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1. Introduction
In this paper we discuss 
1) the physical resources in New Zealand’s marine estate; 
2) the primary factors controlling their utilisation;
3) data available to guide management of the resources; and 
4) what needs to be done to maximise the economic and social benefits for the country while minimising the environmental impacts of development.
New Zealand has jurisdiction over a vast marine territory that extends from the subtropics to the Antarctic. Known mineral occurrences show that this region hosts extensive deposits of a variety of valuable resources. The location and extent of these resources is largely speculative, however, because only a small fraction of the region has been adequately surveyed. 

New Zealand’s marine economy is currently worth about $3.3 billion a year in a GDP of US$127 billion (World Bank, $750 million of which comes from the production of offshore minerals, primarily oil and gas (Statistics New Zealand 2006). Oil and gas production in 2007 contributed about 0.5% to the New Zealand economy.
Utilisation of New Zealand’s offshore resources will become increasingly economically viable as demand increases and new technologies are developed. Environmentally responsible realisation of these benefits can be encouraged by reduction of investment risk by gathering data to enhance baseline knowledge of the region and growth of technical expertise, making non-government (probably foreign) investment attractive. New Zealand has the opportunity to gather these data now, but interest in offshore development is growing rapidly. They will be of great value, and indeed essential, in guiding resource management decisions to achieve economic growth and environmental conservation, and minimise usage conflicts. 

Non-living marine resources in the New Zealand region include oil and gas, and minerals formed or concentrated by physical, chemical and hydrothermal processes. Oil and gas are the most significant in terms of their present development, and in terms of known potential future value. Frontier petroleum basins cover an area of about 55,000 km2, and may be capable of generating as much as 24 trillion barrels of oil (Uruski & Baille 2001). 

In addition to conventional oil and gas prospects, New Zealand has the most promising known gas hydrate resource potential in the Southwest Pacific. Gas hydrates are an enormous potential source of CO2-efficient energy. In addition, their instability could lead to catastrophic slope failure and submarine slides capable of damaging submarine structures and generating tsunamis. Such slope failures may release large volumes of methane to the atmosphere, thereby contributing to global climate change.
Sea floor minerals known to occur in the New Zealand region include aggregate, iron-sand and gold in coastal areas, and manganese nodules, phosphorite nodules and hydrothermal minerals in the deep ocean. Iron-sand and aggregate are currently being mined. Hydrothermal minerals such as gold, copper and zinc are of current economic interest – there is an exploration license that covers a prospective region for hydrothermal minerals along the Kermadec Arc. Mining of phosphate deposits on the Chatham Rise could begin in less than 5 years. 

2. Scientific and legal background
The islands of New Zealand are the emergent fragments of a vast submarine continent that stretches from Tonga, Fiji and the Coral Sea in the north to the subantarctic islands in the south. New Zealand’s maritime estate is more than 20 times larger than the land territory and includes the territorial sea, exclusive economic zone (EEZ), continental shelf, and responsibility for the Ross Dependency. 
New Zealand is quite isolated today, but it was once connected to Antarctica and Australia, part of the Gondwana super-continent. A plate tectonic boundary runs through New Zealand, and it is the compressive force across this boundary that keeps New Zealand elevated above sea level and the surrounding submarine plateaus.

New Zealand has a land area of about 270,000 km2, similar to that of the UK. It has the 5th largest EEZ in the world, encompassing an area of about 3.8 million km2. The extended continental shelf provides jurisdiction over resources on and beneath the seabed in an area covering about 1.7 million km2 beyond the EEZ. New Zealand also has a special interest in the oceans of the Ross Dependency, an area of about 1.5 million km2. Including the land area, territorial sea, EEZ and extended continental shelf, about 96% of New Zealand is under water. 

This large area is certain to have resources that will contribute to New Zealand’s future economic and social prosperity. Knowledge of New Zealand’s ocean resources is variable, but so little is known about the offshore region that it is impossible to predict with confidence the full extent of their distribution and concentration. The offshore area is largely unexplored, but extrapolation from data collected by reconnaissance surveys shows that the potential value of resources is immense (Table 1). These values are only approximations, but they give an indication of the scale of New Zealand’s offshore resource potential. It is important to remember that the oceans are likely to hold resources that aren’t even considered today.

The lack of knowledge about the oceans also impacts on New Zealand’s ability to manage the development of these resources. Knowledge of the water column, the sea floor and the rocks beneath it, and the ecosystems that characterise these environments is essential to decide which areas must be preserved, how development should be done, and how to deal with conflicting demands for access to resources. 
3. Economics and environmental background
New Zealand has a vast marine estate, but only about 3% of New Zealand’s GDP comes from the marine economy (Statistics New Zealand 2006). The main constraints on development of marine resources are the lack of knowledge about what’s there, and lack of technology to make marine resources economically competitive. But this is changing rapidly. Bottom trawling, deep sea drilling, undersea cables and pipelines, aquaculture, tidal power generation – these are marine development initiatives that are now frequently in the news. 
In 1998 the Department of Prime Minister and Cabinet published a report estimating the potential economic wealth of the oceans was tens of billions of dollars, but based on the present lack of knowledge of offshore minerals it is only possible to make guesses about their potential value. 
Value and cost are not only a function of market price and production costs. There are societal and environmental values and costs that must also be considered. Knowledge about the marine environment is as meagre as knowledge of the resource distribution, yet any consideration of development must consider its environmental impact. 

New resources will be discovered in the offshore, and it would be a tremendous advantage to have sufficient knowledge already in place to manage them when they become important.

There are three broad phases to resource development: 


1) discovery – recognition that a resource exists,

2) exploration – mapping and analysis of the resource, and


3) management – controlling utilisation of the resource.
Successful progression from discovery to management requires a corresponding progression in knowledge, resulting from a corresponding increased investment in data collection and analysis.

4. New Zealand’s physical marine resources
Although offshore resources are still a small component of New Zealand’s economy, globally they are very important. Offshore oil and gas are a US$200 billion/year industry, and other offshore minerals are worth about US$2 billion/year. 

Other offshore minerals are grouped on the basis of how they are formed – physical, chemical and hydrothermal. Globally none of these is as economically important as oil and gas, and some will require technological advances to be viable. But all of them are potentially important for New Zealand.
Table 1. Known marine resources and their estimated in-ground value based on limited knowledge.
	Resource
	Estimated in-ground value

	Oil and gas
	$4 trillion

	Gas hydrates
	$100 billion

	Placer deposits (gold, iron-sand)
	$10’s of billions

	Nodules (cobalt, nickel, copper, phosphorite)
	$10’s to $100’s of billions

	Hydrothermal minerals (copper, zinc, gold, silver)
	$10’s of billions


4.1. Oil and gas 

A large area of New Zealand's offshore territory is covered only by reconnaissance surveys, however the available data suggest large sedimentary basins that may host oil and gas cover about 20% of New Zealand’s territory - over a million square kilometres (Crown Minerals 2010). Understanding of the structure and petroleum systems of near-shore basins (e.g., Taranaki, Canterbury, Great South Basin, East Coast, Northland, Reinga, Pegasus and Raukumara) is based on modern, industry-standard seismic surveys. Taranaki is currently the only area of hydrocarbon production in New Zealand, and by global standards even this area is lightly explored. Knowledge of more remote basins (e.g., Northeast Slope, Bellona, Fiordland, Challenger Plateau, Pukaki, Campbell Plateau) is based on poorer quality seismic data acquired from the 1970s onward, and on a few lines from seismic surveys completed for the 2008 New Zealand continental shelf submission to the United Nations. Additional information from gravity and magnetic surveys and satellite data help define the extent and prospectivity of these little known basins.

New Zealand’s frontier petroleum basins may be capable of generating as much as 24 trillion barrels of oil (Uruski & Baille 2001). Assuming conservative figures for entrapment and recovery and modest prices by recent standards (gas NZ$5/GJ and oil NZ$120/barrel), then oil and gas in these basins could be worth in the order of NZ$4 trillion.
Assuming the above prices, if Maui were discovered today it would be worth c. NZ$50 billion. The development of several modest fields in the past few years has made a significant impact on New Zealand’s balance of payments figures. The Tui field has produced about 32 million barrels of oil in the past 4 years, worth almost NZ$4 billion. A major discovery in another basin is entirely possible, and would have a commensurate major impact on New Zealand’s economy. Several large discoveries could be transformational, making New Zealand a significant exporter of petroleum. 
Oil and gas are different from other offshore resources because: 
· They are globally by far the biggest offshore resource sector.
· They are a relatively mature industry.
· New Zealand has an immediate need for a secure energy supply.
· They are likely to remain economically important for at least the next few decades.
Global economic factors and recent promotional efforts by the Ministry of Economic Development (MED) have driven a surge in interest in exploration of offshore New Zealand, and companies typically plan to spend US$20-200 million collecting geophysical data and drilling wells in their licence blocks. The costs are large but the payoffs are equally large. Exploration companies are often looking for resources worth billions, or tens of billions of dollars. 

The attractiveness of New Zealand for on-going exploration investment depends on legal and fiscal factors as well as technical ones. Industry sources say easy access to data and interpretations make their evaluations and  investment decisions more efficient and robust, so continued investment in these is desirable. A spectrum of investment is required; what’s needed to enhance the prospectivity of mature areas such as Taranaki basin is different from that needed for remote basins such as the Northeast Slope basin. 
Given the large areas that may be prospective, concerted exploration efforts by industry are likely to discover significant new hydrocarbon reserves and ensure that offshore oil and gas production remain an important part of New Zealand’s economy.

4.2. Gas hydrates 

There is another potential source of gas in the offshore – gas hydrates. According to some estimates, globally they contain energy reserves greater than all other hydrocarbon sources. 

Gas hydrates are comprised of gas molecules, usually methane, frozen in a water matrix. Their occurrence is controlled by specific pressure and temperature conditions found in the rocks in the first few hundred metres beneath the sea floor in deep-water basins. Gas is formed deeper in the subsurface and rises through cracks and pores until it reaches a point where it ‘freezes’ due to the physical and chemical properties of the rocks and fluids. 
Onshore, gas hydrates are found in cold regions such as Canada and Siberia, where low temperatures contribute to their stability. Offshore, they are found in the top few hundred metres of sediment beneath the sea floor on many continental margins around the world, where high submarine pressures contribute to their stability. Significant progress has been made internationally in recent years in the development of gas hydrate exploration and production methods.
As well as their energy potential, with much lower environmental impact than coal and oil, gas hydrates are important because of their possible effect on climate change, and their potential contribution to tsunami hazard. Because their formation is a function of temperature and pressure, changes in sea level or temperature can affect their stability. A rapid change in temperature or pressure could release massive amounts of methane into the atmosphere, potentially triggering or contributing to climate change. Instability arising from a rapid change in temperature or pressure could also result in massive submarine slides that could cause tsunamis.

Production from gas hydrates is not yet economic, but it is the subject of intense global interest. Japan is spending hundred of millions of dollars on gas hydrate research, and India recently spent US$36 million drilling holes along its continental shelf to evaluate potential gas hydrate resources. Scientists predict that economic development of gas hydrates could take place in the next 10-15 years. Pilot production from onshore deposits in Canada has demonstrated that production using conventional oil and gas technology is feasible.
New Zealand’s known gas hydrate deposits are along the continental shelf of the East Coast, Fiordland, Canterbury, the Chatham Rise and possibly in the north Taranaki and southern Reinga areas. They were discovered from seismic data, based on the presence of bottom-simulating reflections (BSRs) produced at the base of the gas hydrate stability zone in sediments. The East Coast gas hydrate province may contain a total of more than 800 trillion cubic feet (TCF) of gas (Pecher and Henrys 2003), about 160 times the amount of gas in the Maui field when it was discovered. The volume of recoverable gas could be more than 20 TCF, six times that produced from the Maui field and 16 times more than current proven gas reserves. Assuming a gas price of NZ$5/GJ, a 20 TCF resource would be worth about NZ$100 billion.
Options for development of gas hydrates in New Zealand are discussed in NZCAE (2009). Increased interest in exploration and production of New Zealand’s gas hydrates depends on better understanding their subsurface distribution, refining exploration techniques, developing appropriate extraction technology, and developing appropriate licencing and regulatory regimes. Investment in surveys that contribute fundamental knowledge about the distribution and properties of the resource, associated environmental factors, and that address engineering challenges related to their extraction and transport would promote industry interest and investment and provide a scientific and practical basis for the management and regulation of the resource. 
4.3. Placer deposits of minerals 

Placers are deposits of minerals that have been concentrated by physical processes such as waves, wind and currents. Globally diamonds dominate this sector. Annual diamond production is worth about US$1 billion. Offshore tin mining is also a significant industry, with about 14% of global tin production coming from offshore Southeast Asia. Sand, gravel, coral, and shell are less valuable, but are locally very important. They are often used for beach replenishment, landfill and cement. 

New Zealand has aggregate, gold and iron-sand placer deposits, generally in shallow water close to the coast. Iron-sand exploration companies are looking for resources worth NZ$5-10 billion in offshore Taranaki and Northland. The offshore gold potential of Coromandel and the South Island’s West Coast has attracted repeated exploration interest although no mining has been undertaken. Development of placer resources will be closely monitored. Sand mining in Mangawhai harbour was stopped in 2004 because of environmental concerns.
Offshore placer deposits are not currently a major resource in New Zealand, but they are likely to become more important. For example, development of offshore aggregate sources for Auckland is becoming more attractive because
· Urbanisation and conservation have led to more productive uses of onshore aggregate sources.
· Onshore mining activities are subject to increasingly stringent regulations.
· Land transport of aggregate puts a strain on already congested roads.
4.3.1. Iron-sands

Offshore iron-sand licences stretch for 480 km along the west coast of the North Island from Kaipara Harbour to the Whangaehu River mouth. The iron-sands are eroded from Taranaki volcanoes, and are deposited onshore and offshore. Up to 37 billion tonnes of titanomagnetite may be present in unidentified offshore and onshore deposits. Offshore, the iron-sands are concentrated in paleo-river channels and coastal beach sands, deposited during stages of lowered sea level. Prospective deposits lie relatively close to shore, in water generally less than 100 m deep. 
Further iron-sand exploration would ideally include aeromagnetic surveys, coring/drilling, and marine geophysical surveys. Progression to mining would require substantiation of a resource of sufficient grade and volume, development of a suitable mining technique, and development of facilities to trans-ship the material for smelting overseas or of onshore facilities to smelt the ore in New Zealand. Mining could begin in less than 5 years. 
4.4. Nodules
Nodules are mineral concentrations resulting from chemical reactions between the sea floor and the sea water. 
4.4.1. Ferromanganese nodules

Ferromanganese nodules, discovered in 1868, are the most well-known example of nodules. They form by direct precipitation of iron-manganese oxides from sea water. There are large deposits of ferromanganese nodules around New Zealand. The most well-known of these is in the deep ocean area south of the Campbell Plateau (Graham and Wright 2006).
There was a flurry of commercial interest in ferromanganese nodules from the 1960s through the 1980s, and with good prospects in the near to medium future. Ferromanganese nodules are valuable because of the trace elements of rare earth elements, tellurium, cobalt, nickel and copper they contain, rather than their iron and manganese content. Record metal prices now make mining of ferromanganese nodules more attractive, and technology to extract them has been developed. Competition from large onshore mines is increasing as they start to mine lower grade onshore deposits, but metallurgical difficulties, and concerns about environmental issues of the offshore deposits are barriers to their development. 
The long-term average value of a tonne of typical polymetallic nodules is about US$300, but rises in commodity process in the last decade have seen the value of a tonne of typical nodules increase to more than US$400. Analyses of the nodules south of the Campbell Plateau indicate that they are not as rich in cobalt, nickel and copper as those in other parts of the Pacific and are therefore not as economically attractive. The total metal content of ferromanganese nodules in the resource is estimated to be about 10 million tons. At current market prices the in-ground value of this resource is more than $180 billion (Graham 2008). 
There are currently ten areas in the deep ocean around the North Pacific and India licensed for exploration for polymetallic nodules by the International Seabed Authority. These are not economically viable today, but are expected to become so as mineral costs rise and mining technology improves. This trend will also affect the prospectivity of New Zealand’s ferromanganese nodule resources. 

4.4.2. Phosphorite deposits
Phosphorite nodules form on the sea floor in a similar manner to ferromanganese nodules. New Zealand has large phosphorite deposits on the Chatham Rise, east of the South Island. They were investigated by New Zealand and German scientists in the mid-1980s. The extent and grade of the resource is well documented (Kudrass and von Rad 1984), and the total in-ground value of the resource is estimated to be of the order of $3 billion at current market prices. 
An exploration licence has been granted over part of the deposits and applications have been lodged for adjacent licences. Phosphorite deposits on the Chatham Rise have similar properties to super phosphate, and could be used as a long-lasting fertiliser. The resource is attractive because New Zealand currently relies on imports from Morocco, the local resource is low in cadmium, and because international demand is sufficient to consider export to Asia and the Southwest Pacific. Mining could begin in less than 5 years. 
4.5. Hydrothermal polymetallic sulfides
Hydrothermal polymetallic sulphide resources are the product of submarine hydrothermal activity, formed by the movement of metal-rich fluids associated with volcanic activity. The most visually dramatic deposits are chimneys associated with hydrothermal vents, called ‘black smokers’, because when the hot hydrothermal fluids meet the cold seawater the iron and manganese-rich particulates precipitate, forming metal rich (sulphide) chimneys and black ‘smoke’ (de Ronde et al. 2005). 
The most valuable minerals in these deposits are likely to be gold, silver, copper and zinc. The concentrations and value of these minerals vary, but typical assays and historic values indicate that the value of the copper and zinc will be as great as that of the gold and silver. 

More widespread mineralization can produce large areas of high-grade ore. Each of the world's 21 giant lead-zinc deposits—those with geological reserves in excess of 100 million tonnes—formed in a marine hydrothermal environment like those active today along the Pacific’s volcanic arcs (Christie and Brathwaite 2006). Assuming typical mineral concentrations, a deposit of 100 million tonnes would have an in-ground value of $8-30 billion.
Hydrothermal mineral deposits are known to have been emplaced along volcanic arcs extending about 2,500 km north of New Zealand (Wright et al. 1998; de Ronde 2006). Active volcanism is occurring along the Tonga-Kermadec arc and the Colville and Three Kings ridges are fossil arcs. 
Offshore exploration licences searching for hydrothermal polymetallic sulphide deposits have been granted in New Zealand, Papua New Guinea, Tonga and Fiji. Exploration focuses on mineral concentrations associated with active hydrothermal systems. Further exploration investment could be stimulated by using existing data to identify relatively small regions along the active arc that are likely to have high grade ore deposits. Possible ore deposits on inactive arcs are unlikely to attract industry attention and investment until fundamental research demonstrates they exist and effective exploration techniques are developed. 
4.6. Marine energy
New Zealand has the potential to extract energy from tidal and ocean currents, waves, and heat exchange. Offshore wind farms rely on ocean-based infrastructure. 

The only consented activity in marine energy involves construction of a marine tidal turbine power station in the mouth of the Kaipara Harbour in Northland. The project is proposed to have up to 200 submerged marine tidal turbines with a maximum generating capacity of around 200 MW. 
Studies of sites suitable for wave and tidal energy indicate that the best sites for tidal energy are Cook and Foveaux straits, and Cape Reinga, and Port Waikato, Taranaki, Westport and Southland are best for wave energy (Power Projects Ltd. 2008). The Government has helped fund research into marine energy projects in Steward Island, the Chatham Islands, Akaroa, Wellington, and Auckland. 
Other possible energy sources are the submarine geothermal springs around White Island, and the temperature gradient between surface and deep ocean water. 
5. Future of marine resources
There are significant technological challenges to overcome, but environmental, economic, and legal uncertainties will be major factors affecting the development of offshore resources. Lawyers and accountants, not scientists and engineers, make the final decisions about whether to develop a resource. 
Environmental uncertainties are potentially one of the largest factors affecting offshore development. The Resource Management Act 1990 regulates onshore development, and as the pressure to develop offshore resources increases it is likely that a similar framework will be put in place. There are already concerns about activities such as bottom trawling and aquaculture, and the Mangawhai sand mining precedent shows the power of public action. 

This is not just a local phenomenon. Globally the petroleum industry has faced increasing regulation of the environmental impact of its offshore operations. The industry’s adaptation to increasing environmental concern shows that it is possible to put environmental regulations in place that still allow development. Those regulations can change as knowledge of the environment improves and technology changes.
Economic uncertainties affect every resource development plan, both offshore and onshore. Offshore production of many minerals is still not viable because the value of the resource does not offset production costs, but the balance is shifting.

Economic considerations include weighing the relative merits of offshore and onshore resources, and the merits of importing these resources. Factors that will influence New Zealand’s development decisions include:
· Globally there are still large onshore deposits with clearly understood economic and environmental risks, but these are diminishing in grade as they are exploited.
· Everyone uses metals, but few people want to live near a mine. The choice of where development occurs will include societal costs (mainly for onshore) as well as economic and environmental ones.

· Onshore costs are expected to rise because of the recognition of alternative and more productive uses of the land, because of the effect of increasing regulations and accounting for externalities, and because of increases in production costs such as labour, fuel and capital equipment. 
· Offshore costs are expected to decline as technology improves and perceived investment risk declines. 
· Increasing global demand will raise resource prices and political decisions could impact supply.

·  As the world begins to focus more attention on renewable energy sources, e.g. wind and solar, metals such as copper will play an important role. A large wind-driven turbine alone incorporates more than a tonne of copper.
Other factors that may influence decisions in favour of development of New Zealand’s offshore mineral deposits include concerns about security of supply, providing a buffer against cost volatility, and improving the balance of payments. 
5.1. Sovereignty

Legal uncertainties about offshore development have declined in recent years. Large areas of New Zealand’s ocean estate have, or soon will have, clarity of sovereignty and a regulatory framework governing offshore resources.

New Zealand completed negotiation of its maritime boundaries with Australia in 2004, and has begun discussions with Tonga and Fiji. The United Nations confirmed New Zealand’s rights to its extended continental shelf, comprising 1.7 million square kilometres of seabed outside the EEZ, and has issued guidelines for mineral development in the deep ocean. All these factors reduce investment risk and make the development of offshore resources attractive.
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5.2. Resource Management

The challenge of managing competing uses will be at least as important as the other challenges. Fishing and aquaculture, wind turbines, wave and tidal power stations, pipelines and cables, mines, oil platforms, spoil dumps, marine reserves, shipping channels – the list of potential uses is only going to increase. 
Although 96% of New Zealand is under water, 3% of New Zealand’s GDP comes from the marine economy, including $750 million from marine minerals (Statistics NZ 2006). Demand for access to offshore resources is still at a relatively low level, but is increasing. About 250,000 km2 (c. 6%) of New Zealand’s EEZ and territorial sea is licensed for hydrocarbon exploration, and 135,000 km2 (c. 3%) for mineral exploration. About 1,113,000 km2 (c. 28%) is designated as benthic protection areas. About 335,000 km2 (c. 8%) of the EEZ is affected by trawling. So far there have been few problems from conflicting interests, although the current overlap of benthic protection areas (where trawling is banned) and sea floor mineral exploration licences is an example of inconsistent policy that has to be resolved. 

Demand for access to offshore resources will increase as: 

· technology makes offshore development more cost-effective; 

· regulatory requirements and environmental standards are established’ 

· the cost of physical resources rises; and 

· onshore resources become less competitive due to increasing costs and changes in priorities for land use.
The goal of a resource management scheme should be to maximise the long-term economic and social benefits from New Zealand’s marine estate. This will be accomplished by encouraging investment and managing competing demands through knowledge-based decisions. All available information must be used to weigh the merits of alternative uses of the offshore and decide which areas will be protected and which will be developed, and how development will occur. 

The problem facing regulators today is not having enough information about the offshore environment to make well informed decisions. Onshore, the Resource Management Act works because New Zealand invested in knowledge of the physical and biological characteristics of the land for more than a century, and as a result there is reasonably complete knowledge about the shape of the land forms, the nature of land use, the distribution of fauna and flora, and the nature of the soils and geology. This knowledge allows the assessment of competing demands for conservation and development, for example, to use facts to assess the likely benefits and disadvantages. 

Similar decisions will need to be made offshore, but at the moment there is much less knowledge to guide them. Some information about the physical and biological characteristics of New Zealand’s ocean territory is available, but there has been no commitment to systematic data collection and the data coverage is patchy at best. It is impossible to make informed, consistent decisions when there is little understanding about the nature and distribution of ecosystems and resources.
Offshore, New Zealand has a small window of opportunity before demand for development of offshore resources manifests itself in mining operations here and elsewhere. New Zealand has time to collect systematic, comprehensive data to support tomorrow’s development decisions.   

6. Information needed for sustainable development

Where is New Zealand in the spectrum of discovery, analysis and management of its offshore resources? In most cases New Zealand is still in the discovery phase because of the lack of data. 

In many areas the data have been collected along ships’ tracks tens or even hundreds of kilometres apart. A rough analogy would be to drive the main highways of onshore New Zealand at night, trying to decipher the topography, ecology and resource potential from what can be seen in the headlights. You could probably infer the presence of the Southern Alps, but it is unlikely that you would be able to predict the location of Mt. Cook. Or the existing offshore knowledge could be compared to an early map of New Zealand, where a few areas, such as harbours, are quite well known, and the broad outline of the country’s shape and morphology are recognised, but details of the interior remain a mystery. On some early maps, features as large as Lake Taupo were among those unknown “details”. 

Discovery and understanding of some resources is difficult because deposits are often small in area. The Maui field is less than twice the size of Wellington harbour. This is large from the point of view from a small boat on the harbour, but very small when a licence area covers hundreds or thousands of square kilometres and the resource lies several kilometres below the sea floor. Polymetallic sulphide deposits are likely to be much smaller. The Solwara prospect in Papua New Guinea covers about 0.1 km2. 
Management of offshore mineral resources requires detailed knowledge of the sea floor and what lies beneath it. Modern technology has made it possible to much more efficiently collect these data. Multi-beam bathymetry data and high-quality seismic reflection data are the backbone that New Zealand needs to map its ocean territory. Multi-beam bathymetry data provide the equivalent of onshore topographic maps and aerial photographs, and seismic reflection data provide the third dimension – information about the rock layers beneath the sea floor. Collection of samples by dredges, cores, wells, remotely operated vehicles (ROV) and submarines provides essential constraints on the analysis of these remotely-sensed data, benthic habitats, and other information that cannot be obtained any other way. Gravity and magnetic anomaly data provide information about the physical properties of the rock layers. Systematic collection of oceanographic information would also be useful for understanding ocean processes affecting marine operations such as plume dispersal, for example. 
6.1. Bathymetry data

An extensive coverage of single-beam bathymetry data around New Zealand has been collected over decades, but the track spacing in many areas is still tens of kilometres apart. 
Modern technology can fill in the gaps in the single-beam bathymetry coverage by inferring the general shape of the sea floor from satellite data. These data image features at a scale of only 3-5 kilometres, insufficient to find and manage resources.
Multi-beam swath bathymetry and imagery data are essential components of the data required to manage ocean resources. The bathymetry data reveal the shape of the sea floor, and the imagery data provide information about the nature of the sea floor, i.e., whether it is rock or sand or mud. These can be very useful for inferring benthic habitats as well as identifying areas with resource potential.

Multibeam swath data are most valuable when they provide complete coverage of relatively large areas. This comprehensive view assists resource exploration, and promotes better management decisions by providing answers to questions such as ‘Is this area likely to have a unique benthic environment?’ 

About 30% of the EEZ is covered with multi-beam bathymetry data, but much of these data were collected as single transit lines that have limited use for resource discovery and management. 
The cost of multi-beam swath bathymetry surveying of the entire EEZ would be about NZ$200 million, or $50/km2. The cost of surveying the EEZ and extended continental shelf would be about NZ$260 million. The future cost would be less as much of the existing data are suitable for resource discovery and management.
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6.2. Seismic data

Seismic reflection data have been collected by the oil industry and research organisations. The quality of these data is variable. Modern oil industry data and a few research lines are excellent quality, providing a detailed cross-section of the entire sedimentary sequence, and often show large-scale plate tectonic features such as the base of the crust and the structure of subduction zones. Older oil industry data and much of the research seismic data were collected ago with small systems and provide very limited information about the subsurface.

There is quite an extensive coverage of seismic reflection data in areas of historical petroleum exploration interest. Outside of those areas the knowledge of subsurface geology and structure is extremely limited. 
Most modern, high-quality seismic data were collected by oil exploration companies in near-shore sedimentary basins such as Taranaki and the east coast of the North and South islands. Over the past decade these data have been supplemented by data collected in other parts of the EEZ by research programmes and the Law of the Sea project. However, only about 15% of the EEZ has sufficient good quality, modern seismic data to provide even a hint of a Maui-sized oil or gas field. 
Specialised vessels are required to collect high quality seismic data. The cost of completing a regional seismic survey of the entire EEZ would be about $100 million. 
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	Oil industry and UNCLOS seismic coverage. Data collected beyond areas of recent exploration interest are often old and of poor quality
	Research seismic coverage. Most of these data are old and/or were collected by small systems with limited penetration below the sea floor


6.3. Samples
Rock and sediment samples are essential for discovering and understanding the distribution of marine mineral resources. These data provide hard facts about the composition, age, and history of the rocks that constrains the interpretation of multi-beam bathymetry and seismic reflection data. 
The most valuable samples are obtained from wells drilled in the ocean floor. The oil industry has drilled more than 150 wells in the New Zealand region, the vast majority in Taranaki Basin. These wells are very important but their distribution is limited. There are 36 DSDP and ODP wells drilled in the New Zealand region. These wells are particularly valuable because they are often in remote areas that may never be of interest for oil exploration. 
Samples are also collected by dredges and other sea floor sampling devices (such as ROV and submarines). These can be very useful, but they only sample the rocks exposed at the sea floor. Even a thin veneer of modern sediments can make it very difficult or impossible to sample older underlying rocks. 

New Zealand is one of 24 nations that participate in the International Ocean Drilling Program (IODP), the largest geoscience program in the world. With the tagline “exploring the Earth under the sea”, IODP coordinates and funds multi-platform scientific drilling  expeditions that address fundamental questions about sub-seafloor resources, including the deep biosphere, climate and ocean change, and geological hazards. 

Participation in IODP allows New Zealand scientists and technologists to develop and lead scientific expeditions in under-explored parts of New Zealand’s marine territories, to identify the extent and quality of subsurface marine resources (e.g. gas hydrates, microbial communities), to collaborate with leading international research teams in all fields of marine geoscience, and to gain experience in state-of-the-art subsurface sampling, drilling and monitoring technologies.

New Zealand scientists can become research proponents and co-chief scientists who can influence programs and outputs. Participation in IODP voyages offers opportunities for training for marine science students that could not be obtained in any other way. Being a member of IODP will helps New Zealand maintain its leadership in Southern Hemisphere marine geoscience research.

New Zealand has participated in IODP since 2008 as part of the Australian and New Zealand IODP Consortium (ANZIC). Future participation is in jeopardy, contingent upon co-funding between the research sector and central government. 
The benefits from participation in IODP’s predecessors, DSP and ODP, include the acquisition under UNCLOS to territorial rights to the extended continental shelf, comprising 1.7 million km2, beyond the EEZ, as we have discussed earlier.
In addition to UNCLOS and IODP surveys, New Zealand scientists, in collaboration with American, German and Japanese scientists, have taken part in several (~10) research voyages along the Kermadec arc and East Coast of the North Island. These voyages have enabled us to collect valuable seabed samples that have added to the sparse knowledge of some of our mineral, gas hydrate and biological marine inventory.  
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6.4. Other data

Other data such as magnetic and gravity anomaly data and seismic refraction data contribute to the discovery and understanding of marine mineral resources. These data usually complement and supplement other data such as multibeam bathymetry and seismic reflection data, but magnetic data are being used to identify mineralized regions on volcanoes north of New Zealand and localised concentrations of iron-sands. 

7. Conclusions and recommendations
New Zealand has a vast marine estate with huge resource potential. The challenge is to promote New Zealand’s prosperity through informed management of increasing demands on these ocean resources. If there is anything to be learned from experience of developing onshore resources, it’s that it won’t be easy.

If New Zealand was discovered today, with today’s knowledge and technology, would it be developed in the same way? Would there be a national park where moa still roamed, and another with vast stands of giant kauri trees? Would the largest population centre be located near the major sources of renewable energy and not in the middle of a field of volcanoes? Would the capital city lie on one of the major fault lines that run through the country? 
Development of offshore resources offers New Zealand the opportunity to plan ahead, to invest in knowledge and find out where the fault lines and kauri forests are, and to make development decisions offshore based on modern, high quality data that reflect modern cultural expectations. 

New Zealand needs to recognize that its future lies in its marine estate, and make the necessary investments to manage this future. 
In our view it is imperative to:
1. Establish an oceans policy that outlines the national goals for management and governance of New Zealand’s marine estate. This policy will provide the framework that will guide legislation and regulation of marine activities. 

2. Invest in the collection of baseline data essential for management and exploration of New Zealand’s offshore estate, and designate a single government agency to lead their collection and management. Marine activities have environmental, economic, social, conservation, scientific, military, safety and sovereignty dimensions. Decisions in all of these areas are based on bathymetric, oceanographic, biological, geological and meteorological data. A single government agency should be responsible for undertaking systematic, comprehensive surveys of the marine territory to provide fundamental, background information for resource management, comparable to onshore topographic, geologic, soil and vegetation data. These surveys will be multi-disciplinary, collecting a wide variety of data including multibeam swath bathymetry data, geophysical data, targeted bottom samples, and oceanographic data. LINZ’s role in the UNCLOS project is an example of how this has successfully operated in the past. 

3. Fully fund New Zealand’s major assets for marine exploration (i.e., the Tangaroa) and manage them as a national facility, similar to the way many other countries manage their research assets (cf the Australian Synchrotron). New Zealand is a maritime state. A full year of vessel time every year is the minimum required to make a significant contribution to the variety of marine activities mentioned above. The priorities for surveys supporting fisheries, hydrography, tsunami research, resource assessment, etc. will vary from year to year, but the overall need will never be less than a full year of vessel time. The future of marine surveying includes remotely operated vehicles (ROVs) and autonomous underwater vehicles (AUVs). Neither of these types of survey tools is currently available in New Zealand. Appropriate technology in these fields should be purchased and managed as part of the national facilities. 

4. Fund New Zealand’s participation in IODP. Participation in IODP entitles New Zealand scientists to participate in drilling expeditions and enhances the chances of more holes drilled in the New Zealand region. 
In closing, we add a quote from the recent report to the Board of GNS Science made by GNS’  Strategic Scientific and User Advisory Panel (November 2011), which consists of national and international researchers and industry leaders: “It is very clear that there is a huge economic opportunity – albeit with attendant large responsibilities – in the marine territory over which New Zealand has been granted jurisdiction. New Zealand has a major plateau that remains largely unexplored. We suggest that GNS Science is the best positioned agency to ensure that the potential economic advantage to the country of further exploration of this vast oceanic plateau, balanced with the interests of the environment, is realised by the Government.”
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