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PREFACE 

The Sydney Basin etudy has been a team effort requiring -'a constant 

exchange of ideae and infomation between the BMR, campaniee, and the 

Department of Mines, New South Walee. S. J. Mayne, Evelyn Nicholaa, and 

A.L. Bigg-Wither are the main authore of the compilation, but Marlene J. Raine 

and J.R. Raeidl were junior authors who also interpreted data and wrote 

important section8 of the report. Supervision of the etudy programme and 

integraCion of the reaulte was undertaken by D.J. Powan, --- . 

No member of thia group haa firat hand knowledge of the Sydney 

Basin except from petrological examination of core and outtinga from the 

petroleum exploration wells, It may therefore seem inappropriate for them to 

undertake thie review, but similar etudiee by petroleum exploration companies 

aleo f o m  the baeie for fundamental deciaion8 on future mapping, geophysical 

and drilling programmes, and the taking up or relinquishing of leaaee. It ia 

expected that the etudy will provide either a basie for these decieions or a 

framework within which more detailed atudiea may be undertaken, 
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SUMMARY 

The Sydney Basin is a 380 km long subdivision of the llasman Geoayncline 
2 of eastern Australia, with an onehare area of about 36 000 lm situated along 

the east coast of New South Wales eouth of latitude j2O~. About 5 000 m of 
Permian &d Triassic sedimentary rocks are preserved, 

The older pre-Permian basement comprises two subdivisions of the 

Tasman Geosyncline: the Lachlan Geosyncline along the western and southern 

margine of the basin and the New England Geoeyncline in the north and northeaet. 

The Lachlan Geosynoline conelets of lower and middle Palaeoaoic sediments, 

lavas, and batholiths which have been accreted to the Australian craton, and the 

New Ehgland Geoeyncline l e  fundamentally similar but of Carboniferous to 

Lower !hiassic age. 

The oldest sediments In the basin consist of about 200 m of valley-fill 

conglomerate and heterogeneous diamlctite laid down as marginal and shallow 

marine deposits in the arc-rear belt of the New &gland Geoeyncline. Cratonwards 

the sediments are highly glacigene, arcwards they are volcanogene. Minor coal 

seams occur in many places. 

Broadly speaking the succeeding sediments were laid down around the 

margins of the basin during a fluctuating msrine advance followed by a 

fluctuating marine regression, During the advance the chief sediment deposited 

was silt and fine sand (Branxton Formation, Wandrawandian Silts tone, Mulbring 

Siltstone, and Berry  orm mat ion) . Temporary regressions followed by 
transgression are marked by the Greta Coal Measures - Snapper Point Formation 
and Muree Sandstone Member - N m a  Sandstone. The advance, which culminated 

during the Kazanian, was followed hy a major regmasion allowing coal swamp8 to 

develop in a complex environment marginal to the retreating sea (~llawarra Coal 

Measures and correlatives). This retreat was interrupted by two minor 

tranagressione: during the earlier the Kulnura Marine Tongue was formed, and 

during the later the Dempsey Beds and correlatives. 

The Hunter-Bowen omgenic movements, which perhaps coincided with 

climatic changea, terminated the great coal swamps towards the close of the 

Permian. Delta-prograding with but slight coal formation and with ephemeral 

marine advances followed and lasted till the end of recorded eedimentatlon in the 

Anieian. These delta deposits make up 'the Narrabeen and Wianamatta Groups. The 

intervening Hawkesbury Sandstone was formed in tidal flats and offshore bars. 



Igneous activity in the Sydney Basin was associated with three 

events : the development of the Pemo-Carbonif erous New Ehgland Geosyncline, 

the development of the hsozoic Hew Zealand Geoeyncline, and the formation of 

the Tasman Rift Valley and Tasman Sea in the Cretaceous and Tertiary. 

Earth movements related to the growth of the New England Geosyncline 

(intrusion of batholiths and isostatic readjustment) caused minor folding and 

faulting especially in the Hunter Valley where noteworthy unconf omities exist 

on the Lochinvar Dome. Rifting during the later Mesozoic cut obliquely through 

t,b orogenic belts and was the precursor to the development of the Taaman Sea 

by seafloor spreading. The steep continental slope marke the general line of 

this rifting. During the upper Cainozoio the Koeciusko Movement produoed 

plateaux and basin8 within the Sydney Baain. 

Ggseoue hydrocarbons have been found in small quantities in the Sydney 

Basin, but the potential reservoir rocks, where penetrated by wells, have been 

too impermesble to give significant production. For the sane reason there are 

limited supplies only of underground water. Oil shale associated with the 

coal seams, has been mined as a source of petroleum. 



The study of the Sydney Basin by the Sedimentary Basins Study Group 

of the Petroleum Exploration Branch within the Bureau of Mineral Resources was 

undertaken with the co-operation of the Department of Mines, New South Wales, 

who prepared a 1 : 500 000 geological map (PI. 1 ) . The literature was reviewed 
and an annotated bibliography prepared ( m e  et al., 1970). The Permian 

palynology was reviewed by Evans (1967) and a detailed petrological examination 
m d e  of 13 petroleum exploration and stratigraphic wells (~lcock, 1968a, b; 

Hawkins & Ozimic, 1967; Jeneren Bryan, 1969; Mayne, 1968, 1969; Nicholas, 

1968, 19691 Ozimic, 1968, 1969, 1971 1 Pitt, 1968, and Raine, 1969). From thie 

study a basinvide correlation of rock units was made ( ~ 1 s  2-4). 

The geophysical compilations include a l:5W 000 map showing total 

magnetic intensity contoure and depth to magnetic basement contoure and a 

l:500 000 Bouguer gravity anomaly map. Many of the seismic survey8 were 

re-processed in the BMR playback centre, and all suitable onshore record 

section8 were reduced photographically to a vertical scale of about 1 second 

to 1.2 inches. After conversion from depth to time using an appropriate velocity 

function all relevant geological boundaries, from outcrop and welle were plotted 

onto the seismic sections, and traced between and beyond control points. 

Isochron maps were then prepared for a number of geological boundaries. The 

isochron maps were converted to structure contour maps using several veloaity 

functions throughout the area. 

Isopach maps were prepared, using geological control only for a w e  

unite, and geological and seismic control where possible for other units. 

Sand-shale ratio maps were prepared ueing geological control. 

The stratigraphy and geological history are described with reference 

to isopach, sand-ehale ratio,and environment maps where appropriate. The 

structure is described with reference to structure contour maps, a etructure 

map, the depth to meetic basement contour map, and the Bouguer gravity anomaly 

map. The hietory of petroleum exploration and future prospects are discuseed. 

Definition of the Sydney Basin 

The Sydney Basin in eastern New South Wales (Fig. 1 ) overlaps the 
sedimentary rocks of the Lachlan Geosyncline to the west, is limited to the 

northeast by the Hunter Thrust, and probably to the east by the continental 

slope. It is partly separated from Permo-Jurassic rocks of the Oxley hein to 
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Fig. I . Location of areas, districts, 1~250 000 Sheets, and subsidiary basins 
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2 the northwest by a s t ruc tura l  high. It covers about 36 000 lan onshore and 
2 about 1 6000km offshore t o  the edge of the continental shelf. The ma- 

aggregate thickness of sedimentary rocks i n  the basin is  about 4 800 m, but 

maybe up to  5 900 m. These are  al ternat ing marine and non-marine rocks of 

Permian age and mainly non-marine rocks of Triaseic age. 

Permian shoshonitee occur i n  the southern part  of the basin, many 

Mesozoic volcanic plugs, a i l l e ,  and dykes intrude the sedimentary rocks, and 

Tertiary volcanic flows occur i n  some areas. There is  abundant volcanic ash in  

the Tatarian and Triassic strata. 

Focation of areas, d i e t r i c t s ,  l:25O 000 Sheets, and subeidiary basins 

Description of the Sydney Basin requires reference t o  a number of 

areae, However, there a re  no generally accepted physiographic or  geomorphologioal 

eubdivieions and the varioue land, agricul tural ,  and broadcast divisions a re  

unsuited to  a geological description. Accordingly, the Sydney Basin has been 

informally subdivided in to  f ive  areas, the southern, western, central ,  

northwestern, and northern areas (Fig. 1 ). The northweetern and northern areas 

a r e  coincident with the par t s  of the Goulburn Valley and the Hunter Valley 

respectively, tha t  occur v i th in  the Sydney Basin boundariee. The Hunter Valley 

i s  subdivided in to  upper, middle, and lower parts,  The Illawarra d i s t r i c t  

i s  a subdivieion within the southern area. 

In addition there a re  two subsidiary basine, the Mindaribba Basin and 

the Medowie Basin (packham, 1969), and an ou t l i e r  named the Cranky Corner Basin 

(packham, 1969) in the northern area. 

Figure 1 aleo shows the 11250 000 Sheet areae. 

Coalfields and coal d i s t r i c t s  

The Sydney Basin contains large coal reeerves. Six coalfields,  the 

Northern, Western, Central, Southwestern,Southern, and Clyde River have been 

named (Fig. 2); the Northern Coalfield has been subdivided in to  f ive  Coal 

Districts,  Coal has been produced from a l l  the coalfields except the Clyde 

River field.  The Central Coalfield is no longer producing. 

Correlation 

Plates  2 t o  4 and Figure 3 show the rock unit  correlation that  forms 

the basis of t h i s  basin otudy. The rock uni t s  ( ~ l s  2-4) have been correlated 

on the basis of tracing t h e i r  l a t e r a l  continuity, l i thologlcal ident i ty ,  



Fig.2 Coalfields and cool districts (after Joint Coal Board; Anon,1969; 8 ~ran&on,l9694 
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Fig .3 .  Time corre lat ion of Permo-Tr iass ic  rocks 
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stratigraphical position, and structural relationships. To a degree tha3 idr 

difficult to estimate this correlation of rock units bas also been bui1t:ups 
u 

taking account of palaeontological age estimates, particularly in area8 &here 

lateral continuity, stratigraphical position, and structural relationshkpg are 

not well known. 

The time correlation chart (Fig. 3) relates the rock units t6 the 
periods, epochs, and ages of the geological time scale based on palaeon~~lo~ical 

age estimates of the contained fossils. Recognizing fourteen basinwide 

lithological subdivisions (called 'Intervals1) of the sedimentsry racks- (see p. 6 

and Pls 2-3) with an aggregate thickness of about 4 800 m deposited over a - -- 
period of about 80 million years it can be seen that the average baeinwide .2 

C 

lithological subdivision is about 340 m thick and was depoeited in 6 million 2 

year., provided deposition was continuous. The precision of palaeo~toiogical 

age dating throwhout the Basin is such that the temporal equivalence h e r  wi& ... 
- .  - 

areas of each lithological subdivision cannot be proven. i .  - 

The Permian rocks crop out almost a11 the way around the b a a ,  and2 

three different nomenclatures have evolved (pig. 3). A fairly complete- -sequence 
*J 

of Permian and Triassic rocks is expoeed in the western and southern areas. The 

Triassic rocks have been removed by erosion in the northern area, but 8 compl;?'te . - 
sequence' of Permian rocks is exposed, Only Triaesic rocks are eltposed in the : 
central area, but Upper Permian coal measures and Lower Permian rocks have been 

penetrated by the deeper petroleum exploration wells. The names applied to the 

Lower Permian stratigraphic unite in the southern area are extended into the ; 
subsurfaoe of the central area (Fig. 4). 

t 

.- - - 

The stratigraphic correlatione are baaed on a combination of 

palaeontological evidence, lithology, order of stratigraphic auperpoeition, and 

seiemic evidence, the details of whioh are included in the appendices at the 

back of this Bulletin. 

There is no adequate way of recognizing time-rock units throughout 

the Sydney Basin, yet basinwide subdivision of the sequence is essential to 

produce meaningful lithofacies, thickness, and environment maps. For this 

reason an operational subdivieion called an 'intervalt has been adopted 

( ~ c ~ e e  et al,, 1959). The interval differs from the currently recognized and 

named time-rock and rock unite. It is a purely practical and informal internal 



aubdivieion of tha rocks into widespread units that have genetic aignificmce 

appropriate to the purpose and ecale of the etudy. The boundaries of an interval 

are taken at litholegical chpnges in the 8eq~ence in such a way that they ! 
approrimste time lines as closely as possible, Unfortunately however, due to 

the limitatiozu In palaeontological dating, the extent to whioh the interval 

b m W i e s  follow tins cannot be proven aad comequently the oonclwiona dram 

in the text regerdling palaeogsography, environmental analysis, and geologioal 

hi etory are inherently unreliable, Fourteen intervals have been ohoson f er this 
I 

at* (Fig. 3). Intervals 1 to 11 are of PemM age, Interval 12 is Perm- 
Trisseie, end Intervals 15 urd 14 are Triarrie. I 
Ieopaoh maps 

'Phs ieopaoh maps of eaoh interval a m  partly interpretative and partly 

I 
rpbjective, The interpreted originsl thichesr of the interval ia shown a8 far 

as possible beyond the margin8 of outcrsp of the interval, but in some oar08 the 
I 

preeerred thioknes8 ir shown within the basin if beneath an unconfonnity in the 

Perm-Triaesia roaks. In moet caees ths sediment remwed by erosion beneath 
I 

an unooniornity b e  been restored. I 
Sand-shale ratio. maps 

The eaad-shale ratio maps are obJective so far as the geological 

I 
I 

control allme, Ihe aand-shale ratio patterne are applied in areas of geologioal 

control only. 

.The maps all ehow sand-ehale ratio, ae carbonate rocke are virtually 
I 

absent, boa1 has be& Imored in the lithofaoiee cralculatione but is shown 

diagrammatically on the eectione accompanying the mape. Volcanic detritw wae 

caloulated as sand or shale acaording to its grainsize and the presence of 

I 
si&nificant voloepic flowe ie indicated by an overprint pattern. The sand-ehale 

ratio was determined by dividing the thiokneee of all bede of sandetone (plus 

I 
oonglolserate) by the thicknese of claystone, eiltstone, and mudetone bede, after 

correction for sandy siltstom and eilty sandstone. Cross-sections accompany 
I 

each map to show the manner in which the ssnd and ehale are distributed 

throughout the intenel and to show graphically where down-buckling or uharping 
1 

was greateet. They also depict the lateral relations betwetavari~ns named 
' 

pnd unnamed etratigrrrphic unit a comprising the interval. I 





Nomenclature of sedimentary rocks 

The modified Wentworth-Udden scale (lane et al., 1947) was used for 

grainsize classification. The sandetone classif ication of Petti john (1 957) 

was generally used for specific rock names, with the following modifications: 

(1) the term quartz greywacke was used to distinguish quartz-rich rocks 

(sand and gravel compoeed of more than 75% quarts) in which detrital matrix 
was prominent (1 ~ 5 0 %  total rock); (2) the term greywacke was used only where 

a full rock description oould not be obtained in its place. Where the term 

greywacke is used it is not intended to imply that the rock was a turbidite. 

An environment map hae been drawn far eaoh interval. The environment8 

selected are shown in Figure 5. The maps show the areal dietribution of 

predominent environments in the interval. 

It is important to note that the environments shown are most probably 

not contemporaneou~ in a single moment of geological time or even over an 

interval of time. They show the areal distribution of the most predominent 

environments operating during the deposition of the basinwide lithological 

interval, but time correlation is not sufficiently refined to be able to prove 

whether or not they are contemporaneous. In fact after compilation of the 

environment maps a consideration of the changes of environment with time leads 

the authors to the conclusion, bro-t out in the geological history, that the 

environments and the eedimentary rooks deposited in them, muet transgress time. 

Control pointe 

Plate 4 shows the control used for the study, including water boree, 
deep exploratory holes drilled on the coalfields, and petroleum exploration 

wells, meaaured eections, and seimic surveys. Each well, bore, measured 

section, or seiamic Burvey ie identified on the map by small and large numbere, 

and is briefly described and a reference given in Tables 1 and 2, The symbols 

ueed are explained in the reference on Plate 4. Petroleum exploration welle 

are further described in Table 4. 

NOTE : - 

Mapa and figure6 were prepared before BHR introduced the use of 

the metric syetem, and hence measurements are given in imperial units. 



I CONTINENTAL AREAS, NON - D E P O S I T I O N A L  

II CONTINENTAL AREAS, DEPOSIT IONAL 

Ill MARGlNA L AREAS, DEPOSITIONAL 

Denoic complex or a//uvio/ fun, fMp /o in ,  coasts/ swamp, 
logoon, tido/ flat, beach, and estuary complex 

IJ MARINE' A P E ~ S ,  DEPOSIT IONAL 
Sub- littoral (open circulation) 

Terrigenous detritus 

Low - eneryj 

Medium -energy 

High - energy 

V VOLCANIC AREAS 

Areo where mopped intervo/ contains volconic rocks 

VI GLACIAL AREAS 

Area where mowed inlervo/ antoins ice- rafted molerial 

Fig.5. Environment map symbols 

To occompony Record No 1972 /76  

! 

I 
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TABU 1. STRATIGRAPHIC COIITROL POINTS* 

Name or Location of Control Point Reference 

Ulan 

Martindale No. 1A 

Savoy Trig. Station 

St Heliers BMR NO. 1 

Jerrys Plains NO*'! 

Bityswater BMil 1?0. 1 

Camberwell DDE RH 

Glennies Creek 

Camberwell NO. 1 

Loder ~ d .  1 
Sedgefield No. 1 

9.5 km E of Singleton on 
Hunter R. 

Belford NO* 1 

1.5 km W of Branxton in railway 
cutting 

From 0.75 km N of Greta to 
Branxt on 

CranQ Corner Basin 

Allandale 

Lochinvar 

Gosf orth 

Sunwell NO* 1 

Farley NO. 1 

Farley 

East Maitland NO. 1 

Buttai No. 1 

Iron Bark Brush NO. 2 

Hexham Island bore 

27. kmpsey 1sland bore 

28. Walsh Island bore 

- -- 

Rawer ( 1949) 
Nicholas (1969) .. 

Basden- ( 1 969) 

Reynolds (1956) 

Esso (1969) 
Bursill, Veevers, &. others (1952) 

Joint Coal Board (1962) 

AOG (1966~) 
AOG (1966b) 

Nicholas ( 1968) 

AOG (1964b) 

McKellar (1 969) 

Ozimic ( 1968) 
McKellar (1 969) 

McKellar (1 969) 

bttigan et a.1. (1969), Osborne (1949) 
Osborne ( 1949) 
Osborne (1 949) 
Osborne (1 949) 

Rattigan ( 1969) 
Anon (1960) 

Osborne (1 949) 
Jensen & Bryan (1969) 
Dep. Mine N.S.W. (1889), David (1907) 
Dep. Min. N.S.W. (1898, 1903) 

Dep. Min. N.S.W. (1888) 

Dep. Min. N.S.W. (1884, 1885) 

Dep.   in. N.S.W. (1901, 1902) 

29. Australian Agricultural David (1907) 
Company's bore 

30. Stratford-Gloucester trough Lo~ghnan ( 1 954 
31. Bulahdelah-Myall Syncline Engel (1962) 

* The symbols used are explained in the reference on Plate 1 



Table 1 (cont.) 

Mame or Location of Control Point Reference 

Kandos 

Kellong No. 1 

Mt Murwin No. 1 
. - 

DM Doyles Creek no. 1 

DM It " NO. 2 

DM II N0.4 

DM I' N0.5 

Milfield No. 1 

Aellalong No. 2 

Pokolbin to Mt View 

Aberdare 

Abermain 

Pelaw 

Stanford Merthyr 

Congewai 

Barraba 

Wrrybylong 

Brokenback lb. 

Mt Vincent-Quarrybylong rd 

Heat on 

Capertee 

Marrangaroo No. 1 

Western State Coal Ydne No. 1 

Western State Coal Mine No. 2 

Western State Coal Mine No. 4 
Western State Coal Mine No. 5 
Newnes Junction bore 

Howes Swamp No. 1 

Higher Macdonald No. 1 

Kulnqa No. 1 

Morisset No. 1 

Korisset No. 2 

Morisset No. 3 
Norisset No. 4 
Morisset No. 5 
Morisset No. 6 

Dulhunty ( 1 941 ) , Branagan ( 1 960) 

Mayne (1969) 

Mayne (1968) 
Stuntz (pers. comm., 1970) 
Stuntz (pers .. comm., 1970) 
Stuntz (pers. comm., 1970) 
Stuntz (pers. comm., 1970) 

AOG (1966~) 

AOG (1966~) 

osborne (1949, 1950) 

Jones (1939) 

Jones (1 939) 
Jones (1939) 

Jones (1939) 
Jones (1939) 

Jones (1939) 

Jones (1939) 

NcKellar ( 1 969) 

McKellar (1 969) 

Jones (1939) 

Cane (1908a, 1910) 

Dep. Min. N.S.W. (1884) 

Dep. Min. N.S.W. (1911) 
Dep. Min. N.S.W. (1911) 

Bryan et al. (1966) 

Bryan et al. (1966) 

Dep. Min. N.S.W. (1921) 

Esso (1970) 

AOG (1968a) 

Ozimic ( 1969) 
Bryan et al. (1966) 

Bryan et al. (1966) 

Bryan et al. (1966) 

Bryan et al. (1966) 

Bryan et al. (1966) 

Bryan et al. (1966) 



Name o r  Location of Control Point Reference 

Bungaree Norah bore 

Wyong (Alison 'No. 2 ) bore . d' 
Wyee bore 

Amos F!o. 1 

Amos No. 2 

Cams No. 4 
Budgewoi No. 1 

Budcewoi No. 6 

Budgewoi No, 4 

Ourimbah Creek No. 1 

~ e r k i g a l  ~ & . 1  & lb  

M t  Tomah 

Kurrajong Heights No. 1 

Lower Port land NO. 1 

Grose River 

windeyers ~awkesb& River bore 

Kedumba Creek 

Mulgoa No. 2 

Leehome No. 1 

Woodford NO. 1 

Bedford Creek bore 

Berkshire Park No. 1 

, F a i r f i e l d  No. 1 

Kenthurst NO. 1 

Dural (%st) No. 2 
. ,' 

k a l  ('&st) No. 1 

Dural South No. 1 

Narrabeen bore 

Raulkham H i l l s  NO. 1 

Liverpool-Moorebank bore 

Balmain s h a f t s  and bore 

Cremorne No. 2 

Bunnerong bore 

K t  Hunter No. 1 

Kirkham No. 1 

Badgelly No. 1 

- - - 

Dep. Min. N.S.W. (1907) 

Dep, Min. N.S.M. (1882, 1883) 

IIep. Kin. N.S.W. (lago;, 7891) 

Dep. Min. N.S.W. .(1882) 

AOG ( 1 9 6 6 ~ )  

AOG (1966) 

AOG (1966) 

Bryan e t  al. (1966) 

B r y a n  e t  a l .  (1966) 

AOG ( 1 9 6 6 ~ ) .  

J. Strevens (pers. comm.) 

David (1902) 

Y i t t  (1968) 

AOG (1968a, b) 

Crook (1956) 

Dep. Min. M.S.W. (1910) 

AOG (1960) 

AOG (1 960) 

Bryan e t  a l .  (1966) 

Dep. Min. N.S.W. (1888) , . 

Bryan e t  a l .  (1966) 

AOG (1968a, c )  

Bryan e t  al. (1966) 

B r y a n  e t  al. (1966) 

Bryan e t  al. (1966) 

B r y a n  e t  a l .  (1966) 

Hawkins & Ozimic (1967) 

Bryan e t  al. (1 966) 

Bryan e t  al. (1966) 

Dep. Min. N.S.W. (1889, 1890) 

Dep. Min. ,N.S.W. (1907), B r y a n  e t  al. 
(1966) 

Dep. Min. N.S.Wo (1892, 1893) 

AOG ( 1 9 6 6 ~ )  

AOG (1962) 

Raine (1969) 

AOG ( 1 9 6 6 ~ )  



Table 1 (cont.) 

?Tame o r  Location of Control Point  Reference 

Camden No. 8 

Camden No, 7 
Camden No. 11 

Camden No. 3 
Razorback 

Woronora No. 1 

Stanwell Park No. 1 

Tylers Bargo No. 1 

Yerrinbool No. 1 

Balmoral H i l l  Top bore 

Colo Vale No. 2A 

Cataract No. 1 

National Park (S ta te  Colliery) 
DDH 2 

M t  Kembla DDH 

M t  Murray No. 1 

Belanglo 

Stoclqyard M t  No. 1 

Broughton Head 

Plt Cambewarra 

Greenwell Point  Nos 1 & 2 

3E;R Wollongong No. 1 

BMR Wollongong Nos 2 & 2A 

Coonemia No. 1 

Point Perpendicular bore 

Tomerong-Nerriga rd  

3 km from Tianjara l 'rig. Sta t ion 

Jerrawangala Lookout t o  point  
0.75 km t o  NE 

BIG? Ulladulla No. 1 

2 km N of junction of Clyde 3. 
and Claydons C r .  

S. bank of Conjola C r .  below 
bridge on Princes Highway 

0.75 km N of Piceon House Cr.-  
Clyde 2. junction 

Bryan e t  a l .  (1966) 

B r y a n  e t  al. (1966) 

Bryan e t  al. (1966) 

AOG ( 1 9 6 6 ~ )  

Harper (1924), Jo in t  Coal Board (1 963) 

Harper (1924), Dep. Min. N.S.W. (1921), 
Jo in t  Coal Board (1960a) 

Harper (1924), Dep..Min. N.S.W. (1883), 
Joint  Coal Board (1966) 

Harper'(l924), Dep. Min. N.S.W. (1910) 

Harper (1924), Dep. Min. N.S.ld. (1884)~ 
Joint  Coal Board (1960b) 

This Record 

Jo in t  Coal Board (1964a) 

Jo in t  Coal Board (1964b) 

Jo in t  Coal Board (1 951 ) 

AOG (1966~)  

Alcock ( l968a) 

Harper (1915) 

m r p e r  (1915) 

Smart (1 962b) 

Ozimic ( 1 97 1 ) 
Ozimic ( 1 97 1 ) 
Genoa (1969) 

Smart ( 1962b) 

I;lcil:lroy Rc iiose (1962) 

McElroy & Rose (1962) 

McElroy & 2ose (1962) 

Jackson (1 970) 

McElroy & aose (1962) 

McElroy & !lose (1962) 

McElroy & Hose (1962) 



Table 1 (cont . )  

I 
- - - - --.- 

Name o r  Locat ion of Control Po in t  Reference 
- -. 

2.5 km SE of Yadboro Cr . -  
Clyde R. junct ion t o  Pigeon 
House Trig.  S t a t i o n  

3.8 km SE of Pigeon House 
ri  rig. S t a t i o n  

Ulladul  la  

Snapper Foin t 

Pebbley Beach 

Wasp Head 

Wandaridian bore 

DM Upper Colo Bo. 1 

DM Howes Valley DDH 1 

Dl4 Cape Banks Wo. 1 

UM Doyle Creek DDH 11 

McRlroy & Rose (1 962) 

KcElroy & Rose (1962) 

Dickins e t  a l .  (1969) 

Dickins e t  al .  (1969) 

Dickins e t  a l .  (1969) 

Dickins e t  a l .  (1959) 

David & Ston ie r  (1891 ), Harper (1  91 5 )  
J. S tuntz  (pess .  comm.) 

J .  S tuntz  ( p ~ r s .  comm.) . 

I 

J. S tuntz  (pers .  cornm.) 

B r i t t e n  (1971) 
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Fig. 7 L o c a t i o n  o f  petro leum explorat ion wells to 30 6 1970 

To occompony Record No /972/72 



History of petroleum Ekploration 

The Reverend W.B. Clarke, who arrived from Ehgland in 1839, is 

generally credited with being the first trained geologist to work in Australia. 

However, Berry, in 1822, gave the first geological account of Permo-Carboniferoue 

etrata on the eouth coast of New South Walea and briefly deacribed the rocks 

in the vicinity of Batemans Bay and the newly discovered Clyde River. The 

Reverend W.B. Clarke was the first to recogriiee the Sydney hsin as a geological 

entity: in 1847 he predicted that the coal seams cropping out around the 

margin8 of the baein were part of a single sedimentary unit that is present at 

depth beneath Sydney. The occurrence of coal measures close to Sydney inspired 

many of the early geological investigations in the Sydney Basin, both by 

officers of the Geological Survey of New South Wales (established in 1855) and 

by individuals and mining companies. The resulting well documented observations 

of W.B. Clarke, F.W. ~ooker, J.E. Came, T.W.E. David, L.F. Ffarper, L. J. Jonas, 

H.G. Raggatt, and T.L. Willan, in particular, provided basic geological 

information that has been of great value in the search for petroleum. Later, 

valuable basic geological information was provided by officers of the Geological 

Survey of Mew South Walee, who undertook field mapping in various localities 

and compiled their own information, together with that available from mining 

and petroleum exploration companies, and from Universities at Sydney and 

Newcastle, on coloured geological maps at 1:250 000 scale. This work was then 

extended to the publication in 1969 of a coloured 1:500 000 map (PI. 1) of the 

whole of the Sydney Basin. 

The search for coal, and its exploitation, led to the discovery, in 

1885, of gas in sandstone of the Triassic Narrabeen Group in wells now known as 

Narrabeen Nos 1 and 2. These and other occurrences of gae in !Triassic 

sandstone, and emanations of gae from Permian coal measures, suggested that the 

Sydney Baein might contain oil or gas fields, or both, and stimulated the 

search for hydrocarbone. The history of thie eearch may conveniently be divided 

into three periods: 1910 to 1916; 1918 to 1938, and 1953 to 1970 (~ables 3, 4). 
Figure 6 is a graph of petroleum drilling activity from 1910 to the end of 1970 
and Figure 7 locates the petroleum exploration wells drilled in this period. 
Table 3 lists the geophysical surveys completed in the search for petroleum. 

l9lO to 1916 

The first well drilled for petroleum was Richmond No. 1, located near 

Richmond, and operated by a P¶r Duke. It was the first of three welle drilled 

in the same area between 1910 and 1916. Showe of natural gas were reported in 

each vell, but no commercial production was obtained, and details concerning the 

shows are not available. 



A syndicate of local residents began a well at Penrith in 1918 and 

another syndicate began drilling at Yerrinbool in 1921. Neither well was 

located on geological advice, but both penetrated more than 600 m of sedimentary 

rock without reaching economic basement, and both encountered shows of natural 

gas of unknown magnitude. 

Wade (1 924) wrote an encouraging report on the petroleum potential of 

the Sydney Basin, and in 1925 the Prime Minister of the Commonwealth made an 

offer to the New South Wales Government to subsidize drilling on a pound for 

pound basis provided: (1 ) that the drilling was done in Wade s locations on 
the Belford Dome, in the Hunter Valley, and (2) that the total cost to the 

Commonwealth would not exceed £22 500. Jones (in - Andrewe, 1925) stated that 
there was no evidence that the Permian marine sediments in the Hunter Valley 

contained commercial oil or gas. 

The Belford Dome was tested for hydrocmbons in a seriee of three wells 

drilled by Belford Dome Ltd in 1927-28, after the dome had been accurately mapped 

by H.C. Millard of the Hunter River Oil Co. Belford Dome Nos 1 and 2 were core 

holes, and Re 3 was drilled vith a cable tool rig. Small shows of gas were 

reported. The company spent about E24 000 on drilling the three holee, but 

does not seem to have received any subsidy from the Commonwealth Government. 

However, the Commonwealth paid a eubsidy of E2 260 to Oil and Gas Investigations 

Ltd, who drilled Loder Dome No 1 to test the Loder Dome in 1926-27. This well 

wae terminated at 729.3 m after paseing from the Permian Upper Marine seriee 

into the Lower Msriae series at 619.7 m. Only slight gas ehovs were reported, 

The lack of success on these two prominent structures cawed a lull in 

drilling for about eeven years, until a Mr Tyler drilled a well a few kilometres 

west of Bargo. Few details are known concerning this well, but it was suspended 

at a depth of 1 082,7 m in 1935; eome gas was recorded. In the northern part 

of the Sydney Basin, W.J. Maskell drilled Farley No 1 to a depth of 1 636 m in 

1936, The well penetrated steeply dipping Permian sediments of the Lower Marine 

series from surface to total depth. Minor gas shows were reported and gas was 

atill in evidence when the well was partly cleaned out in 1959. 

Three other deep wells - Kulnura No.1, Mulgoa No.1, and Balmain No. 1 - 
were drilled, with financial assistance from the Commonwealth, before 1939, Gas 

shows were reported in all three wells, but no commercial production was obtained, 

although gas from Balmain No. 1 was produced for use as an emergency fuel in 

motor vehicles during World War 11, For thia purpose, a production rate of 

3 240 103 per week was attained. 



1 When drilling resumed in the Sydney Basin in 1954 greater use was 

made of available geological and geophysical data. The work was done mainly 

I by substantial soundly based Australian companies, aided in some cases by cash 

payment0 resulting from the Commonwealth Government's Petroleum Search Subsidy 

I - Act. Thi8 Act, Introduced in 1957 and amended in 1959, provided for cash 
payments by the Commonwealth to defray part of the costs of drilling and 

I geophysical operations for approved projects in petroleum search. Other 

Commonwealth assistance in the Sydney Basin was provided in the form of eeiemic 

surveys conducted by the Bureau of Mineral Resources. 

Since 19%. 55 petroleum exploration wells and several scout holes 
have been drilled in the Sydney Basin (Table 4, Fig. 7). All the wells have 

been onshore. Some of the wells began in Permian sedimentary rocks, others 

drilled through the Triassic sequence into Permian rocks, and some tested the 

Triassic section only. Several wells reached effective basement; most were 

drilled on surface structures, but same were located to test seismically 

determined structures, and a few of the more recent wells have been drilled where 

sections of clean sandstone have been predicted. The wells have provided a 

great deal of stratigraphic information and have given a reasonable coverage of 

reservoir conditions within the basin. However, commercial supplies of oil and 

gas were not found, and all the wells except Kulnura 190. 1 and Pogm No. 1 have 

been abandoned (~ulnura No. 1 and Poggy No. 1 are suspended). 

The geophysical surveyer in the Sydney Basin are listed in Tables2 & 3. 

They began in 1954 with an onshore asromametic survey conducted by Australian 

Oil and Gas Corporation Ltd, and in later years were extended offshore for 

distances of up to 48 km. The first seiemic survey, in 1957, was performed by 
the Geophysical Branch of BMR, supported by the New South Wales Department of 

Mines. 'Phis initial survey demonstrated the usefulness of seismic work in the 

Sydney Basin, and a considerable amount of seismic surveying was done after 

1957, both onshore and offshore. The marine surveys extended up to 48 lon 

offshore but the results were not good, probably because the conventional 

shooting method employed used restricted oharges in order to protect marine 

life. In the onshore part of the basin the terrain is unfavourable and large 

tracts are in built-up areas, but to date a reasonable reconnaissance coverage 

has been achieved in the central and northern areas, but coverage in the south 

is sparse (PI. 4). 



TABU 2. SISMIC SURVEYS 
f 

Name of Survey l k t e  - Reference 

Central Sydney Basin seismic survey 

Sydney Basin seismic survey 

Newcastle-Ikitland seismic survey 

Singleton-Camden seismic survey ' 

Nowra-Coolah seismic survey 

Woronora-Dural seismic survey 

Offshore Sydney Basin marine seismic 
survey 

Otway and Sydney Basin experimental 
'Vibroseis' seismic survey 

Darkes Forest seismic survey 

Sydney-Newcastle seismic survey 

Camberwell seismic survey 

Richmond-Cessnock seismic survey 

Werombi seismic survey 

Putty-Oakdale seismic survey 

M.E.L. 25 seismic survey 

Denman seismic survey 

Stanwell Park seismic survey 

* Girvan seismic survey 

* Offshore Sydney seismic survey 

Port  Jackson seismic survey 

Currumbene seismic survey 

* Broken Bay marine seismic survey 

* Tasman-Bass S t r a i t  marine seismic 
and magnetic survey 

BMR marine gravity,  magnetic, 
seismic & bathymetric survey 

Sealion marine seismic survey 

* Surveys shown on Plate 4 

Robertson (1 958) 

AOG (1962a) 

Planet (1 962) 

AOG (1962\) 

Smart (1952a) 

AOG (1962~) 

Shell (1964b) 

Coal Cliff  Collieries (1965) . 

Shell (19648) 

AOG (1965a) 

Shell (1 966a) 

Doyle e t  al. (1966) 

AOG (1 965d) 

AOG (1966b) 

AOG (1965~) 

Coal Cliff  Collieries (1966b) 

AOG (1966a) 

Shell (1567) 

Phipps e t  a l .  (1969) 

Genoa (1969 b) 

Longreach ( 1970) 

Magellan ( 1970) 

BMR ( in  prep.) 

Longreach ( 1 97 1 ) 



TABLS 3. CINVITY AND IUGTETIC SUZV7YS 

Name of Survey Rate - Reference 

Sydney Basin test magnetic 

Sydney Basin magnetic 

West Maitland magnetic 

Sydney-Nowra airborne 
magnetometer 

Terrigal aeromagnetic 

Sydney-Newcastle offshore 
magnetic 

Aeromagnetic survey, 
Helensburgh area 

Stanwell Yark offshore magnetic 

Broken Bay marine seismic 
and magnetic 

BMR ma,rine gravity, rnagne tic, 
seismic & bathymetric survey 

- - - -  

Magnetic Surveys 

AOG (no report available) 

AOG (no report available) 

P.E. Could (no report available) 

smart (1963) 

Central Coast Oil Fty Ltd (1964) 

Shell (1 966b ) 

Coal Cliff Collieries Pty Ltd (1966a) 

Bingis et al. (1970) 
Longreach ( 1969) 

(in press) 

+ Surveys shown on Flate 6 

Gravity Surveys 

* Sydney Basin N.S.W. gravity 1954-56 AOG (no report available) 

Sydney district gravity 1950-56 Hancock et ale (no report available) 

Single ton area gravity 

* Gravity survey PEL 59 
1955-63 AOG (no report available) 

1961 Smart (1 962b) 

* Helicopter gravity training 1966 Lodwick et ale (1968) 
survey and southern N.S.W. 

BKR marine gravity, magnetic, 1971 BMR (in press) 
seismic and bethymetric survey 

* Surveys shown on Plate 5 



TABLE 4. PETROT.iEXB1 ZXPLO~PATIOT \ f l U S  
(to 30.6.1971) 

- ---- 
Company Name of Co-ordinates Date - Yydrocarbons Status 
or !de 11 - 

Operator 

F/ir Duke Richmond (Dukes) At Redbank W 1910-16 267.5 deepest Gas traces; Abandoned 
Nos 1, 2, 3 of Richmond paraffin 

trace in No. 
3 

Penrith No. 1 1918-20 823.5 Gas traces II W: 0-15.3; H:15.3-305; 
N: 305-769.5; Urn: 765 
TD 

Yerrinbool Oil 
Prospecting 
Syndicate 

Yerrinbool No. 1 1921-22 682.6 Gas traces tr R: 0-133.9; N: 133.9- 
269; UCM: 269-362.3s 
S362.3-TD 

Oil and Gas 
Investigations 
Ltd 

Loder Dome 170. 1 1926-27 729.3 Gas trace 11 

1927 472.8 Gas trace 1r Belford Dome Ltd Belford Dome No. 1 
11 11 r t  2 
I1  

" " 3 
3. 1955-36 1636 486 m gas; It D: 0-TD 

p/d; oil traces 
Mr W.J. Naskell Farley No. 1 

Mr Tyler Tylers Bargo 
No. 1 

1935 1082.8 Gas traces Suspended 

Gas Drillers Ltd 
(oil Search Ltd) 

Mulgoa No. 1 1935 951 .3 Gas traces Bbmdoned H: 0-58; N: 58-631.4; 
UCN: 631.4-TD 



Table 4 (Cont. ) 
---- - .. -. 

Name of 
Well - 

Co-ordinates Date Hydrocarbons Status 

Opera tor 

Natural Gas and Salmain No. 1 North Sydney 1932-37 895.8 coal 3.240 m 3 gas Abandoned U r n :  895.8-1385.6 
Oil Corporation shaft; 610  week from 
Ltd bore hole ; 1274.6-1 381.7 m 

TD 1505.8 

Kamilaroi 9il Kulnura KO. 1 33O13 'S 1935-38 191 9.4 Small traces 11 H: 0-94.6; B: 94.6-82' 
Co. Ltd (oil 15101 2 ' ~  gas UCM: 1445.7; S :  1445.' 
Search ~td) TD 

Australian Oil KurrajongHeights 33°321~ 1954 1450.3 (later Gas trace at 11 H: 0-222.7; N: 222.7- 
and Gas No. 1 150~37 'E deepened by 610 m 889.1; UCM: 889.1- 
Corporation Ltd ~xoil) 1390.8; S: 1390.8-TD 

Dural (%st) 
No. 1 

Gas trace at 11 

934.2 & 1073.9 m 
H: 0-263.8; N: 263.8- 
841.8; UCK: 1520.7; 
Dolerite Sill: 1520.7- 

3 20 000 m gas 11 

p/d at 1014.1 m 
Dural (East) 
No. 2 

H: 0-276.6; ?: 276.6- 
875.4; UCrJr: 875.4-1674 
Dolerite Sill: 1518.9- 
1557.6; S: 1674.5-TD 

Mwisset No. 1 Gas trace I1 N: 0-112.5; UCM: 112.5. 
TD 

N: 0-198.9; UCM: 198.9- 
TD 

17 No. 2 

11 No. 3 

I1 Xo. 4 

11 No. 5 



Table 4 (~ont.) 

Company Name of Co-ordinates Date - @lrocarbons Status 
or We 11 - 

Operator 

Australian Oil 
and Gas 
Corporation Ltd 

1957 693 Dpy gas at 35708 
m, 368.7 m and 
413.3 m, 13 500 
cu mpd 

Dry gas at 328.2 
& 518.2 m 

Dry gas at 278,8 m 

Abandoned Triassic 8 Urn 

" No.2 

" No03 

" No. 4 

I1 NO. 5 

Triassic & UCK 

Triassic 

Dry eas at 35509 
& 368.7 m 

Dry gas at 252.8, 
276.9, 372.1, 
382.5, 476,4 m 

Triassic 

No. 6 Several gas shows 
below 268.4 m. 
18 900 m3 p/d at 
593.8 m 

1890 m3 at 411.8 m 
& 2700 rn3 p/d at 
bottom 

" No. 7 

I' No. 8 

" No.9 

" No. 10 

" No. 11 

Dry gas at 531.3 m 

Dry gas at 410.5, 
424, 549 m 
13 500 m3 p/d at 
530.7 m 

Dry gas at 502 m 
and 534.7 m 



Table 4 (Cont. ) 

Company 
or 

Operator 

Name of 
We11 - 

Co-ordinates - hte 
Drilled 

- - ~-pp 

Status =%= Hydrocarbons 

Australian Oil 
and Gas 
Corporation Ltd 

Sedgefield No. 1 32'31 S 
1 51°1 5'E 

Abandoned N: 0-45.8; GCE: 45.8- 
495.6; D: 495.6-TD 

Cecil Park KO. 1 33'52 I S  
150°'j1 '23 

617.9-623.7 m 
gave 5 400 m3 gas 
p/d waning 

Minor gas Cecil Park No. 2 0.8h south 
of No. 1 

Kirkham No. 1 34'02 ' S 
1 50'42 E 

Badgelly No. 1 3433 's 
150 48'E Gas at 365.7 & 

381.6 m 
Leehome Bo. 1 33O49's 

1 50°45'E 

Belford No. l* 32O39's 
151°17f~ 

Gas shows at 
13 levels 
Oil trace at 
about 720 m 

Dry 

Camberwell No. l* 32°321~ 
1 51°06'E 

Martindale No. 1 32O30' S 
and 1A* 1 50'37 'E 

11 urn: 0-683.2; M: 683.2- 
1034; GCM: 1034-TD 

Berkshire Park 33O46 ' s 
NO. 1 1 50°47 'E 

Dry #I W: 0-122; R: 122-323.3; 
N: 323.3-1024.8; UCM: 
323.3-TD 

Higher Macdonald 33O12IS 
No. I* 1 5O055''E 

Dry I1 N: 24-4-589.3; UCM; 
. 589.3-TD 

Lower Portland 49 kin N.of 
No. 1 Windsor 

I1 H: 0-141.8; N: 141.8- 
825; UCW: 825-TD 



Table 4 (cant.) 

Company 
or 

Operator 

Name of 
Well - 

Co-ordinates Date - Total De th Hydrocarbons 
Drilled '* 

Status 

Australian Oil 
and Gas 
Corporation Ltd 

Mulgoa No. 2+ 12 gas shows below Abandoned 
396.5 yielded 
1 080 m3 p/d waning 
to 270 m3 p/d 

W: 0-21.4; H: 21..4- 
259.3; N: 259.3-761.9; 
Ucr/r: 761.9-1097.1; 
S:. 1097.1-TD 

Baulkham Hills 
No* 1 

Minor gas I t  E: 0-244; N: 244-832; 
UCM: 832-TD- 

Mt Hunter No, 1 14 gas horizons ' t t  

yielded 1 080 m3 
P&, waning 

Base of N: 640.5; Urn?: 
640.5-976; S : 976-TD 

Loder No. I* Oil & gas shows in 11 

Branxton, Farley, 
& Rutherford Fms 

M: 0-689.3; GCK: 689.3- 
774.7; D:' 774.7-TD 

Mt '~urwin No. 1 * 

Mellong no. 1 

Minor gas shows t t  

from UCM 

Minor gas shows It H: 0-112.9; N: 112.9- 
756.4; UCM: 756.4-TD 

Woronora No. I* Minor gas shows 11 

3 310 m gas p/d It 

at 436.8 m 
Kenthurst No. 1 

Fairfield Xo. 1 

Kulnura No. 1 

Gas at 544 &' 11 

e35.7 m 

Started at 
1919.4, TD 
at 2474.2 

Gas at 2218.6 m. Suspended 
Outburst at . 
2342.4 m 



Table 4 (~ont.) 

Company 
or 

Operator 

Name of 
Well - 

Co-ordinates Date Elydrocarbons Status - 
Drilled 

Sun Oil Co. Sunwell No. 1 32O44'S ' . 
1 510301E 

liLnor gas show 

Oil & gas shows 

- -- 

Suspended D 

Central Coast ~errigal No. 1 j ~ E 2 6 ~ ~  : 

Oils N.L. = & 1A 151 2 6 ' ~  
Alkane Zxplor- 
at ion Terrigal 
-NeL. 

'Abendoned N: 0-582,2 ; 19~3: 582.2 
865.6; TCM: 865.6- 
1798.3; M: 1798.3-TD 

Planet Exploration East Naitland 32'46 1 s 
Co. Ltd No. l* 1 51°37 'E 

Gas show IV - UCM: 0-58.9; M: 58.9- 
1396.9; GCM: 1396.9- 
1462.8; D: 1462.8-TD 

L.H. Smart Oil Greenwell' Point 34O45 's 
Ekploration Co. No. 1 ' 1  50'43'~ . 

Ltd 

Dry 11 S: O-TD 

Greenwell Point II 

No. 2 
Dry 

Dry Exoil N.L. Kurrajong Heights 33'32 IS 
No. 1* 1 50'37 'E 

I1 Started at 
1450.3. TD 
at 2785.3 

L2H. Smart Oil Point Perpendicular 35'09 ' 5  
Exploration Co, No. 1 1 50'48 'E 
Ltd 

Farmout Drillers Stockyard Mt No. 34O36 ' S 
N.L. I* 1 50~47 'E 

Gas trace 

b y .  Alliance Oil Cataract No. 1 34O19'~ 
Development 150~53'~ 
Australia N. L. 

II S: 0-?115,9; N: ?ll5.! 
?335.5; UCM: ?335.5- 
?941.2; S: ?941.2-TD 

A.J. Wood Po- No. 1 32'1 6 s 
1 50'08 1E 

Suspended 



Table 4 (Cont.) 

Company 
or 

Operator 

Iiarne of Co-ordinates - Date Hydrocarbons Status 
Yell - Drilled 

- - - - - - - -- - - - - - - 

Planet Woodberry Eo. 1 v047 ' s 1 96 5-66 91 5.9 b 3  Abandoned 
Exploration 1 51041 'E 
Co. Ltd 

Shell ?kvelopment Dural South 33O43's 1966 3060.7 
(~ustralia) Pty No. l* 1 51°01 'E 

Dry 

Ltd 

Esso Exploration Jerrys Plains 32z28 1 S 1969 1596.4 ~m 
and Production No. I* 150 56'3 
Australia Inc. 

Genoa Oil N.L. Coonemia No. 1" 34E58'5 1969 7 97 Gas trace. I I S: 0-718; B: 718-TD 
150 42'E 

Esso Exploration Howes Swamp No. I* 33z07 '53"s 1970 2562 Gas trace 11 H: 0-96.1; N: 96.1- 
and Production 150 41 '32"E 75C.3; UCM: 750.3- 

--?zz-?.r-,-lia Inc . 1807.1; S: 1807.1-TD 

* Subsidized wells 
+ Abbreviations used 

W: Wianamatta Group; H: Fawkesbury Sandstone; N: Narrabeen Group; 1 :  Tomago Coal Measures, Ne~~~castle Coal Measures, 

. Singleton Coal Measures, Illswarra Coal Measures; M: Iflitland Group; S; Shoalkaven Group, GCI.!: Greta Coal Measures, 

D: Dalwood Group, B: Basezent 



The gravity coverage of the Sydney Basin is Incomplete; the northern 

part and some of the southern area have been covered by reconnaissance surveys, 

but there is no cover in much of the central part. 

The BMR carried out a marine, gravity, magnetic, seimic, and. 

bathymitric survey in April 1971.. The survey covered about 1 900 line kilometree 

in the offshore Sydney Basin area. The quality of the ~eismic recordswas 

generally poor. 

Longreach Oil Ltd carried out a marine seismic survey in April 1971. 
An offehore well, Sealion No. 1, ie proposed to test a structure outlined by 

the survey. 

We are grateful to several organifsations who have prwided basic data 

and encouragement. In particular, the Australian Oil and Gas Corporation Ltd 

provided many geological and geophysical reports, and the Geological Survey of 

New South Wales conducted some of the Bureau officers on an informative tour of 

representative outcrops, as well as providing base maps and core, and appointing 

Mr J. Stunts as liason officer for the project: his assistance wae of great value, 

and he has reviewed the text of this Bulletin. Thanks are also due to the 

management of the Planet group of companies, to Alkane Petroleum (formerly 

Central Coael oil), E.B. Smart Oil ESrploration Cob, Alliance Oil Development 

Australia N.L., Esso Standard Oil N.L., and Genoa Oil N.L., all of whom have 

provided useful information and, In some caeee, valuable discussions. 

A11 members of the Sedimentary Basins Study Group since late in 1966 

have contributed to this study, but only those who wrote this Bulletin have 

been given authorship. The other members include MbA. Reynolds, K.G. Smith, 

R. Bryan, A.R. Jensen, P.J. Alcock, P.J. Hawkins, R.P.B. Pitt, S. Ozimic, M.J. Rsine, 

J.I. Raine, D.J. Forman, J. Rasidi, K. Rixon, and B.G. West. 



BASEMEETT ROCKS 

The basement to the Sydney Basin inclndearocks of the Lachlan and 

New %gland Geosynclines. The boundary between the Sydney Basin and the 

Hew Ehgland Geoeyncline is generally well defined, but in places the exact 

position of the boundary is uncertain. The sequence in the Sydney Baein comprises 

gently folded sedimentary rocks with relatively few volcanic rocks, whereas the 

New Ehgland Geosyncline compriees a thicker sequence of strongly folded sedimentary 

rocks, with a comparatively large proportion of volcanic rocks, all of which 

. have been intruded by granite. In the Sydney Basin, the basal part of the . 

Permian sequence contains abundant volcanic rocks, and the base of the 

sedimentary succession in the Basin ie taken arbitarily at the top of this 

lowermost Permian sequence. In recognition of the arbitrary nature of this 

boundaq, particularly from the point of view of petroleum exploration, the 

lowermost Permian rocks are described here as Interval 1. 

LACEUAN GEOSYNCLITJE I 

Rocks of the Lachlan Geosyncline (packham, 1960; P1. 1) crop out welst 

of, and unconformably underlie part of, the Sydney Basin. The geosynclinal 

rocks include a wide range of volcanic rooks, mainly feleic lavas, and have been 

intruded by granitic batholiths ranging in age from Silurian to Lower Carboniferous. 

Granite fragments have bean found in a Triassic diatreme at the Basin (~epcan 

~iver) and the Woronora No. 1 well bottomed I n  granite. Dulhunty (1964) and 

others have shown that most of-the sediment laid down in the Sydney asin 

during the Permian was derived from the mountainoue borderlands in the west, and 

that much of the detritus was of glacigene origin. Clasts of quartz and feldspar, 

derived from igneous rocka, are a conspicuous i~~lirhnent of the Permian and 

Triassic sedimentary rocks. 

ITEN ElQGLAND GEOSYNCLIIBE (carboniferous ) 

Rocks of .the New England Geosyncline (packham, 19601 P1. 1 ) crop 
out northeast of, and underlie the northeastern part of, the Sydney Basin. In 

the area adjacent to the Sydney Basin moat of the Carboniferous rocks are of 

continental origin ( 1Kut tung Group l )  . Theee continental rocks and their marine 
correlatives were deposited in upper Visean, Namurian, Westphalian, a d  

Stephanian times. Much of the sequence in the New &&land Geosyncline consiate 

1 of lavas and pyroclastics, or sediments derived from their dieintegration. 

Many rocks units of local extent have been mapped in the geosyncline, and'the 

nomenclature is confusing. Beverthelese the fonnationa within the 'Kuttting 
1 



Fig.8 Rclaiimship of mojor rock units , Sing\eton end N ~ w e o s t l c  l:250000 Sheet areas 
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1 Group' in a part of the Runter Valley region are briefly described in Table 5. 

I The youngest rocks of the New Ehgland Geosyncline, beneath the Sydney 

Basin, were deposited in the lower Sakmarian. They include the Lochinvar 

( Formation, Allandale Fomation, Gyarran Volcanics, and the Skeletar Formation. 

Because these rocks lie with only euspected local unconformity beneath the Sydney 

Basin they have been described as Interval 1 in the text and appendix. 

The New Ehgland Batholith, the southern tip of which extends into 

1, the map area at Barrington, is of Permian age. The isotopic X-br ages range 

from 269 to 221 m.y. (Evernden & Richards, 1962; Binns & Richards, 1965). 

( It consists chiefly of adamellite, granodiorite, and granite. 

. .  

I Kuttung-like rhyolite frsgments have been found in a "Triassic 

diatremet (~eborne, 1920) at The Basin (lVepean River). 

Interval 1: Lochinvar and Allandale Formations and Correlatives 

I The early Sakmarian rocks include the Lochinvar and Allandale Formations 

and their major correlative the Wasp Head Fomation plus a number of fonnatione ' 

of limited areal distribution. !hey are all included in Interval 1. A 

summary of the lithology of the rocks and their relationships, correlation, and 

age is given in Plates 2 and 3 and Figures 3, 8, 9, and 10. The thicknee8 of 1 the interval is given in Figure 11. Figure 12 is a sand-shale ratio map and 

I 
section. Palaeoenvironments are shown in Fiere 13. 

Details of lithology,. correlations and age, and relations with older 

units are given in Appendix 1. 

I Conclusions 
- 

The thickness of Interval 1 is unknom over most of the Northern and 

I Central area. Geological control on the base vf the interval ie limited to the 

area of : outcrop in the lower Hunter Valley. The 'isopach map (Fig. 1 1 ) shows 
the thickness of the Lochlnvar and Allandale Formations in the type area and the 1 thickness. of the interval penetrated in the de.p wells. !his auggests that the 

interval was deposited in a northwesterly trending:' trough in the northern area 

( where it lie over 900 m (3 000 ft) thick. In the southern area it is unconformable 



TABLE 5. TRE KUTlTlVG GROUP IN PART OF THE HlllTEX VALLEY REGION 

(AFTER ENGEL ET AL., 1969) 

Formation Description ! 
Seaham Formation Chiefly glacigene eediments derived from igneous 

rocks, principally penecontemporaneous lavas, 
I 

interbedded, especially near top, with flows of 

rhyolite, felsite, and basalt. Volcanics near Gosforth, 
I 

Stanhope, and Pokolbin include trachyandeeite, trachyte, 

and basalt I 
Paterson Toscanite One or several flow8 with associated igpimbrite and tuff 

I 

Mount Jobnson 

Format ion 

Largely tuffaceous sandstone, conglomerate 

(derived from lava), and tuff 

Cilmore Volcanic8 Wide variety of flows, ignimbrite, and tuff interbedded 

with coarse clastice, derived from igneous rocks 
I 

Wallaringa Formation Coaree-grained tuffaceoue ersndstone overlying coarse 

conglomerate containing claets of igneous rocks I 
b 



Fig. ll. l sopach map, I n t e r v a l  I, A l landa le ,  and Lochinvar Formations 
and c o r r e l a t i v e s  

To accompany Record No 1972/76 



1 .  Fig. I2 Sand - shale r a t i o  map and  section,  1nterva.l I ,  Allandale and Lochinvar 

Format ions  and correl:at ives . ' 

To occompony Record No 1972/76 



Fig. 13. Environment map, Interval  I ,  early Sakmar ian  

To orcornpony Record No 1972/76 



on lower Palaeosoic basement, and the thicknees is controlled by the 

topography of the underlying erosional surface. 

In the eouthern part of the basin, where volcanics are absent, the 

sand-shale ratios (Fig. 12) are high to moderately high. In the north the 

sequence in the Lochinvar Anticline consists of interbedded sedimentary and 

volcanic rocks. The sedimentary rocks in the Lochinvar and Allandale Formatione 

have a higher shale content than those in the south, presumably because the 

source area had a lower relief or wae more distant. The composition of the 

phenoclasts in the intraformational conglomeratee indicate that the sediment 

in the northern trough was derived from the New Ehgland Geosyncline to the 

northeast, whereae the sediment deposited on the southern shelf was derived 

from the Lachlan Geosyncline to the south and west. The proportion of volcanics 

increases to the northwest and northeaet of the Lochinvar Anticline. Predominantly 

volcanic sequences occur in the deep wells in the middle and upper part of the 

Hunter Valley and crop out in the lower Hunter Valley between Patereon and 

Raymond Terrace. The volcanics extend as far south as the Camden area and were 

intersected in the Kurrajong Heights No. 1, Dural South No. 1, and Kirkham No. 1 

wells. 

The Lochinvar and Allandale Formations, where they crop out in the 

Lochinvar Anticline, were probably deposited in a near-shore marine environment 

(Fig. 13) close to active volcanoes. This interpretation is based on the 

presence of strong-shelled marine fossila, including Eurydesma hobartense and 

E. cordatum, and the abundance of interbedded basaltic and andesitic pyroclastics. 

VolcaTiism also occurred in the middle and upper Hunter Valley, but in the 

Muswellbrook district of the upper Hunter Valley the presence of Gangamopteris 

and Glossopterie in the Skeletar Formation suggests deposition in a continental 

environment (fluvial), and at Raymond Terrace in the lower Hunter Valley the 

presence of Gangamopteris and minor coal underlying volcanics correlated with 

the ~ochinvar-~llandale sequence suggest s a similar environment. In the central 

area the lithic sandstone in the Kurrajong Heights No. 1 and Kirkham No. 1 

wells is interpreted as fluvial on the basis of the absence of marine fossils 

and the presence of carbonaceous material including coal. The depositional 

environment of the Wasp Head Formation cropping out on the coast in the far south 

is interpreted as near-shore open marine because of the presence of marine 

fossils includingEhydesma cordatum, sedimentary breccia, cross-bedded lithic 

sandstone, and the abundance of plant fragments. Elsewhere in the southern area 

the available lithological data suggests that the sedimentary rocks correlated 

with the Wasp Head Formation - mainly lithic sandstone and siltstone - are 
fluvial in origin. Marine fossils are absent and the rocks contain carbonaceous 



material. Conglomerates fill old drainage channels (brbert, in prep.) and ' 

there are localized coal measures. 

The Wasp Head, Lochinvar, and Allandale Formations all contain 

erratic boulders and pebbles which may have been transported into the basin 

by ice-rafting. 

S A ~ ~  TO KIIZANLIUP ROCKS 

!l!he rocks of Sakmarian to Kazanian age include the Rutherford and 

Farley Formations, the Greta Coal Msaeures, the Branxton Formation, the 

Mulbring Siltstone, and their correlatives. Their distribution is given in 

Plate 1. Figures 3, 8, 9, and 10 show the rock relationships and the five 
intervals into which the sequence of rocks has been sub-divided. 

Intervals 2 to 6 contain three natural groupingo in the northern Sydney 

Basin, two dominantly marine sequences are separated by a non-marine sequence 

containing coal measures. In the central and southern areas the whole sequence 

is dominantly marine. Adjacent to the western margin of the basin (Fig. 3) 

the boundsries of Intervals 2 to 5 become lost in a conglomeratic shoreline 
sequence, and only the youngest interval can be identified. 

Interval 2 contains the Rutherford and Farley Formations and their 

correlative, the Pebbly Beach Formation, which range in' age from Salnnarian to 

early Artinskian. Interval 3 contains the Greta Coal Measures and correlative 
the Snapper Point Formation. Interval 4 contalne the Branxton Formation 
(excluding the Mume Sands tone  ember ) and correlative , the WandrawandIan 
Siltstone.Interva1a 3 and 4 are of Artinskian age. Interval 5 contains the 
Muree Sandstone Member of the Branxton Formation and its correlative, the Nowra 

Sandstone. Interval 6 contain8 the Mulbring Siltstone and its correlative, the 

Berry Formation. Intervals 5 and 6 are of Kazanian age. 

The ooncltmiona of the study, together with sand-shale ratio maps and 

isopach maps, are given in the text. Details of lithology, comelatione and 

age, and relations with older units are given in Appendix 2. 



Fig. 14. lsopach map, Interval 2 ,  Farley and Rutherford Formations 
and correlative Pebbley Beach Formation 

7b accompany Record No1972/76 



Fig. 15. Sand-shale ratio map and section, Interval 2, Forley, and Rutherford 
Formations and correlative Pebbley Beach Formation 

Ib occompony Record No /972/76 



Fig. 16, Environment map, in terval  2, Sakmarian to ,early Artinskian 

To accompany Record No 1972/76 



Interval 2: Rutherford and.Farley Formations and 

Correlative Pebbley Beach Formation 

The Rutherford Formation, Farley F o m t i o n ,  and Pebbley Beach 

Formation are  included i n  Interval 2. A summary of the lithology of the rocks 

and t h e i r  relationshipe, correlation, and age is  given i n  Plates 2 and 3, and 

Figures 3, 8, 9, and 10. The t h i c h e s e  of the interval  i s  given in Figure 14. 

F'igure 15 is  a eand-shale r a t i o  map and section. Palaeoenvironments are shown 

i n  Figure 16. 

Details of lithology, correlations and age, and relatione with older 

uni t s  a re  given i n  Appendix 2. 

Conclusions 

The interval  is  over 600 m (2  000 f t)  thick (Fig. 14) i n  a narrow 

northwesterly trending depression i n  the northern part  of the Sydney Basin, and 

exceeds 480 m (1 600 f t )  in  a broader westerly trending .depression beneath 

Sydney. From these areas and the eas t  coast the interval  thina toward an 

interpreted sero ieopach. 

Thinning of the interval  over Carboniferous basement highs i n  the 

Pokolbin d i e t r i c t  of the Northern area is not indicated on the map because of. 

lack of data. This local u p l i f t  was poeeibly related t o  a more widespread 

movement i n  the New England area which is indicated by the rapid thinning t o  60 m 

(200 f t )  t o  the northeast. 

The sand-shale r a t i o  map ( ~ i g .  15) ehows areae with a low eand-shale 

r a t i o  centered around Newcaetle i n  the north and Jervis  Bay i n  the south and a 

westerly increase i n  sand toward the interpreted zero isopach. The geological 

control on which the map is based is sparse over much of the basin, but it is 

suff ic ient  t o  indicate that  the interval  i s  predominantly composed of s i l t s tone  

and poorly sorted fine-grained l i t h i c  sandstone i n  which volcanic rock 

fr-ents a re  common. 

The interval 'was deposited during a marine transgression which began 

i n  the ear ly Sakmarian ( ~ n t e r v a l  1). Active volcanism had ceased, but a chain of 

volcanic islands may have existed t o  the eas t  of the Sydney Basin, shedding 

de t r i tus  in to  it and sheltering i t  from the f u l l  force of the open sea so that 

fine-grained c l a s t i c  material remained within the basin. 



The presence of the eea, whose western limits are poorly defined 

(Fig, 16), is deduced by the occurrence of thick-shelled brachiopods and 

I 
pelecypods, bryozoans, and Foraminifera. The presence of thin beds of bryozoal 

and foraminifera1 limestone on the west side of the southern end of the Lochinvar 
I 

Anticline, in Dural South No. 1, in the central area, and in StocQard Mountain 

No. 1 in the northern part of the southern srea axe indicative of quiet marine 
I 

deposition. Brachiopods andpelecypoda occur throughout the interval in these 

areas and also in the Pebbley Beach Formation cropping out on the far south I 
coast. The occurrence of large scour channels filled with fine-grained sandstone 

in the upper part of the Pebbley Beach Formation suggests a mud-flat environment 
rn Dkktw e t  al. 

, with tidal channels (Costin,,, 1969). 

I 
I 

Burrow structures occur throughout the interval and together with 

carbonaceous material suggest a near-erhore environment. Carbonaceous material 

including coal is particularly common in the northern area, 

Although included in Interval 3 the Greta Coal Measures of the upper ; 
Hunter Valley may be the northern time correlative of part or all of Interval 2 

in the south; in the upper Hunter Valley the coal measures conformably overlie . 
volcanics of Interval 1. For this reason coal swamps are shown in the northwest 

(Fig. 16) contemporaneous with the transgreaeive sea, This correlation is 

supported by the presence of marine fossils in a thin sandstone within the Greta 

Coal Measures in Martindale No. 1, 

Erratic pebbles occur in the Farley and Rutherford Formations and 

large erratic'boulders in the Pebbley Beach Fannation, The latter depress the 

underlying beds and appear to have been dropped from floating ice. 

Interval 3: Greta Coal Measures and Correlative 

Snapper Point Formation 

The Greta Coal Measures and the Snapper Point Formation are included 

in Interval 3. A 8- of the lithology of the rooks and their relationshipe, 

correlation, and age is given in Platee 2 and 3, and Figures 3, 8, 9 ,  and 10. 
The thickness of the interval is given in Figure 17. Figure 18 is a sand-shale 

ratio map and section. Palaeoenvirol~laents are shown in Figure 19. 

Details of lithology, correlations and age, and relations with older 

d. ts are given in Appendix 2. 



Fig. I 7  lsopach map, In terva l  3 ,  Greta  Coal Measures and correlative 

Snapper Point Formation 
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Fig. 18. Sand-shole rotio map ond section, Interval 3, Greta Cool Measures and 
correlative Snapper Point Formation 
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F i .  9 Environment jnap,  In terva l  3, Artinskian 



Conclusione 

The Greta Coal Measures are up to 480 m (1 600 ft) thick (Fig. 17) 
in an easterly trending depression in the north that is cut off structurally 

by the Hunter Thrust along the northeastern margin of the basin. The measures 

thin southward to 30 to 60 m (100-200 ft) over a westerly trending arch, and to 

the east and west to interpreted zero isopachs. South of the westerly trending 

arch, the Snapper Point Formation thickens to over 390 m (1 300 ft) in a 

depression beneath Sydney and thins westward to an interpreted zero isopach. 

The sand-shale ratio (Fig. 18) is high in the southern and central 

areas where the Snapper Point Formation is predominantly a fine to medium-grained 

pebbly protoquartzite. In the northern area the ratio is high in the ~reta Coal 

Measures deposited around the southeasterly margin of the trough (Fig. 17) where 
conglomerate, with phenoclasts derived largely from volcanics of the New Ehgland 

Geosyncline, is a characteristic part of the sequence, particularly in outcrops 

on the Lochinvar Anticline. The coarsening and thickening of the conglomerates 

toward the northern end of the anticline suggests the source area was near3y. 

The grainsize and sand-shale ratio decrease to the northwest where, at 

Muswellbrook in the upper Hunter Valley, siltstone and shale are a major 

component of the sequences between the coal seams. 

The interval was deposited during a marine regression from the 

northern area and the coal swamps which developed in the upper Hunter Valley 

in the Sakmarian (~nterval 2) extended into the lower Hunter Valley as the sea 

retreated. The coal is generally considered to be allochthonous kecauae of the 

lack of underclays. A marine influence during deposition is indicated by the 

high boron content (%sine, 1962). Marine fossils, principally brachiopods and 

pelecypods, indicate that the Snapper Point Formation was deposited in a 

sublittoral marine environment, The high sand-shale ratio suggests that the 

basin was shallower or else not as sheltered from the open sea a8 it wa8 during 

the deposition of Interval 2. 

Muree Sandstone Member, 

and Correlative Wandrawandian Siltstone 

The Branxton Formation, excluding the Muree Sandstone Member, and the 

Wandrawandian Siltstone are included in Interval 4. A summary of the lithology 
of the rocks and their relationships, correlation, and age is given in 

Plates 2 and 3 and Figures 3, 8, 9, and 10. The thickness of the interval i e  

given in Figure 20. Figure. 21 is a sand-shale ratio map and section. 

Palaeoenvironments are shown in Figure 22, 



Details of lithology, correlations and age, and relat ions with 

older  uni te  a r e  given i n  Appendix 2. 

Conclusions 

Interval  4 is thickest in a northerly trending depression (Fig. 20) 

extending along the whole length of the Sydney Basin. Some 120 m (400 f t ) ,  

o r  l e s s ,  of sediment was deposited i n  the depreeaion t o  the south and about 

210 m (700 f t )  i n  the centre of the basin. The thicknese of sediment i n  the 

depression increases rapidly from the centre of the basin to  over 900 m 

(3 000 f t )  i n  the north adJacent t o  the Hunter Thrust. From the depression, 

the  sedimentary rocke th in  westward t o  an interpreted zero isopach. East of the 

depression the sedimentary rocks thin in to  the offshore Sydney Basin. Comparison 

with the isopach maps f o r  Intervals 2 and 3 indicates an apparent rotation of 

the depositional axis from a northwesterly to  a northerly trend. 

The sand-shale r a t i o  (Fig. 21 ) generally decreases with distance from 

the zero isopach i n  the west. An increase in the r a t i o  of sand t o  shale i n  

the northern part  of the depression may indicate tha t  some of the de t r i tus  w a s  

derived from the north along the axis of the trough. The sequence consists 

charac ter i s t ica l ly  of pebbly fine-grained s i l t y  sandstone and sandy s i l t s tone  

with conglomeratic horizons in the north. 

Interval  4 w a s  deposited i n  a sea (Fig. 22) that  transgressed again 

over the northern area, and also extended far ther  west. The marine foss i l s ,  

including pelecypods and brachiopods together with laminated bedding, and 

burrow structures,  indicate a quie t  subl i t tora l  marine iiepositianal environment 

protected from strong t i d a l  action. The coarser c lae t ic  material was 

possibly ice-rafted. 

In  the northern area the general prevalence of carbonaceow material, 

including coal, i n  the Branxton Foxmation, together with zones of marine 

f o a a i l s  ( ~ e n e s t e l l a  Zme, Wollong Si l ts tone s ember) indicates the proximity 

of the  r e t r ea t ing  coal swamps, and paral ic  sedimentation. Interpretation of 

seismic sections i n  the area near Singleton shorn tha t  additional coal seams 

appear at the top of the Greta Coal Measures within rocks that  pass l a t e r a l l y  

i n t o  the Branxton Formation. 



Fig. 20. lsopach map, Interval 4 ,  Branxton Formation (excluding Muree 
Sandstone Member) and correlative Wandrawandian Siltstone 
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Fig. 21. Sand-shale r a t i o  map and section, Interval 4 ,  Branxton ' Forma tion 
(excluding Muree . Sandstone .Member) and correlative Wondrowandion Silt stone 
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F ig .22 .  Environment map,  Interval  4, late Artinskian and Kungurian 
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Interval 5: Muree Sandstone Member of the Branxton Formation 

and Correlative Nowra Sandstone 

The Muree Sandstone Member of the Branxton Formation and the Nowra 

Sandstone are included in Interval 5. A summary of the lithology of the rocks 

and their relationships, correlation, and age is given in Plates 2 and 3 and 
Figures 3, 8, 9, and 10, The thickness of the interval is given in Figure 23. 

Insufficient detail is available to provide a lithofacies map. Palaeoenvironments 

are shown in Figure 24. 

Details of lithology, correlations and age, and -relations with older 

unite'are given in Appendix 2, 

Conclusions 

Interval 5 reaches a maximum of about 90 m (300 ft) in the southern 
and central areas (Fig. 23). but to the northeaet, in East Maitlmd No, 1, 

the thickness increase6 to 180 m (600 ft). In the northern area it thins 

westward and beyond the Singleton area it can no longer be recognized either 

as a mappable unit,' or in the subsurface, Probably it interfingers with the 

upper part of the Branxton Formation (Fig. 8), In the central area it is 

tentatively identified in the subsurface as a thin unit as far west as Howes 

Swamp no, 1 and Kurrajong Heights No. 1. At the aouthern end of the western 

area, in the Tallong district, it interfingers with the Megalong Conglomerate 

(~c~lroy & Rose, 1966). 

The interval was deposited during a brief marine regression followed 

by transgression in the early Kazanian, A record of the event is preserved 

only in the area indicated on the isopach map (Fig, 23). The depositional 

environment (~ig. 24) was near-shore marine, eimilar to that during the deposition 

of the Snapper Point Formation. The characterietic lithology is a pebbly 

protoquartzite with siltstone partinge, conglomeratic in the north, coarse- 

grained in the south, and mediy or fine-grained in the centre of the basin, 

indicating northerly and southe&ly source areas. Cross-bedding is very common 

in the upper part of the Nowra 'Sandstone. Palaeocurrent measurements indicate 

a dominantly southerly source (kix, 1968; McKelvep et ale, 1971). 

I 



Fig. 23. Jsopach m a p ,  Interval  5 ,  Muree 'Sandstone member of Branxton 
Formation and correlat ive Nowra Sandstone 
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Fig.24. Environment map, Interval 5, lower Kazanion 
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Three units are recognized in the type section of the Muree 

Sandstone Plember - two cliff-forming sandstone units separated by a unit of 
interbedded siltstone and sandstone. Three similar units are also distinguished 

in the Nowra Sandstone (Paix, 1968; Ozimic, 1971) in the Nowra-Jervis Bay area 

and farther north in Stocbard Mountain No. 1. Both regressive and transgressive 

units may be preserved in these areas. However, the subsurface extension of the 

Muree Sandstone Member and the Nowra Sandstone in the central area ,is probably 

equivalent to the upper two units and represents only the transgressive phase. 

Interval 6: Plulbring Siltstone and 

Correlative Berry Formation 

The Mulbring Siltstone and the Berry Formation are included in 

Interval 6. A summary of the lithology of the rocks and their relationships, 

correlation, and age is given in Plates 2 and 3, and Figures 3, 8, 9, and 10. 
The thickness of the interval is given in Figure 25. Figure 26 is a sand-shale 

ratio map and section. Palaeoenvironments are shown in Figure 27. 

Details of lithology, correlations and age, and relations with older 

units are given in Appendix 2. 

Conclusions 

The thicknees of Interval 6 (Fig. 25) increases eastward to about 

460 q (1 500 ft) in a depression called the Macdonald Depression. From there 

it is interpreted to thin eastward over an arch called the Kulnura Arch (about 

~essnock) before thickening farther eaet to 510 m (1 700 ft) west of Newcaetle 

(East Maitland No. 1). 

The arch and complimentary depression probably developed during gentle 

warping which accompanied deposition of the Mulbring Silts'tone. 

The sand-shale ratio (~ig. 26) is low in the north and south and along 

the present coastline, and increases to the west. The main rock type is 

siltstone and poorly sorted fine-grained sandstone. Marine fossils have been 

found in all areas except on the western margins north of the Shoalhaven River. 

The macrofossils include pelecypods and brachiopods. Foraminifera have been 

recorded in surface exposures of the Mulbring Siltstone in the northern area and 

in wells in the central area. The marine fossils, together with burrow and 

scallop structures and the fine grainsize indicate a sheltered sublittoral marine 



Fig.  25. lsopach mop, Interval 6, Mulbring Siltstone and correlative. 

Berry Formation 
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Fig. 26. Sand-shale ratio map and section, Interval 6 ,  Mulbrinq Siltstone and 
correlative Berry Formation 
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Fig.27. ~nviro'nrnent map, l nterval 6, Kazanion 
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environment (Fig. 27) similar t o  tha t  i n  e a r l i e r  tnmsgreesions ( ~ n t e m l s  2 

and 4). The in terva l  w a s  deposited in deeper quieter water during and a f t e r  the 

marine transgression t h a t  began during the deposition of Interval 5. This is 

the moat widespread transgression into the Sydney Basin. Faunal evidence 

(Dickins, 1968) suggests t h a t  the sea was connected with the Bowen h a i n  at  t h i s  

time. The connexim remained open un t i l  a regression a t  the end of the 

Kazanian brought the dominantly marine deposition t o  an end. In the.  wsstern 

par t  of the basin Interval 6 contains probable i c e d f t e d  material', the 

youngest occurrence in the Sydney Basin. 

UPPER KAWrJIAIv TO MIDDLF: 
TRIASSIC ROCKS 

The rocks of Tatarian and Triassic age include the Newcastle, Tomago, 

Singleton, and Illawarra Coal Measures, the Narrabeen Group, the Hawkesburg 

Sandstone, and the Wianamatta Group. Their dis t r ibut ion is  given i n  P la te  1. 

Figures 8, 9, and 10 show the rock relationships and the s ix intervals  in to  which 

the sequence b e  been subdivided. 

Interval  7 contains the lower part  of the Wallis Creek Fonnation and 

its co&elativee; Interval 8 contains the upper par t  of the Wallie Creek 

Formation and correlatives;  Interval 9 contains the Pour Nile Creek Formation 

and correlatives;  Internal 10 contains the Waratah Sandstone and Dempsey 

Formation and correlatives;  Interval 1 1 contains the Bewcastle Coal Meaeuree,. 

excluding the Waratah Sandstone, and correlatives;  Interval 12 i a  the 19mabeen 

Group; Interval 13 is the Hawkesbury Sandstone, and Interval 14 is the 

Wianamatta Group. Intervals 7, 8, 9, 10, and 11 and, the lower par t  of Interval 

12 are  of Tatarian age; the upper p a r t  of Interval 12, and Interval 13, a re  of ' 

Lower Triassic age, and Interval 14 i a  .of Middle R i a s s i c  age (see a l so  

Fie. 44) 

The conclusions of the study, together with sand-shale r a t io ,  isopach, 

and environment maps, a re  given i n  the text. Details of lithology, correlations 

and age, and relat ions with older uni ts  are given i n  Appendix 3, 

Interval 7: Lower Part of the Wallis Creek Formation 

and Correlatives 

The Wallis Creek Formation of the Tomago Coal Measures i a  informally 

subdivided in to  two units;  the subdivision is taken at the top of the 

Rathluba Seam i n  the lower Hunter Valley. The lover uni t  of sandstone and shale 



Fig.28 lsopach map, Interval 7, lower part of Wallis Creek Formation and correlatives 
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Fig. 29. Sand-shale ratio map and section, Interval 7, lower part  of 
Wallis Creek Foimation and correlotives 
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Fig.30. Environment map, In te rva l  7, upper  Kazan ian to lower Tatar ian 
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with interbedded coal seams and its correlatives the Mount Marsden Claystone, 

the Budgong Sandstone, the Pheasants Neet Formation, the lower half of the 

Vane !hb-Group, and the Saltwater Creek Formation are included in Interval 7. 
'Phe distribution of the Upper Permian coal measures within which Interval 7 occurs 
is given in Plate 1. A swnma.ry of the lithology of the rocks and their 

relationships, correlation, and age ie given in Plates 2 and 3, and Figures 3, 8, 
9, and 10. The thickneae of the interval is given in Figure 28. Figure 29 

ia a sand-shale ratio map and section. Palaeoenvironments are shown in Figure 30. 

Details of lithology, correlations and age, contacts, and relations 

with older units are given in Appendix 3. 

Conclueions 

Interval 7: attains s thickness of 300 m (1 000 It) in the Macquarie 

Depression, a narrow belt along the present coastline (Fig. 28). From the 

~ac&arie Depression the interval is interpreted to thin to the west over the 

Kulnura Arch and thickens again in the Macdonald Depression. From this 

depression it thins gradually to the interpreted zero isopach neax the present 

western margin of the basin. The two depressions and the intervening arch 

developed just before, or early in the depositional cycle, and continued to 

have an influence on thickness and type of sediment laid down until the early 

Triassic. Sediment removed by erosion over the Lochinvar Anticline has been 

reatored in Figure 28. 
/ 

The sand-shale ratio map (Fig. 29) shows a gradual change from a high 

sand-ehale ratio in the south to a law sand-shale ratio in the north, especially 

in the Macdonald Depression. 

A ehallaw sea (Fig. 30) with active volcanoes existed in the eouthern 
area, where the latite lava flows of the Gerringong Volcanics are interbedded 

with the tuffaceoua f ossiliferoue marine Budgong Sandstone (Bowman, 1970). 
A restricted sea extended into the middle of the Sydney Basin where the Mount 
Marsden Claystone, which consist6 of clayatone with thin interbeds of limestone 

and dolomite containing the rare carbonates dawsonite and nordstrandite, was 

laid down conformably on the Berry Fonnation. Marginal to the sea was a belt 

where an emergent sea floor composed of the silt and mud of the Berry Formation and 

the Mulbring Siltstone was covered by swamps and coal forests. The presence of 

dwarfed marine fossils in the lowest beds of the Wallis Creek Formation indicates 

the transition from sea to land conditions. Terrestrial conditions are indicated 



by the presence of plant impressions, carbonaceous material, and thin coal 

seams in the sandstone and shale beds of the Pheasants fleet Formation, the 

Wallis Creek Formation, the Vane Sub-Group, and the Saltwater Creek Formation. 

There ie no evidence that Interval 7 or any subsequent interval was deposited 
south of the area in which the Gerringong Volcanic8 are preserved (see Fig. 10). 

Interval 8: Upper Part of the Wallis Creek Formation 

and Correlatives 

The upper part of the Wallis Creek Fonnation, which consists chiefly 

of sandstone, and its correlatives the upper part of the Vane Sub-Group, the 

Coorongooba Creek Sandstone, and the Erins Vale Formation are included in 

Interval 8. The distribution of the Upper Permian coal measures in which the 

interval occurs is given in Plate 1, A summa~y of the lithology of the rocks 

and their relationships, correlation, and ia given in Plates 2 and 3 and 

Figures 3, 8, 9, and 10. The thickness of the interval is given in Figure 31, 
Figure 32 is n sand-shale ratio map and section. Palaeoenvironments are shown 

in Figure 33. 

Details of lithology, correlations and age, and relations with older 

units are given in Appendix 3. 

Conclusione 

In the north (Fig. 31) Interval 8 thickens eastwards from the 
interpreted zero isopach to about 180 m (600 ft) in the Macdonald Depression, 

It is interpreted to thin slightly over the Kulnura Arch and then it thickens 

rapidly into the Macquarie Depression. Both the Macdonald Depression and the 

Kulnura Arch die out to the south. Sediment removed by erosion over the 

Lochinvar Anticline has been restored in Figure 31. 

The sand-shale ratio map ( ~ i ~ .  32) shows a high sand-shale ratio in 

the west and a low sand-shale ratio in the Macdonald and Macquarie Depressions 

to the east. 

Interval 8 contains a marine tongue. At its maximum a shallow sea 

existed over the southern and middle part of the Sydney Basin ( ~ i ~ .  33). The 

Coorongooba Creek Sandstone in this area contains a calcarenite (~oldbery, 1969) 
that was probably deposited after a partial reworking of the underlying carbonate 

lenses of the Mount Marsden Claystone, At its maximum this shallow sea extended 

as shallow flats over much of the area which had been occupied by the coal swamps 



, Fig.31 lsopach rnap,lnterval 8, upper part of wallis Creek Formation and correlatives , I 
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1 Fig.32 Sand -sha le  ratio map and section, Interval 8,  upper part of Wallis 
Creek Formation and f or relatives 
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of Interval 7, and its presence is recorded by the occurrence of marine fossils 

in the Kulnura Marine Tongue ( h m a n ,  1970) of the Erine Vale  orm met ion and 
its correlativee in the upper pazt of the Wallis Creek Formation and the Vane 

Sub-Group. Flood plains and minor coal swamps .fringed the sea as it transgressed 

and then regressed. 

Interval 9: Four Mile Creek Formation 

and Correlative6 

The Four Mile Creek Formation, the Bumamwood, Mount Ogilvie, and 

Malabar Formations, the Gundangaroo Formation, and the lower part of the Wilton 

Formation are included in Interval 9. A summary of the lithology of the rocks 

and their relationehipe, correlation, and age is given in Plates 2 and 3 and 
Figures 3, 8, 9, and 10. The thickness of the interval is given in Figure 34. 

Figure 35 ie a sand-shale ratio map and section. Palaeoenvironmente are shown 

in Figure 36. 

I 
Details of lithology, correlations and age, and relations with !older 

unite are given in Appendix 3. ! 

Conclusions 
I 

Interval 9 is up to 450 m (1 400 ft) thick in the Macquarie Depyeasion, 
thins over the Kulnura Arch to an interpreted zero isopach at the northern end, 

and thickens to about 670 m (2 200 ft) in the Macdonald Depression (~ig. i34). 
Elsewhere it thins gradually weatward and southward to the interpreted zero 

isopach near the present margin of the bnein. !The Macquarie Deprebsion e'rtended 

northward into New England. sediment removed by erosion over the ~ochinvar 

Anticline has been reetored in Figure 34. 

The aand-ehale ratio map (~ig. 35) rhows a low emd-shale ratio in 
the west, and a gradual increase to the east. 

All of Interval 9 conaiste of beds of f luvial or deltaic (marginal) 
origin, containing abundant plant remains and coal deposits. Coal swamp8 were 

especially prominent in the Hunter Valley region, where the Four Mile Creek, 

B~rnam~ood, Mount Ogilvie, and Malabar Formations contain large quantities of 

economically important coal. Coal swamp6 were less abundant away from the Hunter 

Valley, and in the Southern Coalfield there is only one lenticular coal seam, 

and in the Western Coalfield only coal laminae and fossil wood. It seems 

therefore that the coal swamps of the Northern Coalfield gave place to a more 

elevated terrain where swamps were fewer and forest trees more prominent. 
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Fig.36. Environment map,  Interval  9, middle Tatarian 
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Interval 10: Waratah Sandstone and Dempsey Fonnation and 

Correlatives 

The Waratah Sandstone and the Dempsey Formation, the Watts Sandstone 

I and the Denman Formation, the Marrangaroo Conglomerate, the Higgins Creek 

Sandstone, and the upper part of the Wilton Formation are included in IntervallO. 

I It consists of barren coal measures and a tongue of marine beds. The distribution 

of the stratigraphic units is given in Plate 1. A summary of the lithology of 

I the rocks and their relationships, correlation, and age is given in Plates 2 . , 

and 3 and Figures 3, 8, 9, and 10. The thickness of the interval is given in 

I Figure 37. Figure 38 is a sand-shale ratio map and section. Palaeoenvironmente 

are shown in Figure 39. 

I Details of lithology, correlations and age, and relations with older 

units are given in Appendix 3. 

Conclusions 

I Interval 10 is 500 m (1 600 ft) thick in the Macquarie Depression, 

thins over the Kulnura Arch to an interpreted zero isopach at the northern end, 

I and thickens to 130 m (400 ft) in the Macdonald Depression ( ~ i ~ .  37). The 

presence and position of this zero isopach is uncertain because the interval was 

I eroded from the Lochinvsr Anticline before the Newcastle Coal Measures were 

laid down. It thins gradually to the west and south to the interpreted zero 

I 
isopach near the present margin of the basin. The Macquarie Depression extended 

into New figland. 

The high. sand-shale ratio in the west (Fig. 38) and the low ratio 

in the east is a reversal of the conditions prevailing during the deposition of 

Interval 9 and a return to those of Interval 8, that is, to a marine transgression. 

Interval 10 contain8 a minor marine tongue underlain and overlain by 

terrestrial sediments, At its mnrimanm (Fig. 39) the hallow sea transgressed 
ae far west as Mulgoa, where foraminifera are present. The presenoe of the 

I plant impression6 and fossil wood in the coarser-grained clastio eedimente, 

above and below the mmine tongue, suggests that sparsely vemtated swamp6 

I developed in the marginal area@, flanked on the landward side by flwial depoeits. 
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Fig.37. lsopach map, Interval 10, Wqratah ' Sandstone and Dempsey Formation and 
correlatives 1 ! 
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Fig. 38 Sand- shale ratio map and section, Interval 10, Waratah Sandstone, a n d  
Dempsey   or mat ion and correlatives 
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Fig.39. Environment map, Interval 10, upper Tatarlan 



Interval 11: Newcastle Coal Measures (excluding Waratah 

Sandstone and Correlatives 

The Newcastle Coal Measures (excluding the Waratah sands tone), the 

Wollombi Coal Measures (excluding the Watts sandstone), the Charbon Sub-Group 

abwe the Marrangmoo Conglomerate, and the Sydney Sub-Group above the Wilton 

Formation are included in Interval 11. 

The distribution of the Newcastle Coal Measures is given in Plate 1. 

A summary of the lithology of the rocks and their relationships, correlation, 

and age is given in Plates 2 and 3 and Figures 3, 8, 9, and 10. The thickness 

of the interval is given in Figure 40. Figure 41 is a sand-shale ratio map and 
section. Palaeoenvironments are shown in Figure 42. 

Details of lithology, correlations and age, and relations with older 

units are given in Appendix 3. 

Conclusions 

Interval 11 is 430 m (1 400 ft) thick in the Macquarie Depression and 
thins to a zero isopach around the northern end of the Kulnura Arch (~ig. 40). 
Figure 40 shows the presently preserved thickness in the Lochinvar Anticline 
area. An unknown quantity of sediment was removed by erosion before deposition 

of the overlying Narrabeen Group. It thickens again to 430 m (1 400 f t) in 
the Macdonald Depression and then thins gradually to the west and south to an 

interpreted zero isopach near the present margin of the basin. The Macquarie 

Depression extended into New England, and there was a slight thimiq near Dural. 

The sand-shale ratio map ( ~ i ~ .  41 ) ahows that most of the interval 
has a low sand-shale ratio. The sand-shale ratio increases in the middle part of 

the western area possibly due to the growth of a delta, the sediments of which 

were derived from the granitic hinterland to the west. Another area of 

comp~atively high eand-shale ratio occurs in the lower Hunter Valley where a 

oonsiderable thickness of coarse clastics is believed to have been laid down as 

fanglomerates derived from the north and northeast. 

Almost all of the Sydney Basin was covered by coalescing deltas 

(Fig. 42) which in the north and northeast were built up by vigorous streams. 

Coal swamps were more widespread than at any other time and many of the most 

important coal seams in New South Wales were formed. Volcanism continued in the 

region east of the present coast, and extensive tracts were buried under 

ash falls. 
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Fig.41. Sand - shale ratio map and section, Interval  II, ~ e w c a s t l e  Coal Measures 
(excluding Waratoh, Sandstone) and correlatives a 
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Fig.44. Palynological  zones i n  I n t e r v a l s  1 1  -14. Based on Helby ( 1 9 7 0 )  
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Interval 12: Narrabeen Grou~ 

Although the Narrabeen Group covers much of the Sydney Basin, vertical 

sections are rare. Formations have been described from the mid-central area, 

the south-central area, and from near Katoomba in the western area. A summary of 

the lithology of the rocks and their relationships, correlations, and age is 

given in Plates 2 and 3 and Figures 3, 8, 9, 10, 43, and 44. The thickness of 

the interval is given in Figure 45. Figure 46 is a sand-shale ratio map &d 

section. Palaeoenvironments are shown in Figure 47. 

Detail8 of lithology, correlations and age, and relations with older 

units are given in Appendix 3. 

Conclusions 

The Narrabeen Group was deposited after uplift along the Hunter 

Thrust and in the area of the Lochinvar Anticline. The isopach map (~ig.. 45) 
shows Interval 12 t ! ~  be basin-shaped, with sediment6 up to 90 m (300 ft) thick 

on the basin edge, 90 to 510 m (300-1 700 ft) on the basin slope,' and from 

510 to 720 m (1 700-2 400 ft) on the floor of the basin, which has its centre 

near Kulnura. The area of the Lochinvar Anticline was .covered by sediment . 

lying with angular unconformity on rocks as old a. the.*itl~d ~ r o u ~  (~nterval 5). 

The sand-shale ratio map (Fig. 46) shows a decrease in graineize to 

the east owing to the prograding of deltas over the coal measures and to their 

eventual coalescence, so that pro-delta sediment predominated in the eaat and 

fluviodeltaic sediment .in the west. 

The rocks fall naturally into three suites according to the composition 

of the sediment (Ward, 1970). The quartzose sandstone suite, which is found 

throughout the western part of the basin and in the upper part of the sequence 

in the east, was derived from the b c h l w  Geosyncline; the quartz-lithic suite 

in the north and northeast was derived from the New England Geosyncline; and 

the volcanic sandstone suite, which is found only in the coastal belt, was 

derived from a volcanic source to the east. The red or chocolate colour of the 

shale beds in the Narrabeen Group is due to weathering an the Triaseic delta 

plains (see Appendix 3). 

The overall succession of sedimentary facies (Ward, 1971) is one of 
declining fluvial activity, which passes from active braided streams to the swampy 

lowlands of a deltaic plain with ephemeral lagoons. 



Fig. 45. lsopoch map, Interval 12, Narra been Group 
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F i g . 4 6  Sand-shale ratio map and section, Interval 12, Narrabeen Group 
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Fig.47. Environment map ,  Interval 12, Lower Triassic 
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Interval 13: Hawkesbury Sandetone 

The kwkeebury Sandstone, which forms prominent cliffs around Port 

Jackson and Broken Bay, ie the only stratigraphic unit included in Interval 13. 
Its distribution is shown in Plate 1 and it6 thickness in Figure 48. A summary 

of the litholom of the rocks and their relationshipe, correlations, and age is 

given in Plates 2 and 3 and Figures 3, 8, 9, 10, and 44. The thickness of the 

interval is given in Figure 48. Palaeoenvironments are shown in Figure 49. 

Details of lithology, correlatione and age, and relatione with older 

units are given in Appendix 3, 

Conclusions 

The Bawkesbury Sandstone thickens gradually from a zero isopach near 

the western margin of the basin to over 240 m (800 f t) along the present 

coastline. 

The interval consiats of a blanket sand laid down in an intertidal 

embayment under the influence of tides setting northwards along the coast. 

Braided streams entered the tidal flats from borderlands reduced to baee level. 

Transient lagoons supported populations-of fiah adapted to brackish conditions. 

Interval 14: Wianamatta Group 

The Wianamatta Group comprieee the youngest rocks of the Pemo- 

Triaeeic sequence still existing in the Sydney Basin. I~consists chiefly 

of lutites, with minor interbeds of sandstone; . The constituent formations are 

shown in Figure 50, and the distribution in Plate 1. Because the upper 

formations have a very much smaller distribution than the lower, due to erosion, 

no sand-shale ratio map is given, but details of lithology, correlations and 

age, and relations with older units are given in Appendix 3. The preserved 

thickness is given in Figure 51 and palaeoenvironments are shown in Figure 52. 

Conclusions 

The work of Lovering (1954) and Herbert (1970) has shown that the 

Wianamatta Group was laid down in deltas where swampy, laponal, and ehallar marine 

conditions prevailed from time to time. The large amount of lithic sand carried 

by the river systems was derived from nearby intermittent volcanoes. 



Fig. 48. lsopach map, Interval 13, H,aw kesbury 'Sandstone 
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IGNEOUS ROCKS OF TRE SYDlBEY BASIN 

Permian, Triassic, Jurassic,and Cainozoic hypabyssal and volcanic 

rocks occur in the Sydney Basin. They are chiefly mafic in composition. A 

few have been isotopically dated, but most are dated by their stratigraphic 

and structural relationships and their chemical affinities with dated rocks. 

Many of them have been described by Joplin (1964). 

Permian igneous rocks 

The Permian igneous rocks (Table 6) include laccoliths, sills, plugs, 

flows, and tuff. The intrueions and flows originated from a shoshonitic ma- 

(~o~lin, 1964), but some et least of the tuffs are felsic in composition 

(Leitch, 1968). Tuffs are numerous and widespread, and with bentonitic clay, 

occur mostly in the Newcastle Coal Measures. 

Meaozoic Imeous Rocks 

There are many i$neous intrusions in the Permian sequence in the 

Sydney Basin the age of which is unknown, althougJl most of them are thought to 

be Jurassic. 

Triassic 

Most of the Triassic igneous rocks are volcanic. They include basalt 

flowe and plugs, breccia pipes, and abundant tuff and ash that occur either in 

beds or as contaminants in the sediments (Table 7). 

Jurassic 

There are three ieotopically dated Jurassic igneous rocks in the 

Sydney Basin (Table 8). They belong to the alkaline series, which is found in 

tectonically stable areas as flows, sills, dykes, plugs, stocks, and laccoliths. 

In the Sydney Basin which is presumed to have been stable in the Jurassic there 

are many alkaline intrusions, most commonly of teschenitic dolerite, and these 

are ascribed to the Jurassic along with the dated occurrences. 



TABLS 6. PEWIAN IGhTOUS ROCKS 

Remarks 

Berkely L a t i t e  
occurs  near  top of 
sequence; Bombo 
L a t i t e  nea r  bottom 

Poss ib ly  a 
l a c c o l i t h  

Yost p e r s i s t e n t  of 
numerous t u f f  l a y e r s :  
forms a varker  
horizon 

Very p e r s i s t e n t  and 
a t t a i n s  maximum 
th-ickness of 29 m 

Name o r  
Local i ty  

Gez~ingong 
Volcanics 

Milton 
Laccol i th  

Currambene 
Doler i te  

Stockyard 
Mountain No. 1 

NoPjbys Tuff 

Fern Valley 
Tuff 

Belat ionships 

Extruded i n  shallow s e a s  
and over c o a l  swamps; 
in t ruded i n t o  unconsoli- 
dated sediments 

- 
Ehplaced i r r e g u l a r l x  
i n t o  sediments of t h e  
Conjola Sub-Group . 

Intruded i n t o  unconsoli- 
dated sediments of 
Wandrawandian S i l t s t o n e  
and Nowra Sandstone 

Intruded between 
Wandrawandian S i l t s t o n e  
and Nowra Sandstone 

In  Lambton Sub-coup nea r  
base of Newcastle Coal 
Measures ( see  Appendix 
3 1 

In  Adamstown Sub-group of 
Newcastle Coal !,easures 
( see  Appendix 3 )  

Rock Type 

L a t i t e  
( see  Appendix 3)  

Forphyri t i c  
monzonite 

Po tas s i c  
po rphyr i t i c  
t r achybasa l t  

Porphyr i t i c  
b a s a l t  

Tuff a l t e r e d  t o  
c lays tone  

Tuff a l t e r e d  t o  
c l a y s  tone 

Age 

Berkely L a t i t e  f e l d s p a r ,  
K / A ~ ,  252 m.y. Bombo 
L a t i t e ,  f e l d s p a r  K / A ~  
240 m.y. Evernden & 
Richards ( 1962). 
Associated sandstone 
has  Fauna I V  f o s s i l s  

K / A r ,  240 may. 
J.2. Richards (pers .  
comm. 1971) 

K / A ~  234 + 6 m.y. 
Webb Ozimic (1971 ) 

Assumed 

Ta ta r i an  

Reference 

ham (1969) 

Harper (1915) 
Brown (1925) 
McElroy & Rose 
(1962) 

G e l l a t l y  & 
Ozimic (1 971 ) 

Alcock ( 1968) 

FicKenzie (1 9 6 2 )  



Table 6 (cont.) 

Reference 

Hanlon (1953) 
Loughnan (1 966) 
Duff (1967) 

Morris (1 926) 
Whiting & 
3elph (1969) 

Nicholas (1969) 

Booker e t  a l .  
(1954) 

1 

Name o r  
Locali ty 

Awaba Tuff 

Wongawilli 
Seam 

Burragorang 
Claystone 

Martindale 
No. 1A 

Eastern par t  
of Sydney 
Basin 

Bayswater BM3 
No. 1 

Remarks 

Up t o  24 rn th ick 

One claystone layer  
is 6 m (20 f t )  
th ick,  and there  a r e  
a t  least 6 th in  
l aye r s  of a l t e r e d  
ba sa l t  

Rock 'I'ype 

Tuff a l t e r e d  t o  
claystone 

Tuff a l t e r e d  t o  
claystone 

Tuff a l t e r ed  t o  
c lays  tone 

Basalt and pale  
c lays  t one 

T u f f  a l t e r ed  t o  
claystone, and 
volcanic frag- 
ments i n  t e r r -  
igenous rock 

Crystal  tuff 
and ignimbrite 

Relationships 

In  Moon Island Beach 
Sub-group of Newcastle 
Coal Measures (see 
Appendix 3 )  

In  middle of Wonga~rilli 
Seam 

Age 

Tatarian 

Interbedded i n  coal  
measures of Southwest- 
ern and Western 
Coalfields (see 

I Tatarian 

Appendix 3)  

Occurs as interbeds i n  Tatarian 
W i  ' tingham Coal Measur- 
es. No evidence as t o  
whether flows o r  sills 

Interbeds and contam- Ta t a r i an  
inants  in coal  
measures 

Intercala ted i n  Tomago Tatarian 
Coal Measures 



Table 6 (cont.) 

Xemarks 

Up t o  15 m thick 

. - 

t 
Kame o r  
Locali tx 

Kulnura No. 1 

Dural South 
No. 1 

Rock Type 

Tuff a l te red  t o  
clays t one 

Tuff a l te red  t o  
claystone 

Amygdaloidal 
basalt  

Tuff a l te red  t o  
claystone 

& 

Tatarian 

Tatarian 

Kazanian? 

Ta ta r ian  

Reference Relationships 
I 

Ozimic ( 1969) I Interbedded in  

Ozimic (1969) 

Ozimic (1969) 

Hawkins & 
Ozimic (1967) 

Newcastle Coal 
Measures 

Interbedded i n  Tomago 
Coal Measures 

Interbedded in  Tomago 
Coal Measurea 

Interbedded i n  
Newcastle Coal 
Measures 



TABLE 70 T2IASSIC IGIEOUS ROCKS 

r 
Name o r  1 Rock Type 1 Reference 
Local i tx  

l.?oss vale/  

1 

Remarks 

! 
1 

Tho le i i t i c  I O f3e i l l y  (1 971 ) 

Relationships 1 

Sore volcanoes were 
ac t i ve  during formation 
of Bringelly 1%. 
Admson l is ts  about 10 
necks i n  S g d ~ e y  region. 
Cne a t  South Colah 
has  r ad i a t i ng  ba sa l t  
dykes 

Detr i tus  of volcanogenic 
o r i g in  i s  a widespread 
contaminant i n  Narrabeen 
Group 

Mittagong a rea  
Surface flows K/AT, 194 n.y. 

ba sa l t  ! I 
! 

( T r i a s s i c - ~ u r a e s i c  
boundary) 

Microfloras i n  coal  
fragments a r e  
Tr iass ic  as young 
a s  t he  Ashfield 
Shale 

Older than 194 m.y., 

I i 
Central area ,  Basalt and j Adamson (1969) Diatremes i n  

Ylittagong a r ea  

Eastern pa r t  of ' 

Sydney Basin 

Dural South 
No. 1 

pa r t i cu l a r l y  near , breccia  ; Herbert (1970a) Wiananatta Group. 
Sydney - e.g. ! I Necks arid plugs 
The Sasin, Hornsb;-, 1 

Hawke sbury t younger than 

Dundas, Erskine i 
Pass, Kinchinbury, ' 
Plump ton 1 I 

I 
i r 

EOSS vale/  tgabbmic,  I @'Rei l ly  (1971) 

Sandstone r 

Interbeds i n  
Narrabeen Group 

Interbeds in 
Narrabeen Group 

d i o r i t i c  and 1 
syeni  t i c  
bodiest  i 

'Chocolate ' Loughnan (1963) 
shales  1 1 

1 
I 

i 
Tuff a l t e r ed  ! Hawkins & Ozirnic 

In t rus ive  i n t o  

Hawkesbury 
Sands tone (mid- 
T r i a s s i c )  

Lower and Middle 
T r i a s s i c  

Lower and iJliddle 
T r i a s s i c  t o  claystone (1967) 



TABLE 8. JURASSIC IGK?OUS ROCKS 

Prospect Hill 
Lopolith 

Name or 
Locality 

Noun t Gibraltar, 
Mi t tagong 

Umbiella Creek 
near Kandos 

Rock Type 1 Reference 
I 

Tillynambulan 
Mountain 
( ~in~enbullen) 

Mount Jel lore 

I 

I I 

Relationships 

Mount Flora 

Mat tai Dome 

& 

Cordeaux 
Dolerite near 
:.?roll ongong 

Remarks 

Teschenitic 
dolerite 

Microsyenite 

Nephelinite 

Doleri te 

Boesen et al. 
!1961) 

I McDougal ( ers. 
corm. 1971 7 

' Browne (1933) I Boegen et al. 

' Trachyte and 1 Taylor Sc Mawson 
essexite I ( 1903) 

Essexite, Whitbread (1947) 
ite, teschenite, 
syeni te 

Solvsbergite 

Dolerite 

Whiting & 3elph 
(1969) 

Harper (19151, 
Sussmilch 
09-23) 

Plug in 'hiassic rocks 

Ernplaced in Ashfield Shale 
of Wianamatta Group 

Possibly a denuded sill; 
on Liverpool Sub-poup 

K / A ~  on biotite, 
168 m.y. &ernden 
& Richards (1962) 

Intrusive into ~awkesbur~ 
Sands tone 

Multiple sills and small 
dykes 

Intrusion near top of 
Illawarra Coal Measure 

Surrounded by 9awkesbury 
Sandstone and Narrabeen 
Group. Considered a flow 
by Harper, and a denuded 
teschenite sill by 
Sussmilch 

K/A~ on hornblende, 
178 m.y. Evernden 
& aichards (1962) 

K / A ~  on whole rock, 
about 179 m.y. 

Assumed younger 
than Middle 
Triassic 

Assumed Jurassic 

Assuned Jurassic 

Assmed Jurassic 

100 m thick; contains 
augite, pigeonite, 
olivine, rarely.quartz 

Essexite is intruded by 
teschenite and both by 
syenite. Much hydro- 
thermal me tanorphism 

Has caused antkiraciti- 
zation of the E~nd 
Creek Seam 

Texture, aphanitic 
to gzbbroidal 
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Table 8 (cont.) 
-. 

Name or 
Locality 

Nebo, near 
Wollongong 

mount Murray, 
near Wollongong 

Rixons Pass 
and Undola 

-- I-- - -  

Western Coal- 
field; Tonbong 
Mountain, Growee 
near Rylstone, 
Bocable and 
Mount Danger 
near Bylong 

Par northwest 
Sydney Basin: 
Barrigan Cr. 
phonolites, The 
Porcupine, Mount 
Stormy, Davids 
Mountain, Bald 
Mountain, The 
Pinnacle 

v 
Remarks 

Encountered in bore- 
holes, 79 rn thick. 
Thought by Edwards to 
be same body as that 
at Cordeaux 

Thought by Sussmilch 
to lie along an EW 
line of monoclines 
and faults. 
Undersaturated 

Relationships 

In basal Narrabeen 
Group. Probably a 
sill 

In Narrabeen Group and 
topmost Illawarra Coal 
Measures. Probably a 
sill 

Sill emplaced under 
light cover of part of 
Narrabeen Group 

Sills in Triassic and 
upper Permian 

Laccoliths and sills 
in Triassic rocks 

I 

Rock Type 

Teschenite- 
picrite 

Teschenite 

Olivine-analcite 
basalt (basani- 
te) and monchi- 
quite 

Teschenitic 
doleri te 

Phonoli te and 
tinguai te 

h 

Assumed Jurassic 

Assumed Jurassic 

Assumed Jurassic 

Assumed Jurassic 

Sssumed Jurassic 

Reference 

Edwards (1953) 

Edwards (1953) 

Harper (191 5), 
Hanlon et al. 
(1 954), Vallance 
(1969) 

Vallance (1969) 

Carne (1903), 
Sussmilch (1 933) 
Day (1961) 



Table 8 (cant.) 

Reference Name or 
Locality 

Relationships Rock Type Remarks 

Murrumbo and I Microsyenite Sills 
Wollar 1' 

Martindale No. 1 

Middle and 
Upper Hunter 
Valley; 
Martindale No. 

Savoy Sill 

Syenite? Nicholas (1 969) Sill between Intervals 
7 and 8 in Wittingham 
Coal Measures 

Nicholas (1 969) 

Plashett Sill I Dolerite and 
aplite 

Sill within b!ollombi 
Coal Measures 

Teschenite with 
syenite intrusions 

Measures 

Raggatt & Whit- 
worth (1932) 

Sill in western part 
of Muswellbrook Antic- 
line; in Greta Coal 

Raggatt & !hit- 
wortn (1930) 

Fordwick Sill I Doleri te Raggatt & \hit- Sill in Wollombi Coal 
at Broke worth (1930) I Measures 

Sill in trough of small 
syncline 

Howick Sill ' 

l<arulla Sill Dolerite with 
at Wingen basalt plug 

Assumed Jurassic 

Pink trachyte 
and dolerite 

I Assumed Jurassic 

I Assumed Jurassic 

Veevers (1960) Assumed Jurassic Sill in Wittingham Coal 
Measures 

I hssu~ed Jurassic 

Assumed Jurassic 

1 Undersaturated 

33.6 m thick; contains 
K-feldspar, pyroxene, 
biotite and chlorite 

48.8 m thick, Fine- 
grained, maf ic ; contai- 
ns hornblende and 

, abundant chlorite, with 
I minor pyroxene and 

biotite 

90 m thick. Teschenite 
consists of 'labradorite 
augite, and little 
olivine. Syenite cont- 
ains Na-feldspar and 
arfvedsoni te 

8 m thick, 1.5 km long 

75 n! thick, 13lrm long 



Table 8 (~ont.) 

Name or 
Localitz 

Carrington Sill 

Dural 

Warrawolong in 
Pjall Range 

Bulli Colliery 
Sill 

Botany Bay 

Helationships 

Sill in Vittingham Coal 
Measures 

Sill in Interval 8 in 
Illawarra Coal Measures. 
Low-grade metamorphism 
above and beneath 
(Evans, 1967 ) 

A plug intrusive into 
Narrabeen Group 

Sill in upper Illawarra 
Coal Measures 

Near top of Illawarra 
Coal Measures, probably 
a laccolith 

Rock Q-pe 

Diorite with 
syenite veins 

Dolerite 

Dolerite and 
theralite of 
alkali olivine 
basalt parent- 
age 

Analcite basalt 

Syeni t e 

Reference 

Veevers (1960) 

Hawkins & 
Ozimic (1957) 

Boesen & 
Sitchie (1 971 ) 

Harper (1915) 

S tuntz (pers. 
cornrn. 1970) 

& 

Assumed Jurassic 

Assumed Jurassic 

Assumed Jurassic 

Assumed Jurassic 

Assumed Jurassic 

1 

Remarks 

60 m thick, 2 lan long 

45 m thick in Dural 
South No. 1 well. Fine 
to medium-graine d ; 
contains andesine, 
augite, biotite, but 
no quartz. Recorded 
also in Dural Nos 1 
and 2 

Encountered in DIf 
Cape Banks No. 1 
bore between 2385 
and 2495 ft 



Cretaceous 

Several intrusions of potassium-rich igneous rocks in the Sydney 

hein have been assigned to the Cretaceous on the basis of their overall 

resemblance to dated occurrences, one within the basin and others along the 

eaetern seaboard of Australia. 

Undifferentiated 

Card (& Harper, 1915) recognized three types of dykes and sills in the 
Triassic rocks of the Sydney Basin: these are syenite-tinguaite (nephelinitic), 

basaltic, and monchiquitic; the last being the most common. Dykes are 

particularly common in a band 16 km wide along the present coast. Hills (1955) 
indicated at least 200 dykes between Bowra and Port Hacking, at least 103 in 

the Sydney district, and 48 in the Newcastle district, Nashar & Catlin (1960) 
described a swarm of 60 dykes in the Port Stephens district, some of which are 

aligned roughly north-south, others roughly east-west. They are up to 5 m wide. 
Taylor & Maweon (1903) write of. the Mittagong district being tpermeatedt with 

trachytic dykes. Raggatt (1938) writes that in the upper Hunter Valley basaltic 

dykes and sills are 'too numerous to list or ahow on a mapv. 

The dykes in the Southern Coalfield may be divided into three groups 

according to their averake strike, viz. 100~. 355', and 50' (wileon et al., 1958). 

Dykes of the first grouplare usually thick and persistent, being up to 5 km 
I 

long and 15 m wide. of the second group tend to occur as extensive swarms 
i 

of small impersistent dykes, Dgkee of the third group are small and sparse, and 

have the same average st i sike as aseociated faults. 
The post-Triar:i dykes and sills have damaged the coal aeams - a dyke 1. 

often branches into a ei'll or a series of sill8 that may entirely replace a 
Y 

coal seam, The coal has\been altered for a few centimetres to several metres. 

In places the coal is ci~dered, with emplacement of calcitg, pyrite, and i stringers of dyke rnateri\l. In a few places the coal is not cindered, but loses 

volatiles and is upgraded in rank. In the Bulli Pase Colliery a natural coke 

was formed, and in the ~(lrnt Alemnder Colliery, at Mittagong, a sub-bitminous 

coal was upgraded to antlltacite. The igneous rooks have also been altered near 

the coal, and at the con,'rct they have been converted to a white puggy clay. 

David (1907) states that the dykes in the Newcastle district have been leee 

destructive than those j the Southern Coalfield. The Maitland and Singleton 

districts are free from Ikes. 



TABLe 9, C~TACXOUS IGNEOUS ROCKS 

Name or 
Locality 

%unt Dromedary Complex 
~t Tilba Tilba 

Good Dog Mountain 
Complex in Southern 
Coalfield 

OIHara &ad, Bawley 
Point 

Budderoo Lanprophyre 
at Vallaya in 
Southern Coalfield 

Reference 

Boesen (1 964) 

Card in Harper 
(1 91 5 r  Browne 
(1933) 

Vallance (1969) 

Harper (1 91 5), 
Hanlon et al, 
(1953) 

Rock Type 

Monzoni te, andesi te , 
and latite 

Porphyritic quartz 
dolerite, hornbl- 
ende and mica 
lamprophyre , and 
porphyri te 

Co;rrse-grained 
essexite 

Mica lamprophyre 

Remarks 

Just south of 
present extent of 
Sydney Basin. Compos- 
ition similar to that 
of occurrences 
within basin 

A potassium-rich 
suite resembling 
that at rtount 
Dromedary 

Similar to rock at 
Mount Dromedary 

Yesenbled Good Day 
Mountain Complex. 
Criginally called 
a nonzonite 

Relationships 

Stock and lavas associated 
with older Palaeozoic 
strata 

Flug, sills, and veins 
penetrating Hawkesbury 
Sands tone 

Intrusive into Con jola 
Sub-Group 

Intrusive into 
kwkesbury Sandstone 

k 

K/& on biotite, 
93 m.Y. 
*ernden & 
Richards (1962) 

Cretaceous? 
assumed 

Assumed 

Assumed 



TABLE 10. CAINOZOIC IGNEOUS SOCKS 

Name or Rock m e  I Locality I Reference i Remarks 

Mi t tagong 
Moss Vale 

Mittagong Province 

Alkali basalt, 
including hawaiite 
and mugearite 

Craft (19~1)~ 
OIReilly (in 
press) 

Many flow remnants, the 
largest up to 60 m thick 

Robert son 

Nerriga Province 

I Analcite basanite 

Wingello 

Endrick River I Craft (1931) I largest is about 21 Ion I long in Tertiary river 

press) 

Harper (1919, 
OlReilly (in 

valley. several flows, 
with total thickness of 
12 mjstream-drift between 
flows 

I 

and up to 3 lan2 in area 

I 
Basalt 

Sassafras I Olivine basalt Craft (1931) 

- I Largest flm-about 10 km Vallance (1969) long and up to 3 km wide I 

Harper (19151, 
Craft (1931) 

Occupy valleys eroded in 
Tertiary sediments 

Airlie Province 

Dairy Mountain 
near Rylstone 

, Nullo Mountain, 
east of Ryls tone 

Jimmy Jimmy 

Ulan 

Day ( 196 1 ) , 
k1ellrna.n & McDoug;all 
(in. press) 

Browne (19331, 
(1 961 ), Wellman d 
Kc Dougall (in press ) 

Day (1 961) 
Browne (1 925) 

Olivine and aegirine- 
augite phonolite 

Basalt monchiquite 

Olivine trachyte . 

Olivine nephelinite 

Diamonds in stream 
gravels 

I 
I 

Katoomba part of Abercrombie Province 

I 
Vallance (1969) The Peak, 

Yarranderie 
Olivine nephelinite I 

Mount Muruin 

Kurra j ong- 
Bilpin 

Mount Molong, 
Western Coalfield 

Mounts Caley, 
Banks, Tornah, 
Irvine, Wilson 
and Tootie 

I 

. Card (& Carne, 
1903 ) 
Crook (1957) 

Clivine nephelinite 

Alkali olivine 
basalt 

Trachytic basalt 

Basalt 

I 
Flows, dykes and necks. 

I Merroo neck shows reversed polarity 
I 

Carne ( 1 908a) 

Crook 1961), Came 1 908a)9 
Adamson ( 1969) 

I 
I 



Gold has been found in a diorite dyke in the Moss Vale district. 

Cainozoic Igneous Rocks 

Wellman & McDougall (1972, in press) distinguish several Cainozoic 

igneous provinces in New South Wales, four of which occur in or partly in the 

Sydney Basin (Table 10). The Nerriga, Mittagong, and Airlie provinces contain 

remnants of basaltic flows of trliddle Eocene to Hiddle Oligocene age. The 

Katoomba part of the Abercrombie province contains basalt of Miocene age. The 

rocks were dated by K / A r  measurements. 

Introductory Review 

The structural features in the Sydney Basin are shown on the 1:500 000 

geological map (PI. 1 ), the 1 : 500 000 tectonic map (~1. 5) and the structure 
contour maps (Pls 6, 7, 8). 

The structures developed during three main periods of diastrophism: 

(1 ) Upper Permian movements which are commonly but loosely called the Hunter- 
Bowen Orogeny, (2) possible Upper 'Rciassic movement, and (3) late Tertiary 
epeirogenic movement during the Kosciusko Gpoch. The structural history ie 

poorly understood as it is not always possible to tell the time when particular 

structures developed. Therefore we review the structure first and the etrUctural 

hietory eecond. 

The strongest deformation in the Sydney Basin occurs-adjacent to its 

northeastern margin where the Hunter Thrust and a series of northerly trending 

folds with aseociated normal faults are developed. The structure of this area 

has been described by many authors including David (1907), Raggatt (1938), 

Osborne (1 950), Voieey (1 959), and Booker (1 960). Raggatt and Booker described 

the structures in the Hunter Valley in aome detail. 

The northwesterly trending Hunter @'hxut zone of reverse faults 
I 

has brought Middle Carboniferous rocks in thb north against Upper Permian rocks 

in the south, and forms the northeastern bourliary of the Sydney Basin. The 

Permian strata are also displaced by s group kf smaller thrust faults running 
I 

parallel or subparallel to the major.thrust. I 
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The Lochinvar Anticline, which is the dominant structure in the lower 

Hunter Valley, ie flanked on the west by a group of smaller structures in the 

Singleton area including the Belford and Loder Domes and the Sedgefield Anticline. 

A broad eynclinal area separates these structures from the Muswellbrook Anticline. 

The axial traces- of the anticlines tend to be sigmoidal. The steepest 

dips occur on 'the east flanks, but in the Lochinvar Anticline dips up to 60' W 

also occur on the west-flank near the Elderslie and Msthews Gap Faults, These 

no-1 faults, and a seismically indiuted. fault %one on the east flank, have . 

displacements of up to 300 m. 

The Lochinvar Anticline is eroded to the Carboniferoue In  the north. 

Its northern end ie truncated by the Hunter Fault Brie and further modified by 

the Rsdforslee and Greta overthrust faults. A continuation of the anticline 

has been mapped eouthwazde in gently dipping Triaseic rocks where it is named 

the Kulnura Anticline and farther south again the Dural Dome. 

The Muswellbrook Anticline is the largest in the enclave between the 

Lochinvar Anticline and the Hunter Fault Zone. The east limb is intersected in 

the north by normal faults running parallel or subparallel to the axis.and by 

thrust fault8 subsidiary to the main Hunter Fault Zone, The faults have been 

deecribed in detail by Raggatt (1938) and Booker (1 960). Several laccolithe 

occur along the trend of the Muswellbrook Anticline. 

In the central area the !lkiassic rock8 have been folded into a number 

of gentle northerly trending anticlines and synclines. The best mapped of these 

(Raggatt, 199) is the Kulnura Anticline and Dursl Dome, an apparent continuation 
of the Lochinvar Anticline. R8ggatt also defined the Yarramalong and Macquarie 

Synclines to the east of the Kulnura Anticline and the Wollombi Syncline to the 

west. He mapped an anticlinal axis in the Triassic rocks south of the Loder 

Dome in continuity with the dome axis. 

The moat prominent feature to the west is the Lapstone Monoclinc 

(David, 1896, 1902; Standard, 1964; Galloway, 1967; Branagan, 1969) which 

extends from Bargo to Upper Colo on the 1 : 500 000 geological map (PI. 1 ). 
Galloway (1967) ehowed that it continued northwards to Mount Kindarun, The 

monocline passes into the Nepean Fault at its southern end south of Wallacia. 



Branagan (1969) has also described the faulting on the monocline farther north 

near the Hawkesbnry Lookout, a series of small step fault8 in the Mulgoa region, 

and monoclinal flexures associated with faulting at Picton. - .  

The Kurrajong Fault extends from the Colo River to Glenbrook Creek 

roughly parallel to, and to the west of, the Lapstone Monocline. The fault is 

downthrown to the west, It becomes a westerly downwarped monocline at its southern 

end (Branagan, 1969). The Oakdale Fault runs parallel to, and west of, the 

southern end of the Nepean Fault. A group of curved monoclinal structures, convex 

to the southwest, have been mapped farther south (wileon et al, , 1958)- 

In the ~owra/~ervis Bay area there is a series of folds which intersect 

the coast roughly at right angles around St Georges Basin and Jervis Bay. The 

Point Perpendicular Fault rune parallel with and close to the coast on the 

southern side of Jervis Bay, and extends across the mouth of the bay to Point 

Perpendicular on its northern side. The structures on Plate 5,in addition to 

those shown on Plate 1, are after Paix (1 968), Bowman (in prep.), and ' Bnbrick & 

Holmes (in prep. ) , 

Mapping in the Mount Coricudgy area (~tuntz, 1969) has demonstrated a 

reversal in regional dip on the base of the Triassic which is thought to refleot 

a basement high running from near Bogee through Mount Coricudgy toward 

Muswellbrook. Stuntz believes that this feature forms a convenient boundary 

between the Sydney and Oxley Basins, 

Diastrophism Recorded by Angular Unconformity in Lower and Middle 

Palaeosoic Baeement Rocks 

The sedimentary rocks of the Sydney Barnin along the western and 

southern &gin8 and in th,e Southern area are unconformable on lover and middle 

Palaeozoic rocks of the Lachlan Geosyncline that were deformed in several 

orogenies culminating in the Kanimblan Orogeny about the middle of the Carboniferous. 

During the Devonian-Csrboniferous the locus of geosynclinal sedimentation shifted 

to the New England Geosyncline, and after the Kanimblan Orogeny no further 

sediments were deposited in the Lachlan Geosyncline. There is unconformity 

between Middle Carboniferous granodiorite and Upper Carboniferous volcanic8 in 

.the New Ehgland Geosyncline sequence beneath the Sydney Basin. 



Diastrophism Recorded by Angular Unconformity in Permo-Triassic Rocks 

The Penno-Triassic rocks in and beneath the Sydney Basin were 

deposited without major interruption in the arc-rear belt to the west of the 

New Ehgland Geosyncline. Local unconfomitiea developed at the beginning and 
I 

the end of the Permian, and are exposed in the Lochinvar Anticline. I 
Lower SaErmarian unconfonnitiee 

One local angular unconformity has been mapped beneath the Allandale I 
Formation on the Lochinvar Anticline (David, 1907) and is extended beneath the 

Lochinvar Formation by seismic interpretation,and another local angular 

unconformity has been tentatively interpreted on seiemic records (this study) 

I 
beneath the Rutherford Formation of Interval 2. On the Lochinvar Auticline the 

Allandale Formation rests unconformably on the Kuttung Group near Pokolbin and 
I 

Mount Bright. Oeborne (1949) euggesta this relationship is due to onlap of the 
Permian marine beds onto islands of Carboniferous rocks. Seismic interpretation 

I 
(this study) suggests that the Allandale Formation overlaps the Lochinvar 

Formation and that the unconformity then traces beneath the Lochinvar Formation 
I 

at the base of Interval 1. The unconformity developed in the late Carboniferow 

or early in the Permian and the folding that it indicates is shown diagrammatically 

on the tectonograms of Figure 53. 

I 
I 

The other angular unconformity which occurs higher in the sequence 

beneath the Rutherford Formation has been tentatively interpreted on seismic 

records over the Lochinvar Anticline. It has also been interpreted with very low 
I 

reliability near Loder Dome and Camberwell Anticline; this euggesta that it may 

extend over local ireas in the northwestern part of the basin. The folding I 
indicated by this unconformity is sham diagrammatically on the tectonograms of 

Figure 53. I 
Tartarian unconfomitiee 

Two angular unconformities have been mapped in Tartarian sedimentary 

rocks exposed in the Lochinvar Anticline. One occurs beneath the Newcastle I 
Coal Measures and the other beneath the Barrabeen Group. Both these event8 

which resulted in the development of unco~lfomities are shown on the tectonograms 

of Figure 53. 



Unconformity beneath Bewcastle Coal Measures. The Newcastle Coal 

Measures unconfomably overlie the Muree Sandstone Member of the Branxton 

Formation on the west flank, and the Mulbring Siltstone on the southeast flank. 

The Tomago Coal Measures are absent, except in the northeast near Maitland. 

The simplest explanation of thie relationship is that, the Tomago Coal Measures, 

Mulbring Siltstone, and b e e  Sandstone Member were eroded from the Lochinvar 

Anticline before the Newcastle Coal Measures were laid down (Jones, 1939). The 

anticlinal area was then buried beneath the Bewcastle Coal Measures which 

onlapped progressively over both the Mulbring Siltstone and the Muree Sandstone 

Member. 

Unconformity beneath Barrabeen Grou~. Higher in the sequence the 

Narrabeen Group is unconformable, on the Newcastle Coal Measures, the Mulbring 

Siltstone, and the Muree Sandstone Member  ones, 1939). The area of the 

Lochinvar Anticline appear8 to have been uplifted and eroded again after 

deposition of the Hewcastle Coal Measures while the basal Barrabeen Group was 

deposited on the flanks, Eventually the anticline was partially buried beneath 

the Narrabeen Group which overlapped unconfomably onto the Muree Sandstone Member. 

Upper Triassic unconformity? 

Regional considerations suggest folding and erosion in the Upper 

Triassic before deposition of Jurassic sediments in the Oxley Basin. The 

Jurassic sequence on the southern margin of the Oxley Basin rests disconformably 

on equivalents of the Narrabeen Group, (PI. 1 ) and it overlap onto the Permian 

sequence and rocke of the Tasman Geosyncline to the northwest. This relationship 

and the existence of an Upper Triassic unconformity between the Bowen and Surat 

Baains in Queensland give presumptive evidence of a period of minor folding and 

erosion in the Sydney Basin area during the Upper Triassic. 

Diastrophism Without Unconformity 

Permo-Triassic movements 

Oscillograms (von Bubnoff , 1963). eummarizing broad vertical movement8 
of the crust in the Sydney Basin region,are given in Figure 53. They ahow 

(1) the initial Sakmarian transgreseion, (2) the middle Artinskian regreseion 

in the north, where the Greta Coal Measures were deposited, (3) the Kunlgurian 

transgression in the north, (4) a late Kazanian increase in the rate of 
downwarping of the floor of the basin, (5) the Kazanian regreseion and 
transgression, (6) the early Tartarian regression and transgression, and (7) 

the middle Tartarian regression and transgreesion. 



Structural History 

The preceeding sections have summarized the folding and faulting and 

the age and stratimphic position of unconformities. We presume that folding 

and faulting movements which are largely local occurred in a relatively short 

space of time and are recorded as angular unconformities, whereas broad vertical 

movements of the crust take place over much longer periods of time and are 

recorded in the sedimentary record as. disconformity, onlap, offlap, facies 

change, and variation in the rate of sedimentation. The broad vertical movements 

are summarize& by the oscillograms and the folding and faulting movement8 by the 

tectonograms of Figure 53. 

The tectonograms do not identify the structures that developed during 

each pulse of folding and faulting. The difficulty of this task can be 

appreciated by remembering that the sedimentary rocks over the Lochinvar 

Anticline were folded and eroded twice in the lower Sakmarian and twice in the 

Tartarian and were folded again after the 'hiaasic sediments were deposited. 

The same structure has also been faulted. It is therefore difficult to define 

the nature of the deformation which, together with erosion, produced each 

unconformity even if the two Sakmarian unconformities were excluded on the 

grounds that there is too little known about them to draw reliable conclueions. 

Most of the folding and faulting of the Lochinvar Anticline and other structures 

in the Hunter Valley developed during the two Tartarian movements which are 

lo.osely referred to the Hunter-Bowen Orogeny. However, isopach maps of the 

Narrabeen Group show a depression south of the Lochinvar Anticline which suggests 

that the Kulnura Anticline and hral ~ & e  had not yet developed in this area. 

These structures, and other similar structures in the central area, developed 

either in the Upper Triaseic or in the Tertiary. We believe they developed in 

the Tertiary because of physiographic evidence of their youth. 

In eastern new South Wales a peneplain had developed by the Miocene 

(Browne, 1969). This peneplain was uplifted, faultbd, and warped into gentle 

folds during a period of epeirogenic uplift called the Kosciusko Period by 

Andrews (1910) and the Kosciusko Gpoch by kvid (1932). The deformation and 

uplift was greatest in the late Miocene and early Pliocene. The peneplain was 

uplifted to form the Southern Righlande and the highlands of New England and in 

the Sydney Basin the western borderland was uplifted to form the Blue Mountains 

and elsewhere there wae minor buckling and warping to form the Woronora and 

Hornsby Plateaux, the Cumberland Basin, and many of the folds and faults to be 

seen in the rocks south of the Hunter Valley. The rejuvenation of the old river 
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systems and the initiation of new ones has resulted in the deep dissection'of 

the uplifted peneplain as witnesbed by the gorges of the lower Shoalhaven, 

Wollondilly, Cox, and Grose Rivers. One example of the effects of this new 

erosional cycle is seen in the abrupt right-angled bend taken by the Shoalhaven 

River at Tallong, where rapidly eroding e~-<?terly flowing streams captured the 

waters of the northerly flowing shoalhaven River and severed its connexion with . 

the Wollondilly River. 

The absence of marine depoeits of Tertiary and Pleistocene age from 

low-lying areas around Sydney and Hewcastle is thought to imply that the coastal 

area was depressed after the Pleistocene high sea levels. The Lapstone 

Monocline and the Nepean and Kurrajong Faults formed, or at least underwent 

further movement, at this time (~aeger & Brown, 1958; Brown8 et al., 1968). 

Summary of Crustal Structure 

The present day' crustal structure in the 'sydney Basin region is shown 

in Figure 54 (based on Doyle et al., 1966). 

The following features have been observed (~hipps, i967; Conolly, 

1969) : 

1. The continental slope Is unusually steep, up to 20'. 

2. There is no continental rise. 

3. The slope abuts on the Tasman,abyasal plain, the deepest part 

of which is at the foot of the slope. 
i 

4. The continental ehelf is coveiced at least in part by a wedge 

of sediment. j .  
I 

5.  Several drowned and warped t6f:races interpreted as Pleistocene 

to Holocene strandlines exisi on the shelf. I 
I Conolly (1969) sees a connexion 1 ?tween the Holocene downwarping of 1 

the continental slope and the fact that thr/ abys~al plain is deepest at the 

foot of the slope. I 
Seismic 6 

I 
A11 land seismic record sections available to the end of 1971 (Table 1 ) 

were reinterpreted and four horizons were draced over the basin. The four 

horizons were first mapped in two-way trav 1 time and then converted into 

structure contour maps using appropriate functions. ' b e e  structure 

contour maps have been prepared* ( 1 ) at . &ase of the Narrabeen Group (PI. 6 ) .  



(2)  a t  the top of the Greta Coal Meaeures and correlative the Snapper Point 

Formation (PI. 7). and ( 3 )  at the base of the Rutherford formation and the Pebbley 

Beach Formation (PI. 8),  together with an isopach map of the Newcastle Coal 

Heaeurea and correlatives ( ~ i g .  40). 

The marine eeiemic Buroeye were not reinterpreted. The time contoure 

from the company's interpretation of one horizon wereconverted t o  depth below 

sea level contours and are  included i n  Plate 8. 

Data gatherinu and data quality 

The data used included the f i n a l  report6 of the seiamic e m e y e  l i e t e d  

i n  Table 1 and the original seiemio recorde obtained from the camp lee. The E 
data quality of many of the recorde w a s  improved by reproceseing/tha BMR play- 

back centre. The seiemic records (excepting some from the Sydney Basin seismic 

survey) were reduced t o  a ver t ica l  scale of about 1 second t o  3 cm and spliced 

together in to  long eections. Although reduction was advantageoue i n  reducing the 

volume of paper t o  be handled during interpretation i t  obscured the character and 

amplitude of the eeiemic events and increased errors  i n  reading the t rave l  time. 

Original records from the Sydney Basin eeiemic aurvey i n  the area to  the south 

of the Great Western Highway to  CeMden were available, but only time section8 

from t h i s  area were reduced and interpreted. The seismic surveys a re  located 

on Pla te  4 at 1:500 000 scale. 

The study of eonic logs confirms t h a t  the main velocity contrast  occurs 

between coal seame and the neighbouring sediments. The best ref lect ions a r e  ! 

therefore obtained from within the coal measures. Fair quality ref lect ion frbm 
the upper coal meaeures can be traced throughout the basin a t  shallow depth 

(PI. 6),  and in the Singleton-Camberwell area continuous and strong ref lect ions 

originate f r o m  coal seame within the Greta Coal Measures (PI. 7). but qual i ty  

of ref lect ion from the correlative Snapper Point Formation i n  the south is poor. 

Reflections originating f r o m  the baee of the Rutherford Formation 

(PI. 8) are  observed i n  some places i n  the northern part  of the basin. A t  

Loder. No. 1 the interval  velocity changes from about 13 000 f t /sec i n  the 

~ t h ~ f m d ~ F o ~ t b o m 1 t w 1 T , 0 0 0  frt/sec i n  the Allandale F o m a t i o n ' . a n d ' a t ' ~ ~ % ~  
-,,,\ 8-f ;,. 

W$P-WNW. 1 1 tUeveilbodty.j. change 'at - the interface is- from about -1 5'~0'oO'-ft~s@~' 

tooa;bWt ' 1 660000ft$~eec. ILJ t h ~ c g n ~ t r e c  a d  thd south.*of the"basihnthbS8ei$Sn80 

e&@mee oCf retFfl&e&i~nnffvim% tbb* baee~ of: the pebbley Beachr ForGatio~2 



TABLE 11. VELOCITP SURVEYS 

Name of Well 'Pype of Velocity company/ 
or Measurement Operator 

I 
Locality I 

Martindale No. 1 , 

Jerrys Plains No. 1 

Camberwell No. 1 

Lodes No. 1 

Belford No. 1 

East Maitland No. 1 

Kurra jong Height No. 1 

Dural South No. 1 

Kirkham No. 1 

Woronora No. 1 

Shot point 073, traverse C2 
(~ichmond-~esonock 
seismic survey) 

Shot point 18, traverse 2 
(Sydney Basin .seismic 
survey 

sonic Australian Oil and Gas Corporation 
Ltd I 

sonic Esso hrploration and Production 
~ustralia Inc. I 

sonic Australian Oil and Gas Cornoration 
Ltd 

sonic Australian Oil and Gas Corporation 
Ltd 

sonic Australian Oil and Gas Corporation 
I 

Ltd 

sonic Flanet Ekploration Co. Fty Ltd I 
well shoot Exoil M.L. ' I 

sonic Shell Development (~ustralia) 
Pty Ltd 

sonic Australian. Oil and Gas Corporation I 
Ltd 

sonic Australian Oil and Gas Corporation 
Ltd 

I 
expanded Shell Development (~ustralia) 
spread Pty Ltd 

I 

expanded Australian Oil and Gas Corporation 
spread . Ltd 



Velocity s t u Q  

A ve loc i ty  study was made t o  determine v e r t i c a l  and l a t e r a l  velocity 

variat ions.  Seismic ve loc i ty  i s  a function of the thickness of overburden and 

the  age of the rocks ( ~ a u s t ,  1951) and may be expressed i n  the form Vi = Vo + 
a Z (where Vi i s  instantaneous veloci ty  at depth i n  f t / s ec ,  Vo is  ve loc i ty  at - 
zero depth i n  f t / s ec ,  - a i s  a constant indicat ing the  velocity increment and Z is 

depth i n  f e e t  below sea level) .  

Continuous ve loc i ty  measurements i n  nine wells, one well veloci ty  

shoot (Table 11 ), and two e-anded-spreads were avai lable  fo r  analysis. A 

veloci ty  function was estimated f o r  each well w i n g  Mi l le r ' s  method (Dix, 1952) 

whereby a su f f i c i en t l y  accurate veloci ty  function i s  obtained by choosing values 

of Vo and and feeding these i n to  the equation Vi = Vo + g Z u n t i l  the time- 

depth curve of the equation approximates the  time-depth curve from the  survey. 

Five veloc,ity function8 were determined, each representative of one 

o r  more wells  o r  l o c a l i t i e s  (see index maps P l s  6-8): 

A. Vi = 10 700 + 0.552, f o r  Dual South No. 1 and the  expanded spread a t  

shot-point 073 t raverse  C2 

B. Vi = 11 300 + 0.522, f o r  Kurrajong Heights No. 1 

C. Pi c 11 900 + O.5OZ, f o r  Martindale No. lA,Kirkham No. 1,  and Jerrye  

Plains No. 1 

D. Vi = 12 300 + 0.482, f o r  Belford No. 1 and Cambemell No. 1 

E. Vi = 12 700 + 0.452, f o r  Loder No. 1, East ~ a i t l a k .  No. 1, and 

Woronora No. 1 

Loder No. 1, East Maitland No. 1, and Woronora No. 1, where 

the  present sedimentary cover i a  thinneet, have the  highest ve loc i t i es ,  

whereae the ve loc i t i ee  f o r  Dural South Bo. 1, In the  aen t ra l  part of the  

baein, are the  loweet. 

It seems reasonable t o  deduce t ha t  seismic velocity var ies  l a t e r a l l y  

with the depth of the sedimentary rocks in the  basin and this pr inciple  w a s  

followed i n  drawing the ra ther  arbitrarycontours (index maps, P l s  6-8) that 

separate the  areae in which the  veloci ty  functions a r e  t o  be applied. The 

posit ion and shape of these contours is d i f f e r en t  on each index map, and r e f l e c t s  

the  var ia t ion i n  thickness of sedimentary rocks. The time contours from the  

in te rpre ta t ion  of the marine surveys (~ongreach,  1969) were converted i n to  depth 

contours using a water bottom veloci ty  function of Vi = 10 700 f t / s ec  + 0.55 2. 



Interpretat ion 

Petroleum exploration wells and deep holes on or close to a seismic 

traverse (PI, 4) were plotted, The geologioal boundaries intersected in these 
I 

holes were converted to.time, plotted onto the seismic sections, and then traced, 

in closed loops wherever possible, to the next geological control point, 

phantoming where necessary. In addition geological boundaries and structure from 

I 
the geological map were added to the section. In this way all geological control I 
was added to the section and traced throughout. It became evident that moh of 

this traoing was unreliable and therefore only four horizons that could be 

traced baainvide with varying degrees of rellabil.ity were chosen for mapping, 

Base of the Narrabeen Group. Thie horizon may be identified with fair 
I 

to good reliability in most parts of the basin and this has been confirmed by 

correlation between several wells, The reflection originates from the topmoat 

coal seam of the upper coal measures, At Windeyers Hawkesbury River Bore, the 

I 
depth to the base of the Narrabeen Group is 700 m, whereau the horizon traced from 

Dural South No, 1 occurs at a depth of about 840 m. %is difference suggests that 

I 
an additional coal seam (or seams) occurs in the Windeyers hwkesbury River Bore, 

Data along the western margin of the basin and to the south and west of 
I 

Helensburgh were obtained directly from rrhallaw bareholes and topographic information. I 
Base of the Bewcaetle Coal Meauuree and correlatives, The oontlnuo~ 

reflection8 from coal seams at the base of the Newcastle Coal Measures (exoluding I 
the Waratah sandstone) and correlatives persist throughout the basin, and 

enable this horizon to be reliably traced. In areas where the quality of the 

data is poor, interpretation consista of phantom tracing between wells and 
I 

geologioal outcrops, I 
Top of the Greta Coal Mearums and correlatives, The reflections from 

the Greta Coal Measures are etrong and continuous. This type of reflection ir 

recorded only in the Singleton-Camberwell area to the east of the Mount Thorley 
I 

Fault and roughly to the north of latitude 32°45'S. The disappearance of the strong 

and continuous refleotions to the west of the fault suggests that the Greta Coal 
I 

Meaeures interfinger with the Snapper Point Formation. I 
An additional strong and continuous reflection, above the main 

reflecting horison, was observed from shot-point 11 along traverse AF to the 

north, and another was observed on traverse W from shot-point 14 westward, These 
I 

are interpreted as additional coal seams, that increase the thichese of the 

Greta Coal Measures to the north and to the west and explain the difference 
I 



of 1450 ft in the thickness of the Greta Coal Measures between Camberwell 

No. 1 and Lodez No. 1. 

Over, and to the east of,the Lochinvar Anticline, the correlation 

of this horizon is invariably fair. 

- .  . L 

Outside the Singleton-Camberwell area the interpretation of this 

horizon depends heavily on geological control and phantom tracing. 

Base of the Rutherford and Pebbley Beach Fonnationa, Reflections 

'originating from the base of the Rutherford Formation can be recognized in some 

areas near Singleton and the Lochinvar Anticline. An unconformity between the 

Rutherford Formation and the Allandale Formation was interpreted on the east 

side of the anticline. 

No reflections can be detected from the base of the Pebbley Beach 

Formation. We have no evidence of a velocity contrast between the Pebbley 

Beach Formation and the Wasp Head Formation. The horizon B of the marine seismic 

survey may correlate with the base of the Rutherford and pebbley Beach Formations. 

Gravity 

B o w e r  anomaly contours (PI. 5), covering the whole onshore area of 

the Sydney Basin, except between latitudes 33's and ~ J ~ ~ O ' S ,  have been compiled 

from the results of the gravity surveys lieted in Table 3 and from unpublished 

data supplied by BMR. Rock-densities assumed for the B o w e r  correction (PI. 5) 
vary from survey to survey. 

Prior to this work the only gravimetric information came from two 

gravity traverses, one from the west along the railway to Sydney and the other 

from the south through Sydney to Newcastle and Muswellbrook (Marshall & 

Narain, 1954). 

Gravity features in the south 

Bouguer'gravity anomalies generally increase in value from the western 

boundary of the baein to the east .coast (I?ig. 55). The eastward shallowing is 

reflected by two major northerly trending gradient zones, one called the Coastal 

Gradient Zone, the other the Wollondilly-Blue Mountains Gradient zone (PI. 5) 

by Day (1969,).  cross the coastal Gradient Zone the Bouguer anomalies increase 
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Fig. 55. Cross-section between Katoomba and N ~ w ~ o F ~  showing relat ionship between topography, 

structure,  and Bouguer anomalies r 
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I 
eastward from +10 mgals to +50 mgals, at the rate of about 1.8 mgal/km. Across 

the Wollondilly-Blue Mountains Gradient Zone the Bouguer anomalies increase 

eastwards from -40 mgals to +10 mgals at about 1 mgal/km. 

I 
West of Sydney the two gradient zones are separated by an undulating 

I gravity platform that contains a high near Kingswood and a low to the east 

centred 10 km northwest of Hornsby. 

I Gravity features in the north 

I The steep gradient east of Mount Coricudgy appears to be an extension 

of the Wollondilly-Blue Mountains Gradient Zone. It dies out farther north. 

I The gradient is flanked to the east by a Bouguer anomaly high, which is 

interpreted to be the southerly continuation of the Meandarra Gravity Ridge, 

(~odwick & Bigg-Wither, 1962; Darby, 1969). The high is flanked to the east 

by a Bouguer gravity low which is inteGreted as a southerly extension of the 

Gwydir Gravity Low (Darby, 1969). From the extended Gwydir Gravity Low the 

B o w e r  anomaly values increase toward the coast over the Coastal Gradient Zone. 

Correlation of northern and southern gravity features 

It is likely that the Mzandarra Gravity Ridge and its southerly 

extension are an extension of the gravity high east of the Wollondilly-Blue 

Mountains Gradient Zone in the south. Similarly, the Gwydir Gravity Low and ite 

eoutherly extension may extend from the north into the southern area to the east 

of the Bouguer gravity high. 

The Sydney Basin is therefore charaoterized by: (1) the Wollondilly- 

Blue Mountaine Gradient Zone in the west, (2) a parallel flanking sone of Bouguer 

gravity high (~eandarra Gravity Ridge), (3) a parallel zone of Bouguer gravity 

low (~wydir Gravity LOW) farther east, and (4) the Coastal Gradient kne which 
obliquely intersects the southern end of the other three zones. 

Interpretation 

Marshall & Narain (1954) have s ~ ~ e s t e d  that the general increase in 

value of Bouguer gravity anomalies from the western boundary of the baeh to 

the east coast was due to shallowing of the lower (basaltic) crust. Doyle et al. 

(1966) have confirmed this shallowing. Their studiee of seismic velocities 

between points offshore from the central coast of New South Wales (where 

explosions were detonated) and the Snowy Mountaine suggest that the basaltic 

crust rises eastwards from a depth of about 20 km below the Snowy Mountains 
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to an estimated 5 km below the Continental Shelf (Fig. 54). 

The theory of isostasy predicts that areas of thick crust (and Bouguer 

gravity lows) are elevated and that areas of thinner crust (and Bouguer gravity 

highs) are depressed. Present topographic elevations agree generally with this 

prediction (Fig. 55). Furthermore there is a close reverse correlation (Fig. 55) 
between the etructure of the basin sediments (Pls 6-8) and the Bouguer anomaly 

map, particularly in the area west of Sydney. The area in which the sediment8 

deepen along the western margin coincides with the Wollondilly-Blue Mountains 

Gradient Zone and the Lapstone Nonocline and Kurrajong and Nepean Faults. The 

deep syncline to the east coincides with the eouthern extension of the Meandarra 

Gravity Ridge and the anticline farther east coincides, in the south, with the 

southern extension of the Gwydir Gravity Low. 

There are two possibilities: either the Bouguer anomaly pattern 

developed after sedimentation ceased in the onshore Sydney Basin or the pattern 

developed before or during ~edimentation and has been modified by more recent 

diastrophism. A simple answer to this question is not possible with the data 

available. Isopach maps of Intervals 1 to 5 suggest a fairly simple easterly 
thickening wedge of sediments, but.isopachs of Intervals 6 to 12 show a 

persietent depositional trough (the Macdonald Trough), which coincides 

approximately with the extension of the Meandarra h v i t y  Ridge. This trough 

is flanked to the east by a depositional arch (the ~ u l n w a .  Arch), but the arch 

ie not coincident with the Gwydir Gravity Low extension. However, the isopach 

maps are highly interpretative in this area and many of them show the preserved 

thickness of sediments rather than the original thickness. 

Darby (1969) shows that the Mooki-Hunter Thrust is parallel to and 

just east of the axis of the Gwydir Gravity Low for several hundred kilometres 

in New England. If the Gwydir Gravity Low has been correctly extended by us 

into the Sydney Basin, then by analogy the thrust ehould continue in the same 

position relative to the gravity low. In this case the thrust or some other 

lateral development of the feature should continue along the western flank of 

the Lochinvar Anticline and disappear southward beneath younger Triassic cover. 

Mame t ic Anomalies 

Magnetic intensity contours and interpreted depth to magnetic basement 

contours from all aerom-etic and shipborne magnetic surveys carried out in the 

Sydney Baain to the end of 1971 ba able 3) are compiled on Plate 6 at 1:500 000. 



Interpretation of the depth to magnetic basement by the contractors 

was hampered by the wide spacing of flight lines and, in the north, by the 

excessive height at which the lines were flown. 
. . - 

Magnetic basement 

In general the results of this study confirm that magnetic basement 

and economic basement are coincident with the top of the Allendale volcanics 

in the north and with the unconformity between the Lachlan Geoayncline and 

the Permian sediment in the south. Magnetic basement therefore ia the base 

of the Sydney Basin as defined in this report. However, local intrueive and 

extrusive igneous rocks within and overlying the sediments of the Sydney Basin 

(~ables 6-10, P1. 5) also give rise to anomalies that increase the uncertainty 
in the identification of magnetic basement. These anomalies are located on 

Plate 6. Anomalies may be expected to arise from Tertiary volcanics and 

intrusions cropping out at the surface, but most of these occur in the north 

which was covered by the Sydney Basin survey for Australlaq Oil and Gas 

Corporation Ltd (1955). The report of this survey could not be, obtained and 

the map that accompanies the report was the only data available to us. 

The high-frequency magnetic intensity contours in the southern part 

I of the basin are due to the presence of the Gerringong Volcanic6 at shallow 
I 

I depth. The eetimated depth to magnetic basement in this area ie the depth 
t 

to the Gerringong Volcanic.. Offshore, a well defined are oontainik high- 

I frequency magnetic intensity contoura (PI. 6 )  is interpreted as. a sequence of 

sediments 2 .000 - 4 000 m thick, which contain either ehallow intruqive plugs 

I 6s shallow volcanics, or' both, 'at depths of only a few hundred metres .below 

the eea floor. A depth eetimate of 150 q was made on the east eide of a 

closed anomaly 5 km southeast of Botany Bay. 
. . 

Interpretation 

The western margin of the basin, which trends northerly, is clearly 

defined by high-frequency contours. The magnetic basement deepens from the 
weetern margin toward a deep trough with a maximum depth exceeding 4 000 m. 
Farther east, a northerly trending basement high Is separated from' the trough by 

an interpreted fault. The basement high coincides with the trends of the 

Lochinvar Anticline, Kulnura Anticline, and Dual Dome. 



The fault appears to have been interpreted because of the large 

difference in depth estimates made on two circular anomalies: one in the 

west gives a depth of 3 000 m and the other in the east gives a depth of 

1 800 m. The presence of this fault is questionable. The anomalies could 

arise from igneous intrusions or else the depth estimates may need revision. 

In fact Kulnura No. 1 vas drilled without reaching basement, to about 160 m 

more than the depth to magnetic basement ahown on the map. 

Farther east another basement high is separated from the Lochinvar- 

Kulnura-Dual trend by a deep trough which extends eouthward from south of Lake 

Macquarie to Broken Bay and then offshore almost parallel to the coast. 

Near Newcastle magnetic basement deepens rapidly eastward to a 

maximum depth of about 4 800 m. 

A slight basement high between Mount Coricudgy and Muswellbrook, 
69 . 

which Stuntz (19s) suggests as the boundary between the Sydney Basin and the 
Oxley Basin, appears as a saddle. 

The general form of the magnetic basement agrees with the structure 

contours from seismic interpretation (PI. 8). 

GEOLOGICAL HISTORY 

If theihistory of the Sydney Basin is interpreted in the context of 

the current theories of global tectonics (~riffiths, 1971; Packham & Falvey, 

1971) the following assumptions may be made as a framework ( ~ i ~ .  56): 

1. Australia was a part of the protocontinent of Gondwanaland during the 

upper Palaeozoic, and that the South Pole lay somewhat to the west of the 

present Bass Strait. 

2. Sea-floor spreading from the Darwin Rise in Permo-Carboniferous time 

resulted in a lithospheric plate descending along a subduction zone off the 

east coast of Gondwanaland. An island arc-complex was formed which became 

accreted to the craton: the Sydney Basin is a part of the sediment-trap which 

lay between the arc and the mainland of older rocks. 

3. Extensional rifting during the late Mesozoic sundering of Gondwanaland 

cut obliquely through the Permo-Triassic accretion, so that an 'easternt diver 

of the continent was detached to form the present day microcontinent of Lord 

Howe Ridge and New Zealand. 



Fig. 56 Partial reconstruction of  Gondwanaland showing fold belts, 

incipient r i f ts,  and the Permian pole 
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A present day situation rather like that of the Sydney Basin at the 

end of the Palaeozoic is presented by Malaya-Sumatra and the Mentawai subduction 

zone. The Straitsof PIalacca with its densely vegetated fringing lowlands is 

the equivalent of the Permo-Triassic sediment trap. 

Permo-Triassic sedimentation in the Sydney Basin was accompanied by 

orogenic and volcanic activity in a north-northwesterly trending island arc 

which ran through the New England area (~oisey 1959a, b, w). Uplift began 
during the Carboniferous and continued through the Fermian. Ekosion of the 

mountains provided a major source of sediment for the Sydney Basin. The poor 

sorting and rounding of the Permian marine sedimentary rocks indicates deposition 

in quiet waters, sheltered from waves and currents. The island arc provided the 

barrier behind which the sediment accumulated in a sediment trap between it and 

the continental block. 

Sedimentation was also influenced by the waxing and waning of 

continental glaciers (Crowell & Frakes, 1971 and by the reduction of the 

cratonic oldland to geomorphic senility. 

Crawell & Frakes interpret the evidence for late Palaeozoic glaciation 

in Australia to indicate the spreading of continental ice sheets rapidly northward 

and eastward at the end of the Carboniferous, the glaciation reaching a maximum 

in late Sakmarian or early Artinskian time. The advance of the ice sheet 

corresponds with a shift of palaeolatitude for Australia (Irving, 1966; Irving & 

Robertson, 1968; McElhinny, 1969). The ice cap grew on the Carboniferous 

highlands bordering the palaeo-Pacific. The Permian marine sedimentary rocks 

contain evidence of ice-rafting. 

Meyerhoff (1 970) in a multidisciplinary assessment of the problem8 
posed by the new global tectonics discounts the necessity for polar wandering 

to explain the glaciation. He considers it to have occurred in a period of 

glacial maxima, related to episodic changes in average world temperature 

resulting in the alternation of periods of glacial maxima with periods of 

evaporite maxima. 

Sequence of Events ( ~ i ~ .  57) 

The sea entered the basin in the early Saharian probably from both 

the north and south. Active volcanism continued in the island arc and a thick 

sequence of basaltic, andesitic, and rhyolitic volcanics and interbedded fluvial 

or marine sediment8 accumulated (in the eugeoeyncline) in the north, while 
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fluviatile, paludal, and marine sediments were laid down on the craton to the 

south (~nterval 1). Coal swamp* developed in favourable marginal areas in 

the south (Clyde Coal ~easures) and there was minor coal development (~arretts 

seam) on the northeaet margin. After volcanism ceased, later in the Sakamrian, 

the Permo-Triassic history is one of alternating marginal and shallow marine 

environments. 

The first marine encroachment reached its maximum in middle Sakmarian 

time (~nterval 2) when direct links with the Bowen Basin were probably established.. 

The rapid thinning of the sediments to the north indicates continuing uplift of 

the magmatic arc in the New Ehgland area, 

Late in the Salanarian and.continuing through the Artinskian the sea 

retreated and an area of marginal deposition including coal swamps spread 

southward:' over the northern half of the basin (~nterval 3). 

During the Kungurian the sea advanced again over the basin and the 

coal swamps ehrank northwards as marine conditions were re-established 

(~nterval 4). . 

A marine regreseion and subsequent transgreseion in the late 

Kungwian and early Kazanian is recorded in the Muree Sandatone Member and the 

Nowra Sandstone (~nterval 5). The tranegression reached its maximum in the 

middle Kazanian breaching the gap between the Sydney and Bowen Baains. The 

connexion remained open until marine reg~ession in the upper Kazanian brought 

dominance of w i n e  sedimentation in Sydney hein to an end: henceforth 

marginal conditions were more in evidence. 

The upper Kazanian regression allowed coal swamps to spread southward 

again, but the southern part of the basin was still covered by a shallow sea. 

Lava from vents to the east of the present coast flowed over the sea floor and 

adjacent swamplands (~nterval 7) , Recrudescence of igneous activity began in 
middle Kazanian time with outbursts of volcanic ash, and was continued in one 

form or another into the Cainozoic as one aspect of tensional fracturing of the 

Gondwanaland lithospherlc plate. 

In the early Tatarian a brief marine transgression obliterated the 

coal swamps, except, in the north and northwest (~nterval 8). 



The mid-Tartarian was marked by a major marine regression and the 

extensive development of coal awampe. The chief coal seams of the Tomago Coal 

Measures were laid down at this time (~nterval 9). 

The pattern of marine transgression (~nterval 10) followed by regression 

and the accumulation of coal (~nterval 11) was repeated in the upper Tatarian. , 

The Newcastle Coal Measurea were the most extensive in the history of the Sydney 

Basin and marked the culmination of coal development. Explosive volcanicity 

continued on a large lcale east of the present coastline: volcanogenic.materia1 

is common in the epiclastics of the adjacent coal measures and there are several 

layers of tuff. Alluvial cones and fane were built in the lower Hunter valley 

by rivers draining uprieing land to the north and east. 

Towards the end of the Tatarian the predominantly swampy lowlands of 

the Sydney Basin gave place to an environment less suitable to the accumulation 

of coal; it is not known whether this was due to climatic change or to the 

development of alluvial plains over the sites of the old coal swamps, or both 

(Interval 12). There were minbr changes of sea level which resulted in the 

advance and retreat of delta-front conditions in the complex of Narrabeen deltas. 

By the end of the Lower Triassic it is probable that the western 

borderlands of the Sydney Basin had been reduced to a low-level peneplain, and 

braided streams spread out over the Narrabeen delta-plain now lying practically 

at sea level. It is likely that this great flat was subject to the influence of 

spring tides rather than the daily tides. A modern example of such a situation 

is the Rann of Cutch in India. 

The sediment left by the winnowing action of the tides was laid down 

as the Hawkesbury Sandstone (~nterval 13). It is assumed (op. hoc) that the 

rifting, which was later to produce the Tasman Sea, had developed to a Red Sea- 

like stage which allowed the tides to sweep northwards along it and impress a 

general northeasterly dip on the current-bedded sands in the Sydney Basin area. 

By the Middle Triassic conditions had reverted to those of an alluvial 

plain with deltas prograding into a shallow sea (interval 14). Small volcanoes 

were errupting explbsively in the central and eastern parts of the plain. The 

deposits of the Wianamatta Group are the youngest preserved in the Sydney Basin 

apart from riverine gravels; and except in the Razorbaok Range the Wianamatta 

Group has been eroded to its basal formation. There is some evidence, however, 

of Jurassic sedimentation in the Sydney Basin: 



I 1. Jurassic beds crop out on the northwestern margin of the basin. 

I. 2. The rank of the coal laminae in the Wianamatta Group indicates 

that they have been buried beneath a thousand metres of sediment. 

I 3. The type of Cretaceoua sedimentation in the Great Artesian Basin 

indicates that much of the clastic detritus vaa derived from a southeasterly 

I 
source; this could not have been the older Palaeoeoic rocks, and the Wianamatta 

Group was too small. 

4. The Jurassic beds in the Clarence Basin are over 2 000 m thick. 

5. The zeolites in the coal measures have been attributed to 

diagenesis, but they could have been formed in the zeolite facies as a result of 

burial metamorphism beneath a thick sequence of sediment that has since been 

eroded. 
6. The plant spores in the Permo-Triassic are comonly carbonized, 

and some of the foseil leaves have been replaced by graphite. 

7. In New Zealand, Jurassic sediments of the New Zealand Geosyncline 

have been derived from a 'Tasmantisl to the westeaac +%yi K i m ,  

By the middle Mesozoic crustal fracturing in 'eastern' Gondwanaland 

had developed into a system of rift valleys, including the Otway Rift Valley, 

by which the protocontinent was eventually to be dismembered by sea-floor 

spreading. In addition to the rifting which separated the Australian and 

Antarctic segments a splinter rift valley opened out to the north, cutting 

obliquely through the stabilized Permo-Carboniferous orogenic belt with its 

Mesozoic geosynclinal accretion (the New Zealand geosyncline). Sea-f loor 

spreading carried this eastern sliver of the continent away as the Lord Howe 

Rise and New Zealand; the part which was originally adjacent to the Sydney 

Basin is the section north of the Bellona Gap in the Lord Howe Rise. The 

transcurrent faults of coastal New England are probably related to this sea-floor 

spreading which resulted in the formation of the Tasman Sea. A great deal of 

magma was injected in the Sydney Basin as dykes and sills, mostly during the 

Jurassic, and possibly at the same time as the Great Dolerite Sill of Tasmania. 

ECONOMIC GEOLOGY 

Coal, oil shale,, heavy mineral sands, construction and ceramic 

materials, and natural gas have been exploited in the Sydney Basin. Traces of 

phosphate and oil have also been found. 
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Petroleum 

The history of petroleum exploration in the sy&ey Basin has been 

discussed in the Introduction to this Record. Natural gas shows were encountered 
I 

in both the Permian and Triassic sedimentazy rocks. The most significant 
3 discovery was an initial flow of 35 245 m per day f r o m  the base of the Narrabeen 

3 

I 
Group in Camden No. 7. During World War I1 methane gas (4 229 m per week), 

from the Balmain Colliery, wae used as a substitute for petrol. Traces of oil 

were recorded in Farley No. 1, Loder No. 1 (banxton, Farley, and Rutherford 

I 
Formations) , Camberwell No. 1 (~ulbring Siltstone), and Terrigal No. 1. I 

The Permian and Triassic sedimentary rocks of the Sydney Basin are I 
prospective for petroleum. Economic basement in the south and west is the 

rocks of the Lachlan Geosyncline, and to the north the Allandale Formation. 

The prospective section in the Sydney Basin is generally about 800 m in the 

southern area, 2 300 m in the central area, and 1 600 m in the northern area, 

and reaches a maximum in the Macquarie Syncline near Newcastle of about 5 900 m 
- ---- 

(from seiimic interpre ta ti&)-. 

I 
I 

Source, reservoir, and cap rocks 

Many of the fine2grained warine sedimentary rocks are a po-tential 

source of petroleum. They include the Farley, Rutherf ord, Pebbley Beach, and 

I 
Branxton Formations, the Wandrawandian and Mulbring Siltstones, and the Berry 

Formation. Brooke (1970) considers that some of the Permiah and Triassic 
I 

plants may have been the progenitor of both coal and petroleum. Under the right 

conditions, plants in a forest growing near the sea shore, would decay on land 
I 

firat to form peat, and then brown coal. However, waterborne and windborne plant 

material, consisting of the smaller fragments (~articularl~ of leaves) 

containing a higher, proportion of lipids than the main plant, could reach the 

I 
lakes or the ocean and decay under quite different conditions to produce carbonaceous 

lacnstrine or marine muds - that is, the type of sediment that is frequently the 
I 

source of petroleum. The Greta Coal Measures and the Upper Permian coal measurea I 
have therefore also been included as potential source rocks. In erctualf'act;; the 

oil shale deposits in the upper Coal Measures are proven source-rocks. I 
There are no known reservoir rocks in the Sydney Basin. Studies of 

porosity and permeability (Table 12) demonstrate that although porosity reaches I 
36 percent of the bulk volume in the Upper Permian coal measures in Woronora 
No. 1 it is generally only about 9 percent. The highest permeability measured 

is 1 330 millidarcies (~orizontal) in the Narrabeen Group in Woronora No. 1 ; 

I 
-- I 
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for the Permian the average is 0.14 millidarcies (vertical) and 0.212 millidarcies 
(horizontal), and for the Triassic 26.216 millidarcies (vertical) and 39.083 
mil~lidarcies (horizontal). 

'Phe two most widespread marine sandstones the Muree Sandstone Member 

and correlatives and the Snapper Point Formation, are impermeable in areas 

drilled to date. The low permeability in the basin is due in part to lack of 

sorting resulting in sediments with two modes of grainsize, large amounts of 

cement (a result of diagenesis), compaction of the sediments, and in some 

formations the presence of clay matrix. 

We have considered the possibility that permeability was lost largely 

as a result of diagenesis and that petroleum could have accumulated before the 

,loss of permeability. Under these hypothetical circumstances the presence of 

oil instead of water in the pore spaces would retard diagenesis (~rlova, 1958; 

Chepikov et al., 1959, 1960, 1967; Fuchtbauer, 1961; Millot, 1964; Klubova, 

1965; Perozio, 1965; Prozorovich, 1967 ; and others) and production of 
petroleum would still be a possibility. For example, Yurkova (1970) studied 
one of the productive- horizons (17th) of north Sakhalin. The sandstones and 

siltstones in the productive reservoir beds consist of quartzofeldspatiiic 

greywacke with polyminerallic clay (chlorite, kaolinite, hydromica, and 

montmorillonite) and carbonate cement. The mineral cmposition of both the 

detrital and the secondary components shows a regular variation down the section. 

There is a gradual 'disappearance and replacement of unstable clastic minerals 

(sphene, ilmenite, garnet, epidote, and feldspar) and an increase in the 

proportion of complex authigenic minerals. This gradual change is abruptly 

dieturbed at the oil-water interface. The disappearance of unstable components 

and the formation of authigenic minerals is retarded in the oil accumulation 

compared with the adjacent water-saturated areas. This retardation is especially 

manifest in the deep productive horizons where some of the unstable components 

(ephene and epidote) disappear almost completely outside the oil accumulations. 

However, petrological studies by the Bureau suggest that in the 

petroleum exploration wells studied, which give a fairly good coverage of the 

onshore Sydney Basin, the loss of porosity and permeabilityis due to large 

amounts of cement, in places, and to the high proportion of silt-sized detrital 

material. The loss of permeability probably took place shortly after deposition, 

and probably before any petroleum could accumulate to retard the diagenetic 

process. It is however difficult to assess the relative loss of permeability 

due to compaction, pressure solution, and authigenesis. - - .  



Cap rocks are abundant in the Permian sequence. . 
Hydrocarbons have not been found in large amounts in the onshore 

Sydney Basin. Gas has been found in the Camden area, but although in places the 

inltial flow was large, the rate of flow fell rapidly owing to the lack of 

permeability. 

Structural traps 

A number of structural traps have been drilled for hydrocarbons 

(see P1. 5). The structures drilled are the Muswellbrook Anticline (~errys 

Plains No. 1 ), Camberwell Anticline (camberwell No. 1 ), Loder Dome i~oder No. 1 ), 
Sedgefield Anticline (Sedgefield No. I), Belford Dome (Belford No. I), Kulnura 

Anticline (kulnura No. 1 , Dural South No. 1 ) , a small closed structure near 
Maitland (East Maitland No. 1 ) , Martindale Anticline (Martindale No. 1 ~ )  .~urwin 

Anticline (~ount MurwLn No. 1 ), Lapstone Monocline (~urra jong Heights No. 1 ) , 
Wononora Anticline (~ononora No. I), a small structural high south of Lake 

Illawarra, (Stockyard Mountain No. 1 ) , and Bherwherre Anticline (Coonemia No. 1 ). 

Stratigraphic traps 

Interpretation of seismic sections shows stratigraphic thinning over, 

and abutment unconformity against, the Lochinvar Anticline. : G o  seismic sections 

cross the Lochinvar Anticline 4 ~(1-42), C1 l(36-50), C10(44-50), ~ ( 1 - 2 6 )  and 

8 ~48(15-I,, 16-24), ~14(78-97) C16(9-50) 

Interpretation of both sections suggests that the Lochfnvar .Formation 

abuts against the anticline and that the Allandale Formation thins and onlaps 

over the Lochinvar Formation. The Farley and Rutherford Formations (~nterval 2) 

show slight thinning on the anticline. The Greta Coal Measures and the Branxton 

, Formation (including the Muree Samdstone   ember) do not show any thinning. The 

Mulbring Siltstone pinches out on the sides of the anticline and the Singleton 

Coal Measures thin rapidly and are unconformable on the Muree sandstone Member 

. at the centre of the anticline. 

The-re are two locally developed unconformities ( ~ i ~ .  53), one at the 

base of the Allandale Formation and another at the base of the Singleton 

Coal Measures. 

This evidence suggests two possibilities: Firstly the Lochinvar 

Formation may have been laid down against a ridge and was then onlapped by the 

Allandale Formation. Following this the Earley and Rutherford Formations were 

deposited over the ridge. Alternatively it is possible that there was continuous 



upward movement, fairly rapid at first, so that the Lochinvar Formation was not 

I deposited on the top, 'then slower movement as the Allandale, Farley and Rutherford 

Formations were laid down. Regional subsidence with local fluctuations lasted 

I throughout the deposition of the Greta Coal Neasures and the Branxton Formation. 

When local uplift recurred during the deposition of the Mulbring Siltstone and 

I the Singleton Coal Measures unconformities developed on the Lochinvar Anticline. 

These movements seem to have stopped before the l'riassic, as the Rarrabeen Group 

does not thin in the area. 

These unconformities do not seem likely to be favourable sites fof the 

I accumulation of hydrocarbons ae the lower unconf ormi ty probably involves 

volcanics and the higher one does not have good cap rock. In any case no closure 

I can be demonstrated without further seismic surveying. 

Gerieration and migration of petroleum 

I 
According to Brooks (1970) petroleum will not form in sediments 

containing land plant material, which is a probable source for oil, unless the 

increasing temperature accompanying deeper burial has been sufficient to alter 

I brown coals to high-volatile bituminous coals with carbon contents near 80 

percent. If diagenesis proceeds further, petroleum hydrocarbons largely disappear 

I when the carbon content of the aesociated coals reachee about 85 percent. In 

these circumstances natural gas hydrocarbons in sediments are associated with 

I high-rank bituminous coals with 88 to 89 percent carbon. 

The carbon content of the coal in the Sydney Basin (~c~eod, 1965) 

ranges from 75.4 to 89.0 percent (average 8%) in the Upper Permian measures 

and is about 83.0 percent in the Greta Coal Measures; therefore any hydrocarbons 

I present should consiet of the lighter oil fractions and gas. 

B We have already discussed the inportance from the point of view of 

petroleum migration and accumulation, of knowing the cause and timing of the 

ldtse of permeability, and it was concluded that the loss of permeability in the 

I Sydney Basin is mainly due to the unsorted state of the sediment (an original 

feature), the presence of large amounts of cement (probably before compaction), 

I and to compaction. Most of the permeability was probably lost by the time 

compaction began. 



Primary migration of petroleum takes place during compaction of the 

sediment. lhia involves movement of the petroleum entrained in the connate 

water in the source rocks to the reservoir rocks. In the reservoir rocks the 

oil tends to remain in the larger pore spaces whilst the water moves toward6 

lower fluid potential gradients. This results in the petroleum accumulating 

in small patches. Under special conditions petroleum pools may form at this 

stage. 

Secondary migration moves the petroleum from a disseminated state in 

the reservoir rock to form a pool in the trap. This utilisem the artesian flow 

of meteoric waters through the basin. 

In the Sydney Basin, it seems likely that secondary migration did not 

take place because (1) the permeability loss was probably completed during 

compaction, and (2) no artesian water has been found in the basin. 

Only relatively small amounts of petroleum have been found in the 

Sydney Basin. This may be due to (1) the small size of the accumulations, or 

(2) the lack of permeability which inhibits the flow into the well, or both. 

Only very small amounts of oil and slightly lasger amounts of gas 

have been found in the Sydney Basin. 

The loss of permeability at an early stage was the main factor which 

limited the accumulations of petroleum in the sediments. It seems likely that 

the wells drilled in the basin are representative of the general condition6 and 

that permeability is low everywhere. 

All the major structural traps have been tested and found to be barren. 

In the lower Hunter Valley there are unconfomities on the Lochinvar Anticline: 

the lower ones involve volcanics and are unlikely to be prospective; the higher 

ones involve unconformities beneath the Singleton Coal Measures or the Narrabeen 

Group, neither of which are good cap rocks for petroleum. The oil prospects of 

the basin are therefore rated as low. 



Fig. 58 Oil shale deposits 
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Oil Shale 

Between 20 and 30 deposits of oil shale (Fig. 58) are known in the 

Upper Permian coal measures,in the western part of the basin and these have been 

utilized to produce kerosene for lighting (1865-19241, and as a eource of motor 

fuel during World War I1 and for about seven years afterwards (Fig. 59). Some 

of the oil shale seame are very rich and k e r  (1965) compiled the following 

yields : 

Deposit - Yield (1 per ton) 

Glen I)avies 

Mount Coolaway 

Baerami 

Hartley Vale 

Marrangaroo 

The depoeite at Glen Davie and Hartley Vale were worked for more than 

25 years in the laet century and have been almost exhausted. The remaining 

reserves at Glen hvis are about 2 000 000 tonnee, of which about half is 

recoverable. The highest a&ual production of motor spirit was slightly more 

than 20 000 000 1, achieved at Glen Davis in 1947. The high coat of mining the 

irregular deposits caused the industry in the west to cloee down in 1952. 

\ 

In the southern part of the basin oil ahale has been mined from the 

Upper Permian coal measures at America Creek, west of Port Kembla and in the 

north, oil shale has been worked in the Greta Coal Measures at Greta. Other 

occurrences are horn in the same sequence in some of the coal mines near 

Muswellbrook and Cessnock. + 

Coal - 
Black coal occurs in the Greta, Singleton, Newcastle, Tomago, 

Illawarra, and Clyde Coal Measures. Coal ha8 been mined from the Greta, 

Singleton, Newcastle, Tomago, and Illawarra Coal Measures. The ooal die tric to 

are shown in Figure 2. Table 13 shows the productive horizons in each coal 
district, together with eetirastee of their reserves (after Mead Ferranti, 1971). 

Figure 60 (after Mead & Fernanti, 1971) shows the areas In which theee reserves 

are located. 

The structure contour mape ( ~ l s  6, 7) show the depths below sea level 
to the top of the Newcastle Coal Measures and correlatives and the Greta Coal 

Measures and correlativee, which may eerve ae a guide to further prospecting for 

coal. Mead & F e r n t i  (1971) etate that the minimum thickness of seams mined 
is rarely leea than 1.5 m,-and that economically attractive coal generally occurs 

with an overburden of less than 600 a. In theory therefore areas in which the 



TABLE 12. FOROSITY ,. PE3w,BILITY, AND FLUID :I;ATURATION DETII~NATIONS 

(BW,, Petroleum Technology ~abo ra to ry )  

Name of 
Well - 

Average Effect ive  Absolute Permeability Fluid Saturatioi 
porosity from   illi id arc^) (% of pore spac~  

vol.) Vertical  Horizontal Ir!ater Oil 

1n.terval 1 

Loder No. 1 1200.9 

1371.6 

Je r rys  P la ins  No. 1 1 545.1 

Martindale No. 1A 1181.1 

Woronora No. 1 2245.8 

Dural South No. 1 3050.4 

Kirkham No. 1 2501.6 

2561.9 

Kwrajong Heights 
No. 1 

Stockyard Mountain 
No. 1 

n i l  
I1  

11 

11 

I 1  

11 

II 

I1 

n i l  
I t  

I1  

11 

I1  

I1  

11 

II 

n i l  
I 1  

11 

nod. 

n i l  

nod. 

- 
- 

n i l  n i l  

nod. n.d. 

Coonemia No. 1 626.9, 1 .9 nod. 0.39 22 n i l  

794.8 ' 1.6 n i l  3 6 I1  11 

In te rva l  2 

7 ' Loder No. 1 81 5.0 n i l  n i l  n.d. n.d. 

906.2 7 i' 11 I1  I 1  I t  

950.9 13 ! 
I I II I I I I 

1079.0. IO 11 1 I 11 11 

1163.4 9 .' I t  
11 I I I t  

Camberwell No. 1 1246.7 13 ' n i l  n i l  n i l  nod. 

1723.0. 11 )I If nod. It 

Je r rys  Flains No. 1 1004.3 9.4 I I 3 0 n i l  I I 

1006.5, 7.6 11 I I . 31 II 

1009.5 6.7: 11 11 2 4 II 



Name of Average Effect ive  Absolute Permeability Tluid Saturation 
'de 1 1 - porosi ty  from (i!iillidarcy) 

- -. 
(7: of pore space) I 

rn vol.) Vertical  Horizontal 

GIoronora No. 1 1942.2 4 
2034.2 3 
2138.5 2 

Dural South NO. 1 2758.7 3 
2920.2 4 

Kirkham No. 1 2072.7 6 

2183.7 6 

n i l  
II 

nil 
I 1  

11 I1  9 1 n i l  

Kurra j ong IIe igh ts 
No. 1 2144.9 4 

2247 9 4 

Stockyard Kountain 
No. 1 762.9 4 

825.1 7 

365.1 5.6 n.dr 7.8 n i l  Coonemia 30. 1 I I 

508.6 

Wollongong Yo. 1 305. 1. 

 dollo on gong No. 2A 303.7 5 7 6.1 0.1 2 7 11 

I n t e r v a l  2 
Loder No. 1 

Cambem~ell NO. 1 744.6 

751 04 

957.9 

1074.4 

Je r rys  i l a i n s  No. 1 715.8 

719.0 

721 .3 
725.4 

729.6 

859.6 

863.4 

1001.8 

Elartindale No. 1A 1051.4 

Illononora KO. 1 1761.7 

1854.1 

n i l  
11 

n i l  
II 



Table 12. (~ont.) 

I Name of Average Effective Absolute Permeability Fluid Saturation 
We 1 1 - Porosity from (Millidarcy) (5 of pore space) 

Vertical Horizontal - Water .c-- Oi 1 - 
Dural South No. 1 nil 

I t  

Kirkham No. 1 

Kurra j ong Heights 
No. 1 

Stockyard Mountain 
No. 1 nil 

I 1  

nil 
11 11 

nil 

6 

nil 

BPTR Wollongong 
No. 1 nil 

I 1  

I 1  

11 

I 1  

nil 
I t  

BMR Wollongong 
No. 2A 

Interval 1 loder  NO.^^ 166.4 7 nil nil n.d. n. d. 
I 1  I I I 1  I t  

I t  1 I 9 nil 

n.d. 

nil 

n.d. 

ni 1 

n.d. 
I 1  

Camberwell No. 1 629.7 I Jerrys Plains No. 1 582.4 

Woronora No. 1 1654.1 

Dual South No. 1 2292.2 

Kirkham No. 1 1731.4 
Kurrajong Heights 
No. 1 1687.4 



Table 12 (~ont.) 

Name of Average Effective Absolute Permeability Fluid Saturation 
Well - (Millidarcy) (C/o of pore space) 

2 P1 s 
I * vol.) Vertical Horizontal Water - Oi 1 

Stockyard 
Mountain No. 1 316.1 2 

416.9 9 
nil nil nod. , 

11 11 11 

Coonemia No. 1 143.8 1 *3 . n.d. 0. 36 63 . nil 

BMR Wollongong No. 1 45.7 4 0.1 0.1 34 t l  

86.9 2.5 0.1 0.1 3 6 11 

133.1 3.2 0.1 0.1 60 11 

- . -- - . . . . . . . - . - . - . . -- . - . . . . .  . -  -. . .. 

Interval 5 
Woronora No. 1 1560.6 7 nil nil 6 nil 

Mulgoa No. 2 1522.2 3 4 I1 11 - - 

1523.7 9.8 5 I t  - - 
1524.0 10.3 nil - - 11 

Kirkham No. 1 1586.0 9 11 11 - - 
Stockyard 
Mountain No. 1 266.1 6 

Cataract No. 1 1229.7 6 11 11 .. - 
1230.4 5 I 1  t l  - - 
1238.2 6 11 11 - - 

BMR Wollongong No. 1 18.6 4.7 0.1 0.1 5 4 nil 

23.0 7 04 0.1 0.1 14 I 1  

Interval 6 
1189.3 . 10 nil Woronora No. 1 

Dural South No. 1 1943.3 10 11 

Kirkham No. 1 1409.5 8 I t  

1503.1 5 t1 

nil 
I 1  

11 



Table 12 ( ~ o n t . )  
- - 

Average Ef fec t ive  Absolute Permeability 'w Porosi ty  from 
F l u i d  Sa tu ra t ion  

( ~ i l l i d a r c y )  ($ of pore space)  

Ver t i ca l  xor izonta l  'dater O i  1 - 

Kurrajong Heights 
No. 1 1419.1 n i l  1 

( f r a c t u r e  ) 
I I n i l  II I I 

I 1  I I I1  I I 

. - 

( Stockyard 
Mountain No. 1 93.6 

Catarac t  No. 1 

MR Wollongong No. 2 30. 1 4.7 0.1 0,l  3 5 n i l  I I n t e r v a l s  7-11 

Martindale No. 18 

Mount Murwin No. 1 

Woronora No. 1 

n i l  

n.d. 
11 

II 

11 

n i l  
11 

11 

I 1  

I 1  

n.d. 
11 

n i l  
I 1  

I I 

n i l  

n.d. 
11 

I 1  

I I 

n i l  
I I 

11 

11 

I 1  

n. d. 

11 

7 
2 

1 

n.d. 
11 

I I 

11 

0.9 

n i l  
I 1  

I 1  

- 
n.d, 

n i l  
11 

11 

I 1  

I I 

Kulgoa No. 2 

Dural South No. 1 

Berkshire Park 
No. 1 

Higher Ifacdonald 
No. 1 



Table 12 (Cont.) 

Name of Average Effective Absolute Permeability Fluid Saturation 
!.le 11 - (~illidarcy ) ($ of pore space) 

Vertical Horizontal Water - Oil - I 
nil 

11 

11 

nil 
I1 

I I 

Kirkham No. 1 750.8 

752.6 

753.9 
755.7 
916.6 

918.5 

1004.4 

1005.0 

1005.6 

1006.2 

1006.8 

nod. 

nil 
11 

nod. 

nil 
11 

n.d. 

nil 
18 

Kurrajong Heights 
No. 1 890 9 nod. 

11 

n. d. 
11 

18 

n i l  

nod. 
I 1  

n. d. 

n i l  

n. d. 
11 

1 

n i l  
11 

13 nil 
0 

Lower Portland 
No. 1 888 3 
Cataract No. 1 199.4 

372.0 

nil 
11 



Table 12 (Cont.) 

Name of 
Well - 

Average E f f e c t i v e  Absolute Permeabil i ty  F lu id  Sa tu ra t ion  
Poros i ty  from ( ~ i  l l i d a r c y )  17; of pore space )  
2 P lum 
'(P bulkol. ) V e r t i c a l  Horizontal  Water O i  1 - 

- - - pp -- --- - 

I n t e r v a l  12 

Mount Murwin 
No. 1  192.0 13  n.d. 3 nod. nod.  

531 - 3  15 . I t  
I I n. d. I 1  

592.2 14 I t  91 
I I 8 

669 9 9 n.d. t1 #I 
11 

n i l  

1330 

n.d.  
I t  

Woronora No. 1  455.3 n i l  

nod.  

n i l  

- Yulgoa No. 2  450.2 n i l  
I1 

Rerkshire Park 
No. 1 330.4 n i l  

II 

n i l  
I 1  1.4 

7 
n i l  n i l  

0.63 

Higher Macdonald 
No. 1  352.5 

Kirkham No. 1 429 6 

6 

n i l  
II 

n.d. 

n i l  
II 

I t  

I! 

n.d. 

n i l  
I I 

I I 



Table 12 ( ~ o n t . )  

Name of Average Zffective Absolute Permeability Fluid Saturation 
Well - Forosity from (Millidarcy) -($ of pore space) I 

Vert ical  Horizontal - 'zlater O i l  - I 
Kurrajong Heights 

217.3-223.4 18 n i l  n i l  No. 1 nod. 

21703-223.4 14 9 7 I t  f I  I 
nod. 1 I 1  II 

n i l  n i l  3 n i l  

nod. 

n i l  

n.d. 

n i l  

nod. nod. 

5 n i l  

327.4 2 1 93 31 2 n i l  n i l  I 
51 5.1 19 6 5 138 II I t  

12 

n i l  

629.7-635.8 15 2 2 5 n i l  

629.7-635.8 12 n i l  n i l  nod. nod. .I 
840.3-845.8 17 7 15 II I f  

840 3-845 8 16 1 8 I t  II 

840.3-845.8 15 2 8 13 n i l  
I 

840.3-84 5.8 16 6 6 nod. nod. 

Lower Fortland 
No. 1 307.9 17 n i l  0.49 11 n i l  

309.2 19 51 592 5 1 
I f  

309.6 20 21 4 246 27 
II I 

I n t e r v a l  13 I 
Kirkham No. 1 298.5 

300 9 

n i l  
1) 

n i l  
I I 

Kurrajong Heights 
213.0-216.1 18 1t I 1  ?So. 1 3 

Lower Portland 
128.0 8 11 II 2 1 No. 1 

I 1  

I 
nod. = not detected 



TABLT 13. PRINCIPAL FRODUCITfC COAL S3AMS 

Coalfield Name of 
Coal 

Names of Frincipal 
Producing Seams and 
Approximate Depth 
below Top of Coal 

Reserves* 
m e a d  & 
Ferranti, 1971) 
(tomes) 

Measures 

---- 

Northern and Greta Coal 
northwestern Measures 

Singleton Coal 
Measures 

Western 

Newcastle Coal 
Measures 

Tomago Coal 
Measures 

Illawarra Coal 
Measures 

Southern and Illawarra Coal 
southwestern Measures 

Fain Greta Seam 
6.1-42.7 m 

Eomeville Seam 
70.1 m 

Muswellbrook Seam - 

21.3 m 
St Xeliers Seam 
33.5 m 

Lewis Seam 
51.8 

Bayswater Seam 
670.6 m 

Pikes Gully Seam 
822.9 m 

Liddell Seam 
883.9 m 

Wallarah Seam 
0 m 

Great Northern Seam 
30.5 m 

Passifern Seam 
60.9 m 

Australasian Seam 
152.4 m 

Montrose Seam 
228.6 m 

Victoria Tunnel Seam 
320.0 m 

Borehole Sean 
396.2 m 

Donaldson Seam 
76.2 m 

Big Ben S eam 
103.6 m 

iiathluba Seam 
213.4 m 

Katoomba Seam 
0 m 

Lithgow Seam 
76.2 m 

Bulli Seam 
0 m 

Wongawilli Seam 
39.6 m 

Tongarra Seam 
67.0 m 

* Reserves estimated only for coal for which sufficient evidence from openings, 
boreholes, etc. was available to make judgement as to thickness, quality, and 
other properties. 

I 



Fig.60 Location of coal reserves (after Mead & de ~ e G n t i  1971 ) 

To occompony Record Na /972/76 



- 

Fig. 61. Depth of overburden,top of Newcastle Coal Measures and correlatives 

To occompony Record No 1972 /76 
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coal  measures may be in tersected a t  l e s s  than 600 m below surface a r e  worth 

prospec ting. 

Fig. 61 indicates  approximately the  depth of overburden over the  top of 

the  Newcastle Coal Measures and corre la t ives .  I t  has been derived from generalized 

topographic contours and the s t ructure  contour map. 

Phosphate 

Small amounts of phosphatic rock have been found i n  the  Illawarra Coal 

Measures and i n  the  Narrabeen Group, 

I l lawarra  Coal Measures 

Bowman (1970) records s l i gh t l y  phoephatic s i l t y  sandstone near t he  base 

of the  Erins Vale Formation. 

Narrabeen G r o u ~  

Phosphate has been recorded in  the  Bulgo Sandstone and its cor re la t ives  

(Fig. 43). It occurs i n  the  Bulgo Sandstone south of Sydney, the  base of the  

Gosford Formation a t  Mona Vale, and i n  the  Tuggerah Formation i n  the  north. 

Lassak & Golding (1966) have suggested tha t  phosphatic l en t i c l e s ,  beds, 

nodules, and concretions may be widespread within the  upper Narrabeen Group f o r  

over 80 km along the  coast i n  the  v i c in i t y  of Sydney. Most, i f  not  all ,  of the  

samples examined were derived from pre-existing phosphatic sediments, bu t  the 

l a rge r  pebbles and nodules have not been subjected t o  extensive transport ,  and 

the  age of the  o r ig ina l  sediments may not d i f f e r  substant ia l ly  from the  observed 

derivatives. Following the  i n i t i a l  f ixa t ion  of the phosphorus by plants,  the  

source beds may have beenformedin es tuar ies  by replacement of calcareous mud. 

Because of the apparent l en t i cu l a r  nature of the deposits ,  Taylor (1967) 

considers t ha t  the  phosphate was l a id  down i n  lakes and deltas. The phosphate 

occurs as nodule beds and lenses, pe l l e t  rock, and patchy phosphate. The nodular 

material  is the most abundant source of phosphate i n  the Narrabeen Group, and 

although i t  averages 20 percent P 0 it is too s c a t t e r e d t o  be of economic 
2 5' 

s i ~ p i f  icance . 

The r a r e  mineral d a w s o n i t e & l ~ ~    OH^) which i s  regarded as a 3 
poten t ia l  source of aluminium i n   the'^.^.^. (Smith & Milton, -1966; Smith & 

Young, 1969), w a s  detected i n  e ight  w e l l s  i n  the  cen t ra l  and northern p a r t  of t he  

basin ( ~ i c h o l a s  & Ozimic, 1970). It occurs i n  both the  marine beds and coal  

measures,, and i n  one well ( ~ u r r a j o n g  Heights No. 1)  i n  the lower pa r t  of the  

Tr iass ic  Narrabeen Group. Loughnan & See (1 967) have described dawaonite i n  t he  

Greta Coal Measures at Muswellbrook. Loughnan (1967) and Lou~hnan & Goldbery (1972) 

have described i t  i n  the  Berry Formation i n  the western par t  of the basin and i n  

the  Singleton Coal Measures. 
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APPENDIX 1. EARLY SAgMIIRIAr? ROCKS 

INTERVAL 1 : LOCHJXPAR AND ALLANDALE FORMATIONSAND CORRELATIVES 

Lochinvar Formation 

The Lochinvar Formation crops out in the Lochinvar Anticline in the 

lover Hunter Valley; it also occur8 in the Mindaribba Basin, a north-trending 

trough to the northeast in the ~aterson-Maitland area. The type area is between 

Lochinvar and Allandale. 

The name ie synonymous with the Lochinvar Stage of the Lower Marine 

Seriee (David, 1950; Osborne, 4949). The Lochinvar Formation (Booker, 1953) 
is the basal unit in the Aalwood Group (~ower Marine Series). 

Osborne (1949) measured a compoaite section near Lochinvar which he 

regarded as fairly complete. 

Thicknese 
0 

Shale, pebbly 

Tuff, spheroidal 

Clay shale and ferruginous grit with some erratics at top 

Basalt and basalt tuff (fourth horizon) 

Shale with scattered erratice 

Sandy shale, tuffaceous; with erratics 

Baeal t ( third horizon) 
(Fiiatus in section, probably due to shale) 

Mudstone, ehaly 

Ptycomphalina Bed No. 2 (~eruvlepira) 

Sandy ehale 

Ptycomphalina Bed No. 1 ( ~eruvi spira) 

Sandstone, shaly, fossiliferaus 

Basalt (second horizon) 

$andy shale 

Tuff, with sporangia 

Tuff, hard 

Mafic tuff 

Basalt , amygdaloidal (fire t horizon) 
Sandstone 

Conglomerate 

!Puff, pebbly 

Total - 



The erratic6 consist of quartzite, porphyry, and elate up to 0.7 m in I 
diameter. 

In the Gosforth district the base of the Lochinvar Formation is a shaly 
I 

sequence containing Eurydesma hobartense, (Browne Dun, 1924) which was named the 

Gosforth Shales (~sborne, 1949). A summary of the section which in this area, is I 
considered to represent the lower part of the formation, is given by Osborne 

(1949). I 
Basalt and mafic tuff with interbedded mudstone 

Sandstone and tuffaceous sandstone 

Limes tone 

Shale with calcareous shale at top 61 .O 

Basalt 182.9 

Sandstone and tuff, with fossil plant6 and marine fossils 

Gosforth shales with Ehrydesma hobartense 

Total - 371.6 - 
Osborne (1949) measured a composite section of the Lochinvar Formation I 

in the Mindaribba Baein. 

Eelah-Comerfords Section 

Basalt and tuff 

Tuff and tuffaceoue mudstone . 

Mudstone and tuff, interbedded 

Basalt 

Tuff, coarse-grained 

Tuff or chert (NO. 2), with sporangia 

Muds tone 

Sandstone, pebbly 

Chert (NO. 1 ), with sporangia 
sands tone, tuff 

Mudatone with plant remain6 

Total - 

Thickness 
0 

hgel (1966) and Rattigan (1969) have described the lithology of the 

Lochinvar Formation in the type area. The basalts are commonly amygdaloidal, 

1 
but massive olivine-bearing types also occur, Volcanic breccia and lapilli tuff 

are the predominant pyroclaetic rocks. The eandstones aLe poorly sorted and 
I 



contain numerous lithic and feldspathic fr-ents. Erratic pebblea, of' possible 

glacial origin, occur throughout the sedimentary rocks. Rattigan considers that 

in Osbornels descriptions the ltuffsl, not directly associated with basalts, are 

volcanolithic sandstones and that the 'chertst are silicified sandstone and 

siltstone. 

Allandale Formation 

The Allandale ~oknation (Booker, 1953) crops out on the Lochinvar 
Anticline in the lower Hunter Valley and also in the Mindaribba Basin, The 

formation, together with the underlying Lochinvar Formation, forms the lower part 

of the Dalwood Group. The name Allandale Formation is synonymous with the 

Allandale Stage of the Lower Marine Series of Ilavid (1950) and Osborne (194916). 
The type area is near Allandale. 

A section of the Allandale Formation was compiled from a number of 

exposures near Allandale (~sborne, 1 949). 
Thickness 
0 

Muds tone, pebbly 

Tuff with Pecten 

Tuff, blackish green 

Conglomerate (andesite boulders) 

Shale, soft, brown; with numerous erratics 

Sandstone, tuff aceohs (EIarpers Hill type ) 

Conglomerate with tuff band (4.5 m) and Eurydesma cordaturn 
- 

horizon (0.6 m) 45.7 
Tuff, greenish black 

Conglomerate 

Total - 
The lithology in the type area has been described by &gel (1966) and 

Rattigan (1969). The conglomerates are coarse and unsorted, and consist of 

well rounded, mainly basaltic, boulders set in a dark peen lithic matrix. They 

are interbedded with dark green and grey lithic tuff and arenite. 

In the Pokolbin district on the west flank of the Lochinvar Anticline 

the Allandale Formation consists of tuffaceous conglomerate, tuff, and basalt. 

The sequence contains Eurydesma and onlaps inliers of Carboniferous rocks. 



In the Mindaribba Baein, Osborne (1949) measured about 6 m of poorly 

sorted conglomerate, lithic aandetone, and tuff with abundant Eurydesma, 

Spirifer, Fenestella, and Deltopecten overlying basalt also of the Lochinvar 

Formation. 

Gyarran Volcanics and Skeletar Formation 

TheJ @a& Volcanice (Raggatt, 192% and Skeletar Formation (Booker, 

1960) are a conformable sequence of predominantly volcanic rocks .below the Greta 

Coal Measures in the Muswellbrook district. The sequence was subdivided by 

Raggatt into the Gyarran Volcanics, containing 182.9 m+ of amygdaloidal basalt 

overlain by 35 m of rhyolite and rhyolite breccia, and the younger Skeletar beds 
containing 83.8 m of rhyolite, rhyolite breccia, and white tuffaceous shale with 

Gloseopteris and Gangamopteria. In the latest interpretation of the sequence 

(Anon, 1969), the 35 m of rhyolite and rhyolite breccia included by Raggatt in 
the Gyarrsn-Volcanics are placed in the Skeletar Formation. Booker (1960) and 

Robinson (1963~) included.the Skeletar Formation in the Greta Coal. Measures but 

Leitch (1969) considers that it should be included in the Gyarran Volcanice 

because of their lithological aff.inity. 

Wasp Head Formation (~ostin & Herbert, in press) 

The type area of the Wasp Head Formation is at South Durras on the 

south coast between m t l e  Beach and Wasp Head (Gostin 1968; Goatin & Herbert, 

in press; Dickins et al., 1969). The name was introduced by Gostin (1968) for 

the lower sandy unit of the Conjola Formation which was upgraded to the Conjola 

Sub-Group of the Shoalhaven Group. 

The f ormstion is about 100 m thick in the type area (Dickine et al., 1969). 

The lowermost 15 in includes four lobate unite of sedimentary breccia, which are 
interbedded with, and'overlain by, cross-bedded lithic sandstone, The sandstone 

contain6 thin layers of pebble conglomerate with phenoclasts of chert. 

The upper part consists mainly of fine-grained fossiliferous sandstone 

with thin layers of conglomerate and many large boulders. The fossils concentrated 

in pockets or horizons. Silty worm burrowe are common in the fine sand, and 

plant fragments occur throughout. 

Pigeon House Creek Siltstone 

The type section of the Pigeon House Creek Siltstone lies near the 

junction of Pigeon House Creek and the Clyde Kiver where the formation attains 

its maximum thickness of 49 rn (FIcElroy & Rose, 1962). It contains alternating 

buff to' oliveogreen siltstone, ~haly in pgFt, and soft clayey feldspathic quartz 

sandstone in beds 0.6 to 6 m thick, 



Yadboro Conglomerate 

The type section of the Yadboro Conglomerate is in Landslide Creek in 

the Parish of Yadboro, where it is 179.8 m thick ( M C E ~ ~ O Y  & Rose, 1962). 

Most of the sequence consists of cobble conglomerate, but in places the rock is 

composed of pebbles averaging about 1 cm across, and elsewhere boulders up to 

37 cm in diameter are common. The phenoclasts (in approximate order of abundance) 

include quartzite, quartz, black chert, phyllitic siltstone, and lava (mostly 

rhyolite), slate, shale, and mudstone. 

Clyde Coal Measures 

The Clyde Coal Measures (David & Stonier, 1891 ; Cook & Read, 1968) 
f 

consist of a sequence of lentioular coal seams, aandstone, and shale up to 41 m 
thick, which crops out sporadically in the Clyde River Valley in the southern area. 

They also occur at Pigeon Houee Mountain, Budawang Creek, Dunnair Creek, Little 

Forest Creek, Wandandian Creek, and Yalwal Creek ( ~ c ~ l r o ~  dc Rose, 1962), Yarunga 

Creek (Gray, 1968). and in the Wandandian bore (David & Stonier, 1891 ; Harper, 

1915). 

Interval 1 in the deep wells 

All the deep wells in the Hunter Valley bottomed in Interval 1. The 

greatest thicknesses were penetrated in East Maitland No. 1 and Loder No. 1, to 

the east and west of the Lochinvar Anticline respectively. The sequence in 

both wells consister predominantly of pyroclastics, but maine sedimentary rocks 

are interbedded in the topmost 300 m in the East Maitland well. No marine 

sedimentary rocks were identified in Loder No. 1. Differmtiation into Lochinvar 

Formation and Allandale Formation was not possible in either well. 

Loder No. 1 (~icholas, 1968) 

Altered basalt containing zeolite and pyrite 51 .2 

Andesite agglomerate compoeed predominantly of altered 
andesite with large vugs 164.6 

Conglomerate with pebbles of altered andesite, basalt, and chert. 
Silicified matrix composed of fine-grained material of both 
volcanic and sedimentary origin 45.7 
Lapilli tuff composed of trachytic-textured andesite with some 
fragments of very fine-pained sedimentary rock. Vugs filled 
with chlorite and chalcedony are common 48.8 



Thickness 
(ml 

Conglomerate with interbede of lapilli tuff 

Tuff 

A1 tered andesite. Fine-grained matrix devitrif ied; feldspar 
phenocrysts altered to carbonate; pyroxene altered to 
epidote 

Tuff'or ag~lomerate 

Basalt 

Volcanic rock with large altered plagioclase phenocrysts 

Altered tuff with chlorite and hematite 

Total - 

East Maitland No. 1  ensen en & Bryan, 1969) 

Thickness 
0 

Lithic sandstone, conglomeratic at base; clasts mainly of 
crystal and lithic tuff; abundant carbonate cement 

Pyroclastic rocks, including lapilli tuff, interbedded with 
minor pebble conglomerate and greywacke. Sandy siltstone, 
interbedded with mudstone (with brachiopods and corals); 
interbedded pyroclastics towards base 

Pyroclastic rocks, very altered, mafic; mainly lapilli tuffs, 
with rare thin beds of siltstone and silty sandstone. 
Laumontite identified by X-ray analysis. (G. Berryman, 
pers. comm.) 

Total - 
Kurrajong Heights No. 1 (~itt, 1968) 

Subgreywacke, medium-pained, grading into arkose; 
carbonaceous pyritic mudstone grading into eiltstonet 
-at least one very thin coal seam 

Andesite agglomerate, breccia, and vesicular amygdaloidal 
lava, rich in calcite, chlorite, and iron oxide 

Basalt 

Rhyolite and rhyolite welded tuff with xenoliths of felsic 
to mafic volcanic rocks 

Basaltic volcanic rock, massive 

Total - 

Thickness 
0 
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Dural South lo. 1 (Hawkins & Ozimic, 1967) 

Thickness 

0 
Tuff, very altered, gey-white; contain8 siderite crystals, 
thin beds of spheroids and shards of devitrified glass, 
and abundant montmorillonite 

Kirkham No. 1 (kine, 1969) 

Subgreywacke, slightly pebbly, medium to coarse-grained, with 
interbeds of sandy siltstone and laminae of coal. Petromict 
conglomerate at base. Sediments faulted during sedimentation; 
presence of scour and fill structures suggests erosion' and 
reworking 63.4 

Andesite agglomerate 

Total - 
Woronora No. 1 (~lcock; 1968) 

Thickness 
0 

Protoquartzite and feldspathic sandstone with pebbly 
horizons and siltstone beds. Rare brachiopod spines and 
Foraminifera? 48.8 

Stockyard Mountain no. 1 (~lcock, 1968) 

Subgreywacke, commonly carbonaceous 

Shale, carbonaceous; minor coal 

Subgreywacke, commonly carbonaceous 

Conglomerate, petromictic 

Total - 
Coonemia No. 1 (~enoa, 19698) 

Shale (257;): moderately tough, dark grey to dark brown, 
carbonaceous; quartz sandstone (15%): tough, medium- 
grained, siliceous cement; siltstone (45%) : moderately 
tough, dark grey, micaceous and carbonaceous ; coal (1 5$) : 
hard, black, lustrous, bituminous, some shaly, beds 0.3 - 
1.5 m thick 

Pebble conglomerate, very hard, dark grey-green; contains 
rounded to subangular (few angular) pebbles of quartzite, 
quartz, silicified sandstone, phyllite, and plutonic and 
volcanic igneous rocks set in matrix of poorly sorted fine to 
coarse siliceous sandstone 138.7 - 
Total - 206.4 - 



Wandandian Bore (hvid & Stonier, 1891; Harper, 1915) 

Coal measures correlated with the Clyde Coal Measures were' 
encountered in the Wandandian Bore. The sequence consists of 
3.9 m of inferior coal, interbedded with sandstone and shale, 
underlain by 20.4 m of sandstone, shale, and conglomerate 

Relations with Older Units 

The Ltrchinvar and Allandale Formations are conformable in the type area, 

the only location where their relationships are exposed. The interval is 

generally conformable with the underlying Carboniferous Seaham Formation except 

locally in the Pokolbln district where the Allandale Formation onlape inliers 

of Carbonif eroue rocks (Osborne , 1 949); Rat tigan, 1969). A. L. Bigg-Wither 

(~ers. corn., 1971 ) has interpreted local unconformities south of the type area, 
from the seismic sections. , 

The Wasp Head Formation is unconformable on lower Palaeozoic basement. 

The Pigeon House Creek Siltstone rests with marked angular unconformity on 

Ordovician phyllitic siltstone and forms steep elopes at the base of the 

overlying cliffs of Yadboro Conglomerate. The Yadboro Conglomerate rests with 

a slight angular discordance on the Pigeon House Creek Siltstone where it is 

developed, and elsewhere unconformably on lower Palaeozoic basement (McElroy & 

Rose, 1962). The Clyde Coal Measures are unconformable on lower Palaeozoic 

basement. 

Interval 1 was intersected by three deep wells in the southern area. 
Q 

In Woronora No. 1 (AoG, 19641 Alcock, 1968b) the Wasp Bead Formation is 

unconformable on sheared coarse-grained Carboniferous(?) granodiorite. In 

Stockyard Mountain No. 1 (Farmout, 1963; Alcock, 196@ the Wasp Head Foxmation 

is unconformable on flat-bedded partly reddish eandstone, shale, and eiltetone 

of bvonian(?) age. In Coonemia No. 1 (Genos, 1963  the Wasp Head Formation 

is unconformable on strongly jointed and slickensided metamorphosed silicified 

sandstone and phyllite with quartz veins containing galena, pyrite, and 

chalcopyrite(?). The company gives a lower Palaeozoic(?) age for the basement 

rocks, pointing out the lithological similarity to lower Palaeozoic rocks on 

the western border of the basin. 

Correlations and Age 

The Lochinvar and Allandale Formations in the north and the Wasp Head 

Formation in the south are correlated through the wells as shown in Plate 2 on 

their stratigraphic position below the marine sedimentary sequence of Interval 2 

and on faunal evidence. 



The Allandale and Wasp Head Formations are correlated on faunal 

evidence (Dickins et al., 1969). The fauna includes ~ezdesmus globosus, 
I .  

Pyramus laevis, Australomya hillae, Eurydesma cordatum, Neoschizodus austrialis, 

Ambikella metasulcata, and Keenia ocula. The fauna of the Lochinvar Formation 

is less well known, but appears to be slightly older. It contains Eurydesma 

cordatum which ranges into the overlying Allandale Formation. The fauna of the 

Lochinvar and Allandale Formatime is of early Sakmarian Lge, and regarded as 

older than the earliest marine fauna, that is, Fauna I, in the Bowen %sin 

(Dickine et al., 1964; Dickins, 1968). It was named the Allandale Fauna 

(~unnegar, 1969). On the basis of the faunal evidence all or part of the 

Reid's Dame Beds (called Undivided Freshwater Beds, Dickins, 1968) of the 

Springsure area, and all or part of the Lizzie Creek Volcanics (called 

Lower Bowen Volcanics, Dickina, 1968). minus the upper part which contains 

Fauna I, may be the age equivalent of the Lochinvar, Allandale, and Wasp Head 

Format ions. 

Gangamopteris occurs in the first Ptycomphalina bed in the Lochinvar 

Formation, about 400 m above its base and according to Osborne (1949) this is. 
the lowest horizon in New South Wales in which it has been recorded. 

Glossopterie and Gangamopteris occur in the tuffaceous shales of the 

Skeletar Formation (Raggatt, 192% and aleo in the Clyde Coal Measures (David & 

Stonier, 1891) where Neogerathiopsie sp. has also been collected (&~lro~, 196%. 

Evans (1967b) has recorded the presence of a microfloral assemblage 

containing Parasaccites spp., Verrucosisporites pseudoreticulatus, Protohaploxypinus 

goraiensis and Granulatisporites trisinus from the Allandale Formation or upper 

Lochinvar Formation in the Sunwell No. 1 Bore (PI. 4, Table 1). He assigns the 

assemblage to the base of his Lower Permian palynological Stage 3 (~vans, 1967a) 

and considers that most of the Lochinvar Formation could fall into the Lower 

Permian Stage 2 with the possibility of the oldest beds being as old as the 

Upper Carboniferous Stage 1. 

A belt of basaltic volcanic rocks correlated with those of the Dalwood 

Group (&$el, 1966) extends from the Mindaribba Basin, near Paterson, to Raymond 
Terrace and northwards on the flanks of the Medowie Basin, in the northeastern 

part of the Sydney Basin. The sequence is poorly exposed, but marine rocks are 

not known in the Medowie Basin, and in the Raymond Terrace district the 

volcanics are underlain by tuffaceous sedimentary rocks with coal ( Garretts 

seam) and Gangamopteris (David, 1907). 



Correlatives of the Lochinvar and Allandale Formations occur in the 

Cranky Corner Basin, a Permian outlier north of the Hunter Thrust (Booker, 1949; 

Osborne, 19491). Booker gives the following section: 

Mudstone, sandstone, and conglomerate 91 a 4  

Sandstone, coarse, tuffaceous; numerous marine fossils 
(Eurydesma horizon) 

Mudstone, shaly, bluish; numerous marine fossils, chiefly 
Fenestellidae 91 04 
Sandstone, coarse; plant remains 30.5 
Total - 249.9 

He suggest8 correlation of the Ihmydesma horizon and the associated 

tuffaceous sandstone with the Eurydesma horizon in the Allandale Formation, and 

the basal plant-bear- sandstone with that at the base of the Lochinvar 

Formation. 

McElroy & Rose (1962) placed the Clyde Coal Measures at the base of the 

Permian because they considered them to be older than the Pigeon House Creek 

I 
Siltstone. Recent work (Helby & Herbert, 1971) and Herbert (in prep.), however, 

suggests that the Clyde Coal Measures are younger than the Pigeon House Creek 
I 

Siltstone, and probably younger than the Yadboro Conglomerate. The suggestion 

is based largely on palynological evidence and on a reinterpretation of the 
I 

published sections of McElroy & Rose (1 962). I 
Microf loral assemblages f ram the Clyde Coal Measures (Helby, 196%, 

1971b; Helby & Herbert, 1971) are characterized by sevezal species of 
Parasaccites, a Striatites suite, Marsupipollenites triradiatus and Verrucosisporites 

. I 
pseudoreticulatue, Overall the assemblages compare closely with Stage 3 of 

Evans. One sample from the top of the Clyde Coal Measures in the Clyde Gorge 
I 

contains microspores characteristic of Stage 4. The microfloras compare fairly 

closely with those of the Greta Coal Measures. 
I 

The only assemblage from the Pigeon House Creek Siltstone examined I 
(Helby & Herbert, 1971 ) contains several species of Paraaaccites and Potonieisporites. 
The authors consider that the virtual absence of Striatite and the absence of I 
Marsupipollenites and Verrucosisporites indicates an older age than the Clyde Coal 

Measures, even as old as Evansf Stage 1. No microflora was examined from the 

Yadboro Conglomerate. Helby & Herbert (1 97 1 ) have suggested that the Pigeon House 
I 

Creek Siltstone and Yadboro Conglomerate were laid down in a valley (glacial?) 

during the late Carboniferoue or early germian. 
I 



The carbonif emus-Permian Boundary 

The Carboniferous-Permian boundary in Australia has been discussed 

by Evans (1967, 19%)). Helby (1969), and Runnegar (1969). The boundary is 

defined both by the change from the Rhacopteris to the Glossopteris flora 

(walkom, 1944), and by the incoming of the Eurydesma fauna (~rowne & Osborne, 
1949). 

In the Sydney Basin, the boundary is exposed in the Lochinvar Anticline 

between Lochinvar and Gosforth, and this has been the classical area for the 

study of the boundary in eastern Australia. The Gosf orth Shale, containing 

Eurydesma, is accepted both as the base of the Lochinvar Formation and of the 

Permian (~rowne & Dun, 1924; Osborne, 1949) in the area. 

Palynological studies have also demonstrated a distinct change in 

microf loras with the incoming of spermatophyte pollen, which Balme (1962, 1964) 

equated with the incoming of the Glossopterie flora and regarded as the 

palynological expression of the base of the Permian. He defined the 

Nuskoisporites assemblage as the basal microfloral assemblage in the Permian. 

In later work (wAPET, 19bTJ) he divided the assemblage into three, placing the 
&ower subdivision in the Carboniferous. Erans (1 964, 19%) subdivided the 

aesemblage into four informal palynological units, the lower two of which occur 

in the upper part of the range of the Bhacopteris flora, and were therefore 

placed in the Upper Carboniferous. Helby (1968), who described the palynological 

sequence in the Kuttung Group in the lower Hunter Valley, defined a major change 

in the microfloral assemblage in the basal part of the Seaham Formation with the 

incoming of the Potonieisporites microflora. Helby equated the microflora with 

the basal part of Balmel's Nuskoisporites assemblage, and Evans' lowest unit 

(stage 1). He suggest'ed that the base of the Potonieisporites microflora might 

be the closest approximation to the top of the Carboniferous System in Australia 

  elb by, 1969) 



APPENDIX 2. SAKMARIAm TO KAZANIAN ROCKS 

INTERVAL 2: RUTHERFORD AND FARLJ2Y FORMATIONS AND CORRELATIVE FTBBLEX BEACH 
FORMATION 

Rutherford Formation 

The type area for the Rutherford Formation is the Lochinvar Anticline 

in the lower Hunter Valley (~sborne, 1949). Together with the overlying Farley 

Formation it forms the upper part of the Dalwood Group (Booker, 1953). 

The Rutherford is poorly exposed around the flanks and southern 

plunge of the Lochinvar Anticline. Oerborne (1949) measured the following . 

composite section in the Pokolbin district: 

Thickness 
0 

Sandy mudstone with abundant Martiniopsis and 
Ptycomphalina ' (~eruvispira) 

Sandy shale 

Sandstone, ferruginous; with Martiniopsis 

Sands tone 

Sandy limestone with FenestelJa 

Shaly sandstone 

Sandy limestone 

Basalt 

Sandy shale with erratics 

Sandstone, fine, and tuff 

Limestone, foraminifera1 

'Bishops Rill Bryozoal Tuff' 

Total - 

Ehgel (1966) describes the 'Bishops Hill Bryozoal Tufft as a poorly 

sorted conglomeratic lithic sandstone. The overlying sequence consists mainly 

of micaceous sandy siltstone, mudstone, shale, silty sandstone, and sandstone. 

Small erratic pebbles are common and the rocks are generally poorly sorted. The 

calcareous shale and foraminifera1 and bryozoal limestone, which occur on the 

west side of the Lochinvar Anticline near Yokolbin, are not present on the 

east flank. 

Farley Formation 

The type area for the Farley Formation is the Lochinvar Anticline in 

the lower Hunter Valley (~sborne, 1949). The formation is well exposed and has 

a distinctive stratigraphic marker, the Ravensfield Sandstone Member, at its base. 

&borne (1949) measured the following composite section near Farley: 



Thickness 
0. 

Mudstone and brown sandstone 61 .0 
Shale crowded with Martiniopsie 

Grit, tuffaceous 

Mudstone, bluish .4.0.- 

Sandy shale, bluish 6.1 

Sandstone with Martiniopsis and lPtycomphalinal (Peruvispira) 30.5 

Tuff, plant-bearing - 4.6 

Grit, tuffaceous, bluish grey 

Sands tone 

Shale rock with IPtycomphalina (~eruvispira) 

Sandstone, bluish 

Sandstone, buff, fine 

Sandstone, pebbly 

Ravensfield sandstone 

Total - 
The Ravensfield Sandstone Member (figel, 1966) is a massive cross- 

laminated even-textured sandstone; the fresh rock is blue-grey but weathers 

brown. 

Pebbley Beach Formation (~ostin & Herbert, in press) 

The type area for the Pebbley Beach Formation is on the south coast 

(~ostin, 1968; Gostin & Herbert, in press; Dickins et al., 1969) at h a s  

North, Pebbley Beach, and Wasp Island. The name Pebbley Beach Formation was 

proposed by Gostin (1968) for the middle silty unit of the Conjola Formation which 

has been upgraded to subgroup status within the Shoalhaven Group. 

In the type area, the Pebbley Beach Formation consists of about 153 m 

of dark grey siltstone and fine-grained sandstone, which is commonly thinly 

stratified and contains small ripple marks. Thin layers of pebbles and beds of 

diamictite (comnonly pebbly silty medium-grained sandstone) are common in the 

lower two-thirds of the sequence. They contain large boulders that appear to 

have been ice-rafted. The upper third of the formation contains large scour 

channels filled with siltstone and very fine-grained sandstone with thin coaly 

stringers. Wood stems, burrow structures, concretions of calcite and siderite, 

and scattered marine fossils occur throughout the formation. 



Interval 2 in the deep wells 

The deep welle in the Hunter Valley, with the exception of Martindale 
, 

NO. 14,all penetrated units correlated on lithology with the Rutherford and 

Farley Formations. Reliable correlation by fossils is not* possible a8 the marine 

fossils recovered are poorly preserved. 

-The Farley Formation was laid down only in the north, where it overlies 

the Rutherford Formation. In the central and southern areas the interval consists 

of one lithological unit. The following sequences were encountered in the deep 

welle: 

East Maitland No. 1 s ense en & Bryan, 1969) 

Thickness 
T 

Undifferentiated Rutherford and Farley Formations 

Sandstone, fine-grained,.and sandy siltstone 

Sequence pyritic throughout and very carbonaceous at base. 
Sparse brachiopod fragments; siderite cement common 424.9 

Loder NO. 1 (~icholas, 1968) 

Thickness 
0 

Farley Formation correlative 
, , 

Protoquartzite, fiine-grained, with coal fragments and 
carbonaceous material. Pebbles of quartz, chert, and rare 
fragments of volcanic rock abundant at base, but decrease 
upwards. Calcite, siderite, and minor dawsonite cement with 
only silica and siderite twa.rds top. Burrow structures 128.0 

Feldspathic sandstone, fine-gra'ined, interbedded in part with . . 
coarse siltstone. Sandstone contains coal and plant framents, 
and siderite and dolomite cement. Siltstone is pyritic and 
carbonaceous. Youngest horizon in well in which clasts of 
volcanic rock are common. Bivalves, and burrow structures 14.6 

Rutherford Formation correlative 

Siltstone, pyritic, carbonaceous, shaly in part; contains clasts 
of volcanic rock and scattered pebbles of.quartz and chert. 
Grainsize increases upwards and fine sandstone occurs at number 
of levels. Calcite and siderite cement. . Poorly preserved 
bivalves and burrow structures 251 .2 

Total - ' 595.8. - 
~ambkwell No. 1 (AOG, 19656) 

Thickness 
73- 

Farley Formation correlative 

Sandstone, fine to very fine-grained, silty, elightly 
calcareous, well consolidated 



Rutherford Formation correlative 

Siltstone, dark grey, finely carbonaceous, slightly pebbly, 
with thin bands of sandstone and thick interbeds of dark 
grey to black shale 

Total - 

Thickness 
0 

Jerrys Plaina- No. 1 (~sso, 1969) 

J'arley Format ion correlative 

Sandstone (-~WO), fine to coarse-grained, conglomeratic in part, 
unconsolidated, slightly calcareous, grading into sandy 
siltstone (+70%). Burrow struc tures and traces of Foraminifera 
and Bryozoa. Sandstone massive at top of sequence, with cyclic 
gradational bedding - possibly a non-marine facie6 
Rutherford Formation correlative 

Siltstone (7546), medium to dark grey, carbonaceous and 
argillaceous, occasionally sandy, grading into ailty shale 

Shale ( 9 ~ 7 ) ~  dark grey to black, pyritic, occasional fosnils 
(~r~ozoa and indeterminant), with minor interbedded siltstone 

Dolomite (40$), interbedded with shale 

Shale (+ 85$), dark grey, carbonaceous, grading into sandy 
sil tstzne 

Total - 
Kurrajong Heights No. 1 (~itt, 1968) 

Thickness 
0 

Subgreywacke and a protoquartzite interbedded with massi-re 
fine and coarse siltstone (20"/0), interlaminated argillaceoue 
sediment and fine subgreywacke (504:), and fine and coarse 
subgreywacke (30"/0), with pebbly coaree quart zose sands tone 
at base. Argillaceous sediments carbonaceous and pyritic, 
Shell fragments and evidence of organic reworking 

Mudstone, highly carbonaceous and pyritic, with laminae of 
sideritic fine-grained subgreywacke.' Glendonites and 
pelecypods (Glyptoleda and ~uculo~sis) 

Total 
7 

Dural South No, 1 (Hawkins & Ozimic, 1967) 

Mudstone, siltstone, and claystone, with minor protoquartzite 
and bryozoal limestone 



Kirkham No. 1 (~aine, 1969) 

Protoquartzite, fine to very fine-grained, with interbedded 
sandy carbonaceous shale. Shell framents near base 

Protoquartzite, fine to coarse-grained, pebbly; brachiopods, 
pelecypods; burrow structures 

Sandstone, very fine to medium-grained, variably silty, with 
minor sandy siltstone and some coal laminae. Brachiopods, 
Bryozoa, and Foraminifera; evidence of organic reworking 

Total - 
Woronora No. 1 (Alcock, 196@ 

Protoquartzite, with interbedded fine-grained subgreywacke, 
arkose, and siltstone 

Protoquartzite, pebbly, with minor carbonaceous siltstone 

Sandy siltstone, carbonaceous and pyritic; brachiopods common 

Sandstone, quartz-rich, and quartz greywacke, interbedded with . 
sandy siltstone. 'Brachiopods, Bryozoa, rare plant fossils, 
and minor coal 

Sandy siltstone with minor sandstone; burrow structures and rare 
shell fragments 

Sandstone, fine-grained; rare Bryozoa 

Total - 

Thickness 

(4 

Stockyard Mountain No. 1 (~lcock, 196@ 

Thickness 
0 

Shale, siltstone, and sandy siltstone, with interbedded 
protoquartzite and thin limestone bed containing spines, 
Bryozoa, and shelly debris. Plant fossils in shale 

Protoquartzite and dolomitic tuff; one bed of carbonaceous skiale 

Total - 
Wollongong (BMR) No. 1 (Ozimic, 1971) 

Siltstone, grey carbonaceous, with thin beds of grey sandstone 
and pebble conglomerate. Rare brachiopods and pelecypods 

Thickness 
0 

Woolongong (BMR) No. 2 & 2A (~zimic, 1971) 

Thickness 
0 

Siltstone, dark grey, carbonaceous, grading into very fine to 
v e r y  coarse sandstone. Rare brachiopods and pelecypods 



Coonemia No. 1 (~enoa, 1969a) 

Thickness 
0 

Sandy siltstone, dark grey, micaceous, pyritic, carbonaceous; 
scattered pebbles of quartzite, quartz, and igneous rock. 
Brachiopods and glauconite 66.1 

Sandstone and siltstone with scattered rounded to angular 
pebbles of quartzite, quartz, and igneous rock; siliceous 
and calcareous cement; pyrite, glauconite, and carbonaceous 
s treaks 1 00.0 

Siltstone, dark grey, micaceous, carbonaceous, pyritic, with 
minor sandstone and carbonaceous shale. Brachiopods common 

Total - 240.2 

Relationship with Older Units 

The Rutherford Formation is generally conformatle on the Allandale 

Formation, although seismic evidence (A.L. Bigg-Wither, pers. comm., 1971) 

indicates that locally the Rutherford Formation lies unconformably on Carboniferous 

rocks and on eroded strata of Interval I to the south of the type area. The 

Farley Formation is conforbable on the Xutherford Formation. The Pebbley Beach 

Formation is conformable on the Wasp Head Formation where present. The sparse 

geological information and seismic evidence indicate the Pebbley Beach Formation 

onlaps lower Palaeozoic 'highs'. 

Correlations and Age 

The Rutherford and Farley Formations in the north and the Pebbley Beach 

Formation in the south have been correlated through the wells as shown in Plate 2. 

The correlation is based on lithology, stratigraphic position, and faunal evidence. 

The fauna of the Febbley Beach Formation (Dickins et al., 1969) is 
characterized by Megadesmus nobilissimus, Aviculopecten sp. ind., Arnbikella sp. 

ind., Gilledia cf. ulladullensie Campbell, 1965, and Gilledia culburrensie 

Campbell, 1965. These species are not found in the underlying Wasp Head Formation 

but range up into the overlying Snapper Point Formation. 

They consider that the presence of Megadesmus nobilissimus in the 

Pebbley Beach Formation 'suggests correlation with the Farley Formation of the 

Hunter Valley, but equivalence with the slightly older Rutherford Formation 

cannot be precluded'. The fauna is considered similar to Fauna I1 of the Bowen 

Basin (~ickins et al., 1964; Dickins, 1968). 



ITW!3-LRVAL 3: GRETA COAL MEASURES AND CORRELATIVE SNAPPZR POINT FORMATION 

Greta Coal Measures 

The Greta Coal Measures (David, 1888) crop out around the Lochinvar 

Anticline and along the west s ide of the Mindaribba Basin i n  the lower Hunter 
. I 

Valley. They a l s o  out crop on the Mumellbrook Anticline i n  the upper Hunter 

Valley, and i n  the Scone-Wingen d i s t r i c t  about 25 km norL,h of Muswellbrook. 

Originally David (1888) applied the name t o  the sequence that  crops out near the 

I 
vi l lage  of Greta on the northwest side of the Lochinvar Anticline. The sequence 

consis ts  of conglomerate, sandstone, and carbonaceous shale with thin beds of 

I 
clay-ironstone and several seams of coal, the coal having an aggregate thickness I 
i n  places of 7.6 m. The name was l a t e r  (David, 1889*, 1907) applied t o  a l l  these 

coal  measures i n  the Hunter Valley. I 
The Greta Coal Measures have been studied by Raggatt (19381), Jones 

( 1939), Booker (1 953, 1960). Robinson (1956, 1963~1, Kemezys (1 962). and 

Reinhold (1963) and were recently reviewed by Basden (1969). 

In the ~essnock-Maitland-&eta area there a re  two main coal seams - 
the upper, Greta, and the  lower, Homeville, both of which are commonly sp l i t .  

The s p l i t t i n g  is more pronounced on the west limb of the Lochinvar Anticline 

(~ooker ,  1953, 1960). The coal has been mined extensively in the South Maitland 

Coalfield on the southern and eastern f lanks of the Lochinvar Anticline. The 

detai led s t rat igraphy of the Greta Coal Measures i n  t h i s  area is  discussed i n  

Reinhold (1963). The type sections a re  described below. The repository f o r  the 

type sections is the Jo in t  -Coal Board Core Store, Cardiff, New South ,Walee. 

Neath Sandstone 

The type section, which i e  incomplete (Reinhold, 1963) is the BHP 

Elrington DDH 2. The sequence consists mainly of f ine  t o  medium-grained white 

massive freshwater sandstone containing a few beds of f i~e-grained conglomerate 

and shale. The thiclmess i s  about 12 m. The formation crops out on the 

southern and eastern flanks of the ~ o c h i n k  Anticline and so f a r  as ie known 

underl ies  a l l  the South Maitland Coalfield. However, natural outcrop is  poor, 

there  a re  few exposures i n  open cuts or  quarries. No complete d r i l l  core i e  

available.  



Kurri Kurri Conglomerate 

The type section (Reinhold, 1963) is in Richmond bin Colliery Surface 

DDH 3. The sequence consists mainly of fine to medium-grained conglomerate with 

I minor sandstone and shale near the base. Green jasper pebbles are characteristic 

of the conglomerate. The formation contains the upper and lower Homeville Coal 

Members. The thickness is about 36 m (119 ft). The formation is well exposed 

around the southern and eastern flanks of the Lochinvar Anticline. 

I Lower Homeville Coal Member 

I The type section (Keinhold, 1963) is in BHF Elrington DDH 3. The 

member consists of coal and coaly shale with shale and minor sandstone and 

siltstone. The thickness is about 10 cm (4 in). 

Upper Homeville Coal Member 

The type section (Reinhold, 1963) is the BHP Elrington DDH 3. The 

member consists of coal and coaly shale with shale and minor siltstone and sandstone. 

The thickness is 1.5 m. This is the most variable coal horizon in the coalfield, 

and often contains two or more splits. 

Kitchener Formation 

The type section (Reinhold, 1963) is in Hebburn No. 2 Colliery DDH ' K t .  

The sequence consists of coal with minor carbonaceous shale, shale, siltstone, 

and sandstone. There are beds of kerosene shale and cannel coal in places. A 

pyritic zone is often present near the top of the coal. m e  thickness is about 

9 m (29 ft). The formation crops out around the southern and eastern flanks of 

the Lochinvar Anticline. Subeurface it extends across the entire coalfield, and 

apparently continues beyond the field to the south and east. The formation 

contains the Greta Seam and Kearsley Lens. The Greta Seam is a major source of 

gas coal in Australia. The Kearsley Lens is a stratum of mudstone, shale and 

sandstone within the Greta Seam. 

Paxton Formation 

The type section (Keinhold, 1963) is in Pelton 3DH 7. It consists of 

fine-grained conglomerate and micaceous quartz sandstone with prominent shale 

horizons. The thickness is 15.6 m (51 ft). The formation contains the Pelton 

Coal Member near the top, and crops out only on the southern closure of the 

Lochinvar Anticline. 



Pelton Coal Kember ' %  

The type section (~einhold, 1963) is in Pelton DDH'7. The member 

consists of coal and coaly shale with minor shale and siltstone. The thickness 

is about 1 m. 

At Muswellbrook two formations, the Rowan Formation (~obinson, 1963~) 

and the underlying Skeletar Formation (Raggatt, 1 9 2 9 ,  constitute the Greta Coal 

Measures (~obinson, 1963~). In this Record the Skeletar Formation is included 

in Interval 1 (see Appendix 1). 

Rowan Formation 

The type section (Anon, 1969) is in Balmoral DDH 7 bore. The sequence 

consists of sandstone, shale, and mudstone with intercalated coal seams and 

subordinate conglomerate. The thickness is about 110 ma The formation crops 

out on the crest of the Muswellbrook Anticline, and can be traced from a few 

kilometres north of Muswellbrook township to the Savoy Trig. Station, a distance 

of about 19 km. 

The Loder, Lewis, St Heliers, Muswellbrook, fillet, and Fleming Seams 

occur in the Muswellbrook area (Andrews, 1925; Booker, 1 9 5 3 )  and the Balmoral, 
Puxtrees, ~rasstrees, Brougham, and Hill top in the vicinity of the Savoy *ig. 

I ' 
Station (~obinson, 1956). The luhxswellbrook, Lewis, and St Heliere Seams are 

producers, the latter being the most important. In the Savoy Trig. Station area 
I 

all the seams, with the exception of the Hilltop are of economic value. 

seam correlations in the area are given by Basden (1969). 
Tentative I 

Snapper Point Formation (~ostin & Herbert, in press) 
. . 

The type area for the Snapper Point Formation is on the south coast 

(~ostin, 1968; Gostin & Herbert, in press; Dickins et al., 1969). where it is 

exposed from 'Clear Point, .to Snapper Point, .md from Willinga Point to Crampton 

I 
Island. The name Snapper Point Formation was proposed by Gostin (1968) for the 

upper sandy unit of the Conjola Formation, which has been upgraded to sub-group 

I 
status within the Shoalhaven Group. I 



In the type area the Snapper Point Formation is about 170 m thick 

and generally consists of well bedded quartz-rich fine-grained sandstone with 

thin layers of coarse pebbly sandstone and conglomerate. Marine fossils and 

silty worm burrows are abundant, and concretions of calcite, pyrite, and siderite 

also occur. The cross-bedding and ripple marks indicate +;hat the currents 

flowed northwest. 

Interval 3 in the deep wells 

Martindale No. 1A (~icholas, 1969) 

Thickness 
7.3- 

Sandy petromict conglomerate at base, overlain by 6 thin coal 
seams with partings of sandy carbonaceous siltstone, followed 
by medium-grained subgreywacke, containing silty carbonaceous laminae 
which becomes very fine-grained toward top. Sequence contains 
fragments of volcanic and sedimentmy rocks and pyritic 
carbonaceous material. Siderite, dawsonite, and calcite cement ., 73.2 

Protoquartzite, fine-grained; contains fragments of sedimentary 
rock, minor carbonaceous material, and lenses of sideritic 
sandstone. Calcite and silica cement. Rare Bryozoa 12.2 

Sandy conglomerate at base and top separated by medium-grained 
subgreywacke and minor pyritic black shale 33.5 
Total - 

The sequence in Martindale No. 1A is lithologically similar to the 

Greta Coal Measures in the type area, but differs from the sequence at 

Muswellbrook. 

Jerrys Flains No. 1 (~sso, 1969) 

Sandstone, very fine-grained to conglomeratic, carbonaceous, 
clay-choked, with interbedded sandy siltstone and minor shale 137.2 

Sandstone, fine to coarse-grained, conglomeratic in part, clay- 
choked, carbonaceous and pyritic, with interbedded coal and 
minor interbeds of argillaceous eiltstone and carbonaceous 
silty shale 223.7 

Total - 360.9 

Camberwell No. 1 (AOG, 196% Thickness 
78- 

Sandstone, fine-grained; coarse-grained and conglomeratic 
in part; clay matrix, red, green, and white chert fragments; 
interbedded shale and coal 388.6 



Sandstone, fine to medium-grained, and conglomerate with 
interbedded coal and shale, Green and grey chert common in 
conglomerate and sandstone. Pebbles of conglomerate closely 
packed in clay matrix 

Total - 

Sandstone, fine to medium-grained, interbedded with conglomeratic 
sandstone, conglomerate, minor shale, siltstone, and coal. 
Green and grey chert pebbles common in conglomerate 

Loder NO. 1 (Nicholas, 1968) 

Protoquartzite, fine-grained, with fragments of coal and volcanic 
rock and abundant chert fragments 

Coal seam 

Petromict conglomerate, with pebbles of quartz, chert, qu3rtz 
sandstone, and volcanic rock grading into pyritic carbonaceous 
subgreywacke; cemented with siderite 

Coal seam 

Protoquartzite, coarse-grained, pebbly, pyritic and carbonaceous; 
cemented with siderite and dawsonite 

Total - 

Thickness I 

Thickness I 

  el ford No. 1 (Ozimic, 1968) 

Lithic sandstone, fine-grained, with quartz and chert pebbles 
and volcanic rack fragments, interbedded with sandy siltstone 
and coal seams 

%st Maitland No. 1 ma ens en & Bryan, 1969) 

Petromict conglomerate, with pebbles of sedimentary and volcanic 
rock, set in matrix of medium-grained quartz-rich sandstone 

Coal seam 

Lithic greywacke, fine to coarse-grained, interbedded with 
siltstone, pebbly in places . . 

Total - . . 



Coal is mainly absent in the wells in the central m d  eouthern area 

I 
where a lithologically dietinct sandstone unit is found. The following wells 

are representative of thia sequence: 

Kulnura No. 1 (~zimic, 1969) 
Thickness 
73- 

Subpeywacke, fine to medium-grained, with pebbles of quartz 
and chert and minor interbedded siltstone. Pyrite, calcite, 
silica, and dawsonite cement. Brachiopods and Foraminifera 225.5 

Howes Swamp No. 1 (Eseo, 1970) 
Thickness 
73- 

Coal, black to dark brown, blocky, vitreous to dull 
slickensided surfaces 

Lithic sandstone, very fine to medium-grained, conglomeratic 
in places, carbonaceous, clay matrix and silica cement, 
interbedded with medium to dark grey eiltstone and 
carbonaceous shale 48.8 

Total - 
Dural South No. 1 (Hawkins & Ozimic, 1967) 

Thichese 
T 

Protoquartzite, medium-grained, interbedded with medium-grained 
subarkose and minor eiltstone. Quartz and chert pebbles. 
Calcite and silica cement. Brachiopods and Foraminifera. 
(Hyperammina sp. in siltstone). Churned bedding 403 9 

Kirkham No. 1 (~aine, 1969) 
Thickness 
0 

Protoquartzite to subarkose, fine-grained, with minor siltstone 
interbeds. Pebblee of quartz and sedimentary, volcanic, and 
metamorphic rock. Silica and calcite cement, with siderite 
and pyrite in the siltstone. Brachiopods, pelecypods and 
Foraminifera. Churned bedding and burrow structures in core 160.6 

Stockyard Mountain No. 1 (Alcock, 196@ 
Thickness 
7 

I Protoquartai t e ,  medium to coarse-grained, with minor shale beds 
tending to be most abundant at top and bottom. Pebbles of 
quartz, and sedimentary, volcanic, and metamorphic rock. 

I Silica cement at top and bottom of sequence. Brachiopods and 
Bryozoa. Burrow structures 105.9 



BMR Wollongong No. 1 (Ozimic, 

Thickness 
0 

Sandstone, light grey, very fine to very coarse-grained, with 
thin interbeds of pebble conglomerate and sandy siltstone. 
Rare brachiopods and pelecypods 109.7 

BMR Wollongong No. 2 & 2A (~zimic, 1971 ) 
Thickness 
0 

Sandstone, very fine to very coarse-grained, with quartz and chert 
pebbles and thin interbeds of pebble conglomerate and sandy 
siltstone. Rare brachiopods and pelecypode 95.1 

Relations with older units 

The Greta Coal Measures are generally considered t o  be conformable 

on the Farley Formation in the tjrpe area, although Heinhold (1963) describes a 

diastem between the Neath Sandstone and the underlying marine Dalwood Group 

where the contact is exposed at two localities in the South Naitland Coalfield, 

At Muswellbrook the Rowan Formation is conformable on the Skeletar Formation, 

and in Martindale No. 1A the Greta Coal Measures overlie volcanic rocks correlated 

with the Lochinvar and Allandale Formations. The Snapper Point Formation is 

conformable on the Pebbley Beach Formation. 

Correlations and age 

The Greta Coal Measures in the north and the Snapper Point Formation in 

the south have been correlated through the w,ella in the manner shown in 

Plate 2. The correlation is based on a com~brison of the lithology of the , 
Snapper Point Formation with that of the undwlying and overlying formations, 

which indicates a shallowing of the sea consA?tent with marine repession from the 
1 north. Geological evidence is sparse in the a ea where it is postulated that the I- 

Greta Coal Measures interfinger with the Snapper Point Formation, but the 

correlation is supported by seismic Bigg-Wither, pers corn., 1971 ) . 
The association of Megadesmus sp, nov. A, 

Eurydesma hobartense, and Ambikella cf. fauna of the 

Snapper Point Formation (Dickins et al,, Fauna I1 of the 

Bowen Basin sequence (~ickins, Malone, & Jenss 

correlation with the Farley Formation. The p1 

and Ambikella cf. isbelli in the top part of 

I, 1964), and also suggests 
!sence of Ambikella cf. undulosa 

lie Snapper Point Formation indicates 

correlation with the lower part of the Branxtc I Formation below the Fenestella 



Zone, and suggests that this part of the unit may be equivalent in age to the 

oldest part of the sequence in the Bowen Basin containing Fauna 111. Since 

the underlying Pebbley Beach Formation also contains Fauna I1 equivalent 

(see Interval 2) the faunal evidence indicates that the Pebbley Beach Formation 

and the Snapper Point Formation are equivalent in age to the Farley Formation, 

the Greta Coal Measures and the lower part of the Branxton Formation below the 

Fenestella Zone. The fauna of the Rutherford Formation (see Interval 2) is not 

well known, but is considered to be possibly equivalent to Fauna I in the Bowen 

Basin, Fauna I being very similar to Fauna I1 (~ickins, 1964). 

Stratimaphic evidence from the Muswellbrook area and Martindale No. 1" 

indicates that the Greta Coal Measures become a diachronic unit in the upper 

Hunter Valley. 

The Cranky Corner Permian outlier north of the Hunter Thrust containe 

a coal measure sequence correlated with the Greta Coal Measures (Booker, 1953). 
The sequence consists of 9.7 m of coal in three seams associated with thick 

coarse-grained sandstone. The thickness of the measures ranges from 91 to 396 m. 

INTERVAL 4: BMXTON FORMATION, EXCLUDING MURFE SANDSTONE MEMBER, AND 

CORRELATIVE WANDMWANDIAN SILTSTONE 

Branxton Formation (excluding Muree Sands tone   ember) 

The type area of the Branxton Formation (&gel, 1966; McKellar, 1969) 

is the lower Hunter Valley. The name is synonymous with the Branxton Stage of 

David (1907, 1950) and the Branxton Sub-Group of Kanlon & Booker (in - Hill, 1955) 
and Booker (1960). 

The Branxton Formation is a marine sequence of pebbly sandstone and 

siltetone some 900 m thick. McKellar (1969) gives a composite type section 

comprising an upper half cropping out from the Brokenback Range, 8 lan south of 

Cessnock to Bow Wow Gorge 5 km southwest of Mulbring, which is 509 m thick, and 
a lower part cropping out from a point 0.8 km north of Greta to Branxton, which 

is about 548 m thick. He recognized the Wollong Siltstone Member, the Fenestella 

Zone, and the Cessnock Sandstone Member, beneath the Muree Sandstone Member, as 

units within it, although not all can be distinguished in every area. 

The Cessnock Sandstone Member  ones, 1939; Booker, 1960) consists of massive 

hard sandstone, 12 to 15 m thick, cropping out on the east side of the Lochinvar 

Anticline at the base of the Branxton Formation.. 



The Fenestalla Zone (named Feneste.lla Shale by Jones, 1939) occurs between 
472 and 502 m below the top of the formation. The type section near Branxton 

contains 50 m of interbedded siltstone and sandstone characterized by several 

species of fenestellids, including Fenestella and Polypora. Despite its name, 

the zone is distinguishable lithologically as well as on faunal grounds. 

The Wollong Siltstone Member (David, 1905) is confined to the Mulbring-Bar Wow 

Gorge area. It contains 18.6 m of medium-grey siltstone interbedded with fine- 

grained silty sandstone, some of which is conglomeratic. It is located about 

244 m- below the top of the formation and contains as abundance of Thamnopora 

wilkinsoni. 

Muree Sandstone Member (See 1nterGl 5) 

Wandrawandian Siltstone 

The Wandrawandian Siltstone (~oplin et al., 1952) is a sequence of 

fine-grained lithic sandstone and siltstone, with scattered pebbles, mainly of 

quartz. It is exposed around Jervis Bay and in the valleys draining the western 

margin of the basin. McElroy et al. (1969) state that although true siltstone 

is probably quite rare in the formation, the name has been applied because the 

rocks are relatively silty compared with those of the underlying Snapper Point 

Formation. David & Stonier (1891 ) refer to it as the Wandrawandian pebbly 

sandstone in the type area near Nowra. The sedimentary structures described 

as 'mud swirlsf consist of nearly flat irregular lensing beds of clayey siltstone, 

or cross-cutting wavy swirls which look like worm or reed casts. 

1 n t e k l  4 in the deep wells 

With the exception of Loder No. 1 and Belford No. 1 which spudded in 

the Branxton Formation, all the wells quoted penetrated the full sequence. 

East Maitland No. 1 ma ens en Bryan, ,1969) 
Thiclmesa 

Quartz greywacke, greywacke, and sandy siltstone, very poorly 
sorted, rare siliceous pebbles in lower part. Much of 'matrixt 
consists of altered clasts of volcanic rock and tuffaceous 
material. Feldspar (especially potash feldspar) occurs 
throughout, and is very common in places. I 

1 



I 

Greywacke, quartz greywacke,; and sandy eiltstone, commonly . 

carbonaceous, essentially fine-grained, althowh with 
coarser intervals. Clasts of chert, shale, and low-grade 
metamorphic rocks, calcite land siderite cement and pyrite 
common in places. Marine qoasils, mainly brachiopods and '\ 
Bryozoa throwout, but more abundant toward top 1 

Total i - I 1 

Thickness 
Tm> 

Belford No. 1 (~zimic, 1968) 

Quartz greywacke and lithic sandstone, with pebble6 of quartz 
and chert, clasts of.volcanic rock, fresh and altered 
feldspar. Sodic plagioclase ie partly or wholly replaced by 
calcite. Siderite and calcite cement occur throughout. 
Bryozoa c0ncentrate.d in zone near top of unit, Laminae and 
burrow structures. ' Well spudded in this interval 

Loder No. 1 (~icholae, 1968) 

Thickness 
-0 

Subgreywacke and protoquartzite, very fine to medium-grained, 
with minor interbeds of siltstone. Pebbles of quartz and 
red and green chert common. Carbonaceous material, including 
a minor coal seam, occurs in lower part. Brachtopod shells and 
spines, and fenestellid Bryozoa common in upper part. Calcite, 
siderite, and silica cement and pyrite are common in places. 
Churned bedding 

Subgreywacke, fine-grained, grading in places into medium- 
grained protoquartzite; contains siltstone partings. Base' 
of unit rich in pebbles of quartz, chert, and sandstone. 
Pyrite and carbonaceoui material occur throughout. 
Dawsonite and silica cement common 

Protoquartzite, fine-grained; contains pyrite and carbonaceous 
material, Quartz and chert pebbles occur throughout. Calcite, 
siderite, dawsonite, and silica cement. Churned bedding 

Total - 
Camberwell no. 1 (BOG, 19688 

Thicknese 
Tm) 

Siltstone, micaceous, sandy and pebbly in places; contains 
thin beds of sandstone and shale. Shelly fossils and 
Bryozoa 



Jerry Plains No. 1 (Esso, 1969) 

Thickness 
0 

Sequence of interbedded sandstone, siltstone, and shale becoming 
sandier in upper half. Sandstone poorly sorted, fine to 
medium-grained, and conglomeratic in places. Brachiopods and 
rare burrow structures in core 289.6 

Martindale No. 1 A  (Nicholas, 1 969) 

Thicheas 
0 

Subgreywacke and protoquartzite, grading in places into 
siltstone and claystone. Concentration of quartz and chert 
pebbles at base, scattered pebbles, volcanic rock fragme~ts, 
and pyrite througfiout. Sedimentary rock fragments in bottom 
.60 m. Calcite, siderite, and dawsonite cement; rare 
glauconite 

-Howes Swamp No. .1 (Esso, 1970) 

Sandstone, buff, very fine to medium-grained, interbedded with 
carbonaceous micaceous calcareous siltstone 

Thickness 
73- 

227.1 

Kulnura No. 1 (~zimic, 1969) 

Thickness 
7 

Sandstone, fine-grained, pebbly; fragments of volcanic and 
sedimentary rocks, volcanic glass; carbonaceous material. 
Pebbles are milky quartz and chert. Dawsonite and calcite 
cement, abundant Foraminifera, brachio ode, and Bxyozoa. 
Foraminif era identified (Crespin, 1964 7 include Ammodiscus 
multicinctus, Frondicularia parri, EIyperammina sp., 
'hochammina pulvilla and Reophax spa 248.4 

Dural South No. 1 (Hawkins & Ozimic, 1967) 

Thi ckness '. 7 I 
Siltstone, massive, pyritic, sandy, and pqorly sorted quartz 
greywacke. Scattered qusrtz and chert pe/bbles. Brachiopods, 
corals, and Foraminif era (mainly Hyperammina spp. ) . Laminae 
and burrow structures 1 

I 
Kurrajona; Heights No. 1.1 (~itt, 1968) 

C 

Siltstone, carbonaceous, interbedded with medium to coarse- 
grained slightly pebbly subgreywacke wit' carbonate cement. I Mainly siderite cement, with some calcit, , silica, dolo~ite, 
anhydrite, and pyrite. Worm tubes, Fora~ inifera, and 
brachiopods. Cross-lamination and scall p structures 73.2 

I 

I I 



Thickness 
7T- 

Subgreywacke, fine and coarse-grained, muddy, interlaminated 
in thick sequences with-very fine subgreywacke and siltstone, 
and muddy very fine subgreywacke; all carbonaceous and 
micaceous, with scattered pebbles and rare cobbles. Calcite 
and siderite cement; pyrite. Cross-lamination and scallcp 
structures 

Total - 
Kirkham No. 1 (Raine, 1969) 

Thickneee 
(m> 

Siltstone, sandy, pebbly, carbonaceous, .grading into fine- 
grained sandstone. Minor mudstone and claystone. Calcite 
and siderite cement; 'pyrite. Brachiopods and pelecypods 

Protoquartzite, fine to very fine-grained, and sandy 
siltstone. Sandstone contains up to 596 allochthonoue 
glauconite. Calcite and siderite cement; pyrite 

Siltstone, coarse-grained, slightly pebbly, sandy, grading 
into silty fine-grained sandstone. Calcite and.siderite 
cement; pyrite and.glauconite 

Total . - 
Woronora No. 1 (~lcock, l96@) 

Thickness 
(m> 

Siltstone and sandy eiltstone interbedded with fine-grained 
quartz greywacke. Minor quartz sandstone and shale beds, 
Pebbly in places. Churned bedding. Brachiopods 

Stockyard Mountain No. 1 (~lcock, 196@ 
Thickness 
0 

Basalt, dark olive-black, porphyritic 

Sandy mudstone, interbedded with shale and fine to mediurn- 
grained dolomitic protoquartzite, with scattered pebbles. 
Carbonaceous, pyritic; sandy at top. Lamination, scallop 
structures, churned bedding, burrow structures and marine(?) 
shell fragments 

Total - 
Coonemia No. 1 (~enoa, 1969a) 

Silts tone, medium-tow, , carbonaceous ; 
scattered sand grains 



-1 10- 

BMR Wollongong No. 1 (~zimic, 1971 ) 

Thickness 

Siltstone, calcareous, carbonaceous, and pyritic grading 
(m, I 

into fine to very coarse sandstone. Brachiopods, pelecypods, 
and Bryozoa common 153.9 I 

Wandandian Bore (David & Stonier, 1891 ) 

Thickness I 
(m> 

Mudstone, dark grey, pebbly; same small boulders and abundant 
marine shells 167.6 I 

Relations with Older Units 

!he Branxton Formation is conformable on the Greta Coal Measures 

except in the Raymond Terrace district of the lower Hunter Valley where it is 

conformable on the Dalwood b u p .  I 
'The Wandrawandian Siltstone is conformable on the Snapper Point 

Formation. 
I 

-Correlations and Age 

The Branxton Formation in the northern part of the basin is correlated 

through the deep wells with the Wandrawandian Siltstone in the eouth as shown 

in Plate 2. The correlation is based mainly on its stratigraphic position 

I 
between the Greta Coal Measures and Snapper Point Formation below and the 

Mulbring and Berry Formations above. It must be emphasized that the sequence 
I 

referred to here as the Wandrawandian Siltstone is the sequence between the units 

defined in the BMR well studies and company well completion reports as the 
I 

Kedumba Creek Sandstone Member of the Berry Formation and the Nowra Sandstone, 

which are now reco~ized as the subsurface extension8 of the Nowra Sandstone 

and Snapper Point Formation respectively (Ykyne et al., 1970). 

I 
Dickins (1968) relates the fauna of the Branxton Formation below the I 

Fenestella Zone to Fauna I1 of the Bowen Basin (Dickins et al., 1964). It 

contains Deltopecten, 'Perrakea sp., Strophalosia valida (closely related to I 
S. brittoni), and a Notospirifer similar to N. extensus. Diokins (1 968) relates 

the fauna of the upper part of the Branxton Fo-tion to Fauna III in the Towen I 
Basin, which occurs in the middle part of the 'Middle Bowen Beds I, (= Gebbie 

Sub-Group of Back Creek ~roup). Yauna 111 is poorly represented in the Hunter 

Valley collections and appears to be poorly developed in other areas of Permian 
I 

outcrop in Hew South Wales. The Fenestella Zone contains Strophalosia cf. I 



~ukesi or preovalis and Ambikella related to A. plica and A. plana, Notospirifer sp. 

and Myonia sp. Dickins has subdivided Fauna I11 in the Rowen Basin into Faunas 

IIIa, IIIb, and IIIc. He considers that the fauna of the Fenestella Zone is 

related to Fauna IIIa. Runnegar (1967) states that the interval in the Sydney 

ksin which corresponds to Fauna. 111 in the Bowen Basin contains a mixture of 

species which are restricted to Faunas I1 and IV in Queensland, the mixture 

constituting the Eurydesma-Nyonia corrugata fauna, later called the Ulladulla 

fauna (Runnegar, 1969). The following species are found in the Branxton Formation: 

Eurydesma hobartense, Myonia currugata, Neocrimites meridionalis, Ambikella cf. 

angulata, Ambikella cf. - ovata, Gilledia culburrensis, Fletcherithyris aqygdala, 

Fletcherithyris parkesi, 

Runnegar does not state the location of this fauna within the Branxton 

Formation. Dickins (1968) gives a probable Kungurian age for the top part of 

the Branxton Formation and an Artinskian age for the lower part. 

Runnegar (1967) gives the following species which occur in the 

Wandrawandian Siltstone as part of the Eurydesma-Myonia comugata fauna: 

*Eurydesma hobartense, *Deltopecten multicostatus, *Myonia ccrrugata, *Megousia 

sp. nov., Ambikella cf. ovata, *Gilledia culburrensis, - Gilledia ulladullsnsis, 
Fletcherithyris amygdala. 

The Ulladulla Mudstonesof Harper (1915) and Brown (1925t), which crop 
out at Ulladulla, were previously considered to be an upper silty phase of the 

Conjola Formation (~c~lroy & Rose, 1962). However, Dickins et al. (1969) consider 

that the sequence is in the correct structural position to be correlated with the 

lower part of the Wandrawandian Siltstone. The fauna is a mixture of Faunas I1 

and IV in the Bowen Basin. It contains hltopecten limaeformis, Strophalosia cf. 

preovalis, Terrakea sp. nov,, Ambikella ingelarenais, Ambikella cf, undulosa.in 

addition to those species marked thus *. The fauna of the upper part of the 

Wandrawandian Siltstone has not been described. 

INTERVAL 5: M[TREE SBPJDSTONE MENBER OF BRANXTON FORMATION AND CORFGUTIVE 

NOWRA SANDSTONE 

Muree Sandstone Member 

The Muree Sandstone Member (Engel, 1966; McKellar, 1969) of the 

Branxton Formation is exposed in the Lochinvar Anticline and between Paterson and 

Raymond Terrace in the lower Hunter Valley. The name is taken from the Muree 

Quarry in Raymond Terrace (Clarke, 1878). The Nuree Sandstone Member is synonymoue 



with the Muree Stage of lsvid (1907) and the EIuree Formation of Booker & 

Hanlon (2 Hill, 1955) and Booker (1960). 

The type section is located in Bow Wow Gorge 5.5 km southwest of 

Mulbring. It is described by McKellar ( 1969): 

Thickness 
0 

Cliff -f oming eandstone, . frequently conglomeratic or tilli tic 39.6 
Siltstone, interbedded with bench-f orming units of 
sandstone from 0.3 to 0.6 m thick 

Cliff-forming sandstone, frequently conglomeratic or tillitic - 16.8 

Total - 
The member loses its distinctive threefold character away from the 

type area, and is difficult to identify, so that there has been some doubt as to 

its correlation and distribution si ones, 1939; Booker, 1960). Engel (1 966) 

considers it to be largely restricted to the Lochinvar Anticline and areas 

immediately to the east. Raggatt (1938b) identified it also in the Loder &d 

Belford Domes and Sedgefield Anticline in the Singleton area, and in the 

Muswellbrook area. Plate I., and the N.S.W. Department of Mines Geological 

Series 1 :250 000 (1966) Sheet for the Singleton area show it cropping out in the 

domes in the Singleton area, but not at Muswellbrook. 

Nowra Sandstone 

The Narra Sandstone (Joplin et al., 1952) is a prominent cliff-forming 

unit in the southern area. There is no defined type section. Complete sections, 

exceeding 90 m in thichess, occur north of hrrier, north of the Shoalhaven 

River. According to McElroy & Rose (1 962) it consists typically of quartz 

sandstone resembling the Triassic Hawkesbury Sandsto?e in composition, grainsize, 

texture, well defined cross-bedding, mode of outcrop, topography, and vegetation. 

White quartz pebbles are possibly more common in the N o w m  Sandstone than in the 

Hawkesbury sandstone, and .small fragments and ,large blocks. of phyllitic sil tstone 

and quartzite are also distributed throughout the formation particularly in the 

western part of the area. 

Paix (1968) describes the following subdivision3 seen in outcrop Fn 

the Nowra district: 



Cross-bedded quartz sandstone 

Cliff-forming quartz sandstone with evidence of graded bedding 9-1 5 
Sil ts tone o r  s i l t y  sandstone 

. . 0-6 

Massive quartz sandstone ' 4.6 

Fass i l s  a re  par t icular ly commontowards the base and in the s i l t s tone  

units. 

He considers the ei l ts tone interval  to  be persistent enough t o  warrant 

member s ta tus ,  and .proposed the name Currumbene Si l ts tone Member. The thickest 

outcrop of the s i l t s tone  was observed in the north bank of Curxwnbene Creek 

about 0.8 lsn below the falls a t  Fa l l s  Creek, where it is  9 m thick. 

To the north and eas t  the Nowra Sandstone lenses out into e i l t s tone  and 

i s  consequently d i f f i cu l t  t o  distinguish from the underlying Wandrawandian 

Siltstone. Paix considers tha t  a fossi l i ferous interval near the base of the 

Nowra Sandstone at Pointer Gap in the Milton d i s t r i c t  may be on the same 

strat igraphic horizon a s  the Currumbene Si l ts tone Member. 

West of ~ i l t o n ' t h e r e  a r e  well known residuals of the cliff-forming 

sandstone a t  Pigeon House, The Castle, Talaterang, Corang, and W l t y s  Mountain. 

The sandstone has a prominent joint  pattern. The joints  vsry in direction from 

place t o  place, and commonly dip a t  60'. . 

Current-bedding measurement8 on the cross-bedded sandstone (Faix, 1968; 

McKelvey e t  al., 1971) indicate a current from the south. 

Ozimic (1971) subdivided the Nowra Sandstone on the basis of the gamma-ray 

patterns and the lithology in the BMR Wollongong NOS. 1, 2, and 2A wells, the 

Stockyard Mountain No.. 1 well (dlcock, 1968a), and on f i e l d  observations in the 

Nowra d is t r ic t .  He distinguished an upper uni t  of cross-bedded and thick-bedded 

sandstone, a middle uni t  of interbedded sandstone and shale, and a l a t e r  uni t  of 

massive bedded sandstone. 

Interval  5 in  the deep wells 

The Loder Ho. 1 and Belford No. 1 wells in the lower Hunter Valley 

spudded below the Muree Sandstone Member and the uni t  could not be ident i f ied 

i n  the deep wells in the middle and upper Hunter Valley. 



The following sequences were encountered in the deep wells from north 

to south through the basin. 

East Maitland No. 1 (Jensen & Bryan, 1969) 

Thickness . (m> 

Protoquartzite, fine to medium-grained, pebbly in places. 
quartz grains commonly show interlocking fabric. Rare 
microperthite grains and fragments of fine-grained mafic 
volcanic rock. Silica, siderite, calcite, and dawsonite 
cement. Thin interbeds of siltstone and mudstone in lower 
half. Abundant brachiopods, bryozoans, and corals at 
certain levels 181.7 

Kulnura No. 1 (~zimic, 1969) 

Thickness 
0 

Subg~eywacke, coarse-grained, pebbly. Calcite, silica, and 
dawsonite cement; pyrite. Foraminifera, brachiopods, and 
bryozoans 

Howes Swamp No. 1 (~sso, 1970) . 

Lithic sandstone, buff, conglomeratic 

Dural South No. 1 (Hawkins & Ozimic, 1967) 

Protoquartzite, medium-grained, pebbly. Quartz grains 
commonly showing interlocking fabric. Thin siltstone 
interbeds. Calcite, siderite, and silica cement 

Thickness 
<m> 

Kurrajong Heights No. 1 (~itt, 1968) 

Thickness 
0 

Subgreywacke, fine-grained, pebbly. Siderite, calcite, and 
silica cement; pyrite 

Kirkham No. 1 (kine, 1969) 
Thickness 
0 

Protoquartzite, fine to medium-grained, slightly pebbly, 
and minor siltstode. Pebbles of quartz, sandstone, 
siltstone, and igneous rock. Calcite, siderite, silica, and - 
dawsoni te cement ; pyrite . Graded bedding (waxing and waning 
current types), wavy bedding, burrows 



Woronora No. 1 (Alcock, 1968b) 

Thickness 
T 

Protoquartzite, medium-grained, silicified; pebbles of quartz, 
metaquartzite, and mudstone. Brachiopods 15 
Protoquartzite, fine-grained, interbedded with fine-grained 
subgreywacke and siltstone. Minor beds of shale and mudstone 33.5 
Total 

Stockyard Mountain No. 1 (Alcock, 1968a) 

Thichess 
T 

Protoquartzite, medium-grained, silicified, calcareous, pyritic, 
with interbedded sandy mudstone in the middle of sequence. 
Quartz and chert pebbles. Brachiopods common. Poorly sorted 
and bedded 39 6 

BMR Wollongong No. 1 (Ozimic, 1971 ) 

Sandstone, coarse-grained, poorly sorted, pebbly in places. 
Calcite, siderite, and silica cement. Contains middle unit 
of sandy siltstone with fossil fragments. Spudded in 
Interval 5 

BMR Wollongong No. 2 & 2A (Ozimic, 1971 ) 

Sandstone, coarse-grained, poorly sorted, pebbly; calcite, 
siderite, and silica cement; contains middle unit of thinly 
bedded sandy siltstone with abundant brachiopods, pelecypods, 
gastropods, and rare fragments of bryozoans 

Thiclmess 
73- 

Thichess 
0 

46.3 

Relations with Older Units 

The Muree Sandstone Member is conformable on the Branxton Formation in 

the type area near Mulbring on the Lochinvar Anticline, and on the domes in the 

Singleton area. 

The Nowra Sandstone is conformable on the Wandrawandian Siltstone, 

although McKelvey et al. (1971) eve indicated the possibility of a disconformity 

at or near the base. 

Correlations and Age 

The correlation of the Muree Sandstone in the north with the Nowra 
I 

Sandstone in the south is based on lithology, faunal evidence, and stratigraphic 
t 

position. The Nowra Sandstone has been\ traced from outcrop, via shallow wells, 
1 



i n t o  the deep wells t o  cor re la te  with the Muree Sandstone Member (plate  2 ) ,  

David & Stonier (1891) referred t o  the Wmra Sandstone as the Nowra G r i t  and 

s t a t e d  t h a t  'the formation much resembles the Iluree Rock of the upper marine 
I 

se r i ea  near  Maitland i n  i i tho logica l  character and contained f o s s i l e  1 .  I 
The Muree Sandstone Member contains an abundant marine fauna.correlated 

with Fauna JV of the Bowen Basin, which occurs i n  the upper par t  of the'Middle 

Bowen Beds' (Dickins, 1964, 1968). The correlation i s  indicated by the presence 
I 

of species c losely re la ted  to, o r  conspecific with, Terrakea solida, Strophalosia 

ova l i s ,  and Neospirifer sp. B. Fauna I V  is Kazanian i n  age. 

Dickine e t  al. (1969) described the fauna from Pointer Gap i n  the 

Milton d i e t r i c t .  The fauna w a s  collected f r o m  a lower s i l t s tone  un i t  and an 
I 

overlying sandstone, The s i l t s tone  w a s  or iginal ly  considered t o  be the upper 

p a r t  of the  Wandrawandim Si l ts tone,  but is now regarded ( ~ i c k i n s ,  2 Olgera I 
and Flood, 1970) as part of the Nowra Sandstone. This interpreta t ion agrees 

with Pa i r ' s  hypotheeie (Paix, 1968). The fauna from the s i l t s tone  un i t  contains 

Neospirifer ap., Te r r akea  sp., and Strophalosia cf. clarkei,  which mqygest 

I 
re la t ionsh ips  with Fauna IV of the Baren Baain, The fauna from the upper I 
sandstone un i t  contains Pymmus cf .  myifomis, Terrakea cf ,  eolida, Strophalosia c f *  

c la rke i ,  S. cf ,  oval is ,  Neospirifer ap., and Notoapirifer sp. nov., which are - 
r e l a t e d  t o  species i n  the  Muree Sandstone Member and Fauna I V  in the Basen Basin. 

I 
It a l s o  contains Astartila cf. compressa, Myonis corrugata, and Ambikella cf. 

i s b e l l i ,  which pe r s i a t  from the Ulladulla Mudstone and Snapper Point Formation. I 
ImTERVAL 6: MUIIBRING SILTSTONE AND CORFELATIVE BERRY FOm'1AT13N 1 

The Nulbring Si l ts tone occurs i n  the Muswellbrook and Singleton areas, I 
on the f lanks  of the  Lochinvar Anticline, and i n  the Medowie Syncline running 

northeast  from Raymond Terrace. It is synonymous with the Mulbring o r  Crinoidal 

Stage of the  Uppe$ Marine Series (David, 1950) and the Mulbring Sub-Group of the 
I 

Maitland Group (Booker & Hanlon, H i l l ,  1955). It has since been redefined a s  

a formation of the  Maitland Group (Engel, 1966; McKellar, 1969) and two members, I 
t h e  Glendon Si l t s tone  Member anct Dochra Silts-tone Member, have been recognized 

between Singleton and Greta. I 
The Kulbring Si l ts tone consis ts  of s i l t s tone  and minor claystone. 

McKellar (1969) measured a t h i c h e s s  of 330.1 m on the southeast flank of the 

I 
Lochinvar Anticline, which he considered t o  be close t o  the  true thickness. The 

type sect ion (McKellar, 1969) of the Glendon Sil tstone Member i s  9.6 km eas t  of 
I 

Singleton. The member i s  about 1.5 m thick, and approximately 76 m above the 

* = Blenheim Sub-Group of Back Creek Group 
I 



base of the.formation. .It is-characterized by the presence of many large 

calcareous - globula.r.concretion~. we-Dochra Siltstone-Member is a,prominept 
bench-forming .micaceoue siltstone in. the Singleton-area. The type. section 

(~c~ellar, !96?) is:4- _km southwest of Singleton on the left bank ;of the river, 
where..the member is. !9.8- m-thick and- 21 j3-m below-,the top,of the mbring ,- 

Siltstone. 

:The Be=-Floxqmtion, (Byyan -et al: , ! 966) has been mapped- along - the 

western-=?gin-from_.Mount .%laterang in-the far south to the Capertee area 

. (McElroy, 1962) ,: and .also -in .the Cambewarra Range in .the southern- area (~ose, 
1962). : A:,numberr,of. .nearly ,complete _ sections have. been measured,ln ,the ,C-ambewapa 

Range,area, :and,cthe 4maximumtestimated thickness -5s' 143 m. rThe~'fonnationLconsists 

mainJy of micaceous;siltstone, -shaly in part, with laminae ,of silty 2sandstone. 

, Northwards (:from.ZTal&ogg ,the _sequence is- pebb)y particularJy.-towards , the.,base. 

The-following sequences were encountered in-the-deep wells from north 

to south through the basin: 

East Maitland No. 1  e ens en & Bryan, 1969) 
Thickness 
0 

Siltstone, highly carbonaceous, pyritic, grading in places 
into silty sandstone, overlain by thin calcareous 
subgreywacke 219.5 

Siltstone, carbonaceous, pyritic, sandy with mudstone and very 
fine-grained sandstone. Calcite cement throughout. Marine 
fossils and burrow structures. Scallop structures si ens en, 
1968) common at certain levels 185.9 
Siltstone, carbonaceous, micaceous, pyritic, sandy, with silty 
sandstone and some mudstone. Brachiopods, Bryozoa, and corals. 
Scallop structures. Distinguished from sediments above by 
presence of sparse small siliceous pebbles 123.1 

Total - 
The cylindrical scallop structures are composed of a number of concentric 

cylinders outlined by grey laminae rich in carbonaceous material. The structures 

appear as a series of scalloped swirls. They are elongated parallel to the 

bedding, and are thought to represent some type of seaweed. Similar structures 

have been described in the kchra Siltstone Member (~c~ellar, 1969). 



Camberwell No. 1 (BOG, 196@ 

Siltstone, light grey, finely micaceous, sandy in part, 
slightly carbonaceous. Rare fossil fragments, Well . . 
spudded in this unit. Upper part probably base of 
upper coal measures 238.7 

Jerrys Plains No. . 1 (~sso, 1969) 
. . 

. . 
. .  Thicknees 

Shale, medium to dark g ~ e y ,  slightly carbonaceoue, grading 
0 

into argillaceous siltstone; minor interbeds of sandstone. 
Siltstone f ossilif erous .in places (brachiopods? 1 ; pyritic 167.6 

Martindale do, .1A (~icholas, 1969) 

Protoquartzite, fine-grained, carbonaceous, grading into 
siltstone. Siderite and dawsonite cement 

Siltstone, ca~bonaceoua; sideritic ; pyritic,. interbedded 
with clayritone 

Siltstone, carbonaceous. Pyrite, dawsonite, and siderite 
cement 24.4 

Siltstone grading. in places into very f ine-grained 
protoquartzite. Small amounts of carbonaceous material, 
pyrite, quartz and chert pebbles, and volcanic rock 
fragments throughout. Dawsonite, calcite, and siderite 
cement. Bryozoa near top 

Total - 
Kulnura No. 1 (0zimic. 1969) 

Siltstone, sandy, carbonaceous, with thin beds of claystone 
and lamike of coal. Abundant Foraminifera and ostracods 

Siltstone, as above, but with higher proportion of sand. 
Distinguished by large proportion of pyritic matter. 
Abundant Foraminifeig 9 -  . . . 

Total - 

Thickneea 
T 

58 
Foraminif era identified by Creepin ( 1964) include Ammodiecue incertua , A. 

milletianus, A. cf. :semiconstrictw, A. sp., Agathanrmina sp., Hyperamminoides cf. 

proteue, H. cf. rugosua, Textularia sp., l?odosinella sp., - Rochamminoides anceps, 
Trochammina sp., cf . Haplophragmoides, ~mmobaculites sp., Climacammina ep., 

Nodosaris sp., Frondlcularia woodwardi, F. cf. woodwardi, F. sp. nov., cf. 

Geinitzina, and cf. Globivalvulina. The ostracods present are Macrocypris ep., 

Bairdia ap., Bythocyprie sp., Cytherella sp., Healdia ap., and cf. Cavellina. --.- 



&wee Swamp No, 1 (Esso, 1970) 
--- - - - 

. s, 
4- 

a 
Siltstone, light to dark grey, carbonaceow, calcareous, 
pyritic, interbedded with medium to dark grey silty shale and 
minor fipe to coarse silty sandstone. Brachiopods and 
crinoids' in lower part 

Kurrajong Heights No. 1 (~itt, 1968) 

Siltstone, micaceoua, pyritic, carbonaceoue, interlaminated 
with muddy very fine-grained subgreywacke. Rare quartz 
pebbles scattered throue;hout. Mainly calcite and dolomite 
cement; some siderite and anhydrite. Plant fragments, worm 
tubes, Foraminifera 

Siltstone, as above, but more arenaceoue sediment 

Total - 

Thicknese 
T 

Crespia (1 955) identif led the following Foraminif era: Dig1 tina 

rsoumta (Crespia 6 PA), Reophax cf. aepersus (~ushman dr waters), Reophax sp., 

Hyperamminoidea sp., hodi8cue multicinc tua (creepin & Pam), and Trochammina 

pulvills (Crespin 6 Pam) • Y 

Dural South No. 1 (Hawkine & Ozimic, 1967) 
. . Thickness 

0 
Siltstone, sandy,'carbonaceous, with minor subgre 
arenaceoue Fordnifera (mainly Hyperammina spp. 

. . PCke ; . , , 76.2 
Sandy siltstone, massive, pyritic, carbonaceous, with claystone 
interbeds and rare quartz greywacke 362.7 

Total - 

Thickness 
7T- 

Sandy siltstone, .micaceous, interbedded with protoquartzfte 
and shale. Fragments of volcanic rock in sandstone 73.2 

Sandy siltstone.with minor sandstone. Fragments of.:aolcanic ; 

rock in sandstone' 33.5 
Subgreywacke, fine-grained! abundant fragments of: volcanic 
rock and plagioclase -15.2 



Thickmess 
0 

Sandy siltstone with minor sandstone and shale 128.0 

Siltstone with interbedded subgreywacke, shale, and mudstone. 
Subgreywacke contains numerous grains of vo~c'anic rock and 
plagioclase, and minor chlorite, dolomite, pyrite. , and ' silt., Scallop structures in mudatone 76.2 

Total - 
Kirkham No. 1 ( ~ a i n e ,  1969) 

Mudstone, brownish black, and s1ie;htly sandy siltstone 
grading down into slightly pebbly sandy siltstone to 
fine sandstone. Sediments carbonaceous; siderite and 
calcite cement ; pyrite. Burrows, bioturbation, 
lamination, cross-bedding. Brachiopods 

sto=kyard Mountain No. 1 (~lcock, 196@ 

Shale grading into siltstone. @art2 sand and pyrite 
scattered throughout. Lamination, microcross-bedding, 
and scallop structures. Brachiopods, Bryozoa, rare 
Foraminifera, and plant fragments near top 

Thickness 
0 

Thickness 
0 

BMR Wollongon~ No. 2 & '  28 (~zimic, 1971) 
Thickness 
(m> 

Sandstone, very fine-grained, and siltstone; some shale' laminae. 
. Foraminiferalcasts and broken shell frawents 26.5 

Relations with Older Units 

The Nulbring Siltstone is conformable on the Muree Sandstone Member 

where present, and on the Branxton Formation elsewhere. 

The Berry Formation is conformable on the Nowra  Sa~dstone in the south 

and on the Megalong Conglomerate on the western mmgin. 

Correlations and Age 

The Nulbring Siltatone in the north and the Berry Formation in the 

south have been correlated through the wells on the basis of lithology and 

stratigraphic position (P1 . 2). 



The fauna of the Mulbring Siltstone is correlated with Fauna IV of the 

Bmen Basin (Dickine et al., 1964; Dickins, 1968), which occurs in the upper 

part of the W.ddle Baren Bedsf (= Blenheim Sub-~roup). The correlation is 

indicated by the presence of Fionia carinata and Chaenomya sp. The Berry 

Formation also contains a fauna equivalent to Fauna IV ( m e g a r ,  1967; Dickina 

et al., 1969). 

Megalong Conglomerate 

The Megalong Conglomerate and the overlying Berry Formation constitute 

the Shoalhaven Group of McElroy (1962), which crops out on the western margin of 

the basin from ~allong in the south to Wollar in the north ( ~ c ~ l r o ~  et al., 

1969). In many places the two formations have not been mapped separately. 

The Megalong Conglomerate ranges from a massive cobble conglomerate, up 

to 15 m thick, to pebbly sandstone and interbedded ailtstone and conglomerate up 

to 120 m thick. In the type area in the Megalong Valley, the formation consists 

of a sequence of cobble conglomerate about 60 m thick. 

In many localities, including the Megalong area there is .a breccia- 

like conglomerate at the base containing large boulders of quartzite and other 

rocks up to 3.5 m across. McElroy et ale (1969) state that in many places the 

basal breccia8 consiet of a few or numerous angular blocks and rounded boulders, 

cobbles, and pebbles set in a poorly sorted matrix of rock fragments quartz and 

feldspar. 

In the Kandos area the Megalong Conglomerate has been interpreted as 

f luvioglacial (~uss~nilch, 1933 ) or as a shoreline deposit  avers, 1960). 

Relations with Older Units 

The Megalong conglomerate overlies Silurian and Uevonian sedimentary 

rocks unconfomably. 

Correlations and Age 

McElroy & Rose (1966) consider that the Wegalong Conglomerate in the 

Tallong area represents the western coalescence of the Conjola S d b G ~ a n d  the 
1 

Bowra Sandstone, the Wandrawandrian Siltstone having lensed out in this area. 

1 
I 
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The conglomerate i n  t he  Tallong a r ea  has been studied more recent ly  

by Herbert ( in  press )  vho has renamed it the  Tallong Conglomerate. He considers 

t h a t  it may be a co r r e l a t i ve  of t he  conglomerate a t  the  base of the  Permian 
c k  

sequence i n  t h e  Coonernia No. 1 well  ernbr brim & Holmes, 1971). 

Brachiopode, pelecypode, bryozoans, and gastropods have been recorded 

from a number of l o c a l i t i e s  ( ~ c E l r o y  e t  al., l969), but the fauna has not been 

r e l a t e d  i n  terms of age t o  t ha t  in other  a reas  of the basin. 



APPENDIX 3: UPPEB KAZANIAN TO FIDDLE TRIASSIC ROCKS 

INTERVAL 7: LOWER PART OF TIE WALLIS CRiBK FORMATIOR AND CORRELATIVES 

Lower par t  of Wallis Creek Formation 

The type section of the  lower par t  of the  Wallis Creek Formation 

(Anon, 1969) is  in  the  lower Hunter Valley between the  outcrop of the  Chaenomya 

Beds, at the  top of the 13ulbring Formation, and the  Rathluba Seam. The lower 

p a r t  consis ts  of sandstone, shale, mudstone, and th in  named coal  seams, which 

amalgamate i n  one area,  t o  form an economic seam, the Rathluba Seam. 

Saltwater Creek Formation 

b The type sect ion of t h e  Saltwater Creek Formation (Robinson, 1962; 

Bri t ten ,  1971) i s  i n  TIM Warkworth DDH 1 from 479.7 t o  495.3 m (1572.75 f e e t  t o  

1624.3 f ee t ) .  The formation coneister mainly of sandstone with r a r e  shaly par t ings  

and laminae. There a r e  a few th in  coaly and tuffaceous layers. 

Lower part of t he  Vane Sub-Group 

The type eection of the  Vane Sub-Group (&it ten,  1972) i s  i n  DM 

Warkworth DDH 1 from 253.4 t o  479.6 m (724.01 f e e t  t o  1572.75 f ee t ) .  The 

sub-group consis ts  of shale, s i l t s t one ,  sandstone, conglomerate, and coal, and is 

subdivided i n to  the  Foybrook, Bulga, and Archerfield Formations, which have been 

described i n  d e t a i l  by Britten. Only the lower hal f  of the sub-group, from the  

Hebden Seam t o  the Pikes Gully Seam of the Foybrook Formation, is  included i n  

In te rqa l  7. 

Mount . Mareden Claystone 

The Mount Marsden Claystone ( ~ o l d b e r ~ ,  1969) coneiete predominantly 

claystone with interbede of limestone, dolomite, s i l t s t one ,  and sandetone. 

The type eection is i n  the  Glen. h v i e  Poet Office ssct ion,  from 36.6 to 55.5 m. 

The rocks contain dawsonite and nordetrandite as cement. Plant remaine are 

abundant i n  places. 
Budgong Sands tone 

The name Budgong Sandstone w a s  f i r s t  mentioned in  the  reference column 

of the  Wollongong 1 : 250 000 geological Sheet ( ~ e o l .  Surv .  N.S.W., 1966). 
/ 



TABLE A. MEMBERS OF THE GEREUNGONG VOLCANICS 

(after Hanlon e t  a l . ,  1953) 

Cambewarra Latite Member 
Saddleback Lstite Member 

Broughton Sandstone Member 
(where Bumbo Latite apd 
Blowhole Latite are 
m i  asing ) 

Jamberoo Sandstone Member 

Bumbo Latite Member 

Kiama Sandstone Member 

Blowhole Latite Member 

Westley Park Sandstone Member 

Rote. The l a t i t e s  contain plagioclase and potash feldspar, with 

or without quartz ( ~ o ~ l i n ,  1964). 



The type section of the Budgong Sandstone (Bowman, 1970) is at 
Yallah-Avondale near Wollongong. The sandstone at the base is dark grey and 

fine-grained. The clasts consist mainly of feldspar and andesite, but also of 

metamorphic, granitic, and sedimentary rocks. There are lenses of shale and 

siltstone, and abundant m i n e  fossils, particularly towards the base. The 

sandstone becomes coarser-grained and cleaner towards the top; it is more thickly 

bedded and more quartzose and light grey to yellow-brown in colour. It is 

generally flat-bedded, the thickness of the beds increasing to about 1 m at the 

top of the unit. Towards the top marine fossils become rare, and plant fragments 

appear. 

Between Wollongong and the Shoalhaven River red, yellow, and brown 

sandstone is interbedded with latite flows. Bowman (1970) has suggested the 
informal term Gerringong volcanic facias for this sequence, and the name Broughton 

Sandstone for the red sandstone where there are no interbedded latites. Hanlon 

et al. (1953) suggested the name Gerringong Volcanic8 for the volcanics. The 

component members, which are often mentioned in the litersture, are listed in 

Table A. Bowman (1970) added the Dapto Latite as the stratigraphically highest 
lava in the Gerringong volcanic facies. He and Raam reject the opinion of earlier 

writers that the basaltic detritus in the adjacent sandstone is volcanic ejecta, 

and consider it to be due to penecontemporaneous erosion of the lava flows. The 

presence of pillow structures in the lavas strongly suggests that they were 

errupted in shallow water (Raam, 1969). 

The Westley Park Sandstone Member is richly fossiliferous and contains 

glendonites and ice-raf ted erratics (Booker, 1960). The Kiama Sandstone Member 

contains pebble horizons and a more sparse marine fauna, whilst the Jamberoo 

Sandstone Member contains some plant fossils. 

Pheasants Nest Formation 

The type section of the Pheasants Nest Formation (Wood & Bunny, - in 

Wass et al., 1969) is in the DM Wollongong 35 bore, where it is 76 m thick. 
Bowman (1 970) described the formation as follows: 'coarse-gr~ined, poorly-sorted, 

thinly bedded sandstones composed of basaltic detritus, feldspar, quartz, and some 

lithic fragments of sedimentary, granitic, and metamorphic origin, and thin 

interbedded shales and minor coals. Abundant channels with overbank depositional 
\ 

slopes up to about lo0, thin lenticular coals, and prostrata tree-trunks, some of 
I 

which appear to be close to their growidg positions, characterize the Pheasants 
\ 



Nest Formation particularly towards the bee. The most extensive coals, the 

Unanderra and Figtree Coal Xembers, which consist of up to 4.6 and 1.5 m 

reepectively of interbedded carbonaceoue clayetone, tuff, and coal are 

developed in the finer upper section of the sequence to the south of Wollongong. 

Measurement of current directions in sandstones of the Pheasants Nest 

Formation. by the author and M.R. Bunny indicate a northeasterly current flow1, 

IY 

Interval 7 in the deep wells 

Cataract No. 1 (E. Nicholas, pers. corn,) 

Thickness 
73- 

Arkose and subgreywacke, fine to medium-grained, greyish; 
numerous clasts of volcanic rock; chlorite and siderite 
cement; accessory pyrite and carbonaceous material 222.6 

- Kirkham No. 1 (Raine, 1969) 

Thickness 
0 

Claystone, illitic , . 3.0 

Siltstone, sandy 21 .3 
Arkose, silty, greyish; chlorite cement and clay matrix 24.4 

Claystone, illitic 1 .5 
Arkose, interbedded with sandy siltstone 

Claystone, illitic 

Thickness 
0 

Protoquartzite with interbeds of shale and carbonaceous ailtstone - 45.7 

Dural South No, 1 (Hawkins c3G Ozimic, 1967) 

Thicknese 
(m> 

Siltstone, thinly bedded, somewhat carbonaceous, and claystone 
derived from a probable mafic volcanic rock 24.4 

Siltstone, grey to carbonaceous; 'thin coal layers. Clay, 
chloritic; calcite crystals 21.3 

Subgreywacke with some interbeds of siltstone and trace of coal 3 o m 5  
Siltstone, thinly bedded; several thin coal seame 21.3 

Subgreywacke, green and brown, abundant clasts of volcanic rock; 
thin interbeds of siltstone. Chlorite and calcite cemei~t, no 
quartz 91.5 

Total - 189.0 
.- 
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Kulnura No. 1 (Ozimic, 1969) 
Thiclmess 
0 

Arkose, rich in potash feldspar and plagioclase; clasts of 
plutonic rock common. Calcite cement exceeds 25% of total 
rock. Some carbonaceous siltstone with coal laminae 

Tuff, fine, partly altered to clay 

Siltstone, calcareous, carbonaceous 

Tuff, fine, partly altered to clay 

Siltstone, calcareous, carbonaceous 

Tuff, fine, partly altered to clay 

Arkose, as above 

Total - 
East Maitland No. 1 ma ens en & Bryan, 1969) 

Protoquartzite, light grey; moderately well sorted; small 
coaly clasts and laminae 

Siltstone and silty claystone, very carbonaceous; coaly lamicae 
and plant fragments 

Protoquartzite, as above 

Claystone, silty, buff, soft; carbonaceous laminae common 

Subgreywacke, calcareous; carbonaceous laminae 

Total - 

Thickness 
0 

Jerrys Plains No. 1 (Esso, 1969) 

Thicknesa 
0 

Shale, grey, with occasional Interbeds of silty sand; 2 or 3 
coal seams 

Shale, grey, and fine-grained poorly cemented sandstone. Shale 
dominant in upper part, sandstone in lower part 

Shale, bituminous, and grey shale 

Coal, vitreous, and poorly sorted grey lithic sandstone with 
clay cement 

Sandstone, light grey, lithic, feldspathic, quartzose, poorly 
sorted, carbonaceous with thin interbeds of grey carbonaceous 
siltstone 

Shale, grey, laminated, carbonaceous, silty in places 

Shale, grey; carbonaceous specks; 2 coal seams 

Total - 
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Martindale No. 18 (19icholae, 1969) 

Sandstone, with claets of volcanic rock, interbedded with 
carbonaceous siltstone and carbonaceow sideritic clayetone. 
Up to about 10 coal seams; coal laminae . 115.9 I 
Protoquartzite, sideritic, . grading down into sideritic siltstone 
and claystone and then into carbonaceous siltstone 21 .3.  
Siltstone, 'carbonaceous' 24.4 
Total - 

,' Howes Swamp ho. 1 . (.Eseo, 1970) . . 

. . 
. . . Thichess 

. 0 
Siltetone, grey andpartly carbanacious, interbedded with .. . . 
buff f ine-grained partly carbonac'eous .sandstone; some 
thin coal seams . . 79.3 . . I. 

. . 

Shale interbedded, with siltstone, grey, carbonaceous; few thin 
laminae of '.li thic sands tone 36.6 

. . . .  . _: . . . . . . 

siltstone,: bey, o&b~~cbob8, interb-edded "ith pale t'uifaetioue . . .  . . .  . . . . . .  . . 

claystone and . lithic -.eandstone . . . . . .  . . . . 
. . . . . . . . . .  

, . . 16.7 
, .: , . . . . .  

i _  . .  . . . . , . .  . . . .  . . . . . . .  . . . . . . . . . . .  . . . .  - .  . - . .  Total . , , .  . , 1'32.6 
. . . . .  . . . - 

. , . :  . . 
. : .  

. . .  . . ~urrajo& Heights lo. 1 (~ i t t ,  . . 1968).. ..: . . .  
. . . . .  . . 

. . .  
Thickness 

. . . . . . 
, .' . . (m) 

Siltstone, carbonaceous, interlaminated with subgreywacke 
and coal 9.2. . 

Subgreywacke interbedded with micaceous and somewhat carbonaceous 
siltstone. Carbonate cement consists chiefly of calcite; 
clasts of quartz, claystone, altered volcanice, plagioclase, and 
chert 22~6 

I 
Total - 42.8 

, . - 
Mulgoa No. 2 (AoG, 1960) 

I 
Thiclcnese 
0 

I 
. . .  . . . . . - .  

~hal.=, , dark gky, '. iiiterbedd&d. vi tb fine medium-grained' .: ' , 

sandstone and . thin . layers .of limestone . . 150.2 

Sandstone interbedded with shale, siltstone, and coal laminae 45.6 - 

Total - 60.8 

Relations with Older Units 

In the lower Hunter Valley the baee of the Wallis Creek Formation is 
. I 



- In the Singleton area (middle Hunter valley) the Saltwater Creek 

Formation is conformable on the fossiliferous Dochra Mudstone, and in the 

Bayswater-Howick area (upper Hunter valley) it begins where Foraminifera-bearing 

silts tone gives way to non-f ossilif erous quartz sands tone (Veevers, 1 960). From 

Martindale through Jerrys Plains to Broke the base of the formation is immediately 

above the sandstone that has been interpreted as representing sublittoral conditions 
4 

during the final regressive stage of the Mulbring Siltstone. 

The Mount Marsden Formation lies conformably on the massive grey 

micaceous siltstone of the Berry Formation in the western area. 

The Budgong Sandstone also lies conformably on siltstone of the Berry 

Formation. The reddish sandstone (~ed Tuffs of Harper, 1905) of the Gerringong 

Volcanics provides a precise lower boundary for the formetion. 

The Pheasants Neet Formation ha8 a gradational contact with the Berry 

Formation and is arbitarily taken as beginning immediately above the last 

extensive marine sandstone of the Berry Formation. 

In the absence of any precise boundary between the formations of 

Interval 7 and the underlying Berry Formation and Kulbring Siltstone the boundary 
is taken where there is an increase in carbonaceous and volcanic material and 

the disappearance of marine fossils. 
T 

Correlations and Age 

Lithological correlation of Interval 7 is based on the following 
grounds: (a) they are all conformable on siltstone of the Mulbring Siltstone 

or of the Berry Formation, and (b) they were all formed under shallow marine, 

estuarine, or coal-swamp conditions. 

Fossils are uncommon in Interval 7; except in the tuffaceous sandstones 

associated with the Gerringong Volcanics. Raam (1969) lists the following forms: 

Coelenterata: Conularia inornata 

Brachiopoda: Strophalosia cf. clarkei; Terrakea silida; Spirifer 

duodecimcostatus; S. convolutus; S. vespertilio; S. tasmaniensis; Gilledia 

uladullensis alta; Fletcherithyris amy~dala; F. parkesi; Ingelarella 

subradiata. 

Bryozoa: Stenopora crinita; S. gracilis; S. frandesc~ns; Protoretw~~. ampla; 

Fenestella sp. 



Pe lecypoda : Stutchburia costata; Aviculopecten subquinquelineatus; 

A. lenuisulens; ~erismopteria- macroptera; Myonia carinata; M. valida; 

M. elongata ; Atomodesma sp 0 .5  -~e&aesm& ,yr&dis ; As tartila interp'idaj - 
< .'. - -  

Vacunella cwata; V. ethbridgei ;- - Str&hl&hondria engelha2&ti.; kyramirs 
. . '. . . _  , . 

myifomis. 

Hyolithida: Hyolithes lanceolatus 

Gastropoda: Mourlonopsis strzeleckiana; Mourlonia (~alnichollisa) 

subcancellata; Warthia micromphala; Platyschisma sp.; Peruvispira norrisiana; 
I 

Ptychomphalina sp. 

Crinoidea: Tribrachiocrinue corrugatus; T. granulatus; T. clarkei; I 
Philalocrinus konincki. 

. . .  .. . . I .  . b I - . '  . . : .  - . .  , .. . 
These fossils belong to Fauna IV (Dickins, 1964; Dickins et al., l966), . . ! : , 1 '  C.:' . , 

which is the youngest fauna in the Permian rocks of eastern Australia and is of I 
Kazanian to Tatarian age. . .  I .  . . .: : .: t ,.:. 

A few underdeveloped specimensof Stutchburia and Clarkeia have been 
I 

found in the Wallis Creek Formation. Glossopterid plant fragments occur in the 

carbonaceous layers present in w y c o f  , .  the .f o-tions. The following;,plants 

have been recovered from shales .in:;apd~.beJgw:,the .Unanderra Seam :in:. ther.Iliawarra- 

coalfield. (Wilson, 1969) :.. GLoeeopter$s :browniana,. G. indica, . G. amphi ;L. *,ntl 
I 

G. verticillata, G. linearis, G. cordata; Gangamopteris obovata, Gangamopteris 

mosesi. I I 
The age by K / A ~  isotopic dating of the Berkeley Latite and the Bumbo 1 

Latite is 250 m.y. (i.e. Middle Permian, Evenden & Richards, 1962). the world- 

wide Permian magnetic reversal called the Kiaman Magnetic Interval (Irving & 
4 ,  

Parry, 1963) was first detected (Hercanton, 1926) in the Gemingong lavas from 
8 .  . 

near Kiama. 

. . 
INTERVAL 8: UPPER PART OF WALLIS,C~.FORMATION AND CORRELATIVES 

Upper part of Wallis Creek Formation 

In the type section in the Buchanan Maitland DDB 1 in the lower Hunter 

Valley the upper part of the Wallis Creek Formation (Robinson, 1969 consists 1 
chiefly of sandstone, with very minor-shale, mudstone, and coal laminae. The 

formation includes the Buttai Beds of David (1907). I 
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U-t of the Vane Sub-Group 

The type section of the Vane Sub-Group (Britten, 197%) is in DM 
Warkworth DDH 1, from 220.7 to 479.4 m. The part included in Interval 8 comprises 

the upper part of the Foybrook Formation above the Pikes Gully Seam, plus the 

Bulga and Archerfield Formations. The Foybrook beds contain carbonaceous shale 

and coal seams, while the Bulga Formation consists of si1tston.o and the Archerfield 

Formation of sandstone. Britten considers that they are partly marine in origin. 

Coorangooba Creek Sandstone 

The type section of the Coorongooba Creek Sandstone (Goldbery, 1969) is 

in the Glen Davis Post Office section, from 17.7 to 36.6 m, 

The formation consists of medium-grained subgreywacke and protoquartzite 

with thin interbeds of shale and siltstone. The sandstone has a calcareous 

cement, Plant remains occur in places. 

Erins Vale Formation 

The type section of the Erins Vale Formation is in the DM Wollongong 35 
bore, It consists of fine-grained polymict sandstone with many siltstone lenses, 

The sandstone, the upper portion of which is conglomeratic in part, contains 

clasts of quartz, feldspar, volcanic rock, quartzite, and chert. The formation 

is generally from 6 to 36 m thick (Bowman, 1970). It consists of flat-bedded 

poorly sorted feldspathic sandstone at the base and well sorted cross-bedded 

quartzofeldspathic sandstone at the top, and is generally medium-grained throughout. 

Worm burrows occur throughout the section, but are partictlarly common at the base. 

The sequence is phosphatic, especially at the base. The Kulnura Marine Tongue 

(Bowman, 1970) is a siltstone member within the Rins Vale Formation; it 
contains a few marine fossils. 

~dterval 8 in the deep wells 

Kirkham No. 1 (~aine, 1969) 

Sandstone, polymict, very fine-grained; partly volcanogenic; 
variable proportions of quartz. Some sandy siltstone and 
illitic claystone. Fossil'burrows in a core from 1206.3 to 
1208,3 m indicate deposition in a tranquil marine environment 



Woronora No, 1 ( ~ l c o c k ,  196@ 

Thicknese 
0 

Slyale, carbonaceoue, interbedded with grey s i l t s tone  which 
i s  sandy i n  part ;  coal laminae. 12.2 

Subgreywacke , volcanolithic, dolomitic, with minor shale 
and e i l t s tone  

Subgreywacke interbedded ' , with . shale -and 8 i l t e  tone 15.2 

Subgreywacke, volcanolithic, with abundant f eldspar and 10$ 
quartz,  pa r t ly  dolomitic; minor interbeds of s i l ts tone,  
carbonaceous shale, and coal laminae 30.5 

Subgreywacke . . 15.2 

Total - . .  . 100.7 

Thickness 
73- 

Sil ts tone,  dark grey; abun&t , i l l i t i c  and chlor i t ic  clay; 
dispersed carbonaceous matter 50.3 

Subgreywacke, volcanolithic, fine-grained, ra re  quarts; 
ch lo r i t e  cement and minor cd-cf te ;  dispersed carbonaceoue matter 61 .O 

Claystone, dark grey; dispersed carbonaoeoua matter 30.5 

Subgreywacke, volcanolithic , brown, - eubbuigular, f ine-grained 27.4 

Dolerite . . 
39.6 

Subgreywacke, volc&oli thic  , grey-brown, .'thinly bedded, 25$ 
oligoclase but no quarts, interbedded with thinly bedded 

Total ' - 
N.B. Between 1265 m and 1359.4 m there a& f a i r l y  regular occurrence8 of a 

sparse microf auna, dominated by arenaceoue Foraminif era. 

~ulbura Ho. 1 (Ozlmic, 1969) 

Thickness 
73- 

Sandy s i l t s tone ,  calcareob,  c&bonaceo&; pyritic. Includee 
6 m of a l t e red  amygdaloidal basal t  2040 9 

B. B, ~umerous Foraminif ere."and ostracode' have been found between 11 52.3 and 

1302.9 m; t h i a  in te rva l  i 8  c s l l e d ~ t h e  ~ i l n u r a  Marine Tcngue (Bonan, 1970) 

Shale, l i g h t  grey t o  yellow, s l igh t ly  carbonaceous, interbedded 
w i t h  grey t o  yellow s i l t s tone  and whlteb.to grey f ine  well-' 
sor ted  quartz sandstone . 18.3 



Martindale NO. 1A (~icholas, 1969) 
_..: 

Thickness 
0 

Subgreywacke, volcanolithic, pebbly in parts, with intervals 
of carbonaceous claystone and siltstone 39.6 

Altered igneous rock. Lower less altered half considered to . 

be syenite with potash feldspar, pyroxene, biotite, and 
chlorite 2 ~ 2  
Total - 73.1 

Howes Swamp No. 1 (Esso, 1970) 

Thichese 
0 

Siltstone, buff to white with few thin interbeds of shale and 
light grey lithic sandstone 

Shale, medium to dark grey 

Shale interbedded with siltstone and fine sandstone 

Siltstone with trace of carbonaceous material; clay and 
calcite cement; volcanogenic clasts 

Silty shale with thin interbeds of sandstone 

Siltstone, brqwn to grey, with interbeds of grey fine-grained 
moderately well sorted sandstone; clay and calcite cement 

Total - 146.2 - 
Kurrajong Heights NO. 1 (~itt, 1968) 

Thickness 
- T r  

Sandstone, sideritic, very fine to medium-grained,. with 
interbedded siltstone; Some thin coal in lower half an4. 
polymict pebble conglomerate near base 54.9 

M u l ~ a  No. 2 (AOG, 1960) 

Thichese 
0 

Sandstone, massive, siliceous, coarse-grained, grey; minor 
siltstone near base and top 

Relations with Older Units 

The upper part of the Wallis Creek Formation is a conformable sequence 

between.the Rathluba Seam below and the Tomago Seam above. The upper part of 

the Vane  orm mat ion consists of a conformable sequence between the Pikes Gully 
Seam below and the Bayswater Seam above. The Coorongooba Sandstone rests 

conformably on the carbonate-bearing beds of the Mount Marsden Claystone, and 

the Erins Vale Formation lies conformably on the Fig Tree Seam or equivalent 

carbonaceous shale of the Bheasants Nest Formation. 



Correlations and Age i 
The formations in Interval 8 are correlated on the following lithological 

grounds: except for the Mount Marsden Claystone they all lie conformably on coal 

or carbonaceous shale of Interval 7; they consist largely of sandstone, with 
I 

coal absent or scarce, and some of them contain a siltstcne member containing 

marine fossils. I 
Fossils have been found in only five localitiee: I 

1 . In the ~ulnura No. 1 well, throughout 151.9 rn of the 204.9 m of Interval 

8 (Crespin, 1938). 

Foraminifera: Nodosaria serocoldensis, Nodosinella spp., Frondicularia woodwardi, 
I 

Frondicularia parri, Geinitzina sp., Ammodiscus milletianus, Ammodiscus 

mulbeenicites, Ammodiscus incertus, Ammodiscus multisinctus , Hyperamminoides I 
acicule, Hy-peramminoides spp., Ammobaculites sp., Trochamminoides anceps, and I 
Agathammina sp. I 

Ostracoda: Canellina kulmensis, Macrocypris sp., Bythocypris sp., Bairdia sp., 

'Cytherella aequisalus, Healdia sp. I 
Crespin (1938) referred to the' siltstone containing this microfauna as 

the'Kulnura stage. Its correlative in the &ins Vale Fo.rmation is now known as 
I 

the Kulnura Marine Tongue (  owm man , 1 970 ) . I 
2. In the Dural South No. 1 well 94.5 m of the 29.4.3 m of Interval 8 form 

the Kulnura Marine Tongue. It contains Frondicularia parri and indeterminate 

fragments of arenaceous Foraminif era (Shell, 1967). This species also occurs 
I 

at the same horizon in the Dural East Hos. 1 and 2 wells (hespin, 1957). 

3. In the Balmain colliery bore the following fossils were found 

(~ag~att & Crespin, 1941) from 1447.8 m to total depth at 1534.2 m: 
Foraminifera: Hyperamminoides sp., Trochammina sp. 

Ostracoda : Healdia sp., Bairdia sp. 

Productid spines. 

4 The brachiopod Martiniopeis subradiata mentioned by kvid (1907) from 
the Kulnura Marine-Tongue occurs in the old Ironbark Brush bore in the lower 

Hunter Valley, between the Rathluba and Scotch Derry Seams. I 
5. In a marine band in the Erins Vale Formation _Strophalosia ovalis has 1 
been identified (%my & Wood LWass et al., 1969). 



Crespin (1938) stated that the Kulnura ostracod fauna was typical of 
a horizon which occurs about the middle of the Permian in western Australia. 

She considered the Foraminifera to resemble typical lower 'Upper Marine1 faunas. 

Otherwise the fossils only indicate an Upper Permian age. 

INTERVAL 9: FOUR MILE CRFEK POWATION AND COlIRELATIVES 

Four Mile Creek Formation 
-.- 

The type section of the Four Mile Creek Formation (Uavid, 1907) is in 
the Electricity Commissionls Wallis Creek DIM 10. It consist8 of interbedded 

shale, sandstone, mudstone, coal seams, and claystone. The coal seams include the 

Big Ben Seams, Donaldsons Seam, and the Buttai Seams. The Tomago Coal Measures 

(David, 1950) conformably overlie the Mulbring Siltstone and are overlain 

conformably by the Newcastle Coal Measures, 

Malabar Formation - 

The type section of the Malabar Formation (Britten, 1971) is in DM Doyles 
Creek DDH 11 from 370.8 to 602.9 m. It consists of interbedded sandstone and 

shale with several coal members which are split. Conglomerate wedges occur towards 

the southwest of the Hunter Valley. The Althorpe Claystone Member is a useful 

marker tuff bed. There are numerous intrusions in the lower part of the formation. 

Mount Ogilvie Formation 

The type section of the Mount Ogilvie Formation (Britten, 1971) is in 
DM Doyles Creek DDH 11 from 602.9 to 706.2 rn. It consists of interbedded 

sandstone and shale with several named coal members consistently developed. A 

tuff bed forms a useful marker, 

Burnamwood Formation 

The type section of the Burnamwood Formation (bitten, 197%) is in 
DM Doyles Creek DDH 11 from 706.2 to 1 064.7 m.. It consists.,of interbedded 

sandstone and shale, with numerous coal seams. The prominent Mount Arthur Coal 

Member at the top of the formation is recognized by the presence of a thick white 

chertlike illite-rich claystone known as-the Fairford Claystone Bed, which contains 

traces of rootlets in places. The base of the formation is the distinctive dull 

Bayswater Seam. 

Gundangaroo Formation 

The Gundangaroo Formation (~oldbery, 1969) has its type section at 

Glen Alice. It consists of grey shale, carbonaceous shale with several thin 

coal seams, and fossil wood horizons. 



Lower pa r t  of Wilton Formation 1 
The type section of the  Wilton Formation (Anon, 1969) is in the DM 

Wollongong 35 bore. The lower par t  consists of about 1.2 m of conglomeratic and I 
festoon cross-bedded sandstone. This i s  overlain by the Woonona Coal Member 

consis t ing of 3 m of Coal, shale, and tuff (Bowman, 1970). The upper .levels I 
consis t  of dark grey shale with sandstone lenses. 

In te rva l  9 i n  the deep wells I 
Kirkham No. 1 (Raine, 1969) I 

Thickness 
0 

Lithic  sandstone, becomes volcanolithic downwards; thin I 
coal  layers  27.5 

Subgreywacke, volcanolithic, interbedded with carbonaceous 
s i l t s tone  and a l i t t l e  coaly mudstone, coal laminae, and 
seams which a re  thicker  below 1 113 m 

Subgreywacke, volcanolithic, ra re  quartz, interbedded with 
carbonaceous s i l t s tone .  Perhaps.as many as 9 coal seams. 
Minor i l l i t i c  claystone 

To tsl - 

Shale, carbonaceous, interbedded with minor volcanolithic 
subgreywacke with grey s i l t s tone  clasts .  Coal p l i e s  common 

Si l t s tone ,  grey, with minor interbeds of subgreywacke and 
carbonaceous shale. Several prominent coal seams. White 
clay, formed from weathered volcanic aeh, from 930.2 t o  
933.3 m 

Thickness I 
0 

Shale carbonaceous 27.5 

Shale, carbonaceous, interbedded with subgreywacke and minor * I 
s i l t s tone .  Several prominent coal seams 

Total ' - 
Dural South No. 1 (Hawkins & Ozimic, 1967) 

Thickness 
(m> 

I 
Two coal seams at top interbedded-with grey s i l ts tone,  folloved 

downwards by thickly bedded s i l t s tone  interbedded with thin 
subgreywacke 61 .O 

I 
Si l t s tone ,  grading in to  claystone i n  places, with thin lnterbeds 
of very fine-grained sandstone, Abundant c las t s  of volcanic 
rock-and carbonaceous matter. Chlorite, s ider i te ,  ca lc i te  



Thickness 
0 

Subgreywacke, grey-brown, thickly bedded, medium-grained; 
pebble horizons, rare quartz, abundant volcanic clasts; 
abundant siderite, calcite and carbonaceous matter; 2 coal 
seams near 1205 m 51 .8 

Total - 163.1 
Kulnura No. 1 (Ozimic, 1969) 

Thickness 
73- 

Siltstone, micaceous, sandy and carbonaceous, interbedded with 
volcanolithic sandstone; numerous coal laminae and probably 
3 coal seams 

Martindale No. 1 (~icholas, 1969) 

Subgreywacke with sideritic and carbonaceous claystone and 
siltstone. 4 coal sea& 

Subgreywacke, volcanolithic; .four occurrences of intermediate 
to mafic volcanic rock between.384.3 m and 405.7 m and two 
more near base. Two coal seams at base, with carbonaceous shale 

Total - 

Thickness 
73- 

Rowes Swamp No. 1 (Esso, 1970) 

Thickness 
(ml 

Coal 12.2 

Shale, dark grey, interbedded with dark grey siltstone ana light 
grey lithic pebbly sandstone with clay cement 27.4 

Coal, dull black, with minor interbeds of shale and siltstone 18.3 ' 

Shale, dark grey, interbedded with carbonaceous siltstone and light 
grey sandstone; minor thin coal seams 54.9 
Coal, bright and dull, interbedded with carbonaceous shale; minor 
lithic conglomeratic sandstone 21 . 3  
Shale, grey, interbedded with grey to carbonaceous siltstone 
and lithic sandstone 51 .9 
Coal interbedded with grey and carbonaceous shale and lithic 
sandstone 21 .3 
Shale interlaminated with carbonaceous siltstone and light grey 
to buff lithic sandstone 45.7 
Sandstone,, lithic, buff, interbedded 'with carbonaceous silty shale 
and minor coal seams 27.4 

Sandstone, conglomeratic, probably unconsolidated, poorl~ sorted with 
carbonaceous silty shale 30.5 

Shale, carbonaceous, interbedded with carbonaceous siltstone; 
minor light grey sandstone; lignitic coal seams between 
1 387 and 1 393 m 137.2 



Coal, black, shiny, and dull, woody, interbedded with shale 
and siltstone 

Total - 478.6 - 
Kurrajong Heights No. 1 (~itt, 1968) 

Thickness 
(m> I 

Subgreywacke and arkose, eideritic and clayey, interbedded with 
calcareous and carbonaceous rnudstone and sandy siltstone. 
About 10 well spaced coal seams, and several conglomerate layers 
near base 103.7 

I 
- .  

Mulgoa No. 2 (AoG, 1960) I 
Shale with minor siltstone and thin coal seam at top 

Siltstone and sandstone with minor shale and thin coal seam' 
at bottom 33.6 

Total - 109.6 
I 

- 
Relations with Older Units I 

All the stratigraphic units in Interval 9 are conformable on the units 

of Interval 8 beneath them. I 
Correlations and Age 

The units of Interval 9 have been correlated on.lithology. They all I 
contain abundant coal and carbonaceous shale, and-lie stratigraphically above 

the units of Interval 8 which are, in contrast, characteristically arenaceoue I 
and poor in carbonaceous matter. 

The presence of Clossopteris and Vertebraria in the Tomago Coal Measures 

indicates that they are Upper Permian in age; pollen of the Dulhuntyispora 

Assemblage indicate a Tatarian age. I 
INTEWAL 10: WARATAH SANDSTOM;: AND D E M P S ~  FORMATION AND CORIEUTIVES 

Waratah Sandstone 

The type section of the Waratah Sandstone (David, 1907) is in BHP 
I 

Eleebana No. 1 bore in Kahibah, a suburb of Newcastle, where it consiste o f  18 m 

of massive sandstone. The sandstone is the basal unit of the Newcastle Coal 

Measures (see Interval 11). 

I 
m 



~empsey Formation 

The type section for the Dempsey Formation (David, 1907) is in the 
Buttai Syndicate Buttai bore in the Thornton-Maitland area. It consists of 

interbedded shale and sandstone, with a few thin coal seams and some claystone. 

The lower half of the formation is chiefly shale, whilst sandstone predominates 

in the upper half. Britten (1971) considers that part of the formation is marine. 

Watts Sandstone 

The type section of the Watts Sandstone (Britten, 19711) is in DM Doyles 
Creek DDH 11, southwest of Singleton. It consists of about 25 m o f  massive 

sandstone with traces of coal. 

Denman Formation 

The type section of the Denman Formation (Britten, 1979.) is in Dl Doyles 

Creek DDH 1 1  from 342.3 to 370.8 m. It consists of dark grey striped laminite 

shale, sometimes referred to as the 'zebra shalet. The sequence contains 

abundant worm burrows throughout, and is considered by Britten to be marine. 

Marrangaroo Conglomerate 

The type area of the Marrangaroo Conglomerate (Stephens, 1883) is at 

Marrangaroo. It consists of coarse quartz conglomerate and coarse polymict 

sandstone. The clasts consist of fine-grained unweathered material from the 

Lower Permian marine strata (see Appendix 2). feldspar, quartz, and granite, 

Fossil leaves and wood are abundant, The sequence is more conglomeratic toward 

the edge of the basin, and toward the middle it passes into massive sandstone. 

Hititgins Creek Conglomerate 

The type area of the Higgins Creek Conglomerate ( ~ c ~ l r o ~  & Relph, 1961 ) 
ia near the junction of the Nattai and ~ollbndill~ Rivers. hle formation 

conaists of coarse sandstone, with conglomerate lenses near the baee. The 

pebbles, which comprise quartz, quartzite, porphyry, and rarely slate, are 

commonly 5 to 7.5 cm across, but range up to 25 cm. 

Upper part of the Wilton Formation 

The type section of the Wilton Formation (Anon, 1969) is in the Bl 

Wollongong 35 bore. The upper part consists of 30 m of grey claystone and 

siltstone laminite, and interbeds of light-grey fine-grained sandstone. 



Interval 10 in the deep wells 

Kirkham No. 1 (Raine, 1969) 

Subgreywacke, pebbly, and oligomict conglomerate, with some 
sandy siltstone and coaly mudstone 

Lithic to sandy siltstone, with slight coal 

Total - 
Woronora No. 1 (~lcock, 1969) 

Thickness 
(m> 

Siltstone, laminated, grading down into grey shale with interbeds 
of mudstone and quartz greywacke 

Sandy siltstone, grading into very fine fragments of polymict 
sandstone with abundant plagioclase and fragments of volcanic 
rock. Thin interbeds of quartz greywacke and friable 
protoquartzite 

Mudstone, shale, siltstone, sandy siltstone, and interbedded 
subgreywacke, in part calcareous; abundant clasts of 
plagioclase and volcanic rock 

Total - 
Dural South No. 1 (Hawkine & Ozimic, 1967) 

Subgreywacke, brownish grey, subangular to subrounded, fine- 
grained, moderately well sorted. Clasts of volcanic glass and 
pockets of fibrous zeolite. Carbonaceous in part, with ooaly 
laminae 

Claystone, light grey to white, illitic; contains 
cryptocrystalline silica 

Sandy siltstone, grey, with thin layers of ~ubgreywacke near base 

Total - 
Kulnura No. 1 (~zimic, 1969) 

Thickness 
0 

Subgreywacke interbedded with minor carbonaceous siltstone 

Siltstone interbedded with minor subgreywacke 

Subgreywacke, poorly sorted, micaceous, carbonaceous, numerous 
clasts of volcanic rock, interbedded with minor sandy siltstone 

Total - 
Martindale No. 1 (~icholas, 1969) 

Thickness 
(m> 

Siltstone, carbonaceous, grading into fine-grained sandstone 



Thickness 
0 

Claystone, grey and white, with thin layers of volcanic rock 

Shale, carbonaceous, with siltstone and thin coal 

Subgreywacke, volcanogenic, with a few thin interbeds of 
carbonaceous pyritic siltstone 

Siltstone, carbonaceous, grading in places into sandstone and 
pyritic carbonaceous shale 

Total - 
Howes Swamp No. 1 (~sso, 1970) 

Thickness 
0 

Lithic sandstone, buff to grey, very fine to medium-grained, 
poorly sorted, interbedded with light to dark grey siltstone, 
speckled with carbonaceous material, and dark grey to light 
brown partly carbonaceous shale 

Siltstone interbedded with shale 

Sandstone interbedded with silty ehale and 2 thin coal seams, 
overlying conglomeratic eandstone with thin interbeds of 
silty shale 

Shale interbedded with ail ts tone, grading into very f ine-grained 
sandstone, and lithic sandstone 
Total - 

Kurrajong Heights Yo. 1 (~itt, 1968) 

Thickness 
0 

Mudstone, carbonaceous, thinly interbedded with siltstone and 
fine-grained subgseywacke. In bottom 60 m mbgreywacke 
predominant. Some thin claystone layers of tuffaceous origin. 
Carbonized plant fragments. Green mineral in middle of 
sequence may be glauconite 

Mulgoa No. 2 (AOG, 1960) 

Sandstone grading down into siltstone and ehale* 

Shale with few thin layers of siltstone in middle 

Siltstone grading down into shale 

Total - 

* Correlative of this interval in nearby Mulgoa No. 1 

contain6 numerous Foraminifera (Cres~in, 1936). 

Thickness 
0 

15.2 

61 .O 

106.7 



Relations with Older Units 

The Dempsey Formation conformably overlies the Upper Buttai Seam 

at the top of the Four Mile Creek Formation. The Denman Fornation rests 

conformably on the Whybrow Coal Member of the Wittingham Coal Measures Group. 

The Marrangaroo Conglomerate rests either disconformably on the marine 

Shoalhaven Group or unconformably on middle Palaeozoic rocks of the Lachlan 

geosyncline. 

The Higgins Creek Conglomerate rests either conformably on coaly 

sediments of the Gundangaroo Formation of Interval 9, or disconformably on 
marine silty sandstone of the Berry Formation of Interval 6. 

Correlations and A R ~  

Interval 10 is a characteristically barren sequence of siltstone and 

sandstone lying conformably on the richly coal-bearing Interval 9. 

In the Mulgoa No. 1 well Interval 10 contains the following Foraminifera I 
(Crespin, 1937): Haplophragmoides spp., hrochammina sp., Trochamminoides spa, 

I 

Reophax sp., Hyperamminoides sp., cf. dmri~odiscus and cf. Amrnobaoulites, and 

Ruditaxis sp. 

This microfauna does not fix the age of Interval 10, but it does show 

that the sea extended for a time as far west as Mulgoa. Thus Interval 10 

contains an unnamed marine tongue similar to the Kulnura Marine Tongue of 

Interval 8. 

INTERVAL 1 1 : mEWCASTLE COAL MEASURES (EXCLUDING WARATAH SANDS TO^) 

AND CORRELATIVES 

Newcastle Coal Measures (excluding Waratah Sands tone) 

The type area of the Hewcastle Coal Measures (~ector, 1 8 ~ )  is the 

lower Hunter Valley, centred on the city of Newcastle. The group consists of 

sandstone, conglomerate, siltstone, shale, carbonaceous shale, coal, and tuff. 

The basal formation (waratah Sandstone) is included in Interval 10. 

2 The conglomerates extend over areas of up to 200 km in irregular 

lenticular sheets; several lenses commonly occur on the one stratigraphic 

horizon. The sheets appear to be alluvial fans, and are up to 85 m thick. I 



The pebbles.are mostly cher t  and quar tz i t e ,  but a l so  include igneous and 

pyroclas t ic  rocks, sandstone, and coal. They a re  commonly rounded and l ee s  

than 3 cm across, but range up t o  15 cm. 

The sandstone beds a r e  more continuous than the conglomerates, and 

sheets  of l imited extent ,  apparently from a stream source, have been delineated. 

The most uniform of the c l a s t i c  rocks a r e  the  tuff  beds, which can be 

t raced over considerable distances. The tuff  has been largely  a l t e r ed  t o  a 

claystone-like rock. 

The coal  seams a r e  iden t i f i ab le  over most of the Newcastle coal  

d i s t r i c t ,  but  s p l i t t i n g  and coalescing a r e  common, and many of the seams contain 

interbeds of shale and tu f f .  

The following un i t s  have been defined i n  the lower Hunter Valley 

(from top t o  bottom): 

Moon Island Beach Sub-Group ( ~ c ~ e n z i e ,  1962) 

Th ichese  
(m, 

Coal interbedded with tu f f  and shale  (wallarah Seam; David, 1907) 17 

Conglomerate andiminor shale 19 

Tuff (including Awaba Tuff Member, 15 m) interbedded with 
coa l  (Great Northern Seam; McKenzie, 1962) 20 

~ o n ~ l o m e r a t e  , with minor shale and tuff  ( ~ l e e b a n a  Formation; 
McKenzie, 1962) 

Coal with shale   assif if ern Seam; David, 1907) 

Total  - 
Boolaroo Sub-Group ( ~ c ~ e n z i e  , 1962) 

Conglomerate (Belmont Conglomerate  ember), with minor sandstone 
and shale (~roudace  Bay Formation; McKenzie, 1962) 

Sandstone, tuffaceous; coal (upper Yilot  Seam; Dsvid, 1907) 

Sandstone with minor tuff  (Reids Mistake ~ o k a t i o n :  McKenzie, 1962) 

Coal interbedded with tuffaceous shale ( ~ a r e r  P i l o t  Seam; 
David, 1907) 

S i l t s tone ,  sandy (warners Bay s or mat ion-; McKenzie, 1962) 

Coal and t u f f  (Hartley H i l l  Seam; Jones, 1937) 

Sandstone, s i l t y ,  with shale at base ( ~ o u n t  Hutton Formation; 
McKenzie, 1962) 

Total - 



A&S town Sub-Group ( ~ c ~ e n z i e  , 1 962) 

Tuff ,  coal, and shale ( ~ u s t r a l a s i a n  Seam; k v i d ,  1907) 

Conglomerate (charleetown Conglomerate Member, ) with minor 
sandstone (Tickhole Formation; McKenzie, 1962) 

Tuff and coal ( ~ o n t r o s e  Seam; Jones 1939) 8 
. . 

. . . 
McKenzie. 1962) . , :  . , ,  . . , . .  . 

I Shale, conglomerate ,. and sandstone (Kahibah Foma*on; - .... , ,,.. , ,.*!,, , ,, I., %, . -.. ip . -, 
' .  '.. 9::;. :.I;.: .. - - .  - - 

Tuff, conglomerate, sandstone, coal, and shale  e ern Valley 
Seam; Jones, 1 9 3 )  26 

Conglomerate  e ere we ther  Conglomerate  ember) , sandstone, shale, . 

tuff ( ~ o t a r a  Formation; McKenzie, 1962) 2 I 
Total - 

\ . \ 
Lambton Sub-Groug ( ~ c ~ e n z i e ,  1 962) 

Coal with minor shale and tuf f  (Victoria Tunnel Seam; 
McKenzie ; 1962) 

Shale interbedded with sands tone (Shepherds Hill Formation, 
McKenzie, 1962) 8 

Rzff ( ~ o b b ~ a  Tuff   ember) with minor coal (IVobbys Seam; 
McKenzie, 1962) 6 

I 
Conglomerate, eands tone, and shale (k Beach Formation, 
McKenzie, 1962) 8 I 

Shale, c o a l ,  and minor sandstone (Dudley Seam; Jones, 1939) 6 

Conglomerate, sands tone, and minor shale (Bogey Hole Formation; 
' ~ c ~ e n z i e ,  1962) . 9  

. . 

Shale with coal (yard Seam; 'McKenzie, 1962) . 9  . 

Conglomerate and sandstone (Tighes H i l l  Formation; McKenzie, 1962) 6 I 
Coal and sandstone (Borehole Seam; McKenzie, 1962) , 

Total - 
Wollombi Coal Measures (excluding Watts Sandstone) I 

The type section of the Wollombi Coal Measures (Britten, 197%) i e  

i n  Doyles Creek DDH 11 from 69.8 t o  316.9 m. Units within it are  correlated I 
w i t h u n i t s  i n  theNewcastle CoalMeasures. The basal formation ( t h e w a t t s  . 

sandstone) is included i n  Interval 10. The following m i t e  have been 

defined i n  the  middle Hunter Valley (from top t o  bottom): 
I 

Glenga,llZc Sub-Group ( b i t t e n ,  1973) I 
Thichess  
T 

Coal and mudstone (Greigs Creek Seam; Booker, 1953) 1 I 
Conglomerate and sandstone (~edmanvale Creek ~ k t i o n i  
Bri t ten,  197%) 



- -wA*$m$n!?r&sb ~ ~ ~ ~ ~ ~ & & o ~ ~ ~ # J ~ ~ ~ J B , ~ S ~ % Q  inclu6e igr~eoag a d  
~ritten, 197i) 3 

... s LCCICS sand tone, and coal. They are cornon y roun.ded and IE : a 
Tuff with minor shale T~alleen tuff; Britten, 197%) 

- . mi; range up to 15 cm. 
5 

Coal, tuff, and siltstone (~obden Gully Seam; Britten, 1974) 22 
Total - 

.. :.:,> G. c u :k .. !-, ..?.. :.. 

Doyles Creek Sub-Grou~ (~ritten, 197%) 

Shale and tuff (waterfall Gully Formation; Britten, 197%) 14 

Tuff, sands tone, shale, silt sf on@; minor coal (Pinegrovk ' 
Formation; Britten, 197%) 42 
Total - 
Horseshoe Creek Sub-Group (Britten, 1971) 

Coal and shale with minor tuffaceous sandstone and siltstone 
(~ucernia Seam; Britten, 1974) 

Shale and interbedded sandstone,'with minor tuffaceous clays+,one 
( Strathmore .Forplation; Britten, 1972) 20 

Coal with minor sil tstone and sands tone ( Alcheringa Seam; 
Britten, 1979.) - - -  

Sandstone with subordinate shale and minor tuff and coal 
(Clifford Formation; Britten, 1972) 

Total - 
Apple Tree Flat Sub-Group (Brit-ten,. 197%) 

Shale, carbonaceous, and coal (stafford Seam; Britten, 1972) 

Tuff  onke key Place Creek Tuff Member with sandstone and shale 
(Charlton Formation; Bitten,, 1972 17 
Shale, carbonaceous, and coal (Abbey Green Seam; Britteg, 197%) - 8 
Total - 
These four sub-groups have been correlated (~rftten, 1972) with the four . . 
sub-groups of the lower Hunter Valley. 

Charbon Sub-Group (excluding the Marrangaroo conglomerate) 

The type section of the Charbon Sub-Group (Goldbery, 1969) ie, at 
Wolgan Gap, northeast of Wallerawang in the Western Coalfield. It consists of 

interbedded sandstone, shale, conglomerate, and coal seams. This sub-group is 

the Lithgow Coal Measures of David & Stonier (1891). that is, it comprises those 

units between the base of the Marrangaroo Conglomerate and' the base of the 

Harrabeen Group. The Marrangaroo Conglomerate is includ.ed in interval 10. 



The following units have been described (~ranagan, 6 Anon., 1969) in the 

Vestern Coalfield: 
I 

Coal (~atoomba Seam; Carne, 1903) 

Shale, !chert1, sandstone 

Coal and shale (woodford Seam: McElroy, 1957) 
Claystone or chert (~urragorang claystone) 

min. 

7.6 - 12.2 

Shale, 'chert1, sandstone 6.0 - 9.0 
Carbonaceous shale, coal, chert l, oilshale (~iddle River or 
Dirty Seam! McElroy, 1967) 2.0 - 13.0 I 
Shale, carbonaceous shale, 'chert1, eandstone, ironstone 2.0 - 92.0 
Sandstone, massive, quartzose ( Ivanhoe or 'Vertebraria 
Sandstone; Rayner, 1955) 0.3 - 2.0 

I 
Coal and carbonaceous shale (~rondale Seam; Branagan, 1969) 0.6 - 3.0 1 
Shale 0.3 - 1.5 
Sands tone, micaceous, silty, flaggy (hnnyong Sands tone ; 
Rayner, 1955) 
Shale, siltstone, shaly sandstone, ironstone 12.0 - 31.0 
Coal (Lidsdale Seam; Branagan, 1969) 0.5 - 2.0 I 
Conglomerate and coarse quartz sandstone (Blackmans Flat 
Conglomerate; Rayner, 1954) 

Coal and carbonaceous shale (~ithgar Seam; Carrie, 1903) 

Sand and shale laminite 

Total (minimum and maximum possible) - 
The following units have been described (Branagan, 1969; Anon., 1969) in the 

Southwestern Coalfield: 

Thickness 
0 I 
min. max. 

Coal (~attai Seam; McElroy & Relph, 1961) 

Lithic sandstone, feldspathic, and minor shale 

Carbonaceous shale and coal (~illans Creek Seam; McElroy & 
Relph, 1961) 0.0 - 1.0 

Claystone, cherty, in places sandy and sideritic (Burgagorang 
Claystone; McElroy, 1959) 3.0 - 12.0 
Shale, sandstone, 'chertt 0.0 - 22.0 I 
Coal, shale, siltstone sandstone, and tuff s end Creek Seam; 
Whiting 61 Relph, 1969) 6.0 - 19.0 1 
Sandstone with medium-sized grains of chert and quartzite, and 
numerous thin layers of shale (Colemans Creek Formation; 
McElroy & Relph, 1961) 3.0 - 16.0 



Shale, '  carbonaceous, w i th  minor c o a l  ( ~ i m l o w  : ; e m ;  
Whiting & iielph, 1969) 

Shale  and sandstone 15.0 - 30.0 

Sandstone,.  f i n e ,  polymic't, i n  p l aces  s l i c h  t l y  conglomera.tic 
( ~ a c ~ s  Creek Sandstone; McElroy & ilelph, 1969). 3 m of . 

carbonaceous s h a l e ,  coa l ,  and sha ly  sandstone i n  middle 1.0 - 3.0 

Shale ,  carbonaceous, wi th  s i l t s t o n e  and c o a l  (Brimstone Seam; 
Whiting R Selph, 1969) 0.0 - 2.5 

Shale  and sandstone 9.0 - 30.0 

Coal and carbonaceous s h a l e  (Kooloo Seam; Whiting 8: ltelph, l9d9)  0,O - 2.5 

T o t a l  (mini n,um and maximum poss ib l e )  37.5 -164.0 

Illawarra Coal Measures, above t h e  Wilton Fornation 

The type a r e a  of t he  Illawarra Coal Keasures (Clarke, 1866) is t h e  

Illawarra escarpment west of Wollongong. They c o n s i s t  of.  a sequence of  sandstone, 

conglomerate, s i l t s t o n e ,  sha l e ,  coa l ,  and tuf f  l y i n g  conformably on t h e  Berry 

Formation ove r l a in  by t h e  Narrabeen Grqup. The beds i .nc luded ' in  I n t e r v a l  11 

a r e  as fo l lows ,  from top  to .bot tom:  

Thickness 
(m> 
min. max, 

Coal wi th  minor s h a l e  ( ~ u l l i  Seam; Wilkinson, 1877) 1.0 - 5.0 
Sandstone, l i g h t  grey, medium-grained, massive, ove r l a in  by 

3 m of dark grey s h a l e  4.5 - 9.5 
Coal (Balcownie Seam; Jianlon, 1956) 0.2 - 2.4 

Sandstone, medii,m, massive, ove r l a in  by s h a l e  ( ~ a w r e n c e  
Sandstone; Hanlon, 1956) 3.0 - 14.0 

Shale ,  carbonaceous, and minor coa l  L ( ~ a p e  I!orn Seam; Hanlon, 1956) 0.0 - 1.2 

Shale ,  dark ~ ~ e y ,  and sandstone 1.0 - 3.0 

Shale ,  carbonaceous with minor coa l  ( b r g r a v e  Seam; Hanlon, 1956) 0.0 - 0.5 

Sandstone and s h a l e  0.0 - 6.0 

Shale ,  ca rbonaceou~ ,  wi th  minor c o a l  and sandstone ( ~ o r o n o r a  
Seam; Anon, 1969) 10.0 -- 12.0 

Sandstone, f i n e  t o  medium-grained, quar tzose ,  and minor 
conglomerate (i'lovice Scadstone;  Anon., 196;; : Novice Sandstone 
up t o  13al~ownie Seam inc lus ive '  c o n s t i t u t e  t h e  Eckersley 
Formation) 0.0 - 37.0 

Coal, carbonaceous sha l e ,  and tu f faceous  s h a l e ;  i n  middle a 
crearrl-coloured t u f f ,  the  Sandstone Band1 ( ~ o n m w i l l i  Seam; 
Hanlon, 1956) 8.0 - 12.0 

Sandstone, pa le  grey,  medium-grained, p o l p i c t ,  with minor 
con[:lomerate, sha l e ,  s i l  t s tone ,  and coa l  len t i c l e s  nea.r base 
(Kembla Sands tone ; Hanlon, 1956) 12.0 - 24,O 



Shale, c&bonaceous, coal, oil shale (America: Creek Seam; 
Hanlon, 1956) 2.0 - 4.0 

Sandstone, quartzose, with siltstone interbeds; minor 
carbonaceous shale, coal, and oil shale (Allane Creek 
Formation; Anon., 1969) 6.0 - 45.0 
Sandstone, grey, fine-grained, polymict, with carbonaceous 
specks (Daxkes Forest Sandstone; Bowman, 1971) 9.0 - 24.0 
Shale, dark grey, and minor siltstone (Bargo Claystone, 
Bowman; 1971) s 

Sandstone, grey, fine, polymict; weathers to whlte clay 
( AUS tinmeer Sands tone Bowman, 1 971 ) 

Coal, shale, sandstone (Tongarra Seam; Harper, 1915) 
Total (minimum and iuaxbnm possible) - 
Interval 11 in the deep wells 

Kirkham 30. 1 (kine, 1969) 

Coal, bituminous, overlying carbonaceous mudstone with thin 
interbeds of sideritic subgreywacke 

Subgrepacke, fine-grained, with numerous coal eaame, some over 
a metre thick, and carbonaceous mudstone 97.6 

Siltstone 36.6 

Conglomerate, sandy sil-tstone, subgreywacke, carbonaceous mudstone, 
b i tuminous coal 10.6 

Siltstone, slightly sandy, montmorillonitic, black, with same 
silty sandstone, carbonaceous madstone, and coal at base 62.5 

Total - 

Shale, carbonaceous, and coal seams overlying interbedded shale 
and siltstone with a few beds of lithic sandstone 

Shale, in part carbonaceous, interbedded with pale and dark grey 
siltstone and subgreywacke containing clasts of sedimentary and 
volcanic rock 

Shale, in part carbonaceoue, with interbeds of siltstone and 
fine-grained protoquartzite. Several thin coal seams. Thin 
sndesitic layers at 656 and 695 rn 

Total - 



m a 1  South No. 1 (Hawkins & Ozimic, 1969) 

Subgreywacke, grey-brown, subangular to subrounded, medium to 
coarse-grained, moderately well sorted, with volcanogenic 
clasts. Very thin beds of carbonaceous siltstone and 4 or 5 
coal seams 

Subgreywacke 

Siltstone, carbonaceous, sandy, with thin beds of subgrepacke 
and 4 or 5 coal seams 
Siltstone, grey, sandy, alternating with thin-bedded sandstone. 
3 coal seams at base, with illitic claystone 
Total 
7 

~ u ~ n u r a  HO. 1 (Ozimic, 1969) 
Thickness 
T 

Lithic subgreywacke, moderately well sorted, calcite-cemented, 
with clasts of volcanic rock, quartz, and chert, interbedded 
with sandy micaceoua siltstone and 4 coal seams 
Subgreywacke, carbonaceous, with siliceous claystone near base 

Lithic subgreywacke, as above, interbedded with, subsidiary 
siltstone and probably 6 coal .seams. Siliceous claystone 
(illite 45910, silica 40%) 45 m thick overlying basal coal 
seam 

Total - 
Martindale No. 18 (~icholas, 1969) 

Thickneee 
0 

Shale, dark grey, interbedded with polymict sandstone; 
volcanogenic subgreywacke; carbonaceous streaks; carbonate 
cement throughout 

Mafic igneous rock with abundant chlorite, some hornblende, 
biotite, and altered olivine 

Subgreywacke, volcanogenic 

Shale, dark grey, carbonaceous , 

Coal and grey carbonaceous shale overlying sandy conglomerate 
containing black, green, and grey chert 

Siltstone, carbonaceous, sideritic, with coal laminae 

Claystone, pale grey and white 

Shale, carbonaceous, with very thin layers of protoquartzite 
and probably 6 coal seams 
Total 



Howes Swamp No. 1 (~sso, 1970) 

Coal, black, slightly fluoreeaent with strong odour, interbedded 
with grey medium-grained sandstone 

Sandstone, quartzose, lithic, very fine to medium-grained, 
unconsolidated, poorly sorted; green, grey, and orange clasts 

Siltstone, light brown, and sub-bituminous coal with calcite 
veins 

Sandstone, polymict, grey, unconsolidated, very fine to medium- 
grained, poorly sorted, angular to subrounded, with green yellow 
and orange clasts, with grey siltstone and several sub-bituminous 
coal seams 

Sandstone, lithic, buff, fine to medium-grained, mainly 
unconsolidated, moderately sorted, with several seame of black 
and brown coal and very minor shale and siltstone 

Total - 

Thickness 
(m> 

Kurrajong Heights No. 1 (~itt, 1963) 

Thickness 
(m, 

Sandstone, polymict, fine to medium-grained, sideritic, 
interbedded with carbonaceous mudstone, siltstone, tuff, and 
coal 

Similar to above, but with a higher proportion of mudstone, 
siltstone, tuff, and coal 

Total - 
Mulgoa No. 2 (BOG, 1960) 

Sandstone, siltstone, coal 

Sandstone grading down into siltstone and shale 

Coal and shale 

Total - 

Thickness 
0 

Relations with Older Units 

Interval 11 is conformable on Interval 10. In the Pokolbin district 

on the Lochinvar Anticline a thin sequence of the Mewcastle Coal Measures rests 

unconformable on the Mulbring Siltstone. The unconformity can be related to 

uplift of the anticline in Tomago Coal Measure time. 



. . . .  . . . .  . Correlations and Age 

The coal measures in Interval 11 are correlated because they all lie. . 
- .  

conformably on the barren measures of Interval 11 and are overlain by the 

Narrabeen Group. 

Many plant fossils have been found in Interval 11. Wilson (1969) 
liest the following plants: Glossopteris browniana, Glossopteris indica, 

Glossopteris ampla, Glossopteris communia, Glossopteris verticillata, 

Glossopteris angustifolia var. taeniopteroides, Glossopteris conspicus, 

Glossopteris tortuosa, Glossopteris spathulato-cordata, Glossopteris jonesii, 

Glossopteris stipanicicci, Glossopteris linearis, Glossopteris intermittens, and 

Gangamopteris obovata. Interval 11 also contain6 Phyllotheca australis, 

Annularia, Vertebraria, Sphenopteris, and Radoxylon. Stumps of Dadoxylon in 

position of growth are common in the Newcastle area. 

The Belmont Chert, about 20 m below the Fassifern Seam, contains 

abundant fossil insects. They belong mainly 20 the order Mecoptera, and include 
several sub-orders of primitive insects. They are invariably associated with 

Leaia and Estheria. Fish scales are abundant, and there is one specimen of 

Limulus . 
The microflora belongs to unit P4 of,the Dulhuntyispora Assemblage 

Zone ( ~ v a n s ,  1967) of Tatarian age, 

INTERVAL 12: NARRABEEN GROUP 

The Narrabeen Group (Hanlon et al., 1953) consists of claystone, shale, 
tuffaceous shale, sandstone, and conglomerate. The sequence is conformable 

on the Bulli Seam and its correlatives, and .is overlain by the Hawkesbury 

Sandstone. The lower strata (see Fig. 44) are of Permian age, but the major 
part of the group is Triassic. 

The Narrabeen Group includes a number of formations, and a separate 

nomenclature has been applied to these in each of three areas - the mid-central 
area, the southern &ntral Area, and the western area (~ig. 43). 

Mid-Central Area 

Clifton Sub-Group 

Hanlon et al. (1 953) divided the Narrabeen Group into the Clifton 
Sub-Group (the lower and Middle Stages of earlier writers) and the Gosford 

Formation (the Upper Stage of earlier writers). The Clifton Sub-Group consists 

of the Munmorah and Tuggerah Formations and the Patonga Claystone. 



Munmorah Formation 

The type section of the Munmorah Formation (Hanlo~~ et al., 1953) is 
the Wyong bore  ilkin ins on, 1882) from 83.5 to 240 m. Tne section consists of 

conglomerate interbedded with varicoloured shale and sandstone. 

Thickness 
0 

Conglomerate with jasper pebbles 

Shale, blue and red, with thin beds of conglomerate 

Conglomerate, brown and grey, fine-grained 4.1 

Shale, green and grey, with Phyllotheca 3.9 

Conglomerate with jasper pebbles, green and blue shale, sandstone 21 .O 

Conglomerate with jasper pebbles, 3 beds of eeenish shale, 
minor sands tone 24.9 

Shale, green 

Conglomerate and green shale 

Shale, green, and sandstone 6.4 

Conglomerate, coarse-grained 2.6 

Sandstone, greenish, green and red shale, fine and coarse-grained 
conglomerate with jasper pebbles 10.2 

Shale, red, green, and blue ,904 

Conglomerate with jasper pebbles 14.9 

Shale, green, red, and brown 11.8 

Conglomerate, fine and coarse-grained, with beds of dark shale 12.2 

Sandstone and shale 

Total - 

The type section of the Tuggerah Formation (Haulon et al., 1953) is 

in Windeyers Hawkesbury River bore from 373.2 to 471.9 m. It coneiete chiefly 
of interbedded ehale and sandstone. - ,.: 

Thickness 
7 

Sands tone 

Sandstone and conglomerate 

Sandstone, conglomerate, grey shale 

Sands tone 

Sandstone and shale 

Shale, chocolate 

Sandstone, shaly 

Sands tone 

Shale, chocolate and grey 



Shale, chocolate 

Shale, grey 

Sands tone 

Sandstone, shale, conglomerate 

Sandstone and conglomerate 

Shale, chocolate 

Sandstone, shaly 

Sands tone 

Sandstone, shaly 

Conglomerate, fine-grained 

Shale, grey, and sandstone 

Shale, chocolate 

Shale, chocolate and grey 

Sandstone, shaly 

Sandstone 

Conglomerate, fine-grained 

Shale, chocolate and grey 

Shale, p e y  

Shale, chocolate 

Shale, grey 

Total - 

Thickness 
m> 

Patonga Claystone 

The type section of the Patonga Claystone (~tuntz & McElroy, 1969) 
is the Windeyers Hawkesbury River bore (Culey, 1910) from 236.7 to 373.2 m. 

The name replaced Collaroy Claystone by which it was formerly known (~anlon et 

al., 1952) when it was found that the section wae not a correlative of the 

claystone at Collaroy. 

Shale, chocolate 'md grey 

Shale, chocolate 

Shale, grey 

Shale and sandstone 

Sands tone 

Shale, chocolate 

Shale, chocolate, and sandstone 

Shale, chocolate 

Thickness 
(m> 

Shale, grey, and sandstone 3.0 



Sands tone 

Shale, soft, grey 

Shale, chocolate 

Shale, chocolate, and sandstone 

Shale, chocolate 

Shale, grey 

Shale, chocolate 

Sandstone, fine 

Shale, chocolate 

Sands tone 

Shale, chocolate 

Shale, chocolate and grey 

Shale, grey, and sandstone 

Sands tone 

-Shale, chocolate and grey 

Shale, chocolate 

Shale, grey 

Sandstone 

Shale, chocolate and grey 

Sands tone 

Shale, grey 

Sands tone 

Shale, chocolate 

Shale, grey, and sandstone 

Sands tone 

Shale and sandstone 

Sands tone 

Shale, chocolate and grey, and eandstone 

Total 

Gosford Formation 

The type section of the Gosford Formation (Hanlon et al., 1953) is 
the Windeyers Hawkesbury River bore from 65.4 to 236.5 m. It consists of I 
interbedded grey shale and quartz sandstone. Raggatt (1938) named the Wyong 
Sandstone Member, the Ourimbah Sandstone Member, and the Mangrove Sandstone I 
Member at Wyong, but McDomell (1969) described eight major sand units, from 
12 to 45 m thick at Terrigal, separated from one another by silty units averaging( 
12 m thick. The lithology varies greatly within each unit, but fine to medium- 

grained quartz and lithic sandstone predominate in the sand units, together with I 



thh.conglomerates and coarse-grained quartz sandstone, whilst the silty units 

consist of laminated siltstone, claystone, silicified siltstone, and carbonaceous 

shale. Many of the silicified siltstones are packed with worm burrows. Root 

 ones are also present. Numerous bodies of massive cross-bedded lenticular 

sand cut into the flat-bedded siltstones. The base of each sandstone bed is 

irregular owing to the presence of scour-and-fill structures. Ripple marks, 

trough cross-bedding, concretions, and slump structures are well developed, and 

near Ki1dare.a conglomerate-sand-silt-sand point-bar sequence is repeated thrice 

in a vertical section of 8 m. 

The following is the type sec'tion: 

Thickmess 
(m> 

sands tone, skiy 

Shale 

Sandstone, shaly 

Sandstone, shaly, broken 

Sandstone and shale 

Sandstone 

Sandstone, shaly 

Shale 

Sandstone, shaly 

Sandstone 

Sandstone, shaly 

Shale, chocolate 

Sandstone, shaly 

Shale 

Shale and sandstone 

Sandstone 

Sandstone, shaly 

Chert 

Sandstone, shaly 

Shale 

Sandstone, shaly 

Shale, chocolate 

Sandstone and shale 

Sandstone (Mangrove Sandstone   ember) 
Sandstone, shale, conglomerate 

Sandstone and conglomerate 

Sandstone, shaly 

Shale, chocolate 



Thickness 
0 

I 
Sandstone, shaly 

Sandstone and shale 

Sands tone 

Sandstone, shaly 

Sands tone 

Sandstone, shaly, with sandstone layers 

Shale 

Sandstone, shaly, with sandstone layers 

Sandstone 

Shale, grey 

Sands tone, fine , grey ( Ourimbah Sands tone   ember) 
Shale and sandstone 

Sands tone 

Sandstone, shaly 

Shale 

Shale and sandstone 

Sandstone, grey ) 
Sands tone ) Wyong Sandstone Member 
Conglomerate ) 
Sands tone 1 
Shale, sandstone, conglomerate 

Conglomerate 

Sandstone, shaly, hard 

Sandstone, shaly, with sandstone layers 

Sandstone 

Sandstone, shaly, with sandstone layers 

Shale, grey 

Shale and sandstone 

Sands tone 

Total - 

Interval 12 in the deep wells 

Gosford Formation 

Siltstone,.sideritic 

Sandstone, fine-grained, polymict 

Siltstone, sideritic 

Thickness 
0 

I 



.... . . _  . Thickness 
(m> 

Sandstone  YO), f ine-grained, polymict, interbedded with' 
sideritic siltstone (25%) 

I 
Sandstone, medium-grained, polymict, poorly cemented; scattered 
q&tz and chert pebbles Lzd 
Total - 190.0 

Patonga Claystone 

Thickness 
0 

sady siltstone, brick red to green, clayey, micaceous 

Tuggerah Formation 

Thickness 
0 

Sandstone, fine-grained, polymict, moderately well sorted; 
calc'ite cement and silt matrix. Minor partings of siltstone. 
Following Foraminif era recorded: ~erneuilina, Ammobaculi tes , 
Haplophragtnium and cf. Trochammina 

Sandy siltstone. micaceous. Following Foraminifera recorded: 
cf .- Haplophrahoides and cf . ~rochammina 
Total - 
Munmorah Formation 

Thickness 
0 

Sandstone, medium-grained, polymict, poorly sorted; color~red 
chert pebbles; sideritic, clayey. Minor layers of siltstone 

Total thickness of Narabeen Group 

Dural South Bo. 1 (Hawkine & Ozimic, 1967) 

Protoquartzite (60%) interbedded with ,dark brawn silty sl.ightly 
carbonaceous sideritic mudstone 

Claystone, reddish brown and green 

Subgreywacke (80$), brown, sideritic, interbedded with grey-brawn 
protoquartzite (2&) 

Subgreywacke and protoquart zi te (8%) interbedded with grey-brown 
mudstone and siltstone (20%) ; minor red-brown claystone. 
Sideritic 

Siltstone, grey-grown, green, grey, and reddish brown claystone 
( 50$) interbedded with subgreywacke (50$)  

Total - 

Thicknees 
0 



Southern Central Area I 
Coal ' Cliff Sands tone 

The type area of the Coal Cliff Sandstone ( k l o n  et al., 1953) is the I 
coast between Coal Cliff and Clifton. The sandstone is medium to coarse-grained 

with pebbly layers, but the basal part, about 12 m thick, consists chiefly.of 

fine lithic sandstone with angular to rounded fragments of chert, quartz, and 

siltstone, set in a matrix of clay, quartz, and siderite. A basal conglomerate I 
occurs in places. 

The following is the type section near Coal Cliff: 

Sandstone, light grey, medium to fine-grained 

Shale, silty, light grey; indurated layers 2.0 

Sandstone, medium to coarse-grained; pebbly layers and ironstone . 

concretions in places 6 7 
I 

Sandstone, very fine-grained, argillaceous, indurated, dark grey 
near underlying coal seam 24 I 
Total - 
Wombarra Shale 

The type section of the Wombarra Shale (Hanlon et al., 1953) is on the I 
coast between Coal Cliff and Clifton. It consists of shale, claystone, and 

siltstone with intercalated sandstone beds, one of which is named the Otford 

Sandstone Member (Ha.nlon et al., 1953). There are also thin beds of conglomerate. 
1 

Loughnan (1963) records that the Wombarra Shale contains almost twice as much 

lutite 6 km north of the type section. 
Thickness 
T 'I 

Shale, light grey 

Sands tone, greenieh grey 

Shale, grey, starchy fracture 4.0 

Sands tone, f ine-grained to conglomeratic (0tf ord Sands tone  ember) 6.8 

Shale, grey, reddieh brown in places, starchy fracture 13.4 
I 

Sandstone, argillaceous 

Shale, grey, starchy fracture, with a few sandstone layers 

Shale, grey, with numerous sandstone layers 

Total 



Scarborough Sandstone 
-.- - - - 

The type section of the Scarborough Sandstone (1ianlon et al., 1953) is 

on the coast between Coal Cliff and Clifton. It consists (~ou~hnan, 1963) of 

26 m of coarse-grained lithic sandstone grading into conglomerate, and is finer- 

grained towards the top. The rock fragments consist of quartz and chert. 

Stanwell Park Claystone 

The type section of the Stanwell Park Claystone (Hanlon et al., 1953) 

is on the coast between Coal Cliff and Clifton. It consists of interbedded 

claystone and sandstone. 

Thickness 
0 

Claystone, reddish brown, green, and grey 

Sands tone, greenish 

Claystone, green and grey 

Sandstone, green and grey 
& 

Claystone, reddish brown 

Sandstone, greenish grey 

Claystone, green and reddish brown 

Sandstone, greenish grey 

Claystone, reddish grey 

Sandstone, greenish 

Claystone, grey, green, and reddish brown 

Sandstone, fine-grained, grey and reddish brown, speckled 

Sandstone, fine-grained, speckled 

Claystone, reddish brown and grey, with sandstone layers 

Sandstone, argillaceous, grey with reddish brown speckling on 
weathered surface 

Total - 
Loughnan (1963) recognized several units within the Stanwell Park 

Claystone in the Metropolitan Colliery bore. 'he upper 22 rn consists of red- 

brown claystone and clay breccia in which quartz is relatively dificient; 

residual volcanic textures are discernible. The lower 25 m consists predominantly 

of green-grey fine-grained lutite with subordinate greenish lithic sandstone and 

conglomerate in which quartz is abundant. Some pebbles show fluidal or trachytic 

fabrics . 
In the older literature the Stanwell Park Claystone was variously horn 

as the Cupriferous Tuffs, Lower Chocolate Shales, and Lower h d  Beds. 
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Bulgo Sandstone 

The Bulgo Sandstone (Hanlon et al., 1953) consists of sandstone with 

minor interbedded claystone. It has a banded appearance due to the weathering I 
of soft layers. The type section, which is incomplete, is near Bulgo and 

Clifton and consists of: 

Sandstone, fine to medium-grained, light grey to pale 
reddish brown in places 

Breccia, medium-grained 

Sandstone, fine to medium-grained, light grey to pale reddish 
brown in places 

Shale, reddish brown 

Sandstone, fine to medium-grained, light grey to pale reddish 
brown in places 

Claystone, reddish brown 0.3 

Sandstone, fine-grained, greenish grey 

Shale, reddish brown 

Sandstone, thin-bedded, greenish grey 

Shale, reddish brown 

Sandstone, fine to medium-grained, light grey to pale reddieh 
brown in places 

Shale, reddish brown 

Sandstone, fine to medium-grained, light grey to pale reddish 
brown in places 

Claystone, reddish brown, some greyish bands 

Sandstone, fine-grained, light greenish grey 

Sandstone, rhythmically interbedded reddish brown and greenish grey 0.3 
Sandstone, fine to medium-grained, greenish grey 2.4 

Sandstone, fine-grained, rhythmically interbedded reddish brown 
and greenish grey 1.2 

I 
Sandstone, fine-grained, light grey 1.8 I 
Shale, reddish brown with some greenieh bede 

Sandstone, fine-grained, light grey, soft and ehaly at bane 

Sandstone, fine to medium-grained, with irregular breccia bed 
near base 

Sandstone, reddicsh brown and greenish grey 

Silty claystone, grey, and some sandstone beds 

Sandstone, medium-grained 

Silty claystone, greenish grey 

Sandstone, medium-grained 

Lenticular beds generally similar to the overlying beds (~anlon 
et al., 1954) 91.5 (approx 

Total - 128.1 O(approx b 



Ward (1971) proposed as type section the complete sequence of the 
r 

Bulgo Sandstone as recorded in the log of Coal Cliff DDH 17 at Garranwarra Farm 
west bf Era. Ke recognized three distinctive facies: 

Upper or shaly facies: light grey-brown sandstone with layers 
of red shale 45.1 

Middle or volcanic facies: 217.9 rn of sandstone containing 
numerous fragments of intermediate to mafic ~olcanic rock, 
Claystone layer at base called Menai Claystone Member 

Lower or pebbly facies: contains numerous pebbles of green, 
red, black, and grey chert - 66.0 

Total 161 04 

Bald Hill Claystone 

I The Bald Hill Claystone (~anlon et ale, 1953) consists of reddish 
brown claystone with some mottled claystone and reddish brown sandstone layers, 

some of which appear, under the microscope, to be tuffaceous. The type section, 

at Bald Rill north of Stanwell Park, consists of: 

Claystone, reddish brown; numerous small solution cavities 

Claystone, reddish brown and occasionally greyish with 
- ' a few cavities 

Thickness 
(ml 

Claystone, reddish brown and light grey 

Clayatone, reddish brown, slightly mottled 

Claystone, reddish brown, fine-grained; grey mottling and sudden 
lateral colour changes 1.2 

Claystone, reddish brown 3.7 
Claystone, light reddish brown, mottled 

Claystone and siltstone, reddish brown 

I Total - 14.3 - 
-- . - . - - - - - - - - -- - - - - - - - - 

The Bald Hill Claystone ha8 been referred to variously as the 

Chocolate Shalee, Upper Chocolate Shales, Upper &d Eerie, end Collaroy Clayetone. 

The type section established in the Windeyere Hawkembury River bore (Haulon 

e t  al., 1954) for the Collaroy Claystone, is now the type section of the Patonga 

Clayetone (q.v. ) . 
I Ward (1971) identified the Bald Hill Claystone over a large part of the 

I 
basin and showed that the formation thins to the east. 
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Garie Member of the Bald Hill Claystone 

The Garie Member (Loughnan, 1969) consists of massive well crystallize 

kaolinite with minor siderite and anatase. It is light to dark grey and general ! 
indurated, and commonly haa a micro-oolitic texture. There is virtually no quar t 

The type area of the Garie Member is near Bulgo Headland at the top 

of the Bald Ail1 Claystone. It was given formation status by h y  (i Berbert 1 
(1971)~ but relegated again to a member by Ward (1971). Hanlon et al. (1954) 
describe the topmost unit of the Bald Hill Claystone as a grey and cream breccia 

the lower part of which is indurated along joints. The Garie Member has 
I 

previously been referred to as the Narrabeen Clay Conglomerate, Narrabeen Brecci 

Pelletal Claystone, and the Tonstein-like Rock. , I 
~ewport Format ion 

The Newport Formation (Bradley, 1964) consists mainly of ailtatone. . 

type section, as measured by Hanlon (1958) about 3 km north of Garie Beach, is 1 
as follows: 

Thicknes 4 
Sandstone, fine-grained, polymict; shows some slumping 

Shale, blackish, finely laminated in places; abundant plant remains O 6  2.4 I 
Claystone, grey 2.3 

Siltstone, light grey, indurated 0 I 
Claystone, grey 

Siltstone, rhythmically bedded 

Sandstone, fine-grained, polymict, indurated; honey-comb 
weathering 

Shale, dark grey, rhythmically interbedded with fine-grained polymict Oo3 I - 
sandstone. Abundant reed casts 2.0 

Siltstone, grey to reddish brown, with 2 thin pebbly bands of quartz 
and chert 1.7 I 
Sandstone, fine-grained, polymict, rhythmically interbedded with 
shale 0.9 1 
Siltstone, grey 2.7 

Sandstone, grey, coarse-grained, polymict 

Claystone, grey, indurated, sideritic 

Total - 



Interval 12 in the deep wells 

Kirkham No. 1 (kine, 1969) 

Thickness 
0 

Siltstone, brownish, carbonaceous, micaceous, sideritic, 
interbedded with light grey polymict silty protoquartzite 

Claystone, chocolate, kaolinitic, pelletal, interbedded with 
minor subgreywacke ' 

Protoquartzite, polymict, pebbly, carbonaceous, slightly sand;y. 
3 or 4 fining-upwards cycles 35.1 

Protoquartzite and subgreywacke, very fine to coarse, with 
abundant clasts of coloured chert, interbedded with greenish 
sandy siltstone and mudstone. About 17 fining-upwards cycles. 
'Pypical sequence consists of 10 m of pebbly coarse sandstone I 

grading through medium and fine-grained slightly pebbly 
sandstone to very fine-grained sandstone, sandy siltstoce, and , 

muds tone 259.2 

Five fining-upwards cycles of pebbly subgreywacke, with 
abundant coloured chert clasts, sandy siltstone, and greenish 
illitic claystone. 6 m of conglomerate at base of middle cycle 72.6 
Siltstone, brownish, slightly carbonaceous, interbedded with 
minor medium-grained very fine to fine-grained subgreywacke. 
Cross-bedding, burrows, and rootlets 27.8 

Total - 438.1 

Woronora No. 1 (Alcock, 1968) 

Thickness 
0 

Sandstone, polymict, very fine-grained, with very fine-grained 
protoquart zite 9.1 
Shale interlaminated with siltstone; small amount of 
carbonaceous material 

Claystone, red-brown; upper part oolitic. Minor layers of hard 
white claystone and grey shale 30.5 

or3hoquartzi te with minor layers of sandy eil ts tone. Chert 
olasts abundant 73.2 

Sandstone, polymict, grey to red-brown; abundant clasts of a d  
and green chert, claystone, iron oxide, and siderite 21.3 

Orthoquartzite with minor layers of lutite; siderite and iron 
oxide 73.2 

Protoquartzite with plentiful clasts of sedimentary rock, 
interbedded with grey and red-brawn shale and minor siltstone 48.8 

Orthoquartzite and protoquartzite with abundant red and green 
chert pebbles. Porosity moderate to high 30.5 



Thickness 
0 

Subgreywacke, with abundant c l a s t s  of sedimentary rock, 
interbedded with shale and s i l te tone;  calcareous cement 

Subgreywacke, with abundant c l a s t s  of sedimentary rock, 
interbedded with shale and s i l ts tone;  calcareoue cement; 15.2 

Total coarser-grained than overlying uni t  - 356.7 
I 

Western Area 

Caley Sub-Group 

The Caley Formation (Crook, 1956) was subdivided by Goldbery (1966) 

i n t o  f ive  members which were l a t e r  upgraded t o  formations sf  the Caley Sub-group 

(~o ldbe ry ,  pers. comm., & Herbert, 1970). I 
Beauchamp Fa l l s  Shale I 

The Beauchamp Fa l l s  Shale (Goldbery, 1966). a t  the base of the 

Narrabeen Group, cons is t s  of interbedded carbonaceous shaie, s i l t s tone ,  claystone, I 
and fine-grained sandstone. The type section i s  a t  Beauchamp Falls. 

Thickness 
(m> 

I 
Shale with grey and brown micaceous s i l t s tone  

Sandstone, white t o  grey-brown, mostly fine-grained 

Total - 
Clwydd Sandstone 

The type section of the Clwydd Sandstone (Goldbery, 1966) is at 

Beauchamp Falls.  

Thickness 
73- I 

Sandstone, white t o  brown, f ine to coarse-grained; beds 0.3 
t o  3.3 m thick; i r regular ly  spaced layers of coloured jasper 
pebbles, up to  2 cm acrose, which const i tute  up t o  15% of rock. 
Ironstone concretions, traces of cross-bedding 8.5 

I 
Shale, grey, micaceous; lenses up t o  0.3 m thick - 0.6 I 
Total - 
Victoria Pass Claystone 

The type section of the Victoria Pass Claystone (Goldbery, 1966) i s  

a t  Victoria Pass where it consists of 2 m of greyish white to  dark grey hard 

dense claystone, with thin black cross-bedded s i l t y  layers. The formation thins I 
gradually to  the west. 



Govetts Leap Sandstone 

The type section of the Govetts Leap Sandstone (Goldbery, 1966) i s  a t  

Burra-Moko Head, where the  formation cons i s t s  of 10.8 m of white t o  yellow f i n e  

t o  coarse sandstone, i n  beds from 0.6 t o  3.3 m thick. It contains layers ,  up 

t o  15 cms thick,  of quartz and jasper pebbles about 6 mm across. 

Hartley Vale Claystone 

The type section of the  Hartley Vale Claystone (~o ldbe ry ,  1966) is  

a t  Victoria Pass, where it consis ts  of 3.3 m of grey argil laceous rock (67%) 

with plant  remains, interbedded with white fine-grained sandstone (33%) with 

shaly partings. This sandy f a c i e s  gradually becomes dominant t o  the  west. In 

the gorges of the  Blue Mountains the Harley Vale Claystone usual ly  forms'a notch 

beneath the overlying Grose Sandstone. 

Grose Sub-Group, formerly Grose Sandstone (crook, 1956) 

The Grose Sandstone was subdivided by Goldbery (1966) i n t o  three  

rnenibers, which were upgraded (Goldbery , pers. comm., & Herbert, 1970) t o  

formations of the Grose Sub-group. 

Burra-Moko Head Sandstone 

The Burra-Moko Head Sandstone (Goldbery, 1966) is the  oldest  formation 

of the Grose Sub-Group. It consis ts  of massive sandstone beds with lenses  of 

shale  and claystone. A continuous claystone layer  i n  the middle of t h e  

formation has been used as a marker bed and informally named the  Katoomba 
70 

claystone member (Goodwin, l y e ) .  The type section of the Burra-Moko Head 

Sandstone i n  Bennett Gully consis ts  of 75.6 m of yellow medium t o  coarse sandstone 

with quartzose pebbly layers  interbedded with 2.7 m of grey shale i n  layers  from 

0.3 t o  2.1 m thick. 

Mount York Claystone 
74' 

The Mount York Claystone (Goldbery, 1966; Goodwin, 19@) occurs as a 

s ingle  bed of claystone, o r  as two closely  spaced bede of claystone separated by 

a t h i n  bed of sandstone. The claystone i s  copmonly reddish brown, but ranges 

through mottled colours t o  l i g h t  grey o r  white. It occurs between 102 m and 122 m 

above the base of the Sub-Group, which"serves t o  dist inguish i t  from the  'Katoomba 

clayrstone', which is 39.6 t o  48.8 m above t he  base. 

The type section i s  i n  Bennett Gully, Mount York, 3 km north of 

Victoria Pass, where i t  cons i s t s  of: 



Ironstone 

Claystone, grey and red-brown 

Sandstone, white and yellow, fine to medium-grained 

Claystone, red-brown; deeply weathered to form prominent 
undercut ledge 

Total - 
Banks Wall Sandstone 

Thickness 
73- 

The Banks Wall Sandstone (Goldbery, 1966) is the youngest formation in 

the Grose Sub-Group. The type section at Mount Hay consists of 108.8 m of 

yellow medium to coarse-pained sandstone with lenses up to 1.8 m thick'of 

pebbles up to 1.3 cm across. The interbedded shale layers are grey in the upper 

part, red-brown in the lower, and add a further 3.9 m to bring the total 

thickness of the formation to 112.8 m. 

Burralow Formation 

The Burralow Formation (Crook, 1956) consists of interbedded sandstone, 

shale, and claystone, all of which are micaceous. The type area is along the 

valley of the Burralow Creek, where Crook measured the following section: 

Thickness 
0 

Shale, grey, with sandstone interbeds 

Sandstone, fine-grained, soft, quartz-rich 

Shale, grey, fissile, with sandstone interbed'e 

(Sandstone, massive, medium-grained, quartz-rich, 
Tabarag ( flaggy towards top 
Sands tone (claystone red-brown 
Member Sandstone, massive, medium-grained, quartz-rich, 

coarse-grained at base 

Claystone, grey 

Claystone, red-brown 

Shale, grey, fissile, silty, with interbedded sandatone 

Sandstone, fine-grained, silty at top 

Shale, grey 

Conglomerate, fine-grained 

Shale interbedded with sandstone layers twaxds top 

Sandstone, flaggy; shale clasts 

Shale, grey, with fine-grained sandstone 

Claystone, red-brown 

Total - 



.The formation is entirely arenaceous at the western edge of outcrop. 

Interval 12 in the deep wells 

Mount Murwin No. 1 (Mayne, 1968) 

Thicheas 
0 

Quartz greywacke (75$), very f ine-grained, slightly carbcnaceous, 
sideritic, interlaminated with medium-grained protoquartzite 
( 2 57;) 125 

Protoquartzite (85%) interbedded with quartz greywacke (1%) 143.3 
Protoquartzite (97$) with very thin lenses of reddish brown 
muds tone (3%) 
Quartz greywacke (70%), very f he-grained, slightly carbonaceous, 
interlaminated with protoquartzite ( 3 6 )  164.7 

Total - 673.9 

Siltstone (TOP)  interbedded with protoquartzite ( 30$) 

Thickness 
0 

Orthoquartzite. Correlated with Tabarag Sandstone Member of 
Burralar Formation 33.5 
Siltstone interlaminated with protoquartzite 42.7 

Protoquartzite grading into orthoquartzite; contains up to 
30% multicoloured chert clasts and.a few siltstone laminae 308 0 

Protoquartzi te (85%) interbedded with grey-brown "silt stone (1 ~ h )  ; 
a few coaly partings 140.3 
Siltstone ( G O $ ) ,  grey, commonly carbonaceous, interbedded with 
protoquartzite (40%) 54.1 
Total - 641.6 

Kurrajong Heights No. 1 

Thickneea 
0 

Siltstone with interbeda of protoquartzite and orthoquartzite, 
including the Tabarag Sandstone Member. Correlated with 
Bumalow Formation v p 85 4 
Orthoquartzite and protoquartzite, maseive, cross-bedded, with 
thin siltstone partings. #ore pebbly in lower half. Correlated 
with Banks Wall Sandstone 317.2 

Claystone, green and red, sandy, chloritic, sideritic. 
Correlated with Mount York Claystone 

Protoquartzite, medium to coarse-grained, croes-bedded, with sparse 
laminae of siltstone. Correlated with Burrs-Moko Head Sandstone 154.0 



Thickness 
0 

Protoquartzite, medium-grained, with interbeds of siltstone. 
Clasts of coloured chert abundant; dawsonite, dolomite, and 
calcite present. Correlated with Caley Sub-Croup 

Total 

Howes Swamp No. 1 (Esso, 1970) 
Burralow Formation 

Thickness 
(m> 

Siltstone interbedded with shale, carbonaceous in part 

Lithic sandstone, very fine to fine-grained, buff to grey. 
Glauconitic at 11.9 m 

Sandstone, white, coarse to very coarse; coloured clasts. 
Minor rust-red claystone and grey to buff siltstone 

Siltstone, grey, slightly carbonaceous, and some reddish 
claystone interbedded with minor white fine-grained quartzose 
sands tone 

Grose Sandstone 

Sandstone, buff, medium to coarse, subangular to angular; 
coloured clasts; poorly cemented with silica. Very small 
amount of siltstone 

Thickness . 

73- 

Caley Formation 
Thickness 
0 

Sandstone with very minor hard grey carbonaceous claystone 
and siltstone 

Sands tone 

Shale and siltstone, grey 

Lithic sandstone, arkosic, interbedded with light grey shale 

Sandstone, with very minor grey carbonaceous siltstone 

Total - 
Northwestern Area 

Pogson & Rose (1969) have recognized three units in the Narrabeen Group 

in the far northwestern part of the Sydney hein. A coarse polymict conglomerate 

at the base is overlain by a polymict sandstone, and this in turn by a sequence 

of quartz sandstone and shale. The clasts become smaller towards the top of the 

section. The distribution and variation in thickness of the units swgest that 

the older beds of larger pebbles, which are chiefly of volcanic rock, had a 

provenance in the northeast, that is, in New &gland. The qtwtz content came 

from the west, and with the passage of time the westerly source became more and 

more important. 



. Pogson & Rose (1969) describe a section 3 km northeast of Wollar. 
Thickness 
(m> 

Lithofacies C 

Sandstone, conglomeratic, and conglomerate. Pebbles up to 
1.5 cm across common, Quartz predominates in grains and 
pebbles. White clay matrix 44 

Sandstone, conglomeratic. Numerotis pebbles up to 1.5 cm across. 
Quartz predominates in both grains and pebbles. Some red grains 18 

Lithofacies B 

Sandstone, chiefly coarse to very coarse-grained. Pebble beds 
throughout, pebbles up to 1.5 cm across, but generally less. 
Green and red grains abundant, Marked increase in quartz 
grains and pebbles from underlying section. White clay matrix : 14 
Sandstone, chiefly coarse with conglomeratic lenses. Red green 
and white pebbles of volcanic rock and quarte. Some ferruginous 
beds. White clayey matrix 8 

Lithofacies A 

Conglomerate, pebbles up to 2.5 cm across. Pebbles of white 
volcanic rock, red and green aphanitic pebbles, pebbles of quartz, 
quartzite, and siltstone 24 

Conglomerate, pebbles from 0.5 cm or less. Pebbles of white 
volcanic rock, red and green aphanitic pebbles, pebbles of quartz, 
quartzite, and siltstone. Matrix of white clay - 8 
Total 116 - 

Pogson & Rose (1969) give detailed sections from another 12 localities 

in the region between Rylstone and Broke. 

 elations with Older Units 

Over much of the Sydney Basin the Narrabeen Group rests conformably 

on the Newcastle Coal Meaeures and correlatives. The relationship is 

gradational, but by definition the Narrabeen Group begins directly above the 

topmost coal sesm. The topmost coal seam, in turn, is taken as the Wallarah, 

Bulli, and Katoomba Seams, but in the Lake Macquarie region a ooal seam called 

the Vales Point Coal Member occurs in the Munmorah Formation of the Narrabeen 

Group, above the Wallarah Seam. Near the Lochinvaz Dome, however, the Narrabeen 

Group rests unconformably on the Muree Sandstone (David, 1907), owing to uplift 

and erosion of the area during the time inmediately preceding the laying down 

of Interval 12.. 



Correlation and Age 

The formations in the Narrabeen Group are correlated on their 

stratigraphic position, lithology, and contained macrofloras and microfloras. 

A broad correlation is suggested by their stratigraphic position between the 

bottom and top of the group, that is, the topmost coal seam of the coal measures 

and the Hawkesbury Sandstone. In this way the Caley Sub-Group, the Munmorah 

Formation, and the Coal Cliff Sandstone are at least partly correlative as they 

are at the bottom of the sequence, as also are the Burralow, Wewport, and 

Gosford Formations at the top. The Bulgo Sandstone and the Grose Sub-Group can 

be correlated in part not only because of their intermediate stratigraphic 

position, but also because of their similar lithology, The chocolate shales af 

the Narrabeen Group can be used as marker beds over limited areas. The most 

extensive of these shales is the Bald Hill Clayetone with its unique kaolinite 

lithology. It has been traced subsurface northwards to the claystone at 

Collaroy and westwards to the reddish shales of the Burralow Formation. 

Similarly the Menai Claystone of the northern Illawarra coast has been traced to 

the Mount York Claystone in the Blue Mountains, and the Stanwell Park Claystone 

has been traced to the Katoomba Claystone. 

Ward (1971) in his analysis of variation in the ratio of quartz to 

rock-fragments in the group was able to show that vertical variation occurred 

at three fairly distinct levels, which he referred to as steps A, B, and C. 

Step A occurs at the baae of the Scarborough and h a - M o k o  Head Sandstones, 

step B near the base of the Tuggerah Formation, Menai Claystone, and Mount York 

Claystone, and step C at the top of the Patonga Claystone and just below the 

Bald Hill Claystone. 

Two distinct macrof loras (the older Glossopteris and the younger 

Dicroidium/~oegia floras) exist within the Narrabeen Group, and afford a basis 

for time corre'lation. The microflorae are a more useful parameter for 

correlating: Helby (1970) hss recognised palynological assemblage zone8 in the 
Sydney Basin Triassic rocks, and time correlations based on them are shown in 

Fig* 44. 

The age of the Narrabeen Group has been estimated directly from 

palaeontological evidence and indirectly from isotopic age determinations. 

Macrofloral and microfloral assemblages and fossil arthropods and vertebratee 

indicate that the group ranges from late Tatarian possibly into the Middle 

Triassic. The intrusive dolerite at Proepect has a K / A ~  age of 168 may. 

(mid-~urassic), and the Moss Vale-Mittagong intntsiires have a K/& age of 194 m.y. 

(late Triassic). 
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Fossils from the Narrabeen Grou~ 

The following fossils have been recorded: 

Munmorah Formation 

Raggatt (1 969) lists the following: 

Plantae: Glossopteris browniana, Alethopteris, Phyllotheca, Schizoneura 

gondwanensis, Cladophlebis cf. roylei, Taeniopteris cf. mcclellandi, 

Taeniopteris sp., Sphenopteris sp., Ginkgoites dilatata var. lata, 

Rhipidopsis ginkgoides. 

Arthropods: Estheria coghlani 

Helby (1 970) mentions that Thinnfeldia callipteroides Carpentier is a constant 

component of lowermost Narrabeen Group floral aesemblages. 

Coal Cliff Sandstone 

Harper (191 5) tentatively identified reptilian footprints as cf. Ichnium 
gampsodactylum. 

Helby (1970) states he has found small undescribed pelecypods. 

, 
Beauchamp Falls Shale 

McElroy (1969) mentions the occbence of Dichroidium odontopteroidee. 
i 
I 

!hgp:erah Formation i 
Raggatt (1 969) lists the following plants : 
Alethopteris, Eguisetum, ~chizolieura gondwanensis, Sagenopteri~ salisburioides, 

$ 

Zeugophylli tes sp., Dicroidium f karrabeenense , and an acri tarch. 
I 

Tuggerah Formation in Kulnura ~ d . 1  
I 

Crespin (1 936) listed the follofing: 
Foraminifera: Haplophragmium, cf. Haplophragmoidee, 

cf. Trochammina. 

Conchostraca: Cyzicus 

Various: a siliceous 

Tuggerah Formation in Terrigal IDH No. 1 9 
Evans (& Helby, 19701 has found aoritarchs in a horizon which Helby 

considers an equivalent of the 4 lggerah Formation. 
[I 

Patonga Claystone 

IIelby (1970) mentions that the conchostracan Cyzicus is locally 

prominent throughout the sectic below the base of the Gosford Sub-Group. i 



Grose Sub-Group I 
From Mulgoa No. 1 well, Crespin (1960) recorded Globochaeta and 

microscopic wheels and rods of echinodermatan holothurian sclerites at 553.7: m, 

554.4:' m, and 677.6 ' m. The formation was probably the Ihu-ra-Moko Head Sandstone. 
I 

Gosford Formation 

Dicroidium and Hoegia characterize the flora of this formation, and 

have been described in detail by Walkom (1925) and Burges (1935). I 
Plantae: Phyllotheca australis, Todites narrabeenensis, Cladophlebis cf. roylei, 

Coniopteris cf. lobata, Caulopteris sp., Taeniopteris tenison-woodsi, 

Taeniopteris triassica, Taeniopteris undulata, Taeniopteris wianamattae, 
I 

Sphenopteris alata, Dicroidium feistmanteli, Dicroidium lancifolium, ; 

Dicroidium narrabeenense, Dicroidium odontopteriodes, Hoegia ep., 
I 

Odontopteroides dubia, Odontopteroides macrophylla, Carpolithus sp., cf. Beania sp. 

cf. Sphaereda sp., Bennettites (~illiamsonia), flowers ar~d stem, Ginkgoites sp., I 
Baiera rnultif ida (B. simmondsi) , Rhipidopsie ginkppides, Rhipidopsis narrabeenensis 
Rhipidopais cupressSloxylon novaevalesiae, Cedroxylon triassicum, Brachyphyllum 

angustum, Cyclostrobus sydneyensis, and coralline algae. 

I 
Woodward (1890) and Wade (1940) listed the following vertebrates: I 

Selachii: Cestraciont shark, indet. 

Dipnoi: Gosfordia truncata Smith Woodward 

Palaeoniscidae, 8.1,: Apateolepis australis Smith Woodward, Myriolepis clarkei, 
I 

and Myriolepis latus Smith Woodward 

Catopteridae: cf. Brookvalia spp. 
I 

Perleididae: Tripelta dubia (Smith ~oodward), Chrotichthys gregarius (Smith 

~oodward), Pristosomus gracilis (Smith ~oodward), Pristosomus latus Smith I 
Woodward, Pristosomus crassus Smith Woodward, Zeuchthiscue australis (Smith 

woodward) I 
Cleithroepidaa : Cleithrolepis granulata Egerton, Cleithrolepis altus Smith 

Woodward, I 
Saurichthyidae: Saurichthys ~igas Smith Woodward, Sauriahthys gracilis Smith 

Woodward I 
Specimens of Cleithrolepis have ale0 been obtained from Asquith, the 

Waterboard tunnel, and Lane Cove in the Sydney area, and from Katoomba. I 
Arnphibia Stephens ( 1887) described the brachyopid Blinasaeus (platycepa) 

wilkinsoni. This is thought to be a larval stage of - Paratosaurus wadei. 

Cosgriff (1 967) described Paratosaurus wadei, also from the Gosford area and 

suggested a Lower Triassic age for the Gosford vertebrate assemblage. I 
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.. . . .  . .  . 
. . .  . . Helby (1970) mentions that pelecypods have been found..;in the upper 

portion of the Gosford Sub-Group. 

Bald Hill Claystone 

Conolly (1969) reported the occurrence, in thin sections, of 

Foraminifera and ostracods. 

Packham (& Helby 1970) has found coralline algae in the -upper part of 

the Bald Hill Claystone at Avalon. 

The Permo-Triassic Boundary 

The position of the Permo-Triassic boundary was for long in doubt. 

The boundary between the Newcastle Coal Measures and correlatives and the 

Narrabeen Group has often been used as the Permo-Wiassic boundary because it 

is so easily recognized. However, Walkom (1925) pointed out that the occurrence 

of Glossopteris browniana, Schizoneura gondwanensis, - Cladophlebis, Rhipidospsis, 

and Taeniopteris in beds above the Bulli Seam indicated the continuance of the 

Permian macroflora into the Narrabeen Group, The best place for the boundary 

was where the Glossopteris flora declined and gave way to the Dicroidium flora. 

Helby (1971) has defined the boundary aa coincident with the boundary between 

the Frotohaploxipinus reticulatus and Lunatisporites (Taeniaesporites) pellucidus 

microfloral Assemblage zones. Thus .the basal units of the Narrabeen Group 

(~ig. 44) were deposited in the Upper Permian. 

The Hawkesbury Sandstone (Clarke, 1848) was the first formation 

studied in Australia. Hanlon et al. (1953) gave a detailed account of the various 

names by which the formation has been known, and Standad (1965, 1969), Branagan 

(1 969), Conolly (1 969), and Ward (1 971 ) have presented comprehensive treatments 
of it.. 

The Hawkesbury Sandstone consists of orthoquartzite with some lenses of 

shale and conglomerate, but in the central area it is a protoquartzite. The 

quartz grains are of medium to coarse size, and subangular, with crystal facets 

due to overgrowthe. Almost all the quartz was derived from igneous rocks, but 

some vein quartz is also present. Quartz pebbles are scattered throughout the 

sandstone or as very thin layers at the bottom of sandstone beds, The basal 

0.6 m is commonly conglomeratic in the west, and beds of quartz cobbles with a 

westerly provenance occur in the northwest (~il~in-cola district). 



The cement is commonly illite, but may be silica, kaolinite, siderite, 

limonite, or barite. Loughnan & Goulding (1 956) consider that the sandstone 

originally contained 10 to 15 percent of potash feldspar, from which the illite 
was derived. 

The minor constituents include graphite (the commonest), muscovite, 

chlorite, and feldspar (in the light fraction) and authigenic leucoxene , anatase, 
pyrite, and iron oxide, and detrital rutile, zircon, and tourmaline (in the 

heavy fraction). 

Clay lenses up to about 1.5 m thick form some 6 percent of the formation. 

Black shale, containing syngenetic pyrite and marcasite, and streaks and.sinuous 

lenses of coaly material, usually vitrain, are intercalated in the massive 

sandstone beds. 

Cross-bedding is a distinctive feature of the formation. Osborne (1 948) 

records both trough and planar cross-bedding. Trough bedding with the upper 

portion eroded away, is typical of the Hawkesbury terrain; it was formed by 

continuous current action which removed much of previously formed cross-beds. 

The direction of deposition of f oreset cross-beds (Standard, 1969) is constantly 

to the northeast. The detritus forming the Hawkesbury Sandstone came chiefly 

from the southwest, but also from the west and northwest. 

Other sedimentary structuree include graded bedding, scour-and-fill, 

shale breccias, current ripple marks, and slump phenomena. 

The Hawkesbury Sandstone  elby by, 1970) remains the least understood 
and perhaps the moat controversial rock unit in the Sydney Basin. The main 

points of contention include the areal distribution of the formation, its 

composition, and the environment of deposition. Standard ( 1  969) and Ward (1 971 ) 
consider the Rawkesbury sediments to have been deposited by a fluvial system 

originating in the far southwest, Branagan (1 969) envisages a f luviodel taic 
environment, and Conolly (1969) favours a hypothesis invclving the operation of 

waves and tides on a delta. 

Hawkesbury Sandstone in the deep wells 

Kirkharn No. 1 (Raine, 1969) . . id' . 

Orthoquartzite, light grey, very fine to fine-grained, 
grading into brownish black sideritic micaceoue siltstone 6.1 



Thickness 
..-=- 0 

Orthoquartzite, light grey, coarse-grained, with minor 
interbeds of dark sideritic siltstone. Kaolinite and 
quartz-overgrowth cement; detrital graphite 

Protoquartzite, fine to coarse, quartz-rich, slightly pebbly, 
with interbeds of dark micaceous, carbonaceous, sideritic 
and graphitic sandy illitic siltstone and mudstone 

Protoquartzite, medium to coarse-grained, pebbly with a few 
siltstone partings. Sideritic, graphite conspicuous 30.5 
Protoquartzite, fine to coarse-grained, with minor interbeds 
of black kaolinitic mudstone. Quartz and coloured chert 
clasts; sideritic, graphitic 31.4 
Total - 203.6 

Woronora No. 1 (~lcock, 1968) 
Thickness 
0 

Orthoquartzite, sideritic, limonitic, graphitic; clay cement; 
pebbles common towards base 73.2 

- Shale and interbedded siltstone, sideritic 9- 1 

Orthoquartzite, pebbly in part; some chert, carbonaceous 
material, and graphite 

Orthoquartzite, pebbly, with interbeds of lamhated 
sideritic shale 24.4 

Total - 163.8 - 
Dural South No. 1 (Hawkins & Ozimic, 1967) 

Thickness 
0 

Protoquartzite, fine to medium-grained, with some pebbly 
orthoquartzite and thin beds of siltstone. Graphitic, sideritic 204.3 

Windeyers Hawkesbury River Bore (culey, Alma C., 1910) 

Thicknees 
(.> 

Sands tone 10.8 

Sandstone with ironstone bands 12.8 

Shale and sandstone 11.3 

Sandstone, broken 9.7 
Sandstone 0.6 
Shale and sandstone 5.2 

Sands tone 0.6 
Conglomerate 0.3 
Sandstone 

Total - 



Sandstone, polymict, medium-grained. Composed of quartz, 
with minor feldspar, lutite microclasts, and graphite. 
Siderite and hematite cement; matrix of chloritic silt 
(= type x) 

Siltstone, grey to brown, micaceous, sideritic (= type y) 

Sandstone (type x) 

Siltstone (type, y) 

Total - 

Orthoquartzite, pale buff, medium-grained, with lenses of 
coarser sand and quartz gravel. Grain8 subangular, some with 
crystal regrowth; rare graphite, mica, and feldspar; white 
interstitial olay 

Mount Murwin No. 1 (Mayne, 1968) 

Similar to   el long No. 1 well 

Thickness 
0 

 owes Swamp No. 1 (EBBO, 1970) 
Thickness 
73- 

Sandstone, quartzose, white, pale yellow to list grey, fine 
to coarse-grained, pebbly in places, graphitic; grains 
subrounded to angular; creamy clay cement. A little grey 
silty carbonaceous shale 96.0 
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Kurrajong Hei~hts No. 1 (~itt, 1968) 

Thickness 
T 

Sandstone (ranging from protoquartzite to orthoquartzi te) , 
polymict, medium-grained, conglomeratic near bottom, 
graphitic and sideritic, with thin grey layers of mudstone 
and claystone at irregular intervals 

Relations with Older Units 

The Hawkesbury Sandstone has a gradational contact with the Newport 

Formation, with which it is a partial time equivalent laterally. In the 

southern area, however, there is an unconformity between the Hawkesbury Sandstone 

and the Clifton Sub-Group. Standard (1 961 ) gave the following criteria .for 
distinguishing the base of the Hawkesbury Sandstone from the underlying Narrabeen 

Group : 

1. A decrease in the number and thickness of clay units. 

2. A decrease in the proportion of clay cement, which makes the sandstone 

more friable. 

3. An increase in foreset type cross-bedding. 

4. A reduction of sandstone-mudstone interbedding. 

5. A decrease in the proportion of sandstone lenses and scour and fill 

structures. 

6. The marked decrease in the number of conglomerate layers in the northern 

part of the basin. 

7. The increase in the content of quartz pebbles from less than 40 to over 
90 percent. 

Galloway (1967) has shown' that it may be possible to distinguish the Hawkesbury 

Sandstone from Narrabeen Group sandstones by the differences in their heavy 

mineral content. 

Correlation 

Correlation of sandstone occurrencee is difficult in the southern, 

western, and northwestern areas where the thick sandstone beds of the Narrabeen 

Group, whose claystone and siltstone interbeds tend to pinch out towards the 

margin of the basin (Galloway, 1967; Dickson, 1969), resemble the Hawkesburg 
Sandstone. 

8ge 

Foseils are generally rare in the Hawkesbury Sandstone, but in a few 

localities they are abundant. Almost all occur in shale lenses within the 

sandstone and indicate a freshwater environment. 



David (1950) listed the following plants from various shale beds: I 
Phyllotheca australis, Cladophlebis australie, Hymenophyllites dubius, 
Taeniopteris lentriculiformie, T. (~acrotaenio~terie) wiana mattae, . 

T. (Macr~taenio~teris) sp., Dicroidium odontopteriodea, Dicroidium feistmanteli, 

Ottelia praeterita, and 2einitsia apathulata. I 
Wade (1935) described the following fish, for which he suggested a 

Middle Triassic age, from the Beacon Hill quarry at Brookvale, from shale 167 m I 
above the base of the Hawkesbury Sandstone: 

Dipnoi : Ceratodus ; Palaeoniscidae : Myriolepis (2spp. ) , Agecephalichthys, I 
I 

Megapteriscus, Belichthys (3 spp. ), Leptogenichthys, Mesembroniscus; 
Catopteridae : Brookvalia ( 3  spp. ) , Beaconia, Dic tyopleurichthys, Geintonichthys, 
Molybdichthys, Pblyc taenichthys, Schizurichthys ; 3erleididae : Manlieila, 

Frocheirichthys; Clei throlepidae : Cleithrolepis (2 epp. ) ; Saurichthyidae : 

I 
Saurichthys (2 spp. ) ; kholidopleuridae: Macrmephes (2 app. ) ; Semionotidae: 

Promecosimina, and Family indeterminate: Enigmathichthys. 

I 

Plates ascribed to the amphibian Mastodonosaurus platyceps have been 
I 

found at Cockatoo Dock. The capitosaur Parotosaurus (~ubc~clatosaurus) 

brookvalensis has been described from Brookvale by Cosgriff (1967), who considers 
it to be of mid-Triassic age, and Sherwin (1969) described footprints of 

I 
stereospondylous amphibians resembling Platycepn or Paracyclatosaurus. I 

Tillyard (1925) and McKeown (1937) have described a number of 

arthropods, many from Broobale. These include: Insects, (a large fauna), the 
I- 

xiphosuran Austrolimulns fletcheri, the merostomoid Synaustrus broohalensie, 

a freshwater shrimp related to the still-living Anaepides of Tasmania, the 
I 

ostraood Eetheria, and the conchostracan Cyzicue. I 
Few fossil mollusce have been found. They include the freshwater 

pelecypod Unio (David, 1950), a small unidentified gastropod from Mount Yengo, 
and the gastropod Tremonotus maideni from Sydney (Etheridge , 1888). 

I 
I 

INTERVAL 14: WIANAMATTA GROUP 

Interval 14 records the last stage of depoeition known in the Sydney 

Basin. The rocks were named the Wianamatta beds by Clarke (1848), and were 

I 
later described by him as consisting predominantly of shale overlying the 

Hawkesbury Sandstone, together with fine sandstme, calcareous sandstone, and 
I 

traces of coal. The beds were renamed the Wianamatta Group by Hanlon et al. 

(1953). Lovering (1954) defined a number of formations which he grouped into 
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the Liverpool and Camden Sub-Groups. Lovering gave a detailed description of 

the f onnations , and Herbert ( 19704 're-interpre ted the Bringelly Shale and 
associated sandstone layers. The formations in the Wianmnatta ' ~ r o u ~  are 

listed in Figure 50. 

Liverpool Sub-Group 

Mittagong Formation 1 

The type section of the Mittagong Formation  o over in^ & McElroy, 

1969) is in the Gib Tunnel cutting near Mittagong. It consists of alternating 

bands and lenses of black shale and sandstone. The sandstones are calcareous 

and ripple-marked. 

Ashfield Shale 

Lovering & McElroy (1969) gave the Potts Hill bores as type sections 
of the Ashfield Shale. The formation is about 30 m thick and consists of shale 

(rendered black with organic matter and iqon sulphide), with some sideritic 

mudstone and siltstone bands. There is an increase in sand content towards the 

top. A band of calcareous cone-in-cone shale occurs well up in the formation, 

and a marker band of mottled sideritic mudstone near the base. Vitrain is 

common in the shale and there are thin lenses of impure coaly material.. 

Bringelly Shale 

The type area of the Bringelly Shale   overi in^, 1954) is around 

Bringelly. It consists of grey-green to black shale with many bands and lenses 

of lithic sandstone. Herbert (1  97C$ has described four major sandstone bodies 
composed of volcanic detritus. 

Plant debris is abundant in the shales. 

The term Minchinbury Sandstone, which was.used in the older literature, 

has been dropped by Herbert (197a as incertae sedis. Ii was one or other of the 

four major sandstone bodies within the Bringelly Shale. 

Camden Sub-Group 

Potts Hill Sandstone 

The type section of the Potts Hill Sandstone (~overing, 1954) is in the 
Water Board quarry at Potts Hill. It is about 7.5 m thick and consists of massive 

lithic sandstone with some dark shale lenses. Iron oxide and sideritic nodules 

are comnon, and current-bedding is shown. 



A#W Shale 
J I  - .  

54 
The Annan Shale (Lovering, 196) has it8 type section on the Hume 

Highway on the south side of the Razorback Range. It 'is about 10 m thick and 

consists of dark shale with lenses of greywacke-type sandstone. Iron oxide 

nodules and plant debris are common. 

r 

Razorback Sandstone 

The Razorback Sandstone (~overing, 1954) has its type section along the 
Hume Highway on the north side of the Razorback Range. It is about 18 m thick 

and consists of massive lithic sandstone with some thin lenses of dark shale. 

The cross-bedding dips to the south; iron oxide concretions and calcite veins 

are common. Unidentifiable plant remains are widespread. 

Picton Formation 

The type section of the Picton Formation    over in^, 1954) is along the 
Hume Highway on the south side of the Razorback Range. Zt is about 30 m thick 

and consists of a lower sequence composed chiefly of dark shale and an upper 

section consisting of massive sandstone 6 to 18 m thick. The cross-bedding in 

the massive sandstone dips to the south. 

Prndhoe Shale 

No type section of the Prudhoe Shale  overin in^ 1954) has been defined. 
The thickest sequence of about 36 m is under Mount Prudhoe, the highest point 

in the Razorback ~an'ge. Grey-green shale with greywacke-type sandstone lenses 

form the lower part, and a massive sandstone cape Mount ??rudhoe. 

Relations with Older Units 

The Mittagong Formation, the basal formation of the Wianamatta Group, 

is generally conformable on the Hawkesbury Sandstone, Its black shale is very 

similar both to the black shale of the underlying Hawkesbury Sandstone and 

the overlying Ashfield Shale, and for this reason it was formerly known as the 

Passage Beds, 

The sandstone lenses, however, are finer-grained than the Hawkesbury 

Sands tone, and almost always somewhat calcareoue. An irregular erosional 

relationship probably exists in some areas. 



. . 
Correlations and Age 

Many fossils have been found in the Wianamatta rocks, especially the 

Ashfield Shale, and the total assemblage indicates that the group is of upper 

Anisian (~iddle Triassic) age. 

Etheridge (1888) described the following freshwater pelecypods from 

the basal beds of the Ashfield Shale and the Mittagong Formation: Unio (?) 

wianamattensis, Unio dunstani, and Unionella barralensis. 

Smith-Woodward (1 908) described the following fish from the Ashf ield 

Shale, 30 m above the kwkesbury Sandstone, at the Sydney suburb of St Peters: 

Pleuracanthus parvidens, Sagenodus latiqpg Falaeoniscus orassus, Elonidhthys 

annatus, Elonichthys semilineatus, Myriolepis pectinatus, Elpfsopholis dunstani, 

Platysomus sp., Acentrophorus sp., Palaeoniscus antipodeus, Semionotus formosus, 

Cleithrolepis granulatus, and Pholidophorus australis. 

Tillyard (1916) described the following insects from the same beds at 
St Peters: Rotoblattites aubcostalia, Mesotitan giganteus, Klaterites 

wianamattensis, Metrorhynchites sydneiensie, Etheridgea petricia, and 

Mesorhynchophora dunstani. 

Chilton (1 91 7) described the freshwater isopod Phreatoicus 
wianamattensis from the basal Ashfield Shale. 

Lovering & McElroy (1969) .listed the following plants from the Ashfield 
Shale: Phyllotheca australis, Cladophlebis australis, Gleichenia (?) dubia, 

Microtaeniopteris wianamattae, Sphenopteris sp., Decroidium adontopteroides, 

Dicroidium feistamanteli, Pecopteris tenuifolia, Cycadopteris scolopendrina, 

Pterophyllum ( ?) , and Baiera simmondsi . 
The following amphibians have also been found in the Ashfield Shale 

( Cosgriff , 1967) : Paracyclotosaurus davidi, Notobrachyops picketti, 7.- .' 

Mastodonosaurus. Bothriceps. 

Helby (in Herbert, 1970 has recorded the following acritarchs from 
the Bringelly Shale: Micrhystridium, Baltisphaeridium, and Veryhachium. 



.... 
_. . . 

Some doubt has been cast on the authenticity of the recovery of 

Foraminifera and ostracods from the Winchinbury Sandstonet within the 

Bringelly Shale (Chapman, 1909; Love & Bembrick, 1963). 

Phyllotheca-like plant-remains occur in both the shale and sandstone 

of the Bringelly Shale, and Lovering & McElroy (1969) li~t the following plants 

as having been described by McCoy (1847) probably from the Potts Hill Sandstone: 
Dicroidiwn odontopteroides, Odontopteris microphylla, Pecopteris? tenuifolia, 

and Phyllotheca hookeri. 

Helby (1970) has shown that Zonule C of the Falcisporites Assemblage 

Zone (see Fig. 44) occurs in the Aahfield Shale, and Zon~le D assemblage 
throughout the rest of the Wiaslamatta Group. He has shown that Zonule D is 

older than Early Jurassic. 

The Prospect teschenitic dolerite, which intrudes the Ashfield 'shale, 

has a K/& age of about 168 m.y., that is, -Lower Jurassic. The Aehfield Shale 

is therefore older than Lower Jurassic. 



_ ...... . 
MDEX OF ROCK UNIT NAMES 

..... :.:. :.:.. . . . ... . . . _ _  ...... . . . . . , . . . . . . . . . . ...... 

Rock Unit Stratigraphic A~ - Area Interval 
Position 

Allandale middle of Dalwood Gp Salcmarisn Lochinvar Anticline, 1 
Formation Hunter Valley 

Allans Creek Illawarra Coal Measures Tatarian Southern 
Formation Coalfield 

.. Annan Shale in Camden Sub-Gp of 
Wianamatta Gp 

Appin middle of; Illawarra 
Formation Coal Measures 

Appletree Flat base of ~ o b o m b i  Coal 
Sub-Group Measures '. 

Ashfield Shale at, or near, base of 
Wianamatta Gp 

M. Triasaic southwest- 14 
(~nisian) Central Brea 

Tatarian Southern 1 1  
Coalfield 

u. Tatarian mi3dle Hunter 1 1  
Valley . 

Triassic Central Area 14 
(Scythian- 
Anisian) 

Bald Hill near top of Narrabeen L. Triassic 
Clays tone GP (~cythian) 

Banks Wall top of Grose Sub-Bp L. Triassic 
Sands tone (= Grose  st) in ( Scythian) 

Narrabeen Gp 

Beauchamp base of Narrabeen Gp u. Tatarian 
Falls Shale 

Berry Formation top of Shoalhaven Gp Kazanian 

Boolaroo Sub- middle of -~ewcastle u. Tatarian 
Group Coal Measures 

Borehole Seam lowest seam in Newcastle Tatarian 
Coal Measures 

Branxt on bottom of Maitland Artinskian- 
Format ion GP Kungrnian 

Bringe lly Liverpool Sub-Gp of Triaesic 
Shale Wianamatta Gp Scythian- 

Anisian 

south-Central Area 12 

Western Area 12 

Western Area 12 

southern half of 6 
Sydney Basin 

lower Hunter 1 1  
Valley 

lower Hunter 1 1  
Valley 

Hunter Valley 4 

Central Area 14 

-. Budgong base of Illawarra Coal 1. Tatarian Southern 
'. Sandstone Measures Coalfield 

Bulgo middle of Narrabeen Gp L. Triassic south-Central 

I Sands tone C (Scythian) Area 



1 

Rock Unit Stratigraphic Age Area . ::.. . ..:. Interval ............ ............. Position ..:.:.:. 

I 
'Bulli Seam top of Illawarra Tatarian Southern 

Coal Measures Coalfield 

Burnamwood Wittingham Coal 
Formation ~easure s 

Tatarian upper and middle 
Hunter Valley 1 

Burralow top of Narrabeen Gp L. Triassic Western Area 
Formation ( Scythian) 

Burra-Moko middle and lower part. L. miassic Western Area 
Head of Grose Sub-Gp in ' (Scythian) 
Sands tone Narrabeen Gp 

Caley Sub- lower uni-ts of 
Group Narrabeen Gp 
(=~aley 

uppermost Western Area 
Tatarian I 

Formation) 

Camden Sub- upper sub-group of Triassic C~ntral Area 
Group Wianamatta Gp (~cythian- 

~nisian) 

Cardiff Sub- middle of Newcastle Coal u. Takarian lower Hunter 
Group Measwes Valley 

Cessnock basal member of Branxton u. Artinskian lover and middle 4 
Sandstone Fm, conformable on Greta Hunter Valley 

Coal Measures I 
Charbon Sub- upper part of Illawarra mid-Tatarian Western Coalfield 
Group Coal Measures 

Clifton Sub- three lowest formations L. Triassic mid-Central Area 12 
Group of Narrabeen Gp ( Sc~thian) 

C lwydd near base of Caley Sub- near top of Western Area 12 
Sandstone Gp of Narrabeen Gp Tatarian 

I 
Clyde Coal base of Conjola Sub- Sakmarian Clyde R. in far 1 I 
Measures Gp of Shoalhaven Gp south of Sydney 

Basin 

Coal Cliff base of Narrabeen Gp uppemos t south-Central Area 12 
Sands tone Ta tarian 

Conjola Sub- lower part of Shoalhaven Sakmarian Southern Area 1-3 
Group Gp, unconformable on 

lower and middle 
Palaeozoic I 

Coorongooba in Nile Sub-Gp of the Tatarian Western Area 
Creek Sandstone Illawarra Coal Measures 
(&oorongooba 
  or mat ion) 



I 
p- - -  - - - 

Rock Uni$'::- Stratigraphic Age Area : '.".:.:' 
. ...._- . . ..-. . . Interval 

Position 

1 Cumberland lower Illawarra Coal Ta tarian Central Area 7, 8 
Sub-Group Measures 

I Dalwood Group above Kuttung Gp Sakmarian Hnter Valley 1, 2 

I Dempsey Beds top: of Tomago Coal 
Measures . ,  

Tatarian lower Hunter Valley 10 

Doyle8 Creek' Wollombi Coal Measures u. Tatarian middle Hunter Valley 11 

I - 

Sub-Group 

Eckersley upper part of '~llawarra Tatarian Southern Coalfield 11 

I Formation Coal Measures . : 

Erins Vale in lower Illawarra Coal 1. Tatarian Southern Coalfield 8 
Formation Measures 

Farley top ,of Dalwood Gp Sakmarian Hunter Valley 2 
Formation 

4 Fenestella within the Branxton F'm Artinskian- lower and middle 4 
--b- Kungurian Hunter Valley 
gJ& shale) I - 
Four Mile Tomago Coal ~easures Tatarid lower Hunter Valley 9 

I 
Creek 
Formation 

Glen Gallic 
Sub-Group 

Gosf ord 
Formation 

Govetta Leap 
Sands tone 

Grose Sub- 
Group  rose 
Sands tone) 

Greta Coal 
Measures 

Gundangaroo 
Formation 

Gyarran 
Volcanics 

top of Wollombi Coal 
Measures 

top of Narrabeen Gp 

in Caley Sub-Gp of 
Narrabeen Gp 

middle of Narrabeen Gp 

above Dalwood Gp, below 
Branxton I'm 

top of Nile Sub-Gp of 
Illawarra Coal Measures 

Dalwood Gp 

u. Tatarian middle Hunter Valley 11 

1, Triassic mid-Central Area 12 
( Scythian) 

near top of Western Area 12 
Tatarian 

L. Triassic Westexn Area 12 
(~cythian) 

m. Sakmarian to Hunter Valley 3 
u, Artinskian 

Tatarian Western Coalfield 9 

early Salanarian upper Hunter Valley 1 

I Hartley Vale top of Caley Sub-Gp in on Permo- Western Area 
Claystone Narrabeen Gp Triassic 

boundary 



: >. . 
Rock Unit Stratigraphic 

Position 
Age Area 

. . . . -- ... ... Interval 

~awkesbury 
Sands tone 

above Narrabeen Gp and 
below Wianamatta Gp 

Triassic 
(Scythian and/ 
or ~nisian) 

Sydney Basin 13 

1. Artinskian lower and middle 3 
Hunter Valley 

Homeville 
Coal Member 

in Greta Coal Measures . 

in Wollombi Coal 
Measures 

u. Tatarian mid.dle Hunter 11 
Val ley 

Horseshoe 
Creek Sub- 
Group 

Central, Western, 7-1 1 
and Southern 
Areas 

Illawarra Coal 
Measures 

above Phi tland- 
Shoalhaven Gps and below 
Narrabeen Gp 

Tatarian 

Ka t oornba 
Claystone 
Member 

middle of Burra-Moko 
Head Sst in Grose 
Sub-Gp in Narrabeen Gp 

L. Triassic 
(Scythian) 

Western Area 12 

top of Illawarra Coal 
Measures 

Ta tar ian Western Coalfield 11 

Southern Coalfield 11 

lower Hunter Valley 3 

Ka toomba 
Seam 

Kembla 
Sands tone 

middle of Illawarra 
Coal Measures 

m. Tatarian 

Kit chener 
Formation 

in upper Greta Coal 
Measures 

1. Artinskian 

Kulnura Marine in Wins Vale F'm of 
Tongue lower part of Illawarra 

Coal Measures 

Tatarian eact half of 8 
Sydney Basin 

1. Artinskian lower Hunter Valley 3 Kurri Kurrf in Greta Coal Measures 
Conglomerate 

Lambton Sub- base of Newcastle 
Group Coal Measures 

u. Tatarian lower Hunter Valley. 11 

Lithgow Seam lowest coal seam in . 
Illawarra Coal Measures 

Tatarian Western Coalfield 11 

Liverpool lower Sub-Gp of 
Sub-Group Wianamatta Gp 

Triassio Central Area 14 
(Scythian- 
Anisian) 

Lockinvar base of Dalwood Gp 
Formation 

Saharian Hunter Valley 1 

Mai t land conformable on Greta 
Group Coal Measures, and below 

w Singleton Coal Measures 

::Euqgurian- Hunter Valley 4-6 
u. Kazanian 



- - - -- -- - 

Rock Unit , Stratigraphic 
. . -. :- - 

A@ 
.::< :. .- ,- Poeition 

Malabar in upper part of Tatarian 
Formation : Wittingham Coal 

Measures 

Mangrove - '. . in upper part of L. Triassic 
Sandstone Gosford l3n ( Scythian) 
Member , 

Marrangaroo . . .base of Charbon Sub-Gp m. Tatarian 
Conglomerate .,. . . .'of Illawarra Coal 

: ,  Measures 

Megalong i unconformable on middle 
Conglomerate Palaeoooic; basin margin 

equivalent of Shoalhaven 
GP 

Menai middle of Bulgo Sst in 
Clays tone I Narrabeen Gp 
Member 

Minchinbury ' in Liverpool Sub-Gp of 
Sandstone . Wianamatta Gp 

Mittagorig . . '$ase of Wianamatta Gp 
Formation 

Sakmarian $0 

L.. Kazanian 

L. Triaseic 
(~cythian) 

Triassic 
(Scythian- 
~ n i  sian) 

Triassic 
(~cythian- 
~nisian) 

Moon Ieland top of Newcastle Coal u. Tatarian 
Beach Sub- ' ,Measures 
Group . 

Mount 
Marsden . 
Claystone 

(=Formation) 

Mount 
Ogilvie 
Format ion 

Mount York 
Formation 

base of Nile Sub-Gp of 1. Tatarian 
Illawarra Coal 
Measures 

in middle part of Tatarian 
Wit tingham Coal 
Measures 

.in Grose Sub-Gp in L. Triaseic 
Narrabeen Gp ( Scythian) 

Mulbring top of Maitland Gp Kazanian 
Siltstone 

- -- 

Area Interval 

- pp - - - - - - - - - - - 

upper and middle 9, 
Huter Valley 

Hawkesbury R. 12 
Valley in mid-Central 
Area 

Western Coalfield 10 

Western Area . .  1-6 

soirth-Central 
Area 

Central Area 14 

sc.uthwe s t-Central 14 
Area 

lower Hunter Valley 1 1  

Westezn Coalfield 7 

upper and middle 9 
Himter Valley 

Western Area 12 

Hunter Valley 6 

Munmorah - base of Clifton Sub-Gp uppermost mid-Csntral Area 12 
Formation of Narrabeen Gp Tatarian 

Muree . top of Branxton h 1. Kaianian Hunter Valley 5 
- I , .  

Sandstone .: . "  

Member 



Rock Unit : . Stratigraphic Age Area .. _ Interval 
Position 

I 

Parrabeen above youngest latest Permian Sydney Basin 12 
Group Tatarian coal (~atarian). L. 

I 
measures Triassic 

(~cythian) 

Neath base of Greta Coal . Artinskian - lower 
Sandstone Measures Hunter Valley 1 
Newcastle below Narrabeen Gp u. Tatarian lower Aunter Valley 11 
Coal 
Measures 

- I 
Newport top of Narrabeen Gp 1. Triassic south-Central Area 
Formation (~c~thian) I, 1 
Nile Sub- lower part of Illawarra Tatarian Western'Coalfield 
Group Coal Measures 7-9 1 
Nowra in upper part of 1. Ekzanian southern half of 
Sands tone Shoalhaven Gp Sydney Basin I 
Ourimbah in middle past of Goaford L. Triassic mid-Central Area 
Sands tone Fm - of Narrabeen Gp ( sc~thfan) 
Member I* I 
Pat onga 
Claystone 

top of Clifton Sub-Gp 
in Narrabeen Gp 

L. Triassic 
(.Scythian) 

mid-Central Area 

top of Greta Coal 
Measures 

m. Artinskian lower Hunter Valley Paxt on 
Formation 

Pebbley 
Beach 
Formation 

middle of Conjola Sub- 
Gp of Shoalhaven Gp 

a. Sakmarisn 
1. Artinekian 

southern part of 
Southern Area 

1. Tatarian Southern Coalfield Pheasants 
Nest 
Formation * 

base of Illawarra 
Coal Measures 

southwest-Central 
Area 

Picton 
Formation . 

in Camden Sub-Gp of 
Wianamatta Gp 

M. Triaseic 
( Anieian) 

Pimon House 
Creek 
Siltstone 

base of Conjola Sub-Gp 
of Shoalhaven Gp 

southern part of 
Southern Area 

in Camden sub-Gp of 
Wianamatta Gp 

M. Triasaio 
(hiaian) 

Potts Hill 
Sandstone 

top of Wianamatta Gp M. hsiaeeio 
( Anieian) 

southwest-Central 
Area 

Prudhoe . 
Shale 

in Camden Sub-Gp of 
Wianamatta Gp 

M. Triassic 
(Anisian) 

southwest-Central 
Area 

Razorback 
Sandstone 



Rock Unit. 
. .  . 

Stratigraphic 
Position 

A@ Area Interval 

Rowan 
Formation 

upper part of Greta Art inskian upper Hunter Valley 3 
Coal Measures 

top of Dalwood Gp Salrmarian Hunter Valley 2 Rutherford 
Formation 

Saltwater 
Creek 
Formation 

base of Wittingham ' 1. Tatarian middle and upper 7 
Coal Measures Hunter Valley 

Scarborough 
Sandstone 

lower part of Narrabeen top of south-Central Area 12 
GP Tatarian 

Shoalhaven 
Group 

unconformable on lower 1. Sakmarian smthern half of 1-6 
and middle Palaeozoic, to u. Kazanian Sydney Basin 1 

conformable beneath 
Illawarra Coal 
Measures 

Single ton 
Coal 
Measures 

above Mulbring Sltst 
and beneath Narrabeen 
GP 

Tatarian middle and upper 
Hunter Valley 

Skele tar 
Formation 

top of hlwood Gp 
(this ~ecord) or base 
Greta Coal Measures 
(see Appendix 1 ) 

early Sakmarien upper Hunter Valley 

Snapper 
Point 
Formation 

upper part of Conjola 
Sub-Gp 

sout hem part of 
Southern Azea 

Stanwell 
Park 
Clays t one 

near middle of Narrabeen 
GP 

base of 
Triassic 
(~cythian) 

south-Central Area 

Sydney 
Sub-Group 

upper part of Illawarra 
Coal Measures 

Tatarian Central Area 

Tabarag 
Member 

in Burralow Fm of 
Narrabeen Gp 

L. Triassic 
[ Scythian) 

Western Area 

Tallong 
Conglomerate 

base of Conjola Sub-Gp earliest 
Sakmarian 

Western Clyde 
fi. Coalfield 

above Mulbring Sltst, 
below Newcastle Coal 
Measures 

Tomago 
Coal 
Measures 

1. and m. 
Tatarian 

lower Hunter Valley 

Tongarra 
Seam 

in Illawarra Coal 
Measures 

Tatarian southern Coalfield . 

Tuggerah 
Formation 

middle of Clifton Sub- 
Gp in Narrabeen Gp 

L. Triassic mid-Central Area 
( Scythian) 
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Rock Unit Stratigraphic Age Area Interval 
Position 

Ul ladul la near base of Wandraw- Art inskian southern part of 4 
Muds t one s andian Sltst Southern Area I 
Undola base of top of Cosford L. Triassic south of Botany 1 3  
Sands tone h, below Hawkesbury ( Scythian) b y ,  Central Area 
Member Ss t I 
Vane in lower part of Tatarian middle and upper 
Formation Wi tt ingham Coal Hunter Valley 

Measures ' 8~ 

Victoria Pass middle of Caley Sub-% u. Tatarian Western Area 
Sands tone of Narrabeen Gp I, I 
Wallarah top of Newcastle Tataria. lower Hunter Valley 
Seam Coal Measures " I 
Wandrawandian middle of Shoalhaven Gp Artinskian- southern half of 
Silts tone Kungurian S~dney Basin 

Waratah 
Sandstone 

base of Newcastle Ta tarian 
Coal Measures 

lower Hunter Valley 

base of Conjola Sub-Gp 1. Sakmarian 
of Shoalhaven Gp 

southern part of 
Southern Area 

Wasp Read 
Formation 

Southern Coalfield Lllawarra Coal Measures m. Tatarian Wil ton 
Format ion 

lower and middle 
Hunter Valley . 

in Branxton Fm Kungurian Wollong 
Siltstone 
Member 

near base of Narrabeen uppermost 
GP Tatarian 

south-Central Area Wombarra 
Shale 

base of Wollombi Coal Tatarian 
Measures 

middle Hunter 
Valley 

Wongal lee 
Sands tone 

mid-Central Area in lower part of Gosford L. Triassic 
Fm of Narrabeen Gp ( Scythian) 

WY ong 
Sands tone 
Member 

base of Conjola Sub-Gp Salanarian southern part of 
Southern Area 

Yadboro 
Conglomerate 



. . .  
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. . INDEX OF GEOGRAPHICAL PLACE NAMES . . . .. 

( ~ o t  a l l  names mentioned a r e  necessarily marked on the map) . . 
. - .. -- - . - . ... - .  '. .' - 

8 '  
- .. . . . .- 

. . 

Name. - - :  - .r Latitude Longitude 

Allandale - ' . . -  

America Creek 

Ashf i e l d  

Avalon 

Avondale 

Bald Mountain 

Bargo 

Barraba 

Barrigan 

Bawley Point 

' Bayswater 

Beauahamp ~aii;lr. . 

Bilpin . , ., 

Botany Bay 

Bocable 

Botany Bay 

Bow Wow Gorge 

Branxton 

Bringelly 

Brake 

Broken Bay 

Brokenback Range 

Brookvale 

Budawang Creek 

Bulgo 

Bull i  

Bunnsir Creek 

Burra Moko Head 

Burragorang 

Burralow Creek 

By long 

Cambewarra Range 

Capertee 



. . 
- a  

Clyde EXv&r' 

Coal C l i f f  

Colo River 

Corang 

Cordeaux 

Coricudgy 

Crampton Island 

Cranky Corner 

Dairy Mountain 

Darkes Forest 

Denman 

Drakes Forest 

Dundas 

Durras . 

Ehdrick River 

Erskine Park 

Fal ls  Creek 

Farley 

Garie Beach 

Gingenbdlb--. 

Girvan 

Glen Alice 

Glen k v i e  

Good lbg Mountain 

Gosf ord 

Gosf orth 

Grose River 

Greta 

Growee Creek 

Gundangaroo 



Hartley Vale 

~awke s b u e  Lookout 

Rornsby 

Howick 

I1 lawarra 

J e r ry s  P la ins  

J e r v i s  Bay 

Kandos 

Kedumba Creek 

Kiama 

K i l  dare 

Lake Illawarra 

Landslide Creek 

Litt le Forest  Creek 

Lo c hinvar 

Marrangaroo 

Medawie 

Megalong 

Milton 

Minchinbury 

Mindaribba 

M i  t tagong 

Mona Vale 

Moss Vale 
. . 

I .  
... .: 

Mount Banks 

Mount Bright 

Mount Caley 

Mount Coricudgy 

Mount Danger 

Mount David 

Mount Dromedary 

Mount Flora  

Mount Gibraltar  



Mount Eay 

Mount Jel lore . . , 

Mount Kendarun 

Mount Mareden 
Mount Molong 
Mount M m a y  

Mount Munrin - , 

Mount Prudhoe 
Mount Stormey 
Mount Tomah 
Mount Tootie 
Mount Wilson 
Mount York 
Mulbring . , 

.: . 
Barrabeen ' ' , . 

. .  . 
Nattai River. . . ' .  

Rullo Mountain - 

Oakdale 

0'- Head 

Paterson 
. Peats Ridge'. . ..  

Pic ton 
Pigeon Houee Mountsin 
Plumpton 
Pointera Cap 

Pokolbin 
Port Jaakeon . 

Port Kembla 
Port Stephens . . . 

Potte giii . . 

35'58's 147'58'~ 
34O23 ' s 150'23 'E 
3z049 ' s 150~41 'E 
32'57 's 1 50~03 1 E 

33O06'~ 1 5 0 ~ 2 6 ' ~  
35O42'~ 148~47 'E 

34O08'~ . 1 50'02 t E 
see Raeorback Range 

32'31 1s 1 ~ ~ 0 3 ' ~  
33O32's 1 50'2 1 'E 

33'27 'S 1 50'3 1 'E 

33030ts 1 50'24 ' E 
33O33's 1 5 0 ~ 1 3 ' ~  
32O54's 1 5 1 ~ 2 9 1 ~  
33O50's 1 50°40t~. 
32O16ts 1 50'54 'E 

32'59's 151°20f~ 



Putty ........ - -.-. -.:. . ..... 

~ebblei-.:~each 

Quilties Mountain 

Raymond Terrace 

Razorback Range 

Reedy Creek 

Reedy Creek 

Richmond 

Rixons Pass 

Ryls tone 

Saint Peters 

Sassafras 

Savoy Trig 

Scone 

Single ton 

Snapper Point 

Stanwell Park 

Tallaterang 

Tallong 

Terrigal 

The Basin 

The Castle 

The Peak 

The Pinnacle 

The Porcupine 

Tillynambulan 

Tonbong 

Tug.gerah 

Ulan 

Ulladullc 

I Umbiella Creek 

Undola 

I 
Upper Colo 

1 50'40 'E . . 
.. .  .. 1 50'20 'E -. . :... 



Victoria Pas8 ... . . 
. .. . 

Wallacia 

Wallawalong I 

Wal laya 

Wallerawang 

Gfandandian Creek 

Wasp Head 

Werombi 

West Maitland 

Wingella 

Wingen 

Wo 1 lar 

Wollondilly .River 

Yadboro 

Yallah 

Yalwal Creek 

Y erranderie 
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