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FOREWORD
Most Western Australians know that the mining industry is very important to the State's economy. However, as the industry directly employs only 5% of the State's work force, it is perhaps not surprising that its importance to everyday life and living standards is still only poorly understood by many. Also the distinction between mineral exploration and mining is not generally appreciated and this has important implications in the public debate over conflicting land uses in this state. This booklet has been produced by the Chamber of Mines and Energy of Western Australia to inform the reader about mineral exploration and its importance to the future prosperity of the state and indeed Australia. 

The Chamber of Mines and Energy of Western Australia represents those companies that mine most of the mineral products and carry out the majority of mineral exploration in this State. Its objectives are to represent the mining industry to the public and Governments, and to inform the public of issues connected with the exploration, mining and mineral processing industries. 

Although the States Mining Industry directly employs only 5% of the workforce, and additional 30% is employed in service and related industries. Mining in WA generated production of over $12 billion in 1992/93, some $10.7 billion being exported. This represents 72.6% of WA's exports. 

Mining is not confined to large scale iron ore operations in the Pilbara, nickel and gold production from the Goldfields, or bauxite mining near Perth to produce alumina. It also includes the mining of silica for the glass industry to produce drinking glasses, car windscreens and window panes; it includes the aggregate used to build roads, clay for house bricks, roof tiles and crockery; copper for electrical wire; and the exotic elements like tantalum, platinum and yttrium necessary for capacitor and other products essential for modern semiconductor technology; it also includes the coal, petroleum and natural gas that provide power and warmth for the community and a host of associated by-products such as plastics and synthetic fibres. 

To maintain our living standards we must continue mining, and this requires continued exploration for new deposits of all types. Mineral exploration is like looking for a needle in a haystack, so it is important to keep searching in as large and area as possible, using the best scientific ideas and increasingly sophisticated technologies to locate new mineral deposits. As easily discoverable near-surface ores are exploited, the search continues at greater depths, or in more remote locations. 

The challenge is to explore efficiently, effectively, and with minimal environmental impact. Modern exploration is doing just that. 

DR M.J. DONALDSON
Chairman - Exploration Council
Chamber Of Mines and Energy of Western Australia



Chapter 1
SUMMARY
Western Australians, like everyone in the modern world, depend heavily on the products of mining. The development of commercially viable mineral deposits is also a key factor in achieving a sound economy. 

To ensure a continued supply of mining products it is necessary to discover new mineral deposits to replace those currently being mined out. Successful exploration therefore, ensures the future of the industry and of Western Australia's economic well being. 

Mineral exploration is the scientific investigation of the Earth's crust to determine if there are mineral deposits present that may be commercially developed. The occurrence of deposits is controlled by a combination of geological and structural features of the Earth's crust. 

To be able to find new deposits, explorers must have access to land. This will only be permitted if exploration can be carried out with negligable impact on the natural environment. 

To this end modern exploration activity undergoes a rigorous Government approval and monitoring process backed up by strict company policies. An increasing proportion of exploration is undertaken above the surface of the Earth, from satellites and aircraft. Ground based surveys are utilising smaller, lighter and more efficient equipment with very little surface impact. 

Modern exploration methods are capable of discovering deeply concealed deposits which have eluded earlier explorers. In conjunction with sound environmental practice, successful exploration will ensure a bright future for the mining industry and the economy of Western Australia. 
Chapter 2
WHY EXPLORE?
Almost everything that we eat, drink, wear, drive, live in or fly in depends on the products of the mineral industry for either its components, its production or its source of energy. It has been estimated that during his/her lifetime the average Australian will use:

· 200 tonnes of coal
· 175,000 litres of oil
· 55 tonnes of limestone
· 50 tonnes of iron ore
· 12 tonnes of phosphate rock
· 4 tonnes of lead-zinc ore
· And significant quantities of most other ores and minerals

The exploration, mining and mineral processing industries exist because we as consumers demand these products. 

Minerals occur in the Earths crust in rare concentrations known as mineral deposits. Mining is the process of removing these deposits from the ground. Every deposit, no matter how large, has a finite life and will one day be exhausted. To ensure a continuing supply of minerals to meet the needs of a growing population and to sustain our standard of living, it is necessary to locate new deposits to replace those mines nearing the end of their life. 

However, not all of our demands for minerals have to be met by mining. An increasing proportion of our mineral and metal requirements is derived from the recycling of used products. This trend towards increased recycling will continue and is an important component in the concept of sustainable development. However, recycling has a significant cost and often requires large amounts of energy. 

Mining is an essential element of life. Everything we use comes from products that were either mined or grown. As well, the income we receive from exporting minerals enables us to enjoy the quality of life we desire. 

Historical Background
Mining in Western Australia was carried out by Aborigines for thousands of years prior to European settlement. They quarried stone for use as tools and weapons and ochre for decorative use. 

The modern mining industry had its beginnings in the Murchison River north of Geraldton. Lead was found by the explorer A.C. Gregory in 1848, just 19 years after the colony was founded. Production began from the Geraldine mine at this site in 1850. However, it was the discovery of payable gold at Halls Creek in 1885 that really fired imaginations. The influx of prospectors into the state led to discoveries in the Pilbara, Southern Cross and Murchison districts, followed by huge gold finds at Coolgardie and Kalgoorlie in 1892-93. 

The gold rush at the end of last century resulted in Western Australia progressing from an impoverished colony to a wealthy state. Gold production fell sharply after 1903 but enjoyed a dramatic revival during the depression of the 1930's when many unemployed moved to the Goldfields to try their luck. 

The mid 1960's saw the discovery and development of huge iron-ore deposits in the Pilbara and rich deposits of bauxite, nickel and petroleum elsewhere in the State. This era brought about increased material wealth for most West Australians and ensured that mining became the mainstay of the State's economy. 



Chapter 3
WHAT IS EXPLORATION?
Significant economic mineral deposits are more difficult to find than other natural resources such as forests and land suitable for agriculture. Deposits have to be discovered. They are fixed in location, which means that they are not necessarily found in convenient areas. They are also fixed in size and quality which determines when and how they can be developed. 

Even the largest deposits are very small compared to the areas that have to be explored to find them. The exploration tools of the past such as picks, shovels and bulldozers that were used to locate the deposits near the surface are of limited value in this deeper search. It is possible that some new deposit styles may still be found near the surface. However, the trend will continue to be towards exploration for concealed mineral deposits located at considerable depth. 

The search for deeper mineral deposits presents a major challenge for today's mineral explorers. While exploration technology has become more sophisticated and complex, its environmental impact has been reduced. Every exploration program is different and there are no hard and fast rules governing the process and the outcome. However most programs are structured around three fundamental stages:

1. area selection 

2. data gathering 

3. data evaluation

The process of area selection and initial area evaluation is influenced by knowledge of the geology of known mineral deposits around the world and the identification of other areas that are thought to contain similar geological features. Some areas are regarded as more prospective for various deposits than others. 

Western Australia is a large state and because of its range and abundance of known deposits it is considered as highly prospective for future mineral deposit discoveries. 

Area Selection
Area selection is usually an office task with minimal field work. In Western Australia, as in most developed countries, Government produced regional geological and geophysical plans provide a basic outline of the State's geological framework. Records of previous exploration are also available. 

Once an area has been selected, the explorer must apply to the State Government for the right to explore the area. If this is granted, the explorer can begin gathering data. 

Data Gathering
Much of the early reconnaissance phase of exploration is by remote sensing methods including satellite imagery, conventional and infra-red aerial photography and airborne geophysical surveys from helicopters or fixed wing aircraft. Such techniques have virtually no environmental impact as they do not have any contact with the land surface. 

If the results of remote sensing are encouraging, ground surveys may be initiated. These can involve the use of geological mapping, geochemistry of surface materials and geophysics. This work is aimed at defining small areas of heightened interest that may warrant further testing by drilling. 

The presence of concealed mineral deposits can only be confirmed and outlined by drilling. Other techniques merely indicate the possible presence of a deposit. 

Data Evaluation
At this stage of exploration, results are assessed and the exploration geologist decides whether to preceed with further work. Of every one thousand exploration programs initiated only ten reach the deep-drilling stage and only one leads to a major mineral deposit discovery. 

There are many examples of major mineral deposits being discovered in areas explored on several previous occasions. Re-evaluation of previously explored areas is very important in the search for minerals. 

"Elephant Country"
A region thought to contain major ore deposits is sometimes referred to as "elephant country". In the past "elephants" were found by surface outcrops or gossans (diagram 1). They were relatively easy for explorers to discover. New deposits are still being found by exploring close to previously discovered mineralisation or old mines and workings. 

Today, by applying the most up to date science and technology, many deposits are being found by geologists finding surface geochemical or geophysical indications of an "elephant" below (diagram 2). 

The challenge for explorers of the future is to use conceptual methods and sophisticated techniqes to find "elephants" hidden deep below the surface, with no surface indication (diagram 3). 

Chapter 4
RECONNAISSANCE EXPLORATION
In the reconnaissance or early exploration phase, remote sensing methods such as satellite imagery and various types of aerial photography are used as a "first-pass" to home-in on possible mineralisation sites worthy of more detailed ground appraisal. This information is commonly publicly available, but may require sophisticated computer enhancement to make the best use of it. 

Some geophysical information expecially magnetic intensity and radiometric data is often available as remotely sensed data - ie it has been acquired by aircraft overflying the selected area. The reconnaissance phase may involve areas of hundreds or even thousands of square kilometres. 
Chapter 5
GEOLOGICAL MAPPING
Once the reconnaissance phase has outlined likely targets for more detailed assessment, the next step in the exploration data gathering process is normally the production of a suitable geological map. This is achieved by geologists walking over the ground surface and accurately recording the nature, location and structure of the various rocks in the target area, which may be some tens of square kilometres in area. Small hand-sized samples may be collected for further mineralogical or textural stucy by microscope techniques in the laboratory. Chemical analyses also yield important information to the mineral explorer. 

It is normal for an area to be mapped by different geologists at different times, for a variety of purposes. As geological ideas change over time, such repetitions are advantageous to our understanding of any area. 

The end product of geological mapping is a map which accurately documents rock types, alteration mineralogy, and structural data such as faults, folds, stress patterns and the dip of strata. This information is of vital importance to deduce the location of hidden ore deposits. 

The activity of geological mapping has minimal environmental impact.
Chapter 6
GEOCHEMICAL EXPLORATION
What is Geochemistry?
When a mineral deposit forms, higher that normal concentrations of metals and other elements are often dispersed in the rocks surrounding the deposits. Similar dispersion may occur when a deposit weathers in a near-surface environment. This dispersion feature known as a geochemical halo, can lead the explorer towards a possible deposit. 

Geochemistry is the scientific process of locating these dispersion haloes by the systematic sampling and chemical analysis of rocks, soils, water or vegetation. The results of the sampling are used to assist the possible presence of concealed mineral deposits. 

Geochemical Surveys
A survey typically follows a series of steps from examination of large areas to progressively smaller and smaller areas, until analysis and geological assessment has located the deposit. Further geochemical studies may continue to develop and improve understanding of the chemistry of the deposit. 

The type of survey implemented depends on the current state of geochemical and geological knowledge, the nature of the land being explored and the exploration philosophy of the organisation involved. 

Stream Sediment Surveys
Stream sediment sampling involves the systematic collection of small samples of sediment from the active beds of rivers and creeks. In combination with geological mapping and reconnaissance remote sensing methods, it can provide insight into the mineral potential of a large area. 

In rugged areas, locating sampling sites can be difficult but explorers are aided by using high quality aerial photos, satellite-based global positioning systems and experienced ground crews. 

Sediments at a sample point may be sieved to obtain the most sensitive size fraction or panned in the traditional way to determine if gold or other heavy minerals are present. However, it is not advisable to rely on panning alone as it is easy to miss very fine grained gold using such methods. 

Sample size ranges from 100grams to five kilograms. The number of stream sediment samples taken can vary substantially but one to four samples per square kilometre is typical. 

The environmental impact of stream sediment surveys is minor and temporary. No special access developments are required. The small samples holes in stream beds are self repairing through normal river action. Flagging tape used to temporarily mark sample sites is biodegradable. 

Rock Sampling
The geochemical halo associated with some mineral deposits may be detected by careful chemical analysis of rocks. Such halos are typically more extensive than the actual ore deposit, making them an easier target to locate. 

Rock sampling involves the taking of small hand-sized samples generally of less that one kilogram. Once an anomalous concentration of the target elements is detected, more detailed sampling and careful geological mapping is required to locate the actual deposit. 

Some elements associated with mineral deposits may exhibit variations in isotopic characteristics. The study of these variations, known as isotope geochemistry, is becoming more common in routine mineral exploration. 

Soil Sampling
A geochemical indication of a nearby mineral deposit may be obtained by sampling and analysing the soil. Under some weathering conditions, elements present in the orebody may be widely dispersed in the spoil from a geochemical halo which is much larger than the source deposit. It is this enlarged halo that is the target for many soil sampling programs. 

Geochemical soil sampling programs are usually conducted over relatively small areas and the location of the sample sites is controlled by a surveyed grid established on the ground or by temporary location techniques. 

Soil samples are typically collected by hand from a small hole dug to a depth of about ten centimetres. They are generally less that one kilogram in weight in some flat, open environments, a small hand or vehicle mounted auger drill my be used to obtain a deeper sample. Appropriate rehabilitation of sample sites is carried out during the survey. 

Soil samples are transferred directly to a laboratory for geochemical analysis. 

Trenching and Pitting
Trenching or costeaning and pitting are traditional methods of exposing concealed bedrock or taking samples for analysis. In the early days they were usually undertaken with hand tools. The practice is still carried out today but to a much lesser extent. Costeaning to map and sample the bedrock is normally undertaken with an excavator. Trenching is generally used for taking bulk samples of known deposits for detailed testing prior to mining. 

Approval must be obtained prior to any excavation work of this nature, with strict requirements governing the back filling and surface rehabilitation of any such approved works. 

Other Geochemical Methods
A variety of other geochemical methods has been developed in recent years, often in response to specific needs. 

Minerals deposits may emit a variety of gases that leak to the surface and either accumulate in soils or are emitted to the atmosphere in extremely low concentrations. Attempts have been made to collect and analyse these gases, both with ground and airborne collection systems. Results to date have been variable. 

Techniques employing the direct alalysis of water samples have similarly been developed with mixed success. Certain plant species are capable of taking up
metals from the soil through their root systems and concentrating them in various parts of the plants , such as the leaves or bark. Geobotanical surveys based on direct sampling of plants or ground litter have been undertaken with some success around the world. 

Analytical Method
Recent advances in geochimical analysis have greatly assisted the exploration for concealed mineral deposits. The ability to continue developing new and sophisticated analytical techniques will provide the explorer with additional opportunities for recognising even more mineral deposit characteristics. 


Chapter 7
GEOPHYSICAL EXPLORATION
Mineral deposits usually possess physical properties that are different from those of the surrounding rocks. Explorers use scientific techniques called geophysical methods to measure these variations in physical properties of rocks (e.g. density, magnetism, electrical conductivity, natural radioactivity, heat capacity etc) as a guide to the possible locations of mineral deposits. 

Geophysical methods offer means of seeing into the earth itself, something few other exploration techniques can do. They are a very important component of most modern exploration programs. 

Basic geophysical observation is not new. However, the systematic measurement of geophysical properties as a means of discovering deposits did not commence until the late 1940's. Technology development was rapid and actual geophysical surveying commenced in the 1950's and continues to be an integral part of exploration activity. 

When conducted from the air, geophysical exploration is known as remote sensing. It may be undertaken from fixed wing aircraft or helicopters normally flying 60 to 200 metres above the surface or from satellites up to 1000 kilometres above the earth. 

Ground geophysical surveys can be expensive and are generally only undertaken over relatively small areas of particular interest. 

Gravimetric and Magnetic Methods
The Earth acts as a giant magnet, generating a field about itself that influences or captures other objects that are either magnetic or may be magnetised, particularly objects containing iron. Magnetometers, the instruments required for magnetic surveys, are simple but sophisticated. Magnetic surveys may be undertaken from the air or on the ground. The data are then taken back to the office to be processed and presented as a magnetic map. 

Detailed magnetic surveys designed for closer studies of the geology and the possible presence of concealed deposits are usually undertaken on the ground. If ground surveys are required, it is normal to construct a grid of pegged lines over relatively small areas. Stringent conditions apply to any clearing of such grid lines. 

Many ore minerals have a higher density than the surrounding rocks. By measuring variations in the Earth's gravity field over an area, an indication of the nature of the underlying geology and the likely presence of deposits can be obtained. Surveys are ofter undertaken over large areas, and provide regional information on the nature of rocks often at considerable depth. As the gravity survey instruments have no surface impact and no special access development is required, this type of surveying has no environmental impact on the area being surveyed. 

Electrical Methods
Mineral deposits and geological structures display a wide variety of electrical properties, including electrical conductivity, and capacity to hold an electric charge. 

Electrical surveys are normally conducted along surveyed grid lines and require electrodes, usually in the form of porous ceramic pots filled with copper surphate, to be placed in the soil or rock. These are removed on completion of the survey. Telluric methods measure variations in electric fields caused by such diverse mechanisms as electrical storms and solar activity, and are generally used to difine large-scale variations in conductivity of the Earths crust. 

Forced Current Electrode Methods
A forced electric current circulated by two electrodes relusts in voltages measured at two others. The electrodes are usually arranged in fixed linear patterns and are systematically moved along survey lines. The flow of the induced current is affected by the properties of the rocks, including mineral deposits, that occur along the grid line. 

The electrodes are either short metal stakes driven into the ground or small porous pots inserted in shallow holes dug with a spade. Both stakes and pots are withdrawn on completion of the survey. 

Forced Current Coil Methods
Collectively known as electromagnetic or EM methods, these depend upon electric current being transmitted through a coil or loop of wire laid upon the ground. Rocks or mineral deposits that are electrical conductors deform the resultant magnetic field. 

If the area to be explored is large or remote, reconnaissance stage EM surveying may be achieved by remote sensing. This technique is known as airborne EM surveying. 

Seismic Methods
Seismic methods rely on studying ways in which sound or equivalent wave forms produced on the surface travel through the underlying rock. Different rock formation and geological structures affect these energy waves in specific ways and, by studying the results obtained, it is possible to predict the nature of the concealed geology. 

There are two basic types of seismic surveying - refraction and reflection.

· The refraction method is used to study ground conditions, such as depth of weathering or faulting, within 50 metres of the surface. Therefore, it is extensively used in quarrying and construction foundation studies. It is not generally used in exploration for mineral deposits. 

· The reflection method is normally used for deep penetration and the understanding of geological stratigraphy and structure.

The energy source is critical in seismic surveying. It determines the depth of penetration. A vibrator or explosives are usually used in reflection surveys.
Vibrator systems are non-damaging to the surface, but explosives, which are inserted in shallow shot holes, can affect small areas of four to ten square metres which rquire rehabilitation on completion of the survey. 

Seismic methods are commonly used in exploration for oil and coal but are not common in exploration for metalliferous deposits in geologically complex mineralised areas. 

Radiometric Surveys
Many rocks and minerals are naturally radioactive. Radiometric surveys measure variations in the natural radioactiving of an area. Modern spectrometers allow the detection of radioactivity at very low levels that were not previously detectable. Surveys of this type are normally undertaken from the air. Ground work may be restricted to checking of outcrops or small areas. 

Down Hole Methods
The down hole geophysical surveying of a drill hole is usually a secondary exploration method used to maximise the value of a drill hole. It increases the effective search area of a hole and may detect an ore deposit narrowly missed by drilling. 

Rock properties such as natural radioactivity, density, conductivity or other electrical or magnetic properties may be measured by lowering a probe down the hole. Alternatively, a receiver may be placed in the hole, and a transmitting loop on the surface. This configuration can be used to measure the rock properties between the surface and the drill hole. 

Holes are rarely drilled purely for geophysical exploration, but as technology improves this is likely to become more common, as will measurement between drill holes. 

Environmental Impact
The environmental impact of modern geophysical surveys and exploration activity is minimal and temporary. 

Many surveys are conducted from the air. For surveys conducted on the ground, the use of smaller, lighter and more efficient instruments results in only minor surface impact. The development of new satellite-based navigation devices that allow positioning on the surface to within an accuracy of a few metres will diminish the need in the future for controlled survey lines. In addition, greater use of existing tracks should be possible in sensitive areas. 

Chapter 8
DRILLING
The exploration methods described so far are generally applied over relatively large areas of land and have only a very minor impact if any on the surface. They are designed to indicate the possible presence of a mineral deposit, but cannot physically locate it. Once all the data from these surveys have been collected, they are plotted on various maps, often with the assistance of sophisticated computers, and then interpreted by geoscientists. 

The only way to test for the possibility of a concealed mineral deposit is to gather data from beneath the surface. In the first instance this is usually done by drilling. 

Historical Background
Until late in the 1800's, exploration was confined to searching for mineral deposits that could be seen on the surface or has some clear surface indication of their presence at a shallow depth. The size and grades of these deposits were evaluated by trenching, shaft sinking, and tunnel development. 

Early steam-driven rotary rigs produced a core of rock. They were labour intensive, with many of the crew responsible for collecting firewood for the boiler. During the 1920's and 1930's steam engines were steadily replaced by petroleum powered engines but drill rigs remained large and cumbersome for many years. Wooden towers on the rigs were replaced with steel tripods that permitted the drilling of non-vertical holes. 

The 1950's saw significant improvements in surface drilling technology. Wireline drilling, which permitted cores of rock to be extracted from the bottom of the hole without having to pull all of the drilling rods out of the hole each time was introduced. 

Percussive drilling methods, using compressed air as the main energy source and producing rock chips for testing, were later developed. Drilling technology has continued to evolve rapidly during the past 30 years, with the introduction of new drilling equipment and techniques. The steady stream of technological developments has permitted holes to be drilled, not only deeper, faster and more effectively, but also in a manner that has significantly reduced the impact on the environment. 

Procedures and Methods
The first stage of drilling is commonly termed reconnaissance drilling. If the results from this drilling are encouraging, a further program of follow-up drilling may take place. If the results of this additional drilling are also encouraging, the explorer may embark upon a program of detailed or deposit delineation drilling. The selection of the drilling method and equipment is determined by such factors as the nature and depth of the target deposit, location and access factors associated with the drill site, and cost. 

Auger Drilling
If non-core samples are required from relatively shallow depths in unconsolidated sediments, soils or soft rocks, an auger rig may be used. The auger may be truck or tractor mounted, similar to a farm post hole drill. or it may be portable. 

Rotary-Percussion Drilling
This includes a wide range of machine techniques. In most cases the energy source is compressed air, and the sample obtained is in the form of chips. The chip samples produced at the bit face are continuously blown to the surface by compressed air and collected at regular intervals by the crew for examination by the geoscientists. 

In the reverse circulation technique the chips are blown to the surface through the centre of the drill rods, reducing contamination of the sample and danger of hole collapse. 

If the ground is soft, special bits may be used with rotary percussion rigs to produce small pieces of rock similar to diamond cores. This recent development is known as air-core drilling. 

Any form of percussion drilling requires quite large volumes of compressed air to operate the rig and to lift the samples to surface. The compressors required are usually mounted on a wheeled or tracked carrier. Truck mounted rigs generally require a reasonable quality road to access a drill area, although lightweight rigs are being used increasingly at the reconnaissance stage. 

Core or Diamond Drilling
Samples are obtained with this method by rotating a string of drill rods into the ground under hydraulic or mechanical pressure. The drill bit, which is usually faced with diamonds cuts a cylindrical core of rock that continuously passes up into the drill rods as they penetrate deeper. 

Diamond drilling rigs are truck, track, or skid mounted and an access road may be required. The standard of such roads is determined by a number of factors, including the location of the area, type of drill rig and the estimated duration of the drilling program. Lightweight rigs can also be used for this type of drilling for transport to rough or mountainous areas by helicopter. 

Down Hole Exploration
The geoscientist gains considerable knowledge about an area from the rock chips or drill cores from drill holes. This knowledge can be expanded considerably by lowering various measuring instruments down the hole and recording the range of geophysical properties of the rocks surrounding the hole. 

Recurrent Drilling
As new exploration and mining concepts, methods and targets become known and available, areas are often re-explored and re-drilled. 

Explorers in the 1930's rarely drilled beyond 100 metres in depth. Thus, they only found shallow deposits. Today, drill holes beyond 1000 metres are rare and we only find deposits above that depth. In 50 years time, explorers will undoubtedly be probing routinely to depths of 2000 or 3000 metres, finding deep deposits missed today. 

The need for long-term access to drilling sites is fundamental to sustaining the mining industry. Rigs and their associated down hole equipment are becoming lighter and more efficient. This results in greater opportunities to undertake drilling programs with drilling equipment carried into the field manually or by helicopter. 

The use of lighter machinery for preparing access roads and sites for large skid and wheel-mounted rigs has minimised environmental impact and permitted a high standard of post drilling rehabilitation. Chemical additives used in drill hole to improve drilling performance are biodegradable and simple procedures have been developed to prevent drilling fluids from contaminating adjacent areas. 

Drill crews and supervisors are industry trained in all aspects of environmental awareness and in the strict regulations designed to minimise environmental impacts that apply to drilling operations. This ensures that modern exploration drilling is a low-impact activity, affecting very small areas and only in a temporary manner. 

Chapter 9
ACCESS TO LAND
Mining is a land use which occupies only about 0.06% (1500 sq km) of Western Australia's land surface. This is even less significant given that modern rehabilitation techniques allow other land uses such as forestry, grazing, conservation or recreation to follow mining. 

Exploration, however, is not a land use but a short term process of scientific assessment which only occasionally leads to a mining operation. The occurrence of valuable mineral deposits is a function of geology and is not related to the surface use of the land. To increase the chances of finding deposits, exploration needs to be undertaken over as large an area as possible. 

Competing land uses, however, tend to restrict access for exploration.

· Currently about 644 000 sq km (25.4%) of the State, equal to nine times the area of Tasmania, carries some form of restriction for exploration. 

· Approximately 6.8% of Western Australia is privately owned. While the underlying mineral rights to all but a small part of this is vested in the Crown, an owner may elect not to allow exploration and mining on his land. 

· Aboriginal Reserves occupy about 11.2% of the State. The complex permit procedure required for entry usually makes exploration impractical within these Reserves. 

· Some 6.9% of Western Australia is covered by National Parks and Conservation Reserves. Exploration is permitted in some of these areas under rigorous conditions determined by the Department of Conservation and Land Management and the Environmental Protection Authority, following public consultation. Mining within these areas requires the approval of both Houses of State Parliament.
Calls for the establishment of wilderness or World Heritage areas and the possibility of future native title considerations could also significantly extend the area where exploration access is impeded.

Mineral exploration is the vital first stage in the process which leads to the development and mining of the resources necessary to sustain our standard of
living. The mining industry sees restrictions to access by competing land users as a potential impediment to its future well-being and the prosperity of the State. 


Chapter 10
CONTROLS AND REGULATIONS
Owners of private land granted before 1899 also own the mineral rights to that land. For the vast majority of the state however, mineral rights are vested in the Crown which means the minerals are owned by all Western Australians. 

Mining and exploration were originally controlled under a number of Acts, but the gold rush around the turn of the century proved them to be inadequate. A comprehensive Mining Act was passed in 1904. This Act operated until a new Mining Act was proclaimed in 1982. The Department of Minerals and Energy, along with industry, continues to monitor the effectiveness of the legislation. Since 1982 numerous amendments have been made to the Act and further amendments will be made as deemed necessary. 

Exploration Tenements
Individuals and companies must obtain a miner's right to explore on land open for mining. They may then secure exclusive rights to explore by obtaining a tenement, such as a Prospecting Licence or Exploration Licence over a limited area. Significant mining however may only be carried out under a Mining Lease (and then only when environmental and other approvals have been granted). 

Exploration tenements are granted subject to a stringent set of conditions which are specific to the particular location of the tenement. Regular reporting of exploration activities is required and field visits to exploration sites are undertaken by government officers to monitor activity and give appropriate advice where necessary. 

Monitoring Exploration Activity
Once and exploration tenement has been granted, the Department initiates an environmental monitoring program. 

All proposals for activities that may have significant environmental impact including any earth-moving or track-cutting, must be submitted to the Department of Minerals and Energy for approval. The Department will normally discuss the proposed activity with other Government agencies prior to responding. Any such proposal may be accepted, amended or rejected. 

Prior to commencement of an exploration or mining program the Department of Minerals and Energy may impose a rehabilitation performance bond. The bond is used as security should the company be unable to satisfy its rehabilitation liability. When a program is completed the Department will inspect the area to ensure rehabilitation work has been undertaken in accordance with the licence and either release the bond or request further work. 


Chapter 11
EXPLORATION AND THE ENVIRONMENT
A key objective of all exploration programs is to minimise the impact on the area such that little or no sign of exploration activity is evident following completion of the programs. 

Technology and Exploration
Since the early 1980's there have been substantial developments in exploration technology. Remote sensing techniques have developed and ground based exploration equipment has become smaller and more lightweight, making it easier to access remote areas with minimal disturbance. The use of helicopters has increased in popularity and lower impact machinery has largely replaced bulldozers for access earth works. Regulations controlling environmental disturbance and rehabilitation have been widened and strengthened. 

Remote Exploration
Exploration and related earth science data collected by previous explorers are now held in comprehensive and sophisticated data banks, which enables the new explorer to undertake a significant amount of research and evaluation of a particular area of interest merely be re-compiling, re processing and re-evaluating this data. A large proportion of exploration programs never progress past this stage. Many programs which progress beyond this office evaluation stage involve remote-sensing techniques and require no ground access. 

Aerial Access
Remote areas in Western Australia are sometimes accessed by helicopter, or if a suitable landing strip exists, by fixed wing aircraft. Helicopters generally require no specially prepared landing areas. 

Support for personnel in remote area exploration programs varies significantly. Some explorers operating major programs consider it cost effective to access the area by helicopter on a daily basis. Field crews are based in a nearby town or base camp and are airlifted into and out of the area, eliminating the need for camping. For smaller programs, field crews are usually flown into an area for an extended period and establish a field camp. Helicopter access is encouraged by Government and favoured by many explorers. However, it is expensive and for it to be cost-effective, exploration programs have to be run efficiently by experienced personnel. 

Ground Access
The type of ground access required and its environmental impact is influenced by the nature of the landscape and the exploration program to be conducted. Initial mapping and stream sediment geochemical surveys are usually undertaken along existing roads, survey tracks and open areas. 

When small areas of interest are defined for more detailed geochemical or geophysical work, a system of surveyed traverse or grid lines is normally required. Grid lines in open country require no clearing. The lines are marked at regular intervals with biodegradable wooden pegs and flagging tape. Low impact geophysical, geochemical and geological surveys are carried out along these lines. Increased use of satellite-based Global Positioning Systems (GPS) has lessened the need for a grid system to be put in place. 

In very sensitive areas, grid pegs can be removed on completion of the survey. Otherwise, they are normally left to degrade naturally and ultimately disappear. In open country no special access is required for drilling rigs. In heavily timbered areas, a four wheel drive track is normally required. Permission is necessary and stringent conditions apply to the construction of any track involving clearing and earth works. 

Clearing associated with the track and drill pads is kept to a minimum to reduce disturbance. In timbered areas, clearing is often carried out in association with the Department of Conservation and Land Management to ensure that all economic timber is salvaged. Top-soil is stripped from cleared areas and stockpiled for later rehabilitation. 

Where a track is only to be used for a short period, it is more appropriate to leave the top soil and root stock in place. The thorough cleaning of soil and seeds from equipment and vehicles before entering a forested area is also encouraged in order to prevent the spread of noxious weeds, and fungus. This practice is mandatory in areas infested with die-back. 

When drilling or other detailed ground surveys have been completed. areas that involve earth works are rehabilitated. For example, drill sites on farmland may only require surface loosening with a ripper, re-spreading of any excavated top soil and sowing with suitable grass or tree species. On un-cultivated land, rehabilitation of access tracks and drill sites generally involves a combination of the following steps:

· installation of permanent drainage in wet areas 
· deep ripping of compacted areas
· re-spreading of top-soil
· bush matting for erosion control and seed source
· direct seeding with appropriate local species
· fertiliser application

The success of the rehabilitation is monitored and, if necessary, the process is repeated. 

The Future
Development of low impact technology in geology, geophysics and geochemistry will continue. New surveying and positioning methods will reduce the need to cut grid lines. The development of new drilling techniques and procedures will lead to more efficient advanced exploration. 

Mineral exploration is a scientific research activity. The ultimate aim of all explorers should be to ensure that there is minimal, if any, interference with either the environment or existing land uses, no matter how many times an area is explored. 
Chapter 12
FUTURE DEVELOPMENT
Mineral Exploration is the scientific search of the Earth's crust for mineral deposits. It is neither a land use nor a development activity. 

Exploration in the future will be increasingly directed towards the discovery of deeper mineral deposits. Because such deposits are unlikely to have strong expressions in the near surface rocks, the need to explore by disturbing the surface will be greatly reduced. 

In the future the trends will be towards technology that: 

· is more effective in locating concealed mineral deposits; and 

· has a lower environmental impact.

New exploration techniques will continue to be developed. What will they be like? They will be technically more advanced, allowing explorers to study the physical and chemical properties of deeper rocks and to study shallow rock formations more effectively so that there will be less likelihood of concealed deposits being missed. New technologies will also result in smaller, and lighter instruments. The exciting developments in remote sensing technology will undoubtedly continue. Future advances in ground surveying and satellite-guided positioning systems will lessen the need in some areas for cut grid lines. 

Drilling will remain a key component of mineral exploration and the development of even lower impact drilling technology is a key objective to the explorer. Compared with the drilling rigs of the past, today’s are smaller, lighter, more efficient and capable of drilling deeper. These trends will continue. 

The ultimate environmental objective of mineral exploration activity should be zero impact. The giant strides taken in that direction in the past 50 years will continue in the future through a combination of new technology and heightened environmental awareness. 



