analysis and its application to the Black Jack Group are discussed in detail in chapters 6 

and 7, but its relevance to formal lithostratigraphy is highlighted here and the new classification has 

been brought forward to this chapter to provide the proper stratigraphic framework and terminology 

for the succeeding chapters. 

The genetic approach to stratigraphic analysis provides the basis for subdivision of the basin fill into 

sedimentary units of common origin, deposited under similar physical processes and acquired 

distinctive lithologic character that can be used for correlation over large areas. Depositional systems 

and the contained genetic facies have sufficient extent and appropriate scale for genetic stratigraphic 

analysis. They serve as mapping units with distinctive genetic sequence boundaries that separate 

sequences of distinctly different depositional setting, bedding architecture and sediment composition 

(Galloway and Hobday 1983a, Galloway 1989). These attributes allow the genetic units (depositional 
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TABLE 2.2* 

NEW STRATIGRAPHY FOR THE GUNNEDAH BASIN 

N E W S T R A T I G R A P H Y 
(Tadros 1991, 1993a. h & 1996 & herein) 

PALY. 

ZONE 
FORMATION 

GAMMA NEUTRON 

low —.. high low —.. higl 

DEPOSITIONAL SYSTEMS 
(modited from Tadros 19660. 

Tadros A Hamlltoo 1991, 
Hamilton 1993a & herein) 

DEPOSITIONAL EPISODES 
(modldod from Hemtlton 10O3a, 

Hamilton and Tadros 1994 and herein) 

GARRAWILLA 

VOLCANICS 

CO 

< 

NAPPERBY 

FORMATION 

DIGBY 
ULINDA 

SANDSTONE 
MEMSeR 

FORMATION BOMERA 
CONGLOM 
MEMBER 

' W v w w i / w w v w \ w w w w ' w w w w v w w w w A/WVWWVWWNAI /vvvvvvvvvvvvvvvvvvvvvvvvvvi WVWWVWI/VN / W W W V 

TRINKEY 

FORMATION 

SPRINGFIELD 

BLACK JACK 

GROUP 

WALLALA 

FORMATION 

COOGAL 

SUBGROUP 

CLARE SANDSTONE 

BENELABRI FM, 
HOWES HILL 

CAROONA 
HOSKISSONS GOAL 

BROTHERS 

SUBGROUP 

• ARKARULA 
' FORMATION 

PAMBOOLA 

FORMATION 

WATERMARK 

FORMATION 

GROUP 

PORCUPINE 

FORMATION 

MAULES CREEK 

FORMATION 

GOONBRI a LEARD 
FORMATIONS 

GROUP 
BOGGABRI VOLCANICS 

WERRIE BASALT 

METAVOLCANICS & 

METASeOIMErFTS 

TO' 
iQ-.-o 

GARRAWILLA 

VOLCANICS 

GARRAWILLA 

VOLCANICS 

/vv^A/vvvvvvvvvvvv^AlVVvvvv^A/̂ A'Vvvv^A/ /vvvvvvvvvvvv\^AAVVVvvvvvvvvvvvvvvvv 

NAPPERBY 

LACUSTRINE SYSTEM 

NAPPERBY 

DEPOSITIONAL EPISODE 

DIGBY ALLUVIAL SYSTEM 

WWVWWWWWVWVWWVVWWWVWN wvwwvvwvvwvwvwvvwvvvwwwv> 

EASTERN FLUVIAL 

LACUSTRINE & WESTERN 

FLUVIAL SYSTEMS 

HOSKISSONS PEAT-SWAMP SYSTEM 
ARKARULA SHALLOW-

MARINE SYSTEM 

UPPER WATERMARK/ 

LOWER BLACK JACK 

DELTA SYSTEMS 

PORCUPINE - LOWER 

WATERMARK 

MARINE-SHELF SYSTEM 

LEARD - MAULES CREEK 
ALLUVIAL/LACUSTRINE 

SYSTEMS 

BOGGABRI VOLCANICS 

WERRIE BASALT 

DIGBY 

DEPOSITIONAL EPISODE 

EASTERN 

(UPPER BLACK JACK) 

DEPOSITIONAL EPISODE 

WESTERN 

(UPPER BLACK JACK) 

DEPOSITIONAL EPISODE 

UPPER WATERMARK-

LOWER BLACK JACK/ 

ARKARULA 

DEPOSITIONAL EPISODE 

LEARD-MAULES CREEK/ 

PORCUPINE-

LOWER WATERMARK 

DEPOSITIONAL EPISODE 

VOLCANIC EPISODES 

Appendi.x 2 contains a full size version of this table. 
This new stratigraphy for the Gunnedah Basin has recentiy been published in: Tadros, N.Z.. 1995b: 
Gunnedah Basin. In Ward, C.R.. Harrington, H.J., Mallett, C.W. and Beeston, J.W. (editors): 
Geolog\' of Australian Coal Basins. Geological Society of Australia Coal Geology Group Special 
Publication. 1, 247-298. 
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systems and facies) to fulfil the requirements for formal lithostratigraphic classifications (e.g. 

formations and members). Such a classification is based on recognition of a stratum or an 

assemblage of adjacent strata as a distinct identity that can be defined by one or more of its 

observable physical features i.e. differentiated on the basis of rock kind and lithologic character 

(Staines 1985). The formation is the primary formal unit of lithostratigraphic classification, and 

practicability of mapping and delineation on cross sections is an important consideration in its 

establishment (Staines 1985). A member is a part of a formation that is recognised as a named entity 

because it possesses distinguishing lithologic characters (Staines 1985). Hamilton (1993a) proposed 

that the depositional system corresponds to lithostratigraphic units of "formation" or "group" status and 

facies components may afford definition at "member" status. 

In applying the genetic stratigraphic analysis concept to the Black Jack stratigraphic sequence, the 

author found that depositional complexes (consisting of one or more depositional systems that were 

deposited during a distinctive depositional episode) afforded lithostratigraphic unit of subgroup status 

in which a number of depositional systems share common lithologic character and formed under 

distinctive physical conditions. For example, the lower part of the Black Jack stratigraphic sequence 

(figure 2.1), which is characterised by deltaic and shallow marine sedimentation, was deposited during 

the later part of the Upper Watermark - Lower Black Jack/Arkarula Depositional Episode of Hamilton 

(1993a). Rocks of this part of the sequence are mainly lithic and show distinct marine character. 

They comprise the Lower Black Jack Delta System at the base overtain by the Arkarula Shallow-

Marine System at the top. Towards the sub-basin centre, channels of the south-easteriy flowing 

Western Bed-load Fluvial System interacted with marine processes to form small wave-dominated 

deltas and beach ridge facies (Hamilton 1987). In this study, each of these depositional systems has 

been assigned formation status within the Brothers Subgroup (figure 2.1). 

The upper part ofthe Black Jack stratigraphic sequence formed during two depositional episodes; the 

Western Depositional Episode followed by the Eastern Depositional Episode (table 2.2). 

Depositional systems of each of these depositional episodes produced sediments with different 

composition. Depositional systems of the Western Depositional Episode are dominated by westeriy-

derived quartz-rich sediments, whereas those of the Eastern Depositional Episode are lithic and 

volcanic-lithic in composition. This contrast in lithology plus mappability of the depositional systems 

qualified them for formation status. Formations of the Western and Eastern Depositional Episodes 

have been assigned to the Coogal and Nea Subgroups respectively with the formations of each 

subgroup having significant unifying lithologic features in common (table 2.2). 

Similariy, this genetic approach to the stratigraphic subdivision of the Black Jack sequence has been 

applied to all other parts ofthe Gunnedah Basin sedimentary fill where possible. 
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2.2 FLOOR OF THE GUNNEDAH BASIN 

2.2.1 BOGGABRI VOLCANICS AND WERRIE BASALT 

Late Carboniferous to Eariy Permian silicic to mafic volcanic rocks form the effective basement/floor 

for much of the Gunnedah Basin east of the Rocky Glen Ridge (Mullaley and Maules Creek Sub-

basins, figure 4.1). The exposed parts ofthe Boggabri Ridge in the east provide the only documented 

outcrops of the basal volcanic units in the basin. Recently, however, Tadros (1993f) reported an 

outcrop north of Coonabarabran consisting of silicic volcanic rocks indisfinguishable from the Boggabri 

Volcanics north of Boggabri. Where intersected by drilling in the Mullaley Sub-basin, the basal 

volcanic sequence consists mostiy of undeformed lavas, tuffs and intercalated sediments. Mafic 

volcanic rocks were intersected in most drill holes except along the western margin of the Mullaley 

Sub-basin and in an area between Gunnedah and Narrabri in the north-east, where silicic volcanic 

rocks are present (figure 2.2). 

Hanlon (1949a), Russell (1981) and Beckett etal. (1983) have correlated the silicic volcanic rocks with 

the Boggabri Volcanics (Hanlon 1949c), and the intermediate to mafic volcanic rocks with the Werrie 

Basalt, both of Eariy Permian age. On the basis of outcrop at Gunnedah, Hanlon (1949a) considered 

the Boggabri Volcanics and Werrie Basalt to be coeval. Leitch (1993) considered basal silicic volcanic 

(rhyolitic lavas and pyroclastic units) outcrops at Gunnedah, known as the "Gunnedah Volcanics" (e.g. 

Manser 1965a, b), to be of similar composition and stratigraphic position to, and therefore 

synonymous with, the Boggabri Volcanics. Based on usage, the term Boggabri Volcanics is now 

preferred. A detailed discussion on the composition of the basal volcanic rocks is given by Leitch 

(1993). 

The top ofthe basal volcanic units is deeply weathered, and this is taken to indicate an unconformity 

on top ofthe basal volcanic sequence. 

2.2.2 LACHLAN FOLD BELT BASEMENT 

Metavolcanic and metasedimentary rocks of the Lachlan Fold Belt form much of the basement 

underneath the Gilgandra Sub-basin in the western part ofthe Gunnedah Basin (figure 2.2). Outcrops 

of Palaeozoic talcose schist, phyllite, slate and tuff are present to the north of Coonabarabran and 

represent the exposed part of the Rocky Glen Ridge. Ignimbritic volcanic rocks with affinity to the 

Lachlan Fold Belt were intersected at the base of DM Arrarownie DDH 1 located on the subsurface 

extension ofthe Rocky Glen Ridge, some 60 km north of Coonabarabran (figure 2.2; Leitch 1993). 

Low grade metamorphosed quartzose sandstone and argillites of the Lachlan Fold Belt were 

encountered in AMOSEAS (American Overseas) Baradine West Nos. 1 and 2. Detailed description of 

the Lachlan Fold Belt rocks forming the floor of the Gunnedah Basin is given by Leitch (1993). 
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Metasedimentary and metavolcanic rocks of the Lacfilan Fold Belt 

150° 

Figure 2.2. Distribution of major lithological uruts ofthe floor , or basement, to the Gunnedah Basin. 
Based on cores and cuttings from 47 boreholes in the basin and surface mapping by Manser 
(1965a, b); McPhie (1984); Hiti (1986); Voisey (1964); Kenny (1964); and Hanlon (1949a; 
1950a). From Leitch 1993. 
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PERMIAN STRATIGRAPHY 

2.3 BELLATA GROUP (New: Tadros 1993a, 1995b) 

Named after Bellata, some 50 km north of Narrabri, the Bellata Group (table 2.2; Tadros 1993a) 

comprises all Eariy Permian lithostratigraphic units in the Gunnedah Basin, viz. the Leard, Goonbri 

and Maules Creek Formations. 

Type section 

The type section for the Bellata Group is a composite of the type sections for the contained 

formations. 

Lithology 

The Bellata Group consists of three distinct lithological units: a flint clay, conglomerate, sandstone, 

siltstone unit commonly interbedded with coal (Leard Formation); a dark organic-rich siltstone to 

claystone laminite unit upward coarsening through to burrowed, graded siltstone - claystone to 

medium-grained sandstone (Goonbri Formation) and a third unit consisting of lithic conglomerate, 

sandstone, claystone, quartzose sandstone and coal (Maules Creek Formation). 

Relationships and boundary criteria 

This group unconformably overiies the basal volcanics, and the contact with the overiying Late 

Permian marine Millie Group varies from conformable to unconformable. 

Age and evidence 

Age ofthe Bellata Group is Eariy Permian Stage 3 to Upper Stage 4a (McMinn 1993). 

Correlations 

The Leard and Maules Creek Formations of the Bellata Group are broadly correlated with the Greta 

Coal Measures in the Sydney Basin, whereas the Goonbri Formation is time-equivalent of the 

uppermost part ofthe Dalwood Group (McMinn 1981; Thomson 1986a, b). 

Palaeoenvironment 

The Bellata Group comprises mainly colluvial, fluvial, lacustrine and coal measure deposits. 

2.3.1 LEARD FORMATION (Re-definition: Tadros 1993a) 

The Leard Formation (Brownlow 1981b) is the basal unit in the Gunnedah Basin sedimentary 

sequence (table 2.2). Named after the Leard State Forest, approximately 20 km north-east of 

Boggabri, the Leard Formation was infonnally introduced by Brownlow (1976; 1977) and fonmally defined by 
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Brownlow (1981b). The Leard Formation as described by Brownlow (1981b) comprises a lithologically 

distinctive Eariy Permian fiint claystone (pelletal claystone) present in outcrops on the eastern side of 

the Boggabri Ridge and in drill core from exploration holes in the Maules Creek Sub-basin. 

The only previously documented outcrops ofthe flint claystone sequence (Brownlow 1981b) occur in 

the Leard State Forest, particulariy along the eastern margin of the outcrops of the Boggabri 

Volcanics. The outcrops are sporadic and generally of less than two metres relief. They have a 

characteristic weathering pattern of small patches of angular claystone granules at the base of a small 

ledge, which marks the base ofthe overiying Maules Creek Formation (Brownlow 1981b). This author 

mapped flint clay outcrops in the banks of a small creek to the west of Wondobah Road along the 

south-western outskirts of Gunnedah. 

The distinctive lithology was first specifically recorded by Loughnan (1975a, b), who described Eariy 

Permian flint clays from the Wingen, Muswellbrook, Willow Tree and Gunnedah areas. Tadros (1982) 

described a 17.4 m section of similar claystone in DM Boggabri DDH 2 and extended the correlation to 

the western side of the Boggabri Ridge to the west of Boggabri township. The term Leard Formation 

has since been used to encompass all pelletal claystones which rest on the weathered basal volcanic 

rocks in the Gunnedah Basin, north ofthe Liverpool Range. 

Type section 

Brownlow (1981b) assigned the 8.63 m interval between 460.93 m and 469.56 m in DM Maules Creek 

DDH 5 (GR 315214, Manilla 1:250 000 sheet) as the type secfion for the Leard Formation. 

Reference section 

Core from the interval 581.07 m to 594.00 m in DM Benelabri DDH 1 is taken as the reference section 

for the Leard Formation in the Mullaley Sub-basin (figure 2.3). 

Thickness 

The Leard Formation forms a thin veneer a few metres thick in the Maules Creek Sub-basin. In the 

Mullaley Sub-basin, the Leard Formation is disconfinuous and, where present, thickness is variable 

with a maximum ranging from 12 m-17.5 m. 

Lithology 

Brownlow (1981b) defined rocks of the Leard Formation as consisting of buff coloured fiint clay, 

conglomerate, sandstone and siltstone, commonly interbedded with coal. The clasts are kaolinite clay 

pellets, generally less than 25 mm in diameter and commonly containing relict volcanic textures 

(Loughnan 1975a, b). The rock parts with a conchoidal fracture. A black carbonaceous matrix and 

interbeds of typically dull coal may be present, particulariy towards the top. 
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Relationships and boundary criteria 

The Leard Formation is a diachronous unit (Thomson 1984; 1986a, b), which overiies irregulariy 

eroded and in part deeply weathered surt̂ aces on the Boggabri Volcanics (and Werrie Basalt?; table 

2.2). The formation is best described as forming a thin discontinuous veneer on the basal volcanic 

rocks. 

The boundary between the Leard Formation and the underiying basal volcanic rocks in the Maules 

Creek and Mullaley Sub-basins is not readily distinguishable as the formation is in part a colluvial 

deposit derived mainly from weathering of the basal volcanic rocks. The upper boundary is taken at 

the lowermost occurrence of lithic sediments which constitute the overiying Maules Creek Formation 

(Brownlow 1981b). In the Maules Creek area, the Leard Formation exists below the lower seams of 

the Maules Creek Formation distal to the Boggabri Ridge (Thomson 1986b). Close to the ridge the 

Leard Formation underiies the upper seams. In the Maules Creek Sub-basin, clastic units and coal 

seams extend from the Maules Creek Formation into the Leard Formation prior to onlap against the 

basal volcanics (figures 2.4 and 2.5) indicating that a seam can be a member of both formations, as 

noted by Crosdale (1982). It follows that deposition of the Leard Formation and Maules Creek 

Formation occurred at the same time in different parts of the basin (Thomson 1986b). In the Leard 

Forest area, outcrop of the Leard Formation parallels that of the Boggabri Volcanics (McPhie 1984) 

because, as mentioned above, the Leard Formation forms a veneer on the basal volcanic rocks — but 

the Maules Creek Formation onlaps the Leard Formation and the Boggabri Volcanics where present. 

BORE A BORE B 

Maules Creek 

Formation 

Boggabn 

Ridge 

V V V ^ - - - ^ 
V v v 

V V V V 
V V V V '^^^^^—^^LEARD FORMATION 

BOGGABRI V V V v v v v v v 
VOLCANICS 

Figure 2.4. The diachronous nature ofthe Leard Formation and its relationship to the Maules Creek 
Formation. Away from the Boggabri Ridge in the Maules Creek area the Leard Fonnation 
exists below the lower seams of the Maules Creek Formation. Close to the ridge the Leard 
Formation underlies the upper seams (modified firom Thomson 1986b) 
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Figure 2.5, a south-west to north-east oriented section through the Maules Creek area, also illustrates 

the time transgressive nature ofthe Leard Formation. 

The upper boundary of the Leard Formation in the Mullaley Sub-basin is recognised by contrast in 

lithology between the pelletal claystones and the lithic sediments of the overiying Maules Creek 

Formation. Recognition of the boundary is not significantiy hampered by thin intercalations of pelletal 

claystone which are locally present in some areas within the lithic sequence because the boundary is 

defined by the lowermost occurrence of the lithic sediments above the pelletal claystone. 

Age and evidence 

Morgan (1976a, b) assigned an Eariy Permian Lower Stage 4 palynological zone age to the Leard 

Formation from DM Maules Creek DDH 2 and DM Maules Creek DDH 5. Thomson (1986b) 

suggested that the development of a deep weathering profile on the Boggabri Volcanics occurred from 

the Late Carboniferous through the Eariy Permian, until the remnant volcanic highs along the 

Boggabri Ridge were finally covered during deposition ofthe Porcupine Formation. 

Correlation 

The Leard Formation is a lithological correlative of the Skeletar Formation, the basal unit in the Greta 

Coal Measures in the Hunter Valley ofthe Sydney Basin (table 2.3). 

Pa/aeoenw'ronmenf 

Both colluvial and alluvial pelletal claystones are present in the Mullaley Sub-basin (Tadros 1982; 

Beckett et al. 1983). Tadros (1982) recognised that, in the area west of the township of Boggabri 

(figure 2.6), colluvial claystone occupies topographic lows on the surface of the basal volcanic rocks 

and forms discontinuous lenses overiain by thinly bedded alluvial pelletal claystone. Later, Thomson 

(1986b) considered the pelletal claystone in the Mullaley Sub-basin to be dominantly alluvial. 

2.3.2 GOONBRI FORMATION (Re-definition: Tadros 1993a) 

The Goonbri Fonmation (Thomson 1986b unpubl; Thomson, in Etheridge 1987; table 2.2) is named 

after Goonbri Mountain (GR 334092, Boggabri 1:100 000 sheet). The formation as originally defined 

by Thomson (1986b) exists in the Maules Creek Sub-basin in the subsurface over 12 km^ in the 

central northern portion ofthe Boggabri 1:100 000 sheet area around longitude 150°12'E, latitude 

30°34'S, north of Goonbri Mountain. No surface outcrops are reported for the Goonbri Formation. 

Subsequent wori^ by Etheridge (1987) and Tadros (1993a, e, g, h) has indicated that, in the Mullaley 

Sub-basin, the Goonbri Formation is present in the central parts of the Bellata and Bohena Troughs, 

respectively. 
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Figure 2.6. a) East-west cross-section in the area west of Boggabri. Colluvial claystone of the Leard 
Formation occupies topographic lows on the surface ofthe basal volcaiuc rocks, 

b) Structure contours on the basal volcanic rocks and location of cross-section AB in figure 2.6a 
(from Tadros 1993h, fig. 8.2) 
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Type section 

Thomson (1986b) assigned the inten/al from 145.04 m to 340.73 m intersected with a dip of 50° in 

Kembla Coal and Coke Pty Ltd (vertical) borehole KCC Maules Creek DDH 44 (ISG coordinates 

224951 m E, 1616906 m N) as the type section for the Goonbri Formation. A corrected thickness in 

excess of 125 m is postulated. However, drilling terminated within the unit so the lower boundary has 

not been identified. Tadros (1993a) assigned a new type section for the Goonbri Formation from DM 

Bellata DDH 1 between 1007.1 m and 1112.7 m (figure 2.7). 
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Figure 2.7 Type section ofthe Goonbri Formation in DM Bellata DDH 1 (modified from Etheridge 1987, fig. 4) 

Thickness 

In the Maules Creek Suti-basin the Goonbri Formation is in excess of 125 m thick. In the Bellata 

Trough the Goonbri Formation is 105.6 m thick in DM Bellata DDH 1. In the Bohena Trough, the 

sequence is about 79 m thick in AMOSEAS Bohena 1, and 35 m thick in AMOSEAS Pilliga 1, some 

14 km to the south, and wedges out towards the surrounding basement highs (American Overseas 

Petroleum Ltd 1963; 1964). 

Lithology 

Etheridge (1987) described the sequence from DM Bellata DDHl as consisting of mainly dark 

organic-rich siltstone, thin layers of coal, and graded siltstone - claystone laminite, upward coarsening 

through burrowed, graded siltstone - claystone and laminated fine-grained sandstone and siltstone to 
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fine and medium-grained, moderately well sorted sandstone. The sandstones are up to 3 m thick, 

overiain in places by coal and root-penetrated and disturbed siltstone and very fine sandstone. The 

sandstones are composed of approximately equal proportions of angular quartz and rock fragments, 

with between 3% and 5% feldspar (microcline). The formation has intertDeds of pelletal reworked 

weathered volcanic rocks near its base. 

Relationships and boundary criteria 

Thomson (1986b) suggested that in the Maules Creek Sub-basin the Goonbri Formafion 

unconformably overiies and onlaps the Boggabri Volcanics (of Hanlon, 1949c) and the Leard 

Formation if present. The presence of pelletal clay interbeds near the base of the Goonbri Formation 

in DM Bellata DDH 1 indicates that the Leard Formation had been reworked by the lake processes 

which formed the Goonbri Formation. Thomson (1986b) suggested a conformable relationship with 

the overiying Maules Creek Formation, and because of absence of coal in DM MAC DDH 44 he used 

the lowermost coal to marie the top of the Goonbri Formation. However, Etheridge (1987) considered 

the Goonbri Formation in DM Bellata DDH 1 to be disconformably overiain by the Maules Creek 

Formation. The disconformity (?non-deposition) is indicated by a palynological zone gap between the 

formations (absence of Lower Stage 4 sediments: McMinn 1986a, c; Etheridge 1987). 

Age and evidence 

Microfioras in the Goonbri Formation are somewhat restricted, but can be assigned to the Eariy 

Permian Stage 3 of Price (1976) and McMinn (1981d): viz. the interval between the first occurrence of 

Granulatisporites trisinus and Thymospora cicatricosa. The abundance of monosaccate pollen (i.e. 

Plicatipollenites spp.) also indicates an Eariy Permian age (Thomson 1986b). The sequences in DM 

Bellata DDH 1, AMOSEAS Bohena No. 1 and Mid-Eastern Oil (MEO) Pilliga No. 1 are equivalent in 

age. 

Correlation 

The Goonbri Formation is approximately time equivalent to the uppermost part of the Dalwood Group 

ofthe Hunter Valley (table 2.3). 

Palaeoenvironment 

Thomson (1986b) suggested that the Goonbri Formation, in the Maules Creek Sub-basin, is an Eariy 

Permian lacustrine unit and that lacustrine deposition was terminated by prograding fluvial 

sedimentation ofthe Maules Creek Formation mainly from the Boggabri Ridge in the west. Etheridge 

(1987) interpreted the Goonbri Formation in DM Bellata DDH 1 as a sequence of regressive lacustrine 

units. Tadros (1993a, e, g, h) has indicated that the Goonbri Formafion is present in the deepest parts 

ofthe Bellata and Bohena Troughs in the Mullaley Sub-basin. 
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2.3.3 MAULES CREEK FORMATION (Re-definition: Tadros 1993a) 

The name for the Maules Creek Formation is drawn from the village of Maules Creek (Brownlow 

1981b), some 24 km north north-east of Boggabri. Sediments of the Maules Creek Formation were 

previously part of the "Nandewar Group" (Hanlon 1949a, b; 1950a, b; table 2.1), but that term was 

abandoned and replaced by the Leard and Maules Creek Formations (Brownlow 1981b). 

The Maules Creek Formation (Brownlow 1981b; table 2.2) onlaps the eastern and western sides ofthe 

Boggabri Ridge and crops out extensively between the Ridge and the Mooki Fault System and at 

Gunnible Mountain and Gunnedah. However, all outcrops represent discontinuous sections of the 

uppermost part of the Maules Creek Formation or the eastern and western "feather edge" on the 

Boggabri Ridge (figure 2.8). In the Maules Creek Sub-basin the Maules Creek Formation is possibly 

overiain conformably by equivalents of the Porcupine Formation on Timor Mountain (Brownlow 

1981b). In the Mullaley Sub-basin the Maules Creek Formation is present mainly in the subsurface, 

except for a few outcrops near Gunnedah. 

Type section 

Brownlow (1981b) assigned the interval from the surface to 500.10 m depth in ABB 

(Amax/BHP/Boggabri) Boggabri DDH 2 (221785 m E and 1613414 m N) as the type section for the 

Maules Creek Formation. 

Reference section 

Core from the interval 351.0 m to 400.0 m in DM Denison DDH 1 is taken as the reference section for 

the Maules Creek Formation in the Mullaley Sub-basin (figure 2.3). 

Thickness 

The Maules Creek Formation is best developed in the Maules Creek Sub-basin east of the Boggabri 

Ridge, where it attains a thickness in excess of 800 m and is possibly thicker adjacent to the Mooki 

Fault. West ofthe Boggabri Ridge, however, the formation is generally less than 120 m thick (figures 

2.2 and 2.8). 

Lithology 

In the Maules Creek Sub-basin, the Maules Creek Formation is dominated by conglomerate with 

lesser amounts of sandstone, siltstone, claystone and coal (Thomson and Flood 1984; figure 2.3 and 

2.9). 

In its type area (Brownlow 1981b) the Maules Creek Formation consists of lithic conglomerate and 

coarse sandstone (about 50% of the sequence), and lithic fine to medium sandstone, siltstone and 

claystone (about 40%). Typically bright coals in beds up to 8 m thick (about 10% of the sequence) are 
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Figure 2.8. Isopachs (m) ofthe Maules Creek Fonnation in the Mullaley and Maules Creek Sub-basins 
(from Tadros 1993g, fig. 7.1) 
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present within the sequence. A sequence of silicified, laminated siltstones, with recorded thicknesses 

up to 10 to 15 m, commonly occurs at the base ofthe formation in the Leard State Forest. 

West ofthe Boggabri Ridge in the Mullaley Sub-basin, Thomson (1986b, 1993) subdivided the Maules 

Creek Formation into three distinct zones (figure 5.1) a northern zone containing quartz-rich 

sandstone; a central zone consisting of volcanogenic sediments; and a south-eastern zone 

characterised by fine-grained sediments rich in coal. 

Relationships and boundary criteria 

The Maules Creek Formation overiies and onlaps the Leard and Goonbri Formations and underiies the 

Porcupine Formation (table 2.2 and figure 2.5). The lower boundary is taken at the base of the lithic 

sediments above the pelletal claystone of the Leard Formation. There is a considerable contrast in 

composition between the Maules Creek Formation and the underiying Leard and Goonbri Formations, 

but definition of the boundary is sometimes difficult due to interbedding of the pelletal claystone and 

other clastic detritus. Thin pelletal claystone layers have also been obsen/ed in coal seams of the 

Maules Creek Formation (Thomson 1984). 

The top ofthe Maules Creek Formation has generally been eroded in the Maules Creek Sub-basm. In 

the Mullaley Sub-basin the boundary between the Maules Creek Formation and the overiying 

Porcupine Formation is sharp and in the west of the sub-basin represents a disconformity (Manser 

1965a, b; Evans 1967a, b; Runnegar 1970; Bourke and Hawke 1977). In the central and southern 

parts of the Mullaley Sub-basin, the two formations interfinger (Beckett ef al. 1983), and along the 

eastern side ofthe sub-basin the Maules Creek Formation is overiapped by the Porcupine Formation. 

Age and evidence 

In its formal definition in the Maules Creek Sub-basin (Brownlow 1981b), the Maules Creek Formation 

was assigned to the Eariy Permian Lower Stage 4 (Morgan 1976a, c). McMinn (1993) assigned the 

majority of the Maules Creek Formation in the Mullaley Sub-basin to Upper Stage 4, with only the 

base ofthe formation occasionally extending into Lower Stage 4. 

Correlation 

The Maules Creek Formation is a stratigraphic equivalent of the Rowan Formation which forms the 

larger part ofthe Greta Coal Measures in the Hunter Coalfield in the Sydney Basin (table 2.3). 

Palaeoenvironment 

In the Maules Creek Sub-basin to the east of the Boggabri Ridge, the Maules Creek Formation is an 

alluvial-fiuvial coal-bearing unit in which clastic sedimentation was dominated by braided streams of 

the Scott and Donjek types of Miall (1978). In the Mullaley Sub-basin to the west of the Boggabri 
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Ridge, the formation is also an alluvial - fiuvial sequence with three distinct zones different in 

composition and coal content (Thomson 1993). 

2.4 MILLIE GROUP (New: Tadros 1993a, 1995b) 

Tadros (1993a) named marine sediments of the Porcupine and Watermark Formations the Millie 

Group (table 2.2) after the Parish of Millie, south-west of Gunnedah. 

Sediments of this group have limited surface exposure, but extend in the subsurface over almost the 

entire area ofthe Mullaley Sub-basin. 

Type section: 

The type section for the Millie Group is a composite of the type sections for the contained formations. 

Lithology: 

Massive para- and orthoconglomerates characterise the basal part of the Millie Group. The middle 

part is a bioturbated mixture of sandstone and mudstone upward-fining to siltstone and mudstone. 

The upper part consists of a bioturbated sequence of siltstone, sandstone upward-coarsening to sandy 

siltstone and silty sandstone. 

Relationships and boundary criteria: 

The boundary with the underiying Bellata Group is conformable in the central part of the sub-basin, 

intercalating in the south and unconformable over basal volcanics along the sub-basin margins. 

Age and evidence: 

The base ofthe Millie Group is diachronous, ranging from Late Permian Upper Stage 4 palynological 

zone in the south-east to Lower Stage 5b in the north and west (McMinn 1993). 

Correlations: 

The two formations in the Millie Group have been correlated with equivalents in the marine Maitland 

Group in the Sydney Basin (table 2.3). 

2.4.1 PORCUPINE FORMATION (Re-definition; McDonald, Skilbeck and Tadros 1993) 

Named after Porcupine Hill, about 3 km south-east of Gunnedah, the term Porcupine Formation was 

introduced by Hanlon (1949a) and subsequentiy used by other workers (e.g. Manser 1965a b; Beckett, 

etal. 1983). 
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The Porcupine Fonnation (table 2.2) is present mainly in the sub-surface over much of the Mullaley 

Sub-basin area from Bellata in the north to Quirindi in the south-east (figure 2.10). In the Maules 

Creek Sub-basin, sediments of the basal part of the formation have been intersected in one drill hole 

only, in the north-east of the sub-basin. In outcrop the Porcupine Fonnation is present mainly at the 

Porcupine Lookout near Gunnedah, Mills Ridge to the east of Curiewis and in the Deriah Forest area 

to the east of Nanrabri. In addition, two isolated outcrops of the fonnation occur north of Mount 

Kaputar (Russell 1981). 

Type section 

The type section for the Porcupine Formation is herein defined to be in DM Femer DDH 2 

(249066 m E, 1535912 m N) from 330.0 m to 502.4 m. 

Thickness 

Thickness of the Porcupine Formation ranges from 0 m to 10 m along the westem margin of the 

Mullaley Sub-basin, 20 m to 60 m in the north and from 30 m to >172 m in the south and south-east, 

with the thickest areas in the south-east (figure 2.10). The formation is 172.4 m thick in the type 

section. 

Lithology 

The lithological sequence of the Porcupine Formation is characteristically upward-fining from a 

massive paraconglomerate at the base with a pooriy sorted sandstone and siltstone matrix, through an 

ortho-conglomerate with a moderately sorted lithic sandstone/siltstone matrix, to a homogeneous 

bioturbated mixture of sandstone and mudstone with a few clasts and traces of Zoophycus burrows 

(McDonald and Skilbeck 1991; and Skilbeck and McDonald, 1993). The conglomerate clasts are 

composed dominantly of silicic volcanic rock types. An upward-fining, bioturbated, silt-dominated 

homogeneous mixture of siltstone and mudstone with rare clasts and indistinct lamination is present at 

the top. There are also sporadic traces of Zoophycus (McDonald and Skilbeck 1991; Skilbeck and 

McDonald 1993). 

Relationships and boundary criteria 

The Porcupine Formation overiies the Maules Creek Formation with a conformable boundary in the 

central part of the Mullaley Sub-basin. Along the sub-basin margins the lower contact is 

unconformable over basement rocks (cL figure 12.25 in Skilbeck and McDonald 1993). The upper 

boundary ofthe Porcupine Formation is gradational with the Watermark Formation. It is typified by a 

transitional facies consisting of a bioturbated homogeneous mixture of siltstone and mudstone with 

rare erratics ("dropped pebbles") and can be widely correlated across the sub-basin (McDonald and 

Skilbeck 1991). This transitional facies grades upwards to the basal part ofthe Watenmark Formation, 
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Figure 2.10. Isopachs (m). Porcupine Formation (modified from Skilbeck and McDonald 1993) 
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which is an intensely bioturbated and burrowed (Zoophycus) sandy siltstone and mudstone, with 

bryozoans and shell fossils (facies 4 of Skilbeck and McDonald, 1993). 

Age and evidence 

The Porcupine Formation is diachronous, ranging from Permian Upper Stage 4 in the southem 

Mullaley Sub-basin to Lower Stage 5b in the north (McMinn, 1993). 

Correlation 

The Porcupine Formation is equivalent to the Snapper Point Fonmation (Herbert 1980a) in the Sydney 

Basin and has been correlated with the Branxton Formation and Muree Sandstone in the northern 

Sydney Basin (Beckett et al. 1983; table 2.3). 

Palaeoenvironment 

The Porcupine Formation represents a Late Permian marine incursion in the Gunnedah Basin. 

Skilbeck and McDonald (1993) advocated an environment in which a transgressive fan delta complex 

developed adjacent to a lowland fault escarpment. The coarse-grained sediment was delivered to the 

marine environment and prograded irregulariy by large scale Gilbert type foreset accretion. 

2.4.2 WATERMARK FORMATION (Re-definition: Tadros, McDonald and Skilbeck 1993) 

The name for this formation comes from Mount Watermark, some 10 km west of Breeza Village. The 

term Watermark Formation was introduced by Hanlon (1949a) to describe a shaly marine unit in the 

area west and north of Mount Watermark Trigonometrical Station, but Russell (1981) and Beckett et 

al. (1983) extended its application to cover the Gunnedah - Narrabri - Coonabarabran region of the 

Gunnedah Basin. Herein the application of the term Watermark Formation (table 2.2 and figure 2.1) 

has been extended to cover much of the area of the Mullaley Sub-basin north of the Liverpool Range. 

Outcrop of the Watermark Formation is limited to a small area to the west of Gunnedah and to the 

Mount Watermark area. In the subsurface the formation is present over much of the Mullaley Sub-

basin area from Narrabri in the north to south of Quirindi, beyond the limit of borehole coverage 

underneath the Liverpool Range. 

Type section 

The type section for the Watermark Formation is contained in DM Brown DDH 1 (228989 m E, 

1547008 m N) between 199 m and 377 m. 
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Thickness 

The thickness ofthe Watermark Formation in its type secfion is 178 m, with a maximum thickness of 

230 m in the Breeza - Quirindi area. 

Lithology 

The lower part of the Watermark Formation is characterised by an upward-fining sequence of sandy 

siltstone at the base, silty sandstone, dark grey siltstone, through to siltstone/claystone laminite at the 

top. Fossil zones containing brachiopod shells and bryozoans are common. Bioturbation is intense 

and has destroyed most of the primary sedimentary structures but, where preserved, parallel 

lamination predominates, indicating that sedimentation was principally from suspension settling 

(Hamilton 1987). 

The upper part of the Watermark Formation consists of two lithologically distinctive units forming a 

major upward-coarsening succession. The lower unit, which is absent north of Boggabri (figures 2.1 

and 5.4) consists of a finely laminated siltstone and claystone, with littie or no bioturbation. In drill 

core the rocks have a homogeneous appearance and fissile mechanical state (Hamilton 1987). The 

rocks also contain sporadic ice-rafted "dropped pebbles", secondary calcite replacement zones, and 

glendonite crystals. The upper unit consists of well-developed upward-coarsening sequences of grey 

laminated siltstone, silty sandstone and siltstone/sandstone laminite at the top, with strongly 

bioturbated horizons. The percentage of sandstone increases towards the top of the sequence. The 

Watermark Formation sporadically includes a top layer of well-sorted clean fine- to coarse-grained 

sandstone. 

Relationships and boundary criteria 

The Watermark Formation has an upward-fining transitional contact with the underlying Porcupine 

Formation, passing from a bioturbated homogeneous mixture of siltstone and mudstone with sporadic 

silicic volcanic "dropped pebbles" and indistinct lamination to intensely bioturbated and burrowed 

(Zoophycus) sandy siltstone and mudstone, with bryozoans and shell fossils. The upper boundary is 

commonly gradational but can be recognised by a change from well-sorted, clean, fine to coarse

grained sandstone to a coal-bearing, organic matter-rich sequence of lithic sandstone, siltstone, 

claystone and conglomerate (Hamilton 1985a; 1987). 

The Watermark Formation is recognised by an upward-fining and intensely burrowed sequence of 

sandy siltstone, silty sandstone and dark-grey siltstone in the lower part. In the upper part, the 

sequence is upward-coarsening from finely laminated, fissile, dark-grey siltstone claystone to well 

developed upward-coarsening sequences of siltstone/sandstone, with strongly bioturbated horizons. It 

is distinguished from the underiying Porcupine Formation by almost a total absence of "dropped 

pebbles". 
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Age and evidence 

The Watermark Formation spans much of the Permian Lower Stage 5b to Lower Stage 5c 

palynological zone (McMinn, 1993). 

Correlation 

The correlative of the Watermark Formation on the southern side of the Liverpool Range is the 

Mulbring Siltstone and its equivalents in the Sydney Basin. The Berry Siltstone (at least the lower 

part) is the correlative in the south-eastern corner of the Gunnedah Basin (the Ulan - Rylstone area) 

and the western part ofthe Sydney Basin (Beckett etal. 1983; table 2.3). 

Palaeoenvironment 

The lower part of the Watermark Formation represents the maximum extent of Late Permian marine 

transgression into the Gunnedah Basin (Hamilton 1991), whereas the upper part represents marine 

regression associated with deposition of the subaqueous part of the Black Jack Delta System. The 

lower part of the overiying Black Jack Formation represents the subaerial part of the delta system and 

the ultimate disappearance of marine infiuence. Hamilton (1991, 1993a) assigned the lower part of 

the Watermark Formation sequence to his "Porcupine - lower Watermark Marine-shelf System, and 

the upper part to his "Upper Watermark - lower Black Jack Delta Systems". 

2.5 BLACK JACK GROUP (Variation of rank and re-definition: Tadros 1993a, 1995b) 

Hanlon (1949a) named this sequence, which now comprises the Black Jack Group (table 2.2), after 

Black Jack Mountain to the south-west of Gunnedah. He assigned formation status to the sequence 

and described it as consisting of a sequence of sandstone, shale, conglomerate, chert, thin layers of 

limestone and coal. Britten and Hanlon (1975) provided a brief description of the stratigraphy of the 

"Black Jack Coal Measures" in the Gunnedah - Curiewis area, but gave no clear definition for the 

lower boundary. Beckett et al. (1983) reviewed the original definition of the formation and divided the 

sequence into a number of widespread sedimentary facies. Hamilton (1985a) and Tadros (1986a, h; 

19931), on the basis of detailed sedimentological studies, further described the principal genetic 

sedimentary facies within the lower and upper parts ofthe formation respectively. 

The Black Jack "Formation" contains some very distinctive units which have been used as 

stratigraphic markers, such as the Arkarula Sandstone Member, the Hoskissons "Coal Member" and 

the Clare Sandstone "Member". Other named members are the Melvilles Coal Member, "Allara Shale 

Member" (Britten and Hanlon 1975) and "Goran Conglomerate Member" (Beckett et al. 1983; table 

2.2). Some names are now abandoned. The lithological characteristics of many of these units are so 

persistent over large areas of the Mullaley Sub-basin that they can qualify for a separate formation 
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Status. Tadros (1993a) granted some of these units formation status and elevated the Black Jack 

Formation to a group level to encompass the new formations. 

Outcrop of the Black Jack Group is limited to a narrow north-north-westeriy trending zone of 

discontinuous hills extending from Breeza in the south-east to Boggabri in the north. In the 

subsurface, sediments of the Black Jack Group are present over much of the area of the Mullaley 

Sub-basin (figure 2.11). To the east and north of the outcrop zone, the Black Jack Group is mostly 

eroded or covered by Quaternary alluvium. 

Type section 

The core interval from 348.7 m to 614.3 m in DM Springfield DDH 1 (228904 m E, 1524844 m N) is 

taken as the type section for the Black Jack Group. 

Thickness 

The Black Jack Group averages approximately 200 m in thickness over a large area of the Mullaley 

Sub-basin north of the Liverpool Range, but thickens from less than 50 m in the west to in excess of 

470 m in the south-east (figure 2.11). The Group is 265.6 m thick in the type section. The Black Jack 

Group has been partially eroded in various parts of the basin, particulariy in the north and north-east. 

The eastern subcrop is determined by the erosional surfaces of the Permo-Triassic and Quaternary 

unconformity surfaces. 

Lithology 

The Black Jack Group is divided lithologically into three subgroups (described below; table 2.2): the 

Brothers Sut>group at the base, the Coogal Sut>group in the middle and the Nea Sut>group at the top. 

The basal Brothers Subgroup consists of three lithological units: 

1) basal lithic coal-bearing unit (Pamboola Formation), 

2) a dominantly lithic sandstone, claystone and conglomerate unit (Arkarula Formation), and 

3) a quartz-rich sandstone unit (Brigalow Formation). 

The Coogal Subgroup in the middle ofthe Black Jack Group consists of three units: 

1) a major coal unit (Hoskissons Coal) at the base overiain in the east by 

2) an organic-rich mudstone-dominated unit (Benelabri Formation) overiain by 

3) a quartz-rich sandstone sequence (Clare Sandstone). 

The Nea Subgroup at the top of the Black Jack Group comprises two units: 

1) a dominantly lithic conglomeratic unit (Wallala Formation) at the base, and 

2) a tuffaceous coaly unit (Trinkey Formation) at the top. 

Several igneous intrusions, some more than 80 m thick, are also present within the Black Jack Group, 

particulariy in the Breeza - Gunnedah region and south-west towards Quirindi. Detailed discussion of 
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Figure 2.11. Isopachs (m). Black Jack Group in the Mullaley Sub-basin (from Tadros 1993h) 



66 GUNNEDAH BASIN - STRATIGRAPHY 

igneous intrusions in the sedimentary sequence of the Gunnedah Basin, including the Black Jack 

Group, is given in Martin (1993). Appendix 2 contains comprehensive data tables showing all igneous 

intrusions intersected within the different stratigraphic units in the Gunnedah Basin and the overiying 

Surat Basin. 

Relationships and boundary criteria 

Sediments of the Black Jack Group are conformable with the underiying rocks of the Millie Group and 

the boundary is characterised by upward change from well-sorted clean sandstone to either erosively 

and pebbly-based thick interbeds of fine- to coarse-grained lithic sandstone, or carbonaceous siltstone 

and claystone with abundant plant debris. The Black Jack Group is unconformably and erosively 

overiain by the Triassic Digby Formation (table 2.2). The boundary is recognised by contrast in 

lithologies and geophysical characteristics of the two formations. The boundary is easily recognised 

where the basal conglomerates of the Digby Formation are in contact with coal, tuff, tuffaceous 

sediments or pyroclastic units of the Late Permian Black Jack Group. It is possible to recognise the 

boundary even where Black Jack conglomerates are in contact with those of the Digby Formation. 

Close examination of the rocks in drill core indicates that although framework clasts may in some 

cases look similar, matrix is predominantly argillaceous and rich in tuff and pyroclastic detritus in the 

Permian Black Jack Group conglomerates, but sandy lithic in the Triassic Digby conglomerate. This 

contrast in matrix composition is cleariy refiected in the geophysical log patterns of the Permian and 

Triassic conglomerates. 

Age and evidence 

Palynological assemblages indicate a Late Permian age for the Black Jack Group extending from 

Lower Stage 5c to Upper Stage 5. Microreticulatisporites bitrianqularis first appears in the upper zone 

above the Hoskissons Coal (McMinn 1993). 

Correlation 

The Black Jack Group has been correlated with the Wittingham and Wollombi Coal Measures of the 

Hunter Coalfield and the lllawarra Coal Measures of the Western and Southern Coalfields of the 

Sydney Basin (table 2.3). This Sydney Basin stratigraphy and terminology have long been in use in 

areas ofthe Gunnedah Basin south ofthe Liverpool Range. 

Pa/aeoenv/ronmenf 

The Black Jack Group is characterised by upward-diminishing marine infiuence (Tadros 1986b, 19931) 

and by abundant coal in deltaic sediments in its lower part (Hamilton 1985a; 1987; 1993b) and fiuvial-

lacustrine deposits in the upper part (Tadros 1986a, b; 1993i). 



2. LFTHOSTRATIGRAPHY 67 

A. BROTHERS SUBGROUP (New: Tadros 1993a, 1995b) 

Named after the Parish of Brothers west of Breeza, this subgroup (table 2.2 and figure 2.1) 

comprises 3 formations (Pamboola, Arkarula and Brigalow Formations) with outcrops mainly near 

Gunnedah. 

Type section 

The type section for the Brothers Subgroup is a composite of the type sections for the contained 

formations. 

Lithology 

The Brothers Subgroup consists predominantly of lithic sandstones and siltstones with coal seams in 

the lower part (Pamboola Formation), and burrowed silty sandstone (Arkarula Formation) in the upper 

part in the eastern part of the Mullaley Sub-basin, north of the Liverpool Range and quartz-rich 

sandstone (Brigalow Formation) in the western and north-western parts ofthe sub-basin. 

Relationships and boundary criteria 

The Brothers Subgroup conformably overiies marine sediments of the Watermark Formation and 

underiies the Hoskissons Coal (figure 2.1). 

Age and evidence 

The Brothers Subgroup is Late Permian in age spanning Lower Stage 5c to Upper Stage 5 (McMinn 

1993). 

Palaeoenvironment 

Sediments of this subgroup are either marine or infiuenced by marine conditions except along the 

western and north-western margins ofthe Mullaley Sub-basin. 

2.5.1 PAMBOOLA FORMATION (New: Tadros 1993a, 1995b) 

Named after Pamboola Creek near the type section, the Pamboola Formation (table 2.2) occurs 

mainly in the subsurface of the Mullaley Sub-basin and is absent only in the west (figure 2.12). This 

unit forms a significant and characteristic part ofthe Black Jack sequence. 

Type section 

A section, 46.5 m thick from 176.5 m to 223 m in DM Denison DDH 1 (385054m E, 1585274m N) is 

taken as the type section for the Pamboola Formation (figure 2.1). 
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Figure 2.12. Isopachs (m), Pamboola Formation (modified from the isopach map of the lower delta plain facies 
of Hamilton 1987, fig. 3.17) 
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Thickness 

The Pamboola Formation ranges in thickness from 0 m in the far west along the western margin of the 

Mullaley Sub-basin, to 89 m in the north, and to more than 206 m in the south-east (figure 2.12). 

Lithology 

This formation consists mainly of lithic sandstone, siltstone, claystone, conglomerate and intercalated 

coals in generally upward-coarsening and sporadic upward-fining sequences. Interbeds, 3 m to 15 m 

thick, of fine- to coarse-grained sandstone with finely macerated organic matter and coaly fragments 

and erosive pebbly bases, form an important part of the Pamboola Formation. Lenticular-bedded, 

fine-grained sandstone and siltstone intercalated with parallel-laminated sandstone and claystone 

containing abundant burrows form a large part of the fonnation. Also intercalated are minor 

sequences of ripple, parallel and wavy-laminated sandstone, siltstone and claystone upward-fining to 

carbonaceous claystone and capped by coal seams (Hamilton 1987). The Melvilles Coal Member is 

an important and regionally extensive coal present in the lower part ofthe formation. 

Relationships and boundary criteria 

The Pamboola Formation overiies the Watermark Formation with a boundary characterised by a 

change from well-sorted clean sandstone to either erosively and pebbly-based thick interbeds of fine-

to coarse-grained lithic sandstone, or to carbonaceous siltstone and claystone with abundant plant 

debris. The boundary with the overiying Arkarula Formation in the south is characterised by a change 

from a coal-bearing sequence of sandstone, siltstone and claystone to the overiying very distinctive 

sequence of fine- to medium-grained sandstone with sporadic zones of very coarse detritus and 

abundance of subvertical mud-lined worm burrows. In the north, the boundary with the Arkarula 

Fonnation is characterised by a change to a succession containing well-sorted medium-grained 

sandstone, pooriy sorted strongly bioturbated silty sandstone and a distinctive bioturbated silty 

sandstone with silicic volcanic pebbles. 

Age and evidence 

The Pamboola Formation is of Late Permian age, spanning the palynological range of Lower Stage 5c 

(McMinn 1993). 

Correlation 

The formation can be loosely correlated with similar units in the Sydney Basin: the lower Tomago Coal 

Measures in the north; the lower Nile Subgroup (table 2.3) in the west; and the Pheasants Nest 

Formation in the south. 
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Palaeoenvironment 

Sediments of the Pamboola Formation represent deposition of the subaerial component of a major 

delta system (figure 2.1), mainly from distributary channels and crevasse splays and in 

interdistributary bay, lagoon and marsh areas of the lower delta plain environment (Hamilton 1987). 

Deposition was accompanied by favourable peat-forming condifions. 

Melvilles Coal Member (Re-definition: Tadros 1993a, 1995b) 

Hanlon (1949a, pp. 245, 246) proposed the name "Melville's Seam" for a seam which "had been 

prospected at Gladston's adit, in a shaft adjacent to the Gunnedah Colliery Main Adit, in an inclined 

shaft near the old Preston Colliery Adit, and in Melville's Well" after which, it appears, the seam was 

named. The seam was described as "lower in grade (than the Hoskisson's seam above) and has a 

maximum thickness of about 8 feet [2.44 m] including bands" (Hanlon 1949a, p. 246). Britten and 

Hanlon (1975) named the seam the Melvilles Coal Member, but provided very little additional 

information. 

The Melvilles Coal Member crops out in the central Gunnedah area sub-parallel to the Hoskissons 

Coal outcrop between Gunnedah and Preston Extended Collieries. In the subsurface, the Melvilles 

Coal Member is widely distributed over much of the eastern half of the Mullaley Sub-basin north of the 

Liverpool Range (figure 2.13). In the south-easternmost part ofthe sub-basin the coal member splits 

into several seams separated by sandy deposits. 

Type section 

Seam No. 8 in DM Clift DDH 4 (235518 m E, 1536744 m N) is 3.11 m thick between 111.47 m and 

114.58 m (figure 2.14) and is taken as the type section for the Melvilles Coal Member. 

Thickness 

The Melvilles Coal Member is generally 2.5 m to 3.2 m thick in the eastern part of the Mullaley Sub-

basin and thins towards the west. Locally in the area south-west of Boggabri the coal member is up to 

5.31 m thick (in DME Narrabri DDH 31). 

Lithotype profile (Lithology) 

The Melvilles Coal Member consists predominantty of moderate to high vitnnite coal with subordinate 

thin layers of fine-grained sandstone, carbonaceous siltstone/claystone and tuff It is characterised by 

a consistent and correlatable coal lithotype profile (figure 2.14), except where the coal has 

deteriorated locally to carbonaceous siltstone and claystone (figure 2.15 and 2.16). Pyrite in the form 

of lenses, nodules and framboids is irregulariy distributed throughout the coal member and sometimes 

concentrated towards the top (Tadros et al. 1987). 
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Figure 2.13. Isopachs (m), Melvilles Coal Member (modified from Hamilton et al. 1993, fig. 20.11) 



72 GUNNEDAH BASIN - STRATIGRAPHY 

08 
rHn 

111-47m f^^ 

UPPER 

SECTION 

PERSISTENT SHALY LAYER 

3.11m 

L O W E R 

S E C T I O N 

114-58m 

B 

L ^ 
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Figure 2.16. Litiiotype (brightness profiles), Melvilles Coal Member (from Hamilton et al. 1993, fig. 20.12). 
The cross-section nms south-west - north-east, approximately parallel to the depositional dip. 
For full borehole names see appendix 1. For location see figure 2.13 

The coal lithotype profile of the Melvilles Coal Member consists of two sections separated by a 

persistent shaly layer (figure 2.14). The lower section consists of two main plies: a basal ply (A) 

generally characterised by moderately bright coal, disrupted by thin clastic layers; and a top ply (B) 

although generally variable in character ranging from dull to bright, have a tendency to show an 

upward-dulling profile in some places. The upper section also consists of two main plies: a lower ply 

(C) containing moderately bright coal with no apparent vertical change in coal character; and a top ply 

(D) variable in character and includes both bright and dull coal layers as well as carbonaceous 

horizons. Ply (D) is separated from the underiying ply (C) by a zone of carbonaceous shale layers, but 

is apparently not developed in the northern part of the Mullaley Sub-basin (figure 2.15). The lithotype 

profile of the Melvilles Coal Member has been described in detail by Tadros et al. (1987b) and 

Hamilton ef a/. (1993). 

Relationships and boundary criteria 

The Melvilles Coal Member is present roughly in the middle of the Pamboola Formation. The coal 

member, therefore, is underiain and overiain by a variety of sediments characteristic of this formation, 

mainly fine-grained sandstone, carbonaceous siltstone and claystone, and to a lesser extent thick beds 

of medium- to coarse-grained lithic sandstone. 
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Age and evidence 

The Melvilles Coal Member is lies within the Late Permian Lower Stage 5c palynological zone 

(McMinn, 1993). 

Palaeoenvironment 

The Melvilles Coal Member formed in a lower delta plain environment (figure 2.1) as a blanket peat 

which covered a slowly subsiding platform of abandoned deltaic sediment. The coal member overiies 

a variety of deltaic facies (which comprise the encompassing Pamboola Formation), including 

distributary channel, crevasse splay and interdistributary bay deposits (Hamilton 1987). 

2.5.2 ARKARULA FORMATION (Variation to published name and re-definition: Tadros 1993a,1995b) 

The name of this formation was derived from "Arkarula" homestead, west of Gunnedah. Britten and 

Hanlon (1975) introduced the name Arkarula Sandstone Member for a 22 m thick massive medium-

grained even-textured sandstone distinguished by abundant subvertical tubular impressions "likely to 

be worm burrows". Tadros (1993a) elevated this unit to formation status (table 2.2) and extended its 

usage to cover much of the Mullaley Sub-basin south of Narrabri (except where the unit is absent in 

the west and north-west). 

The Arkarula Formation is present in the subsurface over the central and south central parts of the 

Mullaley Sub-basin. The abundance of prominent subvertical mud-lined worm burrows throughout the 

sandstone of the Arkarula Formation provides a distinctive marker horizon below the Hoskissons Coal 

and has long been used by mine workers in the central Gunnedah area for seam correlation. 

Type sections 

The assigned type section for the Arkarula Formation is 23 m thick in DM Millie DDH 1 (206200 m E, 

1563016 m N), from 340.0 m to 363.0 m (Tadros 1993a). 

Reference section 

The reference section for the Arkarula Formation has a thickness of 31 m in DM Turrawan DDH 2A 

(189881 m E, 1632521 m N) between 324 m and 355 m (Tadros 1993a; figure 2.1). 

Thickness 

The Arkarula Formation reaches a maximum recorded thickness of 22 m to 24 m in the Gunnedah 

Colliery area, and up to 51 m in the north ofthe Mullaley Sub-basin. 

Lithology 

The Arkarula Formation consists of an overall fining-upwards sequence of fine- to medium-grained 

lithic sandstone characterised by very distinctive subvertical mud-lined worm burrows and sporadic 

zones of very coarse detritus. The unit may grade upward into alternating sequences of pooriy sorted 
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Silty sandstone and siltstone. Locally the upper few metres of the unit become quartz - lithic, 

particulariy towards the north and west. At its top, the Arkarula Formation contains finely interbedded 

sandstone and siltstone, upward fining to laminated organic-rich siltstone and fine-grained sandstone, 

with lenticular bedding, oscillation ripples, load casts, mud cracks and mud drapes. 

Locally, the top of the Arkarula Formation may contain up to 3 m of organic-rich black mudstone, 

which grades into the basal part ofthe overiying Hoskissons Coal. 

From about 25 km south-west of Boggabri north-west to Narrabri the Arkarula Formation consists 

principally of well-sorted medium-grained sandstone with a thin pebbly base. The sandstone may 

coarsen up and locally become conglomeratic, or may change into pooriy sorted strongly bioturbated 

silty sandstone and mud-dominated sequences. A distinctive unit of a pooriy sorted pebbly sandstone, 

crudely upward-fining and erosively based, may develop in the mud-dominated sequence. This unit 

contains silicic volcanic clasts up to pebble grade in size in a bioturbated medium-grained silty 

sandstone matrix. In the northernmost part of the Mullaley Sub-basin the unit may contain mud-

dominated sequences with abundant disarticulated brachiopod shells (Hamilton 1987). 

Relationships and boundary criteria 

The Arkarula Formation overiies the Pamboola Formation and underiies the Hoskissons Coal (table 

2.2 and figure 2.1). The lower boundary is characterised by the appearance of the very distinctive 

burrowed sandstone above the coal-bearing sequence of the Pamboola Formation which consists of 

sandstone, siltstone and claystone. The Arkarula Formation grades laterally to the west and south

west and locally in the north into the quartz-rich Brigalow Formation. The upper boundary is marked 

by a change from finely interbedded sandstone and siltstone to the overiying Hoskissons Coal, except 

in the west and north where the Arkarula Formation is overiain by the Brigalow Formation. 

Age and evidence 

A Late Permian age, spanning the palynological boundary between Lower Stage 5c and Upper Stage 

5, and containing spinose acritarchs, has been assigned to the Arkarula Formation (McMinn 1993). 

Correlation 

The Arkarula Formation is a lithofacies correlative of the Kulnura Marine Tongue in the Sydney Basin 

(table 2.3). 

Palaeoenvironment 

Hamilton (1985a; 1987) interpreted the sediments of the Arkarula Formation as a wave-dominated 

delta system, a southern component of the basin-wide Arkarula Shallow Marine System, and 

consisting of barrier-beach, nearshore sands and lagoonal deposits. Lithostratigraphically, the 
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lagoonal deposits are represented by the upper section of the Arkarula Formation. In the north, 

Hamilton (1985; 1987) interpreted the sediments as a tidal shelf system. 

2.5.3 BRIGALOW FORMATION (New: Tadros 1993a, 1995b) 

Named after the Parish of Brigalow, the Brigalow Formation (Tadros 1993a; table 2.2) is present in the 

subsurface in the western and northern areas ofthe Mullaley Sub-basin. 

Type section 

The formation is represented by a 7.5 m type section in DM Brigalow DDH 2 (361568 mE, 

1574703 m N) between 508.5 m and 516.0 m. 

Thickness 

Generally, the thickness ofthe Brigalow Formation ranges from 0 m to 28 m. 

Lithology 

The Brigalow Formation consists dominantly of medium- and coarse-grained to pebbly, medium-

bedded quartzose sandstone. It has a sharp base, commonly erosively overiying the Arkarula 

Formation. Medium-scale tabular and trough cross-stratification are dominant. Subordinate fine

grained sandstone finely interbedded with siltstone and carbonaceous siltstone also occur (Hamilton 

1987). 

Relationships and boundary criteria 

In the north-west of the Mullaley Sub-basin the Brigalow Formation overiies, and grades laterally in a 

south-easteriy direction into, the northern conglomeratic sandstone facies of the Arkarula Formation 

(table 2.2 and figure 2.1). Locally in the west, where the Arkarula Formation is absent, the Brigalow 

Formation overiies the Pamboola Formation. The Brigalow Formation has an overall fining-upward 

character and is overiain by the Hoskissons Coal (Tadros 1993a, i). 

Age and evidence 

This unit contains the first appearance of Dulhuntyispora parvithola, which marks the boundary 

between Late Permian Lower and Upper Stage 5 palynological zones (McMinn 1993; table 2.2). 

Correlation 

The Brigalow Formation is a lithological correlative of the Marrangaroo Conglomerate in the western 

area ofthe Sydney Basin and the Rylstone - Ulan area in the south-westernmost part of the Gunnedah 

Basin (table 2.3). 
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Pa/aeoenWronment 

The Brigalow Formation represents deposition of fluvial sediments along the western margin of the 

Mullaley Sub-basin. The sediments were deposited mainly by an easteriy and south-easteriy flowing 

bed-load channel system which emanated from the Lachlan Fold Belt in the west. 

B. COOGAL SUBGROUP (New: Tadros 1993a, 1995b) 

Named after the Parish of Coogal, west of Gunnedah, the Coogal Subgroup (table 2.2) has limited 

outcrop in the Gunnedah-Curiewis area, but extends in the subsurface over much of the Mullaley Sub-

basin from a few kilometres north of Narrabri, south to Quirindi and westward to the western margin of 

the Mullaley Sub-basin. 

Type section 

The type section for the Coogal Subgroup is a composite of the type sections for the contained 

formations. 

Lithology 

Thick coal at the base (Hoskissons Coal) overiain by organic-rich mudstone-dominated unit (Benelabri 

Formation) in the east and middle ofthe sub-basin and quartz-rich sandstone (Clare Sandstone) in the 

west. 

Relationships and boundary criteria 

The lower boundary of the Coogal Subgroup is the contact between the base of the Hoskissons Coal 

and the underiying burrowed sandstone and siltstone of the Arkarula Formation and the quartz-rich 

sandstones ofthe Brigalow Formation. The upper boundary with the Wallala Formation, the basal unit 

of the Nea Subgroup, is marked by a change in lithology from quartz-rich to lithic sediments, with the 

Breeza Coal Member at the interface. 

Age and evidence 

Late Permian Upper Stage 5 associated with the Microreticulatisporites bitrianqularis palynological 

zone. (McMinn 1993). 

2.5.4 HOSKISSONS COAL (Variation of rank and re-definition: Tadros 1993a, 1995b) 

Hanlon (1949a) briefly described the Hoskissons seam, which has been mined consistently in the 

central Gunnedah area at Gunnedah Colliery and at Preston and Preston Extended Collieries. Britten 

and Hanlon (1975) defined the Hoskissons "Coal Member" as being in the order of 30 m thick, with a 

worked subsection or seam at its base ranging from 2 m to 3 m. This basal subsection comprises 
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bright vitrinite-rich coal and grades upwards through hard splintery dull coal to cartDonaceous shale or 

becomes canneloid in appearance. Tadros (1988b) earned out detailed petrographic studies on the 

Hoskissons Coal "Member", and provided information on the vertical and lateral variations in its 

composition and character Tadros 1993j). Tadros (1993a) assigned formation status to this unit and 

named it the Hoskissons Coal (table 2.2). 

The Hoskissons Coal extends over much of the area of the Mullaley Sub-basin from just north of 

Narrabri to the limit of borehole information near Quirindi in the south-east and Coonabarabran in the 

south-west (figure 6.18). Subcrop and obscure outcrop of the Hoskissons Coal follow a line trending 

south-south-east from east of Nan-abri to north of Quirindi. 

Type section 

The "type section" is presented here as being in two boreholes: 

(a) North: DM Narrabri DDH IB (180937 mE, 1646036 m N) between 596.32 m and 608.41 m, 

consisting of plies A-F. 

(b) South-east: DM Caroona DDH 3 (250025 m E, 1531555 m N) between 93.92 m and 105.12 m, 

consisting of plies B-G. 

The relationship between the two sections is shown in (figure 9.6). 

Lithotype profile (Lithology) 

The Hoskissons Coal maintains a consistent lithotype profile over vast areas of the Mullaley Sub-basin 

(figure 10.3). Figure 9.6 compares two secfions from north and south of the basin to show the 

remarkable similarity in their character. 

The Hoskissons Coal consists predominantly of vitrinite-poor, inertinite-rich (dull) coal with subordinate 

layers of fine-grained sandstone, carbonaceous siltstone/claystone and tufL The formation is 

characterised by an upward-dulling coal lithotype profile consisting of two sections separated by a 

persistent tuffaceous marker layer (figure 6.19). The lower section consists of interiayered dull and 

bright coal at the base and dull coal with a few thin bright layers at the top. The upper section consists 

of a dull coal ply at the base, interiayered carbonaceous claystone, tuff and dull and bright coal in the 

middle and inter-layered dull and bright coal and carbonaceous layers at the top. The Hoskissons 

Coal increases in thickness to the north and south-east through repetition of the topmost and 

lowermost plies, respectively (Tadros 1988b). 

However, the proportion of the bright coal layers tends to be marginally higher in the additional top 

plies than in those immediately below. 
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Thickness 

Thickness of the Hoskissons Coal ranges from less than 1 m in the west, to more than 12 m in the 

north and to approximately 18 m in the south-east (figure 6.18). In the two boreholes representing the 

type section (figure 9.6) the coal formation in the northern section is 12.09 m thick whereas the 

southern section is 11.2m thick. 

Relationships and boundary criteria 

The Hoskissons Coal overiies the Arkarula Formation in an area extending from some 25 km south

west Boggabri to the central Gunnedah - Curiewis area and further southwards to Breeza, and the 

lower quartz-rich sandstone unit in the west and north (table 2.2). The coal interfingers with and is 

overiain by the Clare Sandstone in the west, in part this contact being erosional. Locally along the 

westem margin of the sub-basin, the Hoskissons Coal is split by the Clare Sandstone or removed by 

erosion. In the east, the top ofthe Hoskissons Coal is marked by a gradational transition from coal to 

massive dark-grey to black organic-rich mudstone of the Benelabri Formation (Tadros 1986a, b, 

19931, j). 

Age and evidence 

The Hoskissons Coal closely overiies the Arkarula Formation, which spans the palynological zone 

boundary between the Lower and Upper Stage 5, as indicated by the first appearance of 

Dulhuntyispora parvithola (McMinn. 1993). 

Correlation 

Several widespread coals in the Sydney Basin, including the Bayswater seam in the Hunter Valley, the 

Ulan seam in the Western Coalfield and the Woonona Coal Member in the Southern Coalfield are 

correlatives of, and occupy a similar stratigraphic position to, the Hoskissons Coal (Beckett et al. 1983; 

Hunt era/. 1986; table 2.3). 

Palaeoenvironment 

The Hoskissons Coal represents a significant period of negligible deposition of terrigenous elastics 

over all but the Mullaley Sub-basin periphery. Peat accumulated in vast swamps which developed on 

the extensive plain formed by marine regression. Initially the swamps formed behind coastal barriers 

and lagoons (Hamilton 1985a), but quickly developed as basin-wide fluvially influenced peat swamps. 

Westeriy sourced quartzose channel fills disrupted peat accumulation along the sub-basin's westem 

margin (Tadros 1986b; 1988a; 1993j). 
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2.5.5 BENELABRI FORMATION (Variation of published name and rank: Tadros 1993a, 1995b) 

Tadros (1986a, b) first described a distinctive mudstone-dominated unit above the Hoskissons Coal in 

the eastern part ofthe Mullaley Sub-basin, and recentiy (Tadros, 1993a) assigned a member status to 

this mudstone unit. In the next section, two coal seams within this unit (informal seams in Tadros 

1993a, h) are given member status (table 2.2). It is therefore considered appropriate to elevate the 

Benelabri Mudstone Member to a formation to accommodate the two new coal members. 

The Benelabri Formation is present over much of the eastern half of the Mullaley Sub-basin from 

Turrawan (25 km south of Narrabri) to west of Caroona in the south-east. The formation is absent in 

the western parts ofthe sub-basin and in a south-easteriy trending zone, 10 km - 15 km wide, between 

Breeza and Quirindi. 

Type section 

The type section for the Benelabri Formation is 33.92 m thick in DM Narrabri DDH 41 (387662 m E, 

1587493 m N) between 83.08 m and 116.0 m (see figure 7.4). 

Reference section 

The reference section for the formation has a thickness of 27.28 m in DM Benelabri DDH 3 (395758 m 

E, 1579103 m N) between 56.35 m and 83.63 m. 

Thickness 

The Benelabri Formation averages 20 m - 30 m. It reaches 35 m in thickness in the north and is up to 

68.35 m thick in the south-east in the east Caroona area (of this thickness, 13 m is coal). 

LrtA7o/ogy 

The formation has a characteristic overall upward-coarsening sequence of interbedded organic-rich 

mudstone, siltstone, coal seams and subordinate medium- to fine-grained quartzose sandstone. The 

sequence is distinctly cyclical. Each cycle is represented by an upward-coarsening sequence, 3-5m 

thick, consisting of organic-rich mudstone at the base, grading to mudstone/siltstone and graded 

siltstone/sandstone laminite with common burrows, which in turn passes into mainly sandstone at the 

top. Coal may develop in some cycles and the Howes Hill Coal Member is present at the top in the 

south-eastern area. Sandstone layers increase towards the upper cycles (see figure 6.20 for sand 

distribution in the Benelabri Formation in the Gunnedah Basin). Lenticular and flaser bedding, ripple 

lamination and desiccation cracks are common (Tadros 1986a, b; 1993a, h and i). 

Relationships and boundary criteria 

The Benelabri Formation overiies the Hoskissons Coal, often with a gradational boundary, and 

underiies the quartz-rich Clare Sandstone. Locally, where the Clare Sandstone is absent or removed 
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by erosion, the Benelabri Formation may also be partly eroded and directly overiain by the lithic 

conglomerates and sandstones ofthe Wallala Formation. 

Age and evidence 

McMinn (1993) assigned a Late Permian Upper Stage 5 age associated with the appearance of 

Microreticulatisporites bitrianqularis to the interval containing the Benelabri Formation (table 2.2). 

Correlation 

Based on the palynological assemblage, particulariy Microreticulatisporites bitrianqularis, McMinn 

(1982b) correlated this sequence in DM Doona DDH 1 with the Denman and Dempsey Formations in 

the northern Sydney Basin. The Benelabri Formation is also a lithological equivalent ofthe Baal Bone 

Formation in the western Sydney Basin (table 2.3). 

Palaeoenvironment 

Sediments ofthe Benelabri Formation are of lacustrine origin (Tadros 1986a, b, 1993a, h, i). They 

formed in a large lake system that extended over the eastern half ofthe Mullaley Sub-basin. Westeriy 

sourced (from the Lachlan Fold Belt) quartzose fluvial sediments were deposited around the margins, 

passing lakeward and upwards into organic-rich fine-grained sediments. Cyclic fluctuation of lake 

level caused marginal sediments to interfinger with lake basin sediments, and ultimately infilled the 

lake (Tadros 1986a, b; 1993h, I). 

Caroona Coal Member (New: Tadros, 1995) 

The Caroona Coal Member (table 2.2) is the lowermost of the upper Black Jack coals above the 

Hoskissons Coal and is confined to the south-eastern corner of the Mullaley Sub-basin north of the 

Liverpool range (figure 10.8). 

Type section 

Seam 2 in DM Caroona DDH 3 (250025.6 m E and 1531555.1 m N), which is 3.1 m thick between 

88.92 m and 91.82 m in depth, is the type section for the Caroona Coal Member (figure 10.9). 

Thickness 

The Caroona Coal Member ranges in thickness from 2.3 m to 3.4 m in its central area, but has a 

tendency to split, attaining greater aggregate thickness, towards the south-east (figure 10.8). 

Lithotype profile (Lithology) 

The Caroona Coal Member maintains a characteristic lithotype profile (figure 10.9) consisting of a 

bright layered basal section (up to 1 m), a dull and minor bright layered middle section (up to 1.3 m) 

and a bright layered upper section (averaging 0.5 m). Thin carbonaceous claystone layers separate 
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the three sections and thicken in a south-easteriy direction splitting the coal member into three 

discrete seams. Although generally brighter, the seam splits maintain their bright-dull-bright lithotype 

profile (figure 10.9). 

Relationships and boundary criteria 

Stratigraphically, the Caroona Coal Member is situated close to the base of the Benelabri Formation. 

A thin sediment wedge, consisting of fine-grained sediment, separates the Caroona Coal Member 

from the underiying Hoskissons Coal. Thickness of this wedge varies from a few centimetres in the 

west to 15 m in the east and south-east. The overiying sediments are mostly fine-grained mudstones 

characteristic ofthe Benelabri Formation. 

Age and evidence 

McMinn (1993) assigned a Late Permian Upper Stage 5 age associated with the appearance of 

Microreticulatisporites bitrianqularis to the interval containing the Caroona Coal Member (table 2.2). 

Palaeoenvironment 

The Caroona peats formed on the margin of a south-easteriy trending channel that carried quartz-rich 

sediments ofthe Western Fluvial System from the west and north-west (Tadros 19931). The peats 

also occupied the basal part of the Lacustrine System which extended over much of the eastern half 

ofthe Mullaley Sub-basin above the Hoskissons Coal. The position ofthe axial channel immediately 

before the deposition of the Caroona peats is shown on the percentage sandstone map of the 

Hoskissons to Caroona interseam interval (figure 6.24) as a narrow south-westeriy to southeriy 

trending high-sand zone consisting of quartz channel fill (Tadros 19931). The Caroona Coal Member is 

split and coal quality is at its lowest in boreholes in and around this zone. Coal quality generally 

improves westwards away from the main axial channel but the coal member thins abruptly and loses 

character in the west where it changes to organic-rich mudstone of the lake basin sequence above the 

Hoskissons Coal. 

Howes Hill Coal Member (New: Tadros, 1995b) 

Britten and Hanlon (1975) introduced the term "Wondoba Coal Member" for a coaly interval (15 m 

thick as shown on their generalised stratigraphy figure 4; see figure 1.7) above the Hoskissons Coal, 

from the Gunnedah Curiewis district, with bright coal towards the base. The term was not extensively 

used and has been abandoned. Extensive correlations of the coal seams in the upper part of the 

Black Jack Group have cleariy indicated that within the interval named Wondoba Coal Member there 

are two distinctly different coal seams with interseam sediments up to 52.76 m thick. The coal seams 

and the interseam sediments have been mapped in detail in Tadros 19931 (see also chapters 6-8 and 

10) and justifiably given separate new names and granted coal member status. The lower seam, the 
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Howes Hill Coal Member (table 2.2) covers the south-eastern quarter of the Mullaley Sub-basin north 

ofthe Liverpool Range (figure 10.13) and has con-elatives in the north. The upper seam, the Breeza 

Coal Member covers the southem half of the Mullaley Sub-basin north of the Liverpool Range (figure 

10.18), and also has correlatives in the north (defined and described in section 2.5.6 below). 

Type section 

The type section for the Howes Hill Coal Member is assigned to seam 8 in DM Howes Hill DDH 1 

(216971 m E and 1537034 m N) which is 2.77 m thick between 425.45 m and 428.22 m in depth 

(figure 10.14). 

Thickness 

The Howes Hill Coal Member ranges in thickness from 1 m to 4.95 m (figure 10.13). The coal 

member is absent in the east along a 5-10 km wide south-south-easteriy trending zone. 

Lithotype profile (Lithology) 

The Howes Hill Coal Member has a characteristic upward-dulling lithotype profile consisting of 

interiayered dull and bright coal plies at the base, dull coal with frequent bright layers in the middle, 

and mainly dull coal at the top (figure 10.14). Very persistent thin carbonaceous claystone and tuff 

layers separate the coal plies. Similar to the Caroona Coal Member, coal plies of the Howes Hill Coal 

Member tend to be brighter in the south-east (figure 10.14). 

Relationships and boundary criteria 

The Howes Hill Coal Member is stratigraphically situated at the top of the Benelabri Formation. The 

coal member underiies the quartz-rich Clare Sandstone and overiies fine-grained sediments of the 

Benelabri Formation. 

Age and evidence 

McMinn (1993) assigned a Late Permian Upper Stage 5 age associated with Microreticulatisporites 

bitrianqularis to the interval containing the Howes Hill Coal Member (table 2.2). 

Palaeoenvironment 

The Howes Hill Coal Member is absent along a narrow zone occupied by the main axial channel which 

separates the coal member into eastern and western areas (figure 10.13). The coal, particulariy in the 

westem area, is underiain by channel margin, floodplain and lacustrine deposits. Disruption and seam 

splitting occurs mainly along the margins of the axial channel complex as shown on the brightness 

profiles (figure 10.14). Coal quality improves away from the immediate margin of the channel but 

deteriorates in the area underiain by the lake basin sediments to the west and north-west. 
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2.5.6 CLARE SANDSTONE (Variation published name and rank: Tadros 1993a, 1995b) 

The Clare Sandstone (table 2.2) represents one of the few Permian stratigraphic units which has a 

reasonable outcrop in the Gunnedah Basin. The best known outcrop is in the central 

Breeza - Curiewis area, particulariy near the top of Mount Watermark, where very distinctive quartz-

rich sandstone beds form near-vertical cliffs up to 12 m high. 

This unit was first named "Clare Sandstone Member" after "Clare" homestead near Gunnedah by 

Waters (1971) to describe a 28.8 m section of sandstone containing quartz pebbles in Gunnedah 

Colliery Old Bore 2 (W128.596) and in outcrops. However the name was never formalised. Britten 

and Hanlon (1975) confirmed its informal status, and since 1980 the name has been strongly 

associated, through field usage and in the literature (Beckett et al. 1983; Hamilton and Beckett 1984; 

Hamilton 1985a, 1987, 1991; Hamilton et al. 1988) with quartz-rich sandstone encountered above the 

Hoskissons Coal in the regional drilling in the Mullaley Sub-basin. These sandstones have been 

mapped in detail (Tadros 19931) and have distinct lithological characteristics and mappable 

boundaries. The strong association of the "Clare Sandstone Member" with this mappable unit favours 

retaining the name. Consequently, Tadros (1993a) re-deflned the Clare Sandstone Member, extended 

its usage to encompass the area from Narrabri to Quirindi and westward to east of Coonabarabran, 

and elevated its status to formation level (table 2.2). 

Type section 

The type section for the Clare Sandstone is contained in DM Wallala DDH 1 (247698 m E, 

1527836 m N), between 195.5 m and 261.0 m (figure 2.17). 

Figure 2.17 Type section of the Clare Sandstone in DM Wallala DDH 1 
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Thickness 

The thickness of the Clare Sandstone in its type section is 65.5 m. Formation thickness ranges from a 

few metres in the western and northern parts of the Mullaley Sub-basin to more than 86 m in the 

south-east towards Quirindi. 

Lithology 

The Clare Sandstone consists predominantty of medium- and coarse-grained quartz-rich sandstone, 

with subordinate quartz conglomerate locally developed. Medium-bedded units with low-angle 

medium-scale tabular and trough cross-stratification generally form the main components in the unit. 

The unit sporadically changes to upward-fining thinner interbeds of sandstone/siltstone rich in plant 

debris and organic matter with small-scale trough cross-beds, fine ripples, ripple cross-lamination, 

climbing ripples, wavy and parallel laminations, clay drapes and laminated mud layers. The upper 

part of the unit comprises an upward-fining sequence of interiaminated thin siltstone and claystone, 

with the Breeza Coal Member at the top. Sporadic upward-coarsening sequences may also develop 

with internal erosional surfaces and palaeosols towards the top (Tadros 1986b; 19931). 

Relationships and boundary criteria 

Over much of the area of the Mullaley Sub-basin the Clare Sandstone overiies the Hoskissons Coal, 

but interfingers with and splits the coal into as many as three seams along the extreme western 

margin of the sub-basin. The unit also interfingers with the organic-rich mudstone unit over the 

eastem half of the sub-basin. The Clare Sandstone is overiain by the upper lithic sequence, with 

either an erosional or gradational contact. The upper boundary coincides with the top of the Breeza 

seam (table 2.2) (Tadros 1986b; 19931). 

Age and evidence 

The Clare Sandstone is of Late Pennian Upper Stage 5 age. The Benelabri Formation, which 

interfingers with the Clare Sandstone in the east is associated with the first appearance of 

Microreticulatisporites bitrianqularis (McMinn 1993). 

Correlation 

The Cockabutta Creek Sandstone Member (Yoo 1993) of the Glen Davis Formation in the Westem 

Coalfield ofthe Sydney Basin is a lithological equivalent ofthe Clare Sandstone (table 2.3). 

Palaeoenvironment 

Sediments of the Clare Sandstone were deposited mainly by an easteriy and south-easteriy flowing 

bed-load channel system which emanated from outcrops of the Lachlan Fold Belt in the west. 

Deposition was initially along the westem margin of the Mullaley Sub-basin and ultimately over the 

entire sub-basin. The Breeza Coal Member, which is present at the top of the formation marks the 
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change in deposition from the westeriy sourced quartz-rich sediments to the easteriy sourced 

volcanic - lithic sediments of the overiying Wallala and Trinkey Formations of the Nea Sub-group 

(Tadros 1986b; 19931). 

Breeza Coal Member (New: N.Z. Tadros, 1995b) 

The Breeza Coal Member (table 2.2) extends over much of the southern area of the Mullaley Sub-

basin north of the Liverpool Range and generally attains a thickness between 5 m and 7 m (figure 

10.18). 

See the introductory paragraph to the description of the Howes Hill Coal Member (section 2.5.5 

above) regarding obsolescence ofthe term Wondoba Coal Member (Britten and Hanlon 1975) and its 

relafionship to the newly defined and described Howes Hill and Breeza Coal Members. 

Type section 

Seam 4 in DM Breeza DDH 1 (231887.95 m E and 1541383.54 m N), which is 5.6 m thick between 

70.35 m and 75.95 m in depth, has been assigned as the type section for the Breeza Coal Member 

(figure 10.20). 

Thickness 

Thickness of the Breeza Coal Member ranges from 2 m - 6 m in the south-east, 3 m - 5 m in the 

north-east, 5 m - 6 m in the central area and where split in the west thickness it can exceed 8 m (figure 

10.18). 

Lithotype profile (Lithology) 

The typical lithotype profile of the Breeza Coal Member can be divided into 5 coal sections separated 

by tuff or claystone layers from 0.05 m to 0.35 m thick (figure 10.20). The two lowermost coal sections 

consist of dull coal with minor bright layers and there is a tendency for increased brightness towards 

the top. The middle section consists of a bright basal coal ply and a dull top ply. The basal of the two 

uppermost coal sections consists of dull coal with minor bright layers, and the top section consists of 

dull-bright coal. The coal member splits in the west, centre and south-east (figures 10.20) but can still 

be recognised because the coal sections maintain their character. 

Relationships and boundary criteria 

The Breeza Coal Member is present at the top of the quartz-rich Clare Sandstone. Lithic sandstone 

and conglomerate ofthe Wallala Formation are present directly over the coal member except along a 

zone - a few kilometres wide - in the east and south-east where the overiying sediments are of 

intermixed quartz-rich and lithic composition. 
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Age and evidence 

McMinn (1993) assigned a Late Permian Upper Stage 5 age based on Microreticulatisporites 

bitrianqularis (table 2.2). 

Palaeoenvironment 

The architecture of the sediments splitting the Breeza Coal Member indicates contemporaneous 

deposition from lacustrine and bed-load fiuvial systems. The percentage sandstone map of the Howes 

Hill to Breeza interseam interval (figure 6.30) defines a south-east trending axial channel complex of 

the Western Fluvial System and small south-east trending tributary streams along the western basin 

margin. Elsewhere, clastic deposition is insignificant except for crevasse-splay development off the 

axial channel complex west of Breeza (figure 6.30). This arrangement continued during accumulation 

of the Breeza Coal Member peats and greatly influenced seam distribution and coal quality. Splitting 

of the seam is most pronounced in the south-east where quartzose channel-fills of the axial complex 

were deposited. Minor splits, also by quartzose channel-fills, occur in the west from small south-

easteriy flowing tributary streams, and splitting in the central area is by flne-grained laminated 

lacustrine and marginal sandy crevasse-splay deposits (Tadros 19931). 

C. NEA SUBGROUP (New: Tadros 1993a, 1995b) 

The Nea Subgroup (table 2.2) has been named after the Parish of Nea, north-west of Breeza. 

Outcrops of this subgroup are generally poor and are preserved only where they are capped by more 

resistant rocks of the Triassic formations or Tertiary basalt. In the subsurface the Nea Subgroup 

extends in the subsurface over much ofthe Mullaley Sub-basin from a few kilometres north of Narrabri 

south to Quirindi and west to the westem margin ofthe sub-basin. 

Type section 

The type section for the Nea Subgroup is a composite of the type sections for the contained 

formations. 

Lithology 

The Nea Subgroup comprises two units: 

1) Wallala Formation: a predominantty conglomeratic unit at the base, present mainly along the 

eastern sub-basin area south of Boggabri; and 

2) Trinkey Formation: an overiying dominantly flne-grained tuffaceous coaly unit, which covers 

the entire sub-basin area south of Narrabri. 
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Relationships and boundary criteria 

The Nea Subgroup overiies the Clare Sandstone and is separated from the overiying Triassic Digby 

Formafion by the Permo-Triassic unconformity surface (table 2.2). The lower boundary with the Clare 

Sandstone is gradational along a narrow zone in the south-east, but is erosional in the north as it 

truncates the underiying beds down to the Benelabri Formation. A large part of the Nea Subgroup has 

been removed by erosion in the north-east (Tadros 19931). 

Age and evidence 

McMinn (1993) assigned Late Permian Upper Stage 5 age within the Microreticulatisporites 

bitrianqularis palynological zone to the rocks ofthe Nea Subgroup. 

Correlations 

The Nea Subgroup is a lithofacies equivalent of the Wallerawang Subgroup (the Gap Sandstone and 

Farmers Creek Formation) in the Western Coalfield of the Sydney Basin (table 2.3). It is also 

postulated that the subgroup is a lithofacies equivalent of the Wollombi and Newcastle Coal 

Measures. 

Palaeoenvironment 

Sediments of the Nea Subgroup are dominantly fluvial and were almost exclusively derived by 

streams emanated from alluvial fans farther to the east. 

2.5.7 WALLALA FORMATION (New: Tadros 1993a, 1995b) 

The Wallala Formation (table 2.2) is named after the Parish of Wallala and is present along the 

eastern and central areas of the Mullaley Sub-basin, north of the Liverpool Range, between Boggabri 

in the north and the Caroona - Quirindi area in the south-east (figure 2.18). 

A variably stratified granule to pebble conglomerate within this unit has been named the "Goran 

Conglomerate Member" by Beckett et al. (1983). They described this conglomerate as occurring near 

the base of their tuffaceous stony coal facies — i.e. the obsolete "Wondoba Coal Member" (Britten 

and Hanlon 1975; loosely equivalent to the Breeza Coal Member, Tadros 1993a, h, i). However, since 

its introduction by Beckett et al. (1983) the name has been incorrectly applied to all Permian 

conglomerates above the "Wondoba Coal Member", despite their different lithological composition and 

stratigraphic position. To alleviate this problem, Tadros (1993a) proposed that the term "Goran 

Conglomerate Member" should be abandoned and the encompassing Wallala Formation as defined 

here be formalised and given formation status. 
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Type section 

A 55.4 m drill core interval in DM Wallala DDH 3 (252539 m E, 1524344 mN) from 170.1 m to 

225.5 m has been selected as the type section for the Wallala Formation, 

Thickness 

Thickness of the Wallala Formation ranges from a few metres in the westem and northem margins of 

the formation to up to 54.4 m in its type section in the south-east. The formation is well developed in 

the Breeza area (DM Nea DDH 2) and west of Gunnedah to Mullaley (DM Goran DDH 1). 

Lithology 

Sediments of the Wallala Formation form an upward-fining sequence of lithic conglomerate, 

sandstone, siltstone, claystone and coal, with only minor amounts of tuff and tuffaceous sediments. 

The conglomerate forms horizontal, medium to massively bedded units, up to 5 m thick, interbedded 

with subordinate thin beds of sandstone, siltstone, claystone and coal. The conglomerate generally 

has good clast contact and medium to coarse-grained sandstone and claystone matrix. Pebbles are 

generally rounded, equant and consist of variable amounts of red, green and grey chert, jasper and 

both silicic and mafic volcanic clasts. Locally, in some areas in the south-east, the basal part of the 

conglomerate units are quartz-lithic, but the quartz content rapidly decreases upwards (Tadros 19931). 

Laterally, the conglomerate shows a gradual and progressive decrease in clast size towards the west. 

The lithic conglomeratic unit is generally topped by a fining-upward sequence of thinly bedded, fine

grained sandstone, siltstone and claystone (Tadros 1986b; 19931). 

Relationships and boundary criteria 

The Wallala Formation overiies the Clare Sandstone and underiies the Trinkey Formation (table 2.2). 

The lower boundary is marked by the top of the Breeza Coal Member and its equivalents in the north 

(see Tadros 19931). Where the Breeza Coal Member or its equivalents are absent, the lower boundary 

is marked by a change from quartz-rich sediments of the underiying unit to lithic conglomerates and 

sandstones. The upper boundary is marked by the base of the Clift seam, which is present mainly in 

the south. Where the Clift Coal Member is absent, the boundary is marî ed by a rapid increase in tuff 

and tuffaceous sediments (see Tadros 19931). The Wallala Formation is also marked by its blocky 

homogeneous geophysical log patterns with high neutron response in contrast to the signature of the 

underiying Breeza Coal Member and the highly serrated motif ofthe overiying tuffaceous coaly unit. 

Age and evidence 

Microfloras in the conglomeratic beds are fairiy restricted and core samples are often barren. 

However, finer grained sediments within the formation indicate Late Permian Upper Stage 5 within the 

Microreticulatisporites bitrianqularis palynological zone (McMinn 1993). 
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Correlation 

The Wallala Formation can be loosely correlated with the Gap Sandstone in the lllawarra Coal 

Measures ofthe Westem Coalfield in the Sydney Basin (table 2.3). 

Palaeoenvironment 

Sediments of the Wallala Formation were derived from the New England Fold Belt region by westeriy 

and south-westeriy flowing streams which emanated from alluvial fans located farther to the east 

(Tadros 1986b; 19931). The greater part of these alluvial fans have been eroded. However, thickly 

bedded coarse-grained conglomerate sequences present in the south-east in the Caroona - Quirindi 

area represent toes of the most extensive of these alluvial fans (Tadros 1986b; 19931). Fine-grained 

sediments of this formation represent the distal products ofthe alluvial system in the form of overbank 

and flood plain deposits. 

2.5.8 TRINKEY FORMATION (New: Tadros 1993a, 1995b) 

The Trinkey Formation (table 2.2) has been named after the Parish of Trinkey in the south-western 

part of the Mullaley Sub-basin north of the Liverpool Range. The formation is represented on the 

surface by a few scattered small weathered outcrops, generally of very poor quality, along the north-

north-west-trending outcrop zone in the east. In the subsurface, the unit extends over much of the 

area ofthe Mullaley Sub-basin (figure 2.19). Tadros (1993a) granted this unit a formation status for its 

distinctive lithological characteristics and unique composition. 

Type section and thickness 

The type section is 141.7 m thick in DM Trinkey DDH 1 (205418 m E, 1525491 m N) from 531.3 m to 

673.0 m. The formation reaches 258 m in thickness in the south-east towards Quirindi. 

Lithology 

The Trinkey Formation is dominated by finely bedded claystone, siltstone and fine-grained sandstone 

intercalated with tuff, tuffaceous sediments and abundant carbonaceous coaly matter and tuffaceous 

stony coal seams. Tuffs range from thinly bedded to massive. Common sedimentary structures are 

thin, planar laminations, small-scale cross-bedding, distorted bedding, root traces and abundant plant 

debris. The formation contains minor upward-fining sequences of cross-bedded, lithic sandstone with 

scour bases, and siltstone and claystone showing fine cross-lamination, climbing ripples and root 

traces. The Trinkey Formation also contains up to 40 m of medium to thickly bedded, lithic, granule to 

pebble conglomerate sequences consisting of chert and silicic volcanic clasts in a dominantiy 

tuffaceous sandstone matrix. Conglomerate beds in the Trinkey Formation are confined mainly to the 

south-eastern corner of the Mullaley Sub-basin north of the Liverpool Range, between Gunnedah, 
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Mullaley and Quirindi (figure 2.19). Bed thickness and clast size increase towards the south-east 

where the conglomerate forms a significant part (up to 40%) ofthe sequence (Tadros 19931). A lithic 

granule to pebble conglomerate unit, up to 29 m thick, is present at the top of the fomnation in the south

west. This unit has not been con-elated with the conglomerate beds in the south-eastern corner because 

of difficult coal seam correlations and different stratigraphic position within the Trinkey Formation. 

Relationships and boundary criteria 

The Trinkey Formation overiies the Wallala Formation and underiies Triassic sediments of the Digby 

Formation (table 2.2). The lower boundary is marked by the base of the Clift Coal Member in the 

south or, where the seam is absent, by a rapid increase of tuff and tuffaceous sediments, either as 

discrete beds or as matrix in the conglomerate. The upper boundary is the unconformity surface 

between the Permian and Triassic sediments (Tadros 1993a, e, h, i; also see relationships and 

boundary criteria for Black Jack Group section 2.5 above). 

Age and evidence 

A Late Permian age, within the Microreticulatisporites bitrianqularis palynological zone (Upper Stage 

5c) has been ascribed to the tuffaceous coaly unit (McMinn 1993). 

Correlation 

Broadly equivalent horizons to the Trinkey Formation include the Farmers Creek Formation of the 

lllawarra Coal Measures in the Western Coalfield ofthe Sydney Basin (table 2.3). 

Palaeoenvironment 

Sediments of the Trinkey Formation were exclusively derived from the New England Fold Belt region 

and deposited over much of the Mullaley Sub-basin by mixed-load streams in point bars, levees, 

crevasse splays and as suspended-load in backswamp areas. The south-east corner of the sub-basin 

was close to the New England source and received coarser sediments deposited from bed-load streams on 

toes of alluvial fans located farther to the east. Tuff and tuffaceous sediments were derived from tephra 

ejected contemporaneously from volcanoes in the New England region (Tadros 19931). 

Clift Coal Member (New: Tadros, 1995b) 

The Clift Coal Member (table 2.2) occupies much of the southern part of the Mullaley Sub-basin, north 

ofthe Liverpool Range, except in the west (figure 10.23). 

Type section 

The type section for the Clift Coal Member is assigned to seams 5 and 6 in DM Clift DDH 2 (231312 m 

E and 1538149 m N; figure 10.24). The total thickness of the coal in the two seams is 5.34 m between 

157.97 m and 167.38 m in depth. 
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Thickness 

Thickness ofthe Clift Coal Member ranges from 1.2 m in the north-east, 3 m - 4 m in the south-east to 

more than 5 m in the central west and, where split in the central east and in the west, thickness can 

exceed 10 m (figure 10.23). 

Lithotype profile (Lithology) 

The Clift Coal Member generally has a characteristic upward-dulling profile consisting of five sections 

separated by persistent claystone or tuff layers from 0.05 m to 0.3 m thick (figure 10.24). The lower 

two sections consist of interiayered dull and bright coal with increased frequency of bright layers 

towards the base. In the upper sections, the bright layers are less common and decrease 

progressively towards the top. In the south-east, the seam displays a similar trend but with generally 

brighter coal plies. The upper part of the Clift Coal Member loses character in the south-west due to 

excessive splitting and deterioration of coal quality making correlation of all but the basal two sections 

speculative in that area (figure 10.24). Splitting ofthe coal member also occurs (locally) in the north by 

volcanic-lithic sandstone ofthe Trinkey Formation interpreted as channel-fills which range in thickness 

from 2.5 m to 8 m thick. 

Relationships and boundary criteria 

The Clift Coal Member is present at the base of the Trinkey Formation and overiies sandstones and 

conglomerates of the Wallala Formation. 

Age and evidence 

McMinn (1993) assigned a Late Permian age, within the Microreticulatisporites bitrianqularis 

palynological zone (Upper Stage 5c) to sediments of the Trinkey Formation which contains the Clift 

Coal Member (table 2.2). 

Palaeoenvironment 

The percentage sandstone map for the Breeza to Clift interseam interval (figure 6.37) reflects the 

palaeogeography prior to accumulation of the Clift Coal Member peats and demonstrates the major 

change in sedimentation following renewed tectonic activity in the New England Fold Belt. Large 

tributary streams emanated from the New England region and flowed south-westeriy pushing the axial 

channel complex basinward (compare figures 6.30 and 6.37). This was accompanied by a dramatic 

change in sediment composition as the New England tributaries input volcanic-lithic detritus to the 

axial channel complex. A transition from quartzose, to mixed quartz/volcanic-lithic, and finally 

volcanic-lithic sandstones and conglomerates is documented in borehole intersections ofthe Breeza to 

Clift interseam interval (figure 7.21). South-westward expansion of the tributary streams, including 

some lateral migration, continued throughout accumulation of the Clift Coal Member peats accounting 
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for seam splitting by volcanic-lithic channel-fills and deterioration of coal quality in the north and 

south-east. Seam splitting in the south-west is also attributed to the south-westeriy expansion of the 

tributary facies. The percentage sandstone map for the sequence overiying the Clift Coal Member 

shows this area to be the focus of coarse clastic deposition (figure 6.40). 

Springfield Coal Member (New: Tadros, 1995b) 

The Springfield Coal Member (table 2.2) is present over much of the south-eastern part of the 

Mullaley Sub-basin, north ofthe Liverpool Range (figure 10.28). 

Type section 

The type section for the Springfield Coal Member is assigned to seam 9 in DM Trinkey DDH 1 

(228904 m E and 1524844 m N), which is 4.77 m thick between 649.23 m and 654.00 m in depth 

(figure 10.30). 

Thickness 

The coal member is 4.8 m thick in the central area (figure 10.28). It has a tendency to split and thin 

(with an accompanying loss of seam character) away from the central area and in the west, where 

splitting is excessive, correlation is speculative (figure 10.30). 

Lithotype profile (Lithology) 

The lithotype profile is characterised by several "dulling-upward" cycles ranging in thickness from 0.15 

m to 2.2 m (flgure 10.30). The basal section of the lowermost cycle consists of plies of up to 100% 

bright coal. Brightness decreases rapidly in the upper plies. This bright-dull arrangement is repeated 

in overiying cycles, but with a general tendency for a decreased overall brightness towards the top of 

the seam (figure 10.30). Discrete sediment layers separate the coal cycles. These layers vary in 

thickness from 0.1 m to greater than 0.3 m and in composition from tuff to tuffaceous sediments in the 

central and eastern areas to claystone and carbonaceous claystone elsewhere (figure 10.30). 

Relationships and boundary criteria 

The Springfield Coal Member is present within the Trinkey Formation with its characteristic fine

grained lithic sandstones, siltstones, claystones and tuff and tuffaceous sediments. 

Age and evidence 

McMinn (1993) assigned a Late Permian age, within the Microreticulatisporites bitrianqularis 

palynological zone (Upper Stage 5c) to sediments of the Trinkey Formation which contains the 

Springfield Coal Member (table 2.2). 
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Palaeoenvironment 

Peats ofthe Springfield Coal Member formed within an alluvial setfing as indicated by the percentage 

sandstone map of the sediments beneath the seam (figure 6.40). Contributory drainage patterns are 

recognised by the confluence of south and south-westeriy oriented sand-rich trends separating discrete 

interchannel areas. 

Pyroclastic detritus derived from contemporaneous volcanic activity in the New England Fold Belt 

disrupted peat accumulation in the uppermost part of the Trinkey Formation. Air-fall tuff frequently 

mantled the peat swamps, arrested peat growth and inhibited the development of seam character and 

continuity. 

TRIASSIC STRATIGRAPHY 

2.6 INTRODUCTION 

The Triassic sequence in the Gunnedah Basin, although represented by several outcrops of better 

quality than those of the Permian, has until recently suffered from diverse stratigraphic terminology 

and inadequate deflnition caused by lack of integrated basin-wide studies. The stratigraphic and 

structural relationships between the Permian and Triassic in the basin have been most uncertain and 

misunderstood. Kenny (1964) and Manser (1965a, b) considered that the Triassic Digby Beds are 

conformable upon the Black Jack sequence. Beckett et al. (1983 p. 11) believed that the development 

of the Late Permian Black Jack "Formation" was terminated by the deposition of the terrestrial Digby 

Formation and that there is no unconformity between the two formations, nor was there any apparent 

erosion of the Black Jack "Formation" prior to the deposition of the Digby Formation. Furthermore, 

they believed that the lower part of the Digby Formation is Late Permian and commonly contains a 

coaly sequence up to 10 m thick, locally with one or two coal seams developed. They also suggested 

that deposition of the Digby conglomerate on the Black Jack "Formation" was time-transgressive and 

may have commenced in the north and east and prograded slowly across the region. Further, they 

stated that in the north the Digby conglomerate rests conformably on top ofthe Hoskissons Coal, while 

in the south it was deposited on stratigraphically higher units ofthe Black Jack "Formation". 

Some of these issues have already been discussed under the Permian stratigraphy in the previous 

section and others will be addressed in various places in this study and it will be shown that the Digby 

Formation is Triassic in age, its sediments are lithologically different from those of the Permian and 

they rest erosively and unconformably on the underiying Permian sequence. 

The stratigraphic terminology of the Triassic sequence, originally of Kenny (1928, 1929, 1964), is now 

deeply entrenched and it has been used by all workers on the Gunnedah Basin since 1983. In the 
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following section, the popular terminology of Digby and Napperby at formation level has been 

retained, but because of increased understanding of the Triassic sequence as a result of studies by 

Jian (1991) and Jian and Ward (1993) a third formation and \)NO members have been introduced. 

2.6.1 DIGBY FORMATION (Re-definition: Tadros, Jian and Ward in Tadros 1993a) 

Kenny (1928; 1929; and 1964) investigated the Triassic sequence in the Gunnedah - Coonabarabran 

area and divided it into a "Digby Series" (or "Digby Beds") and an overiying "Napperisy Series" (or 

"NappertDy Beds"; tables 2.1 and 2.2). He derived the name "Digby Series" from outcrop in the Parish 

of Digby, County of Pottinger. In studies on the Dubbo - Binnaway - Wollar region south-west of the 

Gunnedah area, Dulhunty (1973b), Higgins and Loughnan (1973) and Loughnan and Evans (1978) 

have respectively used the terms "Wollar Sandstone", "Boulderwood Conglomerate" and "Wollar 

Sandstone" to describe the equivalent of Kenny's "Digby Series". Bourice and Hawke (1977) also used 

the term "Wollar Sandstone" for much of the westem and south-western areas of the Gunnedah Basin. 

Russell (1981), in his summary of the Gunnedah Basin stratigraphy, used the term "Digby 

Conglomerate", whereas Beckett et al. (1983) redefined the unit and used the term Digby Formation, 

but did not ascribe a type section to it. The name Digby Formation is now deeply entrenched and it 

has been used by all workers on the Gunnedah Basin since 1983. However, the definition by Beckett 

et al. (1983) was revised by Tadros (1986b); Tadros in Tadros et al. 1987b; and also Tadros 19931, 

particulariy with regard to the age and the boundary relationship with the underiying Permian 

conglomerates of the Black Jack Group. 

Discontinuous outcrops of the Digby Fonmation form a belt extending south from Narrabri to Willow 

Tree at the foot of the Liverpool Range. South of the Range, they reappear in the Murrurundi area. 

Outcrops of the upper part of the unit and its equivalents are present in the south-west in the 

Binnaway - Wollar area of the Gunnedah Basin and south into the Sydney Basin. In the subsurface, 

the Digby Formation covers much of the area of the Gunnedah Basin except in the Maules Creek 

Sub-basin south of Deriah Forest. 

Type section 

The type section for the Digby Formation is the 147 m interval in DM Wilson DDH 1 (181157 m E, 

1524330 m N) from 297 m to 444 m (figure 2.20). 

Thickness 

The Digby Formation ranges in thickness from a maximum of 20 m in the north and north-east to in 

excess of 220 m in the south-east (figure 4.11). 
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Figure 2.20 Type sections of the Digby 
Formation, Bomera Conglomerate 
Memh»er and Ulinda Sandstonr Member 
in DM Wilson DDH 1 superimposed on 
their equivalent genetic intervals of Jian 
(1991; modified from Jian and Ward 
1993, fig. 15.1) 

Lithology 

The Digby Formation comprises three lithological units (discussed in detail in Jian 1991 and described 

below) with variable distribution over the basin. 

Relationships and boundary criteria 

In the northern part of the Gunnedah Basin, the Digby Formation unconformably and progressively 

truncates underiying rocks of the Black Jack Group and Watermark and Porcupine Formations in 

northeriy, easteriy and westeriy directions (Tadros 1986b; Tadros in Tadros et al. 1987b; Tadros 

1993e, g, i). Farther to the east and west, the Digby Formation rests respectively on basal volcanic 

units and metamorphic rocks of the Lachlan Fold Belt. Over much of the basin south of Narrabri, the 

Digby Formation rests with a low angular unconformity on various horizons ofthe Black Jack Group. 

Recognition of the boundary between basal conglomerates of the Digby Formation and any of the 

underiying rocks is simple, as there is enough contrast in lithology between the conglomerates and the 

underiying rocks (Tadros 1993h, i). Generally, the Digby Formation and its basal conglomerate are 

free of coal, carbonaceous material and tuff and tuffaceous sediments all of which are characteristic of 
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the Black Jack Group. This contrast in lithology is cleariy reflected on the geophysical log patterns of 

the two fonnations (see Tadros 19931 and chapter 7 this thesis). Similariy, the lithology of the Digby 

Fonnation markedly contrasts with marine rocks of the Watermari^ and Porcupine Formations and with 

shallow marine facies (Arkaojla Formation) within the Black Jack Group. Also, there is contrast in 

lithologies of these conglomerates and those of the basal volcanic rock types, metamorphic rocks of 

the Lachlan Fold Belt, and the coal-bearing sequences of the Black Jack Group (Tadros 1993h, i). 

Even in the few occurrences where the basal conglomerate of the Digby Fonnation is in contact with 

conglomerate of the Black Jack Group, they generally differ in composition allowing easy recognition 

of the boundary (Tadros 1993h, i). Hanlon (1949a) recognised the difference between the two 

conglomerates and stated (p. 248). 

"...The basal beds [of the Digby Fonnation] consist of conglomerates and are characterised by the 

presence of abundant pebbles of red jasper. The conglomerates differ sufficiently from other 

conglomerates [i.e. Black Jack Group conglomerates] which outcrop in the district to make them readily 

recognisable and fomn a very valuable horizon for mapping purposes, enabling the upper limits of 

the Pennian System to be delineated accurately. They are noteworthy for the presence in 

them of boulder beds, many ofthe boulders being more than a foot [0.3 m] in diameter" 

Digby Formation conglomerates are mainly clast-supported, with the matrix and cement forming less 

than 30% of the total volume of the rock. Clasts of the Digby Formation are often larger in size than 

those ofthe Black Jack Group, ranging up to cobble grade. Boulders up to 0.3 m to 0.4 m in diameter 

were reported from outcrops near Gunnedah (Hanlon 1949a; Waters 1971). The clasts are also richer 

in colour because of the abundance of red and green jasper and to a lesser extent volcanic rocks of 

different colours. Matrix is generally sandstone, similar to the clasts in composition. Cement is clayey 

but can be ferruginous (replaced by iron oxide) close to the surface and in outcrops. Digby Formation 

conglomerates are free of tuffaceous sediments and pyroclastic detritus. In contrast, Black Jack 

Group conglomerates are rich in tuffaceous material and pyroclastic detritus, particulariy those in the 

upper parts ofthe sequence (Tadros 1993a, h, i). Clasts are generally small, ranging from granule to 

pebble grade, matrix supported and richer in green volcanic pebbles. Matrix is also rich in tuffaceous 

material and forms up to 70% ofthe rock by volume. 

The upper boundary is disconformable and is marked by a basin-wide palaeosol horizon, a few 

centimetres to 1 m thick (Jian 1991) or up to 2 m (Hamilton 1991) beneath sediments ofthe Napperby 

Fonmation (table 2.2). 

Age and evidence 

The Digby Formation is Eariy Triassic in age as it covers the Lunatisporites pellucidus (equivalent to 

the Punctatispohs walkomii Zone of McMinn 1993), Protohaploxypinus samoilovichii and Aratrisporites 
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tenuisoinosus (equivalent to the Aratrisporites wollarensis palynological zone of McMinn 1993) 

palynological zones. 

Correlations 

The basal conglomerate unit of the Digby Formation (see description below) is a lithostratigraphic 

(xjnrelafive of the Buma Moko Head Sandstone and the Munmorah and Widden Brook Conglomerate in the 

lower part of the Narrabeen Group of the Sydney Basin (table 2.3). The overiying sandy units (see 

description below) can by broadly correlated with the Banks Wall Sandstone in the westem Sydney Basin. 

Bomera Conglomerate Member (New: Jian, Ward and Tadros In Tadros 1993a) 

Named after the Parish of Bomera, the Bomera Conglomerate Member is a very distinctive 

conglomerate unit forming the lower part of the Digby Formation. The conglomerate member is 

present over much of the Gunnedah Basin except in the Maules Creek Sub-basin south of Deriah 

Forest. Discontinuous outcrops form a belt extending south from Narrabri to Willow Tree at the foot of 

the Liverpool Range. South ofthe range conglomerate outcrops reappear in the Murrurundi area. 

Type section 

The type section for the Bomera Conglomerate Member is contained in a 74 m section in DM Wilson 

DDH 1 (181157 m E, 1524330 m N) from 370 m to 444 m (figure 2.20). 

Thickness 

The maximum recorded thickness for the Bomera Conglomerate Member in the Mullaley Sub-basin is 

113.5 m (figure 2.21). 

Lithology 

The Bomera Conglomerate Member consists of persistent beds of predominantly lithic, clast-

supported conglomerate with subordinate lithic sandstone. The conglomerate consists of clasts up to 

cobble size of varying composition, mainly red and green jasper, grey and dark-grey laminated chert, 

silicic and mafic volcanic rocks and white vein quartz pebbles in a sandstone matrix of similar 

composition. Volcanic clasts of different colours are obsen/ed more in the basal part of the unit; 

jasper is relatively abundant in the middle; whereas light to dari^-grey chert and white vein quartz 

pebbles are common in the upper part (Jian 1991; Jian and Ward 1993). 

Relationships and boundary criteria 

The Bomera Conglomerate Member unconformably and erosively overiies the Permian Black Jack 

Group over a large part of the Mullaley Sub-basin. It also overiies metamorphic rocks of the Lachlan 

Fold Belt in the west and basal volcanic rocks in the east. The unit is unconformably overiain by 

siltstone and claystone ofthe NapperiDy Formation in the lower northem part ofthe Mullaley Sub-basin 
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Figure 2.21. Isopach map ofthe Bomera Conglomerate Member in the lower part ofthe Digby Formation in 
tiie Mullaley Sub-basin (modified from Jian 1991, fig.3.2.2) 
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in the Namabri area, by quartz sandstone of the Ulinda Sandstone Member (the upper unit of the 

Digby Formation) with a well-defined contact in the middle area of the sub-basin, but gradationally in 

the southem part ofthe sub-basin and in the Bellata area in the north (Jian 1991). 

Age and evidence 

The unit is barren of microfloral assemblages, but its age can be deduced from its position below the 

Ulinda Sandstone Member within the Lunatisporites pellucidus palynological zone (Punctatispohs 

walkomii Zone of McMinn 1993). 

Palaeoenvironment 

The lithic conglomerate unit represents a series of large alluvial fan deposits derived almost 

exclusively from the New England Fold Belt region in the east (Jian 1991; Jian and Ward 1993). 

Ulinda Sandstone Member (New: Jian, Ward and Tadros in Tadros 1993a) 

Named after the Parish of Ulinda, the Ulinda Sandstone Member is present over much of the 

Gunnedah Basin except in the Maules Creek Subi-basin south of Deriah Forest. Discontinuous 

outcrops form a belt extending south from Boggabri to Willow Tree. They reappear south of the 

Liverpool Range in the Murmrundi area and in the south-west in the Binnaway-Wollar area. 

Type section 

The type section is a 73 m section in DM Wilson DDH 1 (181157mE, 1524330mN) between 297 m 

and 370 m (figure 2.20). 

Lithology 

The Ulinda Sandstone Member consists predominantly of quartzose sandstone, with subordinate 

quartzose conglomerate and claystone and locally lithic conglomerate is present in places towards the 

base. A small to moderate amount of mudstone occurs at the top of the unit, especially in the south. 

In the south-eastern part of the basin and locally in the Bellata area in the far north, the lower part of 

the Ulinda Sandstone Member is quartz-lithic. A flint clay bed 2 m thick is present in the middle of the 

Ulinda Sandstone Member and is made up of kaolinitic intraclasts set in well-crystallised matrix of 

venmicular kaolinite. A claystone bed, 0.2m thick, occurs in the upper part of the unit and consists of 

fine-grained well-crystallised kaolinite with minor amounts of anatase. 

Relationships and boundary criteria 

This unit is underiain, with well-defined contact, by the Bomera Conglomerate Member in the middle 

and by transitional boundary in the south. In the west, where the Bomera Conglomerate Member is 

absent, the unit rests on sediments of the Black Jack Group. In the westernmost areas, where the 

Permian sediments are also absent, the unit rests on metamorphosed basement rocks. It 
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unconformably underiies siltstone and claystone of the basal unit of the Napperby Formation. The 

upper boundary is the top of a basin-wide mudstone bed (a palaeosol), up to 1m thick, and is 

characterised by a distinct geophysical response (marked increase in gamma and decrease in neutron 

log responses; Jian 1991). 

Age and evidence 

The Ulinda Sandstone Member is Eariy Triassic in age within the Protohaploxpinus samoilovichii and 

Arthsporites tenuispinosus palynological zones (Artrisporites wollarensis zone of McMinn 1993). The 

fine sediments within the quartz-lithic lower part of the member in the south contain Eariy Triassic 

Lunatisporites pellucidus palynological Zone (equivalent to Punctatispohs walkomii Zone of McMinn 

1993). 

Palaeoenvironment 

The Ulinda Sandstone Member is interpreted as representing braided to meandering stream deposits, 

mainly derived from the Lachlan Fold Belt region in the west with the lower quartz-lithic part derived 

from the New England Fold Belt in the east and the Lachlan Fold Belt in the west. (Jian 1991; Jian 

and Ward 1993). 

2.6.2 NAPPERBY FORMATION (Re-definition: Jian, Ward and Tadros/n Tadros 1993a) 

Named after a prominent outcrop of Napperby Beds or Series of Kenny (1929) in the Parish of 

Tunmallalee, the Napperby Formation (Russell 1981, Beckett et al. 1983) is present over much ofthe 

Gunnedah Basin except in the Maules Creek Sub-basin south of Deriah Forest. Discontinuous 

outcrops form a belt extending south from Narrabri to Willow Tree at the foot of the Liverpool Range. 

South ofthe range, they reappear in the Murmrundi area and in the south-west in the Binnaway-Wollar 

area south into the Sydney Basin. 

Kenny (1928; 1929; and 1964) refen-ed to the upper section of the Triassic sequence in the 

Gunnedah- Coonabarabran area as the "Napperby Series" (or "Napperby Beds"; table 2.1). He 

derived the name from a prominent outcrop on "Napperby" station, near the Pine Vale Well on the 

Coonabarabran - Mullaley road. Dulhunty (1973b), Higgins and Loughnan (1973) and Loughnan and 

Evans (1978) have respectively introduced the terms "Talbragar Fonmation;" "Wallingarah Creek 

Fonmation" and "Wallingarah Formation" to describe the equivalent of Kenny's "Napperby Series" for 

the Dubbo - Binnaway - Wollar region south-west of Gunnedah (table 2.1). Bourke and Hawke (1977) 

also used the term "Wallingarah Creek Formation" to refer to a predominantty siltstone facies at the 

base of the sequence (above their "Wollar Sandstone") as distinct from two unnamed units they 

recognised at the top in DM Moema DDH 1 (the units being only identified as "Rl" and "R2" on a 

figure in their publication). Russell (1981), in his summary of the Gunnedah Basin stratigraphy, used 
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the temri "NapperiDy Formation", whereas Beckett et al. (1983) redefined the unit and retained the 

name for all the Triassic sequence above the Digby Formation, but did not propose or publish a type 

section for it (table 2.1). Etheridge (1987) described the lower part of the Triassic section in DM 

Bellata DDH 1 by reference to the Digby and Napperby Formations, but based on the lithological 

description given by Bourke and Hawke (1977), he correlated the upper part ofthe Triassic sequence 

(Units 1 and 2 in table 2.1) with the un-named inten/als recognised by Bourke and Hawke (1977). At 

about the same time, a study by Martignoni (1986) suggested the tenms "Eulah Sandstone" and 

"Deriah Formation" to describe the equivalents of the un-named units, correlating the two sequences 

with Etheridge's (1987) Unit 2 and Unit 1 respectively (table 2.1). 

Both Etheridge (1987) and Martignoni (1986), however, appear to have been incorrect in their 

correlations with the un-named intervals of Bourke and Hawke (1977), largely because they were not 

clear about what the un-named units really are. Jian (1991) revised the correlations and has shown 

that the strata referred to as "Unit 2" by Etheridge (1987) and the "Eulah Sandstone" by Martignoni 

(1986) indeed lie below the original R2 unit of Bourke and Hawke's (1977) un-named interval (table 

2.1). The lower part of Etheridge's (1987) overiying "Unit 1" and the whole of Martignoni's (1986) 

"Deriah Formation", therefore, appear to be correlated with only the R2 unit of Bourke and Hawke's 

(1977) un-named section. No equivalent to the overiying Rl unit appears to have been identified in 

either of these investigations (table 2.1; Jian 1991). 

Yoo (1988) recognised a greenish sequence in the top part of the Triassic succession in DM Ribbon 

DDH 1 located in the southern Gilgandra Sub-basin (in the Tooraweenah Trough). This was 

regarded as being similar to the un-named units of Bourke and Hawke (1977), but was tentatively 

assigned at that time to the Napperby Formation. 

The principal uncertainty arising from these previous studies is the actual relationship between the 

Napperby Formation and the un-named units of Bourke and Hawke (1977). Are the un-named units 

parts of the NapperiDy Formation or are they separate formations? Detailed stratigraphic and 

sedimentological studies of Triassic sequences (Jian 1991, Jian and Ward 1993) have indicated that 

the un-named units of Bourke and Hawke (1977) and their equivalents can be assigned to a separate 

formation. Jian (1991) applied the name Deriah Formation (tables 2.1 and 2.2), a temn originally 

introduced by Martignoni (1986). 

The NapperiDy Fonnation has relatively wide surface exposure, cropping out in a discontinuous belt 

extending south from Narrabri to Willow Tree at the foot of the Liverpool Range. South of the range, 

outcrops reappear in the Murrurundi area. Outcrops of the unit and its equivalents are present from 

the south-west in the Binnaway - Wollar area south into the Sydney Basin. In the subsurface the 

NapperiDy Fonmation is widely distributed over much ofthe area ofthe Gunnedah Basin, except in the 

Maules Creek Sut)-basin south of Deriah Forest (figure 5.9). 
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Type section 

The assigned type section is an interval 148 m thick in DM Parices DDH 3 (373941 mE, 1607497mN) 

from 275m to 423m (figure 2.22). 

Thickness 

The fonmation ranges in thickness from 29.9 m in the west over the Rocky Glen Ridge to 143.8 m in 

DM Tunrawan DDH 2A (figure 5.9). 

Lithology 

The NapperiDy Fonnation is characterised by an overall coarsening-up sequence consisting of: 

a) a lower part composed of four coarsening- and thickening-up sequences, each up to around 

10m thick, ascending upward from dark grey claystone to interiaminated and thinly 

interbedded lithic sandstone and claystone and finally to parallel-bedded and low-angle cross-

bedded off-white lithic sandstone. Bioturbation and burrows are common, 

b) a middle part dominated by dark grey claystone, siltstone and intertaminated lithic sandstone 

and siltstone units in the south-eastern part of the basin. In the middle and north-eastern 

sectors, it consists mainly of lithic sandstone and claystone organised into small upward-

coarsening sequences, together with cross-bedded or parallel-bedded sandstone and rootlet-

penetrated mudstone that forms fining-up sequences. In the westem part of the basin, the 

lower part of the unit consists of dark grey silty-claystone, the middle part of massive or 

parallel-bedded and cross-bedded sandstone, and the upper part of further dark grey shaly 

sediment. Bioturbation and burrows are common (Jian 1991); and 

c) an upper part consisting mainly of off-white, medium-grained, cross-bedded lithic sandstone, 

with rare mudstone clasts. Parallel-bedded and cross-bedded lithic sandstone, with irregulariy 

interbedded sandstone/mudstone containing plant rootlets is dominant in the middle and 

southern parts. Along the western side of the basin, the unit consists mainly of dark grey 

claystone and massive or parallel-bedded sandstone with mudstone clasts and cross-bedded 

sandstone. Minor matrix-supported conglomerate is present in the south-western area. 

Relationships and boundary criteria 

The lower boundary with the Digby Fonmation is disconformable and is marked by the upper surface of 

a basin-wide mudstone horizon (a palaeosol), a few centimetres to 1 m thick. The upper boundary is 

either the base of the Deriah Formation or the regional unconformity surface overiain by the Middle 

Triassic to Jurassic Garrawilla Volcanics or the Jurassic Puriawaugh and Ukebung Formations and the 

Pilliga Sandstone. 
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Figure 2.22. Type sections for the Napperby Formation in DM Parkes DDH 3 and the Deriah Fonnation in 
DM Bellata DDH 1 showing the genetic units and depositional environments (modified from 
Jian 1991, figs 2.3.16 and 2.2.2; for borehole location see appendix 1) 



108 GUNNEDAH BASIN - STRATIGRAPHY 

Age and evidence 

The formation is of a late Early to mid-Triassic age wittiin the upper Protohaploxpinus samoilovichii, 

upper Arthspohtes tenuispinosus palynological zones (both are approximate equivalents of 

Arthspohtes wollarensis Zone of McMinn 1993) and lower Arthspohtes oarvispinosus palynological 

zones (McMinn 1993). 

Correlations 

Sediments of the Napperby Formations have a very close resemblance to those of the Wianamatta 

Group in the Sydney Basin (Hamilton 1987). However, palynological evidence suggests that the lower 

part of the formation can be correlated with the Terrigal Formation and its equivalents (including the 

Newport Formation); the middle part with the Hawkesbury Sandstone, and the upper part with the 

Ashfield Shale ofthe Wianamatta Group. 

Palaeoenvironment 

The three lithological units correspond to three genetic units (Intervals A, B and C of Jian and Ward 

1993). The lower unit (Interval A) represents a sandy lacustrine fan-delta, middle unit (Interval B) an 

elongate lacustrine-delta and upper unit (Interval C) a composite lacustrine-delta and fluvial facies. 

2.6.3 DERIAH FORMATION (Re-definition: Jian, Ward and Tadros/n Tadros 1993a) 

Martignoni (1986) derived the name Deriah Formation from the Deriah State Forest to the east of 

Narrabri during a study of outcrop in that area. The Deriah Formation of Martignoni (1986) is 

equivalent to the informally named "Unit R2" of Bourke and Hawke (1977). The term Deriah 

Formation, which was published by Jian and Ward (1988), has been retained but redefined to include 

both "Unit R l " and "Unit R2" as originally identified by Bourke and Hawke (1977). 

The Deriah Formation is proposed as a separate Triassic stratigraphic unit for several reasons. 

1. The coarse- to very coarse-grained sandstone at the base contrasts markedly to the fine- to 

medium-grained sandstone ofthe Napperby Formation. 

2. The sandstone composition is different from that of the Napperby Formation (indicating a sudden 

change in provenance between the deposition ofthe two formations), with an abundance of green 

volcanic rock fragments, typically with clay rims, and light-coloured perthitic feldspars. 

3. A lava horizon with a Middle Triassic age occurs within the upper part of the sequence, 

suggesting contemporaneous volcanic activity (Jian 1991). 

4. The Deriah Formation has a palynological assemblage distinctly different from that within the 

underiying Napperby Fonnation. The assemblage is characterised by the presence of the upper 
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Arathspohtes parvispinosus zone (McMinn 1993) and the first occurrence of Cadarqasoohtes 

senectus (Jian 1991). 

The Deriah Formation is present mainly in the northern part of the Mullaley Sub-basin, and to a lesser 

extent in the southern and central areas (figure 2.23). 

Type section 

The type section for the Deriah Formation is 160.6 m thick in DM Moema DDH 1 (384420 m E, 

1672128 m N), from 174.5 m to 335.1 m. 

Reference section 

Core from DM Bellata DDH 1 (figure 2.22) is taken as the reference section for the Deriah Formation 

in the Gunnedah Basin. 

Thickness 

The Deriah Formation ranges in thickness from 4.9 m in DM Borah DDH 1 in the west of the Mullaley 

Sub-basin to 160.6 m in DM Moema DDH 1 (in the type section) in the north of the sub-basin (figure 

2.23). 

Lithology 

The lower part of the Deriah Formation consists dominantly of fine- to medium-grained green lithic 

sandstone rich in volcanic fragments, with rare dark-grey siltstone and claystone beds at the top of the 

sequence. Mud clasts are very common in the sandstone, and are especially abundant at the base of 

the unit. The basal part of this sequence consists of coarse to very coarse-grained granule-bearing 

and often calcite-cemented feldspatho-lithic sandstone, up to 5 m in thickness, characterised by the 

common occurrence (up to 10%) of perthitic feldspar grains. 

The upper part of the Deriah Formation consists of off-white lithic sandstone and dark-grey to grey-

brown mudstone with minor plant rootlets and coal layers (figure 2.22). A succession of lavas about 

25 m in total thickness with a Middle Triassic age (Morgan 1976b; Dulhunty 1986) also occurs within 

this upper part of the formation. A weathered surface is developed on its top (Jian 1991; Jian and 

Ward 1993). 

Relationships and boundary criteria 

The lower boundary of the Deriah Formation with the Napperby Formation (table 2) is very distinct in 

the north-eastern part ofthe Gunnedah Basin, where the medium-grained green lithic sandstones, with 

mudstone clasts that mark the base of the Deriah Formation, are in contact with the underiying mainly 
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2. LITHQSTRATIGRAPHY H I 

off-white, medium-grained, cross-bedded lithic sandstone, rare in mudstone clasts. In the southern 

areas of the Gunnedah Basin north of the Liverpool Range the unit contrasts with the light-green 

parallel-bedded and cross-bedded lithic sandstone, along with irregulariy interbedded sandstone and 

mudstone containing plant rootlets, ofthe underiying Napperby Formation. 

The Deriah Formation is disconformably overiain by medium-grained pebbly sandstone beds or coal 

seams of the Jurassic Puriawaugh Formation in the northern part of the Gunnedah Basin, and by the 

Jurassic Garrawilla Volcanics in the southern and central areas (Jian 1991; Jian and Ward 1993). 

Age and evidence 

The Deriah Formation is of late Middle Triassic age, as indicated by an upper Aratrisporites 

parvispinosus Zone (McMinn 1993) and is characterised by the first occurrence of Cadarqasporites 

senectus. 

Correlation 

Based on the presence of an upper Arathspohtes parvispinosus Zone and the first occurrence of 

Cadarqasporites senectus. the Deriah Formation is correlated with the Bringelly Shale (upper part of 

the Wianamatta Group) at the top of the Triassic sequence in the Sydney Basin. 

Palaeoenvironment 

The sandstone lobe forming the lower part of the Deriah Formation is interpreted as a sandy alluvial 

fan, with bed-load streams in the more distal portions towards the west. The upper part is interpreted 

as deposited by mixed-load streams in point bars, levees, crevasse splays and pooriy to well-drained 

swamps, as well as in freshwater lacustrine environments. 

2.7 IGNEOUS INTRUSIONS AND EXTRUSIONS 

Post-Permian intrusions occur in many parts of the Gunnedah Basin, particulariy in the central and 

southern regions. Numerous alkali-olivine basalt and teschenite sills, dykes and plugs have intruded 

the Permian and Triassic strata. Some ofthe intrusions are exposed in the area between Breeza and 

Boggabri. Many authors considered the intrusions to be Tertiary in age (Jensen 1907a, b; Wilkinson 

1956; 1957a, b; 1958; 1959; Wilshire and Standard 1963; Manser 1965a, b). However, Martin (1993) 

suggests that some are of Jurassic age, equivalent in age to the Garrawilla Volcanics, which cover 

large areas in the Coonabarabran - Tambar Springs - Mullaley region and in the north-east on the 

western side ofthe Nandewar Range (Dulhunty 1986). 

Martin (1985, 1993) found that some stratigraphic control is evident in the emplacement of igneous 

intrusions. In the Gunnedah Basin, intrusions are preferentially emplaced in fissile rocks and in coal 

seams. She also suggested that bright (vitrinite-rich) coal allows preferential penetration by magma. 
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Softening of vitrinite by hot gases ahead of the advancing magma leads to the fonnation of weak, 

easily fractured coke which facilitates preferential intrusion. This mechanism may explain the high 

occurrence of igneous intrusions in the Hoskissons Coal, which has a well-developed vitrinite-rich 

lower section up to 3.5 m thick in the Breeza - Gunnedah area. The Hoskissons Coal has been 

affected by several igneous intrusions. The Sylvandale Sill (Wilkinson 1958; Britten and Hanlon 

1975), which is at least 100 m thick, closely underiies the coal at Black Jack Mountain near Gunnedah 

and has cartDonised the coal to a variable degree. An intrusion, probably in the fonm of a laccolith up 

to 90 m thick, has cindered the Hoskissons Coal and "domed-up" the overiying strata in an area to the 

south of Long Mountain (Tadros 1985). Farther to the south-west, a similar igneous intrusion, with an 

aggregate thickness of 110 m, is situated 40 m above the coal and has had no effect on it. Tadros 

(1985) noticed that only limited cindering has taken place where the igneous intrusion is situated 

above the coal seam or even in its upper part. 

Only a few thin igneous intrusions have been intersected in the Melvilles Coal Member. In the 

Breeza - Gunnedah area the Melvilles Coal Member is the least affected of all seams in the Black 

Jack Group (Tadros 1985). 

A detailed discussion of igneous intrusions in the Gunnedah Basin, their distribution, composition and 

relationship to, and influence on, the coal seams is given in Martin (1993). Appendix 2 contains 

comprehensive data tables showing all igneous intrusions and extrusions intersected within the 

different stratigraphic units in the Gunnedah Basin and the overiying Surat Basin. 

2.8 CORRELATION WITH THE SYDNEY BASIN 

2.8.1 EARLY PERMIAN 

The eartiest Permian sediments in the Sydney Basin consist of isolated occurrences of fluvial, coastal 

plain and marine sediments. These are represented in the south by the Talaterang Group, consisting 

of the Clyde Coal Measures, Pigeon House Creek Siltstone and the Wasp Head Formation (Fielding 

and Tye 1994; Tye and Fielding 1994) deposited on older Palaeozoic basement, and fluvio-lacustrine 

sediments (Seaham Formation) in the Newcastle and Hunter regions (table 2.3). 

A major tectonic movement in the Eariy Permian caused the initial basin subsidence and initiated a 

widespread marine transgression throughout the Sydney Basin forming the Shoalhaven Group 

(including the Yadboro and Tallong Conglomerates and the Pebbly Beach Formation at the base) in 

the south and west and the Dalwood Group in the Newcastle region. The Yarrunga Coal Measures 

were deposited at this time in the southern Sydney Basin, in a paralic zone (Herbert 1980a; coastal 

plain environment, cf Tye and Fielding 1994) that moved westwards as the transgression took place 

(Herbert 1980a). Thick basaltic and rhyolitic sequences were also formed, such as the Lochinvar 
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Formation and Gyrran Volcanics in the Sydney Basin, and the Boggabri Volcanics and Werrie Basalt 

in the Gunnedah Basin. A thick lacustrine sequence (Goonbri Formation), equivalent in age to the 

uppermost part ofthe Dalwood Group (table 2.3), was also deposited in the Maules Creek Sub-basin 

of the eastem Gunnedah Basin and in the Bohena and Bellata Troughs of the Mullaley Sub-basin 

(Tadros 1993e,g, h). 

A temporary regression, which started late in the Eariy Permian, interrupted the deposition of the 

Dalwood Group and allowed the accumulation of a thick fluvio-deltaic sediment wedge (Greta Coal 

Measures). This wedge prograded southwards from tectonically active areas in the New England 

region. It reached the Hunter Valley and Newcastle areas but did not prograde to the southern part of 

the Sydney Basin. Marine conditions continued uninterrupted in the south, forming the sequence from 

the Wasp Head Formation to the Snapper Point Formation and the Wandrawandian Siltstone (table 

2.3). Deposition also commenced in the western part of the basin at this time with a thick 

transgressive shoreline and near-shore deposit (Snapper Point Formation) which was mainly derived 

from the Late Devonian quartzite ofthe Lachlan Fold Belt (Herbert 1980a). 

The equivalents of the Greta Coal Measures in the Gunnedah Basin, the Leard and Maules Creek 

Formations, were deposited over a sequence of weathered basal volcanics, the Boggabri Volcanics 

and the Werrie Basalt. 

2.8.2 MID-PERMIAN 

Rapid subsidence followed this phase of deposition in the mid-Permian, and led to a transgressive 

marine inundation of the Greta Coal Measures and its equivalents. The transgression was developed 

first in the Sydney Basin, with deposition of the Branxton Formation of the Maitland Group in the 

Hunter Valley region. It subsequently spread northwards and resulted in deposition of the Porcupine 

Formation in the Gunnedah Basin. The presence of ice-rafted "dropped pebbles and boulders" in 

these formations are thought to indicate a cold climate, which persisted until at least the end of 

Maitland Group time (Brakel 1984). 

A regressive-transgressive episode interrupted the open marine shelf deposition and formed near-

shore sand sheets (the Muree Sandstone in the north and the Nowra Sandstone in the south). These 

beds were followed by the finer offshore sediments of the Mulbring Siltstone in the north, the Berry 

Siltstone in the south and west and the Watermark Formation in the Gunnedah Basin (table 2.3). 

Marine transgression in the Gunnedah Basin changed the pattem of alluvial sedimentation (Maules 

Creek Fonmation) to one of coastal fan development (fan delta of Beckett et al. 1983) or ice-

dominated deltas in a marine-shelf environment (Hamilton 1993a, b) and formed the lower part ofthe 

Porcupine Formation. The upper part of the Porcupine Formation and the lower part of the 
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conformably overiying Watermark Formation represent deepening of the marine-shelf environment 

(Hamilton 1993a, b). 

2.8.3 LATE PERMIAN 

The main period of coal deposition (i.e. peat accumulation) in the Sydney - Gunnedah Basin 

commenced very eariy in the Late Permian, subsequent to the mid-Permian period of deformation 

("diastrophism" of Leitch 1974). Rapid subsidence associated with continuing uplift and volcanism in 

the New England region resulted in increased erosion and transport of sediment westwards and south-

westwards into the basins. Sedimentation was by prograding fluvio-deltaic systems which formed the 

Tomago Coal Measures, the Wittingham Coal Measures and the Black Jack Group (table 2.3). The 

Sydney - Gunnedah Basin also received sediments from the Lachlan Fold Belt (from the south and 

west) by progradation of alluvial systems, northwards and eastwards in the Sydney Basin and south-

eastwards in the Gunnedah Basin. Those sediments formed the lower part of the lllawarra Coal 

Measures and the Brigalow Formation and Clare Sandstone within the Black Jack Group (table 2.3). 

Two marine incursions interrupted terrestrial sedimentation for short periods during this main coal-

forming interval. The first incursion, caused by tectonic subsidence (Brakel 1986), deposited the 

Kulnura Marine Tongue and its lateral equivalents in the Sydney Basin, the Bulga and Archerfield 

Formations in the north, the Erins Vale Formation in the south. In the Gunnedah Basin (Mullaley Sub-

basin north of the Liverpool Range) the marine incursion is represented by the Arkarula Formation. 

This marine incursion did not reach the west, where sedimentation was dominated by the westeriy 

sourced braided fluvial wedge of the Marrangaroo Conglomerate in the Sydney Basin and its 

equivalent, the Brigalow Formation ofthe Black Jack Group in the Gunnedah Basin (table 2.3). 

The return to terrestrial sedimentation marked a very important event, the establishment of basin-wide 

swamps in which peat accumulated as a neariy continuous blanket over the emergent extensive 

platform of marine-reworked deltaic sediment in the Gunnedah Basin (Hamilton 1987) or the 

emergent, subdued-relief surface resulting from the infilling ofthe preceding marine embayment in the 

Sydney Basin (Brakel 1984). That peat formed the Bayswater seam and the Woonona Coal Member 

in the Sydney Basin and the Hoskissons Coal/Ulan seam in the Gunnedah Basin. Widespread peat 

formation was followed by continued southward progradation of the Tomago and Wittingham Coal 

Measures in the northern Sydney Basin and the south-eastward progradation of the upper quartz-rich 

unit (Clare Sandstone) of the upper part of the Black Jack Group in the Gunnedah Basin (table 2.3). 

The deposits ofthe second marine incursion, which was probably eustatically controlled (Brakel 1986), 

are very extensive in the Sydney Basin and comprise the Watts Sandstone/Denman Formation and 

the Waratah Sandstone/Dempsey Formation sequences in the north, the Baal Bone Formation in the 

west and the Darkes Forest Sandstone/Bargo Claystone sequence in the south (table 2.3). The 
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Dempsey/Denman incursion did not reach the Gunnedah Basin, but its lateral equivalents are 

represented by freshwater lacustrine sediments (the organic-rich mudstone-dominated Benelabri 

Formation) in the upper part of the Black Jack Group in the eastern half of the Mullaley Sub-basin 

(Tadros 1986a, b; and 19931). 

Coal measure sedimentation resumed after those incursions, with the southward progradation of major 

fluvial/deltaic systems from the north of the Sydney Basin. This regression resulted in deposition of 

the Wollombi and Newcastle Coal Measures in the north, the upper part of the lllawarra Coal 

Measures in the south and west, and the uppermost part ofthe Black Jack Group (the Nea Sub-group; 

table 2.3) in the Gunnedah Basin. Sedimentation during this interval, particulariy in the northem 

Sydney Basin and in the Gunnedah Basin, was influenced by the encroachment of conglomeratic 

braided fluvial systems and an abundance of tuff and pyroclastic detritus. The tuff and conglomerate 

were mainly derived from the tectonically active New England Fold Belt region, except for those ofthe 

Newcastle Coal Measures, which were apparently derived from the "Northumberiand Ridge" to the 

east ofthe present coastline (Brakel 1984). 

In the Late Permian, a major depositional break and a period of structural readjustment, uplift and 

erosion are evident in the northern Gunnedah Basin and the Hunter Valley in the Sydney Basin. An 

angular unconformity is present in the northern Gunnedah Basin between the Triassic Digby 

Formation and the Permian sediments of the Millie and Black Jack Groups (Tadros 1986b; Tadros in 

Tadros et al. 1987b). In the Hunter Valley Dome Belt, a significant depositional break occurred 

between the Late Permian coal measures and the overiying basal Narrabeen Group. An unconformity 

is also present over the Lochinvar Anticline where the Newcastle - Tomago Coal Measures sequence 

has been completely eroded and the Triassic Munmorah Conglomerate (Narrabeen Group) rests 

directly on the underiying marine Maitland Group (Herbert 1980a). 

2.8.4 TRIASSIC 

Deposition resumed in the Eariy Triassic when major alluvial systems prograded southwards and 

south-westwards over the eroded surfaces of the coal measures, or the underiying sediments. Thick 

conglomerate sequences in the form of large alluvial fans and outwash sediments were introduced 

from the New England Fold Belt region across the Hunter-Mooki Fault System to the Hunter Valley 

(Munmorah and Widden Brook Conglomerate) and the south-eastern Gunnedah Basin (lower part of 

the Digby Formation, Bomera Conglomerate Member). These conglomerates pass laterally into 

pebbly sand outwash material deposited ahead of the fans, and gradually become more sandy along 

the western margins of the basin (Burra-Moko Head Sandstone; Herbert 1980a). In the south, the 

sediments were finer grained (more sandy; Scarborough Sandstone and lower Bulge Sandstone 

"pebbly facies" of Ward, 1972a) with an increased proportion of interbedded shaly units. Red, green 
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and grey claystone and siltstone, representing fine-grained outwash and overbank sediments, are 

often intercalated and overiain by conglomeratic sediments deposited by the advancing braided 

streams and alluvial fans (Stanwell Park Claystone and Wombarra Claystone in the south, Dooralong 

Shale in the east and Caley Formation in the west; Herbert 1980a). 

Deposition continued in the Sydney Basin, but with significant changes in stream gradient and flow 

direction. In the northern Sydney Basin, low-gradient streams flowed to the south-east parallel to the 

basin axis and deposited large quantities of fine-grained red and green overbank sediments (Tuggerah 

Formation and Patonga Claystone; Herbert 1980a). The western margin received more quartzose 

sediments at that time from the west, with deposition of the Banks Wall Sandstone in the Sydney 

Basin (Bembrick 1980) and the upper part ofthe Digby Formation (Ulinda Sandstone Member in the 

Gunnedah Basin north of the Liverpool Range (and the Wollar Sandstone in the south-westernmost 

part). Widespread palaeosol horizons formed on top ofthe Gunnedah Basin deposits at the end of that 

phase (Jian 1991). These have been attributed to equilibrium conditions between loading by the 

overthrust New England Fold Belt and a forebulge development in the craton (Jian and Ward 1993). 

Renewed basin subsidence resulted in deposition of the Napperby Formation in the Gunnedah Basin. 

Well-developed upward-coarsening sequences of laminated siltstone/claystone, interbedded 

sandstone/siltstone laminites to sandstone, derived from the New England Fold Belt, form the lower 

part of the sequence and represent progradation of lacustrine deltas. The upper part consists of 

fluvially deposited irregulariy interbedded sandstone and siltstone sequences. Jian and Ward (1993) 

believed that contemporaneous volcanic activity in the New England Fold Belt, or possibly the 

appearance of the incipient Nandewar Igneous Complex (Nandewar Volcanoes), produced the very 

distinctive green sandstone of the Deriah Formation at the top of the Triassic sequence in the 

Gunnedah Basin. 

Subsidence in the Sydney Basin caused limited transgression and an upward transition to fluvio-

deltaic deposits ofthe upper Narrabeen Group (Newport and Terrigal Formations). Sediments derived 

from the New England Fold Belt did not reach the southern and western basin areas where, instead, 

thick claystone - siltstone red beds were deposited (Bald Hill Claystone and Wentworth Falls 

Claystone Member), thought to have been formed as terrestrial piedmont deposits (Herbert 1980a). 

Uplift of the Lachlan Fold Belt to the south-east of the Sydney Basin caused tilting and erosion of the 

Late Permian and Eariy to Middle Triassic sediments in the southern Sydney Basin (Herbert 1980a) 

and the subsequent deposition of coarse quartzose sand (Hawkesbury Sandstone). The sand was 

probably derived from Late Devonian quartzites in the Lachlan Fold Belt. Tilting of the basin to the 

north-east resulted in easteriy and north-easteriy current directions (Standard 1964; Herbert 1980a), 

which indicate that sediment was supplied from immediately west of the Sydney Basin (Herbert 

1980a). Equivalent lithologies ofthe Hawkesbury Sandstone are not present in the Gunnedah Basin 
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as the New England Fold Belt remained the dominant source of sediments to that part of the basin 

complex (Jian and Ward 1993). 

The last phase of tectonic development ofthe Sydney Basin is attributed to "shutting-off of quartzose 

sand supply from the Lachlan Fold Belt concomitant with rapid subsidence of the Hawkesbury alluvial 

plain and the deposition of the Wianamatta Group. Herbert (1980a, b) related the deposition of the 

Wianamatta Group to a single regressive cycle grading upwards from subaqueous (shallow-marine or 

estuarine laminated silt — Ashfield Shale) to shoreline (sandy barrier island complex — Minchinbury 

Sandstone and adjacent lagoonal and peat marsh facies — basal Bringelly Shale) and ultimately to 

alluvial sedimentation (Razorback Sandstone Member and extensive adjacent flood basins, levees 

and back swamps — Bringelly Shale) (Herbert 1980a). The Napperby Formation in the Gunnedah 

Basin records a gross regressive cycle from lacustrine lake-basin to lacustrine delta systems to 

ultimately fluvial sedimentation, with the main sediment source from the New England Fold Belt. 

Hamilton et al. (1988) noted that a major mid - Late Triassic episode of compressive deformation 

caused reverse faults and uplifted small blocks from which the upper part of the Napperby Formation 

was removed. They also suggested that up to 2000 m of Triassic and Permian Sediments had been 

removed in the south-eastern part of the Gunnedah Basin during this period of erosion. This episode 

of deformation terminated deposition in the Gunnedah and Sydney Basins. 
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Enhanced pseudocolour Bouguer gravity image of the Gunnedah Basin (from Qureshi et al. 1993). The raint)ow colour 
spectrum represents low Bouguer gravity values as blues to greens and the high Bouguer gravity values as yellows to red. 
A sun-angle illumination fi-om the east has been used to highlight the north to north-north-west-trending features. Several 
overlays are shown on the image. Interpreted Triassic boundaries of the Guimedah Basin are shown in BLACK, the 
location of coincident gravity high trends in APRICOT, the location of coincident gravity lows in CYAN, the location of 
synclines in PURPLE and the location of anticlines in PINK. Some basement structural elements are shown in white text. 
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CHAPTER 3 

TECTONIC SETTING AND BASIN EVOLUTION 

3.1 INTRODUCTION 

In any discussion of the structural and tectonic setting of the Gunnedah Basin (a sub-basin) it is 

essential to discuss the Sydney - Bowen Basin as a whole because, apart from local variations, the 

basins shared similar histories, their formation was controlled by the same tectonic processes and they 

evolved as one large complex (figures 3.1 and 3.2). They, in particular, are genetically unified by the 

unique narrow Meandarra Gravity Ridge (see section 3.2.2), which Murray et al. (1989) have 

demonstrated is more than 1200 km long and up to 50 km wide extending over much of the length of 

the basins (figure 3.1, see feature photo - opposite - and Fronttspiece). 

The eariy tectonic history of the basin has been difficult to unravel from suri'ace investigations of the 

pooriy exposed remnant (structural) basin. Nevertheless, several theories have been proposed for the 

origin of the Sydney - Gunnedah - Bowen Basin (many were summarised by Harrington 1982 and 

discussed in detail by Scheibner 1989 and Murray 1990); these include: an exogeosyncline orforedeep 

to the New England Eugeosyncline (Voisey 1959); a foredeep to the New England orogen (Diessel 

1970); a basin initiated by Late Carboniferous and Eariy Permian volcanic rifting between the Lachlan 

and the New England Fold Belts which later developed into a foredeep in the Late Permian and 

Triassic (Scheibner 1974a, 1976); large-scale interconnected pull-apart (transform) basins formed by 

dextral strike slip faulfing along the Burunga-Goondiwindi-Mooki Fault system in the Latest 

Carboniferous and eariiest Permian (Harrington and Korsch 1979, 1985 and Harrington 1982, 1987a, 

b); a mantle diapir model in which a rising mantle diapir porduces a thermal episode and widespread 

volcanic activity followed by a cooling episode and subsidence leading to basin formafion (Brownlow 

1981a); and a foreland (or foreland-retroarc basin of Murray 1985) between the stable continental 

craton (Lachlan Fold Belt) and a marginal erogenic belt (New England Fold Belt) which was later thrust 

towards the foreland basin along the Hunter-Mooki "Thrust" Fault zone (Jones et al. 1984; Murray 

1985; figure 3.3). 

With the exception of Scheibner's (1974a, 1976) volcanic rift origin for the basin, the foreland (or 

foredeep) mechanism has been, until recentty, the most widely accepted theory because the basin 

displays many features consistent with a foreland basin setfing (figure 3.2). The present configurafion 

of the Sydney - Bowen Basin is that of a long composite structural basin, with several troughs defined 

by bounding basement highs, extending along the western margin of the New England Fold Belt 

(marginal erogenic belt) and separating this erogenic belt from the older Lachlan Fold Belt (the 

confinental craton) to the west (figure 3.2). The sediment pile is asymmetric (figures 3.4 C to E and 

3.5), with the thickest accumulafion near the eastern margin along the Mooni and Goondiwindi "Thrust" 

Faults in the Taroom Trough ofthe Bowen Basin in the north (Murray 1985), and along the east-dipping 
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Figure 3.3 Idealised foreland basin (modified fi-om Dickinson 1974) 

Hunter- Mooki "Thrust" Fault System in the south. The basin sequence thins to the west where it 

onlaps the Lachlan Fold Belt, which represented a cratonic region during the development of the basin. 

But this foreland configuration only began to form after the mid-Permian period of deformation 

(diastrophism of Leitch 1974) in the New England Fold Belt (Herbert 1980a) when the Hunter-Mooki 

Fault System developed. These present foreland basin features largely conceal those related to the 

eariy origin ofthe basin. 

Murray (1985), although he strongly advocated a foreland origin for the basin, recognised that there is 

a problem in accepting tectonic stacking of the thrust sheets and consequent loading of the cratonic 

margin as the main cause of subsidence in the foreland basins. Thrusts (which began during the mid-

Permian deformafion in the New England region) brought older rocks over Permian sediments and 

were therefore, too young to contribute to the formation of the basin, because the basin was already in 

existence. This led him to assume that the observed thrusts are merely a later expression of the same 

style of tectonics which formed the basin in the first place. He pointed out (plO) that these "eariy 

thrusts which were associated with the genesis ofthe Bowen-Gunnedah-Sydney Basin either have not 

been recognised or have subsequently been removed by erosion". Murray's (1985) model has, 

therefore left the eariy history ofthe basin genesis unresolved. 

The vast amount of subsurt̂ ace data which became available as a result ofthe Gunnedah Basin drilling 

in 1981-1982 and 1984-1985 has allowed detailed study of the stratotectonic development of the 

Gunnedah Basin. Analysis ofthe data (Tadros 1988c, 1993e, f) revealed that the Gunnedah Basin has 

a complex tectonic history which spanned a long period from the Late Carboniferous to the Middle 

Triassic. The basin also has complex structural and morphotectonic features, but their recognition 

gives an insight into the manner in which the basin developed. In its eariy history, the basin was 
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(B) Basin-wide sedimentation was caused by thermal sag after cessation of the volcanic rift stage. 
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displacement ofthe foreland thrust (from Tadros 1993e, fig. 5.2) 
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controlled by extensional tectonics which affected the eastern margin of Australia from the Late 

Carboniferous to the Eariy Permian (Scheibner 1974a, 1976). 

Tadros (1988c) has indicated that, notwithstanding the present foreland basin configuration, the basin 

also displays older dominant morphotectonic features and structural elements consistent with volcanic 

rift/extension origin as proposed by Scheibner (1974a, 1976). These features will be discussed in 

detail in chapter 4. 

Recently, Murray (1990) suggested that the evolution of the Bowen Basin was controlled by three 

major tectonic stages: an Eariy Permian rift stage, through a mid-Permian thenmal relaxation or sag 

stage to a final Late Permian - Middle Triassic foreland basin stage. This author (Tadros 1993e) 

supported Scheibner's (1993a) view that the same stages apply to the whole Sydney - Gunnedah-

Bowen Basin and are discussed in detail below. 

3.2 VOLCANIC RIFT STAGE 

Amongst the recent theories proposed for the origin of the basin are those of Hammond (1987) who 

applied the crustal extension (rifting) model of Gibbs (1984) and Lister et al. (1986) to the Bowen Basin 

and Leitch (1988) who on the basis of Eariy Permian clastic sequences within the Peel Fault System 

and in the upper Barnard River region, proposed that a period of extensional tectonics followed the 

cessation of subduction along the New England arc. The Barnard Basin is a major rift basin, the axis 

of which lay close to and approximately parallel to the trace of the Peel Fault. This basin is one of a 

series of basins that formed in the Eariy Permian in eastern Australia in response to east-west directed 

extension that affected at least the eastern third of the Australian continent (Scheibner (1974a). 

Subsidence in the Barnard Basin was greater than in those farther west (Sydney - Bowen Basin, 

Cooper, Oaklands and Tasmania Basins). 

Murray (1990) who addressed the problem of basin origin in his earlier model of 1985, suggested a 

model for the Bowen Basin (figure 3.1) based on a volcanic rift in a back-arc position relative to the 

Eariy Permian Camboon Volcanic Arc. The nature of a possible magmatic arc immediately east of the 

Gunnedah and Sydney Basins is uncertain (Scheibner 1993a). However, a similar model is envisaged 

for the two basins. 

3.2.1 THE MECHANISM OF EXTENSIONAURIFT TECTONICS AND APPLICATION TO THE 

GUNNEDAH BASIN 

Scheibner (1974a, 1976) proposed a volcanic rift origin for the Sydney - Gunnedah - Bowen Basin, 

based on detailed tectonic analysis. Relatively recently, Gibbs (1984), Lister et al. (1986) and Lister 

(1987) outlined the features and mechanisms ofthe crustal extension model. 
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Their model for the creation of sedimentary basins by crustal extensional tectonism is relevant to this 

study. Further, some aspects of their model are directly applicable to the Gunnedah Basin and, 

therefore, are summarised below (after Lohe 1989 p 10 and Einsele 1992 - see figures 3.6 and 3.7): 

1. Tectonism is initiated by extension and thinning of the mantle lithosphere possibly driven by 

mantle convection producing a thermal perturtDation (i.e. when the lithosphere is thinned by 

stretching, the underiying asthenosphere wells up to fill the space). 

2. Extension in the crust is accommodated by the formation of a shallowly dipping detachment fault 

(by simple shear; figure 3.6a and 3.7b), or in some cases, more than one detachment faulL 

Initially, the detachment fault links the area of surficial extension with the ductilely stretching 

middle to lower crust. The upper plate above the detachment zone is detached from the lower 

plate below the detachment zone (delamination). An asymmetrical geometry is thus developed. 

3. Extension of the crust by "pure shear" (figure 3.7a) however, implies instantaneous and uniform 

extension which if progressed to the drifting stage, the centre of the rift graben coincides with the 

spreading axis. This is in contrast to the asymmetric geometry which results from simple shear 

extension. 

4. As extension proceeds, upper-plate rocks subside along synthetic nonnal listric or planar faults 

which sole into, or terminate at the detachment fault(s), A rift valley with a basic half-graben 

geometry is formed (figure 3.6b). Rift-stage sediments begin to infill the rift graben, and are 

progressively rotated into antithetic dips as normal faulting continues. Antithetic faults can also 

form, and modify the basic half-graben geometry. 

5. Differing rates of extension and geometries of extensional structures along strike in rifts are 

accommodated by sub-vertical transfer fault zones which are generally diagonal to the extension 

direction and at a high angle to the graben bounding faults. They accommodate reversals in dip 

of detachment zones. 

6. If sufficient extension takes place, the load formeriy exerted by the upper plate is gradually 

removed from the lower plate and up warping can occur. A broad arch or culmination is then 

formed. In these circumstances, uplift can persist after rifting ceases, and may elevate 

extensional grabens and their sedimentary infill sufficiently for erosion to occur, producing a post-

rift unconformity (figure 3.6c). In tenranes with extreme extension, lower-plate rocks may be 

exposed as a metamorphic core complex by complete removal ofthe upper plate rocks. 

7. Subsequently, a sag phase develops as thermal anomalies relax, and subsidence takes place. 

Sag-phase sediments may be deposited, and are predicted to have dips increasing progressively 

with age, and synthetic with the dip of the nonmal faults. Subsidence will be greatest where the 

thermal anomaly was strongest (figure 3.6d). 

8. Ultimately, thinning and then complete separation of continental crust leads to generation of 

oceanic crust between the upper-and lower-plate margins. However, many continental rifts have 
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Figure 3.6. Generalised evolution of extensional sedimentary basins (from Lohe 1989) 
(A) Initiation of surficial extension by development of a shallowly dipping normal detachment fault 
(B) Formation of normal listric fault which sole into the detachment faults. Fault blocks rotate and 

subside to form a half-graben rifl; valley, which is infilled by rift-phase sediments. 
(C) A culmination or upwarp may be produced by removal of load on the lower plate if sufficient 

extension ofthe upper plate occurs. Uplift can persist after rifting ceases, and a post-rifl 
unconformity can develop. 

(D) The sag phase represents subsidence as thermal anomalies relax. The basin is infilled by sag-phase 
sediments. 

Please see print copy for image
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not undergone lithospheric rupture, and oceanic crust has not been generated, as it was the case 

with the volcanic rift which caused the initiation ofthe Sydney-Gunnedah-Bowen Basin. 

Hammond (1987) and Mallett et al. (1988a) applied the model of Gibbs (1984) and Lister et al. (1987) 

to the Bowen Basin. Mallett et al. (1988b) observed north-east-trending zones which bound domains of 

different structural and geological characteristics and subsequently suggested that the crustal 

extension model may be extended from the Bowen Basin to the Sydney-Gunnedah Basin. 

Hammond's (1987) model for the Bowen Basin (figure 3.8) involves rifting in the Eariy Permian and the 

development of "oceanic basins". Although not necessarily floored by oceanic crust, the eastem 

margin ofthe Bowen Basin contains submarine basaltic volcanism and flysch sedimentation, whereas 

bimodal rift-type volcanics are present in the Sydney and Gunnedah Basins. Rifting initiated half 

grabens (figure 3.8) which, in the eariiest Permian, formed domains (rift compartments of E. Scheibner 

pers. comm. 1987) with distinctly different character and constant north-north-westerly trends lying 

between major transverse (transfer) faults/corridors (transform faults; Scheibner 1974b) in the 

basement (Gibbs 1984, Hammond 1987). According to Hammond (1987) and Mallett et al. (1988a) the 

half grabens/domains developed by upper crustal extension by simple shear on listric faults above 

shallowly dipping detachment faults . However, Murray (1990) indicated that the simple shear model 

cannot account either for the extension volcanism in the region or for the gravity data. He, therefore, 

suggested that simple and pure shear were involved in the formation of the basin, perhaps during 

episodes of high strain enabling emplacement of igneous rocks at various crustal levels. 

Half Graben(Domain/Rift compartment) 

Transverse/ Transfer/ 
Transform Fault (Corridor) 

Figure 3.8 Crustal extension model applied to the Gunnedah Basin (modified after Tadros 1988c, fig. 5 and 
Tadros 1993f, fig. 6.11; origiaally based on Hammond 1988 in Mallett et al. 1988b) 
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Each domain contains internally consistent basinal structures but is different from adjacent domains. 

The model allows for subsequent thrusting during which basement terranes along the eastern margin of 

the basins were uplifted on "buried ramps". Korsch et al. (1990) have provided evidence, from the 

Bureau of Mineral Resources (now AGSO) deep seismic reflection profile across the Bowen Basin, for 

?mid-Triassic defonmation in the sedimentary succession controlled by thin-skinned thrusting on a 

series of listric faults which dip to the east and root in an easteriy dipping detachment fault (figure 3.9). 

Thrusting explains the north-to-south step-like changes in the morphology of the basin across, and the 

rotational movements between, numerous transfer faults (Hammond 1987). However, Fielding (1990) 

and Fielding et al. (1990) suggested that there is little evidence in the Bowen Basin for transfer faults. 

It will be shown later that longitudinal extension faults (whether detached or synthetic) were periodically 

activated as thrust faults during the foreland basin stage. Korsch et al. (1993) provided evidence for 

one such fault (refer to figures 3.15 and 3.16) which can be traced for at least 4 km into the basal 

volcanics pile underneath the Gunnedah Basin sedimentary sequence. It is of interest to mention that 

this author predicted the existence of this fault in Tadros (1988c). 

Nevertheless, Mallett etal. (1988b) extended the model south to the Sydney Basin on the assumption 

that the tectonic processes which controlled the formation of the Bowen Basin were also significant for 

the Sydney Basin. They highlighted north-easteriy trending linear surface features which line up a 

number of very different geological characteristics. The linear features control the surface distribution 

of stratigraphic units in the basin, and surface structures show changes in orientation across the trend 

lines (figure 3.10). They suggested that the most significant of these linear features are at Murrurundi, 

Muswellbrook and south-east of Singleton towards Newcastle. 

Detailed study of structure and geometry of the basement in the Gunnedah Basin (Tadros 1988c) has 

indicated that inherent characteristics of the basement and its association with widespread volcanic 

rocks are consistent with volcanic rift models as proposed by Scheibner (1976) and Murray (1990). 

Rifting, which is basically a tensional/extensional process, may have followed a mechanism similar to 

that proposed by Gibbs (1984), Lister ef al. (1986) and Lister (1987), but extension was probably 

associated with both simple and pure shear (combined shear of Barbier et al. 1986 ) as proposed by 

(Murray 1990). Pure shear, i.e. uniform stretching ofthe lithosphere (figure 3.7a), has the potential to 

generate large volumes of mafic volcanics (McKenzie and Bickle 1988) which in turn can produce 

silicic volcanics by crustal melting (Murray 1990). 

3.2.2 SIGNIFICANCE OF THE MEANDARRA GRAVITY RIDGE IN THE RECOGNITION OF 

TRANSVERSE BASEMENT STRUCTURES 

The Meandarra Gravity Ridge (Lonsdale 1965) is a distinct meridional linear gravity high shown on the 

then Bureau of Mineral Resources (BMR) total-field Bouguer gravity anomaly map of Australia (1976) 

extending for 500 km along the major structural trends of the Bowen and Gunnedah Basins from 

Meandan^a in Queensland south to the Liverpool Range (figure 3.11). Over much of its length the 
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Figure 3.9. (A)Location ofthe 1989 BMR deep seismic reflection line BMR89.B01 (from Korsch et al. 1990) 
(B) Geological interpretaUon of part of deep seismic reflection line BMR89.B01 showing major east-

dipping detachment 
(C) Geological interpretation of deep seismic reflection line BMR89.B01 showing details of 

imbricate thrust fan in the central Yarrabee zone 
Vertical scale in (B) and (C) equals horizontal scale for a velocity of 4 km/s (Korsch et al. 1990) 

Please see print copy for image
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Figure 3.10. The Sydney and Gunnedah Basins showing structural domains bounded by north-easterly trends and 
the effects along the trends on continuous structures (modified from Mallett et al. 1988b, fig. 5) 
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Figure 3.11. Total-field Bouguer gravity anomaly map showing the Meandarra Gravity Ridge in the eastem part 
ofthe Gunnedah Basin (based on Bureau of Mineral Resources 1976) and Landsat and ERTS-1 
satellite lineaments of Scheibner (1973, 1979). Contour interval is 5 milligals 
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Meandan-a Gravity Ridge is disnjpted by first-order transverse trends, 10-15 milligals lower than the 

centres/maxima of the gravity anomalies, spaced at 35 to 90 kilometres apart. 

Across the Liverpool Range the Meandarra Gravity Ridge shows a sinistral displacement of some 20 

kilometres, with the southern segment displaced to the east along a transverse north-east trending line 

which coincides in part with the Landsat (and also ERTS-1) lineament of Scheibner (1973, 1979) over 

the Liverpool Range (Figure 3.11). Qureshi (1984) postulated that if the gravity high which is present 

south ofthe Liverpool Range is the continuation ofthe Meandarra Gravity Ridge there must have been 

a major sinistral displacement of some 40 kilometres to the east along an east-west line now occupied 

by the Goulburn River. Bramall and Qureshi (1984) indicated that large parts ofthe Meandanra Gravity 

Ridge anomalies must arise from within the basement. Based on modelling of a gravity profile across 

the Sydney Basin, Qureshi (1984) interpreted the Meandarra Gravity Ridge and the Wollondilly-Blue 

Mountains gravity gradient (which flanks the western side of the gravity ridge in the Sydney Basin) to 

have been produced mainly by a large (9-18 kilometres thick) high density basic igneous source 

underiying the basin in the upper crust and that the Eariy Permian volcanics have only minor influence. 

Qureshi (1989) modified this model and suggested that part of the gravity anomaly may be due to a 

dense zone of mantle derived mafic intrusions about 12 km deep and 40 km across (figure 3.12). The 

Meandarra Gravity Ridge may, therefore, represent a zone where intrusions were mainly mafic in 

character and probably intraplate in origin (Griffin and O'Reilly 1986, Qureshi 1989). Because of its 

large size, the source represents a significant inhomogeneity in the crust suggesting crustal extension 

 

Figure 3.12. Profile across southem end of Meandarra Gravity Ridge (for location see figure 3.1) corrected for 
regional gradient and effect of Sydney Basin sediments (top) and interpreted cross-section (bottom; 
from Murray 1990, originally from Qureshi 1989) 

Please see print copy for image
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preceding the formation of the basin (Qureshi, 1984) as originally proposed by Scheibner (1974a, 

1976) based on tectonic analysis. Qureshi (1984) argued that the large positive gravity anomalies of 

the ridge are similar to those produced over grabens and rifts such as some African rift valleys. 

It, therefore, follows that lateral offsets/displacements of the Meandarra Gravity Ridge represent 

transfer structures which functioned during rifting and thus define rift compartments (E. Scheibner pers. 

comm. 1987). Murray et al. (1989) deduced from the varying size of the gravity ridge that these 

compartments had variable extension, i.e. different tectonic and subsequent thermal subsidence 

histories. 

Figure 3.13 shows the total-field Bouguer gravity anomaly map ofthe Gunnedah Basin superimposed 

on the structure contours on top of the basal volcanics. There is very close correspondence between 

the discontinuities in the Meandarra Gravity Ridge and the transverse highs in the basal volcanics, 

specifically in the area ofthe Walla Walla Ridge and Narrabri High (Tadros 1988c). There is also 15-

20 km offset between the centres of the gravity anomalies, representing the deeply seated dense basic 

material of the rift zone, and the centres of the longitudinal troughs in the basin (figure 3.13). This 

author (Tadros 1988c) suggested that this offset may have been caused either by an original 

asymmetry between the area of emplacement of the dense igneous material and subsidence where 

half-grabens were formed, and/or by displacement of the axis of greatest subsidence towards the west 

along shallow low-angle thrusts above the dense basement. This author further stated (Tadros 1988c, 

p. 10) that, "if present, one or more of these thrusts would be expected to extend as far west as the 

Rocky Glen Ridge". Although Korsch et al. (1993) could not detect reflections on AGSO's deep 

seismic reflection profile across the Gunnedah Basin (acquired at about the latitude of Boggabri, figure 

3.14) that might represent low-angle faults within the basement below the Gunnedah Basin, they 

provided strong evidence from the profile that supports this authors prediction (in Tadros 1988c) of a 

thrust fault along the eastern flank of the Rocky Glen Ridge (figures 3.15 and 3.16). Figure 3.15 in 

particular, cleariy shows that the thrust fault (herein named Rocky Glen Fault) can be traced for at least 

4 km through the Gunnedah Basin sequence and the underiying basal volcanic pile. The fault is 

truncated by the Surat Basin sequence suggesting a Middle Triassic upper limit for the compressive 

thrust phase. The author believes that other low-angle, almost flat-lying faults may be present but 

have escaped detection. Displacement ofthe axis of greatest subsidence would have been associated 

with the post mid-Triassic (during the Late Triassic) compressive event which ultimately caused 

termination ofthe basin (Tadros 1988c, 1993f). However, partial displacement may also have been 

associated with the Late Permian compressive event which caused uplifting of the Maules Creek Sub-

basin and erosional stripping of its Late Permian sediments prior to the deposition of the Triassic Digby 

Formation. 

After correcting the lateral offset between the depocentres and centres of the positive gravity 

anomalies, and correcting the rotational movement of each compartment, a striking correspondence is 

apparent between the high (positive) gravity anomalies and the trough areas which also contain the 
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Figure 3.13 Stiiicttu-e contours (m asl) on the top of the basal volcanic units superimposed on the total-field 
Bouguer gravity anomaly map ofthe eastem part ofthe Gunnedah Basin (fromTadros 1993f, fig. 
6.15; originally from Tadros 1988c, fig. 1) 
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Figure 3.14. Location of the deep seismic reflection profile BMR91. GO 1 across the Guimedah Basin and westem 
New England Orogen (from Korsch et al. 1993) 

Please see print copy for image
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ROCKY GLEN RIDGE 
SP1900 

MULLALEY SUB-BASIN 
SP2000 

2 km 

Figure 3.15. Portion ofthe unmigrated deep seismic section BMR91.G01 in die Mullaley Sub-basin showing 
thick, well-layered succession forming the volcanic pile between 0.7 and at least 1.4 seconds TWT. The 
interpreted faulted horizon is the top ofthe volcanic pile (base ofthe Gunnedah Basin sedimentary pile). 
Vertical scale equals horizontal scale for a velocity of 6 km" (modified from Korsch et al 1993; for 
location see figure 3.14). The interpreted thrust fault can be traced for at least 4 km tiu-ough the 
Gunnedah Basin succession and the underlying basal volcanic rock pile and supports the author's 
analysis (Tadros 1988c) which suggested a thrust fault along the eastem flank ofthe Rocky Glen Ridge. 

ROCKY GLEN RIDGE MULLALEY SUB-BASIN 

SP1850 SP2100 

Figure 3.16. A larger portion of the immigrated deep seismic section BMR91.G01 showing the westem margin 
of the Mullaley Sub-basin thiiming onto the Rocky Glen Ridge and the thrust fault shown in figure 3.15 
with west-directed thrusting of the upper (eastem) plate. The upper horizon is the base of the Surat 
Basin succession and the lower, faulted horizon is the base of the Guimedah Basin succession (top of 
the volcanic rock pile; modified from Korsch et al. 1993; for location see figure 3.14). 



3. TECTONIC SETTING AND BASIN EVOLUTION 141 

thickest sedimentary pile (i.e. areas of maximum subsidence), particulariy in the Eariy Permian 

sequence (figure 3.17; Tadros 1988c). 

Murray et al. (1989) utilised a digital coloured residual Bouguer gravity image with wave length cut off 

of 250 km to establish that the Meandarra Gravity Ridge is much more extensive than the total-field 

Bouguer gravity anomaly map (BMR 1976) shows, and can be followed from the southern end of the 

Sydney Basin through the Gunnedah Basin into the Bowen Basin (Taroom Trough) up to 24° latitude, a 

distance of 1200 kilometres (figure 3.18, see also figure 3.1). The Meandarra Gravity Ridge follows 

the axis ofthe Taroom Trough precisely and coincides with the zone of greatest sedimentation (Murray 

1990). The coincidence between high gravity values and maximum subsidence, again suggests that 

the cause of the Meandarra Gravity Ridge is linked to the origin of the Bowen-Gunnedah-Sydney Basin 

(Murray 1990). Murray ef al. (1989) also suggested that the Meandarra Gravity Ridge is related to the 

Late Carboniferous-Eariy Permian rifting ofthe Bowen-Gunnedah-Sydney Basin. 

Major (first-order) discontinuities in the Meandarra Gravity Ridge in its fullest extent (as defined by E. 

Scheibner pers. comm. 1988 and in Murray et al. 1989), also broadly coincide with the transverse 

zones observed by Mallett et al. (1988a, b) from changes in gross geological surface features, 

particulariy through Muswellbrook (figures 3.10 and 3.19). It is of interest to note that their 

Muswellbrook trend coincides with the Mount Coricudgy Anticline, which was depicted by Stuntz (1972) 

from the aeromagnetic maps and used by Bembrick et al. (1973) as the structural boundary between 

the Sydney and Gunnedah Basins. An anticlinal feature in the Triassic strata in the same area was 

also shown on the map ofthe Oxley Basin of Dulhunty (1940). 

Discontinuities in the positive gravity anomalies over the transverse structural highs in the Gunnedah 

Basin, such as the Narrabri High and Walla Walla Ridge, are interpreted by this author to have been 

influenced by a thick basal volcanic sequence of relatively lower density than the large high-density 

basic source underiying the basin in the upper crust (Tadros 1988c). 

Smaller irregularities in the contour pattern of the Meandarra Gravity Ridge, as shown on the total-field 

Bouguer gravity anomaly map (figure 3.11), are not as readily recognisable as the first-order (major) 

discontinuities. These are second-order trends which also represent crustal features, but were of 

smaller magnitude (with smaller displacement and rotational movement) and probably were not active 

over long periods. The best example is the trend through Gunnedah and Mullaley. This trend is 

represented by a "kink" in the contour pattern of a larger distinct anomaly (figure 3.11). 

The enhancement techniques used by Murray et al. (1989) have intensified many smaller second-order 

transverse trends and rendered them more visible (figure 3.18 and Frontispiece). However, only the 

first-order trends, evident on the Bureau of Mineral Resources' total-field Bouguer gravity anomaly 

map, have been used to provide the gross architecture ofthe basement described herein 
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Figure 3.17 Structure contours (m asl) on the top ofthe basal volcanic units superimposed on the total-field 
Bouguer gravity anomaly map ofthe eastem part ofthe Gunnedah Basin, with correction for 
offset and rotation discussed in the text (fromTadros 1993f, fig. 6.16; originally from Tadros 
1988c, fig. 2) 
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Figure 3.18 Residual Bouguer gravity anomalies and the Meandarra Gravity Ridge, Sydney - Bowen Basin 
(from Scheibner 1993, fig. 4.1; after Murray et al. 1989, fig 4) 

Please see print copy for image
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Figure 3.19 Traces of major transfer faults, Sydney - Bowen Basin (from Scheibner 1993, fig. 4.2; after 
Murray e/a/. 1989, fig 4) 

Please see print copy for image
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3.2.3 SIGNIFICANCE OF THE VOLCANIC ROCKS 

Proponents of a volcanic rift origin for the basin argue that the bimodal Dalwood - Werrie - Gunnedah -

Boggabri volcanics, which formed during the latest Carboniferous or eariiest Permian, represented the 

start of extensional stresses in the area. Their composition and trace element signatures, in particular 

their TiA/ ratios, label them as intra-plate basalts, which are characteristic of incipient and small-scale 

rifting (Martin and Tadros 1990). Scheibner (1976) argued that, under the influence of tensional stress 

caused by plate convergence at the eastern leading margin of the Australian Plate, a volcanic rift 

developed. This volcanic rift produced large quantities of ignimbrite, and also some other calc-alkaline 

volcanics, associated with terrestrial and paralic sedimentation around the volcanic rift, thus heralding 

the initiation ofthe basin. Murray (1990) elaborated on the nature and composition ofthe volcanics in 

the Sydney-Gunnedah-Bowen Basin and emphasised the view that the association of continental rifts 

exclusively with bimodal volcanism is incorrect. It appears that the volcanics in such continental rifts 

are the result of mantle up welling. According to White (1989) when continental lithosphere is thinned 

by stretching, the underiying asthenosphere wells up to fill the space. As a result the asthenosphere 

decompresses and produces partial melt. The hotter the asthenosphere, the more melt is generated. 

Uniform stretching of the lithosphere can generate large volumes of mafic volcanics (McKenzie and 

Bickle 1988) which in turn can produce silicic volcanics by crustal melting. Murray (1990) proposed a 

model for the Eariy Permian inception of the Bowen Basin (figure 3.20) showing a rift beneath the 

Taroom Trough forming by back-arc extension. This extension preceded and caused the passive up 

welling of mantle by pressure decrease as a result of a change in plate motions such as cessation of 

subduction. 

 

Figure 3.20. Schematic model for the Early Permian inception of the Bowen Basin north of 26°S latitude by 
back-arc extension (no vertical exaggeration). Basin structmes such as the Denison Trough, Comet 
Ridge, and Camboon Volcanic Arc are shown in their present relative positions (from Murray 1990) 

Please see print copy for image
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3.2.4 SIGNIFICANCE OF THE HUNTER-MOOKI FAULT SYSTEM 

The position of the Hunter-Mooki Fault System (figure 3.1) between the erogenic New England Fold 

Belt and the Sydney - Gunnedah - Bowen Basin, and incorrect assumptions regarding the time of 

formation of, or activity on, the fault system, influenced many ofthe theories proposed for the origin of 

the basins. Runnegar (1970, 1974), Harrington and Korsch (1979), Brownlow (1981a) and Harrington 

(1984a, b) believed that this system was active in the Late Carboniferous and eariiest Permian, while 

others (Scheibner 1976, Herbert 1980a, Thomson and Flood 1984, McPhie 1984) preferred a later time 

of formation. 

Runnegar (1970, 1974) pointed out that the New England Fold Belt was the source for the Eariy 

Permian Maules Creek Formation sediments, which were deposited in alluvial fans developed adjacent 

to the Mooki Fault System. Brownlow (1981a) invoked Eariy Permian movement on the Mooki Fault 

System to allow for sediment transport from uplifted, hypothetical, and now non-existent, Werrie Basalt 

to the east similar to the basalt in the Werrie Basin, some 150 km to the south. He believed that this 

(hypothefical) basalt may have produced the kaolinite source material for the Leard Formation (a 

colluvial deposit on the basal volcanics surt̂ ace - see chapter 2). Brownlow also suggested that deep 

erosion and uplift of the Late Carboniferous Currabubula Formation in the east produced the 

prograding clastic wedge (of Runnegar 1974) of coarse lithic sediments of the Maules Creek 

Formafion. Crosdale (1982) and Butel et al. (1983) pursued this idea further by suggesting that the 

prograding clastic wedges infiuenced the style of seam splitfing within the Maules Creek Formation. 

Harrington and Korsch (1979) and Harrington (1982; 1984b; 1989) associated the Mooki Fault System 

with the inifiafion of the basin at the "very end of the Carboniferous or the beginning of the Permian" 

when "the major Mooki Fault System cut the Kuttung - Bulgonunna Volcanic Arc and the Kuttung 

Volcanic Arc became extinct and was moved by dextral strike slip to its present position.... The fault is 

a basement feature at least 1750 km long" (Harrington 1984b, publ. 1989, p. 379). However, Thomson 

(1984; 1986a, b) and Thomson and Flood (1984), who studied the Eariy Permian sequence in detail, 

found no evidence for either an easteriy source for the Maules Creek Formation or for Eariy Permian 

movement on the Mooki Fault System. They indicated that truncation and deformation of Eariy 

Permian sediments by the Mooki Fault System is strong evidence for movement no older than the 

deformed sediments (Eariy Permian Upper Stage 4), a view which was originally advocated by Hanlon 

(1950b) and also shared by McPhie (1984). Their view has recenfiy been supported by evidence from 

AGSO's deep seismic refiection profile across the Gunnedah Basin (figure 4.13a and the line diagram 

figure 4.13b). The figures show that the Mooki Fault truncates Early Permian sediments of the Maules 

Creek Formafion. 

3.2.5 SIGNIFICANCE OF THE BASIN FILL 

Basin fill in the Eariy Permian was localised in small rapidly subsiding troughs (figures 3.4a and 3.21). 

The troughs were separated by highlands and ridges consisting of silicic and mafic volcanics. 
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Figure 3.21. Isopachs (m) of Early Permian sediments (Leard, Goonbri and Maules Creek Formations), 
Gunnedah Basin (modified from Tadros 1988c, fiig. 4) 
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Deposifion began with fine-grained lacustrine sediments (Goonbri Formation) which accumulated in the 

most rapidly subsiding areas in the troughs, whereas volcanic - lithic alluvial fan and piedmont deposits 

accumulated on the fianks of the highs and ridges and on the trough margins. It appears that rifting 

and subsidence continued at an appropriate rate for lacustrine sedimentation in the deepest parts of 

the troughs, but sedimentation rate decreased as subsidence slowed down. Alluvial sedimentation 

ultimately filled the lakes and covered the trough areas with thick sequences of fiuvial sandstones and 

conglomerates of volcanic - lithic composition (Maules Creek Formation), whereas the highs and ridges 

were only partially covered by a thin sedimentary sequence (figure 2.8). Small amounts of quartz-rich 

sediment derived from the Lachlan Fold Belt were also deposited in the trough areas, particulariy the 

Bohena Trough and the northern part ofthe Maules Creek Sub-basin. Deposition in these small trough 

areas and the variafion of sediment thickness and composition, together with the partial coverage of 

the highs with thin coarse-grained deposits, are typical of tectonically controlled volcanic rift sub-

basins. Deposition in these sub-basins refiects subsidence of the underiying half-grabens, whereas the 

highs and ridges represent more stable basement structures and define the rift compartments. 

The extensional model of Lister et al. (1986) and Lister (1987; see section 3.2.1) postulates that up 

warping can occur if a sufficient extension takes place, and the load formeriy exerted by the upper 

plate is gradually removed from the lower plate. Uplift can persist after rifting ceases, and may elevate 

extensional grabens and their sedimentary infill sufficiently for erosion to occur, producing a post-rift 

unconformity. There are indications of an unconformity between the Maules Creek and Porcupine 

Formafions in the Gunnedah Basin. In most places in the Gunnedah Basin, the upper contact of the 

alluvial sediments ofthe Maules Creek Formation is sharp (Skilbeck and McDonald 1993) and, on the 

basis of work by Manser (1965a) and Evans (1967b), Runnegar (1970) proposed that a regional 

disconformity marked the base of the marine Porcupine Formation, even where the underiying Maules 

Creek Formation is present. Hamilton (1991) reported an abrupt change in the geophysical log profile 

from the Maules Creek alluvial system to the overiying Porcupine Formafion (consistent with the 

contrasfing lithologies and sharp contact) which he interpreted as caused by rapid sea level rise. 

McMinn (1993) noted that assemblages of Lower Stage 5a age have not been recovered (possibly 

indicafing a hiatus or unconformity) and McDonald (1993) has also indicated that at least part of the 

microfloral sequence is missing (again possibly indicating a hiatus or unconformity). An unconformity 

between the alluvial sediments of the Maules Creek Formafion and the marine Porcupine Formafion, 

would indicate, if present, that the basin was probably subjected to a limited uplift and minor erosion -

after cessation of rifting - and prior to deposition of the Porcupine Formation as a result of marine 

transgression induced by thermal relaxation and subsidence. 

3.3 THERMAL RELAXATION - SAG STAGE 

Until relatively recently, some workers considered thermal subsidence or sag as the mechanism which 

initiated the Sydney-Bowen Basin and not as a subsequent phase in its evolution. Brownlow's (1981a, 

1982a, b 1988a, b) "mantle diapirs model" for the origin ofthe Sydney-Gunnedah Basin encompasses 
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five "tectonothermal regimes" and recurrent sequences of tectonic events of which a cooling episode 

caused subsidence and basin formation. 

Thermal relaxation, sag or subsidence follows tectonic extension and is an integral part of basin 

development. Sag is caused by thermal collapse of the lithosphere, which has been disturbed either 

by up welling of the asthenosphere compensafing for thinning, or by heating from igneous intrusions 

emplaced into the crust and upper mantle to compensate for the extension of these lithospheric layers 

(Scheibner 1993a). 

However, there is no agreement on the timing and duration of the sag phase. Wake-Dyster ef al. 

(1987) and Korsch et al. (1988) considered that the Permo-Triassic Taroom Trough sequence (in the 

Bowen Basin) represents an extensional rift phase and the overiying Jurassic and Cretaceous Surat 

Basin succession a subsequent thermal relaxation or sag phase (after cessation of rifting). Others 

such as Ziolkowski and Taylor (1985) inferred a prolonged sag phase resulting in coal-measure 

deposifion and Triassic fluvial sedimentation ~ whereas, Finlayson and Fielding (1990) considered that 

the sag phase subsidence in the Bowen Basin occurred during the Late Permian times. Hammond 

(1988, 1990) favoured a sag phase in the mid-Permian because it "would ... be consistent with the 

widespread extension (and upper crustal thinning) ... for the eariiest Permian" (1990, p. 8). 

This author considers that thermal relaxation of the lithosphere started in the latest Eariy Permian to 

eariiest Late Permian after cessafion of the Eariy Permian rifting, but was soon superimposed by 

foreland tectonics, which controlled basin development to the Middle Triassic. This is cleariy indicated 

by changes in style of sedimentafion in the basin. In the Eariy Pemnian, sedimentation was localised 

within several small trough areas and controlled by tectonic subsidence of half-grabens (rift 

compartments) (figures 3.21 and 3.8) beneath the trough areas. A significant change in tectonics in 

the mid Permian to eariy Late Permian caused basin-wide subsidence and widespread marine 

incursion (figure 3.4b and 3.22). This basin-wide subsidence is interpreted to have been caused by 

thermal relaxation or sag of the lithosphere (after cessation of the volcanic rift phase). However, 

thermal relaxation was not uniform throughout the basin. The rift compartments had variable 

extension and consequently different tectonic and thermal subsidence histories (Murray ef al. 1989). It 

might, therefore, be expected that even with basin-wide thermal subsidence, various basin 

compartments behaved differently. Thermal subsidence was greater, and started eartier, in the south 

and south-east than in the north. This is indicated by the age of the marine Porcupine Fomnation, 

which began in Upper Stage 4 and continued into Lower Stage 5b in the south (palynological ages by 

A. McMinn 1993). In the north, marine sedimentafion started as late as Lower Stage 5b. Marine 

condifions continued basin-wide into Lower Stage 5c as indicated by the conformably overiying 

Watermark Formation. 

It could be argued, however, that the marine incursion may have been caused by an eustafic sea level 

rise. Hamilton (1991) noted what appears to be an abrupt change in the geophysical log profile from 

the Maules Creek alluvial system to the overiying Porcupine - lower Watermari< marine-shelf system. 

He argued that the abrupt change suggests that the relafive sea level rise was very rapid, possibly as a 
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Figure 3.22. Isopachs (m) ofthe marine Porcupine and Watermark Formations, Gunnedah Basin (modified 
from Tadros 1988c, fig. 7) 
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result of an eustafic control. But he also postulated that a sharp reducfion in sediment supply 

accompanying regional subsidence (herein advocated to have been caused by thennal relaxation or 

sag) could similariy lead to rapid sea level rise. The rapid relafive sea level rise could have also 

resulted from superimposition of subsidence caused by foreland basin tectonics (downward flexure and 

tectonic loading of the cratonic margin discussed in the following section) on subsidence caused by 

thermal relaxafion stage ofthe extensional tectonics regime. 

3.4 FORELAND BASIN STAGE 

The tectonic setfing ofthe region changed in the mid-Permian, and the thermal relaxafion - sag stage 

was soon superimposed by foreland basin tectonics. Strong deformation and uplift of the Devonian, 

Carboniferous and Eariy Permian rocks in the New England region resulted in tectonic stacking of the 

thrust sheets and consequent loading of the cratonic margin (the foreland area), which caused 

downward flexure, translated into rapid subsidence and rapid sedimentation in the foreland basin. 

Tectonic loading of the eastern edge of the craton also resulted in a forebulge (peripheral bulge of 

Quinlan and Beaumont 1984) in the cratonic edge of the basin along the western basin margin. The 

(Gunnedah) basin fill was derived principally from the rising eastern erogenic region (now the New 

England Fold Belt), and also in part from the forebulge area in the craton of the Lachlan Fold Belt to 

the west. During episodes when sediment influx from the craton was significant, quartz-rich sands 

were intermixed along the basin axis with orogen-derived volcanic-lithic sediments. 

Consistent with typical foreland basins, marine sedimentation (basin underfilled due to flexural 

deepening ofthe basin faster than sedimentation - Tankard 1986a) changed to fluvio-deltaic deposition 

in the Late Permian (basin overfilled due to high relief ofthe orogen belt during times of overthrusting -

Tankard 1986a). The fluvial systems prograded westwards and south-westwards across the Sydney -

Gunnedah Basin. This change may reflect westward movement of the main basin axis with time 

(figure 3.4c-e), due to continued westward displacement ofthe foreland thrust belt (Murray 1985). The 

westward movement could also have been due to stacking and build-up of sediments in the east, 

forcing fluvial deposition westward and resulting in a generally asymmetric sediment pile with the 

thickest accumulation near the eastern margin (figures 3.4 C to E) 

Late Permian plutonism and associated felsic volcanism in the New England Fold Belt region was 

concomitant with rapid subsidence ofthe foreland basin which accommodated up to a kilometre of coal 

measure sediments in the Gunnedah Basin, some 2 km in the Sydney Basin and several kilometres in 

the Bowen Basin. Volcanism in the New England Fold Belt region contributed large quantities of 

volcanogenic material, including tuff and tuffaceous sediments, to the sequence, particulariy in the 

Gunnedah Basin. The volcanogenic sediments in the Newcastle Coal Measures and in the overiying 

Triassic sediments ofthe coastal section ofthe Sydney Basin were derived from the volcanics present 

in the Northumberiand Ridge, a meridional ridge, offshore between Sydney and Newcastle discovered 

by Sydney Oil Co. and named by Brakel (1984, publ. 1989). 
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The volcanic activity in the Late Permian marked the onset of an important event in the basin's history. 

Renewed thrusting in the New England Fold Belt region resulted in east-west compressional 

movements, intermittent at the start, but gaining momentum at the end of the Permian. 

Compressional movements were accommodated mostly by the Mooki Fault System (and the Hunter 

Fault System in the Sydney Basin), and also by structural readjustments in the basin. Movements on 

the thrust fault are indicated by episodic influxes of coarse-grained volcanic - lithic sediments, sourced 

from the New England Fold Belt region in the east, into the basin in the Late Permian. Cannibalisafion 

of sediments and intrafomnational uncomformities within the Late Permian upper Black Jack Group 

attest to the episodic uplift in the northern part of the basin (see detailed study in chapter 6). 

Compressive deformation intensified towards the end of the Permian and caused major uplift and 

basin filfing, particulariy in the north and north-east (Tadros 1986b, Tadros in Tadros ef al. 1987b). As 

a result, coal measure sedimentafion was tenminated, and a thick secfion of the Permian sediments 

was eroded. Uplift and filfing in the north and north-east are indicated by regional angular 

unconfonmity between the Permian and Triassic sediments (figure 3.23; Tadros 1986b). The sediment 

wedge of the upper part of the Black Jack Group (Coogal and Nea Sub-groups) particulariy between 

the top of the Hoskissons Coal and the base of the Digby Formation (figure 3.24) fonmed as a result of 

uplift in the east and filling concomitant with erosional stripping of the upper Black Jack sediments prior 

to deposition of the Triassic Digby Formation. Further, as a result of the erosional truncafion of the 

Permian sediments the Hoskissons Coal also has been reduced in thickness from over 7 m in the west 

to completely absent in the east across a zone 1 - 2 km wide trending in a north to north-westeriy 

direction from Boggabri to Narrabri. Figures 3.25 and 3.26 illustrate that in an easteriy direcfion, 

increasingly thicker secfions have been removed by erosion from the tops of the Hoskissons Coal prior 

to deposition ofthe Triassic Digby Formation. Figure 3.27 illustrates the regional setting ofthe basin 

at the Permo-Triassic unconfonmity and shows that at the end ofthe Permian, uplift affected the north-

eastem part of the Gunnedah Basin from Gunnedah in the central east to north of Moree into the 

southern end ofthe Bowen Basin. The figure also cleariy shows that the Bellata - Moree area was most 

affected by the uplift and erosion (prior to the deposition of the Triassic Digby Formation). Generally in 

the area between Boggabri and Moree, the Triassic Digby Formafion truncates older Permian strata 

from the upper strata of the Black Jack Group near Narrabri to the base of the Porcupine Formafion 

eastwards towards the Deriah Forest area, and volcanics of the Boggabri Ridge north-eastwards 

towards DM Moema DDH 1A. In this hole, the entire Permian sedimentary sequence is absent and the 

Triassic sediments ofthe Digby Formation directly overiie the Eariy Permian basal volcanic rocks. 

Subsidence and deposifion in the southern half of the basin were intenrupted for only a short period 

during which an unknown portion of the Permian sediments was eroded (Tadros 1986b). 

Consequently, the unconformity in the southem half ofthe basin is less distinct than in the north. 

Thrusting and compressive movements also appear to have been partially accommodated by the 

Boggabri Fault (of Tadros 1988c) along which the Maules Creek Sub-basin was uplifted. As a result, 

the Late Permian sequence within the Maules Creek Sut>-basin was eroded down to the Eariy Permian 
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Figure 3.27. Regional setting and Permo-Triassic unconformity (modified from Etheridge 1987, fig. 1) 
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Maules Creek Formation in the souttiern part, and to variable depths within the overlying Porcupine 

Formation in the Deriah Forest area east of Narrabri. 

Much of the basin probably achieved depositional base level in the earliest Triassic. Renewed 

tectonism in the elevated, highly deformed New England Fold Belt region, together with resumed 

subsidence in the foreland, allowed deposition of easterly sourced coarse conglomerates of the Digby 

Formation (Tadros 1986b). Deposition gradually changed to westerly sourced quartz-rich sands from 

the forebulge areas in the Lachlan Fold Belt region (Tadros 1986b). Tuff and tuffaceous sediments, 

which characterise the Late Permian coal measures, disappear abruptly from the Eariy and mid-

Triassic sediments, indicating abrupt reduction in eruptive volcanic activity in the orogen and that 

tectonism was mainly confined to folding and thrusting 

The stratotectonic development of the Sydney - Gunnedah - Bowen Basin was terminated towards the 

end of Middle Triassic time by major compressive deformation and uplift. Jones et al. (1984b) 

associated this deformation and uplift of the basin with a contemporaneous phase of very low igneous 

activity in the New England Fold Belt region, "an apparent minimum in igneous activity in the orogen 

not matched at any other time in the interval 260 Ma to 220 Ma ago" (p. 260), i.e. mid-Late Permian to 

eariiest-Late Triassic. They linked the waning of magmatic activity to rise and erosion of the foreland. 

Harrington (1984b) and Harrington and Korsch (1985) suggested that the uplift was caused by the final 

accretion or "docking" ofthe Gympie Terrane, a possible exotic terrane, at the eastern edge ofthe New 

England Fold Belt. However, Munray (1985) suggested that the time of accretion for this terrane was in 

the Eariy Triassic. 

The compressive deformation, uplift and erosion in the Gunnedah Basin are represented by the 

unconformity between the Gunnedah Basin and the overiying Surat Basin spanning the Late Triassic. 

During this period further thrusting occurred on the Mooki Fault System and on other faults such as the 

Rocky Glen Fault on the eastern side of the Rocky Glen Ridge (figures 3.15 and 3.16). Etheridge 

(1987) reported predominance of compressional features such as high angle reverse faults, through 

the Permian and Triassic sequence, some are basement controlled, indicative of compression at the 

end of the Triassic. From vitrinite reflectance data from boreholes in the south-east of the basin, 

Hamilton ef al. (1988) suggested that up to 2000 m of Triassic and Permian sediments had been 

removed during the Late Triassic period of erosion. 
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