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FOREWORD 

The idea of a symposium on "Advances in the Study of 
the Sydney Basin" was conceived in 1966 by Dr. Claus Diessel, 
himself a worker on the sedimentology and structural evolution 
of the Basin. So successful were the first Symposium held in 
1966 and those which followed in 1967 and 1968 that the Newcastle 
Symposium now appears, by popular demand, to be an annual 
event. With this in mind, my colleagues and I thought it approp
riate to bring together under one cover, as a permanent record, 
the abstracts of all papers presented to date and those to be 
presented in 1969. 

It is hoped-that, with the-continue<t support of all those 
scientists -interested in the--wrious aspects of the Sydney Basin, 
there will be sufficient interest to permit the ready exchange 
of ideas for many years to come. 

The assistance of the University of Newcastle through 
the Vice-Chancellor for making this publication possible is grate
fully acknowledged. 

B.NASHAR 
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PREFACE 

The abstracts in this publication were given at symposia 
held in 1966, 1967, 1968 and 1969 at the Department of Geology, 
The University of Newcastle. 

In the 1966 Symposium, no abstracts were distributed and 
the· participants were therefore recently invited to prepare and 
submit, an abstract for publication. However, after a lapse .of so 
many years, some authors were unable to meet this request. Thus, 
papers presented at the first symposium are quoted by title or 
abstract according to the wishes of the respective authors. 

The contributors to the 1967 and 1968 symposia were given 
the opportunity to re-examine and, if necessary, adjust their orig
inal contributions. Many authors have accepted this opportunity 

Abstracts 'for all previous symposia are herein published 
together with those for the 1969 meeting, at which this booklet 
has been issued. Providing support for this annual symposium 
contim,tes, it is anticipated that each meeting will be recorded in 
subsequent volumes. 

Editorial control of the material contained in this volume 
has been minimal and the authors alone are responsible for the 
scientific content of their. contributions. 

, , 

Co-editors 
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STRATIGRAPHY, PETROGRAPHY AND CORRELATION OF 
SHOALHAVEN AND MAITLAND GROUPS 

C. T. McElroy 
Geological Survey of New South Wales 

(Title only) 

THE SIGNIFICANCE OF ANALCITE IN THE NEWCASTLE 
COAL MEASURE SEDIMENTS 

F. C. Loughnan 
School of Applied Geology, 

The University of New South Wales 

An attempt has been made to determine the lateral extent 
of analcite in the Newcastle Coal Measure sediments of the Sydney 
Basin. Based upon the examination of eleven bore cores it has been 
concluded that the analcite is concentrated in the western section 
of the Newcastle Sub-basin, this lresumably being the region of 
greatest sodium concentration an aridity. The distribution of the 
analcite appears to have little correlative value. 

Reference 
LOllGHNAN, F. C., 1967 The distribution of analcite in the New

castle Coal Measure Sediments of the Sydney Basin". 
Proc. Australas. Inst. Min. MetalI., No. 223, 13-16. 

DETAILS ON THE PROPOSED PROGRAMME OF BASIN 
STUDIES TO BE UNDERTAKEN BY THE BUREAU OF 

MINERAL RESOURCES IN THE SYDNEY BASIN 
M. A. Reynolds and R. Bryan 

Bureau of Mineral Resources, Canberra 

(Title only) 

SUBSURFACE STUDIES IN THE SYDNEY BASIN 
J. Stuntz 

Australian Oil and Gas Corporation Ltd. 

(Title only) 
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SOME GEOLOGICAL INVESTIGATIONS INTO A TRIASSIC 
RIVER SYStEM IN THE ROOF OF THE BULLI SEAM 

C. F. K. Diessel and K. H. R. Moelle, 
Department of Geology, 

The University of Newcastle 

and 

R. C. Driver 
The Bellambi Coal Company Ltd. 

A fossil river system was recently mapped over parts of 
the Southern Coalfield, N.S.W. This river system occurs in the 
roof strata of the Bulli Seam. Sandstone of a fluvial nature was 
deposited in its course. The sandstone exhibits strong sedimentary 
vectorial properties and has a marked influence on strata-control 
in colliery workings. 

The sedimentary features analysed indicate an approxi
mate S20"W flow direction. Petrological studies reveal a clastic, 
well-cemented sedimentologically and structurally anisotropic rock 
type. Washouts have been found and isopach maps of both sand
stone and underlying roof-strata have been compiled. Relevant 
measurements were carried out in existing colliery workings and 
on bore cores. 

Optical determinations of feldspars revealed the presence 
of plagioclase feldspars with few exceptions. Most of the feldspars 
are altered to clay minerals. It was found that a geographical 
trend exists in die distribution of feldspars, with more basic 
plagioclase in the northern part of the field. 

The source area of the fluvial sandstone lies to the north 
of the Southern Coalfield. 

Petrofabric analyses were done on several specimens of 
the fluvial sandstone. In the vicinity of major disturbances, pene
trative fabrics were discovered. 

Calcites (e, 0112), micas (001), and quartz (crystallo
graphic c) show preferred orientations . 

• 

ASPECTS OF TRIASSIC SEDIMENTATION AND 
STRATIGRAPHY 

D. F. Branagan 
Department of Geology and Geophysics, 

The University of Sydney 

Three particular features of the Sydney Basin Triassic 
sequence will be discussed. They are (a) the problem of recog
nitIOn of the base oe the Hawkesbury Sandstone, particularly in 
the Warringah area, (b) the distribution of sh<!le bands within 
the Hawkesbury Sandstone and their significance, and (c) the 
"slumps" of the Hawkesbury Sandstone. 
The base of the Hawkesbury Sandstone . 

Although the base of this unit is confidently defined in 
much of the literature, in practice it is much less easy, especially 
when~ isolated occurrences of sandstone occur. 'The quartz con
tent and presence of graphite are suggested as diagnostic by some, 
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and a strong erosional break is postulated by others. The sudden 
change from Hawkesbury Sandstone at Dee Why Headland to 
Narrabeen Group (?Collaroy Claystone) on Long Reef needs ex
planation as a considerable thickness of Gosford Formation seems 
to be missing in this area. Several interpretations are possible, 
(i) non-<ieposition, (ii) contemporaneous erosion, (iii) faulting, or 
(iv) warping to explain the rock unit relations in this critical area. 
Shale Bands 

Standard and other workers have pointed out the increase 
of shale bands wihtin the Hawkesbury Sandstone towards the 
north. Although the individual outcrops are of limited extent the 
author believes that there are several stratigraphic horizons at 
which shale occurs and which are indicative of wIdespread deposi
tion durin& a relatively short time span. 

EVIdence is presented of an extensive shale horizon out
cropping at Mosman, Cammeray, Clontarf and discontinuously 
through to Roseville and Killara. This shale has been eroded by 
later-deposited sands. The distribution of these sands is interesting. 
The existence of a major sand channel, disrupting the shale band 
previously mentioned (and possibly inhibiting development in this 
limited area), extending from North Sydney through the Spit 
to Dee Why, with a possible tributary extending from Chatswood 
through Roseville and Forestville, is postulated. 
"Slumps" in the Hawkesbury Sandstone 

The distribution of a variety of contorted bedding and 
cross-bedding features within the Hawkesbury Sandstone is shown. 
Over a hundred localities have been listed and the possible limita
tion to two limited stratigraphic zones is suggested. A brief review 
of previous comments on these structures, believed by Wilkinson 
and David to have possible glacial ori~in, is made and the evidence 
for slumping (slope failure) of certam examples is presented. 

The need for further work on all the above topics is clear. 

NOTES ON THE GEOMETRY OF THE SYDNEY BASIN 
AT THE BEGINNING OF TRIASSIC TIME 

C. F. K. Diessel 
Department of Geology, 

The University of Newcastle 

The results of palaeo-current analyses, based mainly on 
the measurement of over 2000 fore-set beds in the Narrabeen 
Group and parts of the Hawkesbury Sandstone, suggest that at 
the beginning of Triassic, the axis of the Sydney Basin was more 
or less in the same position as it is now. Whilst, however, the 
present structure contours of the Narrabeen base show a closure 
of the basin towards south, the palaeo-current directions would 
indicate an early Triassic opening in this direction. Likewise, the 
northwestern basin closure and the separation of the Sydney 
Basin from the Oxley Basin appear to have taken place in post
Lower Triassic time. 

Evidence of antecedent erosion in the southwest of the 
Southern Coalfield and at Belmore and Fitzroy Falls suggests 
that the uplift of the New England Fold Belt dunng and after the 
Hunter-Bowen orogeny resulted in a strong erosive power of the 
south-flowing currents, which were strong enough to overcome 
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the incipient upwarping of the southern basin margin. As its uplift 
increased during Narrabeen time, New England ceased to be the 
main source area of the Triassic basin fill, so that the upper 
Narrabeen and the HawesbUJ1l Sandstone were deposited by cur
rents coming from the direction of the Southern and Central Fold 
Belt, and flowing towards northeast. 

12th JUNE, 1966 
Venue: 
Scope: 

Leaders: 

• 

FIRST EXCURSION 

"Mulbring-Cessnock District". 
An examination of the Permian-Triassic seq
uence as exposed on the southern and west
ern flanks of the Lochinvar Anticline. 
Dr. C. F. K. Diessel, 
The University of Newcastle. 
Dr. K. H. R. Moelle, 
The University of Newcastle . 
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ON THE DEVELOPMENT AND PROPERTIES OF COKING 
COAL SEAMS IN THE NEWCASTLE COALFIELD, N.S.W. 

M. Johnson 
Coal Geology Section, 

Broken Hill Pty. Co. Ltd., Newcastle 

Of the coal seams in the Newcastle Coal Measures, the 
most important for the manufacture of metallurgical coke occur 
in the Lambton Sub-Group, near the base of the Measures. Econ
omic seams include the Borehole, Yard, Dudley, and Nobbys either 
singly or in various combination. The Victoria Tunnel Seam is the 
only other seam currently being exploited for coking coal. 

Some regular patterns are discernable in the depositional 
behaviour of each seam. Areas containing exploitable sections, 
however, vary between different seams. EconomIC developments of 
the Borehole and Dudley Seams are present west, north and east 
of! Lake Macquarie, but the seams thin and deteriorate consider
ably under the lake and towards the south. The Yard and Nobbys 
Seams form important seam confluences near the western shores 
of the Lake. The Yard Seam, however, also contains valuable 
virgin reserve in the Belmont-Swansea district. Exploitable Victoria 
Tunnel Seam is mainly confined to the eastern side of the lake. 

Each seam contains correlateable shale and/or claystone 
bands which have been used extensively as markers for sub
division and seam behaviour studies. 

On a dry-mineral-matter-free basis, the coal is similar in 
ultimate analysis and petrographic character in all seams. All 
contain predominantl), bright coal. Based on Seyler's system they 
are classified as para-bituminous. No significant variation in rank 
has been detected. 

The volatile matter on a dry-mineral-matter.free .basis gen
erally falls between 36% - 39%. Ash fluctuations occur within 
individual seams. Ash variability is also recorded between respec
tive seams. 

As coke ash must be kept uniform and as low as possible 
for efficient blast furnace operations, the economics of each seam 
is closely related to several factors other than mining considera
tions. These include the section extracted

h 
the ash of the product, 

its amenability to ash reduction by was ing and the percentage 
yield of clean coal. 

At a separation gravity of 1.45, washing gives the following 
relationship between seams: 

Borehole Seam 
Dudley Seam 
Victoria Tunnel Seam 
YounK Walls end Seam 

(Nobbys-Dudley) 

Minimum Ash 
(Washed Coal) 

8% 
9% 

11% 
12% 

No industrial experience of Yard Seam product is as vet 
available. 

The coal from all seams is weakly coking. Blending in 
any proportion does not appear to alter the coking characteristics. 
The addition of coal with specific properties from other sources 
or "chars" is desirable to produce coke of sufficient strength for 
present requirements. 
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SOME ASPECTS OF COAL MEASURE SEDIMENTATION IN 
THE SYDNEY BASIN 

F. C. Loughnan 
School of Applied Geology, 

University of New South, Wales 

1. DISTRIBUTION OF ANALCITE IN THE NEWCASTLE COAL 
MEASURES 

The presence of analcite in the Newcastle Coal Measures 
has been recorded previously in a study of the core of the Rath
mines No. 1 Bore. ·fhe mineral was found to be abundant at two 
horizons viz. in tuffs located between the two Pilot seams and in 
the interval between the Wave Hill and Fern Valley Seams. More
over, it was shown that these analcite-rich rocks in hand specimen 
are light-coloured, particularly hard and resemble chert but, when 
viewed in thin section they are vitric tuffs with virtually all the 
glass shards pseudomorphed by analcite and chalcedony. Undoubt
edly the considerable hardness of these rocks is due to their 
cementation by these minerals. From a consideration of possible 
modes of origin it was concluded that the analcite formed within 
the coal measure lakes as an authigenic mineral, during periods 
of aridity and high evaporation by the attack of soda-rich waters 
on glass fragments and clay minerals. 

In the present investigation, an attempt has been made 
to determine tEe lateral extent of these analcitic sediments in 
order to assess their value as potential marker horizons and also 
to gain possible information on the configuration and climate of 
th~ Sydney Basin during Newcastle time. For this purpose more 
than 10,000 feet of ~oring from eleven bores, which had penetrated 
either the complete sequence or a considerable thickness of the 
Newcastle Coal Measures, were examined through the courtesy of 
the Coal Geology Section of B.H.P. Co. Ltd. 

1t became apparent from the outset that a .detailed x-ray 
examination of this length of coring was impracticable and a more 
rapid method for the detection of the analcite-rich sediments 
would be necessary. In the earlier study it was found the analcite
rich rocks, unlike most of the associated sediments, resisted 
scratching by the sharp end of a prospecting pick. This procedure 
was adopted and in all, 160 pieces of core from 8 of the bores 
were obtained for mineralogical analysis. 

The samples were ~tudied by microscope, x-ray and chemi
cal means. 

The results indicate that analcite occurs at a number of 
horizons within the Newcastle Coal Measures but is insufficiently 
persistent at any specific levei to be of value in the widespread 
correlation of the strata. Perhaps over restricted areas it may 
be of use. 

On the other hand, the lateral impersistence of the mineral 
rather points to its origin in small disconnected· lakes or lagoons 
which were recurrent in different sections of the basin throughout 
the greater part of Newcastle times. The results also indicate 
that the greatest analcite concentrate is in the western sector of 
the original basin and this presumably, was the region of greatest 
sodium concentration and aridity. 

2. DAWSONITE IN THE PERMIAN SEDIMENTS OF THE 
SYDNEY BASIN 

Dawsonite is a relatively rare, basic carbonate of sodium 
and aluminium NaAICO.(OH), which has been found in only d 
few localities in the world. Originally it was described as an 
alteration of a felspathic dyke near McGill University, Montreal, 

13 



but later, two other occurrences, both believed to be due to hydro
thermal activity, one in Tuscany and the other in Algeria, were 
recorded. However, the more recent work of Hay (1964) and 
Smith and Milton (1966) indicates the mineral may form as the 
result of early diagenesis. Hay found dawsonite altering from 
Nepheline in arid saline soils at Olduvai Gorge, Tanganyika, and 
Smith and Milton described the occurrence of the mineral in the 
oil shales of the Green River Formation of Colorado. In both 
cases, carbonates and authigenic silicates, including zeolites, are 
associated with the dawsonite and the origin has been attributed 
to the influence of high soda concentrations in the environmental 
waters. 

Dawsonite has been found at two localities in the Sydney 
Basin, (a) in a quartz-lithic sandstone of the Greta Coal Measures 
in the Balmoral area near Muswellbrook and (b) in an ankerite 
rock of the Berry Formation of the Upper Grose Valley. In both 
cases the mineral comprises 8-10% of the rock and is unmistakably 
authigenic. 

Following the discovery of the relatively widespread dis
tribution of authigenic analcite in the Newcastle Coal Measures, 
the presence of dawsonite tends to support the conce:pt that 
periods of aridity and high soda concentrations accompamed the 
laying down of the Permian of the Sydney Basin. 

3. THE CLAYSTONE MARKER HORIZON AT THE TOP OF 
THE BALDHILL CLAYSTONE 

The claystone marker horizon at the top of the Bald Hill 
Claystone of the Narrabeen Group in the Southern Coalfield has 
been variously named in the past with such conflicting terms as 
"Narrabeen Chert Horizon", "Narrabeen Clay Conglomerate", 
"Narrabeen Breccia", "Pelletal Claystone" and "Tonstein-like Rock". 
Because of the stratigraphic and genetic importance of the unit, 
it is believed a formal name should be applIedi and "Garie Mem
ber" is proposed. 

The Garie Member ranges in thickness from 1-6 feet and, 
as far as can be determined, outcrops continuously for a distance 
of approximately 50 miles from Garie in the north to the southern 
extension of the Narrabeen Group, at Cambewarra Mountain, 
which inland has been recognised in bore cores as far west as the 
Mittagons-Yerinbool area, apP,Toximately 20 miles from the out
crop. It mvariably rests on 'chocolate shales" of the Bald Hill 
Claystone and is overlain by shales and sandstones of the Gosford 
Formation. 

In hand specimen the rock lacks bedding, is light to dark 
grey in colour and is: generally, but not invariably, indurated. In 
thin section it is commonly oolitic with the oolites ranging up to 
4mm. in diameter although brecciated and fine-grained types exist 
and, in a few samples, vermicular crystals of kaolinite are plentiful. 

Well-crystallized kaolinite is the dominant constituent and 
is almost invariably associated with siderite which for the most 
part comprises less than 20% of the rock, but in a few samples 
it may exceed the kaolinite content. Other clay minerals have 
not been detected and quartz either as discrete grains or in the 
form of chalcedony, is absent or near-absent. In a few samples, 
appreciable quantities (> 20%) of the bauxite mineral boehmite 
(AIO(OH» were detected. One of these boehmite-rich samples from 
National Park also contains the phosphate mineral Goyazite 
(SrAI.(PO. ).(OH).H.O) and another layered silicate with a large 
structure which to date has not been identified. Anatase is in
variably present in these kaolinitic claystones. 
Relation of the Carie Member to the "Chocolate Shales" 

In comparison, the underlying "chocolate shales", although 
considerably masked by the abundant hematite content, appear to 
be more brecciated and to contain less oolites. On the other hand, 
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however, the only essential difference in composition between the 
two units is the nature of the iron minerals. In the Garie Member, 
the iron is in the reduced siderite form whereas, hematite pre
dominates in the "chocolate shales" often to the complete ex
clusion of siderite. 

There can be little doubt that the Garie Member is genet
ically related to the "chocolate shales" and merely represents the 
reduced equivalent apparently formed by the advent of swampy 
conditions at the conclusion of Bald Hall time. 
Relation of the Garle Member to the Gosford Formation 

In contrast to the Garie Member, the shales of the over
lying Gosford Formation contain quartz. illite and degraded illite 
in addition to kaolinite, an assemblage cnaracteristic of Permo
Triassic sediments in the Sydney Basin and freshwater sediments 
elsewhere in the world. 
Relation of the Garle Member to Kaolinitic Claystones of the 
Permian Coal Measures 

Within the Permian Coal Measures of the Sydney Basin 
are a number of indurated claystones with the same distinctive 
features of the Garie Member viz. (a) a predominance of well
crystallized kaolinite and an absence of other clay minerals, (b) 
a paucity of quartz, (c) a "higher-than-normal" anatase content, 
(d) a lack of bedding and generally a high degree of induration. 
Moreover, each of the textural types of the Garie Member can be 
matched with kaolinitic claystones from the coal measures. Thus, 
for example, it is impossible to distinguish between thin sections 
or x-ray traces of the oolitic phase of the Garie Member and those 
of the claystone associated with the Wongawilli (?) Seam at 
Meryla Pass, south of Moss Vale, or between the brecciated type 
of the Garie Member and samples obtained from the Greta at 
Muswellbrook. 

The similarities are such that it is difficult to envisage 
distinctive origins. 
Relation of the Garle Member to the Flint Kaolins of the 
Pennsylvanian 

Over the past ten to fifteen years, a considerable amount 
of literature has afpeared on the flint kaolins of the Pennsylvanian 
Coal Measures 0 North America. These rocks are extensively 
worked for refractOlies. According to Keller et alia (1952), they 
are indurated (hence the term "flint") claystones composed essen
tially of well crystallized kaolinite. Quartz is absent but anatase 
is generally present in significant amounts while locally diaspore 
(AIO(OH)) and boehmite may be present in abundance. In a des
cription of the Kentucky flint kaolins, Patterson and Hosterman 
(1962) state "Oolites are very abundant in some of the flint clay 
but are not present in all". 

- Recently Bennetts (1965) has described similar flint kaolins 
from the Permian Middle Ecca Stage of the Karroo System of 
South Africa. . 

Again there can be little doubt these rocks are related 
tOi the Garie Member. 
Relation of the Garle Member to Tonstein 

According to Burger et alia (1962), the term "Tonstein" 
was introduced by Bishop approximately 100 years ago to describe 
rocks, approximately equivalent to the Enghsh mudstone, which 
occur in association with coal seams of the Westphalian measures 
of Europe. However, no definition of composition or texture was 
made. 

Over the past decade or two, much attention has been 
focused on kaolinitic tonsteins associated with these measures. 
Here again the term is used in a broad sense, for although these 
rocks contain some kaolinite, the composition may vary over wide 
limits. Certainly some tonsteins correspond to the American flint 
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kaolins and hence to the Garie Member, in composition and tex
ture. The ambiguity of the term "tonstein" was demonstrated 
recently by one author who commenced by defining tonstein as 
"essentIaliy consisting of kaolinite" then proceeded to describe 
two tonsteins from the Bowen Basin but states neither contain 
kaolinite. 
CONCLUSION , 

It would appear that the Garie Member forms an im
portant genetic link between red-bed sedimentation (the "choco
late shales") on the one hand and kaolinitic claystones (flint 
kaolins and Tonsteins in part) of the Permian and Carboniferous 
Coal Measures on the other. 

TRACE ELEMENTS AS ENVIRONMENTAL INDICATORS IN 
COALS OF THE SYDNEY BASIN, N.S.W. 

D. J. Swaine 
C.S.I.R.O. Division of Mineral Chemistry, 

Coal Research Laboratory 

In this paper ,an assessment will be made of the useful
ness of trace elements as indicators of the extent of marine or 
brackish influence on coals of the Sydney Basin. The samples 
under consideration will be coals (i.e. samples with ash yields 
of less than 35 per cent) from several seams in the Illawarra, 
Newcastle, Tomago and Greta Coal Measures. Trace elements, 
which are present at the parts per million (p.p.m.) level, were 
determined in coal ash usmg an atomic emission spectrographic 
method. All the data are expressed as p.p.m. of the element in 
air-dried coal. 

The analytical data indicate that certain elements, namely 
boron, gallium, cobalt, nickel and lead, show significant differences 
between marine-influenced coals from the Greta Coal Measures 
and freshwater-influenced coals from the Illawarra Coal Measures. 
In terms of this "scale", three seams in the Tomago Coal Meas
ures would seem to have been influenced by intermittent marine 
or brackish conditions. Trace-element contents of samples from 
eight seams of the Newcastle Coal Measures will be discussed 
also; these seams are Borehole, Young Wallsend, Dudley, Victoria 
Tunnel, Wavehill, Fassifern, Great Northern and Wallarah. 

The source and possible modes of occurrence of boron, 
nickel and lead in N.S.W. coals will be outlined. The applicability 
of trace elements as environmental indicators will be considered 
in terms of the experimental work already carried out on coals 
from the Sydney Basin. 

REVIEW OF THE PERMIAN PALYNOLOGY OF THE 
SYDNEY BASIN, NEW SOUTH WALES * 

P. R. Evans ** 
Bureau of Mineral Resources, Canberra 

The Sydney Basin was one of the first areas of Australia 
in which studIes of fossilized spores and pollen were undertaken, 
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but, in spite of this early start, few data are available, corppared 
to information obtained from other areas of Permian sedImenta
tion in Australia. No published information is available. from the 
marine Dalwood and Maitland Groups; only the Greta and Tomago 
jNewcastle Coal Measures have been examined in any detail: The 
systematics of the Permian microfloras have changed radIcally 
in recent years, solely on the initiative of workers overseas. A 
limited number of data are available from a few deep wells and 
a collection of outcrop samples from the Hunter Valley. The 
useful wells include Sun No. 1 (Ravensfield), Mid-Eastern East 
Maitland No. 1 and Kelvin No.1, Amoseas Bohena No. 1 and Wee 
Waa No. 1 and S.C.O. Terrigal No. 1. Spores in A.O.G. Mulgoa No. 
1 and Shell Dural South No. 1 are to coalified to be identifiable. 
These data are expressible in terms of the stratigraphic succession 
in Queensland and confirm correlations between the Bowen and 
Sydney Basins already indicated by macrofaunal evidence. A major 
extant problem to be overcome lies in the interpretation of the 
uppermost Kuttung/basal Dalwood microfloras. In future the 
systematics of the Sydney Basin Permian microfloras need to 
be amplified and revIsed and stratigraphic palynological studies 
must cover both marine and non-marine sequences. 

Reference 
EVANS, P. R., 1967: Review of the Permian palynology of the 

Sydney Basin, New South Wales. Rec. Bur. Min. Resoue. 
Geol. & Ge<>pbys., 1967/103 (unpubl.). 

* Published with the permission of the Director of the Bureau 
of Mineral Resources, Geology & Geophysics. 

** Present address: Esso Standard Oil (Australia) Ltd., Sydney. 

ASPECTS OF STRATIGRAPHIC PALYNOLOGY IN THE 
"TRIASSIC" OF THE SYDNEY BASIN 

R. Helby * 
Department of Geology and Geophysics, 

The University of Sydney 

The plant microfossil occurrences of the "Triassic" of the 
Sydney Basin fall readily into three major microfloras. The lower 
microflora, No.1, occupies the basal portion of the Narrabeen 
Group which includes the Coalcliff Sandstone and Wombarra Shale 
on the South Coast, the lower portion of the Caley Formation to 
south-west and the shaley lower portion of the Munmorah Con· 
glomerate in the north. Microflora No. 1 contains a very distinc
tive submicroflora at its base. Microflora No.2 occupies that part 
of the section which includes the upper portion of the Scarborough 
Sandstone, the Stanwell Park Claystone and the Bulgo Sandstone 
to the south, the Grose Sandstone to the west and south-west, 
and the upper part of the Munmorah Conglomerate and' probably 
most of the Tuggerah Sandstone to the north. It is delineated at 
the base by the sudden appearance and relative abundance of 
Taeniaesporites sp. ct. T. noviaulensis, an upper submicroflora 
being dominated by Lundbladispora and Densoisporites. Micr/)
flora No. 3 extends throughout the remaining formations of the 
Narrabeen Group, the Hawkesbury Sandstone and the Wianamatta 
Group. The basal submicroflora of Microflora No. 3 is character
ized by the sudden appearance and abundance of Aratrisporites sp., 

17 



although Alisporites is the dominant form throughout the micro
flora. The lower submicroflora appears to be confined to and occur 
throughout the red beds at the top of the Narrabeen Group. A 
further submicroflora, which includes part of the Gosford Forma
tion, the Newport Formation and possibly the upper part of the 
Burralow Formation and the Hawkesbury Sandstone, is differ
entiated from the submicroflora of the overlying Wianamatta 
Group on the distribution of several species of Aratrisporites. 

On the basis of fairly wide ranging correlations, the age 
of microfloras la, lb and possibly 2a would appear to be Permian. 
There is some evidence/ to suggest that Microflora No. 3 extends 
from lower Anisian equivalent. 

* Present address: Geological Survey of New South Wales. 

ON THE OCCURRENCE AND ORIGIN OF STONE-ROLLS 
IN THE BULLI SEAM OF THE SOUTHERN COALFIELD IN 

NEW SOUTH WALES 
C. F. K. Diessel and K. H. R. Moelle 

Department of Geology, 
The University of Newcastle 

Stone-rolls are elongated ridges of rock material protrud
ing from the seam floor into the coal thus considerably reducing 
seam thickness. Maximum dimensions encountered are: length 
over 600 metres, width 25 metres and height 3 metres. Geograph
ically they are unevenly distributed, and although many coalfields 
of the world appear to be unaffected there are some (e.g. parts of 
Pennsylvania, U.S.A.; in Australia at Wonthaggi, Victoria; and the 
Southern Coalfield of the Sydney Basin in New South Wales) in 
which stone-rolls occur in large numbers thus presenting serious 
difficulties to the mining industry. 

The prediction of possible occurrence and trend of stone
rolls in advance of underground workings is an urgent problem, 
particularly in· mechanized mines. This problem has not yet been 
solved completely, mainly because the mode of formation of stone
rolls has not been fully understood. Several controversial hypo
theses have been p,ut forward to this effect, ranging in their out
look from purely 'sedimentary" to purely "tectonic" with various 
gradations in between. 

The authors of this paper, who have investigated 460 stone
rolls, are in favour of a sedimentary origin of these structures, 
indicated by: 

1. petrographic differences between floor and roll material; 
2. concentration of clay-ironstone, siderite and pyrite in the 

rolls; 
3. undisturbed interfingering between coal and roll material; 
4. occurrence of bifurcations; 
5. correlation between length and width; 
6. parallelism of mean trend of stone-rolls with the general 

direction of transport (sedimentary a); 
7. particle imbrication indicating southeasterly flow; 
8. main occurrence near the late Permian basin opening; 
9. decrease in the effect of differential compaction from floor 

to top; 
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10. occurrence of stone-rolls in coal seams where hypautoch
thonous or allochthonous formation is possible. 
In composition the stone-rolls range from shale to sand

stone the former being often of the carbonaceous variety. Apart 
from' clay minerals the main components are: quartz, mica, feld
spars, carbonates and carbonaceous matter. 

Quartz is usually in the form of angular to sub-angular 
detrital grains, only a few displaying any higher degree of round
ness. The spatial attitude of quartz is ~overned by imbrication and 
overprinted compaction fabrics. RotatIOn into s-planes is common 
with occasional alignment parallel to shear planes. 

Mica consists mainly of muscovite WIth some biotite. All 
micas are well aligned with the bedding planes and depict most 
of the later developed mechanical discontinuities with functional 
fabric arrangement. 

Feldspars comprise mainly sub-rounded to rounded part
icles of detrital plagioclase. About 60% of the feldspars have been 
altered to clay minerals. 

Carbonates are represented by both siderite and calcite. 
Layers and lenses of syngenetic siderite and clay-ironstone are 
prominent in the upper portions of stone-rolls. Calcite appears 
to be epigenetic. 

Carbonaceous matter consists of thin and irregular layers 
of fusain and humic substances. Coalified Glossopteris and Verte
brarla are common. These appear to have been washed into the 
clastic channel fill which the authors believed to be converted later 
into stone-rolls. In this connection and others, brief reference is 
made to modern marsh creeks. Some analogies are stressed. 

The stone-rolls have reacted to differential compaction by 
forming numerous slickensided fracture surfaces whose spatial ar
rangement is often independent of the joint system found else
where in the surrounding strata. 

VALLEY ANTICLINES IN THE BLUE MOUNTAINS, N.S.W. 

C. T. McElroy 
Geological Survey of New South Wales 

In the gorges of Warragamba River, Erskine Creek and 
Grose River, sandstone/shale sequences of the Narrabeen Group 
display anticlinal structures with trends following the courses of 
the streams. The depth of dissection into the general plateau sur
face is between 1200 and 1500 feet; the higher strata include sand
stone cliffs some hundreds of feet in height. 

At the level of the bed of the stream, dips are steepest, and 
in places are up to 35 degrees, in all cases away from and at 
right angles to the stream on both sides. Dips are usually unequal 
on opposite sides and lessen as the valley walls are ascended; at 
about 150 feet above stream level, dips range from zero to 3 or 4 
degrees. At the J?lateau surface there is no observable anticlinal 
structure. There IS apparently no uniform regional trend governing 
the direction of the structures. 

In each case, erosion has removed a great V-block of rock 
from the gorge. There is .thus a greater load along the valley sides 
than in the centre. In the examples here considered, the rocks at 
or near the surface of the valley floor are more flaggy and shaly 
than higher up the section ,to a degree which presumably has en
couraged arching ("squeezing") of these beds into the space left 
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by the erosion of the valley. The more competent higher strata 
have been little affected by the movement. 

It is believed that these occurrences are analagous to the 
phenomenon of "Valley bulging" recorded from the Northampton 
Ironstone Field of Northern England. 
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DIAMICTITES OF THE "GONDWANA" SEQUENCE IN 
THE HUNTER VALLEY, N.S.W. 

Introduction 

J. H. Rattigan * 
Department of Geology, 

The University of Newcastle 

The term diamictite was coined by Flint, Sanders and 
Rodgers (1960b) after their previously published term symmlctlte 
had been rejected on the grounds of pnority of nomenclature. The 
term was introduced as a descriptive term for a class of sediments 
of mixed sizings, but having a muddy base, through which matrix 
variable proportions of sand, pebble, cobble or boulder sized clasts 
were distributed. These rocks had previously been referred to by 
over-long descriptive terms (e.g. boulder-bearing, sandy mudstone) 
or by genetic terms (tillite, tilloid, etc.) of doubtful validity. 
Schmermerhorn (1966) further complicated the nomenclature by 
introducing the term Hmixtite" for these rocks. 

Diamictites are typically found in Cainozoic glacial depos
its and in mudflow depOSIts, but great controversy has arisen on 
the true genesis of rocks that were formerly considered older anal
ogues of Quaternary glacial deposits. Crowell, Dott and others 
have cast doubt on the glacigene origin of deposits once consid
ered as tillites, and have suggested that subaenal and subaqueous 
mudflows gavd rise to some of these rocks. In some <J.uarters it 
was questioned whether any ancient glacigene depOSIts at all 
existed in the stratigraphic record. 

The Hunter Valley Sequence 
The Kuttung Facies of the Carboniferous and the Permian 

sequences of the Dalwood Group ("Lower Marine Series") and 
Maitland Group (HUpper Marine Series") have long been held to 
contain glacigene sedIments, among them rocks known variously 
in published writing as tillites, varves, varved sandstones, fluvio
glacial conglomerates and other genetic terms, but which the 
writer prefers to call diamictites. 
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In the Kuttung Facies the diamictites are continental being 
associated with a Rhacopteris flora, coaly strata and fossil soils. 
In the Permian sequences the rocks have been presumed to be 
marine as they contain a marine shelly fauna. In some units the 
shells are fragment8ry and water rounded. 
The present study 

Twelve types of diamictites were recognized during the 
course of a study of these rocks. Six were attributed to marine 
and six to continental depositional environments. Other additional 
types possibly exist. 

The work involved sedimentological, fabric and geo
chemical studies of the Hunter Valley diamictites. Lindsay (1966) 
has worked on Manning-Macleay Basin ("Kullatine") diamictites. 
The aims of the present study were: 

1. to enquire into the source, the mode of clastic transport, 
and the mode of accumulation of material constituting the 
diamictites. 

2. to distinguish between those which were directly glacigene 
in character (i.e. morane or ice rafted deposits), those 
which are less directly glacigene in character and those 
which had no observable glacigene characteristics. 

3. to distinguish geochemical or mineralogical criteria for 
marine and continental deposits. 

4. to enquire into porosity problems of these rocks from the 
aspect of petroleum exploration. 

The methods used included: 
1. field studies on the shape and structure of each type of 

diamictite unit and its substrate and superstrate. 
2. 
3. 
4. 

fabric studies on pebbles, cobbles, and boulders. 
provenance studies on pebbles (composition and shape). 
mechanical analysis by a composite method of colour 
photography and projection, pomt counting, sieving and 
settling. 

5. mineralogical and geochemical study into pastes and cem
ents of the muddy matrices (especially on clays and other 
phyllosilicates, carbonates and sulphates). . 

Chief conclusions 
1. The diamictites include: 

a. direct glacial deposits (aquatillites and ice-rafted 
boulders). 

b. morainic boulder clay redistributed by a variety of 
normal processes other than glacigene, including mass 
movement or "mudflow". 

c. deposits of "courants turbides de surface". 
2. Marine deposits are characterized by the dominance of 

illite in the matrix, high carbonate (to 8% in diamictites 
and higher in associated sediments) and high sulphate 
(once glau~erite and gypsum! now chiefly gypsum and 
magnesIte m secondary deposIts). 

3. Continental deposits are characterized by a chloritic mat
rix, low carbonate, and a frequently zeoli tic matrix. 

4. A sizings gap over the fine sand interval Imm. to 4mm. 
is observed m most diamictites. This gap is a feature of 
most Pleistocene and Recent glacial deposits and is also 
a feature of laboratory products ground under load and 
shear conditions supposedly simulating the mechanical 
action of glaciers. 

5. Porosity problems result from the peculiar sizings and 
cementation by the abundant cements. 
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QUATERNARY TASMAN GEOSYNCLINE 
OFF SOUTHEASTERN AUSTRALIA 

J. R. Conolly 
Queen Elizabeth II Fellow, 

Department of Geology and Geophysics, 
The University of Sydney 

Precision depth records made by ships of the Royal Aust
ralian Navy Hydrographic Office during 1963-1965 have been used 
to draw a contoured bathymetric chart of the Tasman Sea off 
south'eastern Australia. The density of these tracks make it pos
sible to contour the flat-lying pJain at 10 fathoms (fm) intervals 
and to delineate all the major physiographic provinces of the 
region. 

The 1,200 mile long and 60-120 mile wide Tasman abyssal 
plain flanks the narrow continental shelf, slope and rise provinCeS 
of southeastern Australia. The Tasman abyssal Illain slopes ~ently 
from depths of 2,480 fm near the Coral Sea Platform to maXImum 
depths of about 2,590 fm east of Sydney. South of this, the plain 
rises gradually towards Tasmania. Seismic reflection profiles 
across the continental rise and abyssal plain indicate that it is 
composed of 1-2km of poorly consolidated and flat-lying sediments. 
Piston cores show that this sediment is composed of graded beds 
of clay, silt and sand most probably deposited from turbid flows 
originating from the continental margin. 

The deep Tasman Sea off southeastern Australia is char· 
acterized by an oceanic crust and lies in an intermediate position 
between the Australian continent and the intermediate 20 km crust 
of the Lord Howe Rise. The northwest trendinlS ridges and v'llleys 
on the eastern margin of the Lord Howe RIse merge with the 
northeast trending structures of the deep Tasman Sea around 
longitudes 156-1570 E. 

At least 10 major seamounts occur along this line of mer
gence. The origin of these seamounts must be connected to the 
origin of the oceanic crust that forms the Tasman Sea between 
the Lord Howe Rise and southeastern Australia. As these sea
mounts align themselves along a line paralleling the east coast of 
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Australia their origin is also probably connected to the origin and 
deformation of the continental margin. 

Evidence for recent sinking of the Tasman Basin is pro
vided by the seamounts which are flat-topped at 65 fm in the 
south and which have flat tops that become gradually deeper to 
depths of 240 fm to the north. 

The deepest part of the Tasman abyssal plain is a 5 mile 
wide and 150 mile long area that abuts directly against the steep 
continental slope, east of the outcropping Triassic-Permian rocks 
of the Sydney area. In the position where the thick accumulation 
of the marine-deltaic sediments of the Triassic-Permian Sydney 
Basin could be expected to outcrop, we now have the deepest part 
of the Tasman abyssal plain overlying an oceanic crust which is 
probably actively sinking today. 

The general tectonic and sedimentary setting of the Tas
man abyssal plain then shows that it is an actively sinking area 
which is filling with sediments derived mainly from the contin
ental margin. It probably represents the Quaternary equivalent 
of the "Tasman Geosynclines" of earlier geological eras. 

THE SOUTHERN COALFIELD: 
DRILLING PROGRAMME AND SOME ASPECTS OF THE 

COAL RESOURCES OF THE AREA * 
K. G. Wood 

Geological Survey of New South Wales 

In 1961, the accelerating growth of the coal export trade 
led the Department to institute an extensive scout drilling pro
gramme within the State Coal Reserve to the west of the existing 
South Coast Collieries. With slight modification to allow for access 
difficulties, holes were sunk at two-mile centres, and wherever 
possible penetrated the full Sydney Sub-Group succession. A total 
of seventy-two fully cored holes were drilled, the deepest reaching 
3015 feet. 

Of the coal seams penetrated, only the Bulli and Wonga
willi Seams appear to be of major economic significance at this 
time, although the Balgowni~ Seam has some local develol?ment 
and the Tongarra Seam, although thin, is of reasonable qualIty. 

As a source of prime quality coking coal, only the Bulli 
Seam can be considered. Substantial reserves of coal of this type 
are. indicated in two zones centred around Bargo and Appin res
pectively . 

* Published with the permission of the Under Secretary, Depart
ment of Mines, New South Wales. 

STRATIGRAPHY OF THE NARRABEEN GROUP IN THE 
SOUTHERN COALFIELDS, N.S.W. * 

T. W. Dickson 
Geological Survey of New South Wales 

Recent drilling by the Geological Survey of New South 
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Wales in the Southern Coal Reserve has indicated a need to revise 
the existing stratigraphic subdivision of the Narrabeen Group in 
the Southern Coal Field. 

Only slight revision of Hanlon's 1953 coastal subdivision is 
necessary but, as the units are traced westwards, important facies 
changes occur and new units are required. 

The various/roposed units (see below) will be described 
and their extent an gross lithology shown by a series of fence 

diagrams, isopach and lithologic maps. Correlation between the 
units will be demonstrated and some relationship between sedi
mentation and structures will be described. 

, 
I 

Hawkesbury Ss' 
I 

, Gosford Fm 

~~~~~-= ___ B~al~d~.H~il~I~C:S ____ -=======J Sutton Forest ; 
Fm Colo Vale Fm 

Bulgo Ss 

Stanwell Park Cs 

Scarborough Ss 

Fm 

* Published with the permission of the Under Secretary, 
Department of Mines, New South Wales. 

tHE STRATIGRAPHY OF THE SYDNEY SUB-GROUP 
IN THE SOUTHERN COALFIELD * 

M. R. Bunny 
Geologica! Survey of New South Wales 

The N.S.W. Department of Mines drilling programme in 
the Southern Catchment Coal Reserve has enabled sub-division of 
the complete sequence of the Sydney Sub-Group. Some units, es
pecially coal seams, have been recognized for many years. Other 
sub-divisions have been more recently proposed. The only modi
fication to existing units has been the assignment of specific strati
graphic identity (i.e. "member" or "formation") to provide an 
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integrated sequence within the Sub-Group, while definitions have 
been proposed for a number of previously unnamed interseam 
units The following table summarizes the stratigraphy: . 

GROUP 

Narrabeen 

Illawarra 
Coal 
Measures 

Shoalhaven 
(Marine) 

SUB-
GROUP 

(Triassic) 
(Permian) 

Sydney 

Cumber 
land 

FORMATION MEMBER 

Bulli 

Balgownie Seam 
Eckersley Lawrence "Greywacke" 

Cape Horn/Hargrave Sm 
Burragora~ Claystone 
Woronora eam 
Novice Sandstone 

WongawillJ 
Seam 

Kemble 
Sandstone 

Allans Creek 

Appin Darkes Forest Sandstone 
Bargo Claystone 
Lacy's Creek Sandstone 

, 

Tongarra Seam 

Wilton Un-named Seam 
Woonona Seam 

<" "Kulnura Marine Tongue" 

Erins Vale 

Pheasants Nest 

Structurally, the area has been subjected to a number of 
gentle sub-meridional folds superimposed on the regional saucer
like basin. These structures were active at the time of deposition, 
and the most prominent of these, the Bulli-Woronora structure is 
a hingeline to the northeast of which sedimentation occurred at a 
greater rate. 

* Published with the permission of the Under Secretary, 
Department of Mines, New South Wales. 

A MAGNETOMETER SURVEY OF THE SOUTHERN 
COALFIELDS, N.S.W. * 

A. Agostini 
Geological Survey of New South Wales 
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In conjunction with the scout drilling programme under
taken by the N.S.W. Department of Mines in the Southern Coal
fields, magnetometer surveys were carried out over the area. 

These surveys initially consisted of magnetometer trav
erses over proposed drill hole sites; finally the magnetometer sur
vey was expanded for a magnetic appraisal of the area as a whole. 

Some of the magnetic anomalies are known to be caused 
by basic igneous intrusions, while some of the other anomalies can 
be related to known structures in the area. No magnetic anomalies 
were recorded over areas of known microsyenite intrusions. 

* Published with the permission of the Under Secretary, 
Department of Mines, New South Wales. 

ASPECTS OF PERMIAN-MESOZOIC SEDIMENTATION IN 
THE DUBBO-SINGLETON-TAMWORTH 

1 :250,000 SHEETS * 
D. M. Rose 

Geological Survey of New South Wales ** 
The tectonic history of the area reviewed is postulated as 

due to the progressive movement of a mobile front which provided 
continuous structural growth since early Palaeozoic times, and re
sulted in the development of welts and furrows at different loci 
in both time and place. Although the direction of movement in the 
early stages is obscure, it is suggested that the mobile front des
cribed an arcuate path with a northeast direction of movement in 
its final stages of development. Zones of increasing stability 
developed in pace with the progress of this mobile front, which 
was either halted or moved beyond the area reviewed in late Car
boniferous time, and Permian-Mesozoic time represents a transition 
between mobility and final stability of the region. 

The results of a mapping project still in progress in the 
area are described. Mapping of the pre-Permian tectonic frame
work in the Dubbo 1:250,000 sheet area, as the initial phase of the 
project, has been completed, and has been followed by mapping of 
Permian-Mesozoic sedIments from west to east into the Singleton 
1:250,000 sheet area. The latter part of this work has been con
centrated on separation of the Narrabeen Group sediments from 
those of the Great Artesian Basin, a broad subdIvision of the Nar
rabeen Group and the extension of these facies north into the 
Tamworth 1:250,000 sheet area. Future mappin& will be concerned 
with correlation of the Permian-Mesozoic umts, from south to 
north, along the western margin and thence east to the Lochinvar 
anticline. 

* Published with the permission of the Under Secretary, 
Department of Mines, New South Wales. 

** Present address: Trans Pacific Petroleum N.L., Sydney. 

SEDIMENTATION & STRUCTURE OF THE CONTINENTAL 
SHELF OFF CENTRAL NEW SOUTH WALES 

C. v. G. Phipps 
Department of Geology and Geophysics, 

The University of Sydney 

The shelf area under discussion extends from Crowdy 
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Head to Baternans Bay. The characteristics of the bathymetry of 
the southeastern shelf are remarkably constant. From the present 
shoreline to approximately 20 fathoms, the bottom is closely re
lated to the present coast with! rough rock areas extending from 
present headlands. Below 20 fathoms the shelf extends down in a 
series of terraces to a depth of approximately 70 fms. From 70 fms 
to the shelf break, is a flat plain with an average slope of 4-6 feet 
per mile. The terraces show characteristics of shorelines, many 
areas showing typical beach profiles including off-shore bars. The 
lower terraces at 70 and 60 fms have been traced along 350 miles 
of the shelf. These terraces represent periods of eustatic stillstand 
during Pleistocene sea level fluctuations. 

Surface sediments on the shelf show reduction in grain
size from ripple-marked sands shorewards, to silts and clays at 
depths of 65-70 fms. Seawards of the 70 fms contour, the sediments 
are coarse, calcareous brown sands, often cemented at the surface 
into a 6-12" thickness of beachrock type material. These are relict 
sands of Pleistocene age. A Carbon 14 date of 12,800 + or - 300 yrs. 
was obtained from shells of molluscs from this cemented material. 

The thickness of post Pleistocene sediments is very 
variable, from less than 1 foot to over 9 feet, the latter being the 
maximum length of core obtained. Fifty feet of unconsolidated 
sediments have been indicated seismically off Stanwell Park. 
Beneath the recent material, above 70 fms, coarse sands and 
gravels have been encountered by coring south of Sydney. 

The structure of the shelf, delineated by Shell's seismic 
survey, indicates a wedge of sediments extending outwards from 
approximately 70 fms and is of a form similan to other areas of 
the world. These sediments represent sedimentation through the 
Tertiary and possibly Mesozoic. Bathymetry of the upper slope 
indicates that this sediment wedge is restricted to the area off the 
Sydney Basin since rock outcrops occur on the shelf break, north 
of Sugarloaf Point. In the south, the Canyon off Ulladulla indicates 
a wedge approximately 1300 feet thick, considerably less than 
further north. . 

To the south off Montague Island, no sediment wedge 
occurs. The location of the outer shelf sediment wedge, which 
was the area of sedimentation of terrigenous sediments in the 
Tertiary, is obviously displaced from the present sediment accumu· 
lation. This provides a measure of the amount of coast erosion 
and shore line retreat during the Pleistocene. 

The seismic data on the Triassic and Permian sediments 
beneath the younger sediments is poor, but there are indications 
of westerly dipping beds at the outer shelf. 

The instability of the shelf area has been indicated by the 
warping of the Pleistocene terraces. Plotting the depth below 
present sea level of the shelf margin and two lower terraces, a 
pattern of deformation which can in part be related to the coastal 
structure, becomes apparent. The maximum amount of deforma
tion of the shelf is 100 feet which, if related to the maximum time 
since the lower terraces were formed (20,000 years), represents a 
marked instability. At either end of the depressed area which cor
responds to the Sydney Basin are two shelf rises crossing the 
shelf essentially at right angles. This pattern of shelf depression 
bounded by shelf rises is repeated in many areas of the Australian 
Shelf. The ridge parallel to the shelf edge, suggested by the seismic 
data, is also a characteristic of the seaward margin of other shelf 
basins, both present and older. The general pattern of structures 
parallel to the shelf, and others across the ,helf, produces an en
echelon pattern of sediment basins and ridges which can be traced 
back through Mesozoic and Palaeozoic times. It has been shown 
by seismic data off eastern North America that accumulation in 
these situations can amount to 20,000 feet or more. 
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CHARACTERISTICS OF THE COAL MEASURES OF THE 
HUNTER VALLEY REGION 

PART I: THE TOMAGO COAL MEASURES AND THEIR 
EQUIVALENTS * 

R. A. Britten 
Joint Coal Board, Cessnock 

Coal measure sediments of the Hunter Valley Region com
prise three main stratigraphic groups, each having different char
acteristics. "These are the Newcastle Measures, the Tomago Meas
ures and the equivalents of these, together with the Greta Coal 
Measures. These coal measures embrace coal seams and coal seam 
environments of widely differing characteristics. Recent explora
tory drilling with which the Joint Coal Board has been associated. 
has enhanced and extended the knowledge of these characteristics. 

The Tomago Coal Measures are best known in the East 
Maitland area where a number of seams, including the Big Ben, 
Donaldson and Rathluba, have been worked for many years. Al
though the Tomago Measures and their equivalents are character
ised by marked lateral and vertical variation, in the areas worked 
seams have exhibited reasonable consistency, which has enabled 
their extensive exploitation. South and east from the areas worked, 
splitting of coal seams is prevalent and as a consequence cor
relation of some horizons wIthin the measures becomes uncertain. 

Investigations, by the Joint Coal Board on behalf of the 
Electricity Commission of N.S.W., in the Tomago Measures in the 
Williamtown area has yielded further knowledge of these meas
ures. Although the seams penetrated in bores around Williamtown 
are not correlateable in detail with those at East Maitland, these 
seams are typical of the Tomago Coal Measures and are evidently 
subject to considerable variation and splitting. This variability 
has introduced uncertainties of correlation. 

At Williamtown the interseam strata comprise mainly 
shales and silty shales and the coal seams comprise plies of 
bright coal which are soft and friable and often interbanded with 
shaly and sideritic bands. 

The Singleton Coal Measures further north in the Hunter 
Valley comprise Newcastle and Tomago equivalents. Recent ex
ploration by the Board on behalf of the Electricity Commission 
of N.S.W. and others, in the Ravensworth-Liddell Area, has added 
to the knowledge of the coal seams and the environments assoc
iated with them. 

Splitting and divergence of the well known Liddell Seam is 
now fairly well delineated throughout most of the area. Part of the 
line of splitting and divergence IS notably northeast-southwest but 
there is a marked deviation from thIS direction towards the 
northern crop of the seam. 

The Ravensworth and Bayswater Seams which have recent
ly been intensively explored in conjunction with the development of 
Liddell Power Station, are of special interest because, hitherto, 
neither of these seams has been adequately defined. The association 
of the two seams is also of stratigraphic mteres t because it is now 
apparent that although they converge within a few inches of each 
other, the seams exhibit entirely different genetic characteristics 
and the coal properties of each are also different. 

From the generalised sections of these two seams, it can 
be seen that the Bayswater Seam is predominantly a seam com
prising high inherent ash, dull coal, with minor bands, whereas by 
contrast the Ravensworth Seam comprises brighter, lower ash 
coal, which is heavily interbanded with variable shaly and sideritic 
beds and bands between the coal plies. 
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Whilst the environment of the Bayswater Seam enables it 
to be developed economj.cally over a wide area, the environmen~al 
conditions for the Ravensworth Seam have produced such vana
tion that from the point where the best development of the seam 
is rcorded, it deteriorates into at least seven unworkable sub
sections extending over 180 Feet of ~trata within a later!,!l di~tance 
of only a mile or so. The hne of dIvergence and detenoratlOn of 
the Ravensworth Seam is approximately northeast-southwest and 
the deterioration is manifest east of this line; the Bayswater Seam 
behaves in similar fashion. The same trend is followed by the zone 
of convergence of the Ravensworth and Bayswater Seams and the 
undulations in the interseam interval separating the two seams. 

The limited observations presented here may be of purely 
local si~nificance. The availability of many similar observations 
from WIdely separated, but correlatable strati~raphic units within 
the Sydney Basin would be of considerable mterest. The logical 
starting point of such an investigation would be the coal measures, 
by virtue of the wealth of data already available for detailed cor
relations. 

* Published with the permission of the Joint Coal Board. 

CHARACTERISTICS OF THE COAL MEASURES OF THE 
HUNTER VALLEY REGION 

PART II: SOME CHARACTERISTICS OF THE GRETA COAL 
MEASURES WITH PARTICULAR REFERENCE 

TO T.HE BALMORAL AREA * 
C. E. Crapp 

Joint Coal Board, Newcastle 

Recent subsurface investigations have been carried out on 
behalf of the Electricity Commission of New South Wales to in
vestigate further the coal producing potential of the Balmoral 
area south of Muswellbrook. 

With the purpose of adding to the detailed knowledge of 
the Rowan Formation, the coal bearing upper sub-division of the 
Greta Coal Measures in the Muswellbrook area, the majority of 
drillholes commenced within this formation where it is exposed 
on the Muswellbrook anticline and were stopped after penetrating 
the lowest economic coal seam. However, a few holes commenced 
in the overlying marine beds and a few penetrated below the 
Rowan Formation, so that the strata intersected included the low
est part of the Maitland Group, the Rowan Fonnation and the 
upper part of the Skeletar Formation, the lower sub-division of 
the Greta Coal Measures in the area. 

In the Balmoral area the thickness of the Rowan Forma
tion is of the order of 400 feet compared with approximately 250 
feet for the Greta Coal Measures in the South Maitland Coalfield 
and 1,000 feet in the isolated Cranky Corner area northeast of 
Singleton. The total thickness of the Skeletar Formation was not 
penetrated and no comparison of the total thickness of the Greta 
Coal Measures with that of other areas can be made. 

Several coal seams are contained within the formation at 
Balmoral1 more than occur elsewhere in the Greta Coal Measures 
and, as IS typical of the Greta Coal Measures, they have been 
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shown to consist of two or more splits, some of which are len
ticular within the area investigated. 

Intersplit sediments are most commonly shales but sand
stones do occur and together with shales are common where the 
intersplit interval increases. 

Interseam strata are predominantly sandstones and shale~. 
In the South Maitland area conglomerates form a significant part 
of the total sequence, but in the Balmoral area conglomerates 
form only a minor constituent. In this respect the sediments appear 
more similar to those of the Cranky Corner area. Where conglom
erates do occur in the Balmoral area they are thin, lenticular, and 
are fOIDld in the south of the area in the lower part of the Rowan 
Formation, and possibly at the top of the Coal Measures where 
the exact junction with the overlymg marine strata is not easily 
determined in the field. 

Although the interseam strata are variable and some beds 
have lenticular characteristics, the interseam lithology and inter
val, in some cases, can be used over restricted areas to assist in 
the correlation of seams. The most useful feature, however, for 
correlation purposes, is the continuity of the seams as a recognis
able unit in spite of their tendency to split. 

Holes which penetrated below the lowest economic coal 
seam of the Rowan Formation, intersected a variety of strata, the 
extremes being igneous rocks, believed to be volcanic, almost im
mediately below the seam, or a sequence of shales and sandstones 
with minor thin coal or coaly shale beds. The strata most frequent
ly intersected below the lowest seam consist of shale and clay
stones or tuff usually regarded as the top of the Skeletar Forma
tion. 

The Balmoral area is among those Greta Coal Measure 
areas most seriously affected by igneous intrusions. While dykes 
will most certainly be proved to occur in the area, drilling has 
proved extensive sills. No definite relationship of the intrusions 
to faulting has been proved and it is believed that the sills may 
be pre-faulting. 

Drilling results indicate that the structure of the Muswell
brook anticline is both composite and complex. Faulting is com
mon in me area and although not yet sufficiently delineated, ap
pears to be mainly normal. One of the most common suspected 
directions of faultmg is approximately 15 degrees to the anticlinal 
axes, which locally strike approximately Ns"E. 

The area mvestigated has been too limited to determine 
in many instances tlle line of commencement of major splitting of 
the seams. The presence of numerous suspected faults has also 
added to the difficulties ill establishing depositional trends. How
ever, it has been established that minor splitting within some 
seams and within relatively small zones, does commence from 
lines which strike approximately N4So E indicating local deepen' 
ing of coal swamps at right angles to this direction. * Published with the permission of the Joint Coal Board. 

CHARACTERISTICS OF THE COAL MEASURES OF THE 
HUNTER VALLEY REGION 

PART III: THE NEWCASTLE COAL MEASURES AND NAR
RABEEN GROUP IN THE TUGGERAH AREA, N.S.W. * 

J. Adrian 
Joint Coal Board, Sydney 

Sedimentation of the upper part of the Newcastle Coal 
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Measures and of the overlying Narrabeen Group is studit:d, using 
as an example the Tuggerah and southern Lake Macquane areas. 

The Tuggerab area is the most southerly part of the New
castle Coalfield yet explored systematically, and in this lies its 
chief interest. The uppermost part of the Newcastle Coal Measures 
is known from almost 200 bores in the area south of Awaba and 
Swansea, but only four of these have penetrated the full thickness 
of the Newcastle Measures. The measures thin from about 1130 
feet at Swansea to 870 feet at The Entrance. Tomago Coal Meas
ures were penetrated at Toukley and The Entrance. 

Ex,Ploration in the last five to ten years, particularly by 
the Electncity Commission of N.S.W., has increased our know
ledge of the stratigraphic sequence and has enabled us to review 
earlier work. based on the results of too few bores and on out
crop mapping. 

The stratigraphic sequence in the Tuggerah area is as 
follows: 

Thickness (feet) 

150 + 
450-550 
323-600 
400-550 
Av. 300 
1-12 
20-180 
0-8 
0-2.5 
3-26 
70-300 
0-65 
0-4 
0-170 
0-5 
6-23 

Rock Unit 

Gosford Formation 
Clifton Sub-Group: 

Collaroy Claystone 
Tuggerah Formation 
Munmorah Conglomerate 

Moon Island Beach Sub-Group: 
Wallarah Seam 
Catherine Hill Bay Formation 

Toukley Seam 
Buff Point Seam 

Great Northern Seam 
Eleebana Formation 

Awaba Tuff Member 
Chain Valley Seam 
Bolton Point Conglomerate Member 
Tangy Dangy Seam (new name) 

FaSSlfern Seam 

From details obtained from bores only 1-1.5 miles apart 
the successive rock units can be correlated with their equivalents 
in the type areas. The persistence of several units in the coal 
measures is notable, a striking example being the Great Northern 
Seam and the Awaba Tuff Member of the Eleebana Formation. 
From their outcrop at Catherine Hill Bay the Wallarah and Great 
Northern Seams can be traced southwards for a distance of over 
sixteen miles; even the Chain Valley Seam (about 4 feet thick) is 
continuous for nearly fifteeen miles. 

Coal seams provide useful horizons in correlation. The 
main rock units can be con'elated by means of matching sequences, 
using diagrammatic borelogs and suitable section lines. Correla
tion is strengthened by structural interpretation as drillin~ pro
gresses. Coal seams are not the only persistent horizons In the 
upper part ofl the measures. 

* Published with the permission of the Joint Coal Board. 
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SEDIMENTOLOGY OF THE PERMIAN CONJOLA 
FORMATION IN THE SOUTHERN SYDNEY 

BASIN, N.S.W. 
V. A. Gostin 

Department of Geology, 
Australian National. University 

The stratigraphy of the Permian strata from the basal un
conformity at South Durras, near Bateman's Bay, north to Ulla
dulla, is summarized in the following table, where comparison is 
made with the Nowra-Milton-Clyde River section inland and to 
the north, described by McElroy and Rose (1962). The maximum 
thicknesses (in feet) of the units are shown in brackets, and the 
Permian sequence here overlies a folded lower Palaeozoic and Dev
onian basement. 

Nowra to Milton 
(McElroy & Rose, 1962) Ulladulla to Durras 

SHOALHAVENGROUP 
Nowra Sandstone (700) 
Wandrawandian Siltstone (400)Ulladulla Mudstone (200+) 
Conjola Formation (600) CONJOLA FORMATION 
Yadboro Conglomerate (590) Upper sandy unit (560) 
Pigeon House Ck Siltstone (160)Middle silty unit (510) 

CLYDE COAL MEASURES (135) Lower sandy unit (330) 

Hunter Valley 

Branxton 

Farley 

Allandale 

Faunal equivalents to the Ulladulla-Durras section in the 
Hunter Valley are shown on the right side of this table. The fauna 
was identified principally by Campbell, Dickins and Runnegar 
(pers. comm_ 1966), Runnegar (1965) and Dickins (1967). 

Basement contours almost parallel the coast and dip gently 
to the east-southeast. Dips within the Conjola Formation are sim
ilarly very gentle (2° to 10°) towards the northeast-southeast quad
rant, the strike being sinusoidal. 

An analysis of the lithology, structures, and the association 
of various beds has shown that the sediments were del?osited in 
shallow marine, bay and lagoonal environments. These mclude: 

1. A very shallow, open-marine environment with high tur
bulence. The good sorting and low angle cross-stratification 
are typical of the beach and sub-beach zone. 

2. An open marine environment with high turbulence and 
strong persistent currents. Typical beds are a variety of 
silt-free sandstones interbedded with thin (6") lenticular 
beds of conglomerate. 

3. A less turbulent marine environment with intermittent cur
rents resulting in an abundance of silty sandstones. 

4. A sheltered marine, bay and tidal flat environment with 
predominant siltstones, very fine sandstones and some 
poorly sorted coarser sediments (diamictites). Structures 
mc1ude some large channels, 200 to 300 feet wide and up 
to 17 feet deep. These were probably tislal channels and are 
filled with fine-grained sedIments. 
The Conjola Formation contains a succession of these en

vironments which can be grouped as follows: From the basal un
conformity to the 300 feet stratigraphic level at Wasp Head, the 
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depositional environment was open-marine. Four lobate units of 
sedimentary breccia occur within the basal 50 feet, consisting of a 
non-sorted mixture of angular clasts, from silt-size to blocks 12 
feet long, composed mainly of argillite derived from the nearby 
lower Palaeozoic basement. Two of the breccia beds wedge out 
towards the east to be replaced by pebble conglomerates, one of 
which contains a marine fauna. The breccia was probably trans
ported from the land by mass-movement in a partially frozen 
state, similar to a solifluction lobe. Within the breccia beds are 
localized regions of a relatively sorted breccia that grades from 
cobble size .through pebbles to coarse sand and grit at the top. The 
graded breccia formed in a liquid to quasi-liquid state, probably 
through the liquefaction of part of the main breccia layer. 

Between the 360 and 840 feet stratigraphic levels the sedi
ments were deposited mainly in sheltered marine and tidal flat 
environments. This interval is exposed at Durras North and 
Pebbley Beach. From 840 feet to the top of the formation at about 
1,400 feet, the sediments were depOSIted generally under open
marine, littoral to\ shallow neritic· conditions, with a few periods 
of sheltered marine sedimentation. This upper unit is exposed from 
the top of Point Upright, north to Merry Beach, and between Baw
ley! Point and Crampton Island. It is also present at Bannister's 
Point. 

The overlying Ulladulla Mudstone, exposed at Lagoon Head 
and Ulladulla, was probably deposited within a sheltered bay. 
These exposures can probably be correlated with similar siltstones 
at Berrara Beach and Sussex Inlet to the north and the under
lying sandstone unit at Jervis Bay, described by Perry and Dickins 
(1952), is thus probably the extension of the upper part of the 
Conjola FormatIon. ThIS is confirmed by recent palaeontological 
work (Dickins, 1966 pers. comm). 

Throughout the Conjola Formation and the Ulladulla Mud
stone, the presence of many anomalously large megaclasts within 
undisturbed marine sediments indicates that the clasts were trans
ported by. ice-rafting ,although only a few clasts are faceted and 
striated. The climate was probably such that seasonally frigid 
conditions existed, allowing the formation and dispersal of river 
and shore ice loaded with clastiC debris. 

A study of the petrology of the coastal sedimentary seq
uence is in progress. The lithology of some 1,500 cobbles and 
boulders indicates that their source was mainly local Ordovician 
bedrock, although many Upper Devonian cobbles indicate trans
port from 25 to 100 miles away. 

The cross-bedding and ripple marks throughout the seq
uence indicate that the main longshore currents transported the 
sediment towards the northwest. During the periods of sheltered 
marine sedimentation, currents normal to this direction have been 
recorded. 
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AN ENVIRONMENTAL MODEL FOR TRIASSIC 
DEPOSITION, SYDNEY BASIN 

J. R. Conolly 
Queen Elizabeth II Fellow, 

Department of Geology and Geophysics, 
The University of Sydney 

The composition and spatial distribution of the Triassl.:: 
rocks of the Sydney Basin indIcates that portions of the Wi ana
matta, Hawkesbury and Narrabeen rock sequences are time-syn
chronous lithofacies of a major regressive sequence. 

The rocks of the Narrabeen lithofacies represent a com
plex fluvial and deltaic distributory system including river gravels, 
point bar sands, levee sands and silts, backswamp silts and clays, 
interdistributory bay clays and silts, and distributory mouth sands. 

The orthoquartzite sands of the Hawkesbury lithofacies 
formed a complex system of tidal flat deltas and barrier bars lying 
offshore from the major distributory system. The shoreline pat
tern and current system fluctuated with consequent deposition of 
thick orthoquartzite sands along a mainly southern and western 
coastline. 

The final phase of the regression is represented by black 
to grey tidal flat shales and silts, shallow marine glauconite sands, 
and silts and clays of the Wianamatta lithofacies which accumu
lated offshore from the Hawkesbury lithofacies, gradually trans
gressing it towards the north and west. 

THE GOSFORD FORMATION -
PALM BEACH TO LONG REEF 

D. F. Branagan, 
Department of Geology and Geophysics, 

The University of Sydney 

Detailed mapping of this sequence has been in progress 
since 1965. Areas of excellent outcrop (headland sections) are sep
arated by areas of generally poor outcrop (beach sections), al
though for short periods after heavy storms exposures may be 
extensive along some beaches. 

The top of the "chocolate shale" horizon, exposed inter
mittently along the coast, has been regarded as a single uppermost 
unit of the Collaroy Claystone for pUI'floses of mapping and, as 
yet, no detailed mapping has been carned out on thIS formation. 
Thickest exposures of the claystone are at Long Reef and Newport . 

Overlying the claystone is a variety of sandstones, silt
stones and claystones which makes up the Gosford Formation. 
This formation is possibly overlain by the Hawkesbury Sandstone 
at Careel and Barranjoey. . 

The sequence consists of packets of thin, nearly horizontal 
beds exposed at intervals along the coast, notably at North Avalon, 
Bilgola and Turimetta. Between and cutting across these beds are 
zones of cross-bedded units, scour and fill deposits and sandstone 
channels. These zones make the individual cliff sections complex 
and the variability of the units makes correlation of sections from 
headland to headland difficult. However, the relationships between 
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rock units in the region between Palm Beach and Mona Vale is 
now known and meaningful subdivisions of the sequence can be 
made. At least four significant breaks in sedimentation are recog
nised. 

Mapping has been carried out on photographs of complete 
cliff sections taken from the sea. The extent and characteristics of 
the various units mapped will be described using slides . Some 
tentative ideas on enVIronment will .be discussed. 

PERMIAN FAUNAS AND SEDIMENTS FROM THE SOUTH 
MARULAN DISTRICT, N.S.W. 

R. E. Wass 
Department of Geology and Geophysics, 

The University of Sydney 

The area discussed is approximately one mile southwest 
of South Marulan at 70493024 Wollongong 1 :250,000 map. Its close 
association with a granitic intrusion and contact metamorphism 
has resulted in the geology being studied previously in some detail. 
However, in many cases early workers did not observe Permian 
sediments or resolve the stratigraphy. The latter resulted from 
confusion over a suite of volcanic rocks hitherto included with 
the batholithic rocks. Recent mapping has shown the volcanics 
to be extrusive and part of the stratigraphy. 

The stratigraphic sequence is: 
Permian beds - sandstones and pelites 

UNCONFORMITY 
Glenrock grap.odiorites - Middle Devonian 
Tangerang volcanics - toscanitesLtuffs, sandstones and some pd

ites - Upper Silurian, ? ower Devonian 
Bungonia limestone - arenaceous towards the top - Middle to 

Upper Silurian 
UNCONFORMITY 

Tallong beds - slates, quartzites, phyllites -late Upper Ordovician 
The Permian beds outcrop over an area of 40,000 square 

yards and contain a rich marine fauna together with some plant 
aetritus. In general, the plant detritus is found in pelitic sediments 
and the marine fauna occurs in fine to medium grained labile to 
sublabile calcareous sandstones. The spatial arrangement of leaf 
rich pelites and the rich marine fauna indicates that a shore
line may have been developed in the area. 

Fossils identified from the sediments are\. 
Cladochonus sp. 
Conularia inornata Dana 
Conularia ct. tuberculata Fletcher 
Fenestella cantharlformis (Crockford) 
Fenestella dispersa (Crockford) 
Fenestella granulifera (Crockford) 
Polypora woodsi (Etheridge, Jr.) 
Protoretepora ampla (Lonsdale) 
Stenopora gravilis (Dana) 
Ambikella cf. ingelarensis (Campbell) 
Ambikella ct. isbelli (Campbell) 
Ambikella ct. undulosa (Campbell) 

38 



Amblkella cf. mantuanensls (Campbell) 
Fletcherithyrls cf. amygdala (Dana) 
Fletcherithyris parkesi Campbell 
Gilledia ulladullensis Campbell 
Notospirifer cf. minutus Campbell 
Strophalosia clarkei Ehteridge Sr. 
Strophalosia clarkei var. minima Maxwell 
Terrakea solida (Etheridge and Dun) 
Terrakea sp. 
Trigonotreta stokesi Koenig 
Pleurikodonta cf. elegans Runnegar 
Atomodesma (Aphanaia) sp. 
eonocardium sp. 
Aviculopecten subquinquelineatus McCoy 
EUmata prhna sp. nov. 
Stutchburia costata (Morris) 
Schizodus sp. 
VacWlella cf. curvata (Morris) 
Merismopteria sp. 
MyOOlia corrugata? Fletcher 
Keeneia minor (Fletcher) 
Keeneia ocula (Sowerby) 
Peruvispira cf. elegans (Fletcher) 
Peruvispira trifilata (Dana) 
Strotostoma inflata Fletcher 
Tribrachlocrinus sp. 
Phialocrinus sp. konincki (Clarke) 
Glossopteris ampla Dana 
Glossopteris sp. 

Elements of the fauna considered significant and of use 
in correlation are Fletcherithyris cf. amygdala, Notospirifer cf. 
minutus, Terrakea sp., T. solida, Strophalosia clarkei, AmbikeUa 
cf. isbelli, Pleurikodonta cf. elegans, Atomodesma (Aphanaia) sp., 
and Vacunella cf. curvata. The occurrence of Elimata prima sp. 
nov. may be of some value as is the absence of Marinurnula. A 
faunal comparison with the South Coast Permian sequence reveals 
that the South Marulan sediments may be correlated best with the 
Wandrawandian Siltstone-Nowra Sandstone boundary. Therefore, 
the South Marulan sediments can be placed satisfactorily in a 
regional palaeogeographic reconstruction of the southwestern mar
/Sin of the Sydney Basin. This shows a progressive transgression 
m a general northwesterly direction along this margin and results 
in the marginal sediments becoming younger in this direction. 

CARBONATE CONCRETIONS IN COASTAL SAND DUNES 
NEAR SYDNEY 

I. L. Gordon & G. S. Gibbons 
The N.S.W. Institute of Technology 

In many parts of Australia, and especially in coastal dunes 
near Sydney ,there occur pipe-like bodies of carbonate-cemented 
quartz sand, apparently associated with the root systems of plants. 

A detailed study has been made of the occurrence of these 
concretionary bodies from the sand dunes of the Kurnell Peninsula, 
south of Botany Bay, where concretions occur around rotted root 
systems associated with a fossil soil horizon exposed in sand 
quarries. 
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This study indicates that the concretions form over a long 
period of time, and are associated with soil-water movements 
above the water table after the death of the root system respon
sible. 

Ground water in the area currently contains 200 ppm 
equivalent CaCO.. It is suggested that this water travels up the 
rotting root and out into the sand by capillary action; evaporation 
and transpiration of this water, plus escape of carbon dioxide, 
result in deposition of calcium carbonate. A period of order 1000 
years is suggested for the growth of the bodies. 

GEOMORPHOLOGICAL AND SEDIMENTOLOGICAL 
EVIDENCE OF QUATERNARY TIDAL ACTION IN 

SWAMP CREEK VALLEY, NEAR KURRI KURRI, N.S.W. 
w. F. Geyl 

Department of Geography 
The University of Newcastle 

It is suggested that when sea level was 15 to 20m higher 
than now (High Monasterian, R/W interglacial), tidal action 
shaped channels, now valley meanders, deposited correlative sedi
ments ill Swamp Creek Valley, today 30km llnea recta from the 
coast. The present underfit creek of small discharge has replaced 
the former high-discharge tidal stream, Underfitness is generally 
not "manifest", i.e. the creek broadly follows the valley meanders; 
the ratio of width to wavelength of 1:70, instead of the 1:10 found. 
for alluvial streams, indicates the underfitness. The suggestion of 
tidal genesis of the valley meanders is supported by data obtained 
by morphometry and by considerations of hydraulic geometry. 
Valley meander wavelengths, and other parameters, fit the data 
for tidal streams, but, if an ordinary river had been responsible, its 
specific bankfull discharges would have had to be greater than any 
known in the world today. One valley meander wavelength of 
1300 m, with actually a catchment area of 80 km", would have re
quired only 6 km' or less of tidal catchment area, but 6000 
km' or more of ordinary river catchment. A tidal genesis is also 
given support by the nature of the widespread valley fill of correl
ative sediment. The vertical and horizontal distribution and varia
tion of this sediment, and its structures, conform with conditions 
in tidal environments, but could hardly have been produced by a 
river draining a catchment of such small size. Particle orientation 
analysis of a number of sam,Rles, kindly performed by Dr. K. 
Moelle, could also indicate a udal environment of deposition, be
cause of symmetrical features in the sediments investigated. 

SEISMIC PROFILING STUDIES IN THE LOWER SECTION 
OF PORT JACKSON 

c. V. G. Phipps & D. W. Emerson 
Department of Geology & Geophysics, 

The University of Sydney 
A series of sixty seismic traverses have been run in Sydney 
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Harbour. The continuous reflection profiling technique was em
ployed. The area surveyed extended from Fort Denison to South 
Head. The interpretation of the records yielded information on: 
the thickness of unconsolidated sediments; intra-sediment struc
tures; the depth to and configuration of bedrock (assumed to be 
Hawkesbury Sandstone). In places accumulations of over two 
hundred feet of sediments have been noted. The interpretation 
disclosed a main bedrock channel which meanders down the Har
bour. This channel runs between Point Piper and Shark Island to 
Chowder Bay and thence runs between Sow and Pigs Rocks and 
South Head. 

SOME HYDROGEOLOGICAL ASPECTS OF THE TRIASSIC 
ROCKS OF THE SYDNEY BASIN * 

G. R. Wallis 
Geological Survey of New South Wales 

and 
M. Johnson 

Chemical Laboratory, 
N.S.W. Department of Mines 

The paper outlines the state of knowledge of groundwater 
occurrence in the Triassic rocks of the Sydney Basin, and illus
trates the lack of quantitive data available. 

Stratigraphic data is dependent on some 400 drillers' logs 
of water bores with supporting correlation from petroleum ex
ploration holes. The latter rarely record complete details regard
mg occurrence of groundwater. The drillers' logs record a num
ber of "aquifers", but correlation between them is not possible. 

A review of a paper by A. N. Old of the N.S.W. Department 
of Agriculture is 'presented; the paper discusses the groundwater 
condItions occurnng in the Wianamatta Shales. Recent data con
firms the general outline as presented by Old. The origin of the 
highly saline water in this unit is discussed. 

The close relationshilJ of the quality of water obtained 
from both the Hawkesbury Sandstone and Narrabeen Group is 
noted. Total ionic concentration of this water ranges between 30 
and 2500 parts per million with the majority of bores producing 
water of less than 1000 parts per million. 

Due to lack of data the delineation of the piezometric sur
face in these two units is difficult. The depth to the first major 
"aquifer" ranges between 40 and 150 feet below ground level. 

The depth range of bores in both the Hawkesbury and 
Narrabeen rocks is 500 feet. In the Hawkesbury Sandstone 69%, 
and in the Narrabeen Group 82% of bores are less than 200 feet 
deep. SUl?plies range up to 5000 gallons per hour, with 73% of 
supplies m both units being less than 1000 gallons per hour and 
approximately 46% less than 500 gallons per hour. In the Hawkes
bury Sandstone 26% of bores supply over 2000 gallons per hour, 
while only 6.5% in the Narrabeen Group supply a similar amount. 
In general, supplies are more' widespread from the Narrabeen 
Group rocks. 

Little is known of the hydrodynamics of the three rock 
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units under discussion. Few complete pump tests have been con
ducted to determine transmissibility, specitic yield, or drawdown 
characteristics. 

A geochemical study of the groundwater is based on ap
proximately 200 chemical analyses. Complcte analyses carried out 
by 'the 'Department of Mines Chemical Laboratory determine bi
carbonate or carbonate, chloride, sulphate, fluoride, sodium, potas
sium, calcium, magnesium ,iron and boron. Also pH and electric 
conductivity are determined. Partial chemical analyses by the 
N.S.W. Department of Agriculture Laboratory are carried out for 
pH, electrical conductivity, calcium plus magnesium, alkalinity, 
hardness and total saline matter. A tentative classification of the 
groundwater occurring in the three units is suggested. 

Reference 
WALLIS, G. R. & JOHNSON, M. Rec. geol. Surv. N.S.W., 2, (in press) 

* Published with the permission of the Under Secretary, 
Department of Mines, New South Wales. 

SOME THOUGHTS ON THE LOWER PERMIAN ROCKS IN 
THE LOWER SHOALHAVEN RIVER SYSTEM 

N. M. Gray 
Metropolitan Water, Sewerage & Drainage Board 

Recent investigations in the lower Shoalhaven River, about 
a half mile upstream of Yalwal Creek, and at the junction of Yar
runga Creek and Kangaroo River, have shown that Lower Coal 
Measures are present. In both cases, these coal measure rocks 
are overlain by sandstone. of the Conjola Formation and proven 
to be underlain by Devonian rocks at the former and inferred at 
the latter. 

The Lower Coal Measures at both these locations consist 
of two members, the upper being fine grained rocks such as sand
stones, shales, carbonaceous shales and/or coal seams, and the 
lower a conglomerate. It is the conglomerate that is of particular 
interest in this discussion. 

Regional mapping on a scale of 20 chains per inch in the 
lower Shoalhaven River area has shown that the Conjola Forma
tion consists of two mappable entities: the upper - sandstone, 
and the lower - conglomerate. Mapping around the Yarrunga
Kangaroo area has shown that the Conjola is represented by sand
stones only. In both areas talus is present on the slopes from 
about the base of the sandstone cliffs and this talus obscures any 
outcrops of softer sediments; in other places the conglomerate IS 
also cliff-forming with talus slope below. It is thought that this 
might suggest, in areas where detailed mapping and drilling have 
been carried out, that coal measures should have previously been 
recorded. A second thou&ht that comes to mind IS that in areas 
where the coal type faCIes has lensed out, some conglomerates 
previously mapped as Conjola Formation might in reality belong 
to the Lower Coal Measures. 

These two thoughts will be very difficult to prove due to 
the paucity of outcrops but futher mappmg is proposed in the near 
future between these two areas which might throw some light 
on these problems. 
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(Footnote: The term Lower Coal Measures, here used, should not 
. be confused with either Greta or Clyde River Coal Measures both 

of which have previously been referred to by this name. It would 
seem that all three units occupy different positions in the Permian 
system. Eds.) 

ENGINEERING GEOLOGY OF THE PROSPECT INTRUSION 
E. J. Minty 

Castle Hill, N.S.W. 

The "outcrop" geology of the intrusion is discussed as an 
introduction, illustrated by colour slides. 

Similarly, a brief review of the better known papers on the 
Prospect IntruSIOn is made. An hypothesis by the author is set 
out to explain the differentiation phenomena observed in the 
quarry, by way of comment on Dr. Wiltshire's paper. 

The possible uses of rock for engineering, architectural 
and miscellaneous purposes is then listed, together with typical 
questions which have been asked about the engineering geology 
of the Prospect Quarry, including both the igneous and sedimen
tary rocks. 

An outline of the drilling and testing procedures used to 
investigate and delineate the rock masses of engineering signifi
cance IS given and illustrated by a section of part of the quarry. 

Re,ference l' 

WILTSHIRE, H. G. (1965): The Prospect Alkaline Diabase-Picrite 
Intrusion, New South Wales. J. Petrology, 6, 97-163. 

JOiNTING IN THE NEWCASTLE COAL MEASURES OF THE 
MACQUARIE SYNCLINE, N.S.W. 

I. Blayden 
Department of Geology, 

The University of Newcastle, N.S.W. 

The Macquarie Syncline is a broad, southerly-plunging 
fold situated in the northeastern portion of the Sydney Basin. 
The fold is flanked to the west by the Lochinvar Anticline while 
the eastern flank is only known along the present coastline where 
the beds have a regional dip to the west. The fold dies out before 
reaching the "Hunter Lineament" to the north and it is thought to 
be open to the south. In its northern part, the axis of the syncline 
has an axial strike north-south (magnetic), then swings to N30'W 
near Stockrington Colliery, and in the vicinity of Warners Bav 
swings again to N23° E which is retained over most of its· knowh 
extent. 

Apart from the far western margin, the regional dip is too 
small to be measured at surface level and the structure has been 
defined by contour mapping based on the results from numerous 
diamond drill holes in the area. 
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Subsidiary structures include teschenite dykes, thought to 
be of Tertiary age, and normal faults, the largest of which has a 
throw of 60 feet. Most of these structures trend northwesterly, 
oblique to the main axial trend of the syncline. 

An economically important section of the Newcastle Coal 
Measures of Upper Permian age occurs within the syncline. This 
is underlain by the Tomago Coal Measures and overlain by the 
Narrabeen Group of Lower Triassic age. 

North-westerly striking joint sets are the most persistent 
over the region and five structural domains have been defined 
~rc;>m localised variations in the strike of these northwesterly 
lomts. 

Domain I is defined by the occurrence of a strong N42°W 
to N57°W striking joint and includes the eastern flank of the syn
cline. Subsidiary joints strike NS, N25"E to N73°E, NB4°W, N67'W, 
N300W and N17"W respectively. Most faults and dykes follow the 
N42°W to NS7'W direction although some of the structures strike 
N300W and NS. Some faults are also known to occur strikinE 
N600W and some dykes to strike NB1'W and N70·W. The N23"E 
axial trend of the Macquarie Syncline which occurs along the 
western edge of the domain is oblique to all the known structures. 

Domain II is defined by N41"W to N4BoW and NS9°W to 
N67'W striking joint sets and is located on the northern axial 
portion of the syncline. Subsidiary joints include NS, N42°E 
N61°-63°E and NBO"E striking sets. Two dykes in the domain 
and several of the faults strike N2BoW . Other faults strike Wand 
NSOoW. 

Domain III includes the central axial part of the syncline 
and is defined by a N21"W to N34"W striking set. A N63°E to 
N73°E set is also a common structure and other sets present in. 
clude a NSO'W to NSB"W and N30oE. Dykes are the only important 
structures in the domain and these strike N30"W and N4S'W. 
The axis of the Macquarie syncline passes through this domain 
parallel to the N30'W striking joint set. 

Domain IV which occurs on the western flank of the syn
cline contains joint sets varying in strike from N4S'W to N73'W. 
Subsidiary joints strike NSoW to N1BoW, N16°E to N22°E, and 
a set or sets varying in strike from N47°E to N66°E. The few 
faults in the domain strike N6BoE or NSOoW and the dykes, which 
are more prevalent than the faults, strike mainly N4S'W, N35°W 
or N27°W with some striking NSS"E, N6BoE or NS'W. All the 
main joints are symmetrically disposed about the NS trending 
axis of the Macquarie Syncline which passes through the domain. 

Domain V contains the strata with measurable dip on the 
far western flank of the syncline. These vary in strike from N100E 
to NS with an easterly dip varying from 6° to 16°. Some measure
ments in the area indicate a main set striking between N3SoW 
and N4SoW, with subsidiary joints at N1BoE to N2S'E, NS2°E 
and N72°E. There are no known dykes in the area and the only 
known fault strikes east-west. . 

The joint sets in some domains are reflected in the over
lying Narrabeen Group so that a post Lower Triassic age is 
ascnbed to them. 

There is a close relationship between the faults and dykes 
and the main joints in Domain I but this is less evident in the 
other domains. 
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ON JOINT ANALYSES IN THE SYDNEY BASIN, N.S.W. 

K. H. R. Moelle 
Department of Geology, 

The University of Newcastle 

Within the framework of a study of the sedimentary and 
structural evolution of the Sydney Basin, N.S.W., results of a 
geometric joint analysis in the basin are presented. 

The results are based on approximately 9000 joint measure
ments throughout the Sydney Basin, nearly all of which were taken 
in the PermIan and Triassic sequences. 

The regional measurements of joints reveal a geometrical 
relationship to primary sedimentary vectorial structures, faults, 
flexures, folds, warps, mtrusions and "stone-rolls". 

A distinct interdependence of sedimentary flow directions 
and the spatial attitudes of joints is now evident for the Sydney 
Basin in Permian and TriasSIC sequences respectively. 

The contoured diagrams of poles of joints (stereographic 
projection into the lower hemisphere) reveal that sets of joints 
are related to structures throughout the Basin. Variations in the 
position of maxima on the diagrams are caused chiefly by changes 
m flow directions but are also influenced by prevailing local struc
tures. Of particular significance is a more complex joint system in 
the southern part of the Basin, where a "barrier" rising steadily 
through Lower Narrabeen time caused current directions to divert 
from a general southeast direction into a northwest direction. The 
joint pole maxima in the diagrams obtained for the southern part 
of the basin show some con tributary evidence for this phenom
enon. 

The regional joint pattern is readily recognized and will 
be used in the next phase, the kinematic analysis, as it is regarded 
as an essential part of the structural evolution of the Basin. 

AN ATTEMPT TO EXPLAIN THE TERMINATION OF LATE 
PERMIAN COAL FORMATION IN THE SYDNEY BASIN 

C. F. K. Dies5.el 
Department of Geology, 

The University of Newcastle 

During the deposition of the Newcastle, Illawarra and 
equivalent Coal Measures, the Sydney Basin was apparently open
ended towards the southeast. The outlet was used to disperse ex
cess terrigenous clastics, brought into the basin from outsidt! 
sources, mainly from the New England Fold Belt. Coal seams dev
eloped in times of restricted detrital sediment supply. After the 
Hunter Bowen Orogeny the uplift of the New England Fold Belt 
was accelerated, and large amounts of mineral and rock debris 
were shed into the basin. Simultaneously, the southern margin 
of the basin began to upwarp thus restricting the outflow to a 
few channels cut into the Permian of the southern portion of the 
Sydney Basin, by antecedent erosion. The strong polarity of Lower 
Narrabeen cross bedding structures towards these basin outlets 
suggests that considerable quantities of clastic detritus have been 
conveyed through them. A rotation in the palaeocurrent directions 
occurred in Imd-Narrabeen time, obviously following a furtht!r 
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rise of the southern margin of the basin which seemed to have 
blocked the fonner outlets. The large quantities of sediments sup
plied from the surrounding highlands accumulated, apparently 
fairly rapidly, in the now closed basin, thus preventing further 
coal formation. The uplift of the southern portion of the Sydney 
Basin culminated in the marked northeasterly directed palaeo
currents of the Hawkesbury Sandstone which, to some extent, 
consists of reworked Narrabeen material. 

TRACE ELEMENTS IN DIRT BANDS IN COAL SEAMS 
D. J. Swaine 

C.S.I.R.O. Division of Mineral Chemistry, 
Coal Research Laboratory 

The usefulness of boron contents of coals as indicators of 
the extent of marine or brackish influence on coal seams of the 
Sydney Basin has been established. Hence, it was considered 
worthwhile to examine samples of roof, floor and dirt bands for 
variations in boron content. Samples were ashed prior to being 
analysed by an atomic emission spectrographic method, and all 
data are expressed as parts per million (p.p.m.) of the element in 
air-dried material. 

Samples were from seams in the Greta, Tomago, Newcastle 
and Illawarra Coal Measures. Boron concentrations will be pre
sented in terms of the proportions of clay, carbonate and quartz 
in the mineral-rich bands associated with the seams. In general, 
changes in boron contents from the Greta to the Illawarra samples 
are fairly marked for clay-rich bands, but not for the other 
samples. 

Possible reasons for the variations in boron contents will 
be discussed. It follows that the coal substance itself is a 
better environmental indicator than the associated minerals. 

DOLOMITE IN COALS OF THE SYDNEY BASIN 

G. F. Taylor 
C.S.I.R.O. Division of Mineral Chemistry, 

Coal Research Laboratory 

Although dolomite has been found in Carboniferous coals 
of Europe and North America, there is no report of its occurrence 
in Australian Permian coals. An account is given of the recent 
identification of dolomite in various magnesium-rich coals of the 
Sydney Basin. 

A description is given of the x-ray diffraction methods 
used and the problems associated with the identification of dolo
mite. Because of the similarity between the diffraction patterns 
of dolomite, ferroandolomite and ankerite (commonly reported in 
many coals), it was also necessary to use chemical analyses and 
DTA for a positive identification. 

Not all the coals in which dolomite has been identified to 
date are believed to have been affected by marine conditions. 
Reference 
TAYLOR, G. F., 1968: Dolomite in New South Wales Permian Coals. 

Aust. J. Sci., 31, 230-231. 
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SOME GENETIC FEATlfRESCF THE."GREAT NORTHERN 
SEAM OF THE NEWCASTLE COAL MEASURES * 

. . .. .. ", ' 

R. A. Britten 
Joint Coal Board, Cessnock 

Detailed examination and mapping of Great Northem 
Seam roof exposures in colliery workings have been carried out 
throughout part of the Newcastle Coalfield. This mapping has led 
to the delineation of interesting and useful features of the roof 
rocks which in turn can be related to the genesis and development 
of the Great Northern Seam. ' . 

The distribution, of the two widely differing roof rocks, 
the conglomerates and the argillaceous roof sediments, was re
corded. Supporting evidence has been provided for the diagnosis 
of the direction of transportation of the roof sediments and also 
the direction in which the accumulating roof sediments encroached 
upon the coal seam and terminated its development. The mapping 
has also provided information on subsidence rates within the 
coal swamp at the time of coal formation. 

Special significance is attached to the conclusion that the 
direction of sedimentary transport of the rocif sediments overlying 
the Great Northern Seam swings through' at least 90" withm a 
distance of the order of one mile. This conclusion emphasises 
the lack of reliability in generalising the direction of sedimentary 
transport from isolated reference points; for example from widely 
spaced oriented bore cores. ' 

Illustration will be made of the distribution of argillaceous 
roof sediment throughout an area of Great Northern Seam roof. 
A further illustration will detail the typical relationship between 
the finer and coarser phases of sedimentation adjacent to the 
roof of the coal seam. It also illustrates the minor crenulation 
imposed within the seam by compaction effects, a feature which 
can account for a local variation of seam thickness and which 
cannot be diagnosed from isolated bore cores of the order of 0.5 
mile or more apart. 

* Published with the permission of the Joint Coal Board. 

STRATIGRAP,HIC CORRELATIONS, "UPPER COAL 
MEASURES", SYDNEY BASIN, N.S.W. * 

J. Stuntz 
Geological Survey of New South Wales 

An isopach map of the Permian "Upper Coal Measures 
derived from deep borehole and seismic data and covering a major 
portion of the Sydney Basin is J?resented. Evidence supporting a 
basin-wide subdIvision of the 'Upper Coal Measures" into two 
units equivalent to the Newcastle and Tomago Coal Measures is 
discussed .. The suggested subdivision is illustrated by geological 
cross sectIOns. 

* Published with the permission of the Under Secretary, 
Department of Mines, New South Wales. 
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29th March, 1968 

Venue: 

Scope: 

Leaders: 

THIRD EXCURSION 

"Permo-Triassic (?) Conglomerates in the 
Coastal Region, south of Newcastle". 

Source area, mode and direction of trans
portation, imbrication structures, i~neous in
trusions, lenticular arenaceous bodles within 
the conglomerates, joint patterns, erosional 
contacts and the Permian-Triassic boundary 
at the base of the Munmorah Conglomerate. 

Dr. K. H. R. Moelle, 
The University of Newcastle. 

Dr. C. F. K. Diessel, 
The University of Newcastle. 

Mr. M. W. Johnson, 
B.H.P. Coal Geology Section. 

Mr. C. Crapp, 
Joint Coal Board. 
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CRUSTAL STRUCTURE AND SEISMICITY IN· THE SYDNEY 
BASIN AREA 

H. A. Doyle 
Department of Geophysics, 

Australian National University 

In the last decade studies have been made of crustal 
structure and seismicity in the Sydney Basin area. Large off-shore 
explosions were recorded in 1965 at seismic stations in the Basin 
and to the southwest. 

Normal upper crustal velocity material (c. 6 km/sec.) 
appeared to be very thin or absent beneath the Sydney Basin. 
Intermediate velocity material (6.6 km/sec) appears to make up 
much of the crust. Upper Mantle velocities are low. 

As with Australian earthquakes generally, all foci in this 
region appear to be in the upper crust. Minor seismicity occurs 
near the borders of the Sydney Basin, and in the Robertson
Bowral area. Some possible northwest alignments of epicentres 
occur within the Basin. 

THE DEPOSITIONAL AND STRUCTURAL BOUNDARIES 
OF THE SYDNEY BASIN 

J. Stuntz 
Geological Survey of New South Wales 

The Sydney Basin is part of a larger depositional basin 
which formed in eastern New South Wales during Perm<rTriassic 
times. Its southern and western boundaries represent a deposit
ional edge of the larger basin. Its northwestern and northern 
boundaries are structural boundaries controlled by folding and 
faulting respectively. The basin extends beneath the Pacific Ocean 
to the east but little is presently known of the nature of its 
eastern boundaries. 

The boundaries of the Sydney Basin are discussed in turn 
in the light of information derived from recent geological and geo
physical surveys and drilling. Possible areal limits of the larger 
depositional basin are also discussed. 
The Southern and Western Boundaries 

The sedimentary units of the Sydney Basin onlap the 
older rim rocks in these localities. Despite uplift and erosion the 
depositional nature of the boundaries can be deduced from out
crop studies alone and it is apparent that the depositional basin 
did not extend much further to the south or west. However, per
haps the strongest evidence in re~ard to the nature of these boun
daries is supplied by recent seIsmic and borehole data. These 
allow the construction of isopach maps which clearly illustrate 
shelf conditions near the boundaries, followed, in a basinward 
direction, by hinge line and deep basin conditions. 
The North-Western Boundary 

Sediments of the Sydney Basin were deposited continuous
ly with those of the Oxley Basin, the Permo-Triassic depositional 
basin extending in a northwesterly direction beneath the Jurassic 
sediments of the Great Artesian Basin to at least as far as Gunne
dah. 
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The axis of the "structural turnover" between the Sydney 
and Oxley basins is regarded as the north-western boundary of the 
Sydney Basin. This boundary has sometimes been placed at the 
Goulburn River Valley but recent information indicates that it is 
actually located some distance south of this valley. 

Aeromagnetic data indicates a basement ridge extending 
in a north-easterly direction from near Bogee in the Capertee 
Valley through the Mount Coricudgy area and thence towards 
Muswellbrook. This basement ridge is reflected by a structural 
high which appears to have been growing throughout the deposi
tion of the sedimentary column. Seismic data indicates a thinning 
of the sub-surface sedimentary units across this high while sur
face structural mappin& on the base of the Triassic indicates a 
corresponding reversal In regional dip. 

The Northern Boundary 
The northern boundary of the Sydney Basin is delineated 

by the Hunter fault zone. 
When considering the possible extension of the Permo

Triassic depositional basm beyond this boundary prior to uplift 
and erosion of the New England region a problem arises in regard 
to the lowermost Permian units, namely the Allandale and Lochin
var Formations. From evidence based on regional geology these 
may have been deposited in the same deposition9.1 basin as the 
Carboniferous and older rocks of the New England region rather 
than the Permo-Triassic basin. This could account for the occur
rence of their age equivalents in the Manning River area and in 
widespread remnants throughout the New England region. The 
remainder of the Permian appears to have been deposited in a 
separate, Permo-Triassic depositional basin which, referring to 
its present day onshore portion, was largely restricted to areas 
west and south of an uplifted New England region. It follows 
that the extension of this Permo-Triassic basin beyond the Hunter 
fault zone may have been comparatively limited. 

Recent drilling in the Hunter Valley has shown the Loch
invar and Allandale Formations to be a thick sequence of inter
wedging bedded volcanics and sediments more closely related in 
facies to the rocks of the underlyin~ Carboniferous than to the 
overlying Permian sediments. SeismIC work and drilling in the 
same area indicate a thinning of the Rutherford and Farley Forma
tions adjacent to the Hunter Fault zone. 

It is suggested that deposition into the "New England" 
basin was terminated and the basin broken up by the intrusion 
of the New England granites at about the end of Lochinvar times. 
Deposition into the Permo-Triassic basin commenced at about the 
beginning of Rutherford times. 

The Offshore Boundaries 
Isopach data derived from drilling and seismic work on 

the onshore portion of the Sydney Basin reveals a general thicken
ing of the sedimentary units in a north-easterly direction to the 
coast line, accompanied, in some cases, by a change from ter
restrial to marine facies. 

Limited marine seismic work opposite the Sydney
Newcastle portion of the coast line indicates an unbroken contin
uation of the sedimentary units to at least eight miles offshore. 
Sparse aeromagnetic data opposite the same portion of coast line 
indicates a gradual rise in magnetic basement from about 15,000 
feet subsea near the coast to about 8,000 fect subsea some 20-25 
miles offshore. 

It appears the coastal strip is roughly coincident with the 
axis of a major syncline. A complimentary major structural high 
on the eastern side of this syncline appears to I?ass in a north
easterly direction close to Nowra and the submarine Mount Wool
nough. The high may extend far enough north to meet a possible 
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off-shore extension of the Hunter fault zone.· In this event these 
structural features could delineate eastern and north-eastern 
structural boundaries of the Sydney Basin as distinct from the 
offshore boundaries of the Permo-Triassic depositional basin. 

In regard to the latter it is not known whether the depos
itional basin extends eastwards beyond the indicated offshore 
hi~h. Further, it is not clear from the aeromagnetic data whether 
this high is a structural high intruded by volcanics or a true base
ment high or a mixture of both. It seems likely however that, 
whatever its nature, some barring of the basin from the open sea 
occurred along this high. The direction of thickening of the sedi
ments and the facies trends in the onshore portion of the basin 
indicate the main opening to the sea was located to the north-east, 
but this, of course, does not preclude the presence of other open
ings. 

KEYNOTE ADDRESS 

TECTONIC FRAMEWORK OF THE SYDNEY BASIN 
S. Warren Carey 

Department of Geology 
The University of Tasmania 

The problem of the Sydney Basin is what and where is 
its other half. West and northwest it laps conventionally on to 
Middle and Lower Palaeozoic rocks. Northwestwards it has patent 
connections via the Oxley Basin to the great basins of the interior. 
East and southeast beyond the shelf lies the enigma of the Tasman 
Sea. The provenance of the sediments leaves no doubt that sea
wards lay former source lands. What lands, and where are they 
now? 

Marshall Schuchert, Andrews, David, Walkom, Gill and 
others postulated since-foundered borderlands - Tasmaotis, Coral
lia, Euranotia and Austzealandica extending variously to New Zea
land, New Caledonia, the Solomons, Fiji and even Antarctica. Seis
mic and ~ravity data now leave no doubt that the Tasman Sea is 
floored WIth normal oceanic crust, albeit with shoaling strips with 
continental tY'pe rocks. Hence, short of Beloussov oceanization, the 
borderlands have not foundered. Yet the facts which led to the 
concept of foundered borderlands remain true now as then. 

Overall reconstruction of the Sydney Basin can only be 
valid if it is consistent with the gross tectonic framework of 
which it is part. A synthesis within the framework of continental 
drift will be invalid if in fact the continents are fixed, and a re
construction according to current American views of ocean floor 
spreading and gross crustal swallowing in the trenches will be 
invalid if the earth is rapidly expanding. But it is just here that 
doctrines and beliefs have been and are least stable. To open the 
question at all is to commit to argument the primary tectonics 
of the globe. 

During the 'thirties and 'forties continental drift was a 
hippy word; a generation of American geologists were taught 
nothmg of it, except in the context of a discarded naivete, not to be 
taken seriously. During the last decade and a half global tectonics, 
palaeomagnetism and a new oceanography brought a revolution . 
Now all American students take for granted the reality of gross 

53 



relative movements of continents. Sea-floor spreading, amounting 
to a widening of more than 2000 km in one geological period on a 
single rift zone, is now accepted with scarcely a blink, and for 
this there is compelling support. Equally accepted is a second 
proposition - that as fast as new crust is generated at the mid
ocean rifts, old crust is swallowed pari passu along bordering 
trenches before the island arcs, so that the surface area of the 
earth remains more or less constant. 

The· exciting new discoveries of the last decade all relate 
to the first propositIOn of crust generation. The second proposition 
of crustal swallowing (at the geologically prodigous rate of a 
square kilometre per year) rests mainly on the faith that it must 
be so. When the facts are set out, there is no possibility that this 
proposition is correct. 

SUMMATION OF CRUSTAL GROWTH 
The earth's crust is made up of nine first-order polygons, 

each a few thousand km across, which meet each other in active 
tectonic zones, commonly oceanic rift zones or orogenic belts. 
These polygons enclose continental nuclei of Africa, South America, 
India, Australia, Antarctica, North America, Europe and Siberia 
respectively. Each of these in turn is made up of second-order 
polygons a few hundred km across separated by horst and rift 
zones. (For example the African first-order polygon contains the 
Chad, El Juf, Sudan, Congo, Cubango, Kalahari, Karoo, Somali, 
Victoria, . Mozambique and Malagache, second-order polygons and 
a couple more not named). In vIew of their dimensions the first
order polygons probably involve the whole mantle while the sec
ond-order polygons involve only the upper mantle and crust above 
the asthenospnere. 

When these first-order polygons are studied critically, each 
of them has increased greatly in area during the Tertiary and 
during the Mesozoic. This is true irrespective of how much or how 
little crustal swallowing may have occurred at the trenches. This 
can only mean that if the crustal spreading at the rift zones is 
valid (and I think it is) then the total surface area of the earth 
has increased greatly since the Palaeozoic. Let us study the prop
osition in more detail. 

The currently fashionable hypothesis is that the crust is 
translated from. each rift spreading zone towards the trench-cum
island-arc sink. Take the African polygon. Africa is surrounded by 
its rift zone, which is shaped like an inflated caricature of 
Africa, with more than twice the area of Africa. On all sides there 
is new crust, youngest at the rift, aging from Quaternary through 
the Tertiary and Cretaceous into the Jurassic towards the African 
coast. Somewhere within Africa must be a sink which has swal
lowed an area of crust greater than the whole of Africa. Where is 
it? Such just does not exist! 

Take Antarctica. Its encompassing rift zone surrounds it 
on all sides enclosing more than twice the area of Antarctica, 
again Quaternary at the rift, giving place in turn to the successive 
epochs of the Tertiary, with still a wide zone to have been formed 
during the Mesozoic. Somewhere within Antarctica there must be 
a central sink, which has swallowed an area of crust greater than 
the area of Antarctica. Where is it? It does not exist. 

The South American polygon from the Mid-Atlantic rift to 
the East Pacific rift, encloses an area more than twice South 
America. This time there is a central orogenic belt, the Andes. 
The fashionable interpretation freely admits that the South Atlan
tic is indeed new crust and that South America has encroached to 
this extent on the Pacific so that an area of crust equal to this 
must have been swallowed along the Andean sink at the same 
time as it swallowed an additional area of crust equal to the 
area between this trench and the East Pacific Rise. Some tens of 
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millions of cubic kilometres of sediment must have ' been bull
dozed off this Pacific crust and piled up in and before the trench 
as the crust underthrust below the Andes. Unfortunately reflection 
seismology shows that much of the trench is <:!mpty of sediment, 
and in the filled parts the sediments are flat and undisturbed, 
without the vaguest suggestion of the stupendous dozer melange 
which should be there. Isacks, Oliver and Sykes try to escape thIS 
difficulty by claiming that (a) sedimentation is unusually rapid 
in this trench (some of it is empty!) and (b) as there are no deep
focus earthquakes behind, the conveyor belt hap)?ens to be in
active at present notwithstanding that the East PacIfic rift and the 
South Atlantic rift, which should be converging on this zone, have 
maintained a steady barrage of earthquakes ever since earthquakes 
have been recorded, and the measured rate of spreading during 
and since Tertiary is the fastest measured anywhere. Let us face 
it. No sediment pile-up has yet been found in any trench. On the 
contrary the approach to the trench from the direction of the rift 
zone commonly show rifts and grabens, characteristic of a stretch
ing environment. 

The Australian polygon, which we will look at in more 
detail later, has also more than doubled its area since the Middle 
Mesozoic. This picture is universal. No polygon has reduced in 
size. Those of the northern hemisphere have increased by a smaller 
factor. There is only one solution to this. As all polygons have in
creased, the whole surface area of the globe must have increased. 

THE EXPANDING PACIFIC 
All geophysicists and geologists, if they have kept up to 

date with dIscoveries, today acknowledge that the Arctic Ocean, 
the North and South AtlantIC Oceans and the Indian and Southern 
Oceans are new oceans and that the opposing continental margins 
have separated since the Palaeozoic, and are still separating, with 
generatIOn of new crust along the mid-ocean. ridges ... .Even if we 
accept crustal swallowing in the orogenic .. belts all !:liese 'new 
oceans have developed by translation ot their bordering 'Gontinents 
towards the Pacific. The Pacific Ocean must now be smaller by 
the sum of the areas of these new oceans. The Quartermiry Pacific 
Ocean can only be half the area of the Palaeozoic PacifIC. Quite 
apart from the fact that the Pacific also contains actively spread
ing rift systems generating new crust at a faster rate than any in 
the Indian or Atlantic Oceans, the Pacific perimeter has greatly 
increased during the time when the Pacific area is supposed to 
have greatly reduced. 

Irrespective of whether or not there has been any crustal 
swallowing along the trenches, this fact can only mean that the 
Pacific has also increased substantially in area, and hence that 
the whole surface of the earth has greatly increased. 

THE AUSTRALIAN POLYGON 
The Australian polygon is bounded on the south by the 

Australia-Antarctica median rift zone, on the west by the Ninetv
east Ridge, on the north by the Sunda - New Guinea - Solomons' -
Samo3. megashear and on the east by the Samoa - Tonga - Kerma
dec - New Zealand - Macquarie line. An extreme interpretation 
would extend the Solomons - Samoan megashear along the north
ern edge of the Melanesian plateau southeastwards to the East 
Pacific Rise and even beyond, but for the present study we may 
confine ourselves to the Tonga trench boundary. 

Tectonics of the Australian polygon are largely affected by 
its relation with the adjacent polygons which will now be con
sidered in turn. 
Australia . Antarctica 

Between Australia and Antarctica there has been main!v 
extension, with the generation of new crust along the" mid-oceanic 
rift zone which is currently widening at about 8 cms per year and 
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has separated at an average rate of 2 cms per year since the 
beginmng of rifting in the Jurassic. Palaeogeography of the Tasman
ian shelves suggests that the initial Upper Jurassic rifting produced a 
Red-Sea-like trough between Austraha and Antarctica on the site 
of the Great Australian Bight, which (still like the Red Sea) forked 
into a Bassian rift valley between Tasmania and Victoria (cf. Gulf 
of Suez) and another rift valley between Antarctica and western 
Tasmania (cf. Gulf of Aqaba) isolating Tasmania (which is about 
the shape and size of the Sinai). This configuration persisted 
throughout the Cretaceous and the Palaeocene, and it was only 
during the Tertiary that the large separation occurred. Reversal 
of the present rate of separation would bring Antarctica back to 
its Cretaceous configuration early in the Tertiary. Separated 
blocks like Tasmania are common near the forking of the first-· 
order rifts of Pangaea (e.g. Iberia, Newfoundland, Ceylon, Mada
gascar etc.). The Tasmanian block has moved west with respect 
to Australia by about one hundred km along the Bass Strait rift 
zone, and this has greatly impressed Tasmanian and Victorian 
tectonics. 

Australia • India 
The Nineiy-east ridge is a strong transcurrent fault along 

which India moved north some 5000 km with respect of Australia. 
Whenever such transcurrent faults meet an orogenic belt mobile 
at the time of the fault movement, the fault separation is trans
ferred into oroclinal bending with or without stretching. In this 
case the offset from the east-west Himalayan orogen to the east
west Sunda orogen via the Punjab-Malaysia double orocline and 
the Andaman orotath is the amount of meridional movement of 
the Indian polygon relative to the Australian polygon. 

The movement of the Australian polygon has been east 
some 4000 km with respect to the Ninety-east ridge. with an aver
age rate of under 3 cm. per year since separation, but here again 
most of the separation was probably durin~ the Tertiary because 
the Jurassic and Cretaceous palaeomagnetIc poles of lndia and 
Australia agree well and the -Cretaceous faunas of Trichinopoly 
and West Australia have close similarities. . 

The Sunda . Melanesia Border 
The eastern movements of Australia with respect to India 

and with respect to the north Pacific show up strongly right along 
the northern border of the Australian polygon. First the double 
Banda arc shows a strong S drag implying 1500 km of eastward 
movement of the Australian block against the Pacific block to the 
north, but this latter section has already moved east some 1000 
km with respect to the Asian mainland. The Banda movement has 
also to be increased by the quite considerable stretching which has 
occurred along this orogen. 

.. Within New Guinea itself 1300 km of sinistral movement 
(Australia eastwards against the North Pacific) shows up in an 
echelon series of large transcurrent faults. This is a large part 
of the same movement expressed by the S-shaped Banda oroclines 
but it is not the whole movement because there is probably more 
large transcurrent faulting north and south of those on land. 

The powerful sinistral shear on New Guinea which has 
been known since 1937 shows up on all scales. Field maps on 
scales up to 1:100,000 show up the sinistral stress pattern in the 
form of northwest-trending sigmoidal anticlines and northeast· 
trending cross-faults. Many large thrusts also trend northwest to 
north-northwest. Compilation on a scale of 1:500.000 shows that 
the northern ranges of New Guinea are made up of east-west slices 
en ec:helon. (such as the Prince Alexander, Torricelli, Bewani, Boug
ainville slices.) Each slice several hundred km long is separMed 
from the neighbouring slice by a highly disturbed shear zone which 
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is structurally low. Each slice has basement cores (commonly en 
echelon within the slice) and the basement type differs between 
slices. (For example Torricelli basement is commonly mafic pluton
ic rocks and lavas suggesting uplifted oceanic floor, whereas Prince 
Alexander basement contains abundant metamorphosed sediments. 
Likewise the east-west Sepik fault south of Ambunti brings up a 
different basement to the north). Compilation on 1:2,500,000 extends 
these shear zones the full length of New Guinea from the Sorong 
shear zone in the Vogelkop to the Owen Stanley fault zone or 
eastern Papua.Each east-west fault zone migrates en echelon from 
the south side of the cordillera to the north, so that the gross trend 
of the sinistral shear belt is east-southeast. The whole geosynclinal 
sedimentary wedge from its onlap on to the Australian shield to 
the south to its opposing thinning-out on to the oceanic floor to 
the north is now seen to be offset sinistrally by this Melanesian 
shear system 1300 km from the Vogelkop to the Owen Stanley 
Range. The meridional trends of the Australian block are smeared 
out as they meet this shear zone almost at right angles. On a 
scale of 1:25,000,000 the Melanesian shear zone springs from the 
loop of Banda double orocline (which is a mobile expression of 
the .same movement) and extends eastwards as the northern 
margin of the Melanesian Plateau all the way to Fiji and Samoa. 
On this scale. its total movement shows up as the offset of the 
meridional Andesite Line (the border of the Pacific) from the 
Mindanao trench to the Tonga trench, some 7,000 km. This is the 
total eastward movement relative to the Pacific of the eastern 
margin of the Australian polygon, and is made up of the 4,000 km 
eastward movement of the main Australian block from the Ninety
east ridge plus 3,000 km of rhombochasm dilatation between east
ern Australia and the New Zealand - Tonga ridge to form the 
Tasman Sea and the Fiji basin. 

East Margin of the Australlan Polygon 
The overall pattern is a simple spreading with the pro

gressive separation of the marginal orogen from the continental 
shield with the development of disjunctive seas behind. This pat
tern is characteristic of the whole of the west margin of the 
Pacific from thes Aleutians to the Ross Sea, and stands in contrast 
to the east margin of the Pacific through the Rockies and the 
Andes, and this contrast also shows up in the seismic asymmetry. 
There is also a north-south asymmetry or rather progression in 
tectonic intensity. The magnitude of the displacement of the oro
genic rim and the size of the disjunctive basins behind steadily 
increases from (a) sea of Okhotsk, (b) Sea of Japan, (c) East 
China Sea, (d) the South China, Sulu, Celebes and Banda Seas, and 
(d) the Tasman and its extensions to Tonga. This is part of the 
general increase southwards of the amount of expansion, and 
amount of separation of the fragments of Pangaea. 

Within. the broad area· of. disjunctive spreading between 
eastern AustralIa and the Tonga RIdge there are several horsts of 
continental material, separated by newly generated oceanic crust. 
These are in turn the Lord Howe Rise, the Norfolk Island Ridge, 
the South Fiji Ridge and finally the rim ridge from Gisborne to 
Samoa. Before the spreading which began in the Jurassic these 
were contiguous with and continuous with the eastern Australian 
shelf. Judged by the nature of the rocks at the emergent portions 
and the ends of these strips, the Lord Howe Rise might be ex
pected t<;> be mCl;de up of folded Palaeozoic strata injected by last 
PalaeozoIc gramtes. The Auckland - Norfolk - New Caledonia -
Louisiade - Owen Stanley Ridge is made up of Mesozoic geosyn
clinal rocks deposited originally as a shelf and slope outgrowth 
of the Australian block on to oceanic crust. The Gisborne - Fiji -
Hebrides - Solomons - New Britain - Torricelli zone is composed of 
Tertiary sediments resting on an oceanic floor of serpentinites 
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covered by late Mesozoic lavas. This outer line began as whaleback 
swells of the ocean floor in late Mesozoic times off the margin 
of the Australian block, possibly through access of juvenile waters 
to peridotites. The swells gather thin shoal Eocene limestones, 
and these together with the underlying lavas, ultramafics, and 
some late Cretaceous pelagic limestones fed the growing marginal 
sedimentary wedges. Movement along this zone was intense 
through the Oligocene and early Miocene with much vulcanism, 
followed by extensive development and filling of Neogene troughs 
and basins. I 

It was probably during the Oligocene and Miocene that the 
strongest disjunctive and transcurrent movements occurred smear
ing into echelon slices and separating this outer rim far ahead 
of marginal clastic wedges of the Australian block. This belt is 
currently the most active seismic belt in the world. 

A new swell is currently rising north-east of the Solomons 
as the Ontong Java rise. The anatomy of this shows up in the COIl
tinuous seismic reflection profiles, and probably reproduces an 
earlier stage of the Solomons - Torricelli zone before much of it 
had shoaled to wave attack levels, as the modern one has now 
shoaled at Ontong Java. 

Accordin~ to the fashionable pattern of crustal spreading 
at the mid-oceamc rises and crustal swallowing at · the trenches, 
the Tonga trench and its homologues along the outer rim of the 
Australian polygon have to swallow the 7,000 km of crust moved 
eastwards from the median zone in the Indian Ocean in addition 
to a large spreading westwards from the East Pacific Rise; 
the sediment scrapings and accumulations from some 
10,000 km of ocean crust should be identifiable in these trenches. 
Continuous seismic reflection J?rofiling shows horst and graben 
tension structures with no notIceable accumulation of sediments 
and these are not distorted except by drag against the normal 
faults and slumping into troughs. 

Isacks, Oliver and Sykes have tried to reconcile seismic 
first-movements to their concept of crustal swallowing in the 
trenches. But they find that on the oceanward side of the trenches 
the slip-plane solutions of the earthquakes (which are shallow) 
correspond to the tensional horst and graben structures seen in 
the reflection profiles, and on the landward (orogen) side of the 
trenches the earthquakes show 0, (maximum stress axis) pointing 
downward at 30' to 60' towards the continent o. (intermediate 
stress axis) horizontal along the trench strike and 03 the minimUlfl 
principal stress directed towards the continent and upwards at 30" 
to 60". These axes corresJ?ond to a vertical flow of material up
wards in the orogen. TIus is exactly what should happen there 
if the orogenic gut is being regurgltated by serpentimsation or 
deeper cause. All orogenic belts show upward outward flow of 
their core zones. Isacks et. aI. try ·to explain this by saying that 
the maximum compression is downwards along their ascending 
slab, and that the slip of this does not cause earthquakes because 
of the weakness of the asthenosphere. But this argument is false 
and lifts by its own bootstraps. They use the first motion data 
to determine slip-plane directions, and from them the implied 
direction of maXimum stress, and then grease the slip-plane away 
because to their embarassment the slip required by their model 
is parallel to their 0, instead of at 45' thereto. 

The Macquarie - New Zealand - Tonga - Samoa line which 
includes the New Zealand Alpine fault may be traced in the 
bathymetry north eastwards until it terminates the Hawaiian 
ridge at the "Big Island", notwithstandin~ that the Darwin Rise 
intervenes. This lineament and the Darwm Rise both hark back 
to an earlier history before the events set · out above and will be . 
discussed elsewhere in another context. 
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The missing eastward extension of the ,Sydney Basin 
should be sought on the Lord Howe Rise, resting on a Palaeozoic 
basement and linking into the Permian and Mesozoic syncline in 
shelf facies which runs from Hamilton to Invercargill via the 
Alpine fault. 

PERMIAN SEDIMENTATION IN THE NORTH SYDNEY -
SOUTH BOWEN BASINS 

B. Runnegar 
Department of Geology, 

The University of New England 

Permian sediments are continuous between the Sydney 
and Bowen Basins west of the Hunter-Mooki Fault system and 
its probable northern contiuuation, the Goondiwindi Fault. Both 
fault systems appear to have influenced sedimentation in early 
Permian time. A disconformity between Early Permian coal meas
ures (dated by plant microfossils) and late Permian sandstones 
and shales (dated by marine macrofossils) is present in the 
northern extension of the Sydney Basin. This hiatus can be cor
related with a similar break in sedimentation in the southeastern 
part of the Bowen Basin. It is probably related to a Mid-Permian 
period of diastrophism which folded Early Permian and older sedi
ments east of the Mooki and Peel Faults. Marine connection be
tween the Sydney and Bowen Basins appears 10 have been inter
rupted during this period of deformation so that the two basins 
may have been temporarily isolated. The difference in the faunas 
of the Sydney and Bowen Basins during this time may well reflect 
this isolation. ' 

SOME ASPECTS OF THE PERMO-TRIASSIC SEDIMENTS 
OF THE SYDNEY BASIN 

D. C. Edwards 
Esso Standard Oil (Australia) Ltd. 

The Sydney Basin covers some 12,000 square miles on
shore and probably extends over an additional 5,000 square miles 
offshore. . 

The Sydney Basin is a downwarp within the larger Tasman 
Geosyncline. Rocks are mainly of Permian and Triassic age, how
ever, thin sections of rocks of Jurassic, Tertiary and Quaternary 
age are present. 

Several thousand feet of sediments older than Permian 
were deposited in the Tasman Geosyncline. These rocks of Cam
brian, Ordovician, Silurian and Devonian age are folded and are 
collectively considered as "economic basement" for oil exploration. 
From a standpoint of oil and gas occurrence, probably only the 
Permian sediments deserve consideration. 
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The greatest proportion of geological exploration in the 
Sydney Basin to date has been oriented towards understanding 
the extensive coal deposits which ring the basin. However, since 
1910, 123 wells have been drilled during the search for oil or gas 
and a number of these wells had shows of gas, principally in the 
Triassic Narrabeen Group, and a few had oil shows. Some of the 
important oil shows are in Permian sandstones of the Camberwell 
No. I, Loder No. 1 and Belford No. 1 which were drilled on prom
inent structures in the northwestern part of the basin, however 
they encountered ti~ht reservoir sections. The 120 odd wells drilled 
in the basin may gIve an eX3ggerated concept of the actual effort 
expended in the search for oil and gas inasmuch as over 60% of 
these wells were drilled to less than 1,000 feet. 

Together with surface geology, recently completed aero
ma~netometer and seismic surveys have defined most of the 
major onshore structures in the basin. Most of these have been 
drilled without success so that attention is now turning to strati
graphic pinchout possibilities. These are considered to be high 
risk targets; however, some effort to find them appears war
ranted. One such possibility exists in the northwestern part of the 
Sydney Basin in the Hunter Valley area, where shoreline sands 
may trend across the noses of major structural features. 

PALAEOCURRENTS & PETROLOGY OF THE NARRABEEN 
GROUP IN THE SOUTHERN SYDNEY BASIN 

C. R. Ward 
School of Applied Geology, 

The University of New SoutIi Wales 
Data from the dip direction of cross-beds in the sandstones 

of· the Narrabeen Group, in the southern part of the Sydney Basin, 
show that, with the exception of the Coal Cliff Sandstone, they 
were deposited by currents flowing to the south-east. There 1s, 
however, a localized influx of sediment in the Bulgo Sandstone 
which was deposited by a westerly flowing current., 

Petrological studies indicate a gradual transition from ab
undant quartzose sandstones in the western part of the basin, to 
quartz-lithic sandstone in the centre and towards the east. There 
is a local development of a very lithic sand5tone rich in iron 
minerals and trachytic volcanic grains on the eastern edge, corres
ponding to the occurrence of the westerly flowing ·palaeocurrent. 

Although less definite, there is a change in the clay min
eralogy of the lutites, as more mixed layer clay and degraded illite 
is found in the east than in the west. Quartz poor assemblages are 
associated with the westerly flowing "volcanic" sandstone deposits. 

Heavy mineral analysis of sandstone shows tourmaline de
creasing, and zircon increasing, from west to east. 

The application of this data to problems of source areas 
and basin development will be briefly discussed, using work from 
other areas as well. 

THE NATURE AND DISTRIBUTION OF SURFACE RADIO
ACTIVITY IN THE SYDNEY ENVIRONS * 

I. A. Mumme 
Australian Atomic Ener~y Commission, 

Research EstablIshment, 
Lucas Heights, N.S.W. 

A description is given of a car-borne scintillometer sur
vey of radiation intensities in the Sydney area and environs. Soil 
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samples were taken and the distribution of the radioactive ele
ments in the soils associated with the various outcropping rock 
formations and in the transported soils was determined by gamma 
spectrometry. The gamma-ray intensities recorded were generally 
in the range of 20-40 millirad/ year, though both lower and higher 
values were also recorded. The surface gamma-ray intensities were 
generally characteristic of the underlying rock formations except 
m the case of transported soils. 

The characteristic radiation intensities for the various 
geological horizons are listed as weI) as the concentrations of the 
uranium, thorium and potassium elements in the various soil 
samples. 

* Published with the permission of the Atomic Energy 
Commission. 

THE LAPSTONE MONOCLINE AND ASSOCIATED 
STRUCTURES 

D. F. Branagan, 
Department of Geology & Geophysics, 

University of Sydney 

The Lapstone Monocline is an important topographical 
feature in the Sydney Basin. The nature and extent of this struc
ture and those associated with it seems never to have been des
cribed in any single paper. Standard (1964) summarised many 
features of the structure and painted out its known extent from 
near Bargo at least as far as the Colo River in the north. Galloway 
(1967) shows its continuation north as far as 32'45' between Howe's 
Valley and Mt. Kandarun where it makes a marked swing to the 
north-east. Thus the total extent of the structure is over 100 miles. 

Although the structure is apparently largely monoclinal 
towards the north it is faulted in the vicmity of Hawkesburv 
Lookout, and south of Wallacia it is called the Nepean Fault. The 
transition from monocline to fault is not clearly defined on pub
lished maps. In the MuJgoa region the monocline appears to con
sist of a series of small step faults, while in the Picton area mono
clinal flexures are present associated with faulting. 

The monocline was apparently first recognised by Darwin 
(1844) who believed that it was a prImary depositional structure. 
Although the present feature undoubtedly postdates sedimentation 
there is some suggestion of sedimentary control of the Mittagong 
Formation by the monocline (e.g. near Picton) and by similar 
flexures in various parts of the basin. There may indeed be a 
fairly close relation between the tectonism controlling Triassic 
sedimentation and the later imposed structures. 

. Papers by David (1896, 1902) contain the first detailed 
observations and measurements of the monocline at Lapstone and 
Kurrajong Heights where the prominent Kurrajong Fault was 
mapped. On the N.S.W. Geological Survey's 1:500,000 Sydney Basin 
map this structure is shown as a fault extending from Mountain 
Lagoon (near the Colo River), south to Glenbrook Creek. However 
in this latter region it is doubtful if much faulting has occurred 
and the structure appears to be a hinge fault merging into a mono
cline downwarped on the west. South of the Warragamba River 
the Oakdale Fault occurs parallel to the Nepean Fault and about 
4 miles to the west of the latter. South of Oakdale it gradually 
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diverges south-southwest to become the Balmoral Monocline which 
then swings southeast towards Dapto. 

East of the Lapstone Monocline detailed mapping is 
showing up a series of shallow anticlines and synclines trending 
parallel to the monocline and a number of minor faults show 
similar ;parallelism. In the Richmond - Kurrajong area minor 
"thrusts' are common in the Wianamatta Group Shales. Although 
attributed by David (1896) to hydration foldmg these may be 
related to the regional deformation pattern. 

The age of the Lapstone Monocline and the closely assoc
iated structures can only be suggested as late Tertiary. It has been 
believed by some workers (e.g. Walker 1960) that the Blue Moun
tains, Woronora and Hornsby Plateaux were not exactly contem
poraneous in formation. The curved nature of many of the struc
tures shown in figures illustrating this paper indicates a close re
lation between formation of the plateaux. The evidence for age 
of formation will be briefly reviewed. 

A series of maps, cross-sections and photographs will 
show the nature of the structure in detail and will lead to a con
sideration of the mechanism of deformation. 
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GEOLOGICAL INTERPRETATION OF GRAVITY 
ANOMALIES IN THE SOUTHERN SYDNEY BASIN 

Description 

A. A. Day 
Department of Geology and Geophysics, 

The University of Sydney 

1. Bouguer gravity anomalies in the area range in value between 
+ 50 and -60 mgal. 

2. The pattern of anomalies is dominated by two primary 
features. 
2.1 the "Coastal Gradient Zone" approximately following 

the coast, in which the anomalies increase eastwards 
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3. 

4. 

5. 

6. 

2.2 

wards from +10 to +50 mgal at about 1.8mgal/km. 
No maximum is reached. 
the "Wollondilly - Blue Mountains Gradient Zone", 
about 40 km. wide, with its eastern edge about SO km. 
inland from the coast, and in which the anomalies 
decrease westwards from + 10 to -40 mgal at about 
1 mgal/km . 

The trend of both zones is south-southwest, parallel to the 
100 fathom line, but transgressing the essentially meridional 
regional geological structure. 
The two primary gradient zones are separated by a shelf 20 
to 30 krri wide, with anomalies ranging between +5 and 
+15 mgal. 
Superimposed on the primary features are about ten sec
ondary features with dimensions 10 to 20 km and amplitudes 
10 to 30 mgal. Two of these features produce substantial dis
turbances of the primary gradient zones: 
4.1 a round anomaly minimum, about 20 km acro~s 

centred on the High Range - Mt. lellore area. It is 
possibly related to smaller minimum centred on Bur
rawang, 25 km to the east-southeast .. 

4.2 an elongated anomaly minimum, trending east-west, 
about 10 km. across, and cutting the coast at Wom-
barra. Its amplitude is about 30 mgal. 

Small, relatively localized anomalies, a kilometre or less in 
width, are associated with outcropping igneous and pyro
clastic bodies. 
The densities of the Sydney Basin sediments increase slightly 
with depth. The underlymg acid volcanics and Devonian 
sandstones do not differ m density from the overlyin~ rocks. 
Consequently only the older Palaeozoic metamorphlcs and 
possibly the granites are gravimetrically distinguishable from 
the surrounding rocks, so that pre-Permian basement depth 
and structure cannot with certainty be deduced from the 
gravity field. .; . .. 

Interpretation 
7. 

8. 

9. 

10. 

The geographical extent of the primary gradient zones and 
their independence of visible geology suggests that they are 
of deep crustal or sub-crustal origin. The Coastal Gradient 
Zone is considered to result from the shallowing of the M-
discontinuity from about 30 km to about 10 km subsea at the 
continental margin. The Wollondilly - Blue Mountains Grad
ient Zone is considered to reflect a further deepening of the 
M-discontinuity by about 5 km. Thus the crust is considered 
to thicken westwards in two steps. 
The High Range - Mt. lellore and Burrawang lows occur in 
an area in which extensive vulcanism took place in the 
Tertiary, but a plausible connectin~ structure, sited either in 
the crust or upper mantle, is difficult to find. The Burra
wang low coincides with the Bowral - Robertson seismic 
region and they may both be expressions of the same struc
ture at the seismically determined mid-level of the crust. 
The local 30 mgal low which crosses the coast at Wombarra 
could be due either to a trough-faulted block of light, Lower 
Permian or Upper Devonian sediments at depth, or to a 
south-easterly offshoot of the Woronora subsurface ~ranite. 
The occurrence in the vicinity of high-angle faults With dis
placements up to 300 feet, and of local seismicity, suggests 
that the former hypothesis is the more likely to be correct. 
Many of the prominent surface structures and bodies of rock 
of the southern Sydney Basin are not reflected in the reflion
al gravity anomalies. They must therefore be of relatively 
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shallow extent. A combination of unfavourable geological 
conditions makes inteIl?retation of many of the anomalies 
that do exist fraught wIht uncertainty. 

SEISMIC OBSERVATIONS ON THE WESTERN MARGIN 
OF THE SYDNEY BASIN 

N. M. Gray 
Metropolitan Water, Sewerage and Drainage Board 

A network of Benioff short-period recorders has been in 
operation since 1959 to study the seismicity of the Board's area of 
interest in relation to the loadings of the crust by Warragamba 
Dam and its stored waters. The stations are located at Werombi 
- near Warragamba, Avon - near Avon Dam, Ienolan - at the 
caves, and Hall's Lagoon - north of Windsor. The Werombi 
station records on three channels whilst the others only one, the 
vertical. . 

Many more tremors have been recorded than would have 
been indicated from previous records, but this is largely due to 
modern instrumentation and the coverage of the area given by the 
net~ork of s~atioJ?s; ~arragamba Dam has not caused this appar-
ent Increase In seIsmICIty. I 

During the period of operation, one major earthquake 
was recorded on 21/5/61 at Robertson; this tremor was followed 
bv numerous after-shocks but there were no fore-shocks. In recent 
years, several small tremors have been recorded between Moss 
Vale and Kiama. 

Much of the activity within the Sydney Basin has been 
associated with the periphery of the BasIn. particularly to the 
west and south-west of Sydney, and there has ben some activity 
in and around the Hunter River area. Other activity could be re
lated to known geological features, such as the Lapstone Mono
cline, or inferred to lmeations. 

PERMIAN SHELF SEDIMENTATION, NORTHWESTERN 
AND WESTERN SYDNEY BASIN * 

R. Goldbery 
Geological Survey of New South Wales 

During 1967 and 1968, the N.S.W. Geological Survey car
ried out a study of the strati~raphy and sedimentation in the 
northwestern Sydney Basin. ThIS comprised of 1:50,000 mapping, 
section measurement and a study of facies relatIOnships. The 
paper presented to this symposium has largely stemmed from 
thIS work. 

. The area which has been examined in detail and which 
will be discussed, lies along the western margin of the Sydney 
Basin, with its southern limit at Kedumba Valley and extending 
north through Lithgow to the Bylong Valley. 
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Stratigraphically, the sedimentation of the upper portion 
of the Permian Shoalhaven Group and the lower units of the 
Illawarra Coal Measures will be dealt with over the shelf area. 

The Berry Formation, which is a distinctive micaceous 
siltstone unit, is easily recognizable over the entire shelf area and 
almost certainly correlates with the Mulbring Formation of the 
Maitland Group in the Hunter Valley. 

Its marine, shelf character is reflected primarily by its 
geometry and by the presence at certain levels of glendonites, 
worm burrowings and towards the top, of persistent ihin chemical 
limestone horizons. Rapid thickening of units basinwards can be 
traced from the subsurface and an approximate hinge line area 
can be defined. 

In the Glen Davis - Nile Valley area isopachs on the Berry 
Formation indicate the possible presence of a barred basin, further 
evidence of which has been derived from the overlying "Coal 
Measure" sequence. 

Evaporite sequences have been found in this area and 
further to the west at Kandos, with the occurrence of the rare 
minerals dawsonite and nordstrandite which are aluminium rich 
salts, formed at high pH conditions. 

It is thought that, in the final stages of Berry Formation 
deposition, large areas of restricted circulation, marine sub-basins 
existed, with frequent drying up periods followed by slight influxes 
producing secondary replacement minerals. . 

The overlying unit is the Illawarra Coal Measures, which 
over the entire area defined, has been sub-divided into two sub
groups. 

The lower unit is the Nile Sub-Group which has its top 
at the base of the Marrangaroo Conglomerate, and the upper unit, 
the Charbon Sub-Group, has its top at the base of the Narrabeen 
Group. 

Following is a summary of the stratigraphic units dealt 
with in this paper. 

Central Shelf Far Western 
Shelf 

Narrabeen Grp. 

Illawarra Charbon 
Coal Measures Sub-Group Marrangaroo 

Conglomerate 
Gundangaroo Gundangaroo Fm 

Nile Coorongooba 
Formation 

Sub-Group Creek S.S. Mt. Marsden 
Mt. Marsden Claystone 

Claystone 

Shoalhaven Berry Formation Berry 
Formation 

Group Megalong Conglomerate Mercalong 
Cong omerate 

The Nile Sub-Group displays a distinctive marine character 
in the basal formation which comprises dolomites, limestones, 
claystones and thin shales. . 

The Coorongooba Creek Sandstone has its zero isopach in 
the Glen Alice - Lithgow area and is well represented across the 
shelf to the east. This unit contains calcarenites in its westernmost 
developments and could represent a marine transgression with 
partial reworking of the underlying carbonates. 
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Terrestrial sedimentation is well displayed in the upper
most formation of the Nile Sub-Group, with well developed car
bonaceous shales and thin coal seams. 

The Nile Sub-Group appears to be an example of clear 
water, marine sedimentation and represents the final stages of a 
marine regressive sequence over the western shelf of the Sydney 
Basin. 

* Published with the permission of the Under Secretary 
Department of Mines, New South Wales. ' 

THE ANALYSIS OF THICKNESS & QUALITY VARIATIONS 
AND THE POSSIBLE RELATION OF THESE VARIATIONS 

TO SEAM STRUCTURE, USING DATA FROM THE 
BULLI SEAM (KEMIRA AND CORRIMAL COLLIERIES), 

SOUTHERN COALFIELD 
R. D. Johnson 

Australian Iron and Steel Pty. Ltd. 

and 
A. C. Cook 

Wollongong University College 

Power series polynomials have been used to analyse areal 
variation in seam structure, thickness and chemical analyses. The 
percentage of the variation explained by the trend surface equa
tions indIcates how much of the variation is systematic and how 
much is purely local. Thus the trend components represent region
al variation and the residuals from the trends, deJ?artures from the 
regional pattern, Some residuals are geoJogJcally significant, 
whereas others appear to be random Where the latter is the case 
much of the detail on normal hand drawn contour maps may be 
spurious. 

The analysis of variation into trend and residual com
ponents greatly SImplifies comparisons between properties as com
pared with comparisons using the raw data. 

A comparison of the trends for seam structure and thick
ness indicates that an inverse relationship exists between them. 
Residual value maps from these trends for seam level and thick
ness are very similar and there is a highly significant relationship 
between these residuals. 

Significant relationships have been observed between seam 
level and ash, volatile matter, sulphur and phosphorus contents 
and British Standard Swelling number. 

The proportion of the variation explained by the trends is 
very high for seam structure and thickness but is much lower for 
ash, volatile matter, British Standard Swelling number, sulphur 
and phosphorus. A high proportion of the variation in the second 
group of variables cannot be readily predicted. However, for phos
phorus, where' the degree 1 trend explains only 12.3% of the total 
variation, the lositive and negative residuals are geo~raphically 
segregated an so not truly random. Consequently, It may be 
possible to explain the residuals in terms of known geological 
features. 
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CORRELATIONS IN THE ILLAWARRA AND NEWCASTLE 
COAL MEASURES USING INORGANIC CONSTITUENTS 

M. Shibaoka and D. J. Swaine 
C.S.I.R.O. Division of Mineral Chemistry 

Although various attempts have been made to correlate 
coal seams in the Illawarra, Lithgow and Newcastle Coal Measures, 
there is some disagreement amongst the results. Hence, it was 
considered worthwhile to attempt correlations based on the levels 
of inorganic constituents in several coal seams from the Illawarra 
and Newcastle Coal Measures. Previous work using major-element 
ratios had indicated that the upper part of the Illawarra is equiva
lent to the upper part of the Newcastle Coal Measures, and the 
present paper will extend this by considering trace elements. 

The data were derived from semi-quantitive atomic emis
sion spectrographic analyses of the ash of coal samples from 14 
seams, namely Borehole, Young Wallsend, Dudley, Victoria Tunnel, 
Wave Hill, Fassifern, Great Northern, Wallarah, Woonona, Tongar
ra, American Creek, WongawilIi, Balgownie and BuIli. The sampling 
was not statistically controlled, and existing data were used; this 
means that there is a bias towards economically important seams. 

For each seam the range of values and the mean content 
for a particular element are plotted and the resulting data for 
each of the Coal Measures are arranged vertically with the seams 
in stratigraphic order. The mean values are joined to give a curve, 
designated as a trend curve. Correlations are derived from the 
corresponding shapes of these trend curves. Curves will be shown 
for copper, vanadium, gallium, yttrium and for the ratio of titania 
to alumina. Deductions from these curves, except for gallium, indi
cate the following correlations: Bulli - Wallarah, Balgownie -' Great 
Northern and Wongawilli - Fassifern. However, the gallium curves 
indicate correlatiop.s of Bulli - Great Northern and BaIgownie -
Fassifern. These correlations will be compared with others and the 
relative merits of each will be assessed. 

A more complete investigation of seam correlation using 
trend curves would require more quantitative data on a wider 
range of samples, truly representative of all seams. The implica
tions of such an approach will be discussed. 

ORIGIN AND SIGNIFICANCE OF GLENDONITES 
G. S. Gibbons and J. L. Gordon, 

The N.S.W. Institute of Technology 

Glendonites are polycrystalline aggregates, usually of cal
cite, which have the form of elongate crystals, singly or in clumps, 
and sometimes over a foot in length. They are widely distributed 
in marine Permian rocks of the Sydney Basin, generally in grey 
or black mudstones or shales, ana are typically associated with 
marine calcareous fossils and evidence of periglacial environment. 
Previous workers have established that the aggregates are pseudo
morphous after the mineral glauberite (Na2S0 •. CaSO. : mono
clinic). 

. . The association with periglacial features has led to re
curring sug~estions in the literature that crystallization of glaub
erite is indIcative of low-temperature conditions. However, phase 
studies published in the chemical literature show that glauberite 
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will not crystallize below about 27.5"C in the system Na2S0, -
CaSO. - H20, dropping only to perhaps 25·C on addition of NaCl 
to the system. Path-of-crystallization studies in sea water yield 
g~a~berite only as a minor constituent, and only in warmer con
dItiOns. 

The authors have collated this data and supplemented it 
with wide-ranging laboratory investigations; an atte-mpt has been 
made to re-evaluate occurrence of a warm-water mineral in a 
cold-water environmentj 

In particular, attention has been given to the significance 
of a second double salt, "Fritsche's salt" (2Na2SO,.CaSO •. 2H20 
acicular, system unknown) which may form at somewhat lower 
temperatures than glauberite in solutions approximating concen
trated sea water in composition. 

While not conclusive, the investigation has yielded a theo
retical framework, as well as several hypothetical mechanisms, 
which should enable more valid palaeoenvironmental interpreta
tions of glendonite occurrences in the future. 

In particular, consideration should be given to the fact 
that while gypsum is an early product of sea-water evaporation in 
warm condItions, the freezing of sea water yields large quantities 
of mirabilite (Na.SO • .10H.O) as the first deposited salt. Hence if 
a large shallow arm of the sea were to freeze over periodically, 
sodium sulphate might be produced which could be covered oy 
sediment accompanying the thaw. Such sodium sulphate might 
then react with calcium sulphate deposited in an earlier or later 
warm cycle, or with calium ions released from sea-shells by acids 
released when their soft parts decomposed. As has been proposed 
by Dr. Ida Browne, such shells might have been killed off by the 
original temperature drop. 
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THE GOSFORD FORMATON IN THE TERRIGAL-BOUDDI 
AREA 

K. S. McDonnell 
Christian Brothers College, Sutherland 

The upper and lower contacts of the Gosford Formation 
have been mapped over an area of 80 square miles between Tug
gerah Lake and Broken Bay. The underlying Collaroy Claystone 
outcrops between Toowoon Bay and Wamberal Lagoon and the 
red-brown claystone halfway up Wyrrabalong headland (altitude 
380 feet) is taken to be the top ot this formation. The Gosford 
Formation is overlain in the cliffs fronting Broken Bay and on 
most of the hills in the southern part of the area by Hawkesburv 
Sandstone. Excellent outcrops of the Gosford Formation are found 
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on the coastal headlands and almost the whole sequence is' ex
posed along the 10 miles of coastline from Terrigal to Box Head. 

Three sandstone beds were named by Raggatt (1938) -
the Wyong, Ourimbah and Mangrove Sandstone Members - on 
the basis of strong outcrops around Wyong. Difficulty in tracing 
these beds into other areas greatly reduces their value as markers 
and their separate designation obscures the nature of the Gosford 
Formation as a whole. 

The present work shows the presence of eight major sandy 
units ranging in thickness from 40 feet to 115 feet. These are sep
arated one trom another by siltstone units averaging 40 feet In 
thickness, the total thickness of the formation as measured here 
being about 800 feet. . 

\ Individual beds are thin and there is great variability in 
lithology within each unit. Fine to medium quartz and lithic sand
stone predominates in the sandy units, together with thin con
glomerates, coarse quartz sandstone and some finer material. The 
silty units are made up largely of laminated siltstone, claystone, 
silicified siltstone and carbonaceous shale. Many of the silicified 
siltstones are packed with worm burrows. Root zones are also 
present. 

The thicknesses of the beds are far from uniform and, 
while most of them maintain their identity over long distances, 
sudden changes in thickness are not uncommon. The irregularities 
occur mainly at the base of the sandstone beds and are the result 
of large scale scour-and-fill operations. 

The regional dip of the Gosford Formation and of thl:! 
overlying Hawkesbury Sandstone is less than 1° in a general south
westerly direction, but local steepening, to about 5", occurs at four 
monoclmal flexures, the steepenmg in each case being in the dir
ection of the regional dip. 

Many of the sandstone beds show well developed trough 
cross bedding and these have been used in determining palaeo
current directions. 

The beds in the upper part of the formation outcropping 
in Broken Bay have been examined with a view to relating the 
sequences to specific depositional environments. Near Kilcare a 
conglomerate-sand-silt-sand point bar sequence is repeated three 
times in a vertical interval of 25 feet but elsewhere sequences are 
incomplete or overlapping and work on these is still in progress. 
In general they seem to fit into a fluvialdeltaic picture but with 
numerous interruptions to the sedimentation and with much oscil
lation between related environments. 

It is hoped to establish some connections with the Gosford 
Formation exposed in the Palm Beach - Long Reef area. 

AMPHIBIAN FOOTPRINTS AS AN INDICATION OF THE 
DEPTH OF THE DEPOSITION OF THE HAWKESBURY 

SANDSTONE * 
L. Sherwin 

Geological Survey of New South Wales 

Examination of footprints found in the upper part of the 
Hawkesbury Sandstone at Berowra and Annangrove has shown, by 
comparison with those described from North America, that they 
were formed by Stereospondyl amphibians crawling diagonally 
upwards across the surface of layers in cross bedded units. Each 
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print consists of two long scratch marks, made by the two longest 
toes on each foot, in front of a rounded depression, behind which 
the sediment has been pushed up into a low mound. The depres
sions are "clean" moulds, but the toe imprints are commonly 
partly filled by sandstone, from the overlying layer. Tail drag 
marks are rare, and persist for only very short distances. Because 
the prints run diagonally up the layers in all cases, it is clear that 
the animal was incapable of climbmg the direct slope. In ,pushing 
the body forward without raising it far above the ground, ' the 
feet would have slipped on the wet sediment with the toes carvin~ 
deep scratches, and the back of the foot pushing up a mound or 
sedIment. The arrangement of these prints, the rare and faint tail 
drag marks, and the absence of belly drag suggests a Stereo
spondyl amphibian resembling Platyceps from the Gosford Fonna
tIOn or Paracyclotosaurus from the Ashfield Shale. Amphibhns of 
this kind have a flat underside and a small tail, with' reduced 
limbs and a flattened skull with the eyes on top, indicating a 
mostly aquatit existence. ' , , 

As the cross bedded layers separate so easily it is clear 
that they were initially separated by a thin layer ' of mud; long 
since weathered away. The next layer of sand deposited over the 
tracks would be separated from the previously formed sand layer 
by the mud veneer, except where the mud had been scraped 'awav 
in the toe scratch marks. Thus, after compaction and lithification, 
the tWo layers would be joined only at the sites of the scratch 
marks, accounting for theIr filled appearance. ' , '. 
, From these observations it is apparent that the sand
s~one layers were depos!ted during.a perIOd of flood C?r '~easonal 

, hIgh water. The formatIOn of a thm· veneer of mud ' mdIcates a 
slowing down of the current, with a drop in the water level so as 
to expose most of the new layer. Prints near the base of the slope 
of the layer are shallower and less well defined than those further 
up which tend to be more uniform in size. This is attributable to 
the lower part of the layer being still submerged, which would 
have a twofold effect upon. any footprints as the animal making 
the prints would be partially b~lO:yed up. by the water,. while 
supersaturated sand does not retam ImpreSSIOns as well as It does 
when damp. ' " 

The absence of any downward tracks probably results 
from the amphibians sliding down the slope under gravity without 
any ~eed for thrust by the legs. 
* Published with the permission of the Under Secretary, 

Department of Mines, New South Wales. 
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