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1 Introduction

Goodland Group have recently purchased a rural property at 2127 Kaipara Coast
Highway (State Highway 16), Makarau which included, under a separate title, a
small, non-operating quarry. KR Miller & Associates were engaged to investigate the
aggregate deposits on the property and determine the technical feasibility of
developing a new quarry. A staged investigation was recommended with the Stage 1
aims, as outlined in the KR Miller & Associates Work Order, defined as follows:

1. Investigation and evaluation of aggregate resources at the Goodland Group
property, Makarau.

2. Preparation of data for drilling companies and request for prices. Preparation of
drilling contract.

3. Supervision of drilling operations and collection and logging of drill samples.

4. Geological mapping of site

5. GPS topographic survey.

6. Geological modelling of resources using Microlynx mine planning software.

7. Preparation of report.

The GPS topographic survey was subsequently replaced with a photogrammetric
survey when initial investigations showed widespread evidence of andesite rocks on
the property. The photogrammetric survey was a more efficient way of covering a
larger, partly bush clad area. In fact it was possible to topographically map the entire
property for about the same cost as a GPS survey of the area surrounding the

quarry.



2 Existing Information

The area has been mapped at 1:50,000 scale by the New Zealand Geological Survey
(Schofield, 1989). The property was mapped mainly as Helensville Conglomerate,
with a circular outcrop of a lava flow shown around the quarry. The text
accompanying the map describes rare lava flows within the Helensville
Conglomerate. The slopes between the trig and the Makarau River, including the

area around State Highway 16 are mapped as Paremoremo Formation.

The small quarry on the property is shown on the Geological Resource Map of New
Zealand (Kermode et al. 1992), where it is called Makarau Bridge Quarry (Ref.
Q10/e18). The material quarried is described as an andesite breccia, but no
production figures or other details are given. Anecdotal evidence suggests that the

quarry may have operated in the 1930’s.

Some water bore logs are available in the area and provided useful data on the
extent of the andesite flow. A water bore (ARC reference 4720) drilled near the farm
house and implement shed intersected 40 metres of andesite before finishing in
andesite at 75 metres depth. Another bore (ARC reference 4690) has co-ordinates
that place it on the property, but further investigations revealed it was drilled on the
neighbouring property to the north. It also intersected andesite at depth. Both water
bore logs are included in Appendix 1.



3 Investigation Programme

3.1 Topographic Mapping

NZ Aerial Mapping was engaged to prepare a topographic map of the entire property
(Figure 1). Existing photography, taken on December 31°' 1984, was used as it had
established photo control. The photography was suitable to produce contours at a 5m
interval with an accuracy of around +2.5m. Other features such as roads, streams

and buildings were also picked up.

The photogrammetric data was supplied as a .dxf file, which was input into AutoCad.
Features were updated by KR Miller & Associates by digitising farm tracks, buildings
and vegetation areas from much more recent photography taken on March 4™ 2004.

Property boundaries were digitised from a cadastral map.

Contours, spot heights and other 3D data were transferred to the MicroLynx survey
module to produce a digital terrain model suitable for cross section construction and

volume calculations.

3.2 Drilling and logging

The drilling contract was awarded to Kiwi Welldrillers (Kevin Brown Ltd). Drilling was
carried out using a truck mounted Mayhew rig with a support water truck. Drilling was
generally carried using blade or tricone bits to penetrate mudstone and weathered

volcanic material. In hard conglomerate or andesite an air-driven down-hole hammer

was used.

Chip samples were taken from the hole over 1m intervals for logging. Hard bands
were noted by the driller to provide more accurate depths for potentiai aggregates.
Following logging, representative samples were kept in plastic bags for future

reference if required. Drill logs are given in Appendix 1.

Drillhole locations are shown in Table 1 and on Figure 1. Locations were determined
using a handheld GPS and should be accurate to within £3m. All drillholes have been

back-filled as required by the Auckland Regional Council.



Table 1 Drillhole Locations

Hole East North Level Depth
1 2641066 | 6516371 87.0 34.0
2 2640760 | 6516339 69.2 304
3 2640843 | 6516062 85.9 52.6
4 2641048 | 6516069 95.8 25.0
5 2641077 | 6516196 108.8 320
6 2641018 | 6516305 | 71.2 29.5
7 2641032 | 6516392 77.0 43.0
3.3 Geological Mapping

Geological mapping was carried out by inspecting rock exposures in conjunction with
a photo interpretation study using a stereo pair of March 2004 colour images.
Mapping was hindered by the scarcity of outcrops in the area, which is typical of the
moderately weathered terrain in the region. The drill hole data was found to be

essential in providing information where there were no outcrops.

All data was transferred to a base map produced using the topographic data. The

geology map is attached as Figure 2.




4 Geological Interpretation

The stratigraphic sequence in the area is shown in Table 2. All are part of the

Miocene Waitemata Group.

Table 2. Stratigraphic sequence at Makarau (based on Schofield, 1989)

Unit Description

Swanson Mudstone Soft mudstone and siltstone, finely interbedded,
locally massive with rare pebble bands. Interbedded
sandstone occurs near base.

Helensville Conglomerate Well rounded mainly andesitic conglomerate with
boulders up to 2m in diameter and rare lava flows.
Paremoremo Formation Alternating graded sandstone and grey mudstone,

locally carbonaceous. Includes interbeds of
roundstone Albany Conglomerate.

Andesite thickness of in excess of 35 metres was indicated from the log of the water
bore near the farmhouse. The drilling did not locate solid andesite of this thickness,
with the best intersection being 20.5 metres in MAKS. Hole MAKY intersected a
23.7m thick sequence, but this included an approximately 6 metre thick low grade,
clay contaminated band. It is possible that the andesite is thicker and has fewer
mudstone interbeds to the north as shown in the water bore log. However, it is more
likely that the mudstone beds were present but not logged.

The relationship between the conglomerate and the andesite deposit was uncertain
prior to the drilling and mapping programme. It is significant that none of the holes
intersected both andesite and conglomerate, despite some holes going through

~ apparently complete sequences of each type of material. It is now apparent that the
andesite flows were emplaced first and were far more extensive than the few
remaining remnants indicate. These flows were severely eroded after deposition,
resulting in the deposition of conglomerate in river valleys around resistant ridges of

andesite. This relationship is shown in sections B-B; and C-C’ in Figure 3.

4.1 Structure

Faults in this area are generally north-easterly or north-westerly trending. Based on
the drilling results a north-westerly trending fault is indicated northeast of the quarry.
Drillhole MAK1 is on the downthrown side of the fault, which is why no andesite was

intersected despite the proximity to the quarry. The fault has a throw of approximately




40 metres, making the andesite on the downthrown side too deep to be of economic
interest. The andesite intersected in the water bore is also on the downthrown side of
the fault.



5 Economic Geology

5.1 Andesite Flow

5.1.1 Quality

The andesite exposed in the old quarry and nearby outcrops is in the form of a
breccia, i.e. it contains angular pieces of andesite of all sizes (up to several metres in
diameter) that have been fragmented in an eruption and mixed with fresh andesitic
lava. In the quarry area the matrix is slightly weaker than the pieces of andesite, so
that this upper material would not be suitable for a premium aggregate. This is typical
of most aggregate deposits as the upper level is invariably weathered and has a
lower value. The expectation at Makarau was that the underlying rock would be of
increasing strength and could be used to produce high or premium grade
aggregates. This proved not to be the case as the lower part of the andesite below
the old quarry floor was found to be of similar strength and also contains layers of

mudstone.

5.1.2 Resources
An andesite volume was calculated for the thick, upper section of the flow. Material

separated from the main flow by mudstone layers, such as that found below the old
quarry floor was not included. The bulk of the resource lies between the quarry and
the ridge to the south, although the old quarry could also be advanced for a small
distance towards the north.

The quarry footprint is shown in Figure 3. The Microlynx survey module was used to
calculate volumes using the surface subtraction method. The pit walls were given a

nominal slope of 45° for this initial estimate.

The volume of andesite breccia was found to be 355,000 m?, which was covered with
170,000 m® of overburden.

An average overburden thickness of 5 metres was assumed, but this was based on
few drill intersections. Most of the resource area is too steep to drill without extensive

track development.



5.2 Conglomerate

Schofield (1989) noted that

“minor quarrying for road metal has also taken place within the Helensville
Conglomerate, but its relative thinness means that it is generally weathered

throughout leaving only a few large andesite boulders”.

This may not be the case at Makarau where some of the thickest known deposits
occur. The thickest drillhole intersection was 27m in MAK3, but geological mapping
suggested the thickness increased towards the west.

Winstone Aggregates have investigated production of aggregates from the Albany
Conglomerate, but appear to have not fully solved processing problems. The process
apparently results in excessive fines from the conglomerate matrix. Kermode et al
(1992) stated:

“The conglomerates contain assorted pebbles and boulders of mainly andesite
matenal in poorly sorted sandy matrix. The natural size grading requires minimal
crushing and screening. Although specific deposits have been significant producers,
the conglomerate is not generally considered a source of high quality material.
Difficulties in removing the deleterious matrix material during processing has
hindered widespread use for concrete aggregate and sealing chip. However, if this
problem is resolved, these deposits will have a greater economic potential. To date,

more than 4.5 Mt have been extracted for use, mainly as road aggregate.”

A relatively thin (5-10m) conglomerate layer is extracted from the Wharehine
Contractors quarry at Whangaripo, where it occurs at the top of the greywacke which
is their primary product. The conglomerate is crushed and sold as a relatively low
value sub-grade aggregate.

At present it appears the conglomerates are not an attractive prospect for a new
quarry, but this could change in the future as other materials are worked out.



5.3 Boulders

Andesite boulders have weathered out of both the andesite breccia and the
conglomerate and are widespread on the property. They are particularly'
concentrated in some areas as shown on the geology plan. There are likely to be
buried deposits in the alluvial material at the base of the hill.

The boulders all appear to contain very hard andesite which could be crushed to
produce a high grade aggregate. However, there are insufficient for a commercial
operation. Boulders are also valued for landscaping purposes, and rounded boulders
are rare in the Auckland region. Further investigations are needed to determine if it
would be worthwhile to extract the boulders. Removal of the boulders would also

increase the pasture area of the farm.

5.4 Groundwater

Most of the holes were not deep enough to reach an aquifer. Water bores in the area
have shown that the andesite flow provides a good source of water, and this is the
source of the water at the farmhouse bore. The alluvial sediments to the east of the

hill may be suitable, although saltwater intrusion would be a concern.

Drillhole MAK2, located west of the quarry, intersected a flow of water estimated be
about 1.5 cubic metres per hour coming from conglomerate. The following day the
standing water level had risen to 7.9m below ground level, indicating good pressure
and the possibility of a reasonable supply of water at shallow depth.



6 Conclusions and Recommendations

The resource is best suited to the production of aggregate suitable for sub-base for
public roads, or as a surface for farm tracks and unsealed roads. The hard pieces of
andesite that occur in the breccia, conglomerate and as loose boulders would be

suitable for higher grade basecourse and possibly sealing chip. However, separation

of these high grade products would appear to be a problem.

Development of a small quarry taking perhaps 50,000 m3 per year for about 7 years
is a possibility as it appears there is local demand. Initial development and testing
should take place on the northern wall of the quarry to avoid destruction of the farm
track on the southern side.

The farm contains a number of gullies that could be used for overburden disposal.
Development of the quarry and overburden disposal could be done to make the site
safer and more useful. The existing quarry contains dangerous faces and it would be

an advantage to the future residential development if face profiles were improved.

6.1 Permits required

A resource consent is required if more than 200 m® of material per year is to be
extracted. Quarrying is classified as a discretionary activity, and the expense
required to gain a consent will depend on the scale of operation envisaged. It
appears a relatively small operation that would provide aggregate for the proposed

subdivision and other properties in the area could be achieved with few obstacles.

Most of the andesite resource lies within the parcel of land where the minerals are
state owned. A mining licence will therefore be required before any quarrying starts.
A mining licence costs approximately $1600 to lodge the application and there is a
small ongoing annual fee. Royalties must be paid and, depending on the calculation
method used, are likely to be around 1% of the sales price received. No royalty is

payable if net sales revenues are less $100,000 per annum.

! The term sub-base refers to material in the pavement between the sub-grade (beneath) and
the basecourse (above).



6.2 Development Constraints
Five archaeological sites have been recorded in the area, all of which are south of

the Makarau River. The bush covered land on the end of the peninsular and to the
south of the farm is Maori Land containing a Maori Burial Reserve. It appears the
land that would be quarried is free of cultural or historical sites, but consultation

would be required.

The Rodney District Plan shows the are surrounding the old quarry is not included in
any special coastal or landscape zones, but it is identified as a view corridor. The
Department of Conservation Management Strategy document identifies the area as a
significant landscape area (qual. 5 category), and the ARC denotes it a sensitive
landscape. The proposed quarry would reduce the height of the southern ridge, and
require relocation of the survey trig.

6.3 Recommendations
There is potential to operate a small quarry on the property. The feasibility depends

on the level of local demand and the likely cost of obtaining a resource consent.
These factors need to be investigated.

This investigation focussed on the andesite flow and little time was able to be spent
on the large conglomerate deposit. No outcrops of conglomerate were identified, but
there may be some on parts of the farm not inspected. Conglomerate deposits
appear to be a more long term prospect, but any exposures would be worth
investigating. Similarly, it is recommended that extraction of the surficial boulders be

investigated.

Input from a planner concerning the feasibility of operating a quarry at this site is

strongly recommended.
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APPENDIX C

Slope Stability Calculations

Geotechnical Investigation Report K200826-1C
Proposed Subdivision - 2127 Kaipara Coast Highway, Makarau
28 August 2024
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