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INTRODUCTION
New Zealand is endowed with numerous hard rock 
gold deposits that have formed by epithermal, orogenic 
and intrusion-related processes. In the North Island the 
Coromandel and Northland regions are examples of extinct 
back arc rifts that are prospective for epithermal gold and the 
Taupo Volcanic Zone (TVZ) contains examples of actively 
forming epithermal deposits (Figure 1). Orogenic gold 
deposits are found in the Southland and Otago regions as well 
as a large portion of the West Coast of the South Island that is 
also prospective for intrusion-related gold mineralisation. The 
prospectivity of these regions has been proven by historical 
mining activity and current exploration focus; however, a 
quantitative approach for assessing mineral prospectivity and 
for finding new exploration targets is needed to encourage 
more investors into the country.

History of mining in New Zealand
The first discovery of gold in the South Island of New Zealand 
in 1856 led to a series of gold rushes that developed into a 
major industry for the country (Crown Minerals, 2004). The 

first gold rush followed the discovery of gold in the Aorere 
Valley, Golden Bay and was closely followed by other 
discoveries in Central Otago, Marlborough and the West 
Coast. Recorded gold production in 1866 reached 735 000 oz, 
an annual level that has not been exceeded since then (Crown 
Minerals, 2004). Initially early miners in New Zealand took 
advantage of the large alluvial gold deposits and numerous 
methods were used for extraction including gold pans, sluice 
boxes, hydraulic methods and eventually steam-powered 
dredges. Hard rock mining took longer to get established. 
Production commenced from quartz vein deposits in the early 
1860s utilising rock crushing batteries to recover the gold. 
In 1867 production started in the Thames goldfields of the 
Coromandel region, North Island and in the Waihi area during 
1875. Miners failed to recognise the potential of quartz vein 
deposits they discovered including the Martha vein at Waihi 
in 1878. The development of a gold recovery process using 
cyanide increased hard rock mining and by 1903 the Martha 
mine had become the largest gold mine in New Zealand. Hard 
rock mines were also developed in the South Island in Nelson, 
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ABSTRACT
New Zealand has an established history of gold production beginning with the gold rushes of the 
19th century in the Coromandel, Nelson/Marlborough, West Coast and Otago regions. Despite 
this, the number of significant modern hard rock gold operations has been limited in recent years 
due to a lack of sustained exploration capital and not limited geological prospectivity.

The New Zealand Government is actively encouraging explorers to invest in New Zealand 
through a series of targeted promotional visits, more importantly through the acquisition of 
precompetitive regional geophysical data. Data collection has been completed over the prospective 
Northland epithermal district and a large portion of the South Island’s west coast that is prospective 
for both orogenic gold and intrusive related gold.

Analysis of new data has been an important component in aiding the generation of exploration 
targets from prospectivity modelling. Determining the prospectivity of an area involves reviewing 
all the available data and analysing it with respect to the most up-to-date mineral system model for 
the mineralisation style of interest. Using the weights of evidence modelling approach, the most 
prospective areas for epithermal gold-silver, orogenic gold and intrusion-related gold have been 
identified. The key exploration parameters relevant to each mineral system are first represented 
spatially and then statistically combined into a single prospectivity map. New potentially economic 
deposits could be found by focusing exploration on targets identified from these models. The 
prospectivity modelling approach can greatly reduce the risk involved in mineral exploration.
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the West Coast and Otago. The Reefton Goldfield, on the West 
Coast of the South Island produced more than 2 Moz of gold 
from 1870 until its closure in 1951. The Otago region became 
a significant producer of gold after the Macraes mine was 
developed in 1990. Reduced gold prices in the 20th century 
resulted in a decline in gold production and closure of many 
hard rock mines and gold dredging operations.

It wasn’t until the 1970s that rising gold prices led to a 
resurgence of investment in gold exploration. Production 
increased from less than 10 000 ounces in 1983 to 390 000 oz 
in 1995. The two major contributors to gold production in 
this period were the Martha opencast mine that opened 
in 1988 and the Macraes mine that opened in 1990. Both of 
these mines are still producing today with total production 
amounts exceeding 3 Moz of gold at Macraes and 7 Moz of 
gold at Waihi (New Zealand Trade and Enterprise, 2012).

MINERAL PROSPECTIVITY APPROACH
Identifying the most prospective areas for gold mineralisation 
in New Zealand is the key to providing confidence for 
companies to invest in exploration. The best way to create 
a complete picture of the prospectivity is using mineral 
prospectivity modelling. This technique can narrow down the 
exploration targets to less than ten per cent of the original area 
of interest. Kenex Ltd is a business development company 
specialising in prospectivity modelling and exploration 
related services. We have completed models for intrusion-
related Au on the West Coast of the South Island in 2004; for 
Mesozoic and Paleozoic orogenic Au in the South Island in 
2011 and for epithermal Au in the Northland, Coromandel 
and TVZ regions of the North Island in 2013. The orogenic 
and epithermal models supersede those completed in 2003 
by GNS Science and Crown Minerals (now New Zealand 

Petroleum and Minerals) (Partington and Smillie, 2002; 
Rattenbury and Partington, 2003) and incorporate all new 
data available at the time of modelling.

Exploration data
The predictive modelling approach takes advantage of 
the wealth of data that is available in a digital form. New 
exploration data can be incorporated into existing models or 
new models can be created based on the updated data and 
refinements to the mineral deposit models.

The creation of an exploration GIS from all available data is 
the first step in the modelling process and the data needs to 
be up to date and accurate. The most important types of data 
for modelling are geology, geochemistry, geophysics and 
mineral occurrences. For New Zealand these data have been 
collected from a variety of sources.

Geological data including geological mapping of lithology, 
faults, folds, veins and structural measurements has come 
from the GNS Science 1:250 000 Geological Map of New 
Zealand (QMAP). This data is available in a fully digital, 
information-rich ArcInfo GIS data set that covers the whole of 
New Zealand. QMAP sheets that have been released since the 
original orogenic Au and epithermal Au-Ag were completed 
in 2003 have also been incorporated into the new models 
completed between 2011 and 2013.

Detailed geophysical data including aeromagnetics, bouger 
gravity and radiometrics, collected over the TVZ in 2005 and 
Otago in 2007 by Glass Earth Limited was released to the 
public in 2011 (Figure 2). Geophysical data was also collected 
by the government over precompetitive areas in Northland 
and the West Coast in 2011. The Northland data was analysed 
by GNS Science providing depth slices, half-amplitude height 
estimates and 3D inversion modelling of the gravity data and 

FIG 1 - Distribution of Au mineralisation indicated by epithermal, intrusion-related and orogenic mineral occurrences.  
Major host rock types are shown as well as the current producing goldfields.
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was released as part of a competitive tender data package in 
2012. The West Coast data is yet to be released. These new 
geophysical surveys have been included in the prospectivity 
modelling over the Otago, Northland and TVZ regions for 
orogenic Au that was completed in 2011 and epithermal Au-Ag 
that was completed in 2013. Total magnetic intensity, gravity 
and resistivity anomaly maps are available over the entire 
country published and unpublished at varying resolution.

Rock, drill hole, stream sediment and soil geochemical 
data has been collected from a variety of sources. PETLAB 
(incorporating REGCHEM) is a geochemical database 
covering all of New Zealand that is managed by GNS Science 

with data compiled from a variety of sources including GNS 
Science databases, university databases, and from open-
file exploration reports held by New Zealand Petroleum 
and Minerals (NZP&M). Additional historical and recent 
geochemical data has been compiled by Kenex from open-file 
exploration reports held by NZP&M. Most of this data is now 
held by NZP&M for viewing on their web site and as a freely 
available GIS download package. As an example the data 
available over New Zealand for rock chip Au geochemistry 
is shown in Figure 3. These extensive geochemical data sets 
have been utilised in recent models.

FIG 2 - Areas covered by detailed geophysical surveys over the Otago, Northland and Taupo Volcanic Zone regions collected by Glass Earth  
and the New Zealand government. The data shown are the total magnetic intensity reduced to pole grids for each area.

FIG 3 - Coverage of rock chip sample geochemical data assayed for gold. Samples with gold assays above an anomalous threshold of 0.1 ppm are shown. 
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Mineral systems approach
Ore deposit models are at the core of most exploration target 
ranking schemes and include a complete array of process 
factors of ore-formation, products of the mineralisation 
process, characteristics of the regional and local geology and 
structure, inferences about the tectonic setting and grade 
and tonnage data. However, the weakness of these models 
is that they tend to focus on the differences between deposit 
types rather than emphasise similarities that can be used as 
predictive variables when targeting. It has been recognised 
more recently that mineral deposits are the focal points of 
much larger systems of energy and mass flux, similar to those 
described for petroleum systems (Wyborn, Heinrich and 
Jaques, 1994; Kreuzer et al, 2008; Hronsky and Groves, 2008). 
The mineral systems approach is essentially an adaptation 
of the petroleum systems approach. Even though mineral 
systems are generally thought of as being more diverse and 
complex than petroleum systems, the critical parameters of 
ore deposit formation can be reduced to:
1. those geological factors that control the generation and 

preservation of mineral deposits
2. the processes that are involved in mobilising ore 

components from a source
3. transporting and accumulating them in more concentrated 

forms
4. preserving them throughout subsequent geological 

history (Figure 4).

Ore deposit formation is precluded where a particular 
mineral system lacks one or more of these essential 
components. Being process-based, the application of the 
mineral systems approach is neither restricted to a particular 
geological setting nor limited to a specific ore deposit type. 
The flexibility of this approach allows for multiple ore 
deposit styles to be realised within a single mineral system 
and thereby acknowledging the inherent natural variability 
among orebodies. Applied to mineral exploration, the mineral 
systems approach requires identification, at various scales, 
the critical ore-forming processes and ingredients that can 
be mapped to characterise a particular mineral system. These 
diagnostic features can then be used as guides in area selection 
and exploration targeting using spatial data modelling.

Spatial data modelling
A variety of tools and techniques are now available that 
when used with computer based geographic information 

systems (GIS) allow mineral prospectivity and economic risk 
analysis to be carried out, including assessing uncertainty 
(Partington and Sale, 2004; Kreuzer et al, 2008; Hronsky and 
Groves, 2008). It is now possible to measure the probability 
of exploration success in relation to project economics in 
an objective way, using techniques such as Fuzzy Logic, 
Weights of Evidence and Neural Networks. Spatial data 
modelling is a rapidly developing predictive technique that 
is increasingly being used in geology (Bonham-Carter, 1994; 
Bonham-Carter, Agterberg and Wright, 1988; Agterberg et 
al, 1993; Raines, 1999; Partington, 2000; Partington et al, 2002; 
Tangestani and Moore, 2003), other spatially based sciences 
such as Archaeology (Mensing et al, 2000) and by government 
organisations such as New Zealand Petroleum and Minerals; 
the New Zealand Ministry of Economic Development 
(Partington, Christie and Cox, 2001; Partington et al, 2002), 
United States Geological Survey (Mihalasky and Bonham-
Carter, 2001) and the Canadian Geological Survey (Bonham-
Carter, Agterberg and Wright, 1988) for resource assessment. 
There are a growing number of mineral exploration companies 
who now believe that by using such modern statistical 
techniques and state of the art ore deposit models it is possible 
to add the greatest value to mineral assets and increase the 
probability of discovery of new mineral resources (Bonham-
Carter, Agterberg and Wright, 1988; Partington, Christie and 
Cox, 2001; Partington and Sale, 2004; Mustard and Partington, 
2005; Archibald and Holden, 2009; Partington, 2010).

New Zealand prospectivity models
Recent prospectivity studies completed in New Zealand in 
2011 and 2013 use the mineral systems concept to constrain 
weights of evidence modelling. Using this approach 
prospective areas for metal deposits have been identified 
for orogenic Au and epithermal Au-Ag mineralisation in the 
regions that are known to host these types of deposits. The 
intrusion-related gold model completed in 2004 did not use 
the mineral systems concept but instead used the accepted 
mineral deposit model for this type of mineralisation at that 
time to constrain the weights of evidence modelling.

Weights of evidence modelling requires the creation of 
a variety of predictive maps for a particular deposit style, 
based on the relevant mineral system or deposit model. These 
predictive maps are then statistically analysed using training 
data from the mineral occurrence database to test their 
predictive capacity, which allows the calculation of a spatial 
correlation value or weight (Bonham-Carter, 1994; Partington 
and Sale, 2004). The predictive maps are then combined to 
calculate the probability of mineralisation occurring over a 
regular grid (Bonham-Carter, 1994).

Predictive maps for possible sources of metals for epithermal 
and orogenic mineral system styles are created by interpreting 
geological and geophysical data. For epithermal models the 
spatial relationship between various intrusive complexes and 
co-magmatic volcanic rocks in the region are important. In all 
three model regions the intrusive complexes are not mapped 
at the surface but have been interpreted from detailed 
aeromagnetic data in the Northland region. In the TVZ the 
source was difficult to interpret from geological mapping 
due to the extensive coverage of ignimbrite and therefore 
caldera margins were studied for a spatial correlation and 
gravity slope was used to interpret the location of the edges of 
intrusive bodies at depth. For orogenic models, different ages 
and grades of mapped schist were analysed and interpreted 
to represent the source of metals and fluids.

FIG 4 - The mineral systems concept of ore formation from source  
of energy and metal through transport to trap.
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The fluids and metals in a mineral system have to be able 
to migrate in a focused way to a site of deposition. The main 
fluid pathways that are important in this case are provided by 
syn-intrusive and syn-volcanic faults and mapped alteration. 
QMAP provides detailed fault data and detailed gravity data 
allows for the interpretation of larger crustal structures that 
may act as mineralising fluid pathways.

When metal-rich fluids become oversaturated with a 
particular metal it will be deposited. This may be due to 
variations in pressure or temperature and is due to chemical 
reactions between the fluids carrying the metals and host rocks. 
Subsequently, the mineralisation is trapped within regional 
structural controls. This can be mapped from geological 
information, including geochemistry, veining, structure, 
alteration, host rock geochemistry and host rock competency.

The efficiency of the processes controlling the deposition 
of the metals of interest in a mineral system is critical to the 
grade and continuity of economic mineralisation in any ore 
deposit. Many of the controls on metal grade are also directly 
and indirectly related to the lithological and structural 
traps present as well as fluid chemistry and physics. The 
best evidence for the efficiency of metal distribution comes 
from geochemical anomalism for gold, silver, mercury, 
arsenic and antimony in stream sediment, soil, rock and 
drill samples. Mapped alteration and areas of hydrothermal 
demagnetisation interpreted from aeromagnetic data are 
also important indicators of the scale of mineralisation in 
epithermal systems. 

Weights of evidence models were created for epithermal 
mineralisation in Northland, Coromandel and TVZ and 
Mesozoic and Paleozoic age orogenic mineralisation in the 
South Island, using a selection of predictive maps. These 
maps represent all stages of the mineral system model for 
each mineralisation style, have the best regional coverage, 

a significant spatial association with the mineral system 
model being considered and where possible do not duplicate 
predictive map patterns. The predictive maps were added 
after the map values for each cell were weighted by their 
spatial correlation values (Bonham-Carter, 1994). The models 
were developed using Arc-SDM software in ArcGIS 9.3. 
For each model up to five grids are created to calculate the 
posterior probability and various measures of uncertainty. 
A grid containing the combination of the input predictive 
maps in a single integer grid, called a unique conditions grid, 
is produced for each model. Each row of the attribute table 
for the unique conditions grid contains the input map values 
allowing for the interrogation of each cell of the model.

The weights of evidence spatial modelling technique has 
successfully modelled the prospectivity of orogenic Au in 
the South Island and epithermal Au-Ag in the North Island 
of New Zealand. For each model the search area for gold 
mineralisation has been significantly reduced. Examples 
of the epithermal and orogenic models are shown over the 
Macraes mine in the South Island and the Martha mine in the 
North Island (Figure 5). As well as confirming the significance 
of the existing gold mines in New Zealand the weights of 
evidence models highlight areas that have similar predictive 
geological variables to known mines or deposits but may be 
underexplored or new undiscovered deposits.

Creating exploration targets
Each model has been reclassified to create targets that can be 
used to focus exploration. The cut-off value for these targets 
is defined for each model by looking at the relationship 
between the posterior probability values and the producing 
mines in the region. The targets for each model are then 
ranked based on the maximum and average posterior 
probability. This produces a list of target areas that should 

FIG 5 - Prospectivity results over the currently producing Macraes Goldfield for Mesozoic orogenic Au (A) and Martha Hill Mine for epithermal Au-Ag (B).
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be prioritised for follow up investigation in order of rank. 
Initial analysis of the targets can be done and includes 
assessment of the current tenure, the presence of operating or 
historic mines or mineral occurrences, and whether there is 
any anomalous geochemistry relevant to the mineralisation 
system in the target.

Benefits of carrying out this type of analysis include effective 
data compilation, QC of digital data, understanding of 
critical geological factors to be used in follow-up exploration, 
ranking of prospects, prioritising exploration, exploration 
budgeting and management, understanding of risk and cost 
reduction. The weights of evidence technique is particularly 
useful for mineral exploration, as it is possible to derive 
the data and weights that contribute to any area with high 
probabilities from the unique conditions grid. This allows the 
exploration manager to identify those geological, geochemical 
or geophysical data themes that are the best predictors of 
mineralisation. More importantly it allows the identification 
of missing data in areas of lower probabilities that if collected 
could increase the prospectivity of the area.

CONCLUSIONS
By combining exploration data with GIS-based spatial data 
modelling techniques a comprehensive understanding of 
the prospectivity of New Zealand for gold mineralisation 
can be gained. Prospectivity modelling enables all available 
data, including high resolution geophysical surveys and 
extensive geochemical data, to be analysed and viewed in a 
way that makes sense in terms of the mineral system model 
for each type of mineralisation. The end result is a single map 
showing mineral favourability in terms of probabilities over 
the entire area modelled. From this the areas with the highest 
probabilities can be selected to create exploration targets.

Prospectivity models completed over all regions in New 
Zealand that are prospective for orogenic Au, epithermal Au-
Ag and intrusion-related Au mineralisation confirm the huge 
potential for New Zealand as a gold producer. Existing mines 
and deposits have been identified by the models but most 
importantly the prospectivity results highlight areas that 
are underexplored or unexplored and could potentially be 
developed into economic deposits. Using this tool companies 
planning to invest in New Zealand will have the best possible 
understanding of the mineral potential of the country. Money 
and resources can be focused in locations that are most likely 
to provide the greatest rewards at the same time reducing any 
risks involved.
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