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Foreword

This book is the outcome of a desire to bring together in one place as much factual data as possible relating to the engineering geology of the Sydney Region. It was recognised that a huge amount of information resides in the files of various consulting and government organisations from the innumerable site investigations and construction projects in Sydney. By bringing at least some of this information together in a book it was intended to provide a data source that would be the first point of reference for future investigations and construction projects.

With the above object in mind subject headings Were established based on the stratigraphic sequence of the Sydney Basin, Invitations were extended to potential authors with expertise and experience in these subjects and after some two years, and a number of author changes, the papers in this Volume were produced.

This then is a book produced by a committee. As such it has the advantage of canvassing a broad range of opinion and experience and the disadvantage of having some facets covered less comprehensively than others. In general, the original aims have been achieved and a data source has been produced for geotechnical engineers and engineering geologists working in the Sydney Region.
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1. Overview


An overview of the geology of the Sydney Region

D.F. BRANAGAN

University of Sydney, Australia

ABSTRACT: The Sydney region consists dominantly of gently-deformed Triassic sandstones and shales, with minor occurrences of Irregularly distributed Cainozoic sediments. Igneous rooks consist of breccia necks and dolerite dykes, varying in age from Jurassic to Tertiary. The landscape consists of a central undulating plain flanked north, south and west by extensive plateaux. Jointing is well-developed and minor faulting and folding is common. The geological history of the area has produced a variable landscape which presents a variety of problems for the geotechnical engineer. These problems, discussed in detail in later papers in this volume, are briefly described in the text and accompanying illustrations.

1.1  INTRODUCTION

This paper is intended as a broad introduction to the geology of the Sydney region, with particular emphasis on those aspects of geology which may affect the work of geotechnical engineers and engineering geologists. A wide range of references is supplied which should lead the reader to more detailed data on the various topics which can only be treated in a general way in this paper.

Later papers in this volume expand the topics introduced here, particularly enlarging the relevant geotechnical aspects.

The area of prime interest of this publication is bounded roughly by Broken Bay in the north, the Nepean River in the west, Campbelltown and Royal National Park in the south (Figure 1.1). Occasional reference will be made to adjacent areas of relevance but no in-depth discussion will be made of areas such as the Wollongong–Stanwell Park coastal region, the Blue Mountains Plateau, or the Gosford–Newcastle coastal region.
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Figure 1.1 Sydney region

Problems of coastal erosion and harbour engineering have also been regarded as beyond the scope of this volume.

Readers should refer in particular to the Geological Series Sheet (Sydney) 9130 (Edition 1) 1983 published by the Geological Survey of New South Wales, Department of Mineral Resources, Sydney and to adjacent sheets Penrith, Gosford, St. Albans, Wollongong & Port Hacking, available only in dyeline, all at a scale of 1:100,000 on which much valuable information can be found. The Sydney Sheet will be referred to in the remainder of this paper as the Sydney 1: 100,000 sheet.

[image: Image]

Figure 1.2 Excavations for Wynyard Station, 1927.

1.2  HISTORICAL REVIEW

Some of the earliest geological work in Australia was carried out in the Sydney district, but it is remarkable that no really detailed geological map of the city and its environs has yet been published.

Engineers, planners and others concerned with large structures are becoming increasingly aware of the necessity for detailed foundation data in the region. This volume reviews available geological information, both published and unpublished, which should serve as a basis for engineering projects, (Figure 1.2).

Legget (1973) has shown the value of delving into historical records to find out about changes which may have occurred on city sites, and Branagan and Moelle (1981) outline problems which might have been avoided at Newcastle had adequate records of mining been kept. There has been little research in this field in Sydney, although there are encouraging signs in the profession of an awakening interest. Henry (1939) and Aird (1961) provided some useful data on the water supply and sewerage systems, and the excellent history of the Department of Main Road (1976) contains much useful Information, as does Kennedy and Kennedy (1982).

There are still lessons to be learnt in the experiences of John Busby (1765–1857) who can be regarded as Australia’s first engineering geologist. Skilled in drainage and tunnelling work Busby suffered the frustrations of bureaucratic delays and unskilled workers during the eleven years (1826–1837) he toiled to plan and drive a tunnel from Hyde Park to Centennial Park to tap the water source there, (Figure 1.3). In providing wells for the citizens of Sydney on busy street corners, while the tunnel was in progress, Busby found his employer, the Government, would not indemnify him when a worthy gentleman’s carriage was upset at a well-site in George Street and he sued Busby! By 1830 Busby was supplying water from the tunnel, there being considerable seepage from the joints and fractures in the Hawkesbury Sandstone. Busby’s letter-books and reports (Mitchell Library) contain information on plans to deepen the upper Parramatta River and a variety of other topics.
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Figure 1.3 Busby’s Bore, Sydney’ first major tunnel Completed 1837.

Similarly the activities of Major George Barney (1792–1862), military engineer, responsible for the modifications which led to the building of Circular Quay can provide considerable information.

Some of the work of Thomas Mitchell (1792–1855) on roads, and David Lennox (1788–1873) on bridges is discussed in Department of Main Roads (op cit) and in Cumpston (1954) and Herman (1954), and that of John Whitton (1820–1898), the railway engineer in Department of Railways (1955), but there is still much to be learnt about the technical data recorded by these men and others such as Thomas Woore (1804–1878), (Branagan, 1982) in the mid-nineteenth Century.

In many instances the New South Wales parliamentary papers (both Assembly and Council) prove to be fruitful sources of information.

In the latter part of the 19th Century and through the early years of the 20th Century, members of the Geological Survey of New South Wales provided much of the advice sought by engineers. In particular C.S. Wilkinson (1834–1891), Edgeworth David (1858–1934), E.F. Pittman (1849–1932), E.C. Andrews (1870–1948), L.F. Harper (1872–1945) and M. Morrison (1872–1952) made many inspections and wrote reports, which though often sketchy by today’s standards, still provide considerable useful information.

1.3  PUBLISHED DATA

The first geological map at significant scale (1:150,000 approx.) was prepared by E.F. Pittman (1903), although earlier work by Curran (1899) is also useful. Pittman’s map was mostly concerned with igneous intrusions in the Sydney region and was accompanied by a tabular statement of the exposures recorded (M. Morrison, 1904). T.L. Willan’s map (1925), complete with overlay, is justly famous for the detail it includes on a scale 1:125,000 but apart from a fragmentary note, (Willan 1923), he left Australia without publishing a comprehensive statement of his work. Osborne (1948) summarised the state of geological knowledge of the area and gave a comprehensive list of references.

Lovering (1953) produced some useful work particularly covering the shale regions of the western suburbs. Although his published maps (Lovering, 1954) are only on a scale of 1:300,000 his original thesis (1953) and copies held by the Joint Coal Board (Geology Section) contain maps at a scale of 1:63,360 covering a wide area.

In 1957 the first edition of the Sydney 4 mile (1:253,440) scale geological map was published with accompanying notes by C.T. McElroy. Second and third editions of the map have been published (1961, 1965) on the scale of 1:250,000. The third edition of the notes (Bryan, McElroy and Rose, 1966) contains a very large list of references.

J.C. Standard (1964) carried out a broad-scale study of many aspects of the Hawkesbury Sandstone. Much of this information is published in Packham (1969).

The geology of the Windsor-Richmond area is available on a scale of 1:50 000. Other maps at this useful large scale should shortly be published.

Possibly one of the most useful maps is the soil survey carried out by Walker (1960). Twelve map sheets (scale 1:62 500) cover the County of Cumberland in considerable detail and there is generally a good correlation with the geology.

More recently, an excellent terrain evaluation has been published (Finlayson, 1982) which shows the close relation between rook types and soils which exists over much of the Sydney region.

Details of the surface and subsurface geology in the Botany Bay region are given in Griffin (1963) with a map at 1:23,7600, and basic geology of many parts of Sydney is discussed in Branagan and Packham (1970). Detailed mapping of the Dee Why — Palm Beach area has been carried out and some of the information can be found in Packham (1976), Rettallack (1976) and in Branagan (1984).

Two papers which contain important ideas are Burgess (1977) and McMahon et al (1975), the latter setting out what has become a widely accepted classification for rook in the Sydney district.

Of particular value also are the recent volumes by Herbert (1983a) and Knight et al (1983). The former work, dealing specifically with the geology of the published Sydney 1:100,000 geological map, contains important summaries by Chesnut and others on many aspects of engineering and environmental geology. Branagan (1969a) also summarises aspects of engineering geology in the region.

1.4  OTHER DATA

Although considerable information is unpublished in the formal sense, much of it is still available in the form of reports. While most companies do not make information freely available, many statutory bodies have open-file access and these ‘working documents’ often prove of more immediate practical value than formal publications, particularly because of the scale of drawings. In this category the Geological Survey produced many reports, particularly those by the Engineering Geology section, now alas defunct. Reports by Chesnut (1980, 1981, 1982), McDonald (1975), Van Heeswyck (1976, 1977), Neville (1976) can be mentioned and there is an extensive bibliography in Chesnut (1983). However this excellent bibliography, judged by the relative paucity of reference to reports by other statutory bodies, shows one of the deficiencies of organisation in the profession — the lack of coordination which still exists.

Reports by the Snowy Mountains Hydroelectric Authority (1968, 1969a, 1969b) on tunnelling in the Sydney area are well-known to many workers. However both the Metropolitan Water Sewerage and Drainage Board (Jensen, et al., 1983) and the Electricity Commission (e.g. 1982) are involved in tunnelling and related operations, and both prepare geotechnical reports. So too does the Department of Main Roads and the Commonwealth Department of Construction.

Hydrogeology, formerly handled In part by the Geological Survey, is now almost entirely the domain of the Water Resources Commission.

Some companies allow access to particular reports or information, for instance the detailed mapping carried out by Australian Oil & Gas.

A second source of data is In conference and seminar abstracts and papers, both local and overseas. These usually have limited circulation and are often difficult to sight or cite [e.g. Hargreaves 1967, ? Longworth (1969), Branagan (1972)], but they will often lead to kindred spirits who can provide verbal information even if, like this author, they ‘haven’t got around to writing it up properly yet’. Abstracts of the Sydney Basin Conference held yearly at the Department of Geology, University of Newcastle are specially useful, as are course notes by the Australian Mineral Foundation.

A third source is in the form of research reports and theses (the latter often over-long!), of which there is as yet no systematic recording. However, relevant theses are relatively few and soon become well-known; see e.g. Bell (1966), Dyer (1966), Davidson (1971). Roper (1972), Carr (1973), Lewis (1974), Smart (1974), Pells (1976), Corkery (1978) and Robson (1974).

Much detailed information also becomes available in cases of litigation and arbitration. While most information which is provided in court becomes essentially public knowledge, the lack of system in recording the technical data lessens their value for the profession. Stapledon (1983) deals with the matter of contractual disputes and draws Important conclusions, but his case histories do not Include Sydney examples. There would be considerable value in the compilation of appropriate material presented in court cases in Sydney during the past twenty years. More recently many environmental impact statements have become available through public display (e.g. Minister for Environmental Control (1973). International Geological Consultants (1978), and the results of enquiries are made public, and even published [e.g. State Pollution Control Commission (1979)].

1.5  GENERAL GEOLOGY

Summaries and detailed exposition of the geology of the Sydney region may be found in Mayne et al (1974), Branagan et al (1976), Herbert (1983a).

1.5.1  Depositional History

The rooks of the Sydney region are dominantly of sedimentary origin, having been deposited within a broad zone of subsidence known as the Sydney Basin (Figure 1.4).
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Figure 1.4 Structural subdivisions, Sydney Basin

The rooks which are exposed or penetrated in drill-holes indicate that deposition took place from late in Carboniferous time (290 m yrs BP) to the latter part of the Triassic (190 m yrs BP) upon a basement of lower to middle Palaeozoic metamorphic and Igneous rocks.

Some workers (Crawford et al., 1980) have presented evidence to support the idea that sedimentation continued into and possibly through the Jurassic. Branagan (1983) presents the contrary view. This matter will be discussed in more detail later in the paper.

Significantly younger sedimentation occurred in restricted areas during the Tertiary and Quaternary epochs.

Drilling within the area of study has penetrated Triassic and Permian rooks with a total thickness of 1800 m (AOG Dural No. 2, Bryan et al., 1966).

The recognized stratigraphy is as shown in Table 1.1.

TABLE 1.1 SEDIMENTARY ROCK SUCCESSION
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Permian rooks and the lowermost units of the Narrabeen group do net reach the surface within the area studied, and have a minimum cover of 680 m. From a civil engineering point of view they will not be significant in this region except as possible sites for liquid waste disposal. This matter has been studied by Corkery (1978). In view of the present situation the stratigraphic history discussed here will deal only with the Triassic and younger rooks. However should extensive engineering work be undertaken in coming years, some kilometres off-shore, the character of the Permian succession will become important.

Three major stratigraphic divisions have been defined for the Triassic rocks of the Sydney Basin. Each division has distinct gross rook characteristics, (Figures 1.5, 1.6, 1.7).
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Figure 1.5 Typical Narrabeen Group stratigraphy, Mangrove Creek Damsite quarry. Interbedded lithic sandstones and shales.
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Figure 1.6 Typical Hawkesbury Sandstone stratigraphy, Newcastle Expressway, Brooklyn.

[image: Image]

Figure 1.7 Typical Wianamatta Group stratigraphy. Ashfield Shale St. Peters.

The Triassic rooks are described by Herbert (1976) as having been deposited during the Hawkesbury Tectonic Stage, the fourth of five tectonic stages suggested by Scheibner (1976) as characterizing the history of sedimentation in the basin. Within this stage five depositional episodes are envisaged, named the Lower Narrabeen, Middle Narrabeen, Upper Narrabeen, Hawkesbury, Wianamatta.

Each depositional episode is represented by a more-or-less continuous sequence of sediments, (now sedimentary rooks), deposited during a single major period of rise or fall in sea-level. The sediment accumulating during a single depositional episode may therefore not be of the same age because deposition becomes progressively younger in the direction of accumulation. Also part of one depositional episode may co-exist In time with another. The boundaries between the depositional episodes are based on changes in the conditions of deposition.

The lowest division, the Narrabeen Group, ranges in age from late Permian to Middle Triassic. It consists of up to 700 m of lithic (rock fragment) conglomerate, quartz-lithic sandstone and red, green and light-grey shale. The overlying Hawkesbury Sandstone, with a maximum thickness of 290 m, is of Middle Triassic Age, and consists dominantly of coarse quartz-sandstone, with minor layers of dark-grey shale. The uppermost division is the Wianamatta Group, also of Middle Triassic age. It has a maximum thickness of 300 m (in the Razorback area) but elsewhere is rarely more than 100 m thick. It consists mainly of grey shale with sporadic, thin lithic sandstone layers and rare thin coal seams, (Figure 1.8).
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Figure 1.8 Stratigraphic relationships between Triassic sequences (Herbert, 1976).

While this basic three-fold division can be dearly recognised, the lack of persistent time or rook markers has made detailed correlation and reconstruction of the sedimentary history of the basin quite difficult. Separate systems of nomenclature have been used in various part of the basin – in particular for the Narrabeen Group (see Table 1.1), and the nomenclature can be regarded at present as a tangled web which needs considerable ingenuity to untangle. Care is consequently needed to ensure what rock unit is being discussed in a particular publication. In this context it is interesting that reports on recent offshore drilling for the MWS & DB at Malabar, Bondi and North Head have adopted the nomenclature for the Narrabeen Group developed on the south coast from Garie to Coalcliff, rather than that used to the north of Sydney (from Long Reef northwards).

Herbert (1976) points out that while the difficulties of nomenclature have hindered interpretation, the recent application of palynology (fossil spores), microscopic examination of thin sections and evidence of ancient current directions have helped to reconstruct the various ancient environments in which sedimentation occurred.

The history of sedimentation will be briefly reviewed under the headings of the five depositional episodes mentioned earlier.

The deposition of the Narrabeen Group can be divided into three separate episodes.

The Lower Narrabeen depositional episode shows marked environmental change from the previous Permian coal measures sedimentation. Brackish to slightly marine conditions seem to have existed over wide areas of the Sydney Basin.

Sediment was derived by erosion of the mainly Carboniferous and Devonian rooks forming the relatively high ground of the area northeast of the present Hunter Valley and deposited in very large alluvial fans which grew to the south, and were fronted by braided alluvial plains, (Figure 1.9).
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Figure 1.9 Geography during the Lower Narrabeen

Thus to the north of Sydney, in the Catherine Hill Bay area, coarse conglomerates (the Munmorah Conglomerate) are abundant. Further to the south, equivalent rocks are finer-grained. These belong to the Scarborough Sandstone which outcrops at Stanwell Park on the South Coast, and underlies Sydney.

Flooding often caused spilling out of finer-grained sediments over the banks of the streams carrying the sediment to the south. This outwash and overbank sediment, now comprising red, green and grey claystone and siltstone, is found intercalated with, or overlain by, sediment of the advancing fan producing a complex stratigraphy in a regional sense, but containing recognisable local individual units such as the Stanwell Park Claystone, Dooralong Shale and the Caley Formation.

Generally speaking the lowermost part of the Narrabeen Group displays gradation upwards from fine-grained sediments (of estuarine origin) to coarse-grained sediments (of terrestrial origin). This was the result of an overall relative lowering of sea-level (regression) which extended from the north-west margin of sedimentation to the southwest.

The Middle Narrabeen depositional episode was marked by a change in direction of sedimentation, with streams flowing south and south east and much of the load being carried essentially by meandering streams. Overbank sedimentation consisted largely of red and green fine-grained material, now preserved as the Tuggerah Formation and the Patonga Claystone north of Sydney. Green quartzlithic sandstones within the former unit represent alluvial channel deposits, (Figure 1.10).
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Figure 1.10 Middle Narrabeen Geography

It is suggested by Uren (1980) that the red colouration of these rocks was caused by oxidation when they were exposed as sediments on well-drained flood-plains, while green claystones were deposited as clay in ephemeral floodplain lakes and swamps. Iron, the chief colouring agent in the Patonga Claystone, is equally abundant in the red and green-coloured sediments. Green sandstones were probably formed under reducing conditions in alluvial channels.

South of Sydney, during this depositional episode, the Bulgo Sandstone contains a significant content of volcanic material, derived apparently from the nearby Gerringong Volcanics (which extended considerably further north than their present exposures).

The upper Narrabeen depositional episode was marked by diminishing sediment supply (from the north) and continued subsidence in the north part of the Basin; consequently there was a slight transgression of the sea and a gradual change from fluvial-floodplain conditions to a more deltaic environment. The change was slight however, and thick fluvial channel deposits are still found interbedded with finer-grained flood plain sediments (now rocks). Successions of laminites (alternating fine silts, sands and clays) are also present and are believed by some (e.g. Retallack, 1975) to indicate a deltaic (prodelta distributory channels) environment, particularly for the Newport Formation, (Figure 1.11).
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Figure 1.11 Upper Narrabeen Geography

It seems likely that sediment from the northern edge of the basin did not then reach the southern edge and that the thick claystone-siltstones (Bald Hill Claystone, Wentworth Falls Claystone) which occur in the southern and western parts of the Basin were derived from weathered exposures of the Gerringong Volcanics, forming distinct haematite-kaolinite sediments which were again extensively weathered during periods of drying and wetting in shallow water, or perhaps in dominantly terrestrial conditions. It is suggested by Retallack (1977) that there are up to eight fossil soils in the Narrabeen sequences exposed at Long Reef and north to Bilgola. Certainly several distinctive leached zones transgressing a variety of underlying rook types can be mapped for long distances in this succession (Branagan, 198H), (Figure 1.12).

[image: Image]

Figure 1.12 Leached horizons in Narrabeen sequence, North Avalon (Branagan, 1984).

In the southern part of the basin and possibly as far north as Long Reef an unusual (white) clay-pellet (kaolinite claystone occurs. This well-graded unit is named the Garie Formation. It appears to have formed in an estuarine environment by erosion of the then recently deposited Bald Hill Claystone.

The Hawkesbury Depositional Episode was initiated when the Lachlan Fold Belt west and southwest of Sydney was uplifted and tilted towards the north-east. Coarse quartzose sand was probably derived by erosion of Devonian quartzites in the Fold Belt. Evidence for the southwesterly source of the sand forming the Hawkesbury Sandstone is given by the well-developed cross-bedding (Standard, 1964) from which also a moderately steep palaeogradient may be inferred. Furthermore the Hawkesbury Sandstone contains clearly identifiable flakes of graphite, a substance absent from the Narrabeen Group sediments, and which appears to have been derived by erosion of graphitic slates from the Wagga Metamorphic Belt or even further south.

Rapidly changing braided channels were probably the main environment of deposition of the shifting sands, and most shales and laminites in the Hawkesbury Sandstone appear to have been deposited In abandoned channels, rather than on floodplains (Figure 1.13). However, the Mittagong Formation, a succession of alternating sandstones and siltstones (individually about .5 m thick) and between 6–15 m thick in total, which occurs above the Hawkesbury Sandstone in some areas (e.g. Picton, Epping, Loftus) may represent floodplain sedimentation.
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Figure 1.13 Geography during the Hawkesbury depositional period (Herbert, 1976).

The Wianamatta Group, deposited during the Wianamatta Depositional Episode, seems to be the result of a final major retreat of the sea.

Estuarine laminated silt comprises the Ashfield Shale, while lagoons, marshes, levees and backswamps seem to have been sites for accumulation of the material which formed the Bringelly Shale, (Figures 1.14).
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Figure 1.14 Wianamatta Geography

Both barrier-bar and alluvial channel environments seem to be represented in the various sandstone units.

1.5.2  Cainozoic (tertiary-Quaternary) Sedimentation

There is no record of significant sedimentation between the middle-late Triassic and Tertiary times.

As suggested elsewhere in this paper some of the soil profiles are probably of Tertiary age.

The long period of erosion following the cessation of Mesozoic sedimentation resulted in the formation of a varied landscape and the distribution and character of the Cainozoic sediments is largely controlled by the underlying bedrock configuration, (Table 1.2, Figure 1.15).
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Figure 1.15 Cainozoic sedimentation Sydney region.

Table 1.2. Maximum Thickness of Post-Triassic River and Estuarine Deposits — Sydney Basin



	Ryde Bridge

	28 m




	Epping Road Bridge, Lane Cove River

	15 m (under E embankment)




	Circular Quay

	11 m




	Long Nose Point

	34 m




	Captain Cook Graving Dock

	32 m




	Roseville Bridge

	27 m




	Sugarloaf Point, Middle Harbour

	14 m




	Spit Bridge

	65 m




	Gladesville Bridge

	31 m




	Iron Cove

	24 m




	Taren Point

	17 m




	Tom Ugly’s Point

	55 m




	Hawkesbury River Road Bridge

	82 m




	Hawkesbury River Railway Bridge

	84 m




	Penrith – Nepean River

	65 m





Tertiary sedimentation has been recognised in the Nepean-Hawkesbury valley (Gobert, 1976) and by Partridge et al (1978) at Little Bay. Herbert (1983b) suggests that loamy clay deposits at Rosehill and Chipping Norton are also Tertiary.

The various major occurrences of Cainozoic sediments are described below on the basis of locality.

1.5.2.1  Nepean-Hawkesbury

In this valley the Triassic rooks are overlain by extensive, but relatively thin, deposits of Tertiary and Quaternary sediments (Figure 1.16), laid down by the river system during a complex history of lateral migration and downcutting, associated with tectonic movements of the Lapstone Structural Complex, and sea-level changes. Several well-defined terraces can be recognised above the present river level (Figure 1.17).
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Figure 1.16 Recent and Tertiary sedimentation, Penrith-Pitt Town.
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Figure 1.17 Cross-section Cainozoic sedimentation, Richmond-Windsor.

The highest, at an elevation of 30 m, is thought to be the oldest and of Tertiary age. This terrace consists of gravel, sand and clay in well-stratified horizons and the surface is commonly lateritized.

The sequence has been described by Gobert (1976) who recognizes two formations, Rickaby’s Creek Gravel overlain by the Londonderry Clay.

Rickaby’s Creek Gravel, resting on an eroded shale basement, varies in thickness from 2 to 10 m. It consists generally of coarse boulder gravels with clayey silty sand matrix, but minor sand and clay lenses occur. The clasts (boulders and pebbles) are generally well-rounded, and range in size from a few centimetres to 0.5 m. They make up about 30% of the unit. The clasts consist of quartz, quartzites, chert, porphyry and granodiorite, mostly moderately to highly weathered. The degree of consolidation of this unit varies from moderately to well consolidated.

The Londonderry Clay, overlying the gravel, is up to 10 m thick. It is a stiff clay with sandy and silty lenses. It is commonly lateritized, a hardened ironstone (1.2 m thick) passing gradually down into a dense mottled yellow, red and brown and orange clay zone, underlain by a very siliceous pallid zone.

Lower terraces, closer to the present river course, consist of Quaternary sediments, made up of quartz sand, compact silt, clay and gravels. Although most of this is of fluvial origin, some of the sand has been moved by wind before stabilization. These units are up to 10 m thick. These sediments are older than the present stream course alluvial sediments which are still mobile.

1.5.2.2  Upland swamps

A feature of some parts of the sandstone plateaux surrounding Sydney are swamp infills in the headwaters or various streams. These contain sandy to silty deposits, possibly up to 10 m thick. While most characteristic of areas along the Putty Road north-west of Sydney, they may be encountered elsewhere on the Hornsby Plateau and on the Woronora and Blue Mountains Plateaux, closer to Sydney.

1.5.2.3  Estuaries and Coastal Deposits

It is not proposed to discuss in detail these deposits of Pleistocene to Recent age in this paper. They have been fully described and discussed by Roy (1983), who provides an extensive list of references. Elsewhere in this volume Jeffrey considers geotechnical aspects of these successions.

However it is appropriate to mention briefly the main features of the sediments which occur on land, particularly those which form the area north of the present Botany Bay.

Three types of sediment and sedimentary rook (firmly and loosely consolidated) can be recognized. These are (a) fine clays, sands and peats of lacustrine and fluvial origin, (b) river and estuarine sands and gravels, (c) beach and sand dunes (Branagan 1969b).

The first type is widespread from a thin surface cover up to 80 m thick. Thickest development is in the Botany Basin where the beds grade up into Holocene sands. The fluviatile deposits are related to old stream channels, and are found in the upper reaches of the Parramatta and Georges Rivers and their tributaries, Cooks River, and between Blacktown, Prospect, Merrylands and Fairfield to Liverpool.

These beds consist of interbedded sandy and plastic clays, white to grey, yellow and red, with prismatic and columnar structures developed when dry. Ironstone gravel frequently occurs in them. At Enfield either 9–12 m of yellow clay overlying light-coloured soft siltstone, or a pallid zone over thick plastic day, unconformably rest on the eroded surface of fresh Ashfield Shale.

1.5.2.4  Botany Bay

The succession in the Botany Bay area is controlled by the bed-rook topography, which has been elucidated by Johnson et al (1977). Albani et al (1978) recognized four units, all somewhat irregular, separated from each other by erosional discontinuities. The basal unit consists of ‘fluvial’ sand with minor gravel in bedrock channels, grading up into quartzose ‘marine’ sand and mud with shells (up to 30 m thick). The second unit is similar but contains more mud and peat layers (5–15 m thick), the third unit consists of up to 30 m of clean, medium-grained well-sorted quartz sand apparently of aeolian origin, and with indurated dark sand (Waterloo or Coffee Rook) layers and a well-developed soil horizon at the top. The uppermost unit, up to 10 m thick, is variable consisting of sand, freshwater peat, silt or mud, (Figure 1.18).
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Figure 1.18 Cainozoic sedimentation, Botany Bay

These deposits can be related to successive changes in sea-level in the last 100,000 years, and related patterns of sedimentation can be recognized in areas adjacent to Sydney Harbour, (Figure 1.19).
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Figure 1.19 Cainozoic Sediments, Woolloomooloo (Roy, 1983).

1.5.2.5  Weathering and Soils

The long period of exposure suffered by many of the rooks has resulted in weathering of the surface rocks down to a depth of some metres, generally determined largely by the depth of the water table, but also to some degree by the topography and specific lithology.

Where weathering has continued relatively unchanged for a long time (say thousands of years), the uppermost zone of weathering becomes a recognizable soil profile with distinct horizons possessing particular physical and chemical properties.

As there has been a number of climatic and tectonic changes the rate and intensity of weathering has varied somewhat with time, and in some places complex profiles may be developed as a result.

Although it might be expected that weathering of the Hawkesbury Sandstone would produce a sandy soil, and the Ashfield Shale a clay soil, there are exceptions, and variations can be recognised in relation to the topography. Thus a variety of soil catenas has been identified.

Methods of soil classification are complex and cannot be discussed here. Considerable data on this topic can be found in Stace et al. (1968), Walker (1960), Hallsworth and Costin (1953). Finlayson 1982).

Recently Paton (1978) and other researchers at Macquarie university have maintained that many soils on slopes in the region are the result of mixing of in-situ weathered products with material moved downslope by mass movement and other processes (Figure 1.20).
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Figure 1.20 Soil Profile on Hawkesbury Sandstone (Paton, 1978).

While weathering may cause initial softening of, for example, brittle and fissile shales, the weathered rock may in time become more resistant to erosion than the fresh product, due to the deposition of iron and clay minerals, forming a compact, non-porous substance in which the joint surfaces and other weaknesses have become cemented.

Of particular significance are the varieties of laterite soil which occur irregularly distributed throughout the Sydney region. The complete laterite profile consists of a leached zone grading upward into a mottled zone and into a hard vesicular layer — the whole sequence measuring from t m up to 9 m. (Figure 1.21). Faniran (1971) prepared a map showing laterite distribution on part of the Hornsby Plateau. The majority of these soils were formed by weathering when climatic conditions differed from the present, possibly in the Miocene epoch or earlier. In some cases they now form part of the parent material for the present soils which have developed above them. This is well seen at Artarmon and at Kirrawee where laterite grades down into Ashfield Shale and at Waterfall where laterite caps Hawkesbury Sandstone.
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Figure 1.21 Typical laterite profile, Sydney University.

Elsewhere vesicular laterite occurs on shale at French’s Forest, and a nodular capping, probably eroded and transported laterite, is exposed between Terrey Hills and Mona Vale (Tumbledown Dick) and in other places on the Hornsby and Woronora Plateaux.

In the St. Marys to Penrith region silcrete, (silicified horizons or silicified layers of boulders or clasts), occurs sporadically and may be related to the laterite-forming process which has been widespread in the region.

The hard laterite or siliceous cappings may cause problems during excavation, specially if underlain by a thick clay-rich leached zone.

In some places the lateritic soils are overlain by thick sands or alluvial deposits. This is so in areas adjacent to Central Station. Here the considerable variation in foundation materials may cause problems if advance warning of conditions has not been obtained, (Figure 1.22).
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Figure 1.22 Shale and laterite soil intruded by a dolerite dyke (weathered to clay), overlain by dune sands, Surry Hills.

1.6  GEOMORPHOLOGY

The region under consideration can be divided broadly into the Cumberland Plain and adjacent Woronora (Sth) and Hornsby Plateaux (Nth). (Figure 1.23). While the boundaries between these units are poorly defined, the western boundary of the Cumberland Plain against the Blue Mountains Plateau is well defined for much of its distance by the Lapstone Structural Complex of monoclines and faults (Branagan and Pedram, 1982). This structural area is outside the limits of the region being discussed here.
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Figure 1.23 Major landforms in Sydney region.

The long-held traditional view of the formation of the landscape is set out succinctly by Browne (1969). He postulates a long period of erosion with little or no tectonism resulting in a peneplained surface by the end of Miocene time, with remnants (e.g. basalt caps) of a postulated older surface. This was followed by shallow valley-cutting in the early Pliocene and rapid uplift during the late Pliocene which produced the plateaux surrounding the Cumberland Plain, but for some reason left the plain as a “stillstand”. Rapid downcutting during the late Pliocene uplift formed the deep canyon-like valleys of the plateaux, and was accentuated by periods of low sea-level during the Pleistocene, which out smaller “valleys in valleys” (Figure 1.24). Rising sea levels, particularly in the last 20,000 years, caused drowning of the coast and considerable sedimentation within the various coastal estuaries, including the Botany Bay area.

[image: Image]

Figure 1.24 “Valley in Valley’ Woronora River view north from Woronora Dam.

These views have been challenged in more recent years by a variety of workers (see in particular Young 1978, 1983a) and the field of study is in a state of flux. Young (op. cit.) produces considerable evidence that much of the landscape is inherited from Mesozoic time, while Ollier (1982) argues that the period of sea-floor spreading, postulated to have occurred between 80–60 million years ago, was a major event in modifying the landscape of the region and forming, by a combination of circumstances, a major scarpline close to the present sea-board. While north and south of the Sydney Basin Oilier can define the scarp well, in the vicinity of Sydney he is less certain. Wellman (1979) postulates steady uplift thoughout the Cainozoic rather than a single rapid uplift at one time. Bishop et al (1982) indicate that the Lapstone Complex is no younger than Miocene. Furthermore the igneous rocks of the region are now known to have a wide range of ages, and can only be cautiously used to date landscapes.

To complicate matters further, Middleton and Bennett (1980) and others have postulated a former thick cover of sedimentary rooks over those presently exposed, while Branagan (1983) has argued against such a cover. Loading by such a cover, uplift and unloading require a very different set of tectonic events and very different rate of erosional activity in the region.

It is not appropriate to Investigate these complex matters in this paper. However a picture is emerging of an old landscape, perhaps 150 m.ys. or more, modified relatively little by various later events, with even the main gorge formation in the plateaux dating back to early Tertiary, when the Cumberland Plain and Botany Basin may have formed by sagging (? a consequence of the sea-floor spreading event, Branagan 1975).

The sea-floor spreading event, which is accepted by most geologists, could also have impressed itself on the rooks, in tensional cracking and possibly faulting.

Present work is suggesting that the majority of the region is a very old surface which has changed quite slowly as the result of surface processes of weathering and erosion, but has also been modified slightly by internal forces which have caused local disruption and warping since the Mesozoic.

However it has then been affected by the world-wide climatic event, the Pleistocene glaciation, during which sea-level fluctuated markedly.

It is the latest sea-level rise, (the Flandrian transgression) beginning only 20,000 years ago, which has resulted in the deposition of much of the sediment in coastal bays and estuaries and along our major river courses, during a relatively short period of geological time.

Sedimentation also occurred during earlier rises in sea-level. Sediment thus aooumulated may still exist in places, altered by weathering during subsequent periods of low sea-level, and remaining poorly consolidated. Such material may have different geotechnical properties from younger sediments with superficially similar appearance.

Whatever the correct interpretation of the rather sketchy information available it should be stressed that the erosional history of the Sydney Basin has an important influence on engineering projects, providing a varied landscape with differing slopes and soils and variations in rook material and rook mass properties, (Figure 1.25).
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Figure 1.25 Sydney city showing variations in foundation conditions.

1.7  STRUCTURAL GEOLOGY

1.7.1  There have been few detailed studies of the structural geology in the Sydney region.

T.L. Willan’s map of 1925 shows some structural features but it lacks an accompanying text. However, as mentioned earlier, there is a brief discussion of the structure in Willan (1923). This structural work was continued in some depth by Australian Oil & Gas in the 1950s but the mapping remains unpublished, though accessible. Part of it is incorporated in the structure contours drawn on the base of the Wianamatta Group printed on the Sydney 1:100 000 map.

Moelle and Huntington (1975) have given attention to the satellite imagery of the Sydney region in search for lineaments of regional tectonic significance, Shepherd and Huntington (1981) attempt a broader synthesis of structure and stress patterns and a more recent paper (Mauger et al., 1984) completes the present phase of study by this CSIRO group.

1.7.2  Synopsis of structural features

A variety of structures can be recognized in the region. These are of both large and small dimensions.

The largest features consist of broad basins and gently inclined plateaux. These structural elements are shown on Figures 1.4 & 1.23. Figure 1.4 summarises the widely accepted views presented by Bembrick et al. (1973).

Superimposed on these features are minor folds and warps such as the Waitara, Cowan and North Sydney Synclines identified by Willan (1925), the Bankstown Basin and the Erskineville Low of Lovering (1953), and perhaps most significant the Hornsby and South Coast Warps along the edges of the Hornsby and Woronora Plateaux respectively.

Although these features are shown on various maps they have received little or no detailed examination since low-level aerial photos and detailed contour maps became available, and their limits and characteristics are poorly defined.

Work in progress by A.R. Norman and the author (Norman & Branagan, 1984) indicates for instance that the Hornsby Plateau is bounded by a series of somewhat irregular and discontinuous monoclinal-fault areas, as shown on Figure 1.26.
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Figure 1.26 Main structural features of Sydney region

Jointing is widespread and at least four main trends have been recorded in the region, (Figure 1.27).
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Figure 1.27 Major Jointing Trends

There is a patchy distribution of fault zones, and where faulting occurs, it is common to find a variety of faults (normal, reverse, low-angle thrusts and strike slip) within a small area. Some of the faults show evidence of repeated movements (not always in the same sense) on the same fault plane.

Igneous intrusions in the form of dykes sometimes show a close geometric relationship to Joints, but diatremes and other igneous bodies do not appear to be structurally controlled.

1.7.3  Origin of the Structures

Although the Sydney region does not display evidenoe of strong deformation, detailed examination of the rocks reveals that moderate deformation has occurred both during and after the main period of deposition in Permian and Triassic time.

Within the area studied it seems likely that the Kulnura Anticline and its southern extension the Dural Dome, and the Yarramalong Syncline (Raggatt, 1938 and Sydney 1:250,000 Geological Series Sheet S1 56–5), owe their formation to movements contemporaneous with sedimentation. The tectonic tilting in the southwest which marked the beginning of the Hawkesbury depositional episode produced a palaeoslope towards the northeast which appears to be still preserved in the form of the Woronora Plateau. These original structures, however, lose much of their character between the Hawkesbury River and Georges River where smaller-scale structures, probably of post-depositional origin, become mappable.

The largest of these post-depositional features is the Cumberland Basin occupying much of the Cumberland Plain region, (Figure 1.26). Smaller but notable structures in addition to those mentioned earlier are the Fairfield, Penrith and Botany Basins and the Arcadia

Syncline. Possibly significant are unnamed features such as the elongated basin-like structures forming the Broken Bay — Pittwater and Port Jackson estuaries (but see Herbert 1983c who postulates valley bulging and an anticlinal structure controlling the course of the Hawkesbury River near Brooklyn).

Authors such as Branagan (1960), Rattigan and McKenzie (1969) have referred to the influence of movements within the basement rooks on the deformational pattern of the basin sequence. In particular, Harrington (1982) and Qureshi (1984) have attributed the essential character of the Lapstone Structural Complex to such deep structures.

The Cumberland Basin is large enough to be the result of movement in the underlying basement rocks but some shallower movements have also probably emphasised the structure. Many smaller structures on the other hand probably mainly reflect adjustments within the Sydney Basin itself. Herbert (1983c) attributes the position of the Cumberland Plain in part to the effect of Scheibner’s postulated Lachlan lineament (1976), while Mayne et al (op cit) believe there is evidence from magnetic data for an east-west fault at depth controlling the position of the South Coast Warp.

The significance of the warping discussed above is that there are areas within the Sydney region where the rocks are not resting horizontally. Inclined bedding, combined with other possible weaknesses in the rook mass may produce quite unfavourable foundation conditions. Dips up to 20° have been recorded in the Ashfield Shale along the edge of the Hornsby Plateau at Gore Hill, West Pennant Hills and elsewhere, and although there is often topographical evidence of disturbed strata some constructors appear to have been taken unawares by such matters. (See the paper by R. Fell elsewhere in this volume for further discussion on this topic).

On most sites the various discontinuities which weaken rook masses are more obvious than the effects of warping. True bedding planes, cross-bedding and channelling, ancient slumping and shale breccia zones which are inherited from the period of original deposition of the rocks, may be present together with other common discontinuities such as joints, faults and dykes, (Figure 1.28).
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Figure 1.28 Erosional features in Hawkesbury Sandstone, North Sydney causing potential stability problem.

Combinations of these discontinuities may produce favourable or unfavourable conditions of rock stability and every site requires careful individual study, although some useful broad generalisations can be made.

1.7.4  Jointing

Aspects of regional jointing were summarised by Osborne (1948), Mayne et al (1974) and various other authors, and this matter has received considerable attention in the coalfields areas south, west and north of the region being discussed, see e.g. Moelle (1977), Blayden (1971), Shepherd et al (1981). More recently Herbert (1983c) presented a diagram (figure 1.29) summarising recent data. He points out the significant gaps In joint directions (between 035–055, 135–145 and 165–180).
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Figure 1.29 Jointing trends (Herbert, 1983).

There are of course numerous site investigation reports which document local discontinuities such as Joints. These include Snowy Mountains Hydroelectric Authority (1968, 1969a 1969b), Electricity Commission (1982), M.W.S. & D.B. (Jensen et al 1983). They generally confirm the results given in the earlier studies; that there are two major directions of Jointing NNE-SSW and E.S.E. – W.N.W., supplemented by several minor directions. However there is some suggestion from the limited data presently available, that the trends in the structural lows (basins) are not always consistent with those on structural highs (plateaux), and local study is essential (Figure 1.30).
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Figure 1.30

Norman and Branagan (1984) suggest that there is a somewhat irregular distribution of disturbed zones (Figure 1.31). In these areas a variety of structures (faults etc.) may be found In association with jointing. Elsewhere the rooks may show only mild Jointing at spacings between 3 and 10 m. However, because of lack of outcrop, this interpretation should be treated as a broad generalisation only.
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Figure 1.31 Typical ‘disturbed’ area, North Sydney.

The mode of formation of Jointing, the commonest type of planar discontinuity, is little understood, but Price (1966) discusses this problem in depth. Moelle (1977) gives evidence that joints in the Sydney Basin are diagenetically formed and are commonly parallel to the “a” sedimentary direction. Jointing shows a wide variety in both shape, continuity, inclination and openness as has been recognised in the classification of rock mass strength (McMahon et al 1975) now widely used in the Sydney area.

Vertical north-north-east planar Joints, continuous for many metres, occur throughout the Wianamatta Group and Hawkeabury Sandstone and control the orientation of many cliff lines and stream courses.

These appear to post-date the formation of easterly striking Joints, which although mainly vertical and planar, and generally continuous in the Hawkesbury Sandstone, are often curved and discontinuous in the Ashfield Shale.

Although at St. Peters there is fairly good evidence that the curved easterly-striking Joints in the shale predate the formation of the vertical NNE striking Joints, both probably owe their origin to events in the diagenetic stage when the original sediment was being converted to rook.

In various places well-developed Joint planes dip at angles of 60° to 70°. This is particularly evident at South Head, Observatory Hill (Harbour Bridge expressway cutting), Woolloomooloo, North Sydney and Northbridge, (Figure 1.32).
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Figure 1.32 Inclined jointing in Hawkesbury Sandstone, N.S.W. Institute Building, Broadway.

It may be that such jointing has been tilted from an original, nearly-vertical position by later deformational phases, as these occurrences are associated with some of the minor folds previously mentioned. There is also evidence at North Sydney that inclined jointing is associated with a large fault zone.

Many Joints form the passageways for groundwater and this results in a variety of conditions, some joints and adjacent rook being strongly leached and perhaps weakened, while elsewhere significant deposition of iron has occurred, often producing a more resistant material. In general jointing in shales is tighter than in the sandstones when first exposed, but shale Joints may be coated by (calcium) carbonates or pyrite. Open joints in sandstone may also be coated with these substances, and with quartz or iron. In general, joint faces in sandstone retain their character, whereas joint faces in shale become rapidly modified on exposure, (Figure 1.33).
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Figure 1.33 Weathering of Joint surfaces, Ashfield Shale, Camperdown.

Erosion of joints near the surface may allow the ingress of sediment or the continuing enlargement of the Joint space. See for instance, outcrops at Engadine discussed below.

Young (1983b) has studied the extensive movement of joint blocks in the southern Sydney Basin and this phenomenon, on a less dramatic scale is certainly evident in the Sydney region. On the upper Lane Cover River at Normanhurst (Brown’s Road) massive joint blocks, 30 m x 3 m and 6 m high, have moved at least 4 m horizontally away from the valley side on an essentially horizontal base of sandstone. At Cowper Wharf Road, Woolloomooloo, sandstone blocks overlying a shale band have moved similarly approximately 1.5 m.

At Engadine joint opening has been up to 2 m on an inclined base – where a channel sandstone cuts through the underlying shale lens, but here a combination of geological and man-made matters has caused further problems (Figure 1.34).
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Figure 1.34 Channelling, well-developed jointing, dyke intrusion, loading by buildings and septic tank drainage caused sandstone blocks to tilt and slide, deforming underlying shale bed, Engadine.

1.7.5  Faulting

1.7.5.1 Both normal and reverse faults occur within the region. To date there has been little systematic study of these structures. Vertical or nearly-vertical normal faults have been recorded at various localities, e.g. the old Brook-vale Quarry where there is a displacement of some 6 m (west side down) in the Hawkesbury Sandstone, and a dyke intruded along the fault. Other examples can be observed on the Epping Road (near Epping Boys High School) where displacements of 1–2 m occur within the Mittagong Formation. A displacement of 1.5 m was also recorded in Ashfield Shale in Bathurst Street, near George Street, City, and similar displacements were observed in King Street and Pitt Street, (Figure 1.35). In most oases these faults appear to be formerly well-developed Joint surfaces along which displacement has occurred. It is rare that such faults can be traced for more than a few hundred metres.
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Figure 1.35 Normal fault, Pitt Street, City.

1.7.5.2 Two sets of moderately inclined faults have been observed, one set dipping north-west or west, the other set dipping north-east to east. Faults dipping towards the northwest or west at angles mostly between 40° and 60° have been mapped in Ashfield Shale, showing normal displacements up to 1.5 m. At St. Peters (Austral Brickpit) these commonly displace NNE trending vertical joints. A second set of faults dipping to the northeast and east is also common in this brickpit. These have displacements up to 1.5 m and displace both NNE vertical joints and curved ‘shear’ joints. Where there is a cross-cutting relationship observable westerly dipping faults are displaced by the easterly dipping set (Fig. 1.36). The presence of wedges of brecciated material on some normal fault planes (of either set of faults) may indicate several movements – a thrusting of the hanging wall block prior to dip-slip movement (Figure 1.37). On the other hand, the displacement of bedding and jointing indicates reverse movement alone has occurred on some fault planes.
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Figure 1.36 Age relationship between faults, Ashfield Shale, St. Peters.
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Figure 1.37 Fault plane showing evidence of two different movements

Work by the Snowy Mountains Hydroelectric Authority (1969a) detected a large fault zone at Woolloomooloo, striking N 30° to N 35°E and dipping 60* to 65° south east. A width of more than 16 m of rook was affected, the sandstone being highly fractured. This fault may continue across the harbour to Cremorne Point and beyond.

1.7.5.3 Low-angle thrust faults have been observed in both Wianamatta beds and Hawkesbury Sandstone with displacement of 1 m or more. These have been mapped in the Ashfield Shale at St. Peters, Silver-water, Rydalmere and elsewhere (Figure 1.38). In places, as at Rydalmere, thrusts in the shale are complex and very low angle and the fault plane merges into a bedding plane slip surface.
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Figure 1.38 Low-angle thrust fault

Low-angle thrusts are also very clearly exposed in the Mittagong Formation and Hawkesbury Sandstone at North Parramatta (Fig. 1.39) and at Loftus (Fig. 1.40).
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Figure 1.39 Thrust fault, Hawkesbury Sand stone, North Parramatta.

[image: Image]

Figure 1.40 Thrust fault, Mittagong Formation, Loftus.

Although such faulting is often suspected to occur in the Hawkesbury Sandstone it is less easy to prove than in the other units because of the lack of good marker horizons. However, thrusting is inferred at some localities (e.g. Warringah Expressway, at Cammeray, Cahill Expressway near the Art Gallery, Newcastle Expressway near Cowan) because of the relatively low dip angle of the fault plane and the presence of significant brecciation, (Figure 1.41).
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Figure 1.41 Brecciated Hawkesbury Sandstone associated with thrust, Newcastle Expressway, Cowan.

At Normanhurst both the orientation and amount of displacement of such a thrust can be determined by the separation of vertical Jointing (figure 1.42). Thrusting with a similar sense and scale occurs in the breccia neck at Hornsby. Herbert (1983o) also records thrusting occurring in the Hawkesbury Sandstone in the Metropolitan Water and Sewerage Board City Tunnel.
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Figure 1.42

1.7.5.4 Associated with faulting but not clearly understood because of poor outcrop is a zone of steeply-dipping (70°) rooks exposed at Hornsby (Spring Gully Place off Kings Road). This structure seems to control the straight course of Spring Gully Creek in this area, but it has not yet been traced for any distance.

1.7.5.5 Zones of close-spaced Jointing, sometimes showing either vertical displacement or lateral movement, occur within both the Wianamatta Group rooks and the Hawkesbury Sandstone (and also the Narrabeen Group rocks). These vary in width from 1–10 metres, are often brecciated, and may be heavily iron-stained. See for example the cutting on the Princes Highway just south of Sutherland, or the exposures in Washington Drive, Bonnet Bay (figure 1.43). Several zones of close-spaced jointing trending NNE were intersected in the excavations for the Martin Place Railway Station (Snowy Mountains Hydro-electric Authority, 1969b). One of these extends to the Library of New South Wales and the Cahill Expressway.
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Figure 1.43 Close-spaced jointing zone, Hawkesbury Sandstone, Bonnet Bay.

On the other hand, brecciation may occur virtually independent of Jointing, as in Clark Road near Anderson Park North Sydney, (figure 1.44) and see above, north of Cowan on the Newcastle Expressway where brecciation seems to be confined to a laterally extensive bed (associated with a thrust zone).
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Figure 1.44 Brecciated Hawkesbury Sandstone, Anderson Park North Sydney.

Slippage on horizontal planes, while possibly associated with curved thrust planes which flatten into bedding planes, sometimes occurs apparently independently. Curran (1899) noted the displacement of a vertical dyke along a horizontal plane at St. Peters, a phenomenon recorded by Pedram (1983) for a dyke on the Grose River.

Finally, there seems to be some evidence for lateral shear in a few places. It is particularly well shown at Normanhurst (Norman Avenue) where slickensiding indicates movement has been roughly east-west (north block displaced west) (Fig. 1.45) and it can be adduced as occurring at Palm Beach (northeasterly south-westerly movement along a dyke edge), at Hornsby and elsewhere.
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Figure 1.45 Horizontal slickensides on vertical face, indicating lateral displacement in Hawkesbury Sandstone, Normanhurst.

1.7.6  Igneous Rocks in Relation to Structure and Tectonism

The occurrence and character of dykes and volcanic necks in the Sydney region are discussed by Rickwood elsewhere in this volume.

The occurrence of the dykes essentially along Joint planes, and often in the west-north-west trending set, may be used as a guide to the tensional forces which have operated in the region. The occurrence of the breccia rocks and basalt caps has a less discernible pattern.

Within the Sydney Basin igneous activity has occurred intermittently from the time of formation of the earliest Permian rooks. Since the beginning of Triassic time (say 225 m yrs BP.) a pattern of activity emerges as shown on Table 1.3. This table and the following discussion is based to a large extent on the radiometric and palaeomagnetic results of Embleton et al (1984) Carr & Facer (1980), Wellman & McDougall (1974), McDougall & Wellman (1976). Note that the periods of quiescence have been short in geological terms. It should also be remembered that the various dating techniques are still imperfect and the ages determined should be regarded as guides only and not absolute values.

Three periods are perhaps most significant in the present discussion: i) the period of activity between 143–207 m yr BP. (two divisions recognised in Table 1.3), ii) the second long period of activity (26–58 m yrs BP.), iii) the final period of activity (14–21 m yrs BP.).

The large Prospect intrusion (170 m yrs) and dykes at Glenorie (168 m yrs) and Barrenjoey (171 m yrs) are examples of Jurassic activity in the region, as are basalt from North Bondi (151 m yrs) and breccia occurrences at Minchinbury and Erskine Park (younger than 150 m yrs).

Breccias at Hornsby and Kulnura may be only 90 million years old, while an occurrence at St. Marys is slightly older (100 m yrs), (Embleton et al, op.cit.).

Volcanic necks at Peats Ridge (49 m yrs), and Woy Woy (47 m yrs) and a dyke occurrence at Epping (47 m yrs) fall within the second long period of activity.

TABLE 1.3. SYDNEY BASIN — IGNEOUS ACTIVITY



	
	Activity

	Quiescence




	14 – 21 M.Yrs B.P.(Max. quiescence 1.5 m.yrs)

	7 m.yrs

	−5 m.yrs



 
	26 – 58 (8 quiescent periods > 2 m.yrs)

	32 m.yrs

	32 m.yrs




	90 – 93

	3 m.yrs

	9 m.yrs

	



	111

	1 m.yrs

	6 m.yrs




	117

	1 m.yrs

	17 m.yrs




	134

	1 m.yrs

	9 m.yrs




	143 – 152 (? 3 separate events)

	9 m.yrs

	11 m.yrs




	163 – 207 (all quiescent periods < 5 m.yrs)

	44 m.yrs

	9 m.yrs




	216

	1 m.yrs

	22 m.yrs




	238 – 245

	7 m.yrs

	6 m.yrs




	251

	1 m.yrs

	81 m.yrs




	332

	
	




It is interesting that the period of sea-floor spreading and formation of the Tasman Sea, postulated as occurring between 80 and 60 m yrs BP., is apparently a period of relative quiescence in the Sydney basin.

The youngest volcanic activity in the basin seems to have been in the Mt. Wilson to Kurrajong area, just west of the study region, where basalts between 15 and 18 m yr B.P. have been dated (Wellman & McDougall, op. cit.) (Figure 1.46).
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Figure 1.46 Age variation of igneous rooks, Sydney Basin.

The figures quoted above indicate the considerable range in age of igneous activity in the Sydney region. It is clear that there have been alternating periods of compression and tension during both the depositional and erosional phases of the basin’s history (figure 1.47). As the directions of stress have varied, different sets of dykes could have been intruded, and in addition, the same set of Joints could be intruded at different times. It may be that a period of arching, possibly trending roughly east-west, occurred at the time of the youngest basalt occurrences on the Blue Mountains and the tensional forces allowed basalts to reach the surface. Close sampling and more dating are required before this matter can be understood in depth, but see Rickwood et al (1983), for some discussion of this matter.

[image: Image]

Figure 1.47 Pattern of tension/compression in Sydney Basin since its formation.

Although Rickwood (elsewhere in this volume) points out the difficulty of identifying dykes in the relatively undeveloped western part of the region, fieldwork in the lower Blue Mountains and adjacent plains indicates that the number of dykes decreases noticeably away from the coast-line, and despite the presence of well-developed jointing dykes are virtually absent in the Blue Mountains. On the other hand, the distribution of volcanic necks (possibly the sites of intrusions at widely different times) is not noticeably restricted to particular regions or structural ‘domains’.

1.8  SEISMIC RISK

No large earthquakes have occurred in the region since the beginning of European settlement. However a considerable number of minor earthquakes has been felt in this period. One of the earliest recorded was that felt at Parramatta by George Caley In 1801, (Currey, 1967) which he believed originated to the east.

The Rev. W.B. Clarke noted measurable earthquakes in 1841 and 1868 (Clarke, 1869) and attempted to determine their epicentres, suggesting that they both originated at the north-east edge of the basin (Hunter River).

Burke-Gaffney (1951) lists two earthquakes in 1886 and 1887 which were felt at the southern edge of the basin. He gives a listing of more recent earth quakes and notes the beginning of accurate readings in the region in 1909.

Everingham et al (1982) have studied the records, concluding that six significant earthquakes are adequately enough documented so that the Intensity values can be shown with any accuracy, (Figure 1.48).

[image: Image]

Figure 1.48 Intensity of significant earthquakes, Sydney Basin.

Although Sydney is not in a strongly active zone it suffers periodic shaking from earthquakes originating mainly near the southern and south-west margins of the Basin. Earthquakes with a Richter magnitude of 5.5 (to 6.0) with foci 80 to 100 km south, southwest and west, at depths between 5 and 20 kms, can be expected on a 40 year recurrence basis, with milder earthquakes more frequent. Thus the National Committee on Earthquake Engineering (Institution of Engineers, Australia) on its earthquake hazard map shows the southern part of Sydney as being in a zone A region, while the Wollongong-Bowral area is a moderately high risk zone (by Australian standards) i.e. a zone 1 region. Where appropriate the earthquake risk must be allowed for in design, (Standards Association of Australia, 1979).

1.9  ROCK STRESS

Analysis of earthquake data has been used to determine principal stress directions, Unfortunately, as Doyle et al (1968) point out, the degree of accuracy of epicentral determination, which should delineate faults, is often poor (within 25 kms) and this degree of uncertainty is echoed in the published literature dealing with stress. Gray (1982) quotes six different authors, each of which gives different opinions about the principal stress directions.

Jaeger and Cook (1969) state that an approximate north-west direction can be inferred for one direction of principal stress. On the other hand Denham (1980) suggests that compression is occurring in the north east-south west direction, while in the adjacent Lachlan Fold belt (to the west and south-west) compression is in a north-south direction. Perhaps the nearest to a consensus would be to suggest that compressional forces are acting more strongly north-south than east-west.

Moelle (pers.comm..) points out that the variations in directions and amount of stress will be controlled to some extent by the presence of the various sub-basins within the Sydney Basin, and thus anisotropy is to be expected.

The existence of near-surface horizontal stresses greater than the vertical stress appears to be a worldwide phenomenon. Herget (1974) points out that some 75% of compiled data show horizontal stresses greater than the vertical down to a depth of 800 m, but the other 25% consist of values that are either lower or equal to the vertical stress.

Whereas the vertical component of stress is due mainly to overburden weight, most formulae make additional allowance for a residual vertical stress that apparently exists in the near-surface rocks but which is little understood, (Blackwood, 1983, Van Heerden, 1976).

A possible explanation for horizontal stresses higher than vertical values is offered by unloading occurring during erosion, assuming rigid lateral confinement.
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