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Executive Summary 
This project investigates the possibility of finding high PSV aggregate within the South Island of New 

Zealand. The study is completed for Fulton Hogan as they look to acquire a more accessible source 

for use within the South Island. 

High PSV aggregate reduces the rate of deterioration of skid resistance on high risk curves therefore 

making them safer. In a country with many winding roads, much focus is put on the performance of 

New Zealand's roads. 

Fulton Hogan currently sources its aggregate from local quarries, but when higher polishing 

resistance is required, aggregate is transported from Steelserve in Auckland. As a result of the 

limited resource of slag from Steelserve and transportation costs, there is a desire to find an 

aggregate in the South Island that performs well on high risk curves and is both affordable and 

accessible. 

The Wairoa quarry in Nelson is currently being assessed as to the performance of the aggregates on 

the surfaces of high risk curves. The PSV of the Wairoa aggregate is considered high enough to be of 

interest, but in-field performance testing is still underway. 

The Wairoa quarry shall be used as a case study for the geological analysis of any prospective high 

PSV sites 

Task One: Literature Review 

The literature review provided vital background knowledge on the topic of the project. The review 

focused on four aspects that could impact PSV and aggregate in-service performance. 

The targeted areas of research were: 

• Influence of petrography on aggregate quality and performance 

• Aggregates' resistance to polishing 

• Standard qualities of specific geologic material e.g. Gneiss, Basalt 

• Impact of source rock on the aggregate quality 

This review provided an understanding of what properties were necessary for an aggregate to 

perform and which properties were not. The information used was both national and international 

with some literature focused on the South Island. 

Task Two: Geological Analysis of South Island 

The review of the geology of the South Island was a main part of the project as information from the 

literature review was analysed against locations. The background knowledge gathered was applied 

to real settings and through this locations could be identified as being more probable than others. As 

this project is heavily geology based, information was gathered from the following sources: 

• Geological maps (Qmap Series) 

• Literature completed or drafted by local experts or Alumni 

• Internet websites such as GNS, DOC Maps and international literature on methodologies 
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• Site visit to Wairoa Quarry which was used as the case study for the entire project and 

provided target geology from which to work from 

• Information provided by Fulton Hogan such as the Supporting documents of Wairoa Quarry 

and other available high PSV locations. 

The geological review identified which type of geology would best match high PSV aggregate but 

also which was most similar to that of Wairoa. It also meant areas could be removed from further 

investigation. 

Location Analysis 

From the possible areas identified, aspects affecting the use of that location were analysed . The 

discussion involved factors such as: 

• Road accessibility 

• Crushing plant proximity 

• Local environment 

• Transport costs 

• Risk 

The purpose of such discussion is to raise awareness of some of the impacts on the development of 

the location suggested. 

Task Three: Conceptua! !'.'!ode! for Aggregate Exploiation 

The aim of the conceptual model is to provide any reader with an understanding or simulation of the 

subject the model represents. In this case the model is composed of several processes that had to be 

undertaken in order to achieve the goals of the project. The full model and descriptions can be 

viewed on page 14. 

Recommendations 

The type of rock that is sought after, to fulfil the goals of this project may not be found within the 

lower South Island. 

The recommendations of this report are based upon the research completed for the deliverables of 

the project. The process is highlighted through the conceptual model and also supports the 

recommendations made: 

1. Fulton Hogan needs to further investigate the rocks available in the areas suggested but also 

within the general area of the lower South Island. 

2. The use of steel slag is recommended to continue. The development of a high PSV quarry in 

the lower South Island is not expected to occur in the near future. 

3. Once in-service testing is completed, if results are favourable, Wairoa Quarry should be used 

to provide high PSV aggregate to the South Island. 
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This project has provided me with invaluable project management experience and has been 

thoroughly enjoyable. The project has put to test modules learnt throughout the year and has 

assisted with my growth as a person and a professional. Some key learnings for me were the 

importance of planning, being flexible and adaptable, good communication skills are vital and the 

need to be realistic with project goals. These are lessons that I will take with me into future project 

management and life. 
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1.1 Background of Project 
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In a country with some of the most challenging road conditions in the world, the need for roads that 

are long lasting and durable is paramount. Roads in New Zealand take vehicles of all sizes therefore 

using aggregates that have a high resistance to polishing on curves can reduce maintenance costs by 

extending surfacing lives and reducing crash rates. In the year of 2012 there were over 22,000 

crashes on NZ roads (Ministry of Transport, 2014). Not all crashes are attributed to the lack of skid 

resistance but many are. NZTA T/10 specification sets the level of skid resistance that is required on 

New Zealand roads to maintain an equal crash risk across their network. The level of skid resistance 

necessary depends on the nature of stresses and risk applied on the specific curve (NZ Transport 

Agency, 2010). 

This study will involve investigating aggregates that have a high polish stone value (PSV) that may be 

suitable for use on high risk curves. Outside of the PSV test, understanding the microtexture and 

macrotexture performance of the surfacing containing these aggregates improved knowledge of the 

aggregates polishing resistance performance. 

Normally, Fulton Hogan sources its aggregate from local quarries or when higher polishing resistance 

is required from Stee!serve in Auckland. As a result of the limited resource of slag from Steelserve 

and transportation costs, there is a desire to find an aggregate in the South Island that performs well 

on high risk curves and is both affordable and accessible. Fulton Hogan is not in a position to supply 

costs. The Wairoa quarry in Nelson is currently being assessed as to the performance of the 

aggregates on the surfaces of high risk curves. The PSV of the Wairoa aggregate is considered high 

enough to be of interest, but in-field performance testing will continue through the course of this 

report. The Wairoa quarry is to be used as a case study for the geological analysis of any prospective 

high PSV sites. 

In order to reproduce results, a conceptual model of the process is included in the report. This 

creates a step by step process through which any desired aggregate can be potentially found. The 

model is designed to provide solutions for problems faced during a desktop exploration exercise. 

This project aims to investigate the potential for new quarries to be opened in the South Island, 

dependant on their aggregate quality in respect to their aggregate polishing performance. The 

commercial benefit of new quarries and of the Wairoa Quarry will be assessed as to understand the 

profitability for Fulton Hogan. 
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Figure 1: Aggregate face for PSV test (left), aggregate for on road use (right) (Summers, 2000) 

The PSV of an aggregate is a measure of the resistance of an aggregate to polishing. The value is 

established by subjecting the aggregate to a standard polishing process, and then testing the 

aggregate with the Portable Skid Resistance Tester to determine its PSV. 

The property that an aggregate possesses which gives it a good PSV is often referred to as its' 

MICRO-TEXTURE. Aggregates that retain a significant microtexture after polishing are the aggregates 

that give good resistance to skidding, i.e. have a high Polished Stone Value. 

The testing procedure and description of the process is set out in, BS 812 : Testing Aggregates : Part 

114 - Method for determination of polished-stone value 

The PSV is a value applicable to a particular aggregate and NOT the road surface, however the use of 

high PSV aggregate in a bituminous mixture laid as a surface course will produce a road surface with 

a high Skid Resistance Value (SRV), subject to the road surface having sufficient texture (MACRO

TEXTURE). 

The initial SRV of the road surface will improve as the bitumen on the surface of the aggregate is 

worn away. 

Aggregate that has a PSV over 60 is regarded as a High Skid Resistant Aggregate, but aggregate with 

a PSV over 64 is needed for particularly high stressed sites. 

The higher the the PSV figure the greater resistance the aggregate has to polishing, and the greater 

the ability the aggregate has to retain its inherent very fine surface texture, i.e. MICRO-TEXTURE 

(Summers, 2000). 
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The South Island of New Zealand has very few sources of high PSV aggregate. Most of the high PSV 

aggregate is sourced from quarries in the North Island or from Steelserve in Auckland. 

Transportation costs as well as the higher prices of steel slag have led Fulton Hogan to search for a 

solution within the South Island. In NZ there are 4434 curves with a radius <400m. If we assume the 

curves are 600m long, this would equate to 24.5% of the State highway network. These sections 

would tend to be resurfaced earlier than other sites so possibly 30% of the State Highway network 

would need to be surfaced with a high PSV chip (Waters, 2014). Fulton Hogan has the opportunity to 

not only to reduce costs, but also to create revenue through having access to a high PSV source in 

the South Island. 

1.3 Project Information 
The project has been completed as a desktop study utilising information provided by Fulton Hogan 

and the University of Canterbury. Access to databases has guaranteed the use of supportive 

literature throughout the project. Geological analysis information was gathered by Geological and 

Nuclear Sciences (GNS). A field trip to Wairoa Quarry in Nelson provided the project manager with 

real life experience and case study information. 

2.0 Project Completion Processes 
A project charter and plan were developed prior to the start of the project. The plan outlined what 

needed to be completed and how it was going to be done. Clear tasks and objectives were identified 

through the development of a work breakdown structure (WBS) (Appendix 1). 

2.1 Project Objectives 
The objectives for the project were partly defined by the student's knowledge of the topic prior to 

the project. Substantial time was allocated to gain an understanding of PSV and what affects it. 

Fulton Hogan aims to have its own source of high PSV within the South Island. However, it was noted 

that this must come from a new source and not one of the already established pits. The objectives 

outlined to achieve this were: 

• Complete review of geological information for South Island geological profile. 

• Complete literature review of road aggregate requirements and aggregate petrography's 

influence on road surfacing. 

• Identify possible locations for suitable aggregate exploration. 

• Create conceptual model for the development of prospective aggregate sources. 

• Provide recommendations for the development of new quarry sites. 

• Produce report with recommendations of ideal high PSV locations. 

2.2 Tasks Completed to Achieve Results 
Each of the project objectives has outlined tasks to achieve the goal. The full layout of tasks can be 

seen through both the WBS and Gantt charts in Appendix 1. 

The literature review was completed to gain a better understanding of what qualities an aggregate 

requires to perform on the road in high stress areas and on high risk curves. It was also important to 
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understand how petrography affects aggregate performance and how it can assist with identifying 

t he rock source. The literature review also influenced the direction of the project as areas could be 

identified as more important than others. The full literature review can be found in Appendix 2. 

The geological review of the South Island was conducted using the knowledge gained about 

aggregate qualities. The use of maps and other literature provided insights into certain areas 

narrowing the field of view. Specific areas were able to be identified through correlations of the 

geology seen in Wairoa (Nelson). 

2.3 Schedule 
The project was completed on time in accordance with the Gantt chart in Appendix 6. Minor changes 

were made to the original chart but were recorded and documented. Tasks and objectives are 

outlined in a work breakdown structure (Appendix 1). 

3.0 Task One: Literature Review 
The literature review was the first deliverable produced for the project supervisor. This review was 

tasked in order to provide the project manager with the necessary background knowledge of 

aggregate petrography. The targeted areas of research were the: 

1. Influence of petrography on aggregate quality and performance 

2. Aggregates' resistance to polishing 

3. Standard qualities of specific geologic material e.g. Gneiss, Basalt 

4. Impact of source rock on the aggregate quality 

This review provided an understanding of what properties were necessary for an aggregate to 

perform and which properties were not. The following sub-headings outline the two main points 

discussed throughout the review. The full review can be found in Appendix 2. 

3.1 The Influence of Petrography 
Aggregate petrography is important for understanding the type and quality of rock being dealt with. 

However, there is no correlation between aggregate petrography and PSV test results. This has 

made it difficult to relate petrographic parameters to the in-service performance of an aggregate. 

There are attributes which are common among good quality aggregates. Below is a list of 

petrographic parameters that can all play a role in the quality of an aggregate: 

• Aggregate size and shape 

• Distribution and composition 

• Bond and hardness 

• Degree of crystallisation 

• Specific gravity 

• Veins 

• Porosity 

• Aggregate texture 

• Alteration 

Not all petrographic parameters are assessed prior to the use of an aggregate; instead several tests 

are used to account for the factors deemed most important. The tests performed are the PSV test, 
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crush resistance and Los Angeles Abrasion (LAA). These three tests will define where an aggregate is 

able to be used on the road . 

The tests conducted will be affected by some of the petrographic parameters. Factors such as veins 

and porosity can impact the hardness and bonds within a rock. It is therefore important to 

acknowledge such features even if they are not tested. 

Table 1 below outlines some of the properties attached to specific rock types. Although this is a 

generalized table, it does give insight into how certain properties can affect the three main tests. 

Aggregate Aggregate Aggregate Polished 
Water Spoclrlc crushln,g Impact abras ion stono 

Rock type absorption gravity value value value value 

Basalt 0.9 2.91 14 13 14 58 
Dolerite 0.4 2.95 10 9 6 55 
Granite 0.8 2.64 17 20 15 56 
Micro- 0.5 2.ll-5 12 14 13 57 

granite 
Hornro1s 0.5 2.B1 13 11 4 59 
Quar~ite ·1.8 2.63 20 18 15 63 
Llmes1one 0.5 2 .69 14 2• 16 54 
Greywacke 0.5 2.n 10 12 7 62 

Table 1: Representative values for road stone properties (Bell, 2007) 

The most commonly used aggregate type in New Zealand is that of greywacke, however, the PSV 

results are much more variable than represented in the table above. Quarries tend to provide a 

variety of greywacke and other small intrusions, which creates variances seen in testing. 

Wi!liam Langer, in a US geological survey, identified important petrographic parameters as the type, 

size, shape, orientation, mineral proportions, type of contact/cement, layering of minerals and 

pores, and fractures. He also went a step further and noted that the most important properties of 

the minerals within the rock are hardness and cleavage (Langer, 2001) . Both hardness and cleavage 

are determined by the atomic arrangement within the crystal lattice of the minerals. It is therefore 

the source rock which determines the final quality of an aggregate. 

3.2 Resistance to Polishing 
The importance of microtexture within an aggregate has been recognized for decades since research 

by Knill (1960) highlighted aggregate petrology as the factor promoting or opposing aggregate use 

(Smith, 2001). It was identified that rocks with enough variability in hardness between minerals 

could give high polishing resistance. Rocks will respond differently to stresses causing polishing 

depending on their type, metamorphic, igneous or sedimentary. Full explanations of how polishing 

effects change between rock groups can be found in Appendix 2. 

3.3 Conclusions 
Although petrography is discussed in many papers as having an impact on the road surfacing, there 

is much debate over the extent of these impacts. After speaking with several laboratory members of 

Fulton Hogan, it was understood that petrographical factors are not individually tested, but rather 

the tests are designed to replicate in-service activity. 

There is also minimal research that directly correlates petrography to in-service performance. In the 

future of the aggregate industry, it is possible that work done on how petrography impacts in-service 

performance, could be highly beneficial. If relationships can be found between more rock properties 
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and the tests currently used, more evidence can be used to support or deny the use of a specific 

aggregate. 

Many papers have identified that a rock with weak to moderate cement with coarser grains does 

tend to produce higher PSV results. This type of rock has also been proven to work in service. This is 

identified as having a high polish replenishing surface. High polish replenishing occurs when grains 

are able to be removed from the rock's cement, exposing a fresh surface to the tyre. 

Measuring the abrasion should give insight into the cement type and therefore that relationship 

should give an idea of how suitable the aggregate is . This met hod I think works better for indurated 

sedimentary rocks as the grains are visible and the cement type is easily determined. This is in 

contrast with igneous or metamorphic rocks which I believe need a more in depth petrographical 

examination due to the crystalline structures and processes that have created the rock. From the 

Wairoa Quarry visit I learned that the crushing processes also impacts the results. 

It is a difficulty within the aggregate industry that even the PSV test does not give a clear indication 

of in service performance and errors still occur. There are also discrepancies between the level of 

polish resistance and the level of wear the rock can withstand. As mentioned above, a higher polish 

replenish ing does offer a high PSV, but it also leads to a shorter period between reseal. The 

economic benefit needs to be analysed in this instance as using a high polish replenishing stone can 

lead to higher costs. However, it may not be possible to find a rock with a PSV as high, therefore 

economic models must be run to assess the profitability of possible stones. 

This deliverable of the report was important to develop a background knowledge which helped the 

project manager to remove certain areas from the search. It was also important in assessing which 

types of rocks may have the high PSV necessary to achieve the goals of the project. The locations 

identified will be explained in point five and further in the recommendations. 

4.0 Task Two: Geological Analysis of South Island 
The geological review of the South Island of New Zealand was noted as a key part of the project as it 

would give insight into which rocks are available for selection . The full review is attached in 

Appendix 4 and covers several identified regions within the South Island. 

4.1 Analysis Methodology and Process 
The review was conducted in a specific manner due to the need for such heavy weight being placed 

on the geology of the South Island. As the project is geology based, information for the report was 

gathered from the following sources: 

• Geological maps {Qmap Series) 

• Literature completed or drafted by local experts or Alumni 

• Internet websites such as GNS, DOC Maps and international literature on methodologies 

• Site visit to Wairoa Quarry which was used as the case study for the entire project and 

provided target geology from which to work from . 

• Information provided by Fulton Hogan such as the Supporting documents of Wairoa Quarry 

and other available high PSV locations (Appendix 3) . 
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The review of information gathered from the above sources led to the identification of several areas 

within the South Island that could produce the required aggregate. It is also important to 

acknowledge that through this process, areas were able to be eliminated due to their geology. The 

final report was also not concerned with river gravels within the Canterbury region as the project 

sponsor felt these had been sufficiently investigated. 

The methodology for this review was therefore desktop based, coinciding with the rest of the report. 

There was no ability to test or sample any rock. 

4.2 Geological Regions 
The four areas of the South Island (Nelson, Wakatipu, Murihiku and Dunedin) have be analysed and 

interpreted in relation to finding a high PSV aggregate. The Wairoa quarry within the Nelson region 

has already recorded high PSV values, and is waiting on in-service test results. During analysis of 

these areas the discussion will largely involve rocks that have potential and areas that are not 

mentioned, will be due to their lithology. The full review is available in Appendix 3 

Of the four areas investigated, the Wakatipu region (Appendix 5 to report contained in Appendix 3 in 

this report) yielded the most similar geology to that of Wairoa. Murihiku (Appendix 6 to report 

contained in Appendix 3) also showed signs of possible further investigations. The following issues 

arose when analysing these regions: 

• Excessive faulting 

• Mass land sliding 

• Metamorphism 

Further investigations will be commented on in the location analysis. 

4.3 Concluding Comments 
Information gathered led to the following conclusions on the South Island geology. The conclusions 

are largely focused on areas that showed potential for further investigation and therefore certain 

areas may not be mentioned any further within this report. 

• The Caples terrain within the Nelson and Wakatipu regions is the formation with the most 

prospective sites due to its geology. There are pockets of rock which have not been 

metamorphosed and may therefore perform well as aggregate for road use. The sandstone 

formations have potential as they produce a high polish replenishing. It does depend on the 

cement between grains, but this will require further investigation. The mineralogy of this 

area is also promising as it is comprised mostly of sandstone, mudstone and siltstone and 

minimal fossil content. Certain areas do have thin beds which I believe is not ideal for hard 

rock quarrying due the variability in rock it can produce. The rock will tend to have a lower 

hardness. There are also many faults within the region and therefore site investigations will 

be necessary to establish the level of alteration that has occurred. 

• The Wakatipu region is highly landslide active. Landslides are widespread and in some cases 

over 1km 2• In the Otago region the schist dominant areas are also highly susceptible to land 

sliding. The weaknesses of the rock in areas, as well as the slope, are compounding factors 

that influence the landslides. This is also an implicat ion for the development of new sources 
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as the depth of overlying rock can be inconsistent and poses a danger for the development 

of certa in areas (Institute of Geological & Nuclear Science Limited, 1996). 

• Refer to Appendix 1 of report contained in Appendix 3 to this report for the mapped faults 

within the South Island. 

• Refer to Appendix 2 of report contained in Appendix 3 to this report for supporting 

documents of Wairoa Quarry aggregate. Information was also able to be taken from the test 

result sheets. 

• Parkburn and Balclutha Quarries have both shown reasonably high PSV values (Appendix 3 

of report contained to Appendix 3 in this report). Parkburn has registered around 58 and 

Balclutha around 60. Balclutha has been tested in service and does not perform to the level 

expected of a high PSV aggregate. These quarries also offer some insight into what type of 

rock can perform in service and what geology is needed to record high PSV values. 

• The geology of areas selected as most promising are: massive sandstone with rare mudstone 

and conglomerate, and sandstones with minor alteration through metamorphism. Much of 

the material is said to be volcaniclastic sandstones, some of which has not been altered and 

could in fact perform register high PSV. This type of rock is very common within the North 

Island of New Zealand (Black, 2014). 

5.0 Best Fit Location Analysis 
A location analysis was carried out on the selected areas. The selected areas that were chosen can 

be seen in Appendix 4. The areas are noted on both a geological map and Google Eart h. The 

boundary lines of the possible resource are not defined by those drawn. The lines drawn are an 

estimate in correlation with the geological maps used. Many factors outside the geology of the rock 

will determine whether it is possible to turn a prospective source into a quarry. The following points 

are discussed in relation to the highlighted areas in Appendix 4. They are in no particular order. 

5.1 Road and Site Accessibility 
The location of the areas concerned as possible resource, are in close proximity to state highway 94. 

Through the use of AA Maps several roads can be seen leading from Lake Wakatipu towards the 

prospective areas. Other than the use of these maps, it is difficult to tell whether there are any farm 

roads or other gravel road options within the area. Road construction could be a possibility but this 

will be highly dependent on the land available to be built upon as well as the type of road necessary 

to manage the traffic loads. The weight and load bearing on the axle of the truck may mean more 

reinforced roads are necessary. 

5.2 Crushing Plant Proximity 
The prospective locations have reasonable proximity to several possible locations where the rock 

can be processed. Fulton Hogan operates four depots within the areas: 

• Queenstown Depot 

• Regional Office in Alexandra 

• Parkburn Quarry (Just out of Cromwell) 

• Wanaka Depot 
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Only Parkburn Quarry and the Regional Office in Alexandra are said to have quarry facilities. 

Depending on the profitability of the resource, crushing facili t ies ca n be set up to accommodate the 

location. There is the possibility of access to mobile crushing plants. There is no restriction as to 

what is crushed at each site . The only constraint would be capacity. This is once again dependant on 

the profitability of the resource and whether it would be worth creating room to store extra 

aggregate. 

5.3 Local Environment 
The Wakatipu region is very mountainous with heavy bush cover in some places. The climate is also 

very cold and during winter snow could cover much of the hills. This means seasonal access may be 

an issue. The area targeted does also have surrounding national parks or conservation areas. 

Through the use of Department of Conservation Maps, it could be seen that part of the suggested 

area is protected as a conservation area . 

5.4 Resource Size 
The size of the resource is not considered an issue. The hills and ranges are by far substantial enough 

in size any issues will be more dependent on the variability of the resource. As mentioned in the 

geological review the South Island rock is highly variable due to the impacts of metamorphism and 

faulting. Therefore if further investigations are to be undertaken, the variability of the resource 

would need to be defined {Black, 2014). 

5.5 Transport costs 
The transport costs wiii not oniy invoive the movement of the quarried rock, but also the 

development of roads and site facilities. The Wairoa Quarry will be used as a case study and full 

financial implications will be laid out in point 7. 

5.6 Testing Abilities 
Through the course of this project there was no ability to test any areas. There was also no ability to 

do any prospective field works. To better gauge the quality of the source, field testing must be done. 

This could include river sampling, small test pits and small batch PSV and LAA testing. 

5. 7 Risk/Safety 
The environment around the Lake Wakatipu area is very dangerous. The terrain as well as the 

climate makes it difficult for large trucks and equipment to be mobile. The areas on the west side of 

Lake Wakatipu are not especially prone to landslides. However, the use of blasting within mountain 

ranges may be difficult during times of the yea r due to snow cover and the chance of avalanche. 

Blasting is also likely to present new consent issues as well as opposition to the activity. The 

standard risk management profile may need to be expanded due to the extreme nature of the 

location and environment. 

5.8 Geology 
The geology of the areas selected is very similar to that of the Wairoa Quarry. Through map analysis 

it was found that certain areas had minimal metamorph ism and could t herefore produce high 

quality aggregate. The Ailsa and Humboldt mountain ranges are made up of very strong and hard 

rock which also gives insight into the possible quality of the rock. 
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5.9 South Island of New Zealand 
It was a prerequ isite fo r t he project that on ly t he South Island of New Zea land be investigated . The 

project sponsor also highlighted the fact that river gravels were not the focus of the project due to 

substantial evidence already gathered. The understanding was that the most profitable and ideal 

location for Fulton Hogan would come from the lower South Island in areas such as South 

Canterbury, Otago and Southland . 

Figure 2: Distribution of basement rock terranes exposed in the South Island (Black, 2014) 
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6.0 Task Three: Conceptual Model for Aggregate Exploration 
The conceptua l model completion was achieved to satisfy a deliverab le fo r t he project supervisor. 

Slight changes were made to the type of model during the course of the project. The aim of t he 

conceptual model is to provide any reader with an understanding or simulation of the subject the 

model represents. In this case the model is composed of several processes t hat had to be 

undertaken in order to achieve the goals set out by t he project supervisor. The model has also been 

put in general terms to enhance its reproducibility for the search of any aggregate. 

Finding of 
Aggregate 

1. Identify the User Requirements -\l'hlat will the aggregate be 
used for, E.g (area of the road , specific location) 

2. Defi ne the Rock Parameters - This includes what level of polish 
stone value (PSV) is desired, also the amount of weathering and hardness 

(LAA). 
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Feedback Loops - If the desired 
rock does not match the desired 
environment changes need to be 

made to either for progress to 
continue. 

3. Research Petrographical Impacts - Understand how 
petrography can impact aggregate qualilies and performance. Eg 

(minerals) 

Feedback Loops - If issues arise 
with access to locations then 

changes must be made. Either 
change the area or go through the 

process again with a different 
desired rock. 

4. Research Aggregate Environment - This is determined by 
either a user requirement of specific location or if general search is the 

main target then is defined by what type of rock or rock quality is desired. 

5. Location Analysis - Identifying specific areas revealed by the 
above steps and correlate with state highways, topography, power and 

water access, proximity to crushing plants etc. 

Implementation - Further action to be taken once process is 
complete= 

River prospecting 
Rock sample gathering 

Small sample testing (PSV) 

Figure 3: Conceptual model for f inding aggregate 

1. Identify User Requirements - This is the first stage of process and is entirely user orientated. The user 

can be any person that aims to search for a specific type of aggregate and/or rock. The user must also 

know what the rock will be used for. Identifying the rock's purpose makes it much easier to then move 

onto the next step which is defining the rock parameters. In the context of this paper when it is talked 

about finding the rock's purpose, it is meant where on the road it is to be used . For example is the rock 

being used for long straights on the country road, or sharp bends or even city centre roads? The 

necessary rock parameters will then change depending on which of the above you were to choose. 
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2. Define the Rock Parameters - In a way the rock parameters are defined by the user requirements. The 

areas on the road that a rock is chosen for are strictly governed by the NZTA and must therefore confer 

to the guidelines. Certain levels of PSV must be achieved for certain areas within the road: the higher 

the stress on the road, the higher the PSV. PSV is not the only rock parameter that can be considered. 

Others include hardness, bonding, veins, size and shape of the rock. Although these are all hard to 

define without specific testing, certain geological facto_rs relate to the performance of each. Therefore 

in this report the target was to find an aggregate with high PSV (60+) for use on high risk curves. This 

sums up both point 1 and 2. 

3. Research Petrographical Impacts - It is important to understand how certain aspects of rock can affect 

the performance of the aggregate. Appendix 2 shows a literature review completed on petrographical 

impacts. This was completed as deliverable for the report and will give any reader insight into what 

they must understand. 

4. Research Aggregate Environment - The researching of an aggregate's environment is important as 

specific rocks are found in specific environments, due to factors such as the parent rock, faulting and 

metamorphism. It also makes it possible to relate geology between areas that show similarities. This 

needs to be included in the process as the aggregate environment could be the focus of a user need. 

For example if the aggregate had to be derived from a specific area within a country, it is necessary to 

analyse the environment to find the rock variety, climate, landslide probability and other geological 

and geographical factors. At this point in time, it is also possible to match up the type of rock the client 

is after with the available rock types and find possible matches. If either the parameters of user 

requirements do not match, then the process must begin again. This is a possible feedback loop. 

5. Location Analysis - Once specific areas have been identified above in step 4, it is possible to then 

move further and start assessing factors such as: 

• Road access/ site accessibility 

• Crushing plant proximity 

• Environment cover= bush, hills, snow cover 

• Resource size 

• Transport costs 

• Ability to test 

• Risk/ safety 

• Geology 

• Relation to PSV 

If any of the above factors cannot be agreed upon, then changes must be made to either the user 

requirements or a different environment must be chosen. Once these factors have been assessed 

and agreed upon, the process steps out of the conceptual stage and into the implementation stage. 

This includes testing and site visits to guarantee the source is what the user requires. 
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7.0 Financial Implications 
The financial benefit from finding a high PSV source would be substantial for Fu lton Hogan. As t he 

current source of High PSV aggregate is the steel slag transported from Auckland, there is the 

possibility for massive savings in transport costs and on the aggregate used as well. 

The reason high PSV aggregate is of such value to Fulton Hogan is due to the substantial portion of 

roads in New Zealand that require it. Within New Zealand there are 4434 curves with a radius 

<400m. If it is assumed that each curve is 600 metres long, this would equate to 24.5% of the State 

Highway network. These areas do also tend to be resurfaced earlier than other sites which would 

therefore mean approximately 30% of the State Highway network would need to be resurfaced with 

high PSV chip (Waters, 2014). 

The Wairoa Quarry costing will be used as a template for the cost of a new quarry to be created. 

Similarities occur between the areas suggested and Wairoa: 

• Geology 

• Similar variability within the rock 

• Transport distances may be shorter but due to difficulty in access, the costs may end up 

similar. 

Below is the cost breakdown for crushing a tonne of hard rock quarried out of Wairoa: 

Type Cost ($)(Tonne) 
Royalties 1.83 

Winning costs 0.31 

Crushing 5.19 

Depreciation 0.16 

Fleet cost 0.69 

Direct Labour 0.20 

Overheard Labour 0.35 

Overheads 1.92 

Total 10.65 
Table 2: Cost breakdown for Wairoa Quarry (Tonne) 

The above crushing cost per tonne is factored into the overall cost of the aggregate. The 64 PSV 

aggregate that was confirmed in Wairoa Quarry (Appendix 3) is sold for around $75 per tonne. 

Appleby (the crushing plant) purchases from Wairoa a crushed chip, 100-40 mm at $30.00/t (this 

give Wairoa a share due to being the source). Cartage of the 100-40mm Chip from Wairoa to 

Appleby is $5.50/t with allowance for processing costs at Appleby of $25.00/t. The crushing costs 

above are included in the processing costs at Appleby's. 

Total costs to produce into sealing grades are around $60.50/t with a sale price around $75/t giving 

around a $15/ t ma rgin. 
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Other things to consider and to take into account that are hard to capture the true costs of are: 

• Fulton Hogan has to empty out and clean the entire Appleby plant to prevent contamination 

form our general mixture of other sources. 

• Fulton Hogan can't produce any other products during the time it takes to produce the high 

PSV chip, (last time was around 4 weeks to achieve the volumes requested) which means FH 

take a hit on selling existing stock of general products as where not replenishing to balance. 

• The rate came about also after looking at what slag was costing to bring into the region and 

t his was still substantially less. 

Normal chip price is around $34 per tonne and has a lower profit margin. The steel slag that is 

currently being used is bought for $124.85. 

Fulton Hogan is not able to achieve the same profitable margins if aggregate has to be bought and 

transported . The large difference in price between the natural aggregate and the steel slag highlights 

the value of a local high PSV quarry. 

If Fulton Hogan decides to open a new quarry within the lower South Island, other costs will be 

incurred that may not be measured above: 

• Environmental consents 

• Purchase of land 

• Labour relocation 

IED 
Fulton 
Hogan 



8.0 Conclusions 

Final Report 
High PSV Aggregate Exploration for Fulton Hogan 

1. There is not much literature that has focused on the geology of the South Island of New 

Zealand and how it can impact aggregate performance, except for that by (Black, 2014) . 

Many of her conclusions are very negative and suggest that there may not be high PSV 

aggregate found within the South Island. Her conclusions focus on the large amount of 

metamorphism that occurs and how that weakens all rock. However, she does have a 

compelling case when talking about the large amount of variability within rocks found. I also 

encountered this when assessing geological maps and saw that specific areas often have 

several varieties of rock. This has implications for any quarry venture, as the true value of 

the source cannot be identified and therefore becomes a risk. 

There is the possibility that a very high PSV aggregate that also has good in-service 

performance, will not be found in the Lower South Island. Many of the rock types are highly 

metamorphosed and therefore much weaker. It is also the fact that large conservation areas 

may restrict access to any areas identified. Much of the Lower South Island is made up of 

moderate quality aggregate and not the 62+ PSV that this project is concerned with. 

2. PSV is easily misunderstood and many people attempt to use the test for much more than it 

is. The PSV test was initially designed as a ranking tool for aggregates. However, many 

people now wish to use this test to also show in-service performance. Some correlations 

have been found but the research is still inconclusive. !t is important that people do not get 

carried away with the applications of the test and rather use it as a base indicator that can 

then lead to further investigations. Through this report there are discussions about 

petrography and its impacts on aggregate quality. Petrography is another form of analysis 

that can either support or deny the results of the PSV test. Neither is stand-alone items of 

information and must be analysed from a holistic point of view. 

3. Financially, acquiring a new high PSV source has the potential to be very profitable for Fulton 

Hogan. As shown above the aggregate has a much higher value and is used on a very large 

portion of the state highway network of New Zealand. Finding a new source, local to t he 

South Island also has the ability to cut other costs as well as increase potential earnings. The 

financial implications of finding a new source are in fact the basis for undertaking such a 

project. The use of a local source would minimise the use of steel slag and could potentially 

create more work within the South Island. The benefits therefore stem much further than 

the profit margin. 
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9.0 Recommendations 
Through the research carried out during this project and findings developed within th is report, the 

following recommendations are put forward on the basis of the supporting information: 

1. Use of Steelserve 

The use of the steel slag, although transported from Auckland at a much higher price, has been 

proven to perform well. Although there is the significant price differential over the use of natural 

aggregate, this may continue to be one of the better sources of high PSV chip leading into the future. 

This is dependent on the supply of the steel slag for now and in the future. With a resource that is 

limited, an option would be to investigate whether it is possible to increase the resource or get it 

elsewhere. Ultimately the sourcing of a new natural aggregate is considered plan A, however, in the 

current situation within the South Island, it may be sometime till higher PSV aggregate quarries are 

developed. 

2. Wairoa Quarry considered good quality aggregate. 

Initial lab testing has proven that Wairoa Quarry PSV is high enough to be used on high risk curves. 

Although results of the SCRIM test on the current in service testing points have not yet been 

received, it is difficult to suggest the use of such aggregate widely. Discussions with engineers and 

managers within the Nelson Regional Office shows much excitement over the performance of the 

aggregate and it is expected to show positive results. Currently only laboratory results support the to 

implementation of Wairoa Quarry aggregate on the roads. Some of the results can be found 

attached in Appendix 3. 

3. Further investigations necessary 

The two main investigations carried out through this report were: 

• The influence petrography has on aggregate 

• The geological investigation of available rock in the South Island 

Firstly, after much research on petrography it was difficult to find and correlate how those aspects 

impacted aggregate performance. There is no doubt that it does have an impact, but the lack of 

conclusive evidence over the extent of the impacts made it very difficult to quantify. This is in many 

ways similar to that of the impact of the geology on aggregate performance and in turn the PSV 

readings. 

Further investigations must be undertaken on the rocks suggested in the areas. After talks with Jeff 

Waters, the suggestion of river prospecting arose as the first stage of attempting to gauge the 

quality of the rock in the area. This is a fairly non-invasive form of investigation and can be 

completed reasonably easily. Time constraints meant this was not able to be added to the project. 

A study I believe may create value is one that can directly correlate petrographical aspects to either 

the PSV or in service performance . It would mean that ideal geologies could be created with specific 
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qualities needed from each petrographical factor. This was initially an angle of approach for the 

report, but it soon proved to be difficult without large amounts of data and time. 

The underlying fact is that unless there is much more testing completed on rocks within the lower 

South Island, the supporting evidence is only conceptual and only provides a base from which to 

work further. 

9.0 Lessons Learnt through Project Completion 
As this has been my first real experience at project management, I have learnt many lessons. Being 

given the ability by Fulton Hogan to plan, action and complete this project has given me the chance 

to learn and grow as a person and a student. The following lessons learnt throughout the project 

combines areas of strength, weakness and future improvement: 

1. Importance of Planning 

One aspect of this project that was highly underrated to begin with was the planning stage. Early on 

trying to put together a project proposal, charter and plan was a completely new experience. 

Although I now understand its value, during early stages it felt as though I could do the project 

without the plans. I soon found out the importance of having these supporting documents. I started 

findings myself referring to the plan and especially my Gantt chart to check with how progress was 

tracking. The plans and scheduling aiso heiped to reduce stress and calm the nerves whenever it felt 

like the project was getting away on me. I was able to refer back and reassure myself that things 

were progressing well. 

Improvements: Ideally I would have had greater background knowledge of the topic which would 

have helped me to create more accurate and realistic objectives. The scheduling of the project felt 

reasonably accurate. 

2. Flexibility and Adaptability 

Managing a project is a very fluid process as there are many cogs within the machine. I feel as 

though without the ability to be flexible, a project can become too regimented in its initial plans and 

miss its true goal. Timing was one area I had to become flexible with due to both illness and sporting 

commitments. The initial plan of when work was to be completed had some alterations made due to 

my selection in Canterbury Cricket, however, this time was able to be made up prior to and after the 

games. There was also a slight change within the project scope. This occurred around 2 months into 

the project as the development of the quarry section was removed and instead replaced with 

developing a conceptual model of my processes. I didn't find this to be much trouble as the model 

turned out to be more beneficial to my learning of how I had done things. 

Improvements: As I think through the course of this project, I was able to adapt relatively quickly to 

the challenges received. However, as only minor changes were faced, I know that in the future, 

changes may impact other projects severely and need a more stringent plan to cope. 
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The idea of communication is often glazed over and not fully appreciated. Through this project I had 

to step up my level of communication in many ways. Project guidelines meant progress reports and 

constant contact was necessary to complete the project. I found that early on in the project the 

contact between myself and the sponsor was very regular. I would be in touch weekly asking 

questions regarding the project and information I required. This also gave the sponsor insight into 

where I was at with my project on a regular basis. What I also found was as the project got into the 

later stages, the communication between the sponsor and me dropped away. This may have been 

due to my poor communication, but also due to his busy schedule. Numerous occasions the sponsor 

would be away and out of conta€t which would sometimes slow proceedings. I did have email 

contact with several other Fulton Hogan staff members which helped to fill in gaps where needed. I 

also missed one progress report which may have left the sponsor not knowing completely what I was 

doing. In this case I emailed a shorter weekly update, in an attempt to make up for the mistake. 

Improvements: In the future a much more solid communication plan needs to be put in place. This 

could even be a part of the project plan. A sort of hierarchy of contacts if someone is away would 

have made the situation easier. I now also understand the need to be in touch constantly as it gives 

you and the supervisor confidence that the project is heading in the right direction. 

4. Be Realistic 

At the beginning of the project bold goals were set out prior to any background research and 

without too much thought. This learning curve is tied with the idea of flexibility and that at some 

stage I had to be realistic over the type of outcome likely from the report. It didn't really occur to me 

till well down the track that the way the project was set up, it was actually very difficult to find a 

definitive answer to the problem presented. As I didn't have the large base knowledge of the topic, it 

meant much of the time was spent gathering that information and by that time, it was far too late to 

change the project or direction. I found it tough to gauge whether the supervisor or me should have 

known about what type of outcome could come from the project. I knew what I wanted to find and 

how I wanted to do it, but I think in reality more time had to be spent on the project to include a few 

other things. 

Improvements: I underestimated what needed to be done and how it was going to be completed. 

Also the level of background research needed to be more in depth. If I had known these things, more 

informed decisions could have been made around the planning stages. I also could have noted such 

hesitations earlier. 

9.1 Personal Reflection 
Over the course of the project I was able to connect learning from the MEM year to specific aspects 

of what I was doing. Being given the chance to manage and orchestrate my own project with Fulton 

Hogan is an experience t hat will put me in good stead leading into the work force. This project was 

also able to incorporate ideas from my geological background and put them into a real life setting. 

It was thoroughly enjoyable working with such a well renowned company that has done so well over 

its lifetime. The project also helped to give insight into the industry and how New Zealand roads are 
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actually cared for. The trip to Wairoa was a priceless experience and a real eye-opener to the work 

that is completed behind the scenes in order to create good roa ds. 

Through this project my future aspirations in my career may have changed. I have grown to be very 

interested in what Fulton Hogan is about. The people were very welcoming and the work seemed 

diverse. My interest in project management has also spiked as I got a taste for what it is like. It 

would be a privilege in the future to be given the chance to work with Fulton Hogan again. 

10.0 Ethical considerations 
This project contains information sensitive to Fulton Hogan and has been completed under a 

confidentiality agreement. The final report shall be embargoed for 2 years in order to provide Fulton 

Hogan with use of the information provided. 

Ethical considerations need to be made towards damage to the environment. Although a quarry's 

foot print is very small, due to New Zealand's unique environmental and conservation plans special 

care must be taken with the implementation of any quarry program. 
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Appendix 2: Literature Review - Petrography 
The Influence of Aggregate Petrography on Road Surfacing 

Introduction 

This literature review is completed in accordance with the deliverables stated in the project plan. 

The aim of the review is to gain an understanding of the influences petrography has on road 

surfacing. This is specific to the South Island of New Zealand and associated with Fulton Hogan. This 

report will be completed as a desktop study analysing several key readings that have impacted the 

way aggregates are selected for use. 

There are several tests that are used to analyse a specific aggregate's quality, one of the most 

important being the polish stone value (PSV). This test has come under scrutiny in recent years for its 

applicability to in-service performance, yet it is still widely used to give an indication of skid 

resista nee. 

To further support or question the results, petrographic examinations give insight into the 

aggregate's finer qualities, such as texture, mineralogy, hardness, porosity and several more. This 

report is largely associated with bringing together which parts of petrography most influence road 

surfacing. 

As the South Island is the area of interest for Fulton Hogan, the geological profile is analysed as well 

as literature regarding the movement of rock in the South Island. Through the analysis of the South 

isiand;s geological profile and the petrographic influences on aggregate performance, the hope is to 

locate areas which may provide an aggregate source with the necessary qualities for road 

applications. 

The Prob lem 

Site Skid site du crlptlon 

category 

Approachu 10: 

a) Rallw;iy level crossings 

b) Traffic signals 

c) Pedestrian cross lnos 

d) Stop and Ctvt Way controlltd 
Intersections (where n,ue highway lrilffic 
h: re.quired to uop or give Wily) 

e) Roundabouu. 

One l.ine bridgu: 

a) Appro1chu .ind bridge deck. 

.i) Urbin curves <2 50m rid lus 

b) Rural curvu <2 50m rad ius 

c) Run.I <.urve.s 250·•00m radius 

a) Down gradients > I D"-. 

b) On r.1 mps with ra mp metering. 

a) State highway approach to a lou.l road 
Junaion. 

b) Down gradient s 5-1 °" 

c) Mo10,w.ay JuncOon ;aru Including on/off 
R.imps 

d) Round.Jbouts , clrcular s ctlon only. 

Undivided u.rrlagew,1ys (event-free). 

Divided c,1rrbgewa.ys (event-free). 

Figure 4: Skid resistance investigatory levels using the SCRIM 
method. 

There are several issues that arise when it 

comes to the selection of aggregate for road 

use. The New Zealand Transport Association 

has developed a standard for the qualities 

an aggregate must have for certain areas of 

road. The units used in Figure 1 relate to the 

SCRIM test that measures both friction and 

macrotexture of the surface. This is an in

service test once the aggregate is in 

application. Much doubt is centred around 

the use of the PSV test to predict in service 

performance. This is seen with some 

aggregate that has been weathered or 

altered and shows a very high PSV, but if it 

were to be used in-service, would fall apart. 

The test is said to have a ±2 differential 

which effectively categorizes rocks into 

groups that measure for example 55 and 
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then 60 on the test (E.g a rock that measures 55 and another 57 are said to be similar and may be 

used for t he same applications) . 

Fulton Hogan has recognized the need for a high PSV aggregate source which is located in the South 

Island. This is to nullify transport costs currently incurred from the movement of either steel slag or 

importation of international high quality aggregates. The problem with the testing process will not 

be incurred during the process of this project due to time limitations. However, this issue must be 

recognized as it can impact the results of the project, past the allocated time of completion . 

The Influence of Petrography 

Aggregate petrography does not correlate to the PSV test results. There is no relationship. It is 

therefore difficult to relate petrographic parameters to the in-service performance of an aggregate. 

However, there are certain attributes that are common among good quality aggregates. All of the 

following listed factors can play a role in making an aggregate good or poor quality. 

Petrographic factors: 

Aggregate size and shape 

Distribution and composition 

Bond and hardness 

Degree of crystallisation 

Specific gravity 

Ve ins 

Porosity 

Aggregate texture 

Alteration 

All of the above petrographic factors are not assessed before an aggregate is used on road surfacing. 

There are several tests which determine the influence a petrographic factor of an aggregate may 

have on the aggregate's performance. As well as the PSV test, crush resistance and the Los Angeles 

Abrasion test (LAA) are completed. 

The crush resistance test is completed by loading the aggregate with a systematic increase of force 

(E.g 23kN, 46kN then 92kN) . This test gives an indication at what level of force the sample deforms, 

fractures, shatters or collapses. From the data gathered engineers have the ability to predict the 

performance of the aggregate under certain road conditions. Predictions can be made as to which 

areas are best suitable for this aggregate to be applied. The crush resistance test can also rule out 

aggregates that are either too hard or too soft . Excessive hardness will be discussed in relation to the 

PSV and LAA test. 

The LAA test provides a measure of resistance of coarse aggregate to degradat ion through 

Impact 

Abrasion 

Grinding 

The LAA test is also used to test the hardness of an aggregate. Another test that is currently being 

pushed into the standards is the Micro Deval. This test may become more widely appreciated soon. 

Although the LAA offers information on the areas mentioned above, the major significance it can 
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provide is to do with the relative qualities of aggregates with similar mineral qualities. For example 

the test can give accurate insight comparing different sources of granite . Rocks that are so hard they 

do not break in the LAA test tend to be of poor quality for road use. These rocks tend to have strong 

bonds either between the cement structure or the crystalline bond. 

Rock Type L.A. Abrasion Loss (by percent weight) 

General Values 

Hard , igneous rocks 10 

Soft limestones and sandstones 60 

Ranges for specific rocks 

Basalt 10 - 17 

Dolomite 18 - 30 

Gneiss 33 - 57 

Granite 27 -49 

Limestone 19-30 

Quartzite 20 - 35 

Table 2: Typical L.A. Abrasion Loss Values 

Although those tests directly refer to specific petrographic parameters, the PSV test creates its own 

measurement for the level of polishing that occurs on a specific aggregate sample. The PSV test is 

then used to give an indication as to the level of skid resistance that sample may provide in wet 

conditions (The test is always completed with a wet sample}. The reason for a stone polishing refers 

to some of the petrographic parameters mentioned above. Which parameters have the biggest 

impact, is to be analysed within this review. Hardness of an aggregate also plays a major role in the 

PSV test performance. Rocks that are hard and do not replenish t hei r microtexture will polish and 

record low values. The expected in-service performance will also be poor (E.g Some Basalt} 

Agg regate Aggregate Aggregate Polished 
Wator Spoclflc crushing Impact abras ion stono 

Rock type absorption gravity value value value valuo 

Basal t 0.9 2.91 14 13 14 58 
Dolerite 0.4 2.95 10 9 6 55 
Granite 0.8 2.64 17 20 15 56 
Miera- 0.5 2.65 12 14 13 57 

granite 
Homfols 0.5 2.81 13 11 4 59 
Quartzite 1.8 2.63 20 18 16 63 
Limestone 0.5 2.69 14 20 16 54 
Greywacke 0.6 2.72 10 12 7 62 

Table 3: Some representative values of road stone properties of some common aggregates (Bell, 2007) . 

The above table gives some basic values for a variety of aggregate types. The most commonly used 

aggregate type in New Zealand is that of Greywacke, however, the PSV results are much more 

variable t han represented in the table above. Quarries t end to provide a variety of Greywacke's and 

other small intrusions which create variances seen in testing. 
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In a paper by Shabani an attempt was made to develop a model that could estimate PSV values 

through the use of petrographic parameters. For the purpose of the model the following factors 

were assumed as having the most impact on PSV and therefore in service performance: 

Degree of crystallisation 

Relative hardness 

Relative specific gravity 

Vein 

Porosity 

Aggregate texture 

Alteration 

Tectonised 

It is tough to quantify the impacts of each factor on the overall petrography of an aggregate, as 

there are many variables involved with the creation of a rock. However, there are specific factors 

that correlate to each other. Rocks with a high crushing strength commonly are non-porous and 

have an interlocking texture. A desirable strength quality for an aggregate on the road would be high 

strength cement with small to medium sized granules. This type of texture within an aggregate 

would mean that as an aggregate wears down and begins to polish, granules can become dislodged 

from the matrix and create a fresh face for action. 

William Langer in a US geological survey identified important petrographic parameters as the type, 

size, shape, orientation, mineral proportions, type of contact/cement, layering of minerals and pores 

and fractures. He also went a step further and noted that the most important propert ies of the 

minerals within the rock are hardness and cleavage (Langer, 2001). Both hardness and cleavage are 

determined by the atomic arrangement within the crystal lattice of the minerals. It is therefore the 

source rock which determines the final quality of an aggregate. 

Source Rock Impacts 

The South Island specifically is subjected to harsh metamorphic conditions which tend to alter and 

sometimes weaken the parent rock. Metamorphism changes the geologic texture and minerals of a 

pre-existing rock. This process occurs through either heat or pressure and alters the mineral content 

of a rock. This alteration means that it is possible to determine the origin of metamorphosed rocks 

through back tracing analysis of the mineral content. Metamorphic rocks can be poor quality 

aggregates due to ~ reduction in strength which is caused by an increase in grain size, porosity, 

proportion of soft minerals and in particular due to the loss of interangular bonding. This occurs as 

schistocity and foliations develop. The most common metamorphic rocks used as aggregate are 

gneiss, quartzite and hornfels (Langer, 2001). 
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Metamorphic rock 

l Gneiss 

Quartzite 

Hornfels 

Qualities 

Final Report 
High PSV Aggregate Exploration for Fulton Hogan 

Hard and strong connections 

Low porosity; Strong due to interlocking grains 

High abrasion resistance due to interlocking grans 

Low porosity; Strong due to interlocking grains 

High abrasion resistance due to interlocking grans 

Table 4: Common metamorphic rocks and attached qualities 

Whether an aggregate will be good for road use is tough to determine from the above qualities 

alone and therefore the standard tests must be applied. 

Both igneous and sedimentary rocks are also used for road aggregate within the South Island. Each 

has some factors which affect its in-service performance. Igneous rocks are commonly hard and 

strong which is due to the high amount of interconnected mineral growth. The grain size also tends 

to be smaller which may not be suitable for broken face replenishing. The mineral content of an 

igneous rock also plays a major role in reducing the strength of the rock. Large crystal sizes and a 

high proportion of soft minerals such as micas as well as flow structure and porosity means igneous 

rocks are susceptible to fracturing and weathering processes. Igneous rocks with high quartz content 

tend to resist abrasion better than those with high iron and magnesium content. High abrasion 

results are not aiways beneficiai for road aggregate, as rocks that do not break up have a higher 

tendency to polish. 

Sedimentary rocks are variable in nature due to the source rock and cementing process. Most 

sedimentary rocks are created through the lithification of weathered or broken rock debris. The 

transportation process of the debris mean clasts can be both angular and rounded depending on 

their journey before settling. The main factors that affect sedimentary rocks are porosity and the 

nature and amount of cement between grains. The amount of abrasion resistance is also affected by 

the nature of the cement (Langer, 2001). 
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Name of Rock 

Breccia (Image Link) 

Conglomerate 

Arkose 

Shale 

Siltstone 

Mudstone 

Limestone 

Fragment Type 
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Coarse Fragments of Angular Gravel and Rocks 

Coarse Fragments of Rounded Gravel and Rocks 

Sand Sized Particles that are 90% Quartz 

Sandstone composed of 25% Feldspar Grains 

Clay Particles 

Silt Particles 

Mixture of Clay and Silt 

Mixture of Shells, Coral, and Other Marine Skeletons 

Table 5: Sedimentary rocks and general make-up 

Table 3 lists the common sedimentary rocks. Mudstones, Sandstones, limestones and conglomerates 

are most commonly used for road surfacing application . The common make-up of the rock is 

highlighted above which also impacts where each aggregate can be used. 

Focus on the Resistance to Polishing 

The importance of microtexture within an aggregate has been iecognized for decades since research 

by Knill {1960) highlighted aggregate petrology as the factor promoting or opposing aggregate use 

{Smith, 2001). It was identified that rocks with enough variability in hardness between minerals 

could give high polishing resistance. In other words a rock that contained grains only moderately 

cemented together would show a high polish replenishing value. To once again separate rocks into 

their 3 core groups of sedimentary, igneous and metamorphic, it is possible to specify how 

petrography impacts the resistance to polishing and the PSV test itself. 

Igneous and Metamorphic Rocks 

Weathering of these rocks does show an increase in results within the PSV. The main reason for this 

increase in resistance is due to the lower hardness levels of certain minerals within the rock 

(kaolinite, chlorite, serpentine, sericite). However, weathering is widely understood to cause this 

increase in the PSV test, but the results have not correlated to in-service performance. Weathered 

rock is often used as lower base course material. Grain size also impacts the PSV results causing a 

slight increase (Taylor, 2014). The larger grain size has been noted as an ideal quality for a high PSV 

rock due to its ability to replenish fresh faces. This is also largely dependent on the strength of the 

cement holding the grains together. Vesicles present within an igneous rock can increase the PSV 

but the level of increase is dependent on whether the vesicles are filled and if so, with what. For 

road surfacing the main metamorphics considered are gneisses, hornfels and metaquartzites {Smith, 

2001). 
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Sedimentary 

Sandstones are a common sedimentary rock that has recorded high PSV values that correlate to 

good in-service performance. Slight variations of mineral content and some sedimentary quartzites 

have also been noted as polish resistant. The cement type and quality do affect these sandstones as 

rocks that become indurated may be too hard and therefore polish easily. Relationships have been 

formed between petrography, polishing resistance and abrasion resistance which highlight the 

positive impacts of having weakly cemented grains that dislodge and prevent polishing (Hawkes and 

Hosking, 1972). An inverse relationship is seen between polishing resistance and abrasion resistance 

(Smith, 2001). 

Conclusions 

Although petrography is discussed in many papers as having an impact on the road surfacing, there 

is much debate over the extent of these impacts. After speaking with several lab members of Fulton 

Hogan, it was understood that petrographical factors are not individually tested but rather the tests 

are designed to replicate in-service activity. There is also minimal research that directly correlates 

petrography to in-service performance. 

Petrography does however, affect the PSV and LAA tests which determine whether an aggregate is 

suitable for the road and for which part it is suitable. The petrography of the rock is affected by the 

parent rock and the geological processes it is put through. The processes a rock is subjected to such 

as metamorphism, diagenisis and weathering alter the original rock properties which then affect the 

vaiues derived from testing. It is therefore important to analyse the source rock to identify what 

qualities make the rock good or poor. 

Many papers have identified that a rock with weak to moderate cement with coarser grains, does 

tend to read higher PSV results. This type of rock has also been proven to work in service. Measuring 

the abrasion should give insight into the cement type and therefore that relationship should give an 

idea of how suitable the aggregate is. This method I think works better for indurated sedimentary 

rocks as the grains are visible and the cement type is easily determined. This is in contrast with 

igneous or metamorphic rocks which I believe need a more in-depth petrographical examination due 

to the crystalline structures and processes that have created the rock. From the Wairoa Quarry visit I · 

learned that the crushing processes also impacts the results and therefore this will be further 

investigated in the second part ofthe review. 

As a result of the high level of metamorphism in the South Island, many of the rock sources have had 

some sort of alteration. Faults tend to create weak areas within rock faces changing the properties 

of the original material. The impact of the geological processes will be discussed in the next edition 

of this review. Also possible ways to deal with the change in rock qualities is to be discussed. 
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Appendix 3: Geological Review 
South Island of New Zealand Geological Profile Analysis 

Langer (1995) describes a basic format for mapping potential aggregate sources. This is very similar 

to the process undertaken for the project and this report. 

"The key to mapping potential sources of aggregate are an understanding of the 
geology of the region; focussing on the surficial geology and Quaternary geologic 
history for deposits of sand and gravel, and a general study of stratigraphy, origin, 
and structural history of the region for sources of crushed stone. Geologic maps serve 
as a primary source of information for determining the location of potential sources 
of aggregate. The mapped distribution of surficial deposits restricts the area in which 
sand and gravel deposits are likely to occur. The distribution of bedrock units suitable 
for crushed stone shown on geologic maps helps identify the general areas where the 
target stone type is at or near the surface, and for identifying the source rocks of sand 
and gravel particles" 

The Qmap series created by GNS has been used to analyse the geology of the South Island. The 

Wairoa quarry area geology as well as information attained from the quarry visit is to be used to 

correlate geology with the Wakatipu and Murihiku areas. These two areas have been chosen due to 

the movements of the alpine fault. There is a direct correlation between the geology of Nelson and 

the geology of the two areas mentioned above. The parent rock within areas surrounding Nelson will 

be the same as certain areas in 'vVakatipu. As mentioned in articles by Langer (2001) and {1995}, the 

source rock largely determines the quality of the final aggregate. The source rock also determines 

which rock can be used as aggregate for road surfacing purposes. The processes altering the source 

rock such as metamorphism, diagenisis, weathering and alteration therefore produce your quarried 

product. 

The large number of active faults in the South Island also affects which rock is able to be used for 

road surfacing (Appendix 1). A large amount of faulting within a rock source can lead to very weak 

rock with possible water infiltration further weakening the rock. Wairoa has two current visible 

faults running through the benches. As discussed with Bruce Taylor, the variability within the rock 

source as a whole is not a major issue. Through crushing processes weak rock is removed and sieved 

and able to be used for other processes. 

The four areas of the South Island, {Nelson, Wakatipu, Murihiku and Dunedin) will be analysed and 

interpreted in relation to finding a high PSV aggregate. The Wairoa quarry within the Nelson region 

has already recorded high PSV values, and is waiting on in-service test results. During analysis of 

these areas the discussion will largely involve rocks that have potential and areas that are not 

mentioned will be due to their lithology. Areas that are excluded may be mentioned in the final 

report. 
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The Wairoa quarry in Nelson is situated in either the Caples terrain or Pahau subterrane. From 

correlating the type of rock sourced from the Wairoa quarry, it is more than likely situated in the 

Caples terrain. The Caples terrain is highly variable and contains weakly metamorphosed sandstone 

and siltstone to high grade schist. Within the Caples Terrain is the previously mapped Pelorus group 

which consists of grey, generally well-bedded indurated sandstone and siltstone with thick 

sequences of coarse sandstone and conglomerate. The Wairoa rock looks to be most like hard 

indurated sandstone with some weaker zones within the quarry bench due to faulting. There is also 

a large quantity of weathered rock that covers the well-indurated sandstone and siltstone. 

Figure 5: Wairoa Quarry face 

Figure 1 shows the nature of the rock being quarried at Wairoa. Around the fault the rock is very 

fractured and in areas very wet. Although this photo was taken well below the surface, water is able 

to infiltrate which weakens the surrounding rock. Faulting processes which create heat and pressure 

have caused the rock to fracture. Although this may affect the overall quality of the rock, in the 

context of an entire bench it does not impact the possibility of high PSV aggregate being sourced. 
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Figure 6: Wairoa quarry hard rock face 

Figure 2 demonstrates the good hard rock that is being quarried at Wairoa. There are some small 

quartz veins which run through the rock. Quartz is common in road surfacing and has shown to 

reco rd moderate values in the PSV test. The Caples Group becomes increasingly schistose southeast 

towards the Wairau Valley. The schistose Caples Group rocks have been divided according to the 

textural nomenclature applied to the Otago Schist by Bishop (1972) . 

Within the Nelson region, the Torlesse Supergroup is also present which stems all the way through 

Otago, Canterbury, Marlborough and into the axial ranges of the North Island to the east cape. This 

rock primarily ranges from Permian to early Cretaceous in age and consists of predominantly 

quartzofeldspathic sandstone (Greywacke). Several melange units cut the Torlesse group, separating 

the Rakaia and Pahau subterrain. The Nelson ranges have the highly metamorphosed Rakaia 

subterrain and the Pahau subterrain has only been subjected to slight metamorphism. Greywacke is 

a very common rock used in road surfacing within NZ and it depends on the source rock and the 

processes it has undergone whether it will be a quality aggregate. 

Information gathered from the Wairoa Quarry specifically used to produce the PSV results has been 

attached in Appendix 2. Results from the PSV test have accredited Wairoa quarry with values of 64 

and 62 (Appendix 2). Quality assurance testing was also carried out which resulted in a positive 

endorsement of the aggregate. This therefore gives some insight into the possibility that the 

indurated sandstone found in the Caples Terrain may be a rock of interest as a High PSV aggregate 

source. Whether the Torlesse Supergroup is part of the Wairoa quarry, is difficult to tell but t he rock 

type is similar and therefore must also be investigated. As both the Caples and Torlesse Terrain 

extend into Otago, Southland and Canterbury, it is possible t hat new sources of High PSV ca n be 

found . The following areas (Wakatipu, Murihiku) will now be discussed in terms of their geology and 

relation to rock in the Nelson region. 
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The Wakatipu area (Appendix 5) is highly metamorphosed. This is due to the Alpine Fault but also 

the Livingstone and many other small faults that are active in the area. The main formations within 

the area are: 

• Caples Terrain - Undifferentiated volcaniclastic sandstone and siltstone, conglomerate, 

mudstone, sandstone, volcanics, chert, marble, interbedded red and green sandstone, black 

mudstone, granular conglomerate and sandstone mudstone. Some units sheared. 

• Dun Mountain/Matai Terrain - Two major units: the Ultramafics, Livingstone volcanics and 

the Matai group sediments. 

• Murihiku Terrain - Volcaniclastic sedimentary rocks in the Southland, Nelson and Waikato 

areas mapped as Murihiku Supergroup. 

• Brook Street Terrain - Undifferentiated volcaniclastic sandstone. (Highly variable area of 

rock with many intrusions and lenses) 

The plutonic rocks will not be discussed as part of this report as there is minimal information that 

suggests these would perform or record high PSV. The four different formations mentioned above 

will now be described further in depth. This will help to correlate information with Wairoa and other 

literature on the South Island geology. 

Caples terrain 

The Caples terrain tha t is visible within the \"!akatlpu map area ranges from non-schistose sandstone 

and mudstone in the west, adjacent to the Livingstone fault, to strongly foliated Haast schist in the 

east. There is also a volcaniclastic presence within the Caples terrain which has a distinctive 

geochemistry. Some of the formations resemble the Caples Group in Nelson (Star, Ward, Wether) 

however, they retain their local Wakatipu area names. 

Within the Caples terrain there are three main formations, The Harris Saddle Formation, Momus 

Sandstone and Kays Creek Formation. The Harris Saddle Formation (HSF) is comprised of andesitic 

flows, pillow lavas, hydroclastic breccia and minor volcaniclastic sandstone and chert. The Momus 

sandstone is dominated by quartzose sandstone containing minor thin mudstone interbeds and rare 

conglomerate which forms some of the higher peaks in Humboldt and Thomson peaks. The Kays 

Creek Formation (KCF) is distinctive within the Caple Terrain due to the red and green volcaniclastic 

sandstone, mudstone and intraformational breccia. The KCF resembles the Wether Formation in 

Nelson. The overlying formation comprises of fine grained sandstone and siltstone with sedimentary 

structures. Figure 3 gives a visual representation of the Caples Terrain stratigraphy. 
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Figure 7: Stratigraphy of Caples Terrain 

There is a defined boundary between the Caples and the Rakaia terrains. The original deposition was 

in two separate basins, but due to the highly complex fault zone in the area and tectonic collisions 

events, a fine boundary has been created. This area contains ultramafics derived from oceanic crust, 

Haast schist and a variety of outcrops sourced from each basin. It is unlikely within this area that 

good quality aggregate will be found due to the level of metamorphosis and minerals within the 

rocks. 



Relevance: 
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The Caples terra in is the formation with the most prospective sites due to its geology. There are 

pockets of rock which have not been metamorphosed and may therefore perform well as aggregate 

for road use. The sandstone formations have potential as they produce a high polish replenishing. It 

does depend on the cement between grains, but this will require further investigation. The 

mineralogy of this area is also promising as it is comprised mostly of sandstone, mudstone and 

siltstone and minimal fossil content. Certain areas do have thin beds which I believe is not ideal for 

hard rock quarrying. The rock will tend to have a lower hardness. 

The region's fault activity is also important as it can change the quality of rock. 

Dun Mountain/Matai Terrain 

The Dun Mountain and Matai Terrain extends from northwest Otago all the way into Southland. The 

formation is truncated by the Alpine fault but reappears in the Nelson region . There are two major 

formations making the majority of the rock: the Dun Mountain ultramafics and the Livingstone 

volcanics. The Matai sediments were deposited on these rocks. 

The Matai group can be seen exposed at West Dome and the Mararoa River. This group consists of 

well-bedded and weakly metamorphosed sedimentary rocks. This group is also subdivided into 

several smaller groups. The entire sequence can be found in the Countess Range and north of the 

Mararoa River. The Matai group depositional environment ranges from fault bound basins to 

submarine fans. 

Murihiku Terrain 

The Murihiku Terrain is a very small part of the Wakatipu area and is mostly comprised of 

volcaniclastic sedimentary rocks in the Southland. Within the Wakatipu area it is mostly seen around 

Lake Te Anau in the southern depression. At Lake Gunn and Lake Fergus, beds of dark grey indurated 

muddy sandstone can be found with some minor fossil content. 

Brook Street Terrain 

In Wakatipu area the Brook Street Terrain makes up the Takatimu Mountains. There are also slivers 

visible within the Hollyford Fault. Brook Street is largely a volcanics group and is divided into three 

groups: the Skippers, Eglinton and Takatimu subgroups. None of the rocks within the Brook Street 

Terrain have been used as good quality aggregate before and therefore it would be inconclusive 

without testing to suggest this group for further investigation. 

Wakatipu landslide Geology 

The Wakatipu is a highly landslide active. Landslides are widespread and in some cases over lkm2
• In 

the Otago region the schist dominant areas are also highly susceptible to land sliding. The 
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weaknesses of the rock in areas, as well as the slope, are compounding factors that influence the 

landslides. This also has an implication for the development of new sources as the depth of overlying 

rock can be inconsistent and poses a danger for the development of certain areas. Figure 4 

illustrates the areas impacted by landslides relative to the state highway and other important roads 

in the area. 
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't landslide 
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powerline 

Figure 36 Landslides within the 
Wakatipu map area in relation to 
State Highway 6, and other road 
nelworks and major transmission 
lines. 
Road and other network data 
supplied by LINZ 

Figure 8: Landslides within the Wakatipu region. 

The Caples and Rakaia terrain sandstones are considered to be strong and hard and variably jointed. 

This creates the possibility for certain areas to become heavily weathered, decreasing the strength 

of that rock. For the purpose of the final report it will be necessary to find areas with minimal 

metamorphic impacts as well as low landslide capabilities. 

Relevance: 

It is important to analyse the entire Otago and Southland regions not only to find prospective high 

PSV sites, but also to exclude any that do not provide the desired rock qualities. The reviewed 

analysis is completed not only with the Qmap series, but many other literature pieces identifying the 

ideal qualities to produce high PSV. 

The land sliding of the region is assessed as part of this review due to the cost implications it could 

have. Any area that is identified as prospective must be cleared of overburden and the more that is, 

the higher the cost. Certain areas have had severe land slide events increasing the over burden . 

Landslide prone areas do not make safe quarry sites and could be excluded from that aspect as well. 
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Land sliding can also give insights into the strength of the rock, water infiltration levels and even 

leve l of fo liation or cleavage. Many of those qua lities are undesirable for aggregate use on roads. 

The Brook Street Terrain and the Murihiku Terrain are both not suitable rocks to produce a high PSV. 

The geology of the formations suggests that the rock would be weak and most likely 

metamorphosed making it not suitable to be used on roads. Zeolites and the amount of swelling 

clays make these areas poor for road aggregate use. 

Murihiku (APPENDIX 6) 

The Murihiku region of the Qmap series has many of the same formations as mentioned above in 

the Wakatipu region. For the purpose of this report those areas will not be discussed again apart 

from the Murihiku Terrain. The Murihiku region also includes Stewart Island which will not be 

included in discussions. 

Murihiku Terrain 

The Murihiku Terrain is made up of at least 6 different geological groups. Across these groups the 

geology varies from : 

• Mataura group: Marine to non-marine sandstone, mudstone and conglomerate, 

conglomerate locally dominant. 

• Ferndale group: Fossiliferous sandstone and mudstone with minor shellbeds and 

conglomerate. Some mudstone and conglomerate locally dominant. 

• Diamond Peak group: Fossiliferous sandstone, mudstone and minor tuff and conglomerate. 

Conglomerate and siltstone locally dominant. 

• Taringatura group: Fossiliferous sandstone, mudstone, tuff, shellbeds and conglomerate; 

extensive conglomerate and t uff. 

• North Range group: Stag Stream siltstone. Siltstone and sandstone with tuff, shellbeds and 

conglomerate . Tuff horizons and conglomerate locally. 

• Kuriwao group: Sparsely fossiliferous sandstone and siltstone with minor limestone. 

As you can see from all of these groups there is a large amount of recorded fossil content. 

Dependant on this level of fossilisation, it will then determine the quality of the rock. From current 

research fossilisation is not a desirable quality of aggregate. The sandstones and siltstones are of 

interest however, are dependent on the amount of induration. Rock in this area needs to be tested 

for hardness as its geology is not similar to that seen at Wairoa. 

Wai t aki 

Much of the Waitaki region is covered in Rakaia terrain which has been discussed above. There is 

only a small section of the Caples terrain which is said to be highly schistose and therefore not suited 

to be further discussed. 
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Conclusions 

The above comments on the geology of the South Island are designed to act as background 

information and support for decisions made. The report is written using literature and supporting 

geological maps. It is my aim to combine the knowledge gained through this research with 

information provided about Wairoa quarry to define certain areas where high PSV aggregate may be 

found . Much further testing is required within the areas to either deny or endorse the development 

of any future quarry work. 

Appendix 1 

Figure 9: South Island active fault map 

Figure 10: Canterbury and Otago regions active fault map 
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Figure 11: West Coast, Nelson, Marlborough and Canterbury active fault map 
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Material Test Report 
Client: Troy Adamson 

Nelson Appleby Crushing 
Private Bag 1 
Nelson Mail Centre 

Nelson 7042 

Project: Quality Assurance Testing 

Sample Details 
Sample ID: NSN1 3S-00876 
Client Sample ID: 
Material : Grade 4 Chip 
Sample Source: Nelson - Appleby Crushing 
Site/Sampled From: Appleby Crusher 
Date Sampled: 23/08/2013 
Specification: NZTA M6: 2011 Grade 4 Chip 
Sampled By: Troy Adamson 
Sampling Method: NZS 4407:1991 2-4.3 
Date Tested: 26/08/2013 
Technician : Ross Campbell 
Sampling Endorsed?: Yes 

Test Results 
Description 
Average Least Dimension (mm) 
Less Than 4.75 mm (%) 
Within 2.5 mm of ALO(%) 
AGO/ALO Ratio 
No. Of Particles 
Broken Faces Sealing Chip (%) 
Cleanness Value 
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NZS 4407:l991 Test 3. 14 
NZs 4407:1991 Test 3.9 

Nelson Laboratory 
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Issue No: 1 
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Certificate Number: 
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Aggregate Source: 

Aggregate Description: 

Issued By: 
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Siqrie.d: 

PSV:CAN 11 S-04340 

Nelson Laboratory 

NSN11S-01227 

Nelson - Wairoa Quarry 
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Polished Stone Value Test Report 
Client: Nelson Laboratory 

Private Bag 1 
Nelson Mail Centre 

Nelson, 7042, NZ 

Project: PSV Testing - Wairoa Quarry 

CAN11 S-04340 

NSN11S-01227 

TNZM/4AP40 

Nelson - Wairoa Quarry 

Wairoa Quarry 

TNZ M/6:2004 Grade 4 Chip 

BS EN 1097-8: 2009 

Contrpl Stone .Test Resul(i .. 
Material Run 

Control Stone 
2 

2 

Material Run 

TNZ M/4AP40 
2 

2 

Mean Value Of Sample 

61.8 

•i.-:. 
•-.;: 

Specimen ID 

13 

14 

14 

Specimen ID 

9 

10 

9 

10 
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Date Sampled: 

Sampled By: 
Sampling Method: 

Date Tested: 

Technician: 

Sampling Endorsed: 

Maciej Gaworecki 
Approved Signatory 

Date of Issue: 24/08/11 

21/07/11 

Troy Adamson 

NZS 4407:1991 2.4.6.2.1 

19/08/11 

Maciej Gaworecki 

No 

Reading 3 Reading 4 Reading 5 Mean of Run 

51 51 51 
51 .0 

51 51 51 

50 50 50 
50.0 

50 50 50 

Mean PSV of Control Stone 50.5 

Adjustment 2.0 

Reading 3 Reading 4 Reading 5 Mean of Run 

63 62 62 
62.2 

62 62 62 

63 62 62 
61.3 

60 60 61 

Mean PSV Value of Sample 61.8 
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Canterbury Laboratory 
325 Pound Rd, Yaldhurst 

PO Box 16-064, Christchurch 8441 
Telephone +64 3 349 9142 
Facsimile +64 3 349 9143 

Polished Stone Value Test Certificate 
Certificate Number: 

Client: 
Client Sample ID: 

Aggregate Source: 

Aggregate Description: 

Issued By: 

Date Issued: 

Signed: 

PSV:CAN11S-03415 
Nelson Laboratory 

NSN11S-01050 

Nelson - Wairoa Quarry 

20mm Hotmix 

Polished St:one Value ='.;=.6;~:~,:-<i.i• 

This material has been tested in accordance with BS EN 1097-8:2009 

Max Burford 
08/07/11 
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Polished Stone Value Test Re ort 
Client: Nelson Laboratory 

Private Bag 1 
Nelson Mail Centre 

Nelson, 7042, NZ 

Project: PSV Testing - Wairoa Quarry 

sample Detail~ 
Sample ID: CAN11S-03415 

Client Sample ID: NSN11 S-01050 

Material: 20mm Hotmix 

Material Source: Nelson - Wairoa Quarry 

Sampled From: Wairoa Quarry 

Specification: 

Test Method: 

TNZ M/6:2004 Grade 4 Chip 

BS EN 1097-8: 2009 

Material Run Specimen ID 

13 

14 
Control Stone 

2 13 

2 14 

Material Run Specimen ID 

8 

7 
20mm Hotmix 

2 8 

2 7 

Mean Value Of Sample 

59.1 

Final Report 

High PSV Aggregate Exploration for Fulton Hogan 

Canterbury Laboratory 
325 Pound Rd, Yaldhurst 

PO Box 16-064, Christchurch 8441 
Telephone +64 3 349 9142 
Facsimile +64 3 349 9143 

www.fultonhogan.com 

-_ PSV:CAl'-i11s;b~ 1s :. ·_. 

1 

The test (s) reported herein (\Klless Indicated) have been performed In 
accordance with the latiorator(s scope of accreditation. Results apply only to ··A--~ 
,~~~ 

Max Burford 
Approved Signatory 

Date of Issue: 08/07/11 

Troy Adamson 

Sampling Method: NZS 4407:1991 2.4.3 

06/07/11 Date Tested: 

Technician: Max Burford 

Sampling Endorsed: No 

Reading 3 Reading 4 Reading 5 Mean of Run 

49 49 49 
49.2 

50 49 49 

51 50 50 
50.3 

51 50 50 

Mean PSV of Control Stone 49.8 

Adjustment 2.7 A 

Reading 3 Reading 4 Reading 5 Mean of Run 

59 58 58 
59.5 

61 61 60 

58 58 59 
58.7 

59 59 59 

Mean PSV Value of Sample 59.1 

I commea1s , : •.. ,., • e< , : ·• • 1 . 
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Material Test Report 
Client: Troy Adamson 

Nelson Appleby Crushing 
Private Bag 1 
Nelson Mail Centre 

Nelson 7042 

Project: Quality Assurance Testing 

Sam'ple Details 
Sample ID: 
Client Sample ID: 
Material: 
Sample Source: 
Site/Sampled From: 
Date Sampled: 
Specification: 
Sampled By: 
Sampling Method: 
Date Tested: 

NSN13S-00033 

Grade4 Chip 
Misc Field Sample 
Wairoa Only Grade 4 Chip 
21/01/2013 
NZTA M6: 2011 Grade 4 Chip 
Troy Adamson 
NZS 4407:1991 2.4.3 

Technician: Martin Black 
Sampling Endorsed: Yes 

Test Results 
Description 
Weathering Quality Index 
Retained 4.75mm (%) 
Cleanness Value 
Date Tested 
Condition of Sample 

Comments 
Wairoa Sourced Feed porocessed at the Appleby Crusher 

Final Report 
High PSV Aggregate Exploration for Fulton Hogan 

Method 
NZS4407:1991 Test3.11 

.com 

Nelson Laboratory 

121 Boll Road, Nelson 
Private Bag 1, Nelson 7030 

Telephone: +64 3 547 8568 
Facsimile: +64 3 547 8556 

www.fultonhogan.com 
0800 LABORATORY 

., Re}iort No: MAT:NSN135-00033 
"lssu1iNo: 1 

.:\ The test {s) reported h9'eM°J (unless indicated) have 
been performed ln awxcla.nce \\ith the labOl'alory's 
scope of acaeditalion. Results only apply to samples 

0A 
as reoe1ved. This report m,st be reptcdUCW WI full. 

PIM PJ l"'--laboratory Approved Signatory: Alan Prescott 
flab Manager) 
ANZ Aweditation No:684. 
Dale oflssue: 18/02/13 

. . -. 

ResultI , .. Limits 
: AA NIA 

98 NIA 
95 NIA 

23/01/13 - 13/02/13 NIA 
Washed/Oven Dried NIA 

Page 1011 
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Material Test Report 
Client: Troy Adamson 

Nelson Wairoa Quarry 
Private Bag 1 
Nelson Mail Centre 

Nelson 7042 
NZ 

Project: Quality Assurance Testing 

Sample Details 
Sample ID: 
Client Sample ID: 
Material: 
Sample Source: 
Site/Sampled From: 
Dale Sampled: 
Specification: 
Sampled By: 
Sampling Method: 
Date Tested: 

NSN12S-00434 
0163TA 
TNZM/4AP40 
Nelson • Wairoa Quarry 

15/03/201 2 
TNZ M/4:2006 AP40 
Troy Adamson 
NZS 4407:1991 2.4.6.2.1 
19/03/2012 

Technician: Martin Black 
Sampling Endorsed: Yes 

Test Results 
Description 
Weathering Quality Index 
Retained 4.75mm (%) 
Cleanness Value 
Date Tested 
Condition of Sample 

Form No: 16909, Report No: MAt:NSN12S-00434 

Final Report 
High PSV Aggregate Exploration for Fulton Hogan 

Method 
NZS4407:1991 Test 3. 11 

t.'1 2000.201 1 oEStLs&bySpectraOEST.oom 

Nelson Laboratory 

121 Bolt Road, Nelson 
Private Bag 1, Nelson 7030 

Telephone: +64 3 547 8568 
Facsimile: +64 3 547 8556 

www.fultonhogan.com 
0800 LABORATORY 

Report No: MAT:NSN12S-00434 
Issue No: 1 

The test (s) reported hereiri (unless lndiealed) have 
been pelformed in acwdance \<t.lh the labOfatOf)l'S 

\ 

scope Of 3Wed~ati0n. Resuits only apply 10 samplas 

., 4#;/U.'" 
{ ,.,, • .....,..., Approved Signatory: Martin Black 

(Lab Technician) 
!ANZ Accreditation No:684 
Date ol Issue: 10/04/12 

Result 
: BB 

91 
85 

20/03/2012 • 04/04/2012 
Washed/Oven Dried 

Limits 
NIA 
NIA 
NIA 
NIA 
NIA 

Page 1 of 1 
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Appendix 3 

Final Report 
High PSV Aggregate Exploration for Fulton Hogan 

CAN WE CHANGE OUR CURRENT THINKING TO MEET THE CHALLENGE 
NZ Transport Agency and NZ/HT 1:f' Annual Conference 

,. 
j 

\ 

Figure 1 Chip Source coverage 

Coastal Otago Chip Source Performance Analysis 
Peter Mortimer, Paul Stewart Downer, New Zealand 

Roger Bailey, NZ Transport Agency, New Zealand 

~ / 

/ ,. 
. ( 

\ : 
Oamaru -} 

t I 
~~ _ _{ \ 

The historic primary reason for source selection (other than PSV constraints) is governed by the 
lowest total supply cost to stockpile which is greatly influenced by cart distance from the quarry. 
SH1 between Dunedin and Oamaru, being a main transport route has meant ii has been more 
cost effective to cart Oamaru chip further south, through lower cost backload rates than carting 
the Balclutha chip north. In some cases it has been more cost effective to cart Parkbum chip 
into the upper network, but these are rare. 
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Appendix 4 
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Figure 3 Basement rocks subdivided Into teclonoslrallgraphlc terranes for southern New Zealand and the Nelson area. Adapted 
from Cooper (1989), Mortimer (1993a, 1993b), Mortimer & others (1997), Mortimer & Tulloch (1998) . 
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Appendix 5 

~ Northland and East Coast Allochlhons 

Walpapa composite terrane 
{western North Island) 

LJ Morrlnsv/Jlo•Manala Hllf 

iJ2JJ Hunua-Bayo/lslands 

Caples terrane 

W Poha11 

-Rake/a 

Dun Mountain~ Maltal terrane 

Murlhlku terrane 

Brook Street terrane 

Takaka terrane J Tuhua 
Buller lerrane composite 

undlfforenllated terrane 

PLUTONIC ROCKS 

Median Balhollth 

Karamea Batho!lth 

Paparoa Bathollth 

Hohonu Balholllh 

REGIONAL TECTONIC
METAMORPHIC OVERPRINTS 

Esk Head and Whakalane Melanges 

f f i f i f i Haas! Schis t 

~ Gneiss 

200 km 

Final Report 
High PSV Aggregate Exploration for Fulton Hogan 

Figure 3 Teclonoslratigraphlc terranes wllhin New Zealand. Masi lerranes In the Wakalipu map area (lnsel) are also 
presenl In lhe Nelson region, ollsel 480 km by lhe Alpine Faull. Cenozoic lo Recent sedlmenls are shown In yellow. 

Main diagram after Begg & Johnston (2000) 
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Appendix 6 

4 

SEDIMENTARY AND VOLCANIC ROCKS 

LJ Nor1hland and Easl Coast allochthons 

Ll] Morrlnsvllle-Manala HIII-Waloeka assemblage 

' (Walpa Supergroup) Torlesse composite 

terrane (eastern NZ) 

Hunua-Bay of Islands terrane '7;J Pahau 

Caples lerrane CI] Rakala 

Dun Mountain ~ Mallai terrana 

Murlhlku terrane 

Brook Street terrane 

IT] Takaka terrane 

c=J Buller terrane 

PLUTONIC ROCKS 

Median Balhollth 
Karamea, Paparoa and 
Hohonu balholilhs 

METAMORPHIC ROCKS AND 
TECTONIC OVERPRINTS 

Esk Head and Whakatane m~langes 

Haas! Schist 

Gneiss 

200km 

----

.·_'1.-

Figure 3 Pre-Cenozoic basement rocks of New Zealand, subdivided into tectonostratigraphlc terraries; the extent 
of the Northland and East Coast allochthons is also shown. Chrystails Beach Complex (Coombs et al. 2000) Is 
shown here as part of the Caples terrane. Pale yellow (inset) shows covering Cenozoic sediments. 

Adapted from Mortimer 2004 
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Appendix 4: Identified Locations 

Final Report 
High PSV Aggregate Exploration for Fulton Hogan 

Note: The above map is to be used side by side with the maps on the pages following this statement. 

The notes attached to the map above identify the geological source as referenced on the Qmap 

series. This gives any person the opportunity to further investigate through the use of maps if 

necessary. The maps on the pages following highlight the areas identified above, through Google 

maps. This was to analyse the proximity to roads and nearby towns. 
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