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Abstract 

 
            The objective of this thesis was to develop a comprehensive understanding of the 

geotechnical nature of the proposed Cypress North Block Opencast Coalmine highwall in 

the Mt William Range east of present mine operations at Stockton Opencast. An 

investigation was undertaken to gather information on the rock material and rock mass 

properties of the Basement, Brunner Coal Measures, and Kaiata Mudstone stratigraphic 

units that would make up the composition of the proposed highwall. The specific aims of 

the thesis were to identify the distribution of rock types and the locations and orientations 

of mappable defects such as faults, joints, shears, and crush zones. The stratigraphic units 

are subdivided into their respective geotechnical units based on physical, and mechanical 

intact rock material parameters. 

  

 The basement lithologies comprised of interfingered layers of Greenland Group 

metasediments and intrusive Berlins Porphyry granite/granodiorite. These were divided 

into 3 geotechnical units where analyses of the rock parameters were determined. These 

units (Berlins Porphyry, Greenland Group hornfels, & mixed basement) returned mean 

values of low porosity (n= 0.8-2.3%), and slake durability index results (Id2 =99.0-99.6% 

retained), and high friction angles (40.6-44.5º), dry densities (2657-2666Kg/m3), and 

moderate UCS (78.8 -136.6MPa), tensile splitting strength (5.1 - 6.2 MPa), and cohesion 

values (6.38MPa). 

 

The Brunner Coal Measures are an alternating sedimentary sequence of massive 

sandstones, laminated sandstones, siltstones, mudstones, and coal that were divided into 5 

geotechnical units. Due to a lack of samples recovered from the two drillholes (DH 1694 

and DH 1717) that penetrated this layer limited results were returned. Testing was 

constrained to the coarse-medium grained lithology which showed high porosities 

(n=7.9%), and slake-durability index results (Id2=94.0% retained), and moderate friction 

angles (33.2º), and dry densities (2411Kg/m3), and low strength characteristics with UCS 

intact rock strength (15.3MPa), tensile splitting strength (1.32MPa), and cohesion 

(2.1MPa).  
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 The Kaiata Mudstone is a marine sedimentary layer comprised of a massive silty 

mudstone which a gradational contact with the BCM, this unit was therefore divided into 2 

geotechnical units. Due to the same constraints outlined above for the BCM testing was 

constrained to the massive silty mudstone lithology which showed the highest porosities 

(n=9.9%), and greatest variability in slake-durability index results (Id2=34.2-94.5% 

retained), and the lowest friction angles (18.6º), dry densities (2.377t/m3), and UCS intact 

rock strength (9.9MPa), as well as low tensile splitting strength (1.47MPa), and cohesion 

(3.0 MPa). 

 

 Scanline survey traverses were conducted along exposed areas of the Mt William 

Range adjacent to the Cypress North Block basin in an attempt to correlate the downhole 

data within the basement unit, as well as interpret discontinuity properties along the 

proposed highwall development. This was achieved by recording the rock mass properties 

and developing a kinematic analysis within the basement lithographies. The rock mass 

properties determined were; defect type, dip and dip direction, persistence, aperture, nature 

of infilling, defect roughness, and spacing.  

 

 Joints are typically steeply dipping with mean joint set orientations in the northern 

region of the ridge JS1 76°/041°, JS2 89°/261°, JS3 79°/118° (dominant set), JS4 

47°/106°(where present), and JS5 85°/174°. Joint set in the southern section of the 

surveyed area had mean orientations of JS1 78°/025°, JS2 70°/245°, JS3 84°/285°, JS4 

43°/106°, and JS5 79°/161°. 

 

Structural domains were developed within the ridge crest using interpretation of the 

scanline survey and kinematic analysis to constrain the boundaries (along with physical 

and mechanical properties),- with respect to both highwall orientation and the Mt William 

Fault. The fault is the major through going structure that is surmised to be the controlling 

factor for defect formation propagation through the basement lithologies (and Tertiary 

sediments). These were further classified on the potential mode of failure after kinematic 

stability analysis was performed on the joints sets. Potential toppling failure on joints was 

found to be the dominant failure mode within the projected highwall orientation. 
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CHAPTER 1 

 

1. INTRODUCTION. 
 

1.1 Project Formulation 

 

 Cypress North Block is located east of the existing coal mining Stockton operations 

and is set to be the first of a series of opencast mines scheduled for the Upper 

Waimangaroa Sector (figure 1.1). Solid Energy New Zealand Ltd is proposing to use the 

Cypress North block to set up of the initial infrastructure needed for the Upper 

Waimangaroa project with a long term goal to extend the existing operation at Stockton by 

supplementing coal production. The design incorporates the setting up of a highwall along 

the western side of the Mt William range and stripping the over burden, mainly comprised 

of sulphur-rich Kaiata Mudstone and highly disturbed basement (Berlins Porphyry) to 

access the gently dipping (8-12°) coal seams which terminate at the contact with the Mt 

William Fault.  The orientation of the highwall, and the mode of extraction, will be 

dependant on the rock mass characteristics (defects, joint sets) and any design facets will 

have to incorporate these structural flaws.  

 

 The major focus of the thesis is to develop a greater understanding of the 

geotechnical issues affecting the proposed opencast mine through investigation of the 

proposed highwall area. Previous work in the area has developed a general understanding 

of the structural geology with numerous holes having been drilled throughout the basin that 

led to a knowledge base for both coal quality and a good stratigraphic overview of the 

lithologies present. To further the geotechnical and geological understanding a new series 

of drillholes was commissioned comprising 5 exploratory drillholes and a further 5 coal 

quality drillholes. 

 

 Determination of the physical and mechanical properties is paramount to the 

successful development of any highwall design, and to this end a series of laboratory tests 

were carried out from 5 exploratory holes. The testing regime incorporated unconfined 
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compressive strength (UCS), triaxial, porosity/density, Brazilian, and slake durability 

index determination. As a result detailed information was available collected on both the 

intact rock strength and rock mass characteristics of the Kaiata Mudstone, Brunner Coal 

Measures, and Berlins Porphyry to be exposed at the mine site. 

 

 

Figure 1.1 Location of Buller Coalfield 

 

 Scanline surveys were undertaken along the Mt William range in order to 

investigate the location, orientation, persistence, and frequency of faults and joint sets 

associated with the disruption of the Berlins Porphyry unit due to interaction with respect 

to the Mt William Fault Zone (MWFZ).  Distribution of the rock types (granite and 

hornsfel) and the nature of their contacts is at best speculation, and therefore interpretation 

of the available data due to the intermittent nature of the defects provides only a 

generalized understanding which can be updates once more specific details are ascertained 

as the high wall is excavated. 

 

 Information collected through this study will help in the development of the final 

slope design along the Mt William Range with respect to the orientation and overall safe 



CHAPTER 1: INTRODUCTION 

 

3 

design. Constraints on the mine development reside in both the economic value of the 

recoverable coal as well as the geotechnical properties and will dictate the final positioning 

of the highwall. 

 

1.2 Thesis Objectives 
 

The general objectives of the project are as follows:- 

 

• To examine and test properties of intact rock in overburden strata associated with 

proposed highwall of the Cypress North Mine. 

• To carry out engineering geological mapping of the proposed site along the 

MWFZ using existing topographical base maps to record rock mass defects. 

• To carry out kinematic analysis of selected proposed pit slopes and to determine 

potential failure modes, in particular toppling failure and sliding. 

• To evaluate geotechnical implications for mine development through the MWFZ, 

and any feasible failure within the high walls. 

• To recommend a monitoring programme to identify problem areas ahead of 

mining due to excavation. 

 

1.3 Location and Mining History 

 

 1.3.1 Location of Field Area 
 

 Cypress North Block is situated in the Upper Waimangaroa Sector (16 kms 

northeast of Westport) due east of Mt Frederick and the present operations at Stockton 

Opencast Mine, West Coast, South Island of New Zealand (Figure 1.1).  Cypress North is 

in the northern section of a north-east / southwest trending Upper Waimangaroa Basin. The 

basin is bounded on its eastern extent by the Mount William Range and on its western 

extent by a series of stepping normal faults, at the base of Mt Frederick (Figure 1.3). 

Cypress North consists of several gently eastward dipping coal seems terminating in the 

contact between the BCM and the MWFZ. Access at present consists of a 30-45 min track 
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from the end of the old St Pats Dam road, or a 5 minute helicopter ride from the base of Mt 

Frederick. Haul road access will be extended with the commencement of mining 

operations. 

 

Figure 1. 2 Block Divisions of Upper Waimangaroa Sector (modified from Barry and Macfarlan, 1988) 

 1.3.2 Site Description  
  

 Situated on the southeast margin of the Stockton Plateau, at a base surface elevation 

of 696 metres, the coal-bearing BCM outcrops in the east, and with a gentle dip gives way 
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to Kaiata mudstone which outcrops along the upper western face of the Mt William Range 

rising to a maximum elevation of 844 meters in the west.  Vegetation varies as the mire-

like conditions suit tussock floras which then change to dense weather-stunted native bush 

on the majority of the ridge with upper slopes being exposed highly weathered basement. 

Drainage from the basin comprises the St Patrick Stream extending northward, and 

Cypress Stream flowing southward. The exceptionally high rainfall (6+ metres per annum) 

and rapid runoff, mean temperatures range between 4-17°C (2004 NIWA).  

 

 

 1.3.3 Mining History 
 

 Coal was initially discovered in the Buller Coalfield by Heaphy and Brunner in 

1846, and mining began in the 1860s. Large scale mining began at Banbury Mine at 

Denniston Mine, Denniston Plateau, in 1878 and production peaked between 1908 and 

1916 with an output between 700 000 and 800 000 tonnes per annum until mining finally 

ceased in 1968.  Following the initial large scale operations at Denniston, Stockton and 

Webb opencast mines were established in 1908, and with the introduction of the aerial 

ropeway production grew steadily to 300 000 tonnes per annum in the early 1990’s. The 

shortening of the ropeway in 2001, and the introduction of better extraction methods has 

seen production increase to 1 800 000 million in 2003 with plans to increase it further in 

2004-5. Several smaller mines have been established at various times within the Upper 

Waimangaroa; Fly Creek Mine (underground and opencast), Millerton Mine, Mt William 

Mine, Davis and Party, Birchall and Party, Cedardale Mine, and Marshalls Opencast. All 

were on a smaller scale and produced only a few thousand tonnes of coal per annum 

locations of which are shown in figure 1.2. 

 

1.4 Regional Geology – Buller Coal Field 
 

 1.4.1 Stratigraphy  

 

 The Buller Succession is made up three main stratigraphic units, Kaiata Mudstone, 

Brunner Coal Measures, and Basement (table 1.1), each of which is then separable into 
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specific lithologies. Throughout the Coalfield the BCM outcrops predominantly, with 

thicknesses rarely exceeding 70 metres (Coote 1991), and rests unconformably on pre-

Tertiary basement rocks comprised of Ordovician Greenland Group Hornfels and 

Cretaceous Berlins Porphyry intrusives (Bowen 1964). The present extent of Kaiata 

Mudstone is minimal and present only in topographical lows as other areas have eroded 

down to the indurated coarse quartz sandstone of the BCM. 

 

1.4.2 Basement 

  

 The Karamea Batholith comprises two difference phases, a fine-grained phase 

characterised by large quartz phenocrysts in a fine matrix, often altered to chlorite and 

sericite; and a coarse biotite granite phase, the former being the more prevalent of the two 

with the latter only being intersected in a few drillholes (L&M 1986). Granitoids from the 

Karamea Batholith form the Paparoa Range to the east of the Mount William Fault. The 

batholith is divided into two suites, but is dominated by the Karamea Suite (Carboniferous 

and Devonian) which is observed intruding on the Greenland group (Nathan 1986) along 

the length of the Mt William Range immediately to the east of the MWFZ.  
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Table 1.1 Stratigraphic Columns for the Buller Region (Fergusson, CoalCorp Feb 1995) 

   

 The Greenland Group Sandstone metasediments (Nathan 1976) typically consist of 

light grey to greenish grey greywacke and argillite, with a chloritic matrix (L&M 1986). In 

the southern and middle areas of the sector the Greenland group, near Berlins Porphyry 

intrusives, has a speckled texture, and the degree of alteration appears to be greater. In the 

northernmost part of the block biotite Hornfels is incorporated with the intrusives. The 

group represents the oldest rocks of the Buller coalfield, being Upper Ordovician in age 

(495+11 Ma).  
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 1.4.3 Tertiary Formations 

  

 Kaiata Mudstone is the highest stratigraphic unit preserved on the Stockton Plateau 

and can be separated into down into two major lithologies, massive micaceous siltstone 

displaying sandy interbeds near the basal contact with the BCM. Thicknesses of the 

mudstone in the Upper Waimangaroa vary considerable with the thickest deposit (+200 

metres) observed in the south of the sector as it wedges out against the Mt William Range. 

The Kaiata Formation is a massive dark olive grey calcareous mudstone that incorporates a 

sandy component near the basal contact. These sandy units are either dark olive/grey 

muddy sandstone to sandy mudstone, or light yellow-brown arkosic sandstone interbedded 

with carbonaceous mudstone. The depositional setting is an expanding shallow 

transgressional marine environment with poor circulation (Nathan et al., 1986). The Kaiata 

sediments in the Buller coalfield are relatively homogenous throughout due to the 

extensive depositional environment of the basin. Erosion has now all but removed the 

upper part of the sequence with only minimal traces found on the Stockton Plateau.  

 

 Brunner Coal Measures represents the most widespread unit in the Buller coalfield. 

The initial sedimentary unit was laid down uncomfortably in the Paparoa Trough over 

deeply weather basement rocks in the early to mid Eocene. The BCM is a fluviatile 

sequence of highly quartzose coarse grained sandstones, mudstones, shales, coal, and 

conglomerate derived from the underlying basement. The sequence is typically 70-130 m 

thick, but reaches 200m+ in old major fluvial channel which separates the Stockton and 

upper Waimangaroa sectors.  

 

 Coal seams in the Upper Waimangaroa are litho stratigraphic equivalents of both 

the Mangatini and Matipo seams found at Stockton, as both Sectors accumulated coal at 

the same time, more or less, in which case the seams can be assigned the same stratigraphic 

status (Titheridge 1992). However a direct correlation is not necessarily correct or obvious, 

as depositional controls, such as rate of subsidence of respective tilt blocks, affected the 

seam sequence in the Upper Waimangaroa. 
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 The Upper Waimangaroa Sector is marked by west to east thickening which 

indicated the shape of the basin is asymmetrical and covers an area 9 kilometres long and 

2-3 kilometres wide. The degree of seam splitting associated with the BCM indicates a 

dynamic depositional setting which is contrasted to relatively stability of the Stockton 

Sector. The Brunner Coal Measures in the Buller coalfields typically display normal and 

strike-slip faulting (Kennedy, 1988) which controlled the deposition regime. 

 

 The coal from the Upper Waimangaroa valley is high volatile A Bituminous rank 

found the length of the Sector with a change to High volatile B south of Beggs Dome. 

Petrographic evidence suggests that most of the coal accumulated in peat swamps and in 

low energy meandering streams/tidal estuaries, dominated by reed and small herbaceous 

vegetation, and generally lacking trees (Nathan, 1986).  Vitrinite reflectance of coal in the 

Upper Waimangaroa averages at 0.60 which relates back to the coal quality (Norgate et al 

1997).  

 

1.4.4 Quaternary Deposits 

 

 Colluvial deposits occur below fault and erosional scarps forming talus cones and 

aprons (landslides and rockfalls) through the dry erosion under major fault scarps. The 

soils in the Buller comprise organic-rich Pakahi deposits, and often include a mixture of 

broken down highly weathered Kaiata mudstone and basement rock lithologies. Alluvial 

deposits are minimal on the plateau as a result of high rainfall. These deposits are limited 

to thin lenses in the major streams, as frequent flooding sees most sediment in the minor 

creeks washed away.   

 

 1.4.5 Depositional Environment 
 

 The history of the depositional environment of the BCM is controlled by structural 

deformation associated with the Paparoa Trough (Buller Coalfield) has been and the topic 

of debate for many years. It is commonly accepted that sedimentation of the last 80 Ma in 

the trough was controlled by subsidence in a north-northeast trending half-graben, in which 

there is much thicker succession of coal measures than elsewhere. Intense sub aerial 



CHAPTER 1: INTRODUCTION 

 

10 

weathering from the Late Cretaceous to the mid Eocene saw the development of a 

widespread peneplain surface (Nathan et al., 1986).  

 

 
Figure 1.3 Fault trends in the Buller Coalfield (Titheridge 1993) 

 

 Deposition of the BCM in the Eocene shows a clear relationship between faulting 

and unit thickness, indicating that faults (figure 1.3) were active during this period. 

Different rates of subsidence associated with different orientations of the half-graben tilt 

block had a profound effect on the distribution and rate of sedimentation. Burial depths 

associated with sedimentation showed unit thicknesses up to 4000 metres (includes marine 

units) occurring in the deepest parts of the tilted hanging block walls (Titheridge, 1993).  
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Depth of burial and geothermal interaction due to extensive faulting, which increased the 

geothermal gradient, resulted in the formation of very high rank coals in the BCM. 

 

 Marine transgression then initiated the formation of the Kaiata Mudstone unit. This 

unit formed an effective impermeable layer over the BCM (a hydrocarbon cap) under 

which the coal seams maturated. The actively subsiding Paparoa Basin formed in the Late 

Eocene with successive deposition of the Nile group through the Oligocene and the Blue 

Bottom Group through the Miocene (Table 1.1). The regional extensional regime was 

reversed through a period of compression in which the Paparoa Trough was inverted. This 

caused the majority of the Kaiata Mudstone to be absent from the Buller Succession as 

severe erosion due to tremendous rainfall as seen the less durable mudstone stripped back 

to the more indurated coarse quartz sandstone of the BCM. As a result of the change into a 

compressional regime, in the late Miocene, the originally normal trending faults 

experienced reversals in directions, with a predominance of reverse thrust and strike slip 

faulting (Laird 1968).  

 

 The inversion of the Paparoa Trough has seen the once deeply buried BCM 

exposed to the surface through uplifting associated with the Kongahu Fault in the west 

(Laird, 1968).  The Kongahu Fault forms the western extent of the Buller Coalfield and is 

bounded on the eastern extent by the Mt William Fault (Figure 1.4). 

 
Figure 1.4 Cross Section of the Buller Coalfield (modified from Titheridge 1993) 
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1.5 Cypress North Block Geology 
 

 The geology of the Cypress North Basin mimics that seen along the length of the 

Upper Waimangaroa with gently dipping Tertiary units that terminate against the Mt 

William reverse fault. Interpretation of the basin geology was developed from a series of 

four cross sections and interpretation of existing and recently commissioned drillhole logs 

(Appendix 5 – CD insert). Three of the four cross sections are positioned in a west–east 

trend across the basin, and the fourth in a north-south trend along the length of the basin. 

Cross sections used for the interpretation of the basin structure are outlined in figure 1.6 

(Map Pocket). 

 

1.6 Stratigraphy of Cypress North Basin 

 

 Interpretation of the stratigraphic units below has been derived from the drillhole 

logs for the five exploratory holes. DH 1694 and DH 1717 are situated in the tertiary units 

found in the basin and intersect the coal bearing BCM. DH 1697, DH 1698, and DH 1715 

are situated in the basement lithologies found along the Mt William range above the 

MWFZ. The core log for each of the five drillholes has been logged by Adrian Field and 

has been provided in the appendix (5). 

 

1.6.1 Basement 

 

 Basement rocks in the Cypress North block consist of a mixture of Berlins 

Porphyry and altered Greenland Group metasediments. They are exposed on the Mt 

William range, east of the MWFZ, and along the western margin of the basin. In DH 1697, 

DH1698 and DH 1715 they comprise of medium grained biotite granites, granodiorite and 

microgranodiorite, containing xenoliths of biotite Hornfels derived from Greenland Group 

sediments.  Interaction with the MWFZ has left the metasediment highly fractured with the 

granite slightly less so but also highly fractured. A mixed sequence of Greenland Group 

and Berlins Porphyry is also worthy of note. Alteration in the Greenland Group during the 

cooling of the Berlins Porphyry sees the interfingering and amalgamation of the two 
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lithologies. The combination of the two lithologies, although generally thin, represents an 

increase of strength in the units. 

 

1.6.2 Brunner Coal Measures 

 

 The Brunner Coal measures found in the Cypress North Block basin tend to be 

relatively thin seams with respect to the Buller Coalfield, with thicknesses of 30 m 

uniformly the length of the basin. The composition of the measures along the basin mimic 

the same pattern found elsewhere on the Buller Coalfield, with a sequence of; massive 

medium to very course quartz conglomerate sitting unconformably on basement, Coal 

(M1, M2, M3 seams) interfingered with both fine laminated carboniferous sandstone and 

laminated carboniferous mudstone, then a graduated sequence of fine grained heavily 

bioturbated sandstone to coarse sandstone to granule conglomerate,. 

 

 The initial tertiary unit is a massive medium to very coarse quartz conglomerate is 

well indurated and consists of predominantly light grey brown sub-rounded to rounded 

greywacke, quartz, and argillite. The unit is moderately weak to strong with a creamy 

matrix of white quartz grit with minor weathered feldspar and biotite. These are interpreted 

as channel deposits on the peneplain, which is the initial surface for sedimentary deposition 

seen in the Paparoa Trough. 

 

 The laminated carbonaceous sandstone in located in between the coal seams and 

represent a hiatus in the peat mire growth. The hiatus is the result of a higher energy 

depositional environment resulting in greater volume of sediments (unfavourable to peat 

mire growth). This lithographic unit is interfingered with bands of weaker silty mudstone 

and carbonaceous/coal layers (described below).  

 

The next unit is a fine laminated carbonaceous mudstone similar to the laminated 

sandstone (described above). This unit also represents a hiatus in the depositional 

environment required for peat mire growth with a greater percentage of fines from a lower 

energy system then the previous unit. The mudstone is dark brown in colour and is 

moderately weak. 
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 The fine-grained heavily bioturbated sandstone unit is located towards the top of 

the BCM succession.  This unit is a moderately strong, indurated to well indurated, fine 

quartz and minor feldspar, with occasional carbonaceous and coal laminations, and 

micaceous partings. Increased lamination between fine sandstones and siltstones become 

more prominent with increased fining downwards.  

 

 The last unit in the BCM is coarse sandstone to granule conglomerate consisting of 

massive quartz grit lithofacies. This represents the dominant unit within the coal measures 

(apart from the coal seams) comprising of well indurated to very well indurated, dark 

grey/brown,  angular to sub rounded quartz, with minor bioturbation observed. This unit 

has a gradational contact with the fine-grained bioturbated sandstone unit.  

 

1.6.3 Kaiata Mudstone 

 

 The Kaiata Mudstone in the basin is represented by a moderately weak to 

moderately strong hard marine mudstone which is generally weakly calcareous in the 

upper part of the sequence. The mudstone tends to be dark coloured, with silty fine sand 

interbeds near the base (4m) of the stratigraphic unit. Interaction with the fault zone has 

left some sections highly jointed with associated crush zones. Bedding is not always 

apparent in Kaiata mudstone (but becomes obvious on laboratory testing), with increased 

dip observed in drillhole core samples positioned near the fault zone. The increase in dip 

has been interpreted as an upturn in the stratigraphic unit due to uplift displacement of the 

Mt William Fault. 

 

1.7 Structure of Cypress North Basin 

  

 The structure of the Cypress North basin is dominated by the influences of the 

basement relief. In the west the relief has been significant with whirlwind rise effectively 

restricting the development of the M1 seam group north of the Marshall Fault Zone (figure 

1.5). In the east the relief is dominated by the Mt William Reverse Fault terminating the 

Tertiary sediment abruptly with a 120 upthrow to the west (L&M 1986). During deposition 
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of the Tertiary sediments the Mt William Fault had a normal component that was reversed 

during the transition from a compressional regime into an extensional one. The Basement 

rocks encountered in the Mt William Range are dominated by highly fractured Greenland 

Group metasediments and Berlins Porphyry intrusives.  The Greenland Group encountered 

within DH 1697, DH 1698, and DH 1715 tends to be biotite hornsfel. 

 

Figure 1.5 Geological Interpretation of Cypress Basin 
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 Both the Tertiary units within the Cypress North Basin (Kaiata and BCM) mimic 

the trends observed the length of the Upper Waimangaroa Sector, with gentle dips towards 

the east wedging out against the MWFZ. The thickness of this wedge increases to the south 

of the basin with variation to the thickness of Kaiata Mudstone. The mudstone increases 

from 50m in the north of the basin to 90 m in the south and in contrast there is little too no 

increase in the BCM. 

 

1.8 Investigation Methodology  

 

 1.8.1 Literature Review 

 
 The literature review consisted of collating existing information pertaining to the 

geology of the Stockton/Mt William/Upper Waimangaroa Sector such as mining history, 

existing drillholes, climate, and geomorphology. The sources of the information included 

published reports and papers, unpublished data, aerial photos, and published and 

unpublished maps of geological and geotechnical data. The literature review provided an 

overview of the general geology in the area and the extent of the initial investigations 

along the Mt William Range. 

 

It also highlighted the need for further investigation in the area to build up a more 

appreciable understanding of specific problems pertaining to mining along a fault zone. 

Specifically, it highlighted the need to develop an understanding of the homogeneity of the 

rock mass perpendicular to the Mt William Fault Zone, along which any highwall would 

be situated. (Figure 1.5) 

 

1.8.2 Determination of Rock Material Parameters 
 

 Information available on rock material strengths of the three stratigraphic units in 

the Upper Waimangaroa Sector that comprise the proposed highwall are limited to UCS 

and Point load testing carried out by Brown (L&M 1986) and further and more 

comprehensive study of the rock materials is required. Any testing will have to incorporate 
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variations in the lithologies in these units. Previous field studies initiated with Laird 1968 

and then further developed upon by L&M 1986, Barry 1988, Kennedy 1988, and Coote 

1991 of the these stratigraphic units showed that there were a number of geotechnical units 

present, with the Kaiata Mudstone separated into two main lithologies, Brunner Coal 

Measures (BCM) into five main lithologies, and Basement separated into disturbed 

Greenland Group Hornsfel (GG) and Berlins Porphyry (BP) all requiring rock material 

parameters. A laboratory programme was then devised to determine a separate set of 

properties of each geotechnical unit. The programme included porosity-density and slake-

durability tests to ascertain the durability of any high wall structure, and uniaxial, Brazilian 

and triaxial compression testing to determine strength characteristics. These results will be 

used to determine the parameters of any high wall design as well as an initial assessment of 

the break down of overburden material on freshly exposed pit slope surfaces and long-term 

breakdown in overburden stock piles. 

 

 1.8.3 Determination of Rock Mass Properties 
 

 Rock mass properties are also required in any design aspects of the proposed 

highwall, and combined with the rock material properties can be used to develop a Factor 

of Safety (FOS).  The information is then used to identify the best orientation of the 

highwall to minimize failure due to instability. The rock mass properties are sourced from 

the outcropping of the basement (GG and BP) along the Mt William Range and have been 

determined from 12 separate scanline surveys conducted parallel to the MWFZ. Sites for 

the scanline were determined by the excavation of shallow gully features at the suggestion 

of Kane Inwood (Solid Energy Engineering Geologist). Thereafter statistical analysis was 

conducted to determine the relationship of joint and defect sets across the ridge crest and 

the effect of the rotation in MWFZ. Properties determined were limited to visible sections 

observed in the excavated creek beds and included defect type, defect orientation, aperture, 

roughness, defect infilling, and where appropriate, persistence, aperture, wavelength, and 

amplitude. 
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 1.8.4 Highwall Stability Analysis using Kinematic Analysis of Defect Planes 
Associated with the Mt William Range 
  

 The kinematic analysis of the potential failure modes associated with the proposed 

highwall has been assessed using scanline data. The plausible modes of failure associated 

with highwall instability include planar, wedge, and toppling failures. The prediction on 

whether particular failures modes will daylight was ascertained by proposing different 

orientations with regards to highwall design, both of slope orientation and slope angle, to 

determine the best overall stability of the highwall. General characterisation of the 

deformation along the eastern side of the MWFZ will help establish overall structural 

domains by grouping joint and defect sets with similar orientations or properties. Based on 

the orientation of the MWFZ specific structural defects may then be described and 

correlated, providing a general identification of plausible failure.  

 

  Structural deformation in the basement rock is the result of several periods of both 

extension and compression, and in its current configuration is susceptible to geotechnical 

changes over relatively small areas both laterally and vertically. Localized information will 

still be assessed to identify any possible minor localized failures with respect to lateral 

components. Vertical assessment is limited to correlating surface observations with 

existing drill hole logs, therefore an ongoing assessment as features are exposed during 

mining will insure that weaknesses in the rock mass that may affect the overall safety are 

addressed. 

 

1.9 Thesis Format 
 

 This thesis has been separated into 5 chapters, with the first and the last acting as an 

introduction and summary respectively. Chapter one provides a thesis background, 

objectives, investigation methodology, geological history and site geology. Chapter Five 

provides a summary of the middle three chapters outlining findings and recommendations.  
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 Chapter Two, titled Rock Material Characteristics, focuses on rock material 

characterisation, starting with a geotechnical description of the three stratigraphic layers 

and their respective lithologies which will comprise the proposed highwall. Laboratory 

testing is focused on determining physical and mechanical properties of the 3 stratigraphic 

units that have been described at the beginning of the chapter. 

 

 Chapter Three, titled Rock Mass Properties, focuses on interpreting discontinuity 

data collected from scanline surveys conducted along the Mt William Range adjacent to 

the MWFZ. From the scanline surveys prominent defect joint sets, defect orientation, 

persistence, defect infilling and consistency, wavelength and amplitude, and distribution 

are identified and described for the disrupted Berlins Porphyry comprised of Greenland 

group and Granite. 

 

 Chapter Four, titled Highwall Stability Analysis of Geotechnical Hazards and 

Mining Implications, is a study of the potential instability due major defects present in the 

proposed highwall. Detailed kinematic analysis of the mean joint/defect sets projected on 

stereographic plots to determine potential failures. Kinematic checks performed were for 

planar sliding, wedge failure, and toppling failure. The establishment of structural domains 

based on the results of the kinematic checks, and the locality of the faults, and defects with 

similar rock mass properties. 
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CHAPTER 2 

Rock Material Characterisation 

2.1 Introduction 

 

 In the design of any effective rock slope a number of factors need to be taken into 

consideration to limit the economic consequences and address safety issues associated with 

instability. One of the keys factors to be derived from this characterisation on the rock 

material is the reduction of the amount of waste rock which has to be excavated in 

recovering an ore body (Hoek & Bray 1977). The initial step is to establish accurate 

descriptions of the intact rock material properties which will comprise the face of the 

proposed highwall. In doing this the engineering geological model can be derived from a 

laboratory programme for the various lithologies associated with the Kaiata Mudstone, 

Basement Rock, and to a limited extent Brunner Coal Measures. 

 

 Due to the nature of the sampling regime more focus is directed to the units that 

comprise the majority of the highwall, both during stripping and the final wall orientation. 

These comprise a Tertiary sedimentary unit (the Kaiata mudstone), which will potentially 

comprise up to 70+ metres of the temporary highwall, and basement rock, which will 

comprise the majority of the final highwall design potentially making up 120 metres of the 

vertical component (figures 1.6 map pocket). The BCM due to the overall thickness and 

lack of viable samples, over the 10-15 metres of alternating lithologies and coal, will need 

to be extrapolated from existing data and the already substantial understanding from the 

Stockton opencast development. The laboratory tests selected have been broken down into 

those that define the physical properties, and those that define the intact rock mechanical 

properties. 

  

  The physical property tests selected were Porosity, Density, and Slake-Durability. 

The strength and deformation characteristics of a rock are determined primarily by the 

magnitude of effective stress, which is in turn affected by a variety of intrinsic properties 

such as grain size and porosity that control the overall strength of the rock material 
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(Vutukuri et al., 1974).  Porosity is one of these intrinsic properties as the presence of 

interconnected pores, in the fabric of the rock decreases its strength and increases its 

deformability (Kowalski, 1966). Porosity-Density was therefore chosen to provide an 

insight into the variation in the intact physical properties of the selected stratigraphic units. 

 

  The Slake-Durability testing was selected as it simulates the effect of long term 

weathering of the samples. Through a series of wetting and dry cycles the test gives an 

indication of probable long term effects of breakdown of stripped overburden material as 

well as the effect of weather on the rock face material. This is particularly important in the 

case of the Kaiata formation as this unit contains a high percentage of sulphur which when 

exposed to oxygen oxidises to form Sulphuric Acid (H2SO4) which if introduced into the 

local hydrological cycle can cause damage (via Acid Mine Drainage) to the local eco-

system. 

 

 The tests selected in determining the intact rock mechanical properties were; 

Unconfined Compression Strength testing (UCS), Triaxial Compression, and Brazilian 

tests (splitting tensile).  The UCS tests define the compressive strength (σ1) of the rock 

samples under atmospheric conditions (i.e. σ3=0).  The Triaxial tests use simulated insitu 

horizontal compression (σ3) to derive the compressive strength of the rock samples at 

depth. These define the strength classification and characterisation of the intact rock 

sample. From these values the Mohr strength envelope may be determined, along with the 

internal angle of friction and cohesion.  

 

 The methods in ISRM (1981) were followed for all the laboratory programmes with 

all samples prepared to meet the relevant specifications. Testing was carried out using 

facilities provided in the Rock Mechanics Laboratory, Civil Engineering Department, 

University of Canterbury, Christchurch, New Zealand. ISRM methods for each of the 

laboratory tests are outlined in appendix 2( CD insert). 

 

 Basin lithologies were mostly defined by analysis of the drill core log records (DHs 

1694, 1697, 1698, 1715, and 1717), as surface outcropping was limited to the more 

indurated rock lithologies and was predominantly altered after long exposure to weathering 
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in the fault controlled escarpment.  During the laboratory programme each of the 

stratigraphic units was divided into their appropriate lithographies using engineering 

geological descriptions which followed Bell & Pettinga (1983). The lithologies for the 

Kaiata formation (the highest stratigraphic unit found within the sector) were divided into 

massive micaceous siltstones and fine grained sandy interbeds (near basal contact); The 

BCM was divided, using drillhole logs (appendix 5 – CD insert), into Coarse Sandstone to 

Granule conglomerate, fine grained heavily bioturbated sandstone, laminated carbonaceous 

mudstone, fine laminated carboniferous Sandstone, Coal (M1, M2, M3 seams), and 

massive medium to very coarse quartz conglomerate; and the Basement separated into 

Greenland Group Metasediments and Berlins Porphyry. 

 

  Variations were observed both laterally and vertically through both the BCM and 

the basement units, with the Kaiata mudstone proving the most homogeneous stratigraphic 

unit. The anisotropic nature of the BCM tends to be more prevalent through vertical 

variation, with the sedimentary litho structures dictated by depositional controls which 

were relatively uniform laterally along the length of the Mt William Range. The basement 

units tend to be the least predictable of the stratigraphic units with variations in 

composition and lithotypes both vertically and horizontally due to the intrusive nature of 

the Berlins Porphyry.  

 

 Samples of core were selected for testing from a new series of exploratory drillholes 

used to fill in gaps in existing drillhole coverage. The numbers of samples varied from 

location to location as closeness to the MWFZ and location of intrusive bodies gave large 

sections of core log with negligible RQD (<10% intact samples greater then 100mm) from 

which intact samples were few. The BCM was the greatest effected with only two 

drillholes penetrating this stratigraphic layer and intermittent interfingered layers of coal 

and sandstone/mudstone saw minimal returns in the form of samples. Also due to the 

intrusive nature of the granite into the Greenland Group greywacke, occurrence of intact 

rock samples of the biotite hornfels sandstone unit was also minimal.  
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2.2 Geotechnical Units Associated with Proposed Highwall 

 

2.2.1 Engineering Geological Descriptions 

  

 The following units are described geotechnically using Bell & Pettinga’s (1983) 

Engineering Geological Field Description for Rock Material (appendix 1 – CD insert). The 

division of these units was based on analysis of the drill core log and descriptions provided 

by Solid Energy (Adrian Field attending geologist). In increasing depth below the surface 

these descriptions are as follows: 

 

Kaiata Mudstone 

 

• Unit 1.1 Slightly weathered, moderately weak, dark olive grey, massive, micaceous 

mudstone  

• Unit 1.2 Slightly weathered, moderately weak – moderately strong, dark olive grey,    

finely layered, sandy siltstone, interbedded with carbonaceous mudstone.    

 

 

Brunner Coal Measures 

 

• Unit 2.1: Moderately weathered, moderately strong, light greenish brown, massive, 

Coarse Sandstone, with minor bioturbation 

• Unit 2.2: Slightly weathered, moderately strong, light greenish brown, coarsely 

layered, medium - fine sandstone, heavily bioturbated 

• Unit 2.3: Slightly weathered, moderately weak, light greyish brown, finely layered 

silty mudstone with laminated carboniferous mudstone 

• Unit 2.4: Slightly weathered, moderately weak, light greyish brown, finely layered, 

fine sandstone.  

• Unit 2.5:  Slightly weathered, moderately weak- moderately strong, light greyish 

brown, massive, medium – coarse sandstone.  
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Basement – Greenland Group Hornfels – Berlins Porphyry 

 

• Unit 3.1 Slightly weathered – highly weathered, strong, dark greenish grey, massive, 

Hornfels. 

• Unit 3.2 Slightly weathered, strong, light greyish blue, massive, granite 

        - Completely weathered, weak, light yellowish brown, massive, granite 

 

2.2.2 Lithological Description of Geotechnical Units 

 

 Kaiata Mudstone (Units 1.1 & 1.2) 

 

 Units 2.1 and 2.2 have a maximum drilled thickness of ~85metres in the Cypress 

North basin, with unit 2.1 dominating and having a weak calcareous content concentrated 

in the upper extent of the formation. Typically only the bottom 5-6 m incorporates 

increased sand content (Unit 2.2) due to the interface with the BCM with a gradational 

contact generally occurring over a 2-3 m interval. 

      
 

Figure 2.1 Representative Samples* of Unit 1.1 and 1.2 

* All Representative Sample sizes are ~ 40mm X 40mm. 

 The basal part of the Kaiata sequence, along with an increased silt and fine sand 

content, is characterized by the inclusion of fine sand sized muscovite and increase 
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carbonaceous content. Veins of resolutioned calcite are present within defect fractures. The 

Kaiata mudstone is sparsely fossiliferous, with a fauna of Echinoderm fragments and 

Gastropoda. The fossil assemblages indicate a Runangan to Kaiatain age and near-shore 

deposition (Kennedy 1988). 
        
 Brunner Coal Measures (Units 2.1-2.5) 

 

 The massive coarse lithologies present in this geotechnical unit are med-coarse 

grained sandstones (Unit 2.1) which is in a gradational contact with the Kaiata mudstone 

(Unit 1.2) and as a coarse grained conglomerates resting unconformably on the basal 

sequence (Unit 2.5). Both these units are coarse sandstones, typically quartz-rich with 

feldspar, minor pyrite, and sand sized mica grains that mimics the parent rock. Both units 

show a varying degree of weathering, especially associated with fractures which 

commonly display extensive iron staining. The quartz grains tend to be the dominant larger 

grain, and are typically sub angular to angular.  Unit 2.1 has minor bioturbation and 

gradational change into the next unit which has increased bioturbation. Unit 2.5 tends to be 

lighter in colour, with less frequent inclusions of carbonaceous bands. The depositional 

environment for these coarser units was most likely a braided stream environment, like the 

peneplain discussed in Chapter One. 

 

             
Figure 2.2 Representative Samples* of Unit 2.1 and 2.2 
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 Unit 2.2 represent a fining downwards of the upper unit (2.1), with the same 

composition dominated by quartz grains. Greater transportation associated with the finer 

sequence as suggested as the grains tend to be sub-angular. The unit also represents 

increased bioturbation and carbonaceous banding. The presence of bioturbation indicates 

less constant reworking and probably marks the transition from a tidal to a shelf 

environment. 

 

 The laminated units are separated on the basis of the grain size, with a finely 

laminated silty mudstone (Unit 2.3) and finely laminated fine sandstone (Unit 2.4) being 

recognised. The laminations in the units are pronounced alternating dark/light layers with 

the dark layers representing increased carbonaceous/mica-rich mudstones, while the lighter 

layers are generally siltstones/fine sandstone. The units are inter-bedded with the coal 

seams present in the basin, and make up the majority middle sequence seen in the Brunner 

Coal measures section with predominant thick bands of medium sandstone.  These units 

represent coastal channel distributaries and inter-distributaries at areas such as the mouths 

of fluvial systems discharging into the sea. 

 

 

             
2.3 Representative Samples* of Unit 2.3 and Unit 2.4 
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2.4 Representative Sample* of Unit 2.5  

 

Basement (Units 3.1, 3.2, & 3.2b) 

 

 The Greenland Group consists of greywacke and argillite, which is usually bedded 

and closely jointed, with a slaty cleavage. The unit is thermally altered to biotite Hornfels 

near granitic intrusions which extend the length of the MWFZ, and is generally dark grey, 

fine to medium grained with foliation 30-50° degrees with frequent veins of quartz, 

porphyry and rare calcite. The Contact with the Berlins Porphyry (Unit 3.2) is usually 

distinct and sharp along foliation, and is usually associated with increased quartz content 

near the contact.  

 

 The granitic lithology (Unit 3.2) present along the Mt William Range comprises 

medium-grained biotite granite and granodiorite. The intrusive nature of the pluton lends to 

interfingering with the hornfel basement unit (unit 3.1). Close fracturing of the basement 

rocks near the MWFZ lends itself to extreme weathering (Unit 3.2b), and this propagates 

along joint and defect sets. The composition is predominantly quartz crystals, with 

subordinate feldspars, mica, limonite, and mafic minerals.  



CHAPTER 2: ROCK MATERIAL CHARACTERISATION  

 

28 

 
                                   

              
2.5 Representative Samples* of Units 3.1, 3.2 and 3.2b 

 

2.3 Sampling Methodology 

 

 Samples were collected by extraction of core samples from 5 exploratory drillholes 

at Cypress North Block, Upper Waimangaroa Sector, completed between June and 

September 2003.  Samples, where possible, were wrapped and boxed on extraction from 

the drillhole with the intention of preserving the insitu moisture content. Samples were 
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then transported, via helicopter, to the store shed at Solid Energy’s office in Westport. 

Then the samples were transported to Christchurch, where they were stored at constant 

temperature and moisture in the Rock Mechanics Laboratory, University of Canterbury. 

Ideally, following ISRM standard, samples should be tested within 1 month of extraction 

from the ground, but due to delays with drilling the majority of the testing commenced 

after the one month deadline however, all samples were tested under saturated conditions 

and the moisture content of the examined core samples, closest to extraction time, registed 

a near saturated moisture content with negligible difference between insitu density and 

saturated density.  

 

 Sample selection was dictated by availability of intact core over the required 

length, with no visible defects where possible, this was to give the best account of the 

intact rock parameters and maximum values of intact rock strength. The drilled core was of 

HQ size and averaged a diameter of 61 mm which equated to a required length of 

152.5mm to give a minimum L:D  ratio of 2.5:1.0. The ratio was selected to both adhere to 

ISRM (L:D 2.5-3.0) and other international standards (L:D 2.0-2.5). Samples were then 

grouped into similar geotechnical units and tested through the laboratory programme in the 

Rock Mechanics Laboratory. 

  

2.4 Physical Properties 

 

2.4.1 Test Methods and Procedures 

 

 The methods used for testing the Physical Properties (and mechanical properties) of 

the geotechnical units were outlined in previous sections of this chapter. They included 

Porosity–Density determination and Slake-Durability Index testing, which are both 

outlined in more detailed in appendix 2. The raw data from both the tests are included, and 

are also provided in excel format on the CD insert.   
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2.4.2 Porosity-Density Determination 

 

 Porosity, density, and water content are classified as point properties and therefore 

are not dependent on the effect of interaction with discontinuities (Hudson 1993). These 

properties relate to the presence of pores, and their interaction, in the rock material. This 

interaction has a direct effect on the overall strength of the rock, and is a major factor in 

determining the minimum strength of the rock under saturated conditions as pore pressure 

can decrease overall friction between grains by limiting the compactability of the sample. 

The dry density of a sample can usually be directly related to the porosity, with a lower 

density equating to a greater void content and therefore interaction between the voids. The 

direct properties determined by the porosity - density test are porosity and dry mass 

density, and from these other parameters can be derived. Table 2.1 outlines the properties 

for each of the stratigraphic units. Values were determined using calculations outlined in 

the ISRM (1981) standard testing procedures (appendix 2). 

 
Table 2.1 Summary of Density-Porosity Parameters. 

   

Berlins Porphyry 

 

Greenland 

Group  

Brunner coal 

measures 

Kaiata 

Mudstone 

Mixed 

Basement 

   Granite Hornfels  Bio – Sandstone Massive Unit interfingering 

Unit 

Unit 3.2 

-3.2b 

Unit 3.1 

 

Units 2.1,2.2, 

 

Unit 1.1 

 

Mixed Unit  

 

Number Tested 8 1 3 6 2 

Porosity (n= Vv/V). 

Average percentage 0.8 1.9 7.9 9.9 2.3 

Range  0.2-1.3 1.9 7.8-8.0 7.8-12.0 0.5-4.0 

Dry Density (Kg/m3) 

Average Density 2666 2658 2411 2377 2657 
Range 2659-2704 2658 2386-2435 2308-2477 2575-2740 

Saturated Density (Kg/m3) 

Average Density 2681 2677 2489 2476 2680 
Range  2671-2706 N/A 2466-2513 2408-2.593 2616-27444 

Void Ratio  

Vv (x10-5)(m3) 

 

 

 

 

 

0.01 

0.33 

 

0.02 

0.78 

 

0.08 

3.20 

 

0.10 

3.96 

 

0.02 

0.93 
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• Berlins Porphyry  

 

  Results from the unit vary with degree of weathering, unweathered rock 

samples having very low porosity (n = 0.8%) and a very high dry density (ρd = 

2666Kg/m3).  The difference between dry and saturated density (12Kg/m3) indicates 

that pore volume, and therefore connectivity is minimal, and this is represented by the 

lowest void ratio (0.01) of the geotechnical units. An increased in weathering sees an 

increase in porosity (n=3.4) and a loss of overall density (2577Kg/m3). 

 

• Greenland Group Hornsfel 

 

  The only representative sample of this stratigraphic unit sees a very low 

porosity (n = 1.9%) and a very high dry density (ρd = 2658Kg/m3). The Greenland 

Group metasediment is comparable with the Berlins Porphyry, with a low void ratio 

(0.02) which indicates that intact rock material has low permeability.  

 

• Brunner Coal Measures 

   

  The bioturbated sandstone of the Brunner Coal Measures has a medium 

porosity (n=7.9%) and a high dry density (ρd = 2489Kg/m3). The medium to coarse 

grain size gives way to a higher void ratio (0.08) which is an indication of greater void 

volume and pore connectivity (permeability).  

 

• Kaiata Mudstone 

   

  Out of the stratigraphic units tested the Kaiata Mudstone had both the 

highest void ratio (0.10) and the highest porosity (n=9.9%). Kaiata mudstone also had 

the lowest Dry Density (ρd = 2377Kg/m3) but it is still considered having a high 

density. 
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• Mixed Basement 

   

  The mixed units vary in both density and porosity, having the greatest range        

out of all the units tested. Contrast can be drawn between both the Berlins Porphyry 

and Greenland Group Hornfels, with the mixed unit displaying a very high density (ρd 

= 2657Kg/m3) and very low porosity (n = 2.3%) with samples individual porosity 

ranging from 0.5 through to 4.0. Pore space between samples varies due to changes in 

compositional components within the mixed units with varying degrees of mixing 

between the hornfels and the granite intrusive. 

 

 
Figure 2.6 Graph of Dry Density Vs Porosity for Stratigraphic layers. 

 

2.4.3 Slake Durability Index (Id) 

 

 The Slake Durability Index test was first designed to test the slaking of clay 

samples in water. Such tests are very often empirically based and care was required to 

simulate the engineering environment in which the clay shales occurred (Hudson 1993).  

Slake Durability Tests are now used in a broader sense to assess the susceptibility of rock 

(mainly weak rock) under weathering conditions by an accelerated programme meant to 

simulate long periods of sustained weathering incorporating cycles of wetting and drying.  
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The ISRM adopted the Slake Durability Index test as a suggested method based on tests for 

assessing road subgrades.  

 

 The Slake Durability Index test was selected primarily to test the weathering effects 

on the Kaiata Mudstone unit, as its high sulphur content makes the unit susceptible to 

generating sulphuric acid when exposed to oxygen. The sulphuric acid is the cause of Acid 

Mine Drainage (AMD), where oxidized sulphur dissolves into water as it infiltrates 

through the exposed unit, reacting to forming sulphuric acid. The acid is then transported 

into to the local water tributaries lowering the base Ph level. 

 

 The Slake Durability test is normally reserved for weak rocks, from its initial 

conception for clays, but representative samples were tested from all the stratigraphic units. 

Each sample consisted of 10 spherical pieces with no visible signs of existing defects. The 

test was used to help with the characterization of the physical properties of each of the 

stratigraphic units, with emphasis placed on the Kaiata Mudstone for reasons discussed 

previously. While the test gives a good indication of the effect of prolonged natural 

weathering, it doesn’t take into account the effect of chemical weathering on the samples 

especially with the development of acid which would lead to the acceleration of the 

degradation of the mudstone unit.  The end result is an overview into the initial breakdown 

of the stratigraphic units, and an overall indication of the susceptibility of short-term 

breakdown in waste and exposed batters. 

  

 The Slake Durability Index (Id2) for all the stratigraphic units were classified using 

Johnson and DeGraffs (1988) modified slake-durability classification (Table 2.3). Samples 

from each of the stratigraphic units were tested in accordance with ISRM (1981) standards. 

Sample collection (drillhole allocation) and sample depths are outlined with the data results 

in excel format (appendix 2).  
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Table 2.2 Summary of Slake Durability Results. 

 

   

Berlins Porphyry 

 

Greenland 

Group  

Brunner coal 

measures 

Kaiata 

Mudstone 

Kaiata 

Mudstone 

Berlins Porphyry 

(Weathered) 

   Granite Hornfels  Bio – Sandstone Massive Unit Massive Unit Granite 

Unit 

Unit 3.2 

-3.2b 

Unit 3.1 

 

Units 2.1,2.2, 

 

Unit 1.1 

 (Crushed Zone 
Sample) 

 Unit 3.2b 

 

Number Tested 40 40 20 40 20 10 

Primary Cycle 

Percentage Remaining (Id1) 99.5 99.8 96.3 96.9 43.4 92.5 

Range 99.07-99.82 99.76-99.90 96.21-96.40 95.37-98.76 42.82-43.97 88.06-96.21 

Secondary Cycle 

Percentage Retained (Id2) 99.0 99.6 94.0 94.5 32.9 86.0 
Range 98.27-99.71 99.57-99.80 92.73-95.22 94.03-97.11 30.16-35.67 78.34-93.66 

 
Table 2.3. Two-cycle Slake-Durability Classification (Johnson & Degraff), (1988) 

 

Slake 

Durability (Id2) Classification 

0-30  Very Low   

30-60  Low   

60-85  Medium   

85-95  Medium High 

95-98  High   

98-100   Very High 

 

Conclusions from this testing regime are as follows: 

 

• Berlins Porphyry: This unit has a classification of very high durability having the 

second highest Id2 value (99.0% retained) with very high retention of the rock 

samples. Observations from the testing showed that the samples retained most of 

their rough edges with only minimal breakdown. Mass loss was uniform, and 

minimal loss was observed during both wetting and drying cycles with a 0.5% loss 

in mass each cycle.   
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• Weathered Berlins Porphyry: These samples have a classification of medium – 

medium high durability, having the second lowest Id2 value (86.0% retained) with 

moderate retention of the rock samples. The selection of the samples was based on 

the moderate degree weathering observed. Observations from the testing showed a 

rounding of samples during the first and second cycles with a loss of 7.3% and 

6.5% respectively.  The sample indicates that an increase in the degree of 

weathering results in increased porosity (3.4%) and decrease in dry density. Two of 

the test samples separated along existing fractures during the second cycle with 

minimal alteration in the overall result. 

 

• Greenland Group Hornfels: This unit has a classification of very high durability 

having the highest Id2 value (99.6% retained) with the greatest retention of sample 

mass. As with the Berlins Porphyry sample only minimal rounding was observed 

along rough edges. Mass loss was also uniform, and minimal loss was observed 

during both wetting and drying cycles with a 0.2% loss in mass each cycle.   

 

• Brunner Coal Measures: These samples have a classification of medium high 

durability, having the lowest Id2 value (94% retained) of the primary stratigraphic 

units but still retaining a moderately high retention of sample mass. Samples tested 

were medium to coarse grained with minor bioturbation with a medium porosity 

(7.8%). Sample loss was observed to be slightly greater in the initial wetting and 

drying cycle with a percentage lost of 2.7% compared with 2.3% in the second 

cycle. All samples remained intact during the testing procedure. 

 

• Kaiata Mudstone: This unit retained a classification of medium high durability 

having the third highest Id2 value (94.5% retained). The Kaiata Mudstone is 

commonly observed to breakdown (slake) rapidly when exposed to surface 

conditions in the field. Indications of previous tests on the Kaiata mudstone tend to 

back up this result but contradict the field observations. These results lead to the 

conclusion that secondary chemical weathering (e.g. oxidation) plays a major part 

in the break down of this unit. Two of the 40 samples split along existing fractures 

during testing, but having minimal effect on the end result. 
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• Crushed Kaiata Mudstone: This unit has the lowest Id2 from within the 

stratigraphic sequence according to its low Id2 value (32.9% retained) which 

classifies it as having low durability. Prevalent from the first wetting drying 

sequence was the definition of previously indistinguishable micro fractures. The 

first cycle (Id1) of the test saw the reduction of the sample mass by 56.4%, the 

highest out of all the tested samples. During the addition of moisture, after the 

initial drying sequence, the sample tended to disintegrate and subsequently broke 

down into pebble sized flakes. During the second cycle these flakes tended to break 

down further as newly defined edges were worn down by the abrasive nature of the 

experiment.  The weakness of this sample has been attributed more to 

deformational processes then primary physical properties. 

 

2.5 Mechanical Properties 

2.5.1. Methods and Procedures 

  

 Intact rock strength estimates are used, along with the physical properties, to help 

with the determination of slope stability.  Identifying the mechanical properties associated 

with each stratigraphic unit, with regards to rock mass characteristics, helps define factors 

associated with instability for any proposed highwall. Intact rock variables help, along with 

rock mass properties, to derive a workable Factor of Safety, for any given slope, which 

ultimately leads to the calculation of the economic viability of any opencast mining 

program based on cost of stripping overburden per unit of recoverable ore (Hoek & Bray 

1977).  

 

 The laboratory programme was designed to quantify the intact rock strength of the 

stratigraphic units using available techniques. Samples were obtained to meet the criteria 

for sample length and smoothness (laterally), and that had no visible defects. The testing 

programme combined three separate tests; Brazilian testing, Unconfined Compressive 

Strength testing, and Triaxial Compression testing. The UCS and Triaxial tests were used 

to help define a Mohr Coulomb failure envelope for each of the stratigraphic units. The 

Brazilian test was decided upon to develop a comparative relationship between the force 
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applied during tensile splitting failure and overall Unconfined Compressive Strength, 

which also allows the determination of UCS for samples that do not meet the length 

requirements (>150mm).  The tests defined the parameters of friction angle and cohesion, 

which form part of any Hoek Brown rock mass analyses. 

  

 The UCS and Triaxial tests were carried out to specifications by the International 

Society for Rock Mechanics (ISRM 1981) standard testing procedures while the Brazilian 

tests followed ISRM (1977). All tests were carried out on HQ sized core samples (61mm) 

in the Rock Mechanics Laboratory, Department of Geological Sciences, University of 

Canterbury. UCS and Triaxial tests were carried out using core samples with a length-to-

diameter ratio (L:D) as close to 2.5 as possible and lateral axis not deviating by more that 

0.25 degrees. The L:D ratio of 2.5 was chosen due to discrepancies in testing procedures 

with the American Society for Testing and Materials opting for a specimen ratio of 2.0-2.5 

(1968) and the ISRM opting for a specimen ratio of 2.5-3.0 (1981).  Brazilian testing was 

carried out on test samples with a length no greater then the sample diameter (L:D ratio < 

1). All test were carried out under fully saturated conditions, as insitu moisture content 

could not be guaranteed in most cases. Samples were tested under fully saturated 

conditions under recommendation by ISRM (1981) standards as it is commonly accepted 

that rock samples are at there weakest under these conditions. Testing methods for each of 

the mechanical tests are outlined in appendix 2 along with all tabulated raw data and 

failure mechanism.  

  

2.5.2 Unconfined Uniaxial Compression 

2.5.2.1 Test Methodology  

 

 The methodology of this test is intended to measure the Unconfined Compressive 

Strength (UCS) of the intact rock samples. The test is mainly intended for strength 

classification and characterisation of intact rock (σc), and the UCS test is by far the most 

common laboratory test undertaken for rock mechanic studies (Hudson 1993) being the 

basis for numerous design methods.  The intact rock strength is one of the primary 

measures for predicting rock performance, with the objective set forth by this type of 
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testing to define the overall compressive strength of the stratigraphic units.  These tests can 

also be used in the assessment of the rippability of the overburden units’ e.g. future 

determination of blasting requirements.  

 

 The UCS results are compared with the physical properties, as a rock with high 

density and low porosity (e.g. siltstone) typically yields higher strength σc values due to the 

greater degree of cementation and denser packing of grains, than a lower density and 

higher porosity rock (e.g. coarse sandstone) (Lucas 2002).  

 

2.5.2.2 Results and Discussion 

 

 Table 2.4 provides a summary of the results obtained during testing, with analysis 

of individual unit results below. Graphical relationships are then discussed in relation to 

physical properties presented in previous sections. Data incorporated in table 2.4 was 

obtained by viable failure mechanisms, these are, 

  

• Cataclastic (C) – internal crushing and collapse. 

• Longitudinal Shearing (LS) – fracture along a single shear plane. 

• Conjugate Shear Fracturing (CSF)– fracture along conjugate shear 

planes. 

 The following table is a summary of the results from the UCS tests carried out. 
 

Table 2.4 Summary of UCS for Geotechnical Units (1.1, 2.2, 3.1, & 3.2). 

   

Berlins Porphyry 

 

Greenland 

Group  

Brunner coal 

measures 

Kaiata 

Mudstone 

Mixed 

Basement 

   Granite Hornfels  Bio – Sandstone Massive Unit 

Laminated 

interfingering 

Unit 

Unit 3.2 

-3.2b 

Unit 3.1 

 

Units 2.2 

 

Unit 1.1 

 

Mixed Unit 

3.1/3.2 

Number Tested 3 1 3 15 3 

Compressive Strength (σcsat) 

Average Strength (MPa) 78.2 136.1 15.3 9.9 47.0 

Range 72.8-84.8 136.1 12.0-19.8 8.3-11.0 18.1-97.1 

Saturated Density (Kg/m3) 

Average Density 2681 2677 2489 2476 2680 
Range  2671-2706 N/A 2466-2513 2408-2593 2616-2744 
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* tested under saturated conditions 

  Individual results and failure mechanisms for each of the samples are included in 

the tabulated data in appendix 2, with representative failure models below (figure 2.7 & 

figure 2.8).  

 

• Berlins Porphyry: This unit has the most variable strength (including 

weathered samples) of all the geotechnical units, with results ranging from only 

a few MPa for highly weathered samples (outlined in test results appendix 2) 

which fall apart with little external pressures, to a marble like texture with 

compressional strengths (84.8MPa). Due to interaction with the MWFZ, and its 

zone of influence, it is common for samples from a depth of 70 meters to still 

exhibit a slight degree of weathering. Only a limited amount of defect free 

samples could be obtained over any particular depth at the required length 

(>150mm).  

 

• Greenland Group Hornfels: This unit exhibited the highest compressive 

strength of all the stratigraphic units (MPa = 136.1). Representative samples 

were hard to obtain over the length required for UCS and triaxial due to the 

disruptive nature of the MWFZ, and as such testing was limited to one sample 

without the influence of existing defects (failure along existing defects) 

Weathering effects on the samples collected tended to be limited to within a 

few mm of the fractures with all but the most exposed samples still retaining the 

intact rock strength.  

 

• Brunner Coal Measures: This unit has the second lowest compressive strength 

with a value of 15.3MPa. Variations in the results for the three samples are 

minimal and may be due to compositional variations between the drill holes 

from which the samples were taken. All samples exhibited the same amount of 

slight weathering and were obtained from the same lithography. 

 

• Kaiata Mudstone This unit has the lowest compressive strength with a value 

less then 10 MPa. Variations in the strength results had minimal variation with 
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a low range (2.7MPa). Samples exhibited slight to no weathering effects 

throughout the Kaiata formation.   

 

  
Figure 2.7. Core samples after UCS testing, displaying Longitudinal Shearing (LS) in granite unit 3.2 

(left photo), and conjugate shear fracturing (conical failure) in Brunner Coal Measure Unit 2.2 (right 

photo). 

 

 

• Mixed Basement This unit exhibits the greatest variation in composition which 

resulted in an inconclusive result with regards to a mean standardised 

compressive strength for this particular geotechnical unit. As such the minimum 

result was chosen as the guideline for any statistical analysis to be carried out 
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with an average compressive strength (47.0MPa). The range within the results 

gives it a variability that mimics that of the Berlins Porphyry unit. 

 
Figure 2.8. Weathered Berlins UCS core displaying cataclastic failure. 

 
Figure 2.9. Graph of UCS (σcsat) versus Down Hole depth (m).  (values include weathered B/P) 
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 Figure 2.9 shows the relationship between the different stratigraphic units with 

regards to downhole vertical depth (m) and overall saturated compressive strength (σcsat). 

The lines of best fit associated with the Berlins Porphyry and the Kaiata Mudstone show 

the projected strength of the samples with regards to depth. The graph highlights the 

relationship in the Berlins Porphyry which shows that an increase in the depth of the 

sample (and therefore a decrease in the degree of weathering) results in an increase in 

overall compressive strength, a trend which is not exhibited in the Kaiata mudstone. The 

degree of weathering associated with the Berlins Porphyry is also directly related to the 

depth downhole with initial signs of weathering starting at depths greater then 60 metres. 

Increased degrees of weathering are responsible for increased porosity and decreased 

density which contributes to the decrease in compressive strength. In contrast the there 

seems to be little to no variation in the resulting compressive strength of the Kaiata 

mudstone with respect to depth which lends to the conclusion that penetrative weathering 

effects on the unit is limited to shallow depths.  The lack of comprehensive data on the 

other units leads to an inconclusive relationship between depth of sample/weathering 

effects and overall compressive strength. Studies tend to show that the hornfels group is 

resistant to weathering effects with only localized staining prevalent in cored samples. 

 
Figure 2.10. Graph of UCS (σcsat) versus Dry Density (ρd)..  
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 Figure 2.10 shows the relationship between the different stratigraphic units with 

regards to Dry Density (ρd) and overall compressive strength (σcsat). The trend shows that 

an increase in dry density is accompanied by an increase in compressive strength with the 

basement units. 

 
Figure 2.11 Graph of UCS (σcsat) versus Porosity (n). 

  

 Figure 2.11 shows the relationship between the different stratigraphic units with 

regards to porosity (n) and overall uniaxial compressive strength (σcsat). The graph displays 

a negative trend, with a decrease in porosity accompanied by an increase in the 

compressive strength. This is an opposite relationship to that observed in figure 2.9 as 

expected with the porosity and density relationship outlined back in figure 2.6. This graph 

also highlights the negative effect that porosity has on the effective strength of intact rock 

samples. 
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2.5.4 Brazilian Test (tensile splitting) 

 

2.5.3.1 Test Methodology 

 

 The Brazilian test is generally useful for all rocks with unconfined strengths greater 

than about 5 MPa (Hudson 1993). The test can be performed on very short core specimens 

(less that 25mm) and is therefore very useful when only short core lengths are available. 

There is generally correlation between UCS and Brazilian tensile strength, and once this 

correlation is established for a particular rock type it is possible to carry out Brazilian tests 

to determine UCS for the rock samples. This is beneficial due to the need to have sizable 

undisturbed core lengths to carry out the UCS testing, and the bias this may introduce into 

mean results. 

 

 Comparisons have been made between Brazilian testing and Direct Uniaxial 

Tensile testing, with Brazilian testing being the preferred method as the test can be done on 

very short lengths (25mm) of core which means that the test details are therefore not biased 

by the need to have quality rock at a particular size (typically 150mm – 300mm).  The 

second reason Brazilian testing is preferred is that during sample preparation with 

Brazilian samples do not requiring the ends to be ground flat and parallel. Thirdly, the test 

apparatus for Brazilian testing is relatively simple as outlined in the ISRM (1977) 

suggested test procedures. 

 

2.5.3.2 Results and discussions 

 

 Table 2.5 provides a summary of the test results obtained during testing procedures 

with analysis of individual unit results below. Graphical relationships are then discussed in 

relation to physical properties tested in previous sections as well as comparisons and 

correlation with UCS testing. Failure mechanisms for each of the Brazilian test results are 

displayed with testing procedures and raw data (appendix 2) with representative samples 

given below (figure 2.12). The following table summarises the results of the Brazilian tests 

with complete test results included in appendix 2. 
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Table 2.5 Summary of Brazilian Test Results with direct comparison to average UCS. 

 

   

Berlins Porphyry 

 

Greenland 

Group  

Brunner coal 

measures 

Kaiata 

Mudstone 

Mixed 

Basement 

Berlins Porphyry 

(Mod Weathered) 

   Granite Hornfels  Bio – Sandstone Massive Unit interfingering Granite 

Unit 

Unit 3.2 

-3.2b 

Unit 3.1 

 

Units 2.1,2.2, 

 

Unit 1.1 

 

Units 3.1/3.2 
 
 

 Unit 3.2b 

 

Number Tested 9 3 2 16 5 3 

Brazilian Test (σt) 

Strength  (MPa) 6.18 5.08 1.32 1.47 5.51 2.74 

Range 5.03-8.40 3.17-6.14 1.21-1.43 1.12-1.87 2.89 -12.39 2.21-3.19 

Compressive Strength (σcsat) 

Average Strength (MPa) 78.5 136.1 15.27 9.9 47.0 23.85 

Range 72.2-84.8 136.1 12.0-19.8 8.3-11.0 18.1-97.1 22.5-25.2 

 

• Berlins Porphyry: This unit exhibited the highest average tensile strengths 

(6.18MPa) of all the stratigraphic units but, as with both USC testing and the 

physical properties, displays greatest variation in tested samples when 

incorporating the weakened weathered samples. As seen with the UCS testing 

samples tensile strength increases marketedly with depth of sample. Moderate 

degree of weathering sees the tensile strength decrease by over 50% (2.74MPa) 

which leads to the conclusion that overall unit strength is highly dependant on 

degree of weathering. This variation in the strength of the Berlins Porphyry 

with respect to weathering allows better correlation between compressive and 

tensile strengths (figure 2.15). 

 

• Greenland Group Hornfels: This unit displayed the third highest average 

tensile strength (5.08MPa), with moderate variation in tested samples. Lack of 

comparative samples to test UCS to Brazilian relationship meant that no further 

comparison can be made with regards to direct correlation between the two 

tests. 

 

• Mixed Basement: This unit displayed great variability in the average tensile 

strength (5.51MPa), recording the two highest individual results (12.39MPa and 

10.48MPa). The variability of the testing samples means classifying the tensile 
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strength should be confined to the lowest recorded results (2.63MPa). An 

increased sample range, with classification of weathering, will help better 

define the average tensile strength for this unit. Results show, as seen with UCS 

testing, that variability is proportional to the degree of weathering. 

 

• Brunner Coal Measures: This unit displayed the lowest of the recorded tensile 

strengths (1.32MPa) with a ratio of ~10:1 between compressive and tensile 

strengths. Limited samples were available for testing in attempts to find a 

correlation between UCS and Brazilian tests. Representative samples were 

taken for both tests, but showed inconsistent results and without increase 

sample base no correlation between the two tests can be determined. 

 

• Kaiata Mudstone This unit recorded the second lowest average tensile strength 

(1.47MPa). The unit showed the greatest consistency with only minor variation 

seen over the 16 samples (0.6 MPa) and as such a good correlation was 

achieved over the test range (graphical relationships figure 2.16). 

 

   
Figure 2.12 Examples of Modes of Failure in Brazilian Test, from left to right; Cataclastic failure (C), 

Central Splitting(CS), and Bedding Failure (BF). (Representative samples are of average core width 

(61mm)) 
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Figure 2.13. Graph of Tensile Strength(σt) Vs Porosity (n). 

 

 Figure 2.13 shows the relationship between the different stratigraphic units with 

regards to Porosity (n) and overall tensile strength (σt). The graph highlights the negative 

effect that porosity has on the tensile strength, with samples having a high porosity having 

a comparatively lower tensile strength. Samples with a low porosity show a significant 

increase in their respective tensile strengths highlighting the effect of pore spacing on 

tensile strengths as it does in unconfined compressive strengths. 

 
Figure 2.14. Graph of Tensile Strength(σt) Vs Dry Density (ρd). 
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 Figure 2.14 shows the relationship between the different stratigraphic units with 

regards to Dry Density (ρd) and overall Tensile Strength (σt) The graph highlights a 

positive relationship with higher density units having increased tensile strength. This again 

confirms the relationship between porosity and density (figure 2.6) 
 

Table 2.6 Correlation between UCS and Brazilian Testing 

 

 

                    
                    
      Unit UCS Tensile  σ(c) σ(t) Mean Ratio   
      Mudstone 10.3 1.87 5.5 6.9   
  Weaker Rock Units   13.2 1.41 9.4     
   (MPa <20)     9 1.27 7.1     
        11 1.65 6.7     
        10.6 1.64 6.5     
        9.6 1.39 6.9     
        8.3 1.29 6.4     
      BCM 12 1.43 8.4 10.0   
        14 1.21 11.6     
      Hornfels 136.4 6.03 22.6 22.6   
  Harder Rock Units Mixed 97.1 12.39 7.8 8.4   
   (MPa >20)     25.8 2.86 9.0     
      B/P 51.4 5.4 9.5 10.7   
       72.2 5.72 12.6     
        84.8 8.4 10.1     
                    
                    
                    

 

 

 Figure 2.15 shows the relationship between the stronger stratigraphic units (table 

2.6) with regards to unconfined compressive (σCsat) and tensile (σt) strengths. The graph 

shows a correlation between the two tested strengths with a low tensile strength indicating 

a relative low in the unconfined compressive strength. The equation for the line of best fit 

for the Berlins Porphyry (y=8.13x + 18 ±8) allows for a general correlation of UCS 

samples derived from Brazilian testing. A greater sample range is necessary to confine the 

uncertainty associated with this calculation. The mixed basement samples, incorporated in 

the graphical results, show a continued trend with a shift in the y intercept of the equation 
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(y= 8.13x +8). A greater number of testable samples need to be acquired to further develop 

this relationship. The only Greenland Group sample provided a ratio of 22.6:1 between the 

UCS and Brazilian results with more samples required to better constrain this ratio. As 

with both the UCS and the Brazilian the effect of porosity and dry density greatly affect the 

overall trend seen. 
 

 
Figure 2.15 Graph of Tensile Strength (σt) Vs UCS for the Stronger Rock Units (σCsat). 

 
Figure 2.16. Graph of Tensile Strength (σt) Vs UCS for the Weaker Rock Units (σCsat). 
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 Figure 2.16 shows the relationship between the weaker stratigraphic (table 2.6) 

units with regards to Unconfined Compressive (σCsat) and Tensile (σt) strengths. The graph 

highlights an overall correlation between the two tested strengths with a decrease tensile 

strength indicating a relative decrease in the unconfined compressive strength. The 

equation for the line of best fit (y=4.62x + 3.2 ±0.8) allows the calculation of UCS samples 

derived from Brazilian testing of the Kaiata Mudstone. The sample range was sufficient to 

correlate the tensile strength to that of the unconfined compressive strength, increased 

testing of sample would be useful to continue to confine the uncertainty associated with 

this calculation. 
 

2.5.4 Triaxial Compression Test 

 

2.5.4.1 Test Methodology 

 

 The Triaxial testing was performed on representative samples from each of the 

stratigraphic units (except Greenland group due to lack of intact samples) to the 

specifications outlined by the ISRM (1981) recommended testing procedure for Triaxial 

Compression. Testing was carried out using a standard triaxial cell on HQ core with a L/D 

ratio of 2.5. External testing by Strata Testing Services Ltd, NSW, Australia, was also 

included in these results (tested with L:D ratio of ~2.0). A strength envelope was then 

obtained by fitting mean curve to the confining pressures and the corresponding 

compressive strength values using the RocLab programme (Rocscience Inc 2003) and 

Hoek-Brown Criterion (2002). This determined the equation for the envelope of best fit 

and the gradient of curve (m) and the Y intercept (b).  Using the parameters m and b, the 

internal friction angle (Ø) and a value for the apparent cohesion (C) were then calculated. 

Samples representing each of the stratigraphic units were tested at three different confining 

pressures which simulated the insitu rock environment. Specimens tested in the laboratory 

were fully saturated with load applied parallel to core sampling. The methodology and the 

tabulated raw data are outline in appendix 2. 
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2.5.4.1. Results and Discussion  

 

 Table 2.7 presents the summary of Triaxial results for each of the stratigraphic units 

after the data was processed using the RocLab programme (Rocscience 2003). Rocklab 

calculated a best fit Mohr-Coulomb failure envelope and in turn retained values for both 

Cohesion (C) and friction angle. The results show that the stratigraphic units which had 

stronger overall unconfined compressive strength displayed a higher degree of cohesion 

and a higher angle of friction. The Berlins Porphyry unit retained the highest degree of 

cohesion (C=6.38MPa) with the Bioturbated Sandstone (BCM) exhibiting the lowest (C= 

2.11MPa). The Kaiata Mudstone unit displayed the lowest friction angle (Ø= 18.6º) with 

the mixed basement unit displaying the highest (Ø=44.5º). All results included in the 

triaxial tests failed either by longitudinal shearing or by Cataclastic failure (figures 2.7 and 

2.8) with longitudinal shearing more prevalent. Cohesion was derived using the equation: 

 
 
Table 2.7 Summary of Friction Angle (Ø) and Apparent Cohesion (C) 

 

  

Berlins Porphyry 

 

Brunner coal 

Measures 

Brunner Coal 

Measures 

Kaiata 

Mudstone Mixed Basement 

   Granite Bio – Sandstone Med fine Sand Massive Unit interfingering 

Unit 

Unit 3.2 

-3.2b 

Units 2.1,2.2 

 

Units 2.5 

 

Unit 1.1 

 

Units 3.1/3.2 
 
 

Cohesion (C)(MPa) 6.4 2.1 4.0 3.0 2.9 

      

 

Friction Angle (Ø) 

 

 

40.6 

 

33.2 

 

31.4 

 

18.6 

 

44.5 

 

 

Intact Compressive Strength 

(b intercept) (σci) 

 

27.7 

 

7.8 

 

14.4 

 

8.4 

 

14.2 
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 Mohr stress diagrams generated using the RocLab programme, following Hoek-

Brown classification, are represented below in figures 2.17-2.21.  

 
Figure 2.17. Mohr stress diagram of σ1 Vs σ3 for Kaiata Mudstone (using Roclab programme). 

 Figure 2.18.  Mohr stress diagram of σ1 Vs σ3 for Medium Fine Sandstone (BCM) (using Roclab 

programme). 
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Figure 2.19. Mohr stress diagram of σ1 Vs σ3 for Bioturbated Sandstone (BCM) (using Roclab 

programme).

 
Figure 2.20. Mohr stress diagram of σ1 Vs σ3 for Berlins Porphyry (using Roclab programme). 
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Figure 2.21. Mohr stress diagram of σ1 vs σ3 for Mixed Basement (using Roclab programme). 

*The Mohr Coulomb Fit Outlines in blue for all figures 

 

 Correlation can be derived from the Hoek-Brown Criterion (Ø & σci) with relation 

to the physical and mechanical properties of each of the stratigraphic units. A relationship 

between stratigraphic units with high internal friction angle and increased grain size can be 

seen from the results. A greater value for cohesion also is observed with an increased grain 

size which is directly controlled by the roughness of the grain interaction.  
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Figure 2.22. Graph of σci vs Cohesion (C)  

 

 

 Figure 2.22 displays a moderately strong correlation between intact compressive 

strength (σci) and apparent cohesion (C). The tends to indicate that there is a general 

indication between the intact compressive strength and cohesion in a samples, but other 

controlling factors are involved and need to be taken into consideration. The intact uniaxial 

compressive strength relates to the initial intact rock mass strength as determined by the 

tangent to the line of best fit of the Mohr circle. Other initial factors which would need to 

be taken into account are the porosity (higher porosity, lower cohesion), foliation (inherit 

weakness along foliations), and Bedding (weakness in the direction of bedding due to 

orientation of grains and added strength against the grain). Secondary influences which 

could influence cohesion could be degree of weathering (breakdown in physical bonds) 

and prolonged strain in direction of failure (weakening of physical bonds). Figure 2.23 also 

outlines this relationship with the intact compressive strength displaying the same 

moderate trend. 
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Figure 2.23 Graph of σci Vs friction Angle (Ø).  

 
Figure 2.24 Graph of Friction Angle (Ø) Vs Cohesion (C)  

 

 Figure 2.24 shows a direct relationship between the friction angle and cohesion, 

with a weak correlation between the two parameters which mimics that of figure 2.23. The 

graph shows the positive trend within the geotechnical units with an increased friction 

angles showing a relatively high cohesion value. The mixed basement, and the bioturbated 
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BCM units show a variation from the trend having higher friction angles but still retaining 

low cohesion values. One interpretation of this is that these units have weaker inter-

granular bonds.  

 

 

2.6 Summary of Physical and Mechanical Testing 

 

 Table 2.8 provides a summary of the rock material classification for both the 

physical and mechanical properties.  The physical properties outlined are porosity, density 

and slake durability index. Porosity determination showed a large variation between the 

geotechnical units tested with the Berlins Porphyry having the lowest porosity (n=0.8%) 

and the Kaiata mudstone having the highest (n=9.9%). Density showed a reverse 

correlation with the Kaiata mudstone exhibiting the lowest mean densities (2377Kg/m3) 

and the Berlins Porphyry showing the highest (2666Kg/m3). Slake durability index testing 

showed a high durability for all units tested with Berlins Porphyry showing the highest 

retained mass (99% retained). 

 

 The Mechanical properties showed the highest compressive strength (UCS) 

belonging to the Greenland Group formation (136.1MPa) and the lowest exhibited by the 

Kaiata formation (9.9 MPa). Tensile Splitting tests showed a moderate variation between 

the units with the Berlins Porphyry having the highest (6.4 MPa) and the BCM with the 

lowest (1.3 MPa). Triaxial testing of the samples showed that the Berlins Porphyry had the 

highest intact compressive strength (27.7 MPa) and cohesion (6.6 MPa), and the mixed 

basement unit with the highest friction angle (44.5º). The BCM had both the lowest intact 

compressive strength (7.8 MPa) and cohesion (2.1 MPa), with the Kaiata Mudstone having 

the lowest friction angle (18.6º) 
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Table 2.8. Summary table of average physical and mechanical properties 

 

   

Berlins 

Porphyry 

Greenland 

Group Hornfels 

Brunner Coal 

Measures 

Kaiata 

Mudstone 

Mixed 

Basement 

     

Bioturbated  

sandstone   

Porosity (n)(%) 0.8 1.9 7.9 9.9 2.3 

Dry Density (Kg/m3) 2666 2658 2411 2377 2657 

Saturated Density(Kg/m3) 2681 2677 2489 2476 2680 

Slake-Durability (Id2) (%) 99.0 99.6 94.0 94.5 N/A 

UCS (MPa) 78.2 136.1 15.27 9.9 47.0 

Tensile Strength (MPa) 6.2 5.1 1.3 1.5 5.5 

σci (MPa) 27.7 N/A 7.8 8.4 14.2 

Cohesion (c’) (MPa) 6.4 N/A 2.1 3.0 3.0 

Friction Angle (Ø)  40.6 N/A 33.2 18.6 44.5 

 

 During testing there was limited delineation of the geotechnical units, initially 

outlined using the drillhole logs, as limited samples meant that differentiation between the 

units could not always be achieved. Limitations were observed within all the stratigraphic 

units for varying reasons. 

 

 The majority of the Kaiata mudstone (units 1.1 and 1.2) is comprised of the 

massive silty mudstone (unit 1.1) which made up ~90% of the recovered samples within 

this layer and meant that there were limited samples associated with the sandy lithology 

(unit 1.2). Testing was carried out on both units with variation in the results obtained 

indistinguishable between the two geotechnical units and therefore treated as having 

homogeneity.  

  

 Limited samples within BCM due to low recovered core saw the viability in testing 

only the bioturbated massive med – coarse units (2.1 and 2.2), further testing will need to 

be carried out to establish the rock material classification of the other lithographies.    

 The basement lithographical units (3.1 & 3.2) exhibited high degrees of brittle 

deformation which resulted in poor recovery of suitable samples for testing. The Greenland 



CHAPTER 2: ROCK MATERIAL CHARACTERISATION  

 

59 

Group lithology (unit 3.1) showed a higher degree of fracturing in the recovered core and 

as such saw only minor testing done on the Greenland Group lithology.  Results show a 

greater delineation between weathered samples and strength loss then with compositional 

changes, with depth to surface directly proportional to lost of strength. 

 

 While the testing carried out during this laboratory programme provided a good 

general guide to the physical and mechanical properties associated with some of the 

stratigraphic units (Units 1.1 and 3.2), further testing will be required to quantify these 

relationships. Limited samples in both the Brunner Coal Measures and the Greenland 

Group Hornfels meant the rock material classification of these units was incomprehensive.  

Interaction with the fault zone and the intrusive nature of the Berlins Porphyry has seen 

major brittle deformation within the Greenland Group lithologies which has made 

collection of quality samples difficult. 

 

 The graphical analysis of the tested units has derived many correlations between 

the testing procedures such as the strong correlation between the physical properties, 

porosity and dry density, and the mechanical properties associated with tensile splitting 

and unconfined compressive strength. This showed that high density low porosity units, 

such as the Berlins Porphyry, exhibit increased overall strength. Triaxial testing 

highlighted a relationship between friction angle and cohesion and therefore a relationship 

between the physical grain size and tested units. Units that exhibited a high friction angle 

and high cohesion displayed greater intact rock strength generally due to a composition of 

coarse well cemented grains.  
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CHAPTER 3 
Rock Mass Properties 

 

3.1 Introduction 

 

 A rock mass can be defined as the in-situ rock which has been rendered 

discontinuous by systems of structural features such as joints, faults and bedding planes 

(Hoek and Bray 1981). This Chapter discusses the rock mass properties that were 

described when conducting 30-50m detailed scanline surveys of traversed bed rock 

exposed by surface runoff along the Mt William Range.  The selected rock mass defect 

properties recorded were based on the discontinuity data survey sheets Geological Society 

Engineering Group Working Party (Anon, 1977)(appendix 3 – CD insert). A total of 12 

scanlines were performed along the range crest (figure 3.2) in areas of exposed basement 

rock, Cypress North Block. 

 

 During the feasibility and design stages of the Cypress North Block project the 

identification of overburden rock mass characteristics is necessary to be able to predict 

mechanical behaviour which may result in the destabilization of any proposed highwall. To 

this end the objectives of these scanlines were to find similar mechanical properties of 

defects along the length of the highwall. The rock mass properties recorded were; defect 

type, dip and dip direction, persistence (where possible), aperture, nature of infilling, 

defect roughness, and amplitude and waviness (again where applicable). This information 

is then used to identify which parameters have a greater effect on the rock mass strength by 

kinematic analysis (chapter 4). The location of the scanlines traverses are presented on the 

Engineering Geology Structural Map (Map Pocket), and are situated immediately to the 

east of the MWFZ. Only the physical properties of defects, including defect orientation, are 

described here.  
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3.2 Defect or Discontinuity Type  

 

 There were many defect types identified by the scanline surveys along the MWFZ, 

with the dominant type of defect found in the basement rock, both Berlins Porphyry and 

Greenland Group Metasediments, to be joint fracturing which made up 88% of all rock 

defects. Other defects were dominated by minor faults (shear zones) at 10%, with fault and 

contact zones making up the last 2%. Figure 3.1 display the total distribution of the defects 

across the field area. 

  

 The Joint defects are defined as a rock fracture along which there has been no 

visible displacement. Observational studies and measurements reveal that fractures often 

occur in planar, sub - parallel groups or sets; such joints are said to be systematic (Priest 

1993). The study of these systematic joints has led to the conclusion that they often display 

spatial and orientational relationships with folds and faults formed during the same period 

of tectonic activity (Price 1966). Joints are distinguished from other defects by their system 

sets of strong delineation and regularity, with new or random fractures having generally 

curved clean surfaces. These systematic (joint) sets generally appear in groups with the 

same strike and similar dip, and are generally regularly spaced. The next most common 

group encountered along the ridge was shear planes which are smaller forms of faults 

showing reduced persistence. The basement rock mass is so intensely deformed and 

fractured that small discrete fault planes are not distinguishable and therefore the term 

‘shear plane’ is used to define these defect planes with the term ‘fault’, being reserved for 

defects with recognizable signs of displacement. The third most common defect type is 

zones of mass disruption which resulted from the intrusive nature of the Berlins Porphyry. 

These zones exhibit totally random fracture orientations over extended distances 

(>600mm) of alternating basement lithologies. 

 

 The scanline surveys incorporated both the Berlins Porphyry and the Greenland 

Group Metasediments. These basement lithologies are interfingered blocks Greenland 

Group metasediments bounded by intrusive Berlins Porphyry, with large sections of each 

type which alternate down the majority of the scanlines. Defect occurrence varies over the 

two lithotypes, with the Greenland Group unit displaying a greater degree of fracturing in 
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most cases.  Contact zones are frequent and propagate as zones of highly fractured rock 

which accelerates the rate of weathering particularly of the granite unit which breaks down 

into clays.  

  
Figure 3.1. Graph delineating frequencies of defect types. 

   

3.3 Corrections to Scanline Surveys  

 

 It is important to note at this stage that there corrections made to the collected data 

ranges for each of the scanlines. The Terzaghi correction was applied to the data sets to 

develop a true representation of defect frequency observed at each of the scanline surveys. 

The Terzaghi weighting function accounts for the sampling bias introduced by orientation 

data collection along traverses during the scanline survey. When orientation measurements 

are made, a bias is introduced in favour of those features which are perpendicular to the 

direction of surveying. Terzaghi’s correction allows for this bias and corrects for it using a 

weighting function for each defect based on the orientation of the scanline with respect to 

the defects and their frequency. Terzaghi’s correction was applied to each of the scanline 

data sets using the auto correction function available on the Rocscience Dips programme 

(version 5.1) and the methodology is outlined in appendix (3).  
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3.4 Defect Orientation  

 

 Defect attitudes measured within the basement lithologies were related in space 

along individual datum lines. The datum lines were assigned marker pegs which were then 

surveyed, by surveyors contracted to Solid Energy New Zealand Ltd, at a later date to 

identify their locations within the Cypress North basin itself.  This was done to preserve 

the accuracy of the data obtained during the traverses. The major defects measured were 

dominantly sub-vertical joints in both basement lithologies.  

 
Figure 3.2 Assigned Section in relation to Relative Projected Orientation of Mt William Fault 
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 The defect attitudes measured for each of the 12 scanline were then projected 

using the DIPS Rocscience program (Version 5.050) utilizing lower hemisphere 

stereographic projections.  These individual stereographic projections were then used to 

identify the major joint sets associated with each. A correlation was then derived 

incorporating the major defect attitudes with respect to location along the ridge crest to try 

and identify an overall trend. Orientation of the scanline datums are outlined in table 3.1. 

 
Table 3.1 Summary of the Scanline datum orientations (scanlines 1-12) 

    

 Scanline 
Dip/Dip 

Direction  
 1a 7/011  
 1b 022/12  
 2 12/299  
 3 23/302  
 4 23/302  
 5 5/016  
 6 12/247  
 7a 24/027  
 7b 0/96  
 8a 10/329  
 8b 14/315  
 9a 12/320  
 9b 14/005  
 9c 15/302  
 10 16/342  
 11a 9/282  
 11b 9/299  
 12 19/344  
    

 

3.4.1 Major Fault Structures 

 

 There are two major influential faults along the length of the Cypress North Basin 

that will cause major disruption to the highwall. The first of which, the Mt William Fault, 

trends in a NE-SW trend and will have the greatest effect in the highwall design. This 

reverse fault gouge zone thickness varies along the length of the basin with drill holes 

registering sheared zones of between 2.3 and 5.8 metres. The dip angle of the fault also 

varies over the distance with its steepest point at the southern end as the fault rotates. The 

variation in dip along strike does not appear to conform to any pattern, either because fault 

surface actually has an irregular form or because exposures and drillcore observations are 
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not reliable or representative of the fault. Interpreted dip values estimate the fault dips ~60° 

eastward along the length of the Cypress North basin (L&M 1986). Available data 

indicates uplift increases to the south-west; from about 100-120m in the Cypress North 

Block to 300m in Cypress South Block, to 350-500m+ in Kelly Block. 

 
Figure 3.3 Stereographic Projection of the Mt William Fault Adjacent to Defect Sections 

 

 The second of the faults, the McCay fault, has a normal component that mimics 

the overall trend of the Mt William Fault, striking parallel for the majority of the basin 

(cross section - figure 1.6 map pocket). The McCay fault splits from the Mt William Fault 

near the southern extent of the basin (map 1 – map pocket). Interpretation of the McCay 

fault is believed to be either compensation for the observed rotation in the fault orientation, 

or that the McCay fault was the original displacement of the normal component of the Mt 

William fault and its present position is actually a spur fault which propagated to the 

surface. Dips associated with McCay are also predicted to be ~60º which mimic that of the 

Mt William fault with gouge zones associated with the fault under a metre.   

 

3.4.2 Shearing Defects 

 

 Shear defects isolated in the scanline traverses (figure 3.4), for each of the 

sections, display a random placement throughout the stereographic projection. This plot 

incorporates representative samples from each of the joint sets identified in the next section 

(set number). The representation of shears is proportional to the observed spread of the 
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joint poles plotted in figures 3.5 and 3.7 with a high concentrated observed with 

orientations similar to the dominant joint set orientations (parallel to MWFZ), with defects 

exhibiting sub vertical dips (90 ± 15º). The highest concentration of shears was found in 

the same orientations as joint sets two and three (~80%), as outlined in the area contour 

plot (figure 3.4).  

 

 
Figure 3.4 Area Contours and Scatter Plot for Stereographic Projection of Correlated Shear Defects 

with Defect Sets (Outlined by Set Numbers). 

 

 The random spread of the shear poles suggests that movement along all these 

shears was more than likely initiated to accommodate lateral and vertical displacement in 

the Mt William Fault. Infill thickness seldom exceeds 5mm, but with isolated shear 
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showing as much as 80mm in thickness. Infill material usually comprises highly weathered 

basement which has broken down into silty/sandy clay, with fine sand, calcite and 

muscovite also present with iron staining common. Persistence of the shear defects, along 

with the joint sets, is hard to ascertain due to the nature of the testing environment with 

some defects in excess of 8 metres but with most visible lengths not much greater then 1m.  
 

3.4.3 Crushed Contact Zones 

 

 Frequent crushed zones are incorporated in the interfingering of the two basement 

lithologies as discussed earlier, and are generally the result of the injection of magma into 

Greenland Group Greywacke. These zones of weakness exhibit no coherent defect 

orientation with widths of .3-.4m to 3m+ observed along scanlines. The unpredictability of 

these defects makes them the most prominent in terms of safety with regards to failures 

within the highwall. The highly fractured rock would react like a stiff gravel with regards 

to its rock mass characteristics under dry conditions. Under wet conditions the weathered 

basement would weaken due to the expansion of the clay component as it swells due to 

absorption of moisture. 

 

3.4.4 Bedding Defects 

 

 Bedding is included as a defect in many surveys as a mode of failure or plane of 

weakness in rock mass analysis. The prevalent bedding throughout the basement 

Greenland Group lithology is moderately metamorphosed, and does not provide a mode of 

weakness in the sandstone unit. The Kaiata Mudstone unit which will be incorporated into 

the final highwall design, to varying degrees dependant on economic constraints, does 

exhibit bedding orientation weakness, as shown by tensile strength testing. The prediction 

of this bedding and any effect it may have on the final stability of the highwall depends on 

its final orientation due to upturn of bedding orientations due to association with the 

MWFZ (figure 1.6). The Kaiata mudstone bedding initially dips gently east at 8-12° 

degrees into the Mt William Range, but undergoes upturn as it approaches the reverse fault 

structure. Any change in the bedding will more than likely be offset by the disruptive 

nature of the Fault zone with the zone of influence increasing the fracturing observed 

within the unit. 
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3.4.5 Joint Defects Mt William Fault Zone 

3.4.5.1 Joint Sets 

 

 Joints sets, as defined previously, make up the predominant defect observed along 

the top of the Mt William Range, comprising close to 90% of recorded defects. Joints 

observed both in the Northern and Southern Sections (map 2) are dominated by sub 

vertical defect sets which strike NNE and SSW parallel to the fault orientation.  Initial 

observation separated the defects into 6 joint sets (JS), but on further investigation this was 

reduced to 5 sets with JS6 being of parallel orientation to JS3 and JS4, and effectively a 

transition between the two joint sets of intermediate dip.  The observed separation of the 

joints for each section (figures 3.5 and 3.7) is as follows; 

 

• JS1 strikes effectively sub parallel to all scanlines except Scanlines 1 and 7 

(table 3.1). The under sampling of this group and slight variations from 

scanline to scanline make definition of a mean dip and dip direction difficult 

due to the scattering of the recorded data. The JS1 defects have a mean pole 

at 76°/041º in Section 1 and 78°/025° in Section 2. 

 

• JS2 is the second dominant joint set defect observed in both section 1 and 

section 2 (figures 3.5 and 3.7). The orientation of the joint set is effectively 

perpendicular within 10°-20° to the scanline orientations in all but Scanlines 

1 and 7 where it trends at approximately 45°. Mean poles for JS2 are 

89°/261° for Section 1 and 70°/245° for Section 2. 

 

• JS3 is a sub-vertical joint set which is the dominant defect observed in both 

sections (figures 3.5 and 3.7). The orientations of the joint sets are 

effectively perpendicular to all but scanlines 1 and 7, where the joint set is 

under sampled (figure 3.10).  Mean poles for JS3 are 79°/118° for Section 1 

and 84°/285° for Section 2. 

 

• JS4 has the lowest recorded dip of all the joint sets which are observed as a 

sub set to JS3 and effectively represents that sets low dip transition. Due to 
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the horizontal nature of the scanline surveys JS4 is under sampled in all 

scanline surveys and absent from traverses 1 and 7 (figure 3.10).  Mean 

poles for JS4 are 47°/106° for Section 1 and 43°/106° for Section 2 which 

are effectively the same and may be the result of under sampling. 

 

• JS5, as with JS1, has an orientation that is sub-parallel to most of the 

scanline orientations and is therefore under-sampled in most survey 

traverses which strike east-west (figure 3.9). Mean poles for JS5 are 

85°/174° for section 1 and 79°/161° for section 2. 

 
Figure 3.5 Stereographic projection of all points observed in Section 1 with division of poles into joint 

sets (set 1-6) and mean orientation. 



Chapter 3: Rock Mass Properties 

 

70 

 
Figure 3.6 Graphical Representation of Joint Set Frequency in Section 1 

 

 
Figure 3.7 Stereographic projection of all points observed in Section 2 with division of poles into joint 

sets (set 1-6) and mean orientations. 



Chapter 3: Rock Mass Properties 

 

71 

 
Figure 3.8 Graphical Representation of Joint Set Frequency in Section 2 

 

 
Figure 3.9 Stereographic Comparisons between Scanlines Orientated in a East-West Trend taken from 

Section 1 and Section 2 
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Figure 3.10 Stereographic Comparisons between Scanlines Orientated in a North-South Trend taken 

from Sections 1 and Section 2  

 

 Figures 3.9 and 3.10 were chosen to represent the differences in sampled data due 

to a change in Scanline orientation and the bias that is then created. Figure 3.9 represents 

the majority of the traverse orientations with 10 out of the 12 scanlines running east to west 

with an example derived from both of the assigned sections. Figure 3.10 shows the 

remaining two scanline traverses (scanlines 1 & 7) and the degree of bias introduced by the 

orientation of the scanlines when then compared to figure 3.9. As well as showing the 

sampling bias due to orientation, figures 3.9 and 3.10 show a comparison between 

scanlines recorded in both sections and the rotational effect which can be seen within the 

mean joint set orientations. This rotation of the mean joint set orientations coincides with 

the projected rotation in the strike of the Mt William fault (figure 3.2), with an observed 

rotation of 13°-16° to the north between the mean dip directions in Sections 1 & 2 (figures 

3.5 & 3.7). The inferred rotation within the Mt William Fault sees a shift from the initial 
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orientation of 016° adjacent to Section 1 to an orientation striking 036° adjacent to Section 

2 (rotation of 20°). On initial observations there seems to be a correlation between the fault 

and defect orientation.  

 

 A graphical summary of each of the scanline survey traverse (1-12) in the form of 

area contour plots of pole densities is presented on the Geotechnical Map (Map 2 – Map 

Pocket) and in appendix 3 (Scanline data). 

 

3.4.5.2 Joint Origins 

 

 The observations in Section 3.4.5.1 suggest that the major joint sets coincide with 

the formation and continued activity of the Mt William Fault Zone. Therefore it is 

important to identify the mechanism involved in the formation of the defect sets.  

 

 
Figure 3.11 Diagram Showing Postulated Joint Formation 
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 Through the incorporation of typical stress diagrams for fault related processes 

(Lacazette, 2000) and discussion with Mrs J.K. Campbell, University of Canterbury, a flow 

diagram showing associated jointing has been developed to identify their origins (figure 

3.10). This shows the idealized transition of the Mt William Range though periods of 

extension (A and B) and then compression (C and D) with the associated joint formation 

expressed for each phase (extension and compression). ‘A’ (figure 3.11) shows the initial 

representative block. ‘B’ shows the propagation of normal faulting within the basin and 

sedimentation. ‘C’ shows the transition into a compressional regime, with either the 

reverse of normal faulting within the basin, or the formation of spur faults. ‘D’ shows the 

final form of the basin with erosional effects removing sedimentary layers from the ridge. 

 

 Joints are found in all competent rocks within about 1 km of the earth’s surface, at 

all orientations, and at sizes ranging from a few millimetres to several hundred metres. 

Joints are many thousands of times more frequent than faults with many geologists (Price 

1966, Cundall 1987, Priest 1993) believing that studying joints and their origins can 

provide valuable clues to the tectonic processes in near-surface rocks. Using the concept of 

systematic joint formation (that the joints formed during the same period of tectonic 

activity) the tectonic geological history of the Cypress North basin the construction of the 

tensional environment that led to the formation of the joints associated with the Mt 

William Fault can be developed (‘joint formation in basement lithologies’, figure 3.11). 

 

 The structural deformation of the basement lithologies (figure 3.11) outlines the 

formation of the joint sets associated with the Mt William Fault.  JS2 and JS3 signify two 

phases of sub vertical jointing, the first via extensional partings (seen in red) and the 

second by the brittle deformation due to uplift (seen in blue). This translates into the 

dominant ‘primary’ defect set observed along the Mt William Ridge. The joint sets JS1 and 

JS5 are due to the formation of oblique joints (seen in green) in response to the vertical 

component in an extensional environment and form the ‘secondary’ defect sets. JS4 results 

from the formation of the horizontal defect component associated with the deformational 

processes, and are also seen as ‘secondary’ to the sub vertical joints.  
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3.4.5.3 Persistence of Jointing  

 

 By definition the persistence is the length of the defect trace observed along its 

exposure. The method of scanline surveying (along exposed gullies), and the impractical 

nature of exposing every joint, due to overburden, meant that persistence measurements 

were limited to visual surface expression. Because of this defects seldom were measured 

greater then 2m with the majority of surface expression restricted to exposed creek bed. 

The largest persistence was observed at greater then 8m in the Greenland Group rocks 

parallel to the exposed creek bed. The majority of the larger persistences observed often 

occurred sub-parallel (~20º) with the orientation of the scanline traverses, and therefore 

crossings of the scanline were infrequent and under-sampled. It was also observed of the 

larger defects (persistence >4m) were mainly restricted to the ‘primary’ defect sets, as 

outlined above, with ‘secondary’ defects being truncated by the ‘primary’ defects. 

Persistence was measured using a standard tape measure with a length of 30m, allowing 

persistences measured to the nearest metre to be easily categorized.  

 

 From field estimates the majority of defects had an overall persistence less then 4m, 

with an average of around 2m observed often truncated by other defects. These observed 

persistences can be used to give an indication to the degree of rock material that would be 

released due to failures which would propagate along discontinuities. Indications are that 

failures along these minor defects would be localized events involving small scale rock 

material volumes (i.e. < 100m3). 

  

3.4.5.4 Aperture and Infilling of Joints. 

 

 The Aperture and Infilling of the joints relates to the separation of the joint faces 

and the type of material present in that defect. Combining aperture and infilling allows for 

both the strict definition of aperture which is “the perpendicular distance separating the 

adjacent rock surfaces of an open discontinuity, in which the intervening space is either air 

or water filled” (ISRM, 1978), and the defects apertures with infill material. This allowed 

for the use of the definition outlined in the scanline guidelines by Anon (1977) where the 

aperture is the distance between surfaces of an open or filled discontinuity.  
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 The definition of the infill material is defined as the material that separates the 

adjacent rock wall of a discontinuity (ISRM, 1978). The infill material usually comprises a 

weaker unit, predominantly crushed sediments or altered parent rock. The strength, 

aperture and the consistency of the infill material has a direct effect on the shear strength of 

rock mass defect, often by lowering the friction coefficient. The fill material observed 

amongst the basement lithologies is either altered Berlins Porphyry which breaks down 

into silty clay, or fine-grained micaceous sandy sediment usually derived from the 

Greenland Group metasediments. These types of infill materials tend to lower the degree of 

“roughness” associated with the defects and therefore reduce the shear strength of the 

defects by lowering the observed friction angles. Other types of infill observed were iron-

staining, which indicated a degree of weathering on the joint surface, and calcite deposits 

on the surface of jointed rock faces. Both of these deposits represented a decrease in the 

strength associated with the intact rock mass. 

 

  The aperture between the surfaces of the infilled defects is a major controlling 

factor in determining the influence of the infill material. If the aperture of the defect, and 

infill material, is sufficiently close that during movement it allows the joint surfaces to 

interlock, the strength of the joint will revert back to the shear strength associated with the 

surface on surface contact. But if the aperture is wide enough as to negate the surface on 

surface contact, then the shear strength associated with that joint reverts back to the usually 

soil properties of the infill material. 

 
Figure 3.12 Frequency of Joint Aperture. 
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The discontinuity apertures along the Mt William Range show considerable 

variation ranging from a classification of wide (>200mm) associated with crush zones, to 

tight (.1-1mm).  Joint aperture observed along the proposed highwall shows a range from 

tight to moderately narrow (20-40mm), with the predominant aperture being typically tight 

(>70%) and iron stained (figure 3.12). Crush Zone apertures show a range of results 

ranging from Wide, to ‘Moderately Wide’ (60-200mm) and usually infilled with highly 

fractured weathered basement rock. 
 

3.4.5.5 Defect Spacing 

 

 In its most general sense, defect spacing is the distance between one discontinuity 

and another. Frequency is the number of defects per unit distance, and is the reciprocal of 

spacing (i.e. the mean of these intersection distances). This statistical distribution of 

discontinuity spacings is generally recorded as a mean value and is expressed as a mean 

percentage. Determination of this mean percentage of discontinuities is labelled the Rock 

Quality Designation (RQD) and is used in both in scanline traverses and boreholes. RQD 

was initially proposed by Deere (1964) as a measure of the quality of borehole core, is 

defined as the percentage of length of a given length of core (of length of borehole) that 

consists of sound, intact pieces that are 0.1m (threshold value) or longer. Since RQD is 

relatively easy to calculate, and provides an unambiguous numerical value, it has become 

widely accepted as a measure of discontinuity spacing. For scanline data, the RQD is 

estimated by the number of joint spacing obtained for the length of the traverse. The RQD 

is then derived from this average joint spacing based on the following equation by Priest 

and Hudson (1976): 

 
    RQD= 100e -.1λ + (.1λ + 1) 
 

 

 RQD values were retrieved from the borehole geotechnical logs (DHs 1694, 1697, 

1698, 1715, & 1717) and were selected above scanline data as a more accurate means of 

deriving a direct measure of rock quality. RQD values for each of the drillholes were then 

compared and the data analyzed by plotting histograms of the sampled values.  Mean RQD 

values for each lithologies downhole and overall RQD value are outlined in table 3.3.  
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Table 3.2 Definition of Rock Quality using RQD, Deere (1966) 

RQD Rock Quality 

0-25% 

25-50% 

50-75% 

75-90% 

90-100% 

Very Poor 

Poor 

Fair 

Good 

Excellent 

 
Table 3.3 Summary of RQD Frequency (Derived from Drillhole Data). 

 

    Numerical Frequency   
RQD Freq 1694 1697 1698 1715 1717 
0-20 % 17 63 66 82 56 
21-40 % 14 11 18 7 12 
41-60 % 10 1 12 6 20 
61-80 % 8 1 2 1 10 
81-100 % 4 1 1 0 17 
Total  53 77 99 96 115 
    Percentage Frequency   
0-20 % 32.1 81.8 66.7 85.4 48.7 
21-40 % 26.4 14.3 18.2 7.3 10.4 
41-60 % 18.9 1.3 12.1 6.3 17.4 
61-80 % 15.1 1.3 2.0 1.0 8.7 
81-100 % 7.5 1.3 1.0 0.0 14.8 
Total 100.0 100.0 100.0 100.0 100.0 
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Figure 3.13 Frequency of RQD values for DH 1694 
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 Drillhole 1694 is situated below the Mt William Fault line near the base of the Mt 

William Range adjacent to DH 1697 (Map 1 & 2 – map pocket). 1694 is comprised of the 

Tertiary stratigraphic units the Brunner Coal Measures and the Kaiata Mudstone.  The 

RQD value for the length of the drillhole is 38.2%, which gives it a classification of poor 

rock quality (25<50%). The breakdown of the RQD values shows a value of 51.0% for the 

BCM (fair rock quality), 39.3% for the Kaiata Mudstone (poor rock quality), and 11.8% 

for the coal seam. Figure 3.13 shows the frequency of overall RQD values for drillhole 

1694. 

 

DH 1697

81.8

14.3

1.3 1.3 1.3
0.0

10.0

20.0

30.0

40.0

50.0

60.0

70.0

80.0

90.0

0-20 % 21-40 % 41-60 % 61-80 % 81-100 %

RQD

 F
re

qu
en

cy
 %

Series1

 
Figure 3.14 Frequency of RQD values for DH 1697 

 

 Drillhole 1697 is situated at the northern extent of the basin adjacent to Section 1, 

and has good correlation with scanlines 2-4 (geotechnical map – map pocket). 1697 is 

situated in basement lithologies with an overall RQD of just 9.2% which, according to 

Deere (table 3.2), gives it a classification of very poor rock quality (<25%). Figure 3.14 

provides a breakdown of the RQD values over the length of the drillhole, with the majority 

of RQD values per metre below 20%. Separate RQD values of the basement lithologies see 

an increase in fracturing in the Greenland Group unit (+5.1%).  

 

 Drillhole 1698 is situated in the middle of the basin adjacent to Section 2 and is 

located between scanlines 10 and 11 (geotechnical map – map pocket). 1698 is situated in 

the same basement lithologies as 1697, with an overall RQD of 17.5%. This also gives it a 
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classification of very poor rock quality (<25%). Figure 3.15 provides a breakdown of the 

RQD values over the length of the drillhole with the majority of RQD values per metre still 

below 20% but is slightly less fractures (20% drop within 0-20% range) when compared to 

the same values observed in figure 3.14. Separation of the RQD values into lithologies 

again sees an increase in fracturing in the Greenland Group (+9.3%). 
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Figure 3.15 Frequency of RQD values for DH 1698 
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Figure 3.16 Frequency of RQD values for DH 1715 

 

 Drillhole 1715 is situated at the southern extent of the basin and is situated in the 

same basement lithologies as 1697 and 1698 with an overall RQD of 8.3%. This is the 
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poorest quality rock seen in this suite of drillholes and gives it a classification of very poor 

rock quality (<25%). Figure 3.16 provides a breakdown in of the RQD values over the 

length of the drillhole, with over 85% of RQD values per metre below 20%. Separation of 

the RQD values into lithologies again sees an increase in fragmentation in the Greenland 

Group Hornfels (+3.3%). 
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Figure 3.17 Frequency of RQD values for DH 1717 

 

 Drillhole 1717 is situated just above the Mt William Fault line, situated midway 

down the slope the Mt William Range adjacent to DH 1715. 1717, like 1694, is comprised 

of Tertiary stratigraphic units the Brunner Coal Measures and the Kaiata Mudstone.  The 

RQD value for the length of the drillhole averages 33.5% which gives it a classification of 

poor rock quality (25<50%). The breakdown of the RQD values shows a value of 68.9% 

for the BCM (fair rock quality), 31.8% for the Kaiata Mudstone (poor rock quality), and 

just 0.9% for the coal seam. Figure 3.17 shows the distribution in the frequency of the rock 

quality over the length of the drillhole. 

 

3.4.5.6 Weathering and Durability Factors  

 

 The effects, rate, and influence of weathering in surface exposures are often orders 

of magnitude higher than those encountered at depth, but the actual processes involved in 

the weathering of all of the components contained in a rock mass are often extremely 
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difficult to determine. Exposure to atmospheric conditions results in a decrease in the 

condition of both the rock material and discontinuity properties. The weathering of a rock 

mass within the engineering life span of a structure will have a detrimental effect on the 

strength of both the rock material and the discontinuities (Campbell 2000). Hence the 

susceptibility of weathering (primary and secondary) is an important factor for long term 

stability of any proposed highwall design. The influence of weathering will normally be 

greatest for rock masses exposed to atmospheric conditions at the earth’s surface, and thus 

susceptibility to short-term weathering will play a significant role in slope stability. Pre-

existing weathering present within the geotechnical units (e.g. in Berlins Porphyry) also 

has a significant implications to highwall stability. 

 

 The basement lithologies show a variation in the degree of weathering with 

exposed Berlins Porphyry along the length of the ridge crest showing a high (grade iv) to 

complete (grade v) degree of weathering (based on Bell and Pettinga’s (1983) 

classification system (appendix 1 - CD insert), whereas the Greenland Group Hornfels 

shows generally a slight (grade II) to moderate (grade III) degree of weathering. The 

degree of weathering has a direct effect on the shear strengths associated with the defects, 

as well as the overall strength of the rock mass (chapter 2). Observations of the lithologies 

down drillholes shows slight (grade II) degree of weathering experienced up to 60 metres 

extending to depth via joint fracture. Rate of weathering in the basement lithologies in 

relatively slow, with moderate to high degree (grades III-IV) of weather confined to the 

upper 30 metres in the Berlins Porphyry. 

 

 The degree of weathering has extensive implications with regards to highwall 

stability as weathering lowers the intact rock strength (chapter 2) and therefore the friction 

angle of the defects. These weak zones / planes can act as potential failure surfaces if 

unfavourably orientated with respect to the highwall.  
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 Figure 3.18 Sampled Greenland Group Exhibiting Iron Staining on Joint Surface 

 

3.4.5.7 Joint Roughness  

 

 The roughness parameter quantifies the variation observed on defect surfaces by 

visual reference and classification. Degree of roughness was carried out using Barton and 

Choubey’s (1977) ten standard roughness profiles (Figure 3.18) which were then 

categorized into degrees of roughness and applied to the discontinuities observed in the 

field. The roughness of the defect surfaces can greatly influence the overall shear strength 

of the individual discontinuity as it is directly related, along with degree of weathering, to 

the friction angle. Infill and aperture of the defect surfaces also is a controlling factor and 

can increase of decrease the friction coefficient depending on the situation as outlined 

previously.  

  

 The assessment of defect surface roughness of the discontinuities along the 

scanlines was based on standard roughness profile (figure 3.19). Delineation was made 

between the roughness of discontinuities in the field by comparing defect surfaces within a 
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broader classification system then the one proposed by Barton and Choubey but still based 

on JRC values. The broader classification system developed consisted of Slickensided 

(JRC 0-2), Smooth (2-4), Semi Rough (JRC 4-8), Rough (JRC 8-14), and Very rough (JRC 

14 –20). Roughness was determined by visual comparison and by the feel of the defect 

with the hand. 

 

 
Figure 3.19 Joint Roughness Coefficient (JRC) Table, Barton and Choubey (1977). 

  

 Surface roughness varies considerably in the defects observed in the basement 

lithologies along the Mt William Range, with joint roughness profiles ranging from 

Slickensided (JRC 0-2) to Very rough (JRC 14 –20). The frequency histogram of joint 

roughness (Figure 3.20) shows a JRC value of 4-8 (semi rough) as the dominant joint 

surface making up over 60%. The next highest frequency is observed at a JRC of 8-14 

(rough) with 23%, and 12% of the joint surfaces have a JRC less than 4. The moderate JRC 

values associated with most of the joints reflects a moderate shear component (friction 

angle, Ø = 35º) but the sub vertical nature of the predominant joint sets means that they 
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will provide little resistance if joint planes were to go into shear by daylighting in the pit 

slope face.    

 

Figure 3.20 Graph of Joint surface roughness on Total Scanline Traverses. 

 

 Shear Defects display a range of surface roughness profiles and are typically 

slickensided (JRC 0-2), smooth (JRC 2-4), semi rough (JRC 4-8), or rough (JRC 8-14). 

Figure 3.20 shows that 68% of defect shears had JRC values lower then 4 with no value 

higher then 14 JRC, and therefore provide little shear strength due to a low associated 

friction angles.  

 
Figure 3.21 Graph of Shear Surface Roughness for Total Scanline traverses. 

 



Chapter 3: Rock Mass Properties 

 

86 

3.5 Hydrological Conditions  

  

 The Cypress North Block experiences high precipitation throughout the year with 

rainfall exceeding 6 m in the basin. As such through most of the year the rock mass will 

remain saturated with the water table only a few metres below the surface at most.  

Permeability is also increased throughout the basement lithologies due to the highly 

fractured nature of the rock mass as shown by the low RQD values (figures 3.14-3.16). 

 

 Signs of seepage (weathering effects) associated with fracture interaction are 

prevalent along the Mt William Range, with some artesian pressures observed in drillholes 

above the MWFZ. Surface conditions along the range tend to remain moist or damp for the 

majority of the year with minimal periods of drying out. Based on observations in the field 

during periods of precipitation, laboratory testing, and drillhole analysis, water in flow will 

be a significant feature in assessing slope stability at Cypress North Block. The high 

degree of saturation (and precipitation) exhibited within the stratigraphic units will require 

extensive drainage of the pit slope face to counter destabilizing effect due to the decrease 

in strength of the infill materials.  

 

3.6 Synthesis 

 

 The greatest challenge to the stability of any proposed highwall will remain the 

need to incorporate the influence of the Mt William Fault Zone both with respect to the 

direct influence of the gouge zone, and secondary effects such as joint and shear defects 

associated with zone of influence. The presence of sheared defects and the highly disturbed 

fractured nature of the rock mass lead to the conclusion that initial intact rock strength will 

be of secondary consideration if the rock mass properties. Failure will more than likely 

propagate along existing defects as the intact rock strength of the basement lithologies 

greatly exceed any compressional forces (Max σc=~5MPa) which would arise due to 

overburden thickness.  Other areas of concern are the crushed contact rock defects, which 

exhibit no coherent orientation and display variation of infill characteristics between 

crushed rock and broken-down highly weathered material in the form of silty/sandy clay. 

These zones represent a significant weakness in the basement lithologies.  
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Joint Set Orientations: 

 

Section 1 

   

 Joint orientations observed in this section are predominantly sub vertical in nature 

with 4 sets exhibiting mean dips greater then 70°. JS3 is the prominent set with an 

orientation parallel to the Mt William Fault and a mean dip / dip direction of 79/118°. The 

second most dominant set is also effectively parallel to the Mt William Fault with an offset 

of less that 30° with a mean dip/dip direction of 89°/261°. Secondary sets are comprised of 

the oblique joint sets JS1 76°/041° and JS5 85°/174°. Joint set JS4 exhibits the lowest 

concentration of pole densities with a relatively low dip component with a mean 

orientation of 47°/106°. Sub horizontal sampling of joint orientations (e.g. JS4) is subject 

to bias introduced by the relatively low dip of the scanline surveys which means that 

defects exhibiting a low dip are under sampled. 

 

Section 2 

 

 Joint orientations observed along Section 2 are, as in Section 1, dominated by sub-

vertical joint sets with dominant orientations observed perpendicular to scanline surveys. 

JS3 again was the dominant set with an orientation of 84°/285°. The second most common 

defect set was JS2 with a mean dip/dip direction of 70°/245°. Secondary sets were again 

comprised of the oblique joint sets JS1 and JS5 with orientations 78°/025° and 79°/161° 

respectively. JS4 again is under sampled along this section with only a representative 

sample observed at a mean orientation of 43°/106°. 

 

 Comparisons can be made between the two sections with both of them showing the 

5 major joint sets observed between scanline orientations. Variation between the Mean 

joint set orientations observed which may signify a point of rotation along the Mt William 

Fault, with a rotation of 13-16° towards the north observed in the sub vertical sets using 

stereographic projection. The fault itself is estimated to have a rotation of approximately 

20° towards the north which suggests a correlation between the fault rotation and the 

rotation observed within the sub vertical defect sets. No rotation is observed in JS4 the 
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reason for this maybe the under sampling of the defect set as points do plot outside the 

mean orientation with minimal pole density. 

 

Persistence of Jointing 

 

 Surface expression of persistence in the joint defects is minimal and therefore 

prediction based on visible persistence is required to predict the overall trend. Based on 

this limited surface expression, observations in the highly fractured basement lithologies 

show an average defect persistence of approximately 4 metres with a maximum observed 

persistence of over 8 metres in the Greenland Group Hornfels. Dominant persistence is 

orientated along primary defect sets JS2 and JS3 which are both sub vertical, with other 

joint sets being truncated by these joint sets. Interpretation of persistence will be used in 

the kinematic analysis to predict failure volumes.   

 

Aperture and Infilling of Joints 

 

 The aperture between the surfaces of the infilled defects is a major controlling 

factor in determining the influence of the infill material. Apertures associated with the 

scanline surveys were predominantly narrow (0.1<1 mm), and usually iron stained. The 

apertures are generally close enough that during movement it will allows the joint surfaces 

to interlock, and therefore the strength of the joint reverts back to the shear strength 

associated with the surface on surface contact.  

  

Spacing of Joints 

 

 RQD values for basement lithologies in both Sections 1 and 2 provided values 

which equated to very poor rock quality (RQD < 25%), with DH1697 adjacent to section 

one having a mean RQD of just 9.2% and DH 1698 adjacent to section two with an RQD 

of 17.5%. Breakdown of the frequency of RQD values down scope showed that more than 

80% of all recorded RQD values for both drillholes was lower then 20%. 
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Table 3.4 Summary of RQD values   

 
Hole 
# Rock Type 

Ave 
RQD 

Total 
RQD  

 1694 Kaiata Mudstone 39.3    
   Brunner Coal Measures 51.0 38.2  
   Coal 11.8    
 1697 Berlins Porphyry 12.4 9.2  
   Greenland Group 7.3    
 1698 Berlins Porphyry 23.5 17.5  
   Greenland Group 14.2    
 1715 Berlins Porphyry 9.9 8.3  
   Greenland Group 6.6    
 1717 Kaiata Mudstone 31.8 33.5  
   Brunner Coal Measures 68.9    
   Coal 0.9    
      

 

 Interpretation of the separate lithologies in the basement stratigraphic units showed 

a proportionally lower degree of fracturing in the Berlins Porphyry when compared to the 

Greenland Group Hornsfel. Comparisons that were made between the Tertiary sedimentary 

units showed a marked increase in RQD values with the Kaiata Mudstone averaging ~36% 

(poor rock quality) and the Brunner Coal Measures with an RQD value of ~60% (fair rock 

quality). 

 

Weathering and durability factors  

 

 The effects, rate, and influence of weathering in surface outcrops are often orders 

of magnitude higher than those encountered at depth, with exposure to atmospheric 

conditions resulting in a decrease in the condition of both the rock material and 

discontinuity properties. The basement lithologies show a variation in the degree of 

weathering, with exposed Berlins Porphyry along the length of the ridge crest showing a 

high to complete degree of weathering whereas the Greenland Group Hornfels shows 

generally a moderate degree of weathering. The degree of weathering has a direct effect on 

the shear strengths associated with the defects with drillholes exhibiting weathering effects 

to depths greater than 60m which has a significant effect on the overall strength of the rock 

mass (chapter 2).  
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Roughness         

 

 JRC values associated with the joint surfaces were predominantly semi rough with 

60% of the joint surfaces recording a JRC of between 4-8. The next highest frequency is 

observed at a JRC of 8-14 (rough) with 23%. Only 12% of the joint surfaces showed a JRC 

less than 4. The moderate JRC values associated with most of the joints reflects a moderate 

shear component (friction angle, Ø = 35º) but the sub-vertical nature of the joint sets means 

that they will provide little resistance if joint planes were to day light in the pit slope face. 

Shear defects predominantly show JRC values lower than 4 (~68% of defects), with no 

value higher then 14 JRC (rough), and therefore provide little shear strength due to a low 

associated friction angles.  

  

Hydrological Conditions 

 

 Signs of seepage associated with fractures are prevalent along the Mt William 

Range with some artesian pressures are observed in drillholes above the MWFZ. Surface 

conditions along the range tend to remain moist or damp for the majority of the year. 

Based on observations in the field during periods of precipitation, laboratory testing, and 

drillhole analysis water flow out of the rock mass will be a significant feature in assessing 

slope stability at Cypress North Block. 
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CHAPTER 4 
 

HIGHWALL STABLITY ANALYSIS OF KINEMATIC FAILURES AND MINING 

IMPLICATIONS 

 

4.1 Introduction 

 

 This chapter involves the systematic analysis of the data in the previous two 

chapters by using the parameters defined there to help establish the feasibility of kinematic 

failures in the basement rock mass. Accurate interpretation of possible instability 

mechanisms, and their relationship to defect orientation, is necessary in determining the 

safest highwall orientation.  Factors such as the physical and mechanical properties of 

materials (chapter two), and the geological structure and groundwater flow (chapter three) 

are required for the development of an effective geotechnical model. This investigation has 

been focused on the analysis and characterisation of geological structure and lithological 

variation within the geotechnical lithologies. Interpretation of the Brunner Coal Measures 

and the Kaiata mudstone is limited and therefore the scope of the present chapter will be 

focused within the basement units. 

 

 The interpretation of the previous chapters, with regards to the basement lithologies 

found at the Cypress North Block, identified the rock mass as being heterogenous and 

anisotropic in nature due to the interfingering of the differing rock types, the presence of 

defects, and intact rock strength variations due to weathering effects. It was also identified 

that the rock mass interaction classified the feasible failure mechanisms as those shown by 

a discontinuum (Hudson 1997), where failure mechanisms were dictated directly by the 

presence of pre-existing discontinuities due to the relatively high intact rock strength and 

linear nature of the defects. The representative joint formation (figure 4.1) and basic failure 

mechanism associated with a discontinuum (figure 4.2) are associated with brittle 

deformation. In characterisation of the rock mass geological boundaries the intrinsic rock 

mass are defined by lithological contacts, major discontinuities (such as faults), or common 

defect orientations.  
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 In the geotechnical evaluation of the Mt William Fault Zone the rock mass was 

separated into structural domains defined by mean discontinuity/defect characteristics. 

Summation of the structural domains was first defined by theoretical interpretation along 

the range but was revised by statistical distribution of the defect sets (chapter three) and 

kinematic analysis with regards to planar, wedge, and toppling failures. These modes of 

failure typically occur in a jointed rock mass, and can influence decisions made regarding 

the design of the highwall, and the overburden stripping sequence. As well as the 

kinematic analysis of each of the structural domains, individual analysis on each scanline 

was carried out to determine both a general classification with regards to failure by section 

and also a localized interpretation. Selected orientational models were developed to give a 

best case – worst case scenarios for these failures modes. The kinematic failure is only 

made possible by defect orientations daylighting in the highwall under certain criteria, 

therefore models were examined to determine the orientation that provides optimum 

highwall stability in the basement lithotypes. 

 

4.2 Kinematic Analysis of Rock Mass Properties 

 

 The linear nature and strong rock characteristics associated with the basement 

lithologies indicates that the basic failure mechanism will be that of a discontinuum. A 

discontinuum is dictated more directly by a presence of specific pre-existing 

discontinuities then due to the weaknesses in the strength of the intact rock (figure 4.1).  

 

 
Figure 4.1 Illustration of Slope Instability Behaving as a Discontinuum, Modified from Hudson (1997). 
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 Once the intrinsic properties of the rock slope are established relevant stability 

analysis can be carried out on the rock mass to determine the feasibility of kinematic 

failure associated with the discontinuities that daylight in the excavated surface. Kinematic 

analysis is carried out by the use of stereographical projection of the defects criteria 

outlined for each of the failure modes listed (figure 4.2); 

 

• Planar Failures result from a single discontinuity surface dipping out of the slope 

face (figure 4.2a).  

• Wedge Failures result from two or more two intersecting discontinuities whose line 

of intersection daylights and is inclined out of the slope face (figure 4.2b).  

• Toppling Failures results in slabs or columns of rock defined by discontinuities that 

dip steeply into the slope face (figure 4.2c).  

 

 
Figure 4.2 Potential rock slope failure modes. (Diagrams modified from Hoek and Bray, 1981) 
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4.3. Stereographic Analysis of Scanline Data 

 

4.3.1 Analytical Methodology 

 

 The DIPS Rocscience program (version 5.1) was utilised for the various kinematic 

checks of the 12 individual scanline traverses. This was carried out by tabulation of the 

defect data sets into corresponding sections for analytical interpretation. This programme 

used a lower hemispherical projection of the poled dip orientations in a visual 

extrapolation of the statistical data. The data was inserted directly into the DIPS program 

from the transcription of field data into Microsoft Excel format (appendix 3, scanline 

information – CD insert). Pole plots were then developed for each of the scanline data, sets 

and contour plots of pole densities generated. 

 

 The rule of thumb is that clusters of data concentrations greater than 6% of the total 

per 1.0% area are deemed very significant when assessing mean joint sets, as dominant 

joint sets will have clusters of poles in this category as they have poles that will plot in a 

similar region of the stereo-net. Those concentrations between 4 and 6% represent a 

marginally significant cluster, with anything under 4% regarded with suspicion unless 

using a lot of data points (DIPS, Rocscience Manual, 2000). This allows for the 

identification of and grouping of significant clusters associated with each of the scanline 

surveys. This grouping, via set windows using DIPS, allows for the mean pole/plane to be 

displayed for each data set concentration.  

 

 After the joint sets were established for each scanline the kinematic checks for 

planar, wedge, and toppling failure were then performed and analysed as defined below. 

Contour plots used to establish all the joints sets, and the three kinematic checks performed 

(toppling, wedge, & planar failure) on all scanline traverses, are presented as appendix 4 

(CD insert). All highwall, joint set, and faults are described using a dip/dip direction 

format in a lower hemispheric projection. Kinematic analyses were performed with a 

proposed highwall orientated in the same direction as the Mt William Fault Zone (Map 2) 
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dipping back in towards the basin. The reasoning behind this is to incorporate the influence 

of the fault zone in any batter design and minimize its overall effect on stability.  

 

 The scanline survey traverses were analysed separately to determine both lateral 

variation in surveyed data as well as to identify orientation bias. An interpretation of 

variation between the sections (1&2) was also derived to establish any structural domains 

associated with the defect sets in regards to their orientation and failure mechanism with 

respect to Mt William Fault. Comparisons were then made in terms of types of failures, 

scanline orientation, and discontinuity types. 

 

4.3.2 Planar Failures 

 

 A planar failure is comparatively rare in rock slopes because it is only occasionally 

that all geometrical conditions required to produce such a failure occur in an actual slope 

(Hoek 1977). Planar failures consist of a relatively simple two-dimensional failure in 

which movement occurs by sliding along a single discontinuity, usually bounded by 

‘release surfaces’ at the lateral extremities. These release surfaces are not considered to 

contribute to the stability of the potential failure mass. In the interpretation of a planar 

failure it is usual to consider a slice of unit thickness taken at right angles to the slope face. 

This means that the area of the sliding surface can be represented by the length of the 

visible surface on a cross sectional area and the volume defined by its lateral extent (figure 

4.3). 

  

 In order that sliding should occur on a single plane, the following geometrical 

conditions must be satisfied (Hoek 1977). 

 

• The plane on which sliding occurs must strike parallel or nearly parallel (within 

approximately ± 20°).  

•  The failure plane must ‘daylight’ in the slope face. This means that is dip must 

be smaller than the dip of the slope face. i.e. ψf  > ψp.  
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• The dip of the failure plane must be greater than the angle of friction of this 

plane. i.e. ψp > Ø.  

• Release surfaces which provide negligible resistance to sliding much be present 

in the rock mass to define the lateral boundaries of the slide. Alternatively, 

failure can occur on a failure plane passing through the convex apex of a slope. 

 

 
Figure 4.3. Kinematic analysis for planar failure (Norrish & Wyllie, 1996). 
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4.3.3 Wedge Failure Kinematic Analysis 

 

 The previous section was concerned with slope failure resulting from sliding on a 

single planar surface dipping into the excavation and striking parallel or nearly parallel to 

the slope face. Wedge failure is concerned with the failure of slopes in which structural 

features, upon which sliding can occur, strike across the slope crest and where sliding takes 

place along the line of intersection of the two discontinuities. These rock wedges are 

exposed by excavations that daylight the line of intersection forming the axis of sliding, 

initiating movement of the rock mass either along both planes simultaneously or along the 

steeper of the two planes into the direction of maximum dip. The size of the initial wedge 

failure depends on the relative persistence of the defect along which is it formed, but after 

initial failure occurred can incorporate similarly orientated rock blocks giving way to the 

formation of ‘families’ of wedge failures.  

 

 As with the case of planar failure for wedge failure to occur set conditions are 

required, defined by ψfi > ψi > Ø , where ψfi is the inclination of the slope face, ψi is the dip 

of the line of intersection, and Ø is the friction angle of the defect surfaces. These 

conditions are outlined below: 

 

• The trend of the line of intersection must be within 200 either side of the dip 

direction of the slope face.  

• The plunge of the line of intersection must be less that the dip of the slope face, 

i.e. the line of intersection is said to daylight on the slope face. (ψfi <ψi) 

• The plunge of the line of intersection must be greater than the angle of friction 

on the surface. i.e. ψi < Ø 
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Figure 4.4. Kinematic analysis for wedge failures (Norrish & Wyllie, 1996). 
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4.3.4 Toppling Failure Kinematic Analysis 

 

 The previous two failure modes incorporated sliding of a rock mass along an 

existing failure surface(s). Toppling failures involves rotation of columns of rock about 

some fixed base, and commonly occur in rock masses that are subdivided into a series of 

slabs or columns formed by sets of fractures that strike approximately parallel to the slope 

face and dip steeply into the face. In order for toppling to occur, the centre of gravity of the 

slab must fall outside the dimension of the base, and toppling failures are therefore 

characterised by significant horizontal movements at the crest and very little movement at 

the toe.  Goodman and Bray (1967) describe a number of different types of primary 

toppling failures which may be encountered in the field. The first of these is Flexural 

Toppling, and in occurs in hard rock slopes with well developed steeply dipping 

discontinuities which break in flexure as they bend forward (figure 4.5a).  The second type 

is Block Toppling, which occurs when columns of hard rock are divided by widely spaced 

orthogonal joints (figure 4.5b). The third type is Block-Flexure Toppling which is a 

combination of the both Flexural and Block failures (figure 4.5c). 

 

 
Figure 4.5 illustration of toppling failures, Flexural, Block, and Block-Flexure respectively (Hoek 1977) 

 

The conditions for Toppling to occur are: 

 

• The strike of the slab must be approximately parallel to the slope face. 

Differences in these orientations of between 15 and 30º have been quoted by 

various workers, and a conservative value of 30º been used in the analysis 

performed on the stereonets.  

• The dip of the discontinuities must be into the slope face. 
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• Goodman (1980) states that in order for interlayer slip to occur, the normal to 

the toppling plane must have a plunge less than the inclination of the slope face 

minus the friction angle of the surface. 

• The lateral extent of the potential failure mass must be defined by either lateral 

release surfaces that do not contribute to the stability of the mass or by the 

presence of a convex slope shape that is intersected by the planar discontinuity. 

 

 
Figure 4.6 Kinematic analyses for toppling failure (Norrish & Wyllie, 1996). 



CHAPTER 4: HIGHWALL STABILITY ANALYSIS OF KINEMATIC FAILURES AND MINING IMPLICATIONS 

 

101 

 

4.4. Results of Kinematically Possible Slope Failure Analysis 

 

4.4.1 Planar Failure 

 

The first of the kinematic failures assessed from the scanline defect data was planar 

failure, which occurs on the basis that any pole that is kinematically free to slide and is 

frictionally unstable poses a plausible plane of failure. Unlike with the proceeding 

Kinematic analysis planar failure is interpreted on a defect by defect analysis (as it only 

requires one defect plane for failure) with added mean pole density relating more to 

probability of failure and the potential size of that failure.  

 

A planar sliding analysis uses variability cones, a friction cone, and daylight 

envelope to test for combined frictional and kinematic possibility of planar sliding. 

Interpretation using the intersection of the daylight envelope and the pole friction cone 

generates a crescent shaped zone which encloses the region of planar sliding (figure 4.7). 

This crescent-shaped area represents the variability cone which defines the statistical 

probability of failure (95%). Any poles within this region represent planes which can slide. 

The daylight envelope allows for kinematic determination (i.e. a rock slab must have 

somewhere to slide into free space), with defects having poles within this area exposed to 

daylight within the slope face. The pole friction cone represents an area of the rock mass in 

which frictional forces along the joint faces are greater than opposing kinematic forces 

causing failure. The Pole friction cone was defined using joint survey joint roughness data 

with joint surfaces interpreted to have a friction angle of 35º based on joint roughness 

(chapter 3). 

 

Section 1 

 

Section 1 is a grouping of the first 6 scanlines (Map 2), which were found to have 

similar joint set orientations, at the northern end of the Cypress North Basin along the Mt 

William Range. Planar analysis of the data collected following the guidelines set out above 

in the methodology was interpreted with regards to this type of failure.  
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Figure 4.7 Planar Failure Associated with Section 1 – Scanlines 1-6 Inclusive. Pit Slope Orientation of 

286º is Based on the Orientation of the Mt William Fault Adjacent to Section 1. 
 

 After applying kinematic checks to each of the individual scanlines they showed a 

low level risk of planar failure along most traverses, with only sporadic poles plotting 

inside the variability cone. The only scanline to not show a representative poling inside the 

variability cone was scanline 2. The grouping of the first 6 scanlines increases the sample 

density, as shown in figure 4.7 which displays three different pit slope dips. Using an 

orientation similar to the orientation of the Mt William Fault as a reference other slope 

orientations can be quickly interpreted. The greatest risk of planar failure, shown in 4.7, is 
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associated with JS 2 and JS 4 with both sets having representative samples which both are 

kinematically viable and are orientated within 20 degrees of the pit slope orientation.  

 

The risk of planar failures along this section of the Mt William Range is minimal 

even, when factoring in the bias associated with low angle dips which are countered by a 

pole friction cone of 35º. The orientation of both JS 2 and JS 4 is on the outer limits of 20º 

failure limit (which defines the kinematic failure limit) and therefore incorporate greater 

degrees of influence from release surfaces. As would be expected an increase in the 

steepness of the pit slope also sees an increase in the kinematic viability of planar failure 

with the inclusion of the low level dips associated with JS 2. The greatest risk through 

planar failure would be if the pit slope was orientated in a North – South trend which 

would see the failure propagating along joint sets JS 1 and JS 2.  

 

Section 2 

 

Section 2 is a grouping of scanlines 7-12 situated at the middle to southern end of 

the Cypress North Basin along the Mt William Range. Planar analysis of the data collected 

following the guidelines set out above in the methodology was interpreted with regards to 

this type of failure. A collaboration using the 6 scanlines to increase the sample density is 

outlined in figure 4.8. 

 

After applying kinematic checks to each of the individual scanlines most showed a 

similar low level risk of planar failure as in Section 1. Scanline 8 showed the highest 

kinematic viability of planar failure. Scanlines 9, 10, 11, and 12 show no poles plotting 

within the variability cone with a pit slope less than 60º. The greatest risk of planar failure 

is associated with JS 4, with the set having a strong representative sample which is both 

kinematically viable and is orientated within 20 degrees of the pit slope orientation.  

 

The risk of planar failures along this section of the Mt William Range shows a risk 

of kinematic failure within the JS 4 joint set.  The orientation of JS 4 projects very close to 

the orientation of the hypothesized proposed highwall, and therefore exhibits a lesser 

degree of influence from release surfaces (secondary joint sets JS 1 and JS 5) and the 
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greatest chance of planar failures. Incorporation of other joint sets is limited even at a pit 

slope of 70º. As would be expected an increase in the pit slope does see an increase in the 

kinematic viability of planar failure with the inclusion of the low level dips associated with 

JS 3.  Possible planar failure would have to be bounded by release surfaces (JS 1 and JS 5) 

on the outer extent of the failure plane. 

 

 
Figure 4.8 Stereographic Projection of Planar Failure Associated with Section 2 – Scanlines 7-12 

Inclusive. Pit Slope Orientation of 306º is Based on the Orientation of the Mt William Fault Adjacent 

to Section 2. 
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4.4.2 Wedge Failure 

 

 The second of the kinematic failures analyzed was the wedge failure, which 

incorporates the use of the mean pole orientations determined from pole cluster densities as 

outlined previously. Wedge sliding may occur if the mean joint set orientation intersections 

fall within the zone defined by the plane friction cone and the pit slope. The plane friction 

cone is defined as the inverse of the pole friction cone, as this time the analysis is not 

dealing with poles but an actual sliding surface or line, so the friction angle is take from the 

equator.  

 

 Section 1 

 

 Kinematic checks for wedge failures were carried out on the scanline data and the 

viability of such failures assessed. Analysis was carried out on each individual traverse 

with regards to local mean defect pole/plane densities. As well as these individual analyses 

a grouping of the first 6 scanlines (as seen with the planar failures) was used to interpret 

the major defect sets seen along Section 1.  The defect sets are dominated by joint sets JS 2 

and JS 3, which make up 63% of the joint sets and have the highest cluster densities.  

 

 The individual analysis of mean plane intersections for each of the 6 scanline 

surveys showed no kinematic wedge failures. Most intersections analysed between joint 

sets plotted within the plane friction cone but outside the window of viability for failure to 

propagate. Although all mean joint set combinations plotted outside this window, it did 

show two mean combinations which were close enough that under the right conditions 

between the two joint sets failure could be possible. Slight variations of the mean joint sets 

saw the kinematic viability of wedge failure combinations of the primary joint set JS 2 

with secondary joint sets JS 1 and JS 5, as highlighted by wedge analyse on scanlines 2 and 

6.  

 

 Although outlined as kinematically possible the right conditions (as outlined in the 

methodology) for these two joint sets to fail reduce the risk considerably. If the right 

conditions for wedge failure do occur the size of the failure, due to the highly fractured 
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nature and the low persistence, would be minimal. An increase in the highwall steepness 

only slightly increases the possibility of wedge failure. 

 

Figure 4.9 Stereo Projection of Wedge Failure Associated with Section 1 – Scanlines 1-6 inclusive 

 

 The grouping of the of the first 6 scanlines (figure 4.9) sees only two of the five 

joint sets outlined in the previous chapter with densities strong enough to considered 

significant. The incorporation of JS 4 is to cover any bias introduced via the horizontal 

orientation of the scanline traverses. Figure 4.9 highlights a low risk due to wedge failure 

within this particular highwall orientation with a face slope of 70º. This projection of 

wedge failure, along with the analyses of individual scanlines, shows that the greatest risk 

for this type of failure would occur if the pit face was sloping to the south – southeast. 
 

Section 2 

 

 The individual kinematic checks of the scanlines (7-12) in Section 2 again, as with 

Section 1, showed no possible wedge failures. The majority of the joint set interactions 

occurred within the plane friction cone but outside the viability window. Highlighted by 

the individual scanlines was that the combinations of lower cluster densities carried the 

possibility of wedge failures, in particular the orientation of JS 3 observed in scanline 8. 

Projection of the orientation of the mean plane of joint set JS 3  into the other scanlines 

shows a dramatic increase in the possibility of wedge failures along this section. Therefore 
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if the poles observed within the scanline 8 are a true representation of an under-sampled 

joint set, wedge failure would be possible though the combination with JS 2 in all scanline 

surveys and in combination with JS 5 in the majority of the scan lines.   

 

 

 
Figure 4.10 Stereo Projection of Wedge Failure Associated with Section 2 – Scanlines 7-12 inclusive 

 

The grouping of Scanlines 7-12 (figure 4.10) again sees that only two of the five 

joint sets have densities strong enough to be considered significant (pole contour density 

>6%). The incorporation of the other joint sets was included as marginally significant 

densities (pole contour density between1.5 and 3%). Figure 4.10 highlights a low risk due 

to wedge failure within this particular highwall orientation with a dip of 70 degrees. This 

projection of wedge failure, along with the analyses of individual scanlines, shows that the 

greatest risk for this type of failure would occur if the pit slope face was orientated to the 

south – southwest (~210-220º).  
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4.4.3 Toppling Failure 

 

 The last of the basic checks to be carried out on the scanline data was that of 

kinematic failure via toppling. Goodman (1980) states that for failure to occur, the defect 

set normal to the pit slope face must be inclined less steeply than a line inclined at an angle 

equivalent to the friction angle above the slope known as the slip limit. The slip limit 

makes up the upper limit of the failure zone which is known as the viability cone, and is 

defined laterally by a limit of 30 degrees parallel to a cut slope which was revised from an 

earlier 15 degree limit which was found to be too small. This viability cone is said to 

represent a statistical probability of 95%.  

 

Section 1  

 

 The kinematic checks for toppling failure carried out on each individual scanline 

traverses found in Section 1 (scanlines 1-6) showed some degree of toppling failure within 

each of the surveys. The only traverse with low percentages for toppling failure was the 

first scanline transect, which was orientated parallel to the dominant defect sets and 

therefore under-sampled those sets.  There are varying degrees of toppling viability 

depending on the defect cluster densities of the primary defect sets JS 2 and JS 3, which 

represent the viable modes of failure in the highwall at this orientation (286º).  Visual 

estimates of the defects sets range between 40-80% of the set plotting within the viability 

window for scanlines 2-6 which are normal to the fault trace.  

  

 The grouping of the first 6 sets (figure 4.10) shows a high probability of toppling 

failure in the highwall, as a high percentage of defect poles plot inside the viability cone. 

The type of toppling is predicted to be block toppling due to the highly fractured nature of 

the rock mass.  Rotation of the proposed highwall orientation would see a reduction in the 

risk of toppling failure with the present orientation presenting the greatest risk of this type 

of failure (figure 4.11). Any viable orientation (with respect to overburden constraints) of 

the slope face into the Mt William Range would also see some degree of toppling failure 

associated with the pit slope with a rotation up to 30º in either direction also displaying a 

high probability of failure. An increased steepness of the pit slope would see a dramatic 
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increase in the probability with this kind of failure. Increased pit slope angle (50-70º) sees 

the increase of pole densities JS 2 and JS 3 plotting within the viability cone.  

 

 
Figure 4.11 Stereographic Projection of Toppling Failure for Section 1, Scanlines 1-6. 
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Figure 4.12 Stereographic Projection of Toppling Failure for Section 2, Scanlines 7-12. 
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Section 2 

 

The kinematic checks for toppling failure carried out on the second set of scanline 

traverses found in Section 2 (scanlines 7-12) also showed some degree of toppling failure 

within each of the surveys. The majority of the scanlines displayed low viability with 

regard to this type of failure, and the orientation of the major defect set associated with 

toppling, in Section 1, now tending to dip back into the slope.  Scanlines 10 and 11 (normal 

to the fault) show the highest probability of toppling failure, with approximately 40-50% of 

the pole densities residing within the viability cone. Scanline 7 (orientated parallel to the 

fault) shows all but no pole density within the viability cone, but carries bias due to the 

orientation of the scanline.  The primary defect set associated with toppling failure in 

Section 2 is JS 3, which represents the only viable mode of failure in the highwall at this 

orientation.  

 

The grouping of Scanlines 7-12, shown above in figure 4.12, shows a moderate 

probably of failure due to toppling in the JS 3 defect set. As predicted with Section 1 the 

mode of failure is more then likely to be block toppling due to the highly fractured nature 

of the rock mass. Rotation of the proposed highwall orientation (up to 30º in either 

direction) would see less of a reduction in the risk from toppling failure with respect to the 

present orientation. As would be predicted a higher overall pit slope sees an increase in the 

probability of this kind of failure, but with less influence than the effect of slope steepness 

in Section 1. The increase of the overall dip angle from 50-70º sees only a mild increase in 

the proportion of JS 3 present inside the viability cone. 
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4.5 Discussion of Highwall Stability  

  

The overall stability of any proposed highwall along the Mt William Range at 

Cypress North Block will be determined after examination of the kinematic failure 

potential and individual locality characteristics. Highwall orientations for the proposed 

opencast pit are limited and confined by the existing orientation of the range. To this end 

minimizing the influence of the basic failure mechanism will be dependent on the 

orientation of the batters, with the orientation determining whether defects will daylight in 

the highwall face or create toppling failure on steeply dipping joints. The approach in 

determining the stability of the slope should therefore be to examine the potential for 

instability mechanisms, and to gradually refine the design and analysis. The initial 

approach was to establish the possibility of instability by the method of basic kinematic 

analysis. 

 

Kinematic feasibility checks are but the first in a series of design and analysis tools. 

Kinematic checks do not provide a numerical measure of the degree of safety of the slope, 

but whether or not instability is feasible in the first instance. In combining the kinematic 

analysis of the proposed highwall in relation to the Mt William Fault, a series of maximum 

slope orientations can be assessed and determined. 

 

4.5.1 Mining Implications of Joint Sets - Section 1  

 

Individual joint sets examined tend to be stable with regards to the kinematic 

mechanisms of wedge and planar failure, with toppling failures being the most viable of 

the failure mechanisms. High risk of toppling failures are present on all transects which are 

orientated perpendicular to the proposed highwall, with mean poles for JS 2 and JS 3 

frequently plotting within the viability window. The mining implications due to the 

instability of this kind of failure would see a transgression of the upper extent of the 

highwall design back into the range to negate the highly weathered extent of the upper 

20m. The reduction in the degree of weathering would see an increase of strength along the 

joint defects due to an increase in the overall shear strength and interlocking of rock 
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blocks. This would see toppling failures probably limited to the top 20m of the proposed 

highwall design and allow for steeper batter design which will increase the overall 

steepness of the pit slope.  

 

 The size of potential failures outlined above tends to be relatively small scale (10m3 

– 100m3) due to the rock mass properties outlined in the previous chapter. Rock mass 

properties such as aperture, persistence, joint roughness, and defect frequency (RQD) all 

seem to favour small block sizes (<1m3). The block size depends on these rocks mass 

properties and relates directly to the size of potential failures. In terms of excavation and 

support, it is helpful to have an estimate both of the mean block size and the block size 

distribution. Due to the highly fractured nature of the rock mass of both Sections, rock 

mass size and distribution can be said to be homogenous with failures due to block 

toppling failure acting more like stiff gravel with a ‘crumbling’ effect with minor debris 

displacement.  

 

4.5.2 Mining Implication of Joint Sets – Section 2 

  

Individual joint sets examined within this section tend to show stability with regard 

to wedge failures, but a greater degree in potential planar failures (as outlined for Scanline 

8). Kinematic failures due to toppling showing a decrease with high risk toppling failures 

only present on Scanlines 10 and 11. As seen with Section 1 the greatest potential for 

toppling failure resides in JS 3 where poles frequently plot within the viability window. 

The mining implications due to toppling instability are outlined for Section 1, and also 

apply to Section 2. The potential of planar failure is increased within this orientation of the 

highwall, with an alignment seen within joint set JS 4. The risk of this type of failure is still 

minimal because of the need for lateral release surfaces (JS 1 and JS 5). If the pole density 

seen in Scanline 8 is a true representative sample of defects along the length of the section, 

implications are that this would also increase the risk of wedge failures.  

 

 The size of potential failures outlined above tends to be relatively small scale (10m3 

– 100m3) again due to the relatively small block size (<1m3). Wedge and planar failures 
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have the potential to be of a greater scale then the toppling failures with potential from the 

initial failure to propagate and causes instability in the adjacent rock mass.  

 

4.5.3 Mining Implications of the Faults 

 

The major fault zones associated with the Mt William Range, the Mt William Fault 

and the McCay Fault, dip back into the range front and do not pose an immediate threat to 

the stability of the highwall, with the suggestion that any surface expression of the faults 

exhumed could be incorporated into the batter design and effectively locking their 

influence within a bench.  The faults pose an extensive release surface which could see 

degradation in the strength of individual batters and cause an increased frequency of 

toppling failure in sub vertical joint sets JS 2 and JS 3.  

        

       Two further zones of fault influence have been outlined on Map 2 (Map Pocket). The 

first of these zones is located between the two sections representing a plane of 

discontinuity. This particular defect is situated perpendicular to the fault trace which 

minimizes its influence with respect to planar failure along the feature. It is theorised that 

the fault has a dip inclination mimicking that seen in the joint set JS 5, and that it extends 

across the width of the Range and into the basin behind. The fault face therefore poses a 

plausible major release surface for both toppling and wedge kinematic failures to propagate 

along. The second defect zone is theorized to be a southern extensional expression of the 

Mt William Fault trace as it separates to the north into the McCay fault. The trace 

orientation seems to mimic that observed within the joint set JS 3, with an up throw to the 

west. The fault represents a high risk section of the rock mass with respect to kinematic 

failures via toppling, the influence of the fault has also seen an increased in the fracturing 

of the surrounding rock mass as can be seen in the RQD values for DH 1715. 

  

Failures associated with the fault defect planes could potentially be the largest 

failures within the highwall design due to the relatively small persistence observed within 

the surface expression of the other minor defects. Failure sizes are hard to determine as 

there is no reference point in which to base calculations. Conclusions derived from analysis 

of the fault orientations poses that the greatest potential for kinematic failure still remains 
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toppling failures with the presence of release planes in the form of fault shear zones. The 

risk of complete failure to the highwall is minimal with small scale toppling failures more 

likely.  

 

4.6. Establishment of Structural Domains. 

 

The establishment of structural domains in the Mt William Range at Cypress North 

Block Basin is based on an engineering geological evaluation of the structural 

discontinuities or defects present. A structural domain is defined as a mapped area that is 

lithologically and structurally homogeneous.  In a general sense one could surmise that the 

entire range exhibits enough uniformity along the length of the crest for it to be 

characterised as one domain. The uniformity of structure has implications on the proposed 

highwall design and stripping procedures within the domain. Major joint sets are present in 

both sections and are theoretically controlled by the interface with the Mt William Fault. It 

was proposed that there was enough of a variation in the orientation of these major joint 

sets to warrant the division of the two sections identified. The range was therefore divided 

into two structural domains, the division of which is defined by defects sets that share a 

common orientation, principally joints and shears. Divisions also can be derived from the 

interpretation of the kinematically viable failure of the defects present. The special 

orientation of scanline surveys and structural domains are outlined on Map 2 (Map 

Pocket). 

 

4.7 Synthesis and Conclusions 

 

 This chapter incorporated the analysis of the previous two chapters in the definition 

of potential kinematic failures with regards to highwall orientations. In doing so the 

kinematic analysis was also used to further the interpretation and division of the structural 

domains initially outlined in chapter three. The initial approach was to establish the 

possibility of instability by the method of basic kinematic analysis as summarised in table 

4.1. 
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Table 4.1. Summary Table of Potential Kinematic Failures for Pit Slope of for Each Scanline Traverse. 

     Type Of Kinematic Failure  

Scanline No. Planar Failure Sets Wedge Failure Sets 
Toppling 
Failure Sets 

  (Max Slope Plane)   (Max Slope Plane) (Max Slope Plane) 
Section 1 – 286º √ JS3 X - √   

1 X (83) - X (90) - X - 
2 X (90) - X (76) JS 1&2 √ JS2&3 
3 √ (56) JS3 X (90) - √ JS2&3 
4 X (62) - X (90) - √ JS2&3 
5 X (63) - X (90) - √ JS2&3 
6 √ (55) JS3 X (66) JS 2&5 √ JS2&3 

              
Section 2 – 306º √ JS3 X - √ JS3 

7 X (62) - X (77) JS 1&2 √ JS3 
8 √ (37) JS3 X (82) JS 1&5 √ JS3 
9 X (68) - X (83) JS 2&3 √ JS3 

10 X (62) - X (90) - √ JS3 
11 X (71) - X (89) JS 1&2 √ JS3 
12 X (75) - X (80) JS 1&3 √ JS3 

* Underlined symbols represent a moderate to high risk of failure. 

** Bracketed values represent slope angles at which kinematic failure is possible 

 

Once the potential kinematic instability was established, development of the 

structural domains was carried out and sections 1 and 2 were defined with regards to 

structural deformation. Interpretation on both individual scanlines and groupings of the 

scanlines into the respective structural domains was used in the interpretation. 

 

Section 1 can be classified as a highly disturbed area of basement lithology 

comprised of 5 major defect sets having surface expression. The dominant joint set being 

sub-vertical, with a mean orientation of 79º/118º, which poses a high level risk of 

kinematic failure through toppling with 50-80% of the defect orientations plotting within 

the viability cone for a 60º pit slope.  Other kinematic risks, wedge and planar failure, were 

interpreted to have low probability of failure.  

 

Section 2 can also be classified as a highly disturbed area of basement lithology 

comprised of 5 major defect sets exhibiting surface expression. The dominant discontinuity 

is a sub-vertical joint set, with a mean orientation of 84º/285º which poses a moderate risk 

of kinematic failure through toppling with between 20-40% of joint set JS 3 plotting within 
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the viability cone. An increase in the overall steepness of the pit slope generates a higher 

level of the defect poles plotting within the viability cone.  Other kinematic risks, wedge 

and planar failures, were interpreted to have a low probability of failure. Scanline 8 shows 

the possible inclusion of a joint set (JS 4) that warrants greatest cause for caution as 

interactions between other joint sets could see a marketed increase in risk of both wedge 

and planar failures if the joint set represents an under-sampled defect. 

 

In carrying out kinematic analysis on the defect sets it was necessary to place an 

arbitrary reference plane to interpret the data. It was deemed appropriate to assign this 

plane the same orientation as the Mt William Fault strike, as it allow for the incorporation 

of this major defect in the final design of the highwall, and any proposed highwall will in 

most part be dictated by the orientation of the MWFZ. Deviations from the proposed 

highwall orientations investigated are limited to rotations within 20-30º of the overall trend 

of the range itself. The rotation of the highwall design will increase the removal of 

overburden and limit the recoverable coal. The selected orientation saw a favourable 

stability even when including the moderate to high risk of toppling failure as rotation 

would see an increased in the other types of failure mechanisms due to alignment of the 

joints sets with the pit slope face. The joint sets associated with the range are statistically 

dominated by two sets of defects designated JS 2 and JS 3, and these account for over 60% 

of all data points collected and pose the immediate risk to toppling failure. 

 

Toppling Failure 

 

A rotation of 30º in the slope face to the north would see only a slight reduction in 

the risk associated with toppling failures. The rotation would see a reduction in the degree 

of toppling failures for Section 1 by the removal of JS 2 as a potential means for failure. 

There would also be a reduction in Section 2 with a reduced influence from JS 3, but a 

renewed risk from JS 5 and the incorporation of JS2 as a possible release surface causing 

increased risk. A rotation of 30º to the south (giving it a westward facing dip) would also 

give a relative reduction in the risk of toppling failures for both sections. In Section 1 it 

would see a transfer in kinematic viability from JS 3, the dominant set along the ridge, to 
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JS2, with a reduced frequency of possible release surfaces. In Section 2 the rotation would 

see a considerable drop in the frequency of defects plotting in the viability window. 

 

Planar Failure 

 

The effects of rotation of the highwall orientation (<30º)  on planar failures sees 

that a rotation to the north would see an alignment of the lower dipped defect set JS 4 in 

Section 1 and with it an increased risk from this type of failure. In the case of Section 2 a 

rotation would see the reduction of risk associated with JS 4 but an increased risk from the 

variable dipping JS 5 defect set. The effect of rotation in the opposite direction would see 

in both sections an increased alignment of the primary defect set JS 2 at pit slope 

orientations greater then 55 degrees.  

 

Wedge Failure 

 

The effect of slope orientation on kinematic wedge failures shows that a rotation of 

the slope face 30º to the north would see an increased risk of wedge failure from the 

interaction of joint sets JS 2 - JS 5 which would result in high angled low volume wedge 

failures out of the pit slope surface (~10m3). The effect of rotation to the south sees an 

increase risk of wedge failures from the interaction between JS 1 - JS 5 and JS 2 – JS 5 in 

Section 2 and JS 1 – JS 5 in section 1. Scanline 8 shows the possible inclusion of a joint set 

which warrants further investigation via trenching of the basement lithologies, with the 

possibility of significantly increased risk of wedge failure. The scanline orientations were 

orientated in a way which would under-sample a representative group plotting in this area 

of the stereographic projections. 

 

Taking into account the interpretation of the data obtained during the kinematic 

analysis of the scanline traverses, a highwall orientation running parallel with the range 

(and the fault zone), although having higher risk of instability with respect to toppling 

failure, provides the most favourable orientation. Reduction in the risk from toppling 

failure can be addressed in the batter design by increasing bench width and reducing batter 

height, with a reduction of the overall slope angle for the upper quadrant of weathered 
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material (Top 15-20m). The nature of the weathered material and the weakness associated 

within the basement lithologies will require addressing during excavation regardless of the 

risk from toppling failure.  The risks associated with other kinematic failures were assessed 

to have a low risk in with the pit slope face in this orientation. 

 

The size of potential failures tends to be relatively small scale (10-100m3) due to 

the rock mass properties such as aperture, persistence, joint roughness, and defect 

frequency (RQD) all seem to be in favour of small block sizes. In terms of excavation and 

support, it is helpful to have an estimate both of the mean block size and the block size 

distribution. Due to the highly fractured nature of the rock mass of both sections rock mass 

size and distribution are said to be homogenous, with failures due to block toppling failure 

acting more like stiff gravel with a ‘crumbling’ effect with minor debris displacement.  
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CHAPTER 5 
Summary & Conclusions 

 

5.1 Thesis Outline 

 

 The primary objective of this study was to perform a detailed engineering 

geological investigation of the proposed Cypress North Block Opencast Highwall in the 

Upper Waimangaroa Sector, Buller Coalfield. The study was initiated by Solid Energy 

New Zealand Ltd with the idea of developing an understanding for the rock characteristics 

in Cypress North basin and the Mt William Range. A feasibility study has been carried out 

by them within the basin assessing viability of the economic return on the coal resource 

based on overburden thickness to recoverable seam thickness ratios. As part of this 

feasibility analysis the geotechnical interpretation of the proposed highwall is essential. To 

this end detailed information on both intact rock properties and rock mass characteristics of 

the stratigraphic units needed to be obtained.  

 

An investigation was therefore undertaken to provide information on the rock 

properties of the Kaiata Mudstone, Brunner Coal Measures, and basement lithologies that 

make up the proposed highwall in the Mt William Range. The investigation defined the 

intact rock strength characteristics by means of a laboratory programme designed to 

interpret the physical and mechanical properties of the mapped stratigraphic units. The 

intact rock characteristics for the basement units were then identified using relative 

borehole data and scanline traverse surveys carried out on the Mt William Range. This 

methodology was adopted to interpret the distribution and interaction of identifiable 

defects such as faults, joints, shears, and crush zones along the proposed highwall. This 

information was then used to provide a kinematic analysis for each of the scanline surveys, 

with emphasis on the basement lithologies that will comprise the majority of the final 

highwall design. 
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5.2 Rock Material Testing 

 

The Tertiary units (Kaiata Mudstone and Brunner Coal Measures) along with the 

basement lithologies of Berlins Porphyry and Greenland Group comprise the overburden 

that will be encountered in Cypress North basin. The Tertiary units are comprised of the 

Kaiata Mudstone, which is a massive mudstone unit, and the Brunner Coal Measures 

which are an alternating sedimentary sequence of massive sandstones, laminated 

sandstones, siltstones, mudstones, and coal (with only the massive med-coarse and med-

fine sandstone units tested). The basement is comprised of Greenland Group, which is 

slightly metamorphosed greywacke, and the Berlins Porphyry which is an intrusive body 

of granite/granodiorite of the Karamea Suite. These units were subdivided into their 

respective geotechnical units based on field descriptions and analysis of drill core records.  

 

Physical and mechanical intact rock material parameters were determined for these 

geotechnical units where sample numbers permitted, using a laboratory programme that 

involved determination of Porosity-Density, Slake-Durability Index, Unconfined Uniaxial 

Strength, Brazilian Tensile Strength and Triaxial compressive Strength tests. A summary 

table of the rock material results is provided in table 5.1. 

 
Table 5.1 Summary Table of Mean Physical and Mechanical Properties. 

   

Berlins 

Porphyry 

Greenland 

Group Hornfels 

Brunner Coal 

Measures 

Kaiata 

Mudstone 

Mixed 

Basement 

        

Porosity (n) (%) 0.8 1.9 7.9 9.9 2.3 

Dry Density (Kg/m3) 2666 2658 2411 2377 2657 

Saturated Density(Kg/m3) 2681 2677 2489 2476 2680 

Slake-Durability (Id2) (%) 99.0 99.6 94.0 94.5 N/A 

UCS (MPa) 78.2 136.1 15.3 9.9 47.0 

Tensile Strength (MPa) 6.18 5.08 1.32 1.47 5.51 

σci (MPa) 27.7 N/A 7.8 8.4 14.2 

Cohesion (c’) (MPa) 6.4 N/A 2.11 3.0 2.9 

Friction Angle (Ø) º 40.6 N/A 33.2 18.6 44.5 
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The geotechnical units with highest dry densities (2657-2666Kg/m3) typically have 

the lowest porosities (n=0.8-2.3%) due to smaller void ratios (e=0.01-0.02) and less void 

connectivity. Slake-durability index results (Id2=94.0-99.0% retained) showed that all 

geotechnical units exhibited high durability, with the exception of Kaiata Mudstone core 

from drillhole 1717 in which very low results were retained (Id2=32.92%).   

 

Representative samples of the geotechnical units that underwent Slake-Durability 

Index testing were observed to either remain intact (massive coarse to fine lithologies), or 

to split along existing fractures/bedding. The splitting of the slake-durability samples 

occurred in only a few cases and was observed to create little decrease in the sample size, 

and therefore little variation in the recorded results.  

 

UCS results were obtained saturated for the basement lithologies and have a mean 

range of between 78.2-136.1MPa. UCS results for the Tertiary lithologies are much lower, 

with mean results that range between 9.9-15.3MPa, due to lower densities, increased pore 

interaction, and weaker inter-granular bonds.  

 

Brazilian testing results for the saturated basement lithologies have a mean range of 

between 5.1-6.2MPa, and are also the highest values obtained. The results for the Tertiary 

lithologies had a mean range of between 1.3-1.5MPa, which is a direct correlation to the 

UCS test results. Graphical relationships were defined between the UCS and the Brazilian 

results for both the Berlins Porphyry (y=8.13x + 18 ±8) and Kaiata Mudstone (y=4.62x + 

3.2 ±0.8) units, and as a result UCS values can be estimated from smaller core samples that 

are required by the Brazilian testing.  

 

 Triaxial testing of the saturated Berlins Porphyry unit showed that this lithology 

typically had the highest friction angle, with a mean result of 40.6º and highest cohesion 

with a mean cohesion value of 6.4MPa. The Tertiary lithologies yielded lower friction 

angles, with the Kaiata mudstone recording the lowest mean value 18.6º, and the BCM 

33.2º. These units also had the lowest cohesion values ranging from 2.1-3.0 MPa, 

reflecting their finer grain size and low degree of cementing. 
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While the testing carried out during this laboratory programme provided a good 

general guide to the physical and mechanical properties associated with some of the 

stratigraphic units (Units 1.1 and 3.1), further testing will be required to quantify these 

relationships. The data spread (scatter) observed within the results varied between the 

units, with both Berlins Porphyry and Kaiata Mudstone returned good graphical 

correlations and low scatter of data points. The results within Brunner Coal Measures and 

the Greenland Group generally showed poor correlation due to limited sample base. The 

limited samples in both these units meant the classification of these units was 

unsatisfactory.  

 

5.3 Rock Mass Properties 

 

 Scanline survey traverses were conducted along the extent of the proposed highwall 

situated in the Mt William Range adjacent to the Cypress North Block. These scanlines 

were conducted along shallow gully features to characterise the basement rock mass on the 

ridge crest in the approximate position of the proposed highwall. The rock mass properties 

recorded were; defect type, dip and dip direction, persistence, aperture, nature of infilling, 

and defect roughness.  

 

 5.3.1 Defect Orientations 

 

The predominant defects detailed along the extent of the scanline surveys were 

joint fractures, which made up 88% of all discontinuities found. The second largest 

discontinuity was found to be shear defects (minor fault like structures ~10%), but 

displayed no apparent concentration towards any orientation and therefore were calculated 

into the joint defect sets as a percentage distribution. Joint sets present within the Cypress 

North Block have slight variations over the length of the Range, with the greatest deviation 

of concentrations exhibiting a slight rotation (~13-16º) in the mean pole populations 

between Section 1 and Section 2. The mean pole concentrations were derived from stereo-

projected contour plots of each of the scanlines using DIPS (Rocscience 2002). The 

scanlines were then separated into two Sections using this rotation, with Section 1 
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occupying the northern area encompassing scanlines 1-6, and Section 2 occupying the 

southern area which includes scanlines 7-12. 

 

 

 Section 1 

   

 Joint orientations observed in this section are predominantly sub vertical in nature, 

with 4 sets exhibiting mean dips greater then 70°. JS3 is the prominent set with an 

orientation parallel to the Mt William Fault and a mean dip / dip direction of 79°/118°. The 

second most dominant set JS2 also trends effectively parallel to the Mt William Fault with 

an offset of less than 30°(from parallel) with a mean dip/dip direction of 89°/261°. 

Secondary sets are comprised of oblique joint sets formed due to extensional processes 

(JS1 76°/041° and JS5 85°/174°). Joint set JS4 exhibits the lowest concentration of pole 

densities with a relatively low dip component with a mean orientation of 47°/106°. Sub 

horizontal sampling of defect orientations (e.g. JS4) is subject to bias introduced by the 

relatively low plunge angle (<20º) associated with the scanline surveys which means that 

defects exhibiting a low dip are under sampled. 

 

 Section 2 

 

 Joint orientations observed along Section 2 are, as in Section 1, dominated by sub-

vertical joint sets with orientated perpendicular to the scanline surveys. JS3 again was the 

dominant set, with an orientation of 84°/285°. The second most common defect set was 

JS2 with a mean dip/dip direction of 70°/245°. Secondary sets were again comprised of the 

oblique joint sets JS1 and JS5, with orientations 78°/025° and 79°/161° respectively. JS4 

again is under-sampled along this section with a representative sample observed at a mean 

orientation of 43°/106°. 

 

 5.3.2 Bedding 

 

Bedding is included as a defect in many surveys as a mode of failure or plane of 

weakness in rock mass analysis. The prevalent bedding throughout the basement 
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Greenland Group lithology is moderately metamorphosed and does not provide a mode of 

weakness in the sandstone unit. The Kaiata Mudstone unit, which will be incorporated into 

the final highwall design, does exhibit bedding orientation weakness as shown by tensile 

strength testing. The prediction of this bedding and any effect it may have on the final 

stability of the highwall depends on its final orientation due to upturn of the bedding 

orientations associated with the MWFZ. Bedding in the Kaiata mudstones initially dips 

gently east at 8-12° (regional trend for the Upper Waimangaroa Sector) into the Mt 

William Range, but undergoes upturn as it approaches the reverse Mt William Fault 

Structure.  

 

 5.3.3 Defect Persistence 

 

The method of the scanline surveying (along exposed gullies) and the impractical 

nature of exposing every joint, due to overburden, meant that persistence measurements 

were limited to visual surface expression. Defects were seldom measured greater than 2m, 

with the majority of surface expression restricted to the exposed creek bed. From field 

estimates the majority of defects had an overall persistence less then 4m, with an average 

of around 2m observed with defects often truncated by other defects. 

 

 5.3.4 Defect Apertures  

 

The discontinuity apertures along the Mt William Range show considerable 

variation ranging from a classification of ‘wide’ (>200mm) associated with crush zones, to 

‘tight’ (0.1-1mm).  Joint apertures observed along the proposed highwall show a range 

from tight to moderately narrow (20-40mm), with the predominant aperture being typically 

‘tight’ (>70%). Crush Zone apertures show a range of results ranging from ‘Wide’ 

(>200mm), to ‘Moderately Wide’ (60-200mm). 

 

 5.3.5 Joint Spacing (RQD) 

 

Defect joint spacing was derived from adjacent drillhole data interpreted from RQD 

values. This method was adopted in order to develop a more accurate understanding of the 
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rock mass behaviour. Drillhole 1697 is situated at the northern extent of the basin adjacent 

to Section 1, and has good correlation with scanlines 2-4. 1697 is situated in basement 

lithologies with an overall RQD of just 9.2%, which gives it a classification of very poor 

rock quality (<25%). Separation of the rock types into lithologies sees an increase in 

fracturing in the Greenland Group Hornfels by 5.1%. 

 

 
Table 5.2 Summary of RQD Frequency (Derived from Drillhole Data).  

    Numerical Frequency   
RQD Freq. 1694 1697 1698 1715 1717 
0-20 % 17 63 66 82 56 
21-40 % 14 11 18 7 12 
41-60 % 10 1 12 6 20 
61-80 % 8 1 2 1 10 
81-100 % 4 1 1 0 17 
Total  53 77 99 96 115 
    Percentage Frequency   
0-20 % 32.1 81.8 66.7 85.4 48.7 
21-40 % 26.4 14.3 18.2 7.3 10.4 
41-60 % 18.9 1.3 12.1 6.3 17.4 
61-80 % 15.1 1.3 2.0 1.0 8.7 
81-100 % 7.5 1.3 1.0 0.0 14.8 
Total 100.0 100.0 100.0 100.0 100.0 

 

Drillhole 1698 is situated in the middle of the basin adjacent to Section 2, and is 

located between scanlines 10 and 11 with an overall RQD of 17.5%. This also gives it a 

classification of very poor rock quality (<25%). Separation of the rock types into 

lithologies again sees an increase in fragmentation in the Greenland Group Hornfels 

(9.3%).  Separation and comparison of the RQD values for drillholes 1697 and 1698 are 

provided above (Table 5.2). 

 

 5.3.6 Weathering and Durability Factors 

 

 The basement lithologies show a variation in the degree of weathering, with 

exposed Berlins Porphyry along the length of the ridge crest showing a high to complete 

degree of weathering whereas the Greenland Group Hornfels shows generally a moderate 

degree of weathering. The degree of weathering has a direct effect on the shear strength 
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associated with the defects, as well as the overall strength of the rock mass (chapter 2). 

Observations of the lithologies down drillholes show a degree of weathering experienced 

up to 60m along defect fractures. The degree of weathering varies greatest within the 

Berlins Porphyry unit with moderate to high degree of weather exhibited to 30m depth 

from the surface. 
 

 5.3.7 Joint Roughness 

 

Surface roughness varies considerably in the defects observed in the basement 

lithologies along the Mt William Range, with joint roughness profiles ranging from 

Slickensided (JRC 0-2) to Very rough (JRC 14–20). Interpretation of overall joint 

roughness shows a JRC value of 4-8 (semi rough) as the dominant joint surface making up 

over 60% of those examined. The next highest frequency is observed at a JRC of 8-14 

(rough) with 23%, and only 12% of the joint surfaces showed a JRC less than 4. 

 

5.4 Analysis of Kinematic Failures 

 

 Kinematic analysis of the scan line defect data was used to further the interpretation 

and division of the structural domains that had been initially outlined using rock mass 

properties. The initial approach was to establish the possibility of instability by the method 

of basic kinematic analysis, as shown in tables 5.3. 
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Table 5.3. Summary Table of Kinematically Feasible Failures for pit slope of 60º for each scanline 

traverse. 

     Type Of Kinematic Failure  

Scanline No. Planar Failure Sets Wedge Failure Sets 
Toppling 
Failure Sets 

  (Max Slope Plane)   (Max Slope Plane) (Max Slope Plane) 
Section 1 - 60/286 √ JS3 X - √   

1 X (83) - X (90) - X - 
2 X (90) - X (76) JS 1&2 √ JS2&3 
3 √ (56) JS3 X (90) - √ JS2&3 
4 X (62) - X (90) - √ JS2&3 
5 X (63) - X (90) - √ JS2&3 
6 √ (55) JS3 X (66) JS 2&5 √ JS2&3 

              
Section 2 - 60/306 √ JS3 X - √ JS3 

7 X (62) - X (77) JS 1&2 √ JS3 
8 √ (37) JS3 X (82) JS 1&5 √ JS3 
9 X (68) - X (83) JS 2&3 √ JS3 

10 X (62) - X (90) - √ JS3 
11 X (71) - X (89) JS 1&2 √ JS3 
12 X (75) - X (80) JS 1&3 √ JS3 

* Underlined symbols represent a moderate to high risk of failure. 

** Bracketed values represent angles at which kinematic failure is possible 

 

In order to establish the theoretical relationship between slope height and slope 

angle, the following assumptions have been made;  

 

a. Because the geological mapping revealed dominant through-going structures (Mt 

William Fault – McCay Fault) which could control the stability of the slopes in 

question, it was assumed that the orientation of the highwall would be used to 

incorporate the orientation of these defects to minimise their overall influence. 

b. It was also assumed that therefore any failure, if it were to occur, would be 

concentrated on the intersection of defect sets which daylight in the proposed fault 

orientation.  

c. From the shear strength data (joint roughness) a conservative friction angle Ø = 35° 

was chosen as the starting point for this analysis. 

d. Finally that the orientation of the final highwall design incorporated defect 

orientations observed in the development of this analysis, and that they are uniform 

over the extent of the highwall (i.e. defects orientated at the base of the highwall 

are essentially orientated in the same manner as those surveyed).  
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Section 1 is classified as a highly disturbed area of basement lithology comprised of 

5 major defect sets having surface expression. The dominant joint set is a sub-vertical joint 

set population with a mean orientation of 79º/118º which poses a high risk of kinematic 

failure through toppling as 50-80% of the defect orientations plot within the viability cone 

for a 60º pit slope.  Other kinematic risks, wedge and planar failure, were interpreted as 

having low risk of failure.  

 

Section 2 is also classified as a highly disturbed area of basement lithology 

comprised of 5 major defect sets from surface data. The dominant joint set is again sub-

vertical joint set population with a mean orientation of 84º/285º which poses a moderate 

risk of kinematic failure through toppling with between 20-40% of joint set JS 3 plotting 

within the viability window. An increase in the overall steepness of the slope generates a 

higher level of the defect orientations poling within the viability cone of the pit slope.  

Other kinematic risks, wedge and planar failure, were interpreted to have low risk, with the 

greatest cause for caution with regards to wedge and planar failures identified in Scanline 8 

associated with JS4. 

  

The strike of the Mt William Fault was used as an arbitrary highwall orientation for 

each section to carry out kinematic interpretations, and in doing so this also allows for the 

incorporation of the fault in the final design of the highwall. The final highwall design will 

in most part be constrained by the orientation of the Mt William Range, as deviations from 

this will result in excess overburden removal. Orientations investigated for plausible 

highwalls were therefore limited to rotations within 30 degrees of the overall strike of the 

range itself.  

 

The selected orientation incorporates a high risk to stability from toppling failures, 

but is interpreted as the most favourable orientation for any highwall design. Rotations of 

the selected orientation would result in an increased risk in the other failure modes due to 

alignment of the joints sets which would see the defect sets daylighting into the pit slope 

face. The joint sets associated with the range are statistically dominated by two sets of 
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defects designated JS 2 and JS 3, accounting for over 60% of all data points collected and 

posing an immediate risk of toppling failure. 

 

The size of potential failures tends to be relatively small scale (<100m3) due to the 

rock mass properties such as aperture, persistence, joint roughness, and defect frequency 

(RQD), all seem to indicate of small block sizes. In terms of excavation and support, it is 

helpful to have an estimate both of the mean block size and the block size distribution. Due 

to the highly fractured nature of the rock mass of both sections, rock mass size and 

distribution are said to be homogenous with failures due to block toppling failure acting 

more like stiff gravel with a ‘crumbling’ effect and minor debris displacement.  

 

5.5 Further Research 

 

Further research for the proposed Cypress North Block Opencast Coalmine should 

focus on ascertaining the lateral and vertical variation of both joint set orientations (JS4) 

and persistence of defects associated with the structural domains, and the extent of these 

defects in the other stratigraphic units (Tertiary). The Cypress North Block rock mass is 

complex and further mapping should be undertaken as the highwall is progressively 

stripped. This ongoing monitoring of defects in the highwall is important in recording 

changes in the defect data, and in ascertaining new possible failure modes. All highwall 

instability should be carefully investigated and documented so that detailed records of 

failures can be referenced to improve future design techniques associated with the 

progressive development of the Upper Waimangaroa Sector. 

 

This work should be combined with basin analysis to interpret the history of both 

the basement and sedimentary stratigraphic units within the basin, and in doing so, develop 

the relationship of the influence of fault interaction with regards to depositional 

environment and propagation of defects within each unit. This is deemed important in 

interpreting the coal seam genesis, and seam split models, as well as interpreting possible 

defect orientations with spatial relationship to the Mt William Fault.   
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Since there is no comparative slope within the Buller Coalfield, and no failure has 

taken place within the basement slopes, deciding upon the factor of safety of the proposed 

slopes posed a difficult problem. Geological mapping and laboratory testing of intact rock 

characteristics and the rock mass properties in the basement lithologies has provided a 

useful guide to the possible failure modes, but the range is too wide to permit the factor of 

safety to be determined with a reasonable degree of confidence.   

 

 The geotechnical interpretation could be further developed and improved by 

applying Bieniawski’s (1989) rock mass rating (RMR) system to each structural domain 

and major fault zones associated with the Mt William and McCay Faults. This system 

relies on expanding the initial data outlined in this thesis, such as intact rock strength 

characteristics (UCS, Brazilian), and rock mass properties (RQD, condition of 

discontinuities, orientation of discontinuities), along with the use of measured groundwater 

conditions from installed piezometers. 

  

Groundwater, increased defect analysis (by mode of trenching), and further intact 

rock characterisation of the under sampled stratigraphic units (e.g. hornfels) would be 

required to successfully apply the RMR system to the overburden strata at Cypress North 

Block. In combination with data obtained from rock material characterisation, such as 

porosity and density, the application of this classification system to the rock mass at 

Cypress North Block may also prove most beneficial to blasting design practices. 

 

All potential failure blocks are assumed (via geotechnical assessment) to fail along 

discontinuity surfaces, and therefore the determination of shear strength parameters for the 

discontinuity surfaces and weak zone materials (crush zones) as opposed to intact rock, is 

considered more relevant. Therefore the development of a 3-D model displaying change 

joint orientation with spatial relationship to the fault zone is beneficial to highwall design. 
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APPENDIX 1 

 
Bell and Pettinga’s Rock Classification System (1983). 
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APPENDIX 2 
 

Rock mass Properties 

 

Physical Properties Tests 

 

 A2.1 -  Porosity and Density Determination 

 A2.2 - Slake Durability Index  

 

Mechanical Properties  

 

 A2.3 – Uniaxial Compressive Strength (UCS) 

 A2.4 – Brazilian (Tensile Splitting) Testing 

 A2.5 – Triaxial Testing 
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A2.1 Porosity and Density Determination 

 

A2.1.1 Procedures 

 

 Porosity and density specimens were prepared and tested according to methods 

suggested by ISRM as documented by Brown (1981). 

 

 All rock cores were supplied by Solid Energy New Zealand Ltd. 

 

A2.1.2 Data Manipulation 

 

 The calculations used in the data manipulation follow those suggested within the 

IRSM guidelines (1981). Properties measured and calculated were; 

 

 D = Specimen Diameter (mm) 

 L  = Specimen Length (mm) 

 A  = Area (mm2) 

 V  = Volume (m3) 

 IM  = Initial Mass (g) 

 SM  = Saturated Mass (g) 

 DM = Dry Mass (g) 

 PD = Dry Density (t/m3) 

 PS = Saturated Density (t/m3) 

 Vv = ((PS/ PD) x V) x 100 (%) 

 n = Vv/V 
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A.2.1.3 Results 
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A2.2 - Slake Durability Index  

 

 The Slake Durability Index Test in this research follows the suggested methods 

set forth by ISRM as documented by Brown (1981). 

 

A2.2.1 Procedures   

 

 A representative sample is selected comprising ten rock lumps, each with a mass 

of 40-60g, to give a total sample mass of 450-550g. Samples are oven dried from 2 to 6 

hr (usually over night) at a temperature of 105ºC. Samples are put through a series of two 

wet drying cycles of 10mins duration, dried, and weighed. 

 

A2.2.2 Data Manipulation 

 

 The slake-durability test index (2nd cycle) is calculated as a percentage ratio of 

final to initial dry sample masses as follows. 

 

 Id2       = C – D   x 100 %  

  A – D 

 

 Where A = Initial Mass of oven dried sample and drum (g) 

  B = Mass of drum plus retained portion of the sample (1st cycle) (g) 

  C = Mass of drum plus retained portion of the sample (2ndcycle) (g) 

  D = Mass of drum (g) 
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A2.2.3 Results  
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A2.3 – Uniaxial Compressive Strength (UCS) 

 

 All the samples specimens were prepared and tested according to ISRM suggested 

methods as documented by Brown (1981). 

 

A2.3.1 Procedure 

  

 Where possible, the specimens were cut to a length : diameter ratio of 2.5 :1 using 

the rock mechanics laboratory, Department of Civil Engineering, University of 

Canterbury. Core lengths to be tested were trimmed to the desirable length, and then had 

the ends ground flat and parallel. All specimens were tested under saturated conditions as 

suggested by Brown (1981) when in situ moisture content could not be constrained.  

 

 All testing was carried out in Civil Engineering’s rock mechanics laboratory 

utilising a Controls 50-C36H2 loading frame. 

 

 The specimens were loaded at an average rate of 0.5 to 1 MPa per minute 

(20KPa) so that failure occurred within 5 to 15 minutes.  

 

A2.3.2 Calculations 

 

 The Uniaxial Compressive Strength of the specimen was calculated by dividing 

the maximum load carried by the specimen during the test, by the original cross sectional 

area, Brown (1981). 
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A2.3.3 Results 
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A2.4 – Brazilian (Tensile Splitting) Testing 

 

 All the samples specimens were prepared and tested according to ISRM suggested 

methods (1977). 

 

A2.4.1 Procedure 

 

 Where possible, the specimens were cut to a length : diameter ratio of less than 1 

using the rock mechanics laboratory, Department of Civil Engineering, University of 

Canterbury. Core lengths to be tested were trimmed to the desirable length, and then had 

the ends ground flat and parallel. Specimens were then wrapped around its periphery with 

one layer of masking tape and mounted squarely on the apparatus. All specimens were 

tested under saturated conditions as suggested by Brown (1981) when in situ moisture 

content could not be constrained.  

 

 All testing was carried out in Civil Engineering’s rock mechanics laboratory 

utilising a Controls 50-C36H2 loading frame. 

 

 The specimens were loaded at an average rate of 200 N per seconds so that failure 

occurred within 15-30 seconds.  

 

 

A2.4.2 Calculations 

 

Tensile strength of the specimen 

 

 σt = 0.636 P/Dt (MPa) 

 

 P = Load at failure (N) 

 D =  Diameter of test specimen (mm)] 

  t  = thickness of test specimen  
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A2.4.3 Results 
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A2.5 – Triaxial Testing 

 

 All the samples specimens were prepared and tested according to ISRM suggested 

methods as documented by Brown (1981). 

  

A2.5.1 Procedure 

 

 Where possible, the specimens were cut to a length : diameter ratio of less than 1 

using the rock mechanics laboratory, Department of Civil Engineering, University of 

Canterbury. Core lengths to be tested were trimmed to the desirable length, and then had 

the ends ground flat and parallel. Specimens were then wrapped around its periphery with 

one layer of masking tape and mounted squarely on the apparatus. All specimens were 

tested under saturated conditions as suggested by Brown (1981) when in situ moisture 

content could not be constrained.  

 

 All testing was carried out in Civil Engineering’s rock mechanics laboratory 

utilising a Controls 50-C36H2 loading frame. 

 

 The specimens were loaded at an average rate of 0.5 to 1 MPa per minute 

(20KPa) so that failure occurred within 5 to 15 minutes. The maximum axial load and 

corresponding confining pressure recorded. 

 

A2.5.2 Calculations 

 

 Friction Angle Determination: 

  Ø  =  arc sin  m-1   m = gradient of failure envelope (tangent of  
            m+1                  the inclination) 
 
            
 Cohesion Determination: 

  C  =  b 1-sin Ø   b =  interception of gradient (Y intercept) 

   2cos Ø 
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A2.5.3 Results 
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APPENDIX III 
 

A3.1 Scanline survey data points, Location of reference point for each scanline survey 
traverse.  
 

LISCAD Report: Point Report 
Monday, 8 September 2003   16:58 

 
 

   Point ID             East           North        Elevation   Description   
3)    326055.31   711198.76   810.320    T12           
4)    326088.34   711223.97   809.050    T11           
5)    326154.64   711340.93   802.240    T10           
6)    326167.97   711356.55   800.590    T9            
7)    326251.70   711389.48   799.060    T8            
8)    326257.39   711427.63   795.990    T7            
9)    326328.65   711652.79   788.620    T6            
10)    326330.79   711687.17   789.740    T5            
11)    326344.95   711744.07   788.430    T4            
12)    326347.38   711752.65   787.740    T3            
13)    326343.58   711779.48   784.940    T2            
14)    326303.66   711891.20   777.450    T1            
15)    326018.44   711709.46   711.460    DH 1694  
16)    325804.32   711905.15   699.780    DH 1695  
17)    325721.77   711729.11   702.870    DH 1696  
18)    325720.00   711731.02   702.720    DH 1696R                       
19)    326199.40   711787.02   767.120    DH 1697  
20)    326053.61   711337.94   799.110    DH 1698       
21)    325585.80   711556.90   698.350    DH 1699       
22)    325814.92   711106.19   815.800    DH 1715       
23)    325446.12   711416.54   699.760    DH 1716       
24)    325662.89   711236.50   752.780    DH 1717       
25)    325354.51   711343.28   698.530    DH 1718       

 
* Distance Units in Metres 
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Scanline 1 Contour Plot – Pole Density Distribution 

 

 
Scanline 1 Scatter Plot – Joint Sets 
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Scanline 2 Contour Plot – Pole Density Distribution  

 

 
Scanline 2 Scatter Plot Joint Sets 
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Scanline 3 Contour Plot – Pole Density Distribution 

 

 
Scanline 3 Scatter Plot – Joint Sets 
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Scanline 4 Contour Plot – Pole Density Distribution 

 

 
Scanline 4 Scatter Plot – Joint Sets 
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Scanline 5 Contour Plot – Pole Density Distribution 

 

 
Scanline 5 Scatter Plot – Joint Sets 
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Scanline 6 Contour Plot – Pole Density Distribution 

 

 
Scanline 6 Scatter Plot – Joint Sets 
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Scanline 7 Contour Plot – Pole Density Distribution 

 

 
Scanline 7 Scatter Plot – Joint Sets 

 
 
 
 



APPENDIX 3: SCANLINE DISCONTINUITY DATA COLLECTION SHEETS                                                               168 

 



APPENDIX 3: SCANLINE DISCONTINUITY DATA COLLECTION SHEETS                                                               169 

 



APPENDIX 3: SCANLINE DISCONTINUITY DATA COLLECTION SHEETS                                                               170 

 
Scanline 8 Contour Plot – Pole Density Distribution 

 

 
Scanline 8 Scatter Plot – Joint Sets 
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Scanline 9 Contour Plot – Pole Density Distribution 

 

 
Scanline 9 Scatter Plot – Joint Sets 

 



APPENDIX 3: SCANLINE DISCONTINUITY DATA COLLECTION SHEETS                                                               174 

 
 
 



APPENDIX 3: SCANLINE DISCONTINUITY DATA COLLECTION SHEETS                                                               175 

 
Scanline 10 Contour Plot – Pole Density Distribution 

 

 
Scanline 10 Scatter Plot – Joint Sets 
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Scanline 11 Contour Plot – Pole Density Distribution 

 

 
Scanline 11 Scatter Plot – Joint Sets 
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Scanline 12 Contour Plot – Pole Density Distribution 

 

 
Scanline 12 Scatter Plot – Joint Sets 
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A3.2 Calculation of the Terzaghi Weighting Function 
 
The geometric weighting function included in the Stereographic projection program 
“DIP’s” version 5.050 (Hoek, 2002) is calculated the following way 
 
 
 When orientation measurements are made, a bias is introduced in favour of those 
features which are perpendicular to the direction of surveying. To illustrate this concept, 
three joints of identical spacing along a scanline are shown below. 
 

 
 Measurements along the scanline record many more joints in Set A than in Set C, 
which will bias the density contour plot heavily in favour of Set A. To compensate for 
this bias, a geometrical weighting factor is calculated and applied to each feature 
measured. This weighting, W, can be applied to contour and rosette plots in DIPS, and is 
also used in the weighted mean vector calculations. The bias correction should only be 
used for planar features, and will not account properly for measurement bias in linear 
features such as acicular crystal fabric. 
 
The geometric weighting factor, W, is calculated as follows: 
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  α = minimum angle between plane and traverse 
 D’ = apparent spacing along traverse 
 D = D’ sin α = D’ (1/W) = true spacing of discontinuity set 
 R’ = 1/D = 1/D’ sin α = D’ cosec α = true density of joint population 
 W = (1) cosec α = weighting applied to individual pole before density calculation 
 
 Since the weighting function tends to infinity as α approaches zero, a maximum 
limit for this weighting must be set to prevent unreasonable results. This maximum limit 
corresponds to a minimum angle, which can be between 0.1° and 89.9°. However, the 
recommended range is limited to 5° to 25°, and the default of 15° degrees being used 
during calculations.  
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APPENDIX IV 
 

Summary of the graphical determination of kinematic failure mechanism; 
 

Planar Failure 
Toppling Failure 
Wedge Failure 

 
 
 
 
 

Section 1 – Scanline Traverses 1-6 
Section 2 – Scanline Traverses 7-12 
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Planar Failure – Scanline 1 

 
Planar Failure – Scanline 2 

 
Planar Failure – Scanline 3 
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Planar Failure – Scanline 4  

  
Planar Failure – Scanline 5  
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Planar Failure – Scanline 6 

 
 
 

Planar Failure – Scanline 7 

 
Planar Failure – Scanline 8 
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Planar Failure – Scanline 9 

 
Planar Failure – Scanline 10 
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Planar Failure – Scanline 11 

 
Planar Failure – Scanline 12 

 
Toppling Failure – Scanline 1 



Appendix IV: Kinematic Analysis  190 

 
Toppling Failure – Scanline 2 

 
Toppling Failure – Scanline 3 

 
Toppling Failure – Scanline 4 
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Toppling Failure – Scanline 5 

 
Toppling Failure – Scanline 6 
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Toppling Failure – Scanline 7 

 
Toppling Failure – Scanline 8 

 
Toppling Failure – Scanline 9 
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Toppling Failure – Scanline 10 

 
Toppling Failure – Scanline 11 

 
Toppling Failure – Scanline 12 
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Wedge Failure – Scanline 1 

 
Wedge Failure – Scanline 2 

 
Wedge Failure – Scanline 3 
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Wedge Failure – Scanline 4 

 
Wedge Failure – Scanline 5 

 
Wedge Failure – Scanline 6 
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Wedge Failure – Scanline 7 

 
Wedge Failure – Scanline 8 

 
Wedge Failure – Scanline 9 
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Wedge Failure – Scanline 10 

 
Wedge Failure – Scanline 11 

 
Wedge Failure – Scanline 12 
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APPENDIX V 

 
 
 Provided in this appendix is a summary of the five exploratory drillhole logs 

commissioned during the duration of this project. Also provided are the full lithological 

and geotechnical logs for the following drill holes:- 

 

• DH 1694 

• DH 1697 

• DH 1698 

• DH 1715 

• DH 1717 

 

 All Drillholes were logged by Adrian Field (geologist). 
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DH1694 
 

BULLER COALFIELD 
 

UPPER WAIMANGAROA PROJECT 
 
 
 
Drillhole Number: 1694 
 
Location:  Cypress North Opencast 
 
Grid Reference:   326018.44 mE   711019.46 mN 
 
Surface Level:  711.46 m 
 
Total Depth:  82.50 m 
 
Period Drilled:  8/5/03 – 19/5/03 
  
Driller:   Alton Drilling Ltd  Drill Rig: CS 1000 
 
Logged By:  ABF 
 
Drilling Procedure: Hole wash drilled in P size from ground surface through soft, weathered Kaiata 

Mudstone to 30.00 m, then cored in HQ size to TD. 
 
Drilling Fluid: "Drill Pro" polymer fluid additive, to assist core recovery. 
 
Geophysical Sondes: None run. 
 
 
Summary of Intersected Formations: 
 

FORMATION DEPTH FM DEPTH TO THICKNESS  R.L. TOP  
Kaiata Mudstone 0 67.30 67.30 711.46 
Brunner Coal Measures  67.30 82.50 15.20 644.16 
Coal Seam 73.66 *78.35 *4.69 637.80 
McKay Fault 79.30 79.90 0.60 632.16 

* Coal seam floor faulted 
 
Overburden Thickness: 73.66m 
 
Downhole Ratio:  15.7 
 
Remarks:  Geotechnical and coal sampling hole. 

VW piezometers set at 49.90 and 69.80 m b.g.l. 
Coal seam thinned by faulting and only upper portion of seam present in this DH. 
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DH1697 
 

BULLER COALFIELD 
 

UPPER WAIMANGAROA PROJECT 
 
 
 
Drillhole Number: 1697 
 
Location:  Cypress North Opencast 
 
Grid Reference:   326199.40 mE   711787.02 mN 
 
Surface Level:  767.12 m 
 
Total Depth:  98.00 m 
 
Period Drilled:  9/6/03 – 19/6/03 
  
Driller:   Alton Drilling Ltd  Drill Rig: CS 1000 
 
Logged By:  ABF 
 
Drilling Procedure: Hole wash drilled in P size and cased in HW from ground surface through 

weathered basement granites to 19.70 m, then cored in HQ size through 
basement rock, [Berlins Porphyry (quartz-orthoclase-muscovite granite) and 
Hornfels Greenland Group] to TD. 

 
Drilling Fluid: "Drill Pro" polymer fluid additive, to assist core recovery. 
 
Geophysical Sondes: None run. 
 
 
Summary of Intersected Formations: 
 

FORMATION DEPTH FM DEPTH TO THICKNESS  R.L. TOP  
Basement 0 98.00 98.00 767.12 
Coal Seam none    

 
 
Overburden Thickness: N/A 
 
Downhole Ratio:  N/A 
 
Remarks:  Geotechnical hole drilled entirely in basement rock. 
   VW piezometers installed and set at 47.70 and 94.90m b.g.l. 
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DH1698 
 

BULLER COALFIELD 
 

UPPER WAIMANGAROA PROJECT 
 
 
 
Drillhole Number: 1698 
 
Location:  Cypress North Opencast 
 
Grid Reference:   326053.61 mE   711337.94 mN 
 
Surface Level:  799.11 m 
 
Total Depth:  120.10 m 
 
Period Drilled:  30/6/03 – 14/7/03 
 
Driller:   Alton Drilling Ltd  Drill Rig: CS 1000 
 
Logged By:  ABF 
 
Drilling Procedure: Hole wash drilled in P size and cased in HW from ground surface through 

weathered basement granites to 20.00 m, then cored in HQ size through 
basement rock, [Berlins Porphyry and Hornfels Greenland Group], to TD. 

 
Drilling Fluid: "Drill Pro" polymer fluid additive, to assist core recovery. 
 
Geophysical Sondes: None run. 
 
 
Summary of Intersected Formations: 
 

FORMATION DEPTH FM DEPTH TO THICKNESS  R.L. TOP  
Basement 0 120.10 120.10 799.11 
Coal Seam none    

 
Overburden Thickness: N/A 
 
Downhole Ratio:  N/A 
 
Remarks:  Geotechnical hole drilled entirely in basement rock; 

VW piezometer set at 115.0m b.g.l. 
Error made while grouting hole and HQ rods remain grouted in to 67m b.g.l. 
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DH1715 
 

BULLER COALFIELD 
 

UPPER WAIMANGAROA PROJECT 
 
 
 
Drillhole Number: 1715 
 
Location:  Cypress North Opencast 
 
Grid Reference:  325814.92 mE   711106.19 mN 
 
Surface Level:  815.80 m 
 
Total Depth:  120.10 m 
 
Period Drilled:  30/7/03 - 3/8/03 
 
Driller:   Alton Drilling Ltd  Drill Rig: CS 1000 
 
Logged By:  ABF 
 
Drilling Procedure: Hole wash drilled in P size and cased in HW from ground surface through 

weathered basement to 30.00 m, then cored in HQ size through basement rock, 
(Berlins Porphyry and hornfels Greenland Group), to TD. 

 
Drilling Fluid: "Drill Pro" polymer fluid additive, to assist core recovery. 
 
Geophysical Sondes: None run. 
 
 
Summary of Intersected Formations: 
 

FORMATION DEPTH FM DEPTH TO THICKNESS  R.L. TOP  
Basement 0 126.90 126.90 815.80 
Coal Seam none    

 
 
Overburden Thickness: N/A 
 
Downhole Ratio:  N/A 
 
Remarks: Geotechnical hole drilled entirely in weathered and fractured basement rock.. 

VW piezometers installed at 63.05m and 124.00m b.g.l. 
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DH1717 
 

BULLER COALFIELD 
 

UPPER WAIMANGAROA PROJECT 
 
 
 
Drillhole Number: 1717 
 
Location:  Cypress North Opencast 
 
Grid Reference:  325662.89 mE   711236.50 mN 
 
Surface Level:  752.78 m 
 
Total Depth:  123.70 m 
 
Period Drilled:  9/8/03 - 17/8/03 
 
Driller:   Alton Drilling Ltd  Drill Rig: CS 1000 
 
Logged By:  ABF 
 
Drilling Procedure: Hole wash drilled in P size and cased in HW from ground surface through fault 

zone to 5.50 m, then cored in HQ size through fault pug, Kaiata Mudstone and 
Brunner Coal Measures to TD. 

 
Drilling Fluid: "Drill Pro" polymer fluid additive, to assist core recovery. 
 
Geophysical Sondes: None run. 
 
 
Summary of Intersected Formations: 
 

FORMATION DEPTH FM DEPTH TO THICKNESS  R.L. TOP  
Weathered Basement  0  7.10 7.10 752.78 
Mt William Fault  7.10  11.50 4.40 745.68 
Kaiata Mudstone 11.50  96.04 84.54 741.28 
Brunner Coal Measures 96.04  123.7 27.66 656.74 
Coal Seam M3 107.05  107.88 0.83 645.73 
Coal Seam 108.50 120.65 12.15 644.28 

 
Overburden Thickness: 108.50m 
 
Downhole Ratio:  8.9 
 
Remarks: Geotechnical hole drilled through Mt William Fault zone. 

VW piezometers installed at 69.05m and 104.10m b.g.l. 
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