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SUMMARY 

Exploration for petroleum in the offshore areas of Australia has 

increased Significantly during 1964. The surveys made to date have been 

mainly of a.reconnaissance nature but at least some geophysical exploration 

... has been done in most of the offshore areas likely to contain significant 

thicknesses of sedimentary rocks. Aeromagnetic, gravity and seismic methods 

of exploration have been used. 

Encouraging though limited discoveries of hydrocarbon in some 

adjacent on shore sedimentary basins suggests that the activity of exploration 
, : ~ 

in.·offsho~e 'areas will continue for some time and in at least two basins, the 

q"~:p,;p'e~~ll:~;,!~~~i~ and. thl~f\Parnarvon Basin. discoveries of gas and petroleum are 
• • l ' .. . • "'~ •. .,. • .. 

leading to more detailed exploration. 

Published by permission of the Director, Bureau of Mineral Resources, 
Geology and Geophysics, Canberra, A.C.T. 



INTRODUCTION

The earliest offshore geophysical work around Australia consisted

of pendulum gravity measurements made in submarines primarily to study the

figure of the earth Veining Meinesz,1941 and Gunson, 1963). In 1959 a North

American underwater gravity meter was used by the Bureau of Mineral Resources

to take gravity readings along the Great Barrier Reef (Dooley, 1965) and the

northern coast of Australia. These measurements were also made primarily in

connection with studies of the figure of the earth and regional gravity. The

first detailed survey in the study of offshore sedimentary basins was made

by the Bureau of Mineral Resources in Port Phillip Bay in 1959 using an

underwater gravimeter (Gunson et al., 1959).

The activity in offshore exploration has increased from 2 crew

months in 1959 to 25 crew months in 1964. The largest increase took place

in 1964 and follows the recognition of the seaward extension of some coastal

sedimentary basins such as the Otway, Perth, Carnarvon, and Bonaparte Gulf

Basins. Boutakoff (1963) stimulated interest in the North—western Shelf area

of Australia with the publication of his report, "Geology of the offshore

areas of North—western Australia". This area is now one of the most active

in offshore exploration.



METHODS

Apart from the early regional gravity traverses by underwater

gravimeter which were limited to some extent by water depth, aeromagnetio

work has been the main reconnaissance method for offshore exploration. The

Bureau of Mineral Resources using a fluxgate magnetometer mounted in a

DC3 aircraft flew regional traverses in the offshore Perth Basin in 1957

(Carnarvon Basin 1956 and 1957, and Bonaparte Gulf Basin 1958). Shoran

was used in each case as a navigation aid. Haematite Explorations Pty

Ltd (1961) used a fluxgate airborne magnetometer and Shoran as a

navigational aid for the offshore survey of the Bass Strait. Until 1964

most offshore aeromagnetic work, apart from that mentioned 9 was of a broad

reconnaissance nature and flown by dead reckoning with visual identification

of island and shoals.

During 1964 and 1965 more sophisticated methods of navigation

were introduced, including Raydist and Toran which have allowed accurate

positioning of the aircraft up to 400 miles offshore. This has developed

partly because the modern navigational methods are more generally available

at cheaper rates and partly because it is necessary to introduce more

accurate navigational methods for more detailed exploration by seismic methods

as offshore exploration passes the purely reconnaissance stage. The cost of

the more sophisticated navigational systems and surveying of beacon sites

becomes worth while if detailed work is likely to follow the regional

measurements.
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A recent development in the aeromagnetic method is the use of a

Caesium Vapour magnetometer by Arco Limited over the Timor Sea. In the

offshore Bonaparte Gulf Basin only small anomalies were detected by the

fluxgate magnetometer used by the Bureau of Mineral Resources in 1958.

Basement is expected to be deep but no reliable estimates could be made.

The measurements of 0.3 gamma anomalies by the high resolution magneto-

meter may allow a more accurate estimate of basement depth. The survey

was recently completed but results are not yet released.

Very little coverage by underwater gravity methods has been made

since the Bureau's regional surveys using the North American underwater

gravity meter. This meter, mounted on a single screw 60—foot vessel, was

a self levelling device operated through a cable in water up to 300 feet

deep.

In 1964 an Australian contractor Geosurveys of Australia Ltd

made a survey of St. Vincents Gulf in South Australia in which a Worden

land gravity meter was operated in a diving bell. Measurements were made

successfully in water up to 120 feet deep and the system has capabilities

to 300 feet. Another development by the same contractor in the St. Vincents

Gulf area was the operation of a water tight Sharpe gravimeter by scuba

divers.

In the Bonaparte Gulf area, a test programme of gravity measure-

ments is being made using a La Coste—Romberg ship—borne gravimeter. This

follows the gravity measurements made by Scripps Institute in "Vema" using
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the La Coste—Romberg system. The survey in the Bonaparte Gulf is being done

by Geophysical Associates Pty Limited under contract to the Bureau of Mineral

Resources. The vessel of approximately 300 tons being used for the survey is

also equipped with an underwater gravimeter and a continuous seismic

profiling device ("Sonar Boomer").

Offshore seismic exploration began in Australia in 1960 with a

Gas Gun survey and a conventional marine seismic survey by Frome—Broken

Hill Company Pty Ltd, in the offshore Otway Basin. The rapid increase in

offshore exploration during 1964 consisted mainly of seismic work and two

marine crews were almost fully occupied. Before 1964 an average of only

two crew months each year had been worked since the first surveys in 1960.

Both refraction and reflection methods are used but reflection provides by

far the greater volume of work. The two contractors operating in Australia

at the present time offer similar services. Surveys of a reconnaissance

nature often use the double cable technique, in which a short cable records

continuous single coverage and a cable twice the length provides double

coverage. Surveys have been made using single boat and two—boat (recording

and shooting) methods. Results from the conventional marine technique are

often severely affected by multiple reflections from the ocean bottom and

within the sedimentary section. The multiple reverberation elimination

techniques such as "IRE" and "MAE" have been successful in many areas in

improving record quality.

The Bureau of Mineral Resources has introduced the novel "Sonar

Boomer" seismic technique to Australia in a survey being carried out in
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conjunction with the ship—borne gravity survey of the offshore Bonaparte Gulf

Basin. The "Sonar Boomer" uses a tranducer as the artificial seismic source

in which an aluminium plate is forced away from its normal position near a

large coil by the action of eddy currents as current passes through the coil.

This source produces a lower frequency signal than tranducers used in

fathometer apparatus. Both the source and the hydroplane array receiver

are towed at some distance behind the ship to minimise noise originating

from the ship. Records are taken with the ship steaming at a constant speed.

With the appropriate power plant the tranducer source can be activated at

every 4 to 6 seconds. Results of the survey in Bonaparte Gulf have not yet

been fully evaluated. Reflections have, however, been recorded to at least

1.5 seconds.

Navigation has occasionally been by dead reckoning and visual

observation of the shore line on some smaller preliminary surveys. For most

seismic surveys, a radio navigational aid such as Shoran is used for near

shore work and Raydist or similar system is used for offshore distances of

up to 300 miles. When multiple coverage techniques are used, an accurate

navigational aid is almost essential to space shots accurately. Beacon sites

are fixed by star observations and high accuracy fixes are necessary for the

use of the hyperbolic navigational system such as Raydist or Toran at distant

ranges.

Two offshore wells have been drilled in Australia to date. The

wells were drilled from Glomar III drilling vessel operated by Global Marine
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Australasia Pty Ltd for Esso Exploration Australia Inc., in Bass Strait.

The Glomar III is a self—propelled free floating vessel and is

held in place over the drill site by a system of winches and anchors. A

minimum of eight anchors, each capable of withstanding a strain of 100,000

lbs are used. If the sea—bed is unusually soft, the number of anchors may

be increased to 16 or even more. Drilling operations are conducted through

a well or "moonpool" in the centre of the vessel. When coming out of the

hole the drillpipe is stacked horizontally on the upper deck by means of an

automatic pipe racker which is designed to handle 90—foot lengths. All

blowout control equipment is mounted on the casing just above the sea floor.

A television camera and divers are utilized to check on the installation and

operation of the control equipment. Because of tides and wave action,

telescoping joints known as "bumper subs" are included in the drill string

so that a constant weight may be maintained on the drilling bit. Special

height compensatory devices are also required for downhole electric logging

and for the guide lines between the ship and the well base which rests on

the sea—bed.

STATUS OF EXPLORATION 

The status of exploration is little past the reconnaissance stage

in most Australian offshore basins. The offshore Gippsland Basin, however,

has been investigated by both aeromagnetic and seismic methods which have

resulted in the discovery of encouraging quantities of gas in the only two

offshore wells drilled in Australia (Gippsland Shelf No.1 and No.2 wells).
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The discovery of gas 130 miles from Melbourne places the development of this 

basin in a much more advanced state than the basins more remote from the large 

population centres of Australia. 

The Bass Basin between Victoria and Tasmania has been shown by both 

seismic and aeromagnetic methods to contain approximately 18,000 feet of 

sediments. The tenements over this area are held by Esso Exploration 

Australia Inc., and Haematite Exploration pty Ltd. The Otway Basin adjoins 

the Bass Basin on the western side and proposals for further exploration have 

been made by Shell Development (Australia) Pty Ltd. This basin has already 

been explored by both aeromagnetic and seismic methods by the tenement holder 

Frome-Broken Hill Company Pty Ltd. The discoveries of small quantities of 

gas in the on-shore Otway Basin at Port Campbell NO.1 and Flaxmans No.1 

wells are encouraging particularly as there is evidence for the development 

of Tertiary and Cretaceous sediments in the basin offshore. 

Little exploration other than aeromagnetic work has been done in 

the offshore Perth Basin. The aeromagnetic anomalies, however, suggest that 

the basin widens rapidly seaward from Cape Naturaliste. The northern part of 

the offshore Perth Basin and the southern part of the Carnarvon Basin was 

recently (1965) investigated by seismic methods by B.P. Petroleum Development 

Australia Pty.Ltd, in the region of Houtman's Abrolhos. The Perth Basin 

onshore is being explored with increasing vigour and flows of oil at Yardarino 

No.3 and gas in Gingin No.1 and Arrowsmith No.1 suggest that more exploration 

will be forthcoming. 
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The Carnarvon Basin was investigated offshore by several marine 

seismic surveys, in Shark Bay by the Continental Oil Company of Australia Ltd 

(completed in August, 1965) and in the area north of Barrow Island by a broad 

reconnaissance marine seismic survey by B.O.C. of Australia Ltd. The results 

of the Shark Bay survey over an area where probable Mesozoic sediments are 

developed have not yet been released. To the north of Barrow Island, 

structures offshore have been discovered which are most encouraging following 

the discovery of oil in Rough Range No.1 in 1953 and in the Barrow Island 

wells in 1964-65. 

The north-western shelf areas in which interest was first aroused 

by Boutakoff (1963) probably contain offshore developments of the Carnarvon 

and Canning Basins. B.O.C. of Australia Ltd have recorded sedimentary 

thicknesses of more than 8,000 feet in their reconnaissance marine survey in 

1964. The area has not yet been covered sufficiently well to delineate 

other than the broad structure. B.O.C. of Australia Ltd have a more detailed 

marine seismic survey in progress in certain areas where there is possible 

structural development. West Australian Petroleum Pty Limited have recently 

completed an aeromagnetic survey over the near offshore area of the Canning 

Basin. 

In the Timor Sea area Arco Limited have a large aeromagnetic survey 

of 21,000 line miles in progress. Part of the area has been investigated by 

traverses of the B.O.C. of Australia Ltd marine seismic survey which shows 

some structural development in the areas covered. The areas closer to shore, 

which are a development of the Bonaparte Gulf Basin, have been surveyed. 
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in some detail by aeromagnetic, seismic, ship-borne gravity methods. 

Anacapa Corporation and Australian Aquitaine Petroleum Pty Ltd 

have completed an offshore margin seismic survey indicating a large thickness 

of sediments in the Joseph Bonaparte Gulf. The results of seismic surveys 

on-shore are very poor and it is apparent that sophisticated methods of 

seismic exploration will have to be used to obtain interpretable results. 

The results of the marine seismic work are of very much better quality. 

The identification of offshore horizons with the on-shore horizons where 

the surface geology is better known but reflection quality is poor will be a 

difficult project and may be solved only when offshore wells are drilled. 

In the region of Bathurst and Melville Islands aeromagnetic and 

seismic work have been done. The results near shore, however, do not appear 

to be encouraging. The current investigations offshore by Arco Limited over 

the Timor Sea and Shell Development (Australia) Pty Ltd north of Bathurst 

Island and Arnhem Land are awaited to find if sedimentary thickness increases 

farther offshore. 

In the Gulf of Carpentaria regional aeromagnetic surveys have been 

made by Frome-Broken Hill Company Pty Ltd, Delhi Australian Petroleum Ltd, and 

more detailed surveys of the central and north-eastern offshore areas have been 

made by Marathon Petroleum Australia Ltd. The only seismic survey was made on 

the western side of the Gulf of Carpentaria by"Farmout Drillers N.L. The 

area appears to be one in which basement is generally shallow but sedimentary 

thickness increases eastward to a depth of about 6,000 feet on the western 

coast of Cape York peninsula. 



Between the Australian coast and Papua seismic surveys have been 

made by Phillips Petroleum Company and Marathon Petroleum Australia Ltd. 

Results of the seismic survey by Marathon off the coast of Cape York Peninsula 

show a probable thickness of 4,000 feet of sediments. The results of the Gulf 

of Papua survey have not yet been released. Discoveries of gas in wells in 

southern Papua combined with the high cost of exploration on land may be 

factors which will tend to increase activity in the offshore areas of Papua. 

On the eastern coast of Cape York Peninsula, a marine seismic 

survey was completed in 1965 by Gulf Interstate Overseas Ltd over two areas, 

the first on the northern end of the Great Barrier Reef and the second in 

Princess Charlotte Bay. Results of the survey are not yet available. The 

marine seismic work followed an aeromagnetic survey from which sedimentary 

thicknesses of approximately 10,000 feet were estimated in the northern area, 

and approximately 7,000 feet in the southern area. Sediments in the southern 

area appear to be a seaward development of the Laura Basin. 

Offshore seismic work by Ampol Exploration (Q1d) Pty Ltd followed 

land seismic work in the Mackay-Proserpine area and showed a development of 

approximately 7,000 feet of sediments extending seaward. A well was drilled 

during 1965 to determine the sedimentary section on-shore. 

East of Rockhampton in the Swain Reefs area extensive aeromagnetic 

work has been completed for Australian Gulf Oil Company. Sedimentary thick

nesses as great as 15,000 feet were estimated from extensive aeromagnetic 

work flown. Seismic work has recently been completed over the area but 

results are not yet available. 
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The Maryborough Basin has been shown to extend seaward, by marine 

seismic work carried out by Shell Development (Australia) Pty Limited. A 

shelf area appears to separate the Cretaceous sediments of the Maryborough 

Basin from the deeper northern area in the vicinity of Swain Reefs. The 

work recently completed by Australian Gulf Oil Company should provide 

information about the structural relationship between the two area$. 

The Sydney Basin has been explored offshore by regional aero

magnetic surveys, and a marine seismic survey was completed recently. 

Results are not yet released. The land seismic survey in the Sydney Basin 

has been extended to cover the lakes and inlets in the vicinity of the 

Hawkesbury River. Fisheries authorities in the State of New South Wales 

have allowed charges to be fired in the lakes and entrances provided that 

they are detonated in a shot hole drilled in the bottom of the lake. 

Experiments in this technique have shown that there is negligible damage 

to sea life. 

CONCLUSIONS 

Some encouraging leads have so far been discovered in the offshore 

basins of Australia; the discoveries in the offshore Gippsland Basin and the 

large thickness of sediments in the adjoining Bass Basin, are the most 

successful ventures in exploration to date. The assessment of results of the 

25.25 crew months of seismic work done in 1964 in Australia is not yet complete. 

The encouraging discoveries of hydrocarbons in some of the land basins with 

extensions seaward suggest that the exploration efforts offshore will continue 
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for some time and will be directed to more detailed marine seismic surveys in 

areas of interest indicated by the reconnaissance surveys completed so far. 

As a result of recently completed negotiations between Commonwealth 

and State Governments, offshore permits to explore for petroleum extending to 

the limit of the continental shelf are administered by the State or Territory 

adjacent to the offshore waters. The Commonwealth Government, however, has 

a 50 percent share in the royalty payable on discoveries of hydrocarbons 

in the offshore tenements. 
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