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Abstract 

Six structurally controlled gold deposits are hosted within two different structural blocks in 

the Old Man Range area. The mineralised lodes are hosted in normal faults which cut steeply 

across the host schistosity. In the East structural block, mineralised faults and the prominent 

joint set strike northwest and cut steeply across greenschist facies TZ III Caples Terrane 

schist. In the West structural block, mineralised faults and prominent joint sets strike east

west and cut steeply across upper-greenschist facies TZ IV Wanaka lithologic association 

schist. These structural blocks are separated by the regional scale Old Man Fault. Orientation 

of hard rock gold deposits is closely linked to the prominent joints in host schist surrounding 

the deposits. Mineralised lodes formed along -1 m wide normal fault zones. They are 

discontinuous but can be traced for up to - l 50m, with variable thickness along strike. The 

lodes comprise brecciated silicified schist and hydrothermal quartz breccia, and minor quartz 

veins with abundant arsenopyrite. Open cavities with euhedral quartz crystals are common. 

Euhedral arsenopyrite occurs in quartz and silicified schist clasts within mineralised zones. 

Gold occurs as micro-particulate blebs in partly oxidised arsenopyrite, and as coarser free 

grains within quartz, micaceous laminae, micro-faults, and micro-shears within mineralised 

rock. Hydrothermal alteration is minor, comprises addition of Si, Au and As, and extends 

only a few centimetres from the mineralised lodes. Mineralisation may have occurred within 

a few kilometres of the surface during mid-Late Cretaceous extension (-106-lOlMa), with 

estimated formation temperatures between 200-350°C. The mineralised structures within the 

Old Man Range area are similar to other shallow level, post-metamorphic Otago gold 

deposits. 

Magnetic, magnetite bearing greenschist has a high magnetic response and can be 

successfully mapped using total magnetic intensity surveys over the Old Man Range area. 

Electromagnetic (EM) surveys can be used successfully to map post-metamorphic faults 

within the Old Man Range area, where they show up as linear conductive anomalies. These 

geophysical surveys are a useful tool for geologic mapping. However, there is no direct link 

between the geophysical features and gold mineralisation within the Old Man Range. 
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1. INTRODUCTION AND GEOLOGIC SETTING 

1.1 INTRODUCTION 

The Old Man Range area (Fig 1) has a rich history in both hardrock and alluvial mining. The 

area hosts several gold bearing reefs and significant placer deposits, which were mined 

extensively in the late 1800' s. The structural orientation of these hardrock deposits is not 

consistent throughout the area, and the east-west orientation of some deposits is atypical of 

other gold bearing lodes in Otago (Paterson 1986). These combined features make the Old 

Man Range area prospective for future exploration and geological investigations. 

Airborne geophysical surveys can enhance geological mapping and structural interpretation, 

especially in areas of limited outcrop. In early 2007, Glass Earth Limited acquired the largest 

airborne geophysical survey of the Otago mesothermal gold region to date (Cox & Gorman 

2009). This data is now available to the public as a series of Total Magnetic Intensity, and 

Electromagnetic images. These images, combined with GIS software, can be used as a tool 

for geological mapping purposes. This geophysical tool is well matched to the Old Man 

Range area due to the lack of overlying sediments, and significant component of magnetite 

bearing greenschist. 

1.1.1 Location and physiography 

The Old Man Range, which trends north through the centre of the study area is approximately 

14km southwest of Alexandra, which lies in the heart of Central Otago, in the southern part 

of the South Island (Fig 1). The field area is approximately 400km2
, extending south and west 

from Alexandra to include the Fruitlands valley, the broad antiformal Old Man Range and the 

upper section of the Fraser River catchment (Fig 1 ). The Fraser River is the largest 

watercourse within the study area and flows north into the Clutha River. All other 

watercourses drain northeast to the Clutha River, and west to the Waikaia East River (Fig 1). 

The area covers both private and public land, with the large Kopuwai conservation block 

trending north through the centre of the study area. This block is flanked to the east and west 

by high country beef and sheep farms. Elevation ranges from 200m near Alexandra to 1682m 

at the large Obelisk rock tor, the highest point of the Old Man Range. The topography is 
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Figure 1. Location map of the study area showing the principal geographic localities of the area. Field area is 
shown by dashed box. 

characterised by broad flat topped ridges with depressions west of the Old Man Range, and 

east and north slopping hill country east of the range. Above - 700m, high altitude vegetation 

is dominated by snow tussock, and low altitude areas by dryland grasses. Access to the 

eastern part of the field area is provided by the main Roxburgh to Alexandra highway and 

adjacent side roads. Access to the western section is provided by Symes Road and a series of 

4WD tracks. 

1.1.2 Previous work 

In comparison to some other gold bearing areas of Otago, little has been published on the Old 

Man Range geology, especially the gold bearing reefs hosted in the area. Stirling (1990) 

documented the broad scale tectonic geomorphology of the Old Man Range and Garvie 

Mountains to the west. He divided the area into northerly trending tectonic blocks, that have 

internally consistent structure. A study of how tectonic processes have modified the Central 

Otago peneplain (low-relief erosion surface) was completed by Stirling (1991). McIntyre 
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(1993) mapped and documented the geology of the south east flank of the Old Man Range, 

and recognised significant greenschist outcrops. Mackenzie et al. (1998) completed a study 

on mineralisation in northeast striking fault zones within the Otago Schist. As part of this 

study the authors documented significant hydrothermal activity along the Manuherikia Fault 

Zone, which runs through the northeastern part of the field area. Mackenzie & Craw (2004) 

documented and compiled recent exploration data on Grays, Whites, and Buds reefs, which 

are hosted on the east flank of the Old Man Range. This study described the structural 

relationships of the gold bearing deposits, and suggested they may have formed during 

Cretaceous normal faulting. As part of the Geological and Nuclear Sciences QMAP series 

Turnbull (2000) compiled a regional scale map and report on the geology of the W akatipu 

area. This includes much of the Central Otago region and this study area. 

1.1.3 Aims and objectives 

The main aims of this thesis are: 

• Using total magnetic intensity maps, ground-proof the probable correlation of high 

magnetic signatures and greenschist outcrops 

• Using Electromagnetic (EM) maps, ground-proof the possible correlation of 

conductive anomalies with geologic structures 

• To compile the available information on the historic gold bearing lodes of the area, 

and use this information to help constrain their location 

• To use geologic mapping, petrology, and geochemistry to characterise the style of 

mineralisation 

• To constrain the possible correlation between the geophysical features and 

mineralised structures 

• To combine the geological and geophysical data acquired throughout the study and 

use this to produce a regional scale geologic map of the area 

Throughout this report the geologic map and matching cross-section will be referred to as 

Map 1. The grid reference system used (NZTM) quotes all seven numbers, Easting followed 

by Northing. The area covered by this study corresponds to New Zealand Topo50 Sheet 

numbers CCI3, CD13, CC12, and CD12. 
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1.2 REGIONAL GEOLOGIC SETTING 

The basement rock throughout the Old Man Range area is Otago Schist (Fig 2), which forms 

a broad northwest trending arc from the east coast of the South Island to the Alpine Fault 

(Turnbull et al. 2001). The Otago Schist is a complexly deformed metamorphic belt of mainly 

greenschist facies schists, that is part of the larger Haast Schist and underlie most of 

the Otago region (Fig 2A) (Norris & Craw 1987). The Haast Schist was formed by the 

Middle Jurassic to Early Cretaceous amalgamation and regional metamorphism of two 

tectonostratigraphic terranes of the Eastern Province: the volcanogenic Caples Terrane and 

the quartzofeldspathic Torlesse Composite Terrane, which includes the Aspiring and Wanaka 

lithologic associations (Fig 2B) (Mortimer 1993; Turnbull 2000; Adams et al. 1985; Gray & 

Foster 2004). 

40°5 

A 11o•e 11s•e 

Marlborough 
Schist 

Pacific 
Ocean 

-preh-pump 

Metamorphic Zones 

1 N, 

I 

Revised 
Textural Zones 

Figure 2. Regional subdivision of the Otago Schist, modified from Turnbull et al. (2001) and Mackenzie and Craw 
(2005). Note position of field area (black square). A. Distribution of Otago Schist in the South Island. B. 
Tectonostratigraphic terranes, ALA= Aspiring lithologic association, WLA = Wanaka lithologic association. C. 
Metamorphic zones. D. Textural zones. 

The Otago Schist predominantly comprises well foliated psammitic and pelitic greyschists 

with minor, but widely distributed metavolcanic horizons (N. Mortimer 1993). The schist belt 
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is flanked on either side by non-schistose greywackes and argillites of the Caples and 

Torlesse terranes with progressively higher grade rocks exposed towards the centre 

(Mortimer 1993). These greywackes and argillites grade into prehnite-pumpellyite through to 

upper greenschist facies schists, which reach garnet-biotite-albite zone in the centre of the 

belt (Fig 2C), and equivalent to peak metamorphic conditions of 450°C and 8 to 10 kbars 

(Mortimer 1993; Turnbull et al. 2001 ). 

Textural subdivision is a useful method for mapping metamorphic rocks, and this method has 

been applied successfully to the Otago Schist (Fig 2D) (Tumbull 2000). Textural Zones (TZ) 

within the Otago Schist were originally described by Hutton and Turner (1936), redefined by 

Bishop (1972), and further revised by Turnbull et al., (2001 ). Turnbull et al., (2001) used 

white mica grain size and foliation development to define the textural zones. The boundaries 

of the Otago Schist are defined by TZ 1-IIA isotect which marks the onset of foliation in 

meta-sandstone lithologies (N. Mortimer 1993). 

Initial Mesozoic collision of the Caples and Torlesse terranes resulted in crustal thickening 

accompanied at deeper levels by pervasive recrystallization, intense schistosity development, 

major thrust-nappes and crosscutting shear zones (Gray & Foster 2004). As part of this event 

the Caples Terrane (from the south) and Torlesse Terrane (from the north) were overthrust 

onto the Aspiring Lithological Association (Fig 2B) (Craw & Norris 1991; Gray & Foster 

2004). Compressional deformation persisted in the initial stages of uplift during the Late 

Jurassic and possibly through to the Early Cretaceous (Gray & Foster 2004; MacKenzie & 

Craw 2005). Deformation was both brittle and ductile, and major shear zones such as the 

Hyde-Macraes Shear Zone may have developed as the schist passed through the brittle

ductile transition during the latter stages of this deformation (Mortensen et al. 2010). 

Cretaceous extensional uplift and exhumation of the Otago Schist, associated with the 

breakup of Gondwana, was accompanied by brittle faulting and the development of local 

sedimentary basins (Craw & Norris 1991; Turnbull 2000; Gray & Foster 2004). Continued 

extension in the Middle Cretaceous resulted in the regional development of an orthogonal, 

normal fault pattern striking northwest and northeast (Deckert et al. 2002; Gray & Foster 

2004; Barker et al. 2010). These normal faults can juxtapose schist of different geologic 

domains and textural zones, implying relative offset of several kilometres (Deckert et al. 

2002; MacKenzie & Craw 2005). Post-metamorphic quartz vein mineralisation within the 

Otago Schist is also suggested to be related to this set of Cretaceous normal faults (Craw & 
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Norris 1991; MacKenzie et al. 1998). Extension and brittle deformation continued in the 

Late Cretaceous with the development of systematic joint systems throughout the Otago 

Schist in the (Weinberger et al. 2010). 

Exhumation of the Otago Schist was accompanied by erosion which continued through the 

Late Cretaceous and early Tertiary, creating a widespread low relief surface (Landis et al. 

2008). This surface was initially covered by mostly sediments of Late Cretaceous to Miocene 

age (Jackson et al. 1996). The surface has now been folded, dissected, and stripped of cover 

strata during Late Cenozoic uplift related to the development of the present Australia-Pacific 

Plate boundary through New Zealand (Jackson et al. 1996; Markley & Norris 1999; 

Y oungson et al. 2006). 

Early to Middle Miocene uplift m Otago, combined with local subsidence in the large 

Miocene paleo-valley of central Otago, ensued in the progressive formation of a large 

shallow lake system, Lake Manuherikia (Douglas 1986; Youngson et al. 2006; Turnbull 

2000). There was a gradual transgression from a large braided river system to a northward 

advancing lake, that ultimately covered an area over 5000km2 (Douglas 1986; Y oungson et 

al. 2006). This resulted in the deposition of the fluvial and lacustrine Manuherikia Group 

sediments (Douglas 1986; Y oungson et al. 2006). These sediments comprise the fluvial, 

auriferous, and lignite bearing Dunstan Formation, which may be locally silica cemented 

(Douglas 1986). These sediments are overlain by the Bannockburn Formation which consists 

of a 700m thick pile oflacustrine sediments deposited in the paleo lake (Douglas 1986). 

Throughout the central region of Otago these sediments unconformably overlie the Otago 

Schist where they have been preserved in northeast trending basins. This regional 

unconformity is marked by a zone of pervasive, kaolinite clay alteration up to 20m thick 

within the schist basement (Craw 1994). This alteration zone was caused by overlying 

Manuherikia Group formation waters reacting with the schist basement (Craw 1994). This 

unconformity represents a chronological boundary as structures that have been altered and/or 

overlain by Manuherikia Group sediments are pre-Miocene, while structures which deform 

the unconformity and Manuherikia Group sediments are post-Miocene (Turnbull et al. 1993). 

Recent Cenozoic compression has deformed the Cretaceous low relief surface and the 

Miocene unconformity with reverse movement along the orthogonal northeast and northwest 

fault system combined with regional folding and faulting (Youngson et al. 2006; Craw & 

Norris 1991 ). The characteristic northeast trending basin and range topography of Central 
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Otago is a result of Pliocene and Pleistocene compressional uplift that is currently still active 

(Jackson et al. 1996; Y oungson et al. 2006). Erosion related to the formation of these broad 

northeast trending antiformal ranges and synformal basins has stripped off the Miocene 

sediments and now aprons of immature schist debris spread off the eroding range fronts into 

the synformal basins (Y oungson 1995). 
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1.3 GEOLOGIC SETTING OF THE OLD MAN RANGE-AREA 

The Old Man Range area lies within TZ III and IV greenschist facies schist on the southwest 

flank of the Otago Schist belt (Fig 2) (Turnbull 2000). The area is dissected into three parts 

by the north-north-west trending Old Man Fault in the east and the Caples-Torlesse terrane 

boundary in the west (Fig 3). East of the Old Man Fault the area is underlain by planar TZ III 

schist of the volcanogenic Caples Terrane (Turnbull 2000). The central area consists of 

mesoscopically folded TZ IV Wanaka lithologic association rocks (Craw 1984; MacKenzie 

& Craw 2005) of the composite Torlesse Terrane (Turnbull 2000). This suite of rocks 

comprises pelitic and psammitic schists, minor metachert horizons, and significant 

greenschist horizons (Turnbull 2000). West of the Caples - Torlesse terrane boundary, rocks 

of the Wanaka lithologic association structurally underlie a thin veneer of gently southward 

dipping Caples TZ III schists which are completely eroded from the ridge (Turnbull 2000). 

\ Fault 
TZ IVTorlesse Terrane 

I 

Wanaka Lith Assoc 
D TZ Ill Caples Terrane N 

O 2 4KM t 

•Sisters Diggin{Js 

Potters • 

i 
t 
-e 

ConJ_OYS eef ~ 

. ('ukhe~ Reef : 

.1i Buds Reef .,,..-
111 

Whites Reef -

GraysReef -

' 

Figure 3. Geologic sketch map of the Old Man Range area , showing the principal structures and mineralised 
zones. Location of Alpine, Butchers and Conroys reefs from this study. Map modified from Turnbull (2000). 
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The Old Man Range area is cut by, and lies within the junction of at least three major 

Cretaceous - Tertiary structures (Fig 4). The most prominent of these is the Old Man Fault 

(Fig 3 & 4). The Old Man Fault is a major fault zone which juxtaposes planar, TZ III Caples 

Terrane rocks against mesoscopically folded, TZ IV Wanaka lithologic association rocks 

(Fig 3) (Turnbull 2000; Mackenzie & Craw 2004). The fault can traced along the bottom of 

the Old Man Range from south of Roxburgh to the Fraser Dam (Fig 4) (N. Mortimer 1993). 

The fault zone is characterised by a system of northward trending shears several hundred 

meters wide (Stirling 1990), with local metre scale kink folds and centimetre scale clay gouge 

layers (Mackenzie & Craw 2004). The Old Man Fault is the northern extension of a major 

Cretaceous normal fault, the Tuapeka Fault (Fig 4) (Els et al. 2003; Mackenzie & Craw 

2004). The fault is upthrown on the west by at least 1000m (Mackenzie & Craw 2004), and 

has experienced Cenozoic reversal and some uplift in the Quaternary (Stirling 1990). 

Mineralised vein 

South 
Pacific 
Ocean 

171°E 

Figure 4. Regional map of the Otago Schist belt, modified from (Craw & MacKenzie 2005; N. Mortimer 1993; 
Turnbull 2000). Showing the area of study in relation to principal post-metamorphic faults (note; regional 
northwest and northeast strike). CGF = Cromwell Gorge Fault (Deckert et al. 2002); TF = Tuapeka Fault; MFZ = 
Manuherikia Fault Zone, OMR = Old Man Range 
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In the northeast of the field area the northeast trending Manuherikia Fault Zone intersects the 

northwest trending Old Man Fault Zone (Fig 4). The Manuherikia Fault Zone is a major 

northeast striking fault system which runs from south of Alexandra to Ophir along the east 

side of the Manuherika Valley (Fig 4) (MacKenzie et al. 1998). The fault system is traceable 

along its length as a series of variably mineralised zones comprising quartz veins, and 

silicified cataclasite, with veins of psedotachylyte at Tucker Hill east of Alexandra 

(MacKenzie et al., 1998; Barker, 2005). The fault zone has had a complex structural history, 

with evidence of both normal and thrust movement since its initial formation in the 

Cretaceous (MacKenzie et al. 1998; Barker et al. 2010). Heat-work calculations, combined 

with inferred melting temperatures, of the psedotachylyte bearing fault veins suggest the 

faulting occurred at depths between 6-12km (Barker 2005). Age constraints of the formation 

of these psedotachylyte bearing fault veins of 96 Ma, provide direct evidence of Late 

Cretaceous faulting in the Otago region (Barker et al. 2010). 

Late Cenozoic folding, and faulting against structures such as the Old Man Fault, have 

resulted in over 1 OOOm of uplift and the formation of the broad northward trending Old Man 

Range (Fig 3 and 4) (Stirling 1990). Erosion related to this uplift has stripped off most of the 

Tertiary cover strata exposing the Miocene regional unconformity (Stirling 1990; Jackson et 

al. 1996). A number of silica cemented, Dunstan Formation, quartz gravel boulders (sarsen 

stones), remain at the Sisters Diggings basin (Fig 3) (Stirling 1990). Additionally, at Potters 

Diggings (Fig 3) a small outcrop of Waipipian (3.6-3Ma), well rounded quartz gravels remain 

in a faulted basin (Stirling 1990). Stirling (1990) indicated that these gravels were most likely 

derived from reworking of Miocene Manuherikia Group sediments in the initial stages of 

Late Cenozoic uplift. 

Several hard rock gold deposits outcrop within the Old Man Range area (Fig 3). Alpine Reef 

west of the upper Fraser Basin; Buds, Whites, and Grays reefs on the eastern flank of the Old 

Man Range, and Butchers and Conroys reefs on the lower north-eastern flank of the Old Man 

Range (Fig 3). These lodes have all been worked during the late 1800's and early 1900's, and 

some were historically rich eg; Grays and Whites Reef (McCraw 2003). Erosion of these and 

various other lodes since the Cretaceous, combined with recycling of Cretaceous and Tertiary 

sediments has resulting in various gold placer deposits throughout the Old Man Range area 

(Fig 3) (Williams 1974; Youngson & Craw 1993). The three largest placer deposits within 

the area are: Potters Diggings basin, southwest of the Old Man Range; Sisters Diggings basin, 

west of the Old Man Range; and the Fruitlands valley floor, at the eastern foot of the Old 
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Man Range. These placers as well as most of the watercourses throughout the area were 

worked extensively for gold in the late 1800' s. 
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1.4 GOLD MINERALISATION WITHIN THE OTAGO SCHIST 

The Otago Schist belt hosts numerous mesothermal gold deposits which exhibit a wide range 

of structural styles reflecting mineralization at a range of crustal levels (Mortensen et al. 

2010). Gold mineralisation has occurred throughout the geologic history of the Otago Schist, 

whenever structural events have provided permeable zones for fluid movement (Craw 1992). 

The origin of the fluid and metals involved in mineralisation has been suggested by Pitcairn 

et al. (2006) to be sourced from the Otago Schist during prograde greenschist to amphibolite 

facies metamorphic reactions. This mineralisation has occurred at key stages in the late 

metamorphic and uplift evolution of the schist belt producing two end member types of 

auriferous deposit (Craw et al. 2005; Mortensen et al. 2010). 1. Mineralised shear zones that 

have formed in a compressional structural setting near the brittle-ductile transition, during the 

latter stages of metamorphism, eg. Macraes and Rise & Shine. 2. Extensional veins that have 

formed in normal faults at a relatively shallow crustal level, eg Carrick and Nenthom (Cox et 

al. 2006; Mortensen et al. 2010). These deposits make up numerous mineralised zones that 

outcrop within TZ III & IV greenschist facies rocks of the Otago Schist belt (Fig 5) 

(Mortimer 1993). 

Mineralised quartz vems 
Au,W (showing st,ke & predominant metal) 

Figure 5. Geological map of Otago, showing the principal geological terranes and mesothermal gold deposits. 
Note Old Man Range field area (black box) Modified from MacKenzie & Craw (2005b) and references therein. 
HMSZ = Hyde-Macraes Shear Zone; RSSZ = Rise and Shine Shear Zone. 
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1.4.1 Mineralised shear zones 

The Hyde-Macraes Shear Zone (HMSZ) and Rise & Shine Shear Zone (RSSZ) (Fig 5) are 

two well defined structural zones that have experienced a combination of compressional 

deformation consisting of; folding, ductile recrystallization, brecciation, and microshearing 

subparrallel to the pervasive foliation (Craw & MacKenzie 2005). Both shear zones were 

initiated below the brittle-ductile transition under late metamorphic conditions (Cox et al. 

2006). Mineralisation was focused within the micaceous layers with auriferous sulphide 

minerals pyrite and arsenopyrite deposited along the foliation-parallel micro shears (Craw & 

MacKenzie 2005). Ductile deformation textures were then overprinted by shears and folds as 

the shear zones were uplifted through the brittle-ductile transition (Cox et al. 2006). 

The most studied and arguably most important mineralised deposit in the Otago Schist is the 

Hyde-Macraes Shear Zone which hosts the large (>150t Au) Macraes gold mine (Fig 5) 

(MacKenzie & Craw 1993; Jones et al. 2007). The shear zone is a regionally extensive thrust 

system striking northwest and dipping gently (15°) to the northeast, sub-parallel to the 

foliation (Petrie & Craw 2005). The shear zone varies in thickness from 10 to 150m 

perpendicular to the foliation (Jones et al. 2007). Mineralisation within the HMSZ formed in 

TZ III Torlesse, greenschist facies schist near the brittle-ductile transition and schist within 

the shear has been pervasively hydrothermally altered throughout the zone (Craw 1992; Jones 

et al. 2007). Most of the gold occurs in sheared schist within disseminated hydrothermal 

pyrite and arsenopyrite that have replaced micaceous schist minerals, mainly muscovite and 

chlorite (Craw 2002; Jones et al. 2007). Gold is also found within two types of quartz veins; 

shallow-dipping quartz veins that lie either within shears or gently cut across the adjacent 

foliation, and steeply dipping vein swarms that cut steeply across the foliation, especially 

within massive schist horizons (Jones et al. 2007; and references therein). 

Post-mineralisation, the mineralised "Intrashear" schist of the HMSZ was juxtaposed against 

underlying upper greenschist facies rocks along the northwest striking Footwall Fault (Petrie 

& Craw 2005). Extensional deformation along this normal fault occurred in the latter stages 

of exhumation, probably during the Middle Cretaceous (Petrie & Craw 2005; and references 

therein). The Rise and Shine Shear Zone occurs across a similar normal fault boundary, 

except at the RSSZ weakly mineralised TZ IV rocks are juxtaposed against overlying TZ III 

rocks by the northwest striking Thomsons Gorge Fault (Cox et al. 2006). These boundaries 

represent structural discontinuities between domains of schist that are relatively uniform 

internally, but are distinctly different from neighbouring domains (MacKenzie & Craw 
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2005). Within central Otago these domains have been defined in detail by MacKenzie & 

Craw (2005). Furthermore, Craw et al. (2005) recognised these domain boundaries as 

prospective zones relevant to future exploration. 

1.4.2 Extensional Veins 

The vast majority of mineralised zones m Otago are structurally controlled quartz vem 

deposits hosted in steeply dipping fault swarms that strike northwest and cut across schist 

derived from the composite Torlesse Terrane (Fig 5) (Paterson 1986; N. Mortimer 1993). A 

small number of lodes are hosted within the volcanogenic Caples Terrane (Fig 5) (P. Ashley 

& Craw 1995; N. Mortimer 1993). Throughout Otago there are over 200 mineralised quartz 

veins exposed (Williams 1974; Paterson 1986), and these lodes are not distributed evenly or 

randomly, but are grouped in well-defined goldfields such as Glenorchy, Skippers, 

Macetown, Carrick, Bendigo, Barewood (Henley et al. 1976). The vast majority of these 

quartz vein systems cut the schist foliation at a high angle and strike northwest (Paterson 

1986). However MacKenzie et al. (1998) have identified a second principal set of 

mineralised structures in Otago that strike northeast, which includes the Manuherikia Fault 

Zone (Fig 4). Additionally Mackenzie & Craw (2004) have identified a local set of 

predominantly east-west striking mineralised structures within the Old Man Range area 

(Fig 5). 

The mineralised veins consist predominantly of quartz and carbonate and range from 5mm to 

3m wide (Craw 1992). Thicker veins are continuous for up to 1km, but thickness varies 

along strike and down dip, reflecting the variable structure of the host fault or fracture (Craw 

1992). Mineralised veins have a typical assemblage consisting of quartz with carbonate, 

pyrite, arsenopyrite, and local scheelite, with minor chalcopyrite, sphalerite, galena, stibnite, 

and gold (P. Ashley & Craw 1995). Veins which formed at shallow crustal levels are 

commonly absent of scheelite, contain stibnite, and show prismatic quartz crystals which 

grow into open cavities (P. Ashley & Craw 1995). Veins which formed at intermediate to 

deeper levels lack stibnite and commonly contain abundant scheelite (P. Ashley & Craw 

1995). Fragments of brecciated, silicified, country rock are also common within the veins 

(Craw 1992). Gold is associated with breccias where present and occurs as sub-microscopic 

to 1 OOµm blebs enclosed in sulphides, predominantly pyrite and arsenopyrite (Craw 1992; 

Craw et al. 2000). Hydrothermal alteration associated with these veins is restricted to narrow 

zones generally less than 10cm wide and commonly less than 1cm wide (Craw et al. 2000). 
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This alteration is predominantly silicification, which affects brecciated country rock and a 

narrow zone of the surrounding wall rock (Craw 1992; P. Ashley & Craw 1995). 

Despite the existence of clear examples of these two end-member type deposits; Shear zones 

- HMSZ, Vein swarms - Nenthom, some deposits show characteristics between the two end

member types (Mortensen et al. 2010). The Glenorchy deposit (Fig 5) for example has 

shallow dipping quartz veins that have rotated during post-metamorphic deformation, 

abundant host rock alteration, and was mined for scheelite not gold (Begbie et al. 2006; 

Mortensen et al. 2010). Likewise, the Barewood deposit (Fig 5) also shows some 

intermediate characteristics, and has abundant scheelite, suggesting, the two deposits were 

formed at moderate crustal depths (MacKenzie & Craw 1993; Mortensen et al. 2010). 

1.4.3 Timing of mineralisation 

Within the Otago Schist belt, mesothermal gold deposits have formed at a variety of 

structural levels during both late metamorphic compressional uplift and subsequent extension 

during the Cretaceous (Craw & MacKenzie 2005). Mortensen et al. (2010) used 40Ar!39 Ar 

dating of hydrothermal muscovite from several mineralised quartz vein systems throughout 

the Otago Schist belt to constrain the age of the deposits. These dates, combined with Pb 

isotope studies and previously published work, suggest mesothermal gold mineralisation 

within the Otago Schist belt formed during two discrete events (Fig 6) (Mortensen et al. 

2010). With each event generating both gold bearing quartz veins and mineralised shear 

zones (Mortensen et al. 2010). The first event at 135 to 142Ma, forming the Hyde-Macraes 

Shear Zone and the Glenorchy vein swarm (Mortensen et al. 2010). The second event at 101 

to 106Ma, forming the Rise & Shine Shear Zone, plus the Barewood and Nenthom vein 

swarms (Mortensen et al. 2010). This is displayed schematically in figure 6, where the 

trajectory of upper and lower greenschist facies rocks is shown in relation to the relevant 

mineralising events. 

The formation of locally rich, gold bearing quartz veins of the Shotover and Macetown 

goldfields represents a third and much younger mineralising event related to the initiation of 

the Alpine Fault in the Miocene (Craw 1989). These veins are hosted in a set of west and 

northwest striking normal faults, show abundant ankerite alteration and are suggested to have 

formed at relatively shallow crustal levels within a few kilometres of the surface (Craw 

1989). 
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Figure 6. Schematic time vs. crustal depth plot for tectonic and gold deposit evolution of the Otago Schist belt 
(modified from Craw et al., 2006a). The heavy black line shows the trajectory followed by lower greenschist 
facies rocks, and the heavy grey line shows the trajectory followed by upper greenschist facies rocks, until the 
latter stages of uplift, when they were juxtaposed. From Mortensen et al. (2010). 
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1.5 HISTORY OF MINING AND EXPLORATION IN THE OLD MAN RANGE AREA 

Over the past 150 years gold has been mined extensively in the South Island of New Zealand, 

from veins in the Otago Schist bedrock and from placers derived from these veins (Craw & 

Norris, 1991). The Old Man Range area is historically rich in both hardrock and placer gold 

mining (McCraw 2003). The area hosts the Alpine Reef in the upper Fraser River basin, 

Buds, Whites and Grays reef's on the eastern flank of the Old Man Range, and the Butchers

Conroys reef system on the lower northeast flank of the range (Map 1, Fig 3). In addition 

locally rich placer deposits occur at Potters and the Sisters Diggings to the southwest and 

west of the Old Man Range (Mapl, Fig 3). 

Alluvial gold is also present through most of the Fraser River and all major creeks running 

throughout the Old Man Range area (Map 1 ). Figure 7 shows some examples of gold 

collected by the author from streams and rivers that drain the Old Man Range area. 

Summary of past production and geochemistry of these deposits is provided in Table 1, at the 

end of this section. 

20mm 10mm 

Figure 7. Examples of gold nuggets the author has detected from live streams within the Old Man Range area. 
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1.5.1 Alpine Reef 

Alpine or (Nicholson's) Reef is a 50cm wide quartz vein deposit striking east-west and 

dipping steeply to the north. It is located 2km west of the Fraser River in the upper Fraser 

River basin (Fig 3). Little historical information is available regarding the early background 

and mining of the quartz reef. However, McCraw, (2003) suggests the quartz reef was 

discovered in the early 1880's. The reef was claimed and a battery stamper erected in 1882 

(McCraw 2003). The claim was then worked unsuccessfully with the claim holders quickly 

determining that the reef did not contain gold in payable quantities (McCraw 2003). 

The reef was the site of more recent exploration in 1980's by Amoco Minerals NZ Ltd. In 

1980 Amoco Minerals Ltd mapped, trenched, drilled, and sampled the historic area. The 

company analysed 114 rock, drill, and soil samples concluding that; mineralisation was gold

arsenopyrite in quartz with traces of tungsten, with some high values of tungsten including 

one of 86400 (ppm), base metals generally remained constantly low and did not vary with 

gold values (Clarke 1980). The most notable association with gold quartz mineralisation were 

high arsenic values (Clarke 1980). The company concluded that there was no high grade 

material left at the deposit, and with low tonnage potential, no further work was 

recommended (Clarke 1980). 

1.5.2 Whites Reef 

In 1876, on the eastern flank of the Old Man Range, James White and Andrew Mitchell 

discovered gold in soft brown rubbly schist full of quartz fragments (McCraw 2003). After 

applying for a claim they mined the top 1 lm and found the gold bearing rubble continued 

down into the rock as a seam (McCraw 2003). The seam striked east-west, was 3m wide with 

a near vertical wall of hard schist on the southern side. (McCraw 2003). The deposit was 

mined intermediately between 1876 to 1927 with variable returns (McCraw 2003). From 

1886 to 1889 the mine worked well with a recovery rate of 1000oz gold/year, with the ore 

averaging l.05oz/ton (32.6ppm) (McCraw 2003). From 1889 mining returns were highly 

variable but some grades reached 119oz/130t (28.4 ppm) where concentrations of gold 

bearing quartz stringers where found (McCraw 2003). Exhibition Reef, which is suggested by 

some to be the eastern continuation of Whites Reef (McCraw 2003 ), is 600m northeast of 

Whites, consisting of rubbly schist with loose gold and arsenopyrite, and was mined between 

1882 and 1892 with some rich finds up to 2oz/t (62ppm) (McCraw 2003). 
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In the late 1980's Bud's Reef and the historic areas of Whites and Grays were revisited by 

Sigma Resources NL. Their work concluded Whites Reef had a minimum strike length of 

800m, with a vertical range over 130m (Nicolson 1989). Only one drill hole intersection was 

considered to be of economic grade, lm at 18.4g/t (l 8ppm) (Nicolson 1989). Trench samples 

included grades of 2m at 2.4g/t (2.4ppm) and lm at 8.5g/t (8.4ppm) (Nicolson 1989). 

1.5.3 Grays Reef 

Thirteen hundred meters southeast of Whites Reef, Grays Reef ( or Excelsior Mine) was a 

short lived gold mine richer than any other quartz mine in the district (McCraw, 2003). It was 

described in the 1890's as outcropping over 90m, having an east -west strike, and consisting 

of a zone of friable quartz in soft schist between hard schist walls l-3m apart (McCraw, 

2003). The mine operated for seven summer seasons between 1891 and 1903 with some very 

high gold returns including 766oz/315t (75.4ppm), 256oz/118t (67ppm), and 62oz/28ton 

(68.6ppm) (McCraw, 2003). 

In the late l 980's Sigma Resources NL visited Grays Reef but did not map it. Their results 

include one trench sample which assayed at l.6g/t (1.6ppm) over lm at Grays Reef (Sigma 

Resources NL, 1987). They also suggested that the mineralised zone at Grays Reef may 

extend 700m in a westerly direction (Sigma Resources NL, 1987). 

1.5.4 Buds Reef 

Buds Reef was discovered in 1982 by local prospector Bud Hyndman who panned free gold 

from a road cutting on the newly constructed Symes Road (Sigma Resources NL, 1987). 

Follow-up sampling produced values of up to 13.Sg/t (13.Sppm) Au over a 0.5m width 

(Sigma Resources NL, 1987). Sigma Resources NL followed this up in 1987 to 1989 with a 

mapping, trenching, drilling and sampling programme over two summer seasons. They 

determined Buds Reef is hosted in a NNW dipping shear zone that extends over 11 Orn 

eastwards (Sigma Resources NL, 1987). Gold and arsenic mineralisation occurs in the shear 

zone which comprises weathered schist fragments in a clay and crushed schist matrix, with 

quartz veins (Sigma Resources NL, 1987). Trench sampling produced grades of up to 

12.25g/t (12.25ppm) over 0.97m (Sigma Resources NL, 1987). Sigma Resources drilled 8 RC 

holes for a total of 41 lm over the general area, there best results from Buds Reef were lm at 

3g/t (3ppm) and lm at 2.7g/t (ppm) (Nicolson, 1989). Anomalous arsenic values ranged from 

20 to 12000ppm but only randomly correlated with gold, scattered tungsten of up to 550ppm 

were noted (Nicolson, 1989). Sigma Resources NL did not discover any economic 
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intersections at Buds Reef and no further work has been reported since their licence expired 

in 1991. 

1.5.5 Butchers Reef 

Butchers or (Alexandra) Reef was discovered in March 1866 (McCraw, 2007). The reef was 

described then as being 50cm wide, striking west-north-west and dipping 75° to the north 

(McCraw, 2007). The mineralised zone consisted of quartz fragments up to 5cms, embedded 

in greasy yellow clay, with gold in the quartz, and also fine gold in the clay (McCraw, 2007). 

The reef was worked intermediately through the late 1860's to 1872 with variable results that 

included 2.5oz/l.5t (51ppm), but results decreased with depth and the reef was deemed 

unpayable (McCraw, 2007). 

In 1909, Wallace Carr and party showed fresh interest in the reef (McCraw, 2007). The party 

pumped water out and deepened the shaft to get to fresh rock, but results confirmed the reef 

unpayable and the project was abandoned (McCraw, 2007). 

1.5.6 Conroys Reef 

Conroys Reef was first discovered in 1862, and first worked in 1869 by A.C. Inversion and 

party who sunk shafts on the western side of Conroys Creek and obtained reasonable gold but 

they soon lost the reef and then water caused them to abandon their shafts (McCraw, 2003) 

The reef comprised thin quartz veins separated by crushed schist rock brown in colour and 

hardened by silica, this zone being 15 to 45cm wide between hard schist walls (McCraw, 

2003). In 1871 the party tried a different approach, tunnelling in horizontally and produced 

encouraging results (McCraw, 2003). A 5-stamp battery was setup to crush the ore which was 

carted by tram up to 180m to the battery (McCraw, 2003). The first results from crushing 

were encouraging with 2oz/t (62ppm), but results soon dwindled and the mine was closed in 

November 1872 (McCraw, 2003). 
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2. METHODS 

2.1 GEOPHYSICS 

In 2007 a helicopter-borne geophysical survey was conducted by Fugro Airborne Surveys Pty 

Ltd, for Glass Earth NZ Ltd, using the RESOLVE TM EM (electromagnetic) system and 

magnetometer (Martin 2013). Instrument elevation was maintained at 30 ± 10m, and line 

spacing was flown at 300m (Martin 2013). During the EM survey five co-planar frequencies 

were collected at 400, 1800, 8200, 40,000 and 140,000 Hz, plus one co-axial frequency at 

3300Hz (Martin 2013). Likely depths of penetration for the EM survey are 5-120m for Otago 

Schist and 3-50m in the Quaternary alluvial basins, with low frequencies having deeper 

penetration. The geophysical data has been levelled, gridded, and processed into a set of 

derivative images, including EM and total magnetic intensity. The data is now available on 

open file from the Ministry of Economic Development New Zealand 

https :// data.nzpam.govt.nz/GO LD/ system/mainframe.asp. 

2.1.1 Magnetic intensity 

The Magnetic susceptibility of quartzofeldspathic schist is relatively low compared to 

metavolcanic and metachert horizons which are several orders of magnitude higher (Cox & 

Gorman 2009). These susceptibilities are controlled by their content of magnetic minerals, 

being mostly magnetite (Fe304) and or titanomagnetite (Fe2 Tb04) and sometimes pyrrohotite 

(Fe1-xS) and hematite (Fe203) (Cox & Gorman 2009). Greenschist within the Wanaka 

lithologic association is known to contain magnetite and have higher concentrations of Fe 

bearing minerals than the adjacent grey schist (Craw 1984; McIntyre 1993). Therefore, areas 

showing a high magnetic intensity on the total magnetic intensity image should correspond to 

greenschist outcrop. 

2.1.2 Electromagnetic (EM) surveys 

The EM resistivity surveys measure how easily or not an electric current passes through a 

material. In contrast to undeformed rock water is a good conductor of electricity, and due to 

the enhanced permeability of fault and shear zones they often hold a higher concentration of 

groundwater than their adjacent undeformed rock (Ben-Zion & Sammis 2003). Therefore, 

water filled fault and shear zones can often be seen as areas of low resistivity ( conductive 

anomalies) on EM images (Ben-Zion & Sammis 2003). 
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Esri Arc Map 10 was used to compile geologic, topographic, aerial, and geophysical images 

into a useable GIS package. This GIS package was then used as geologic mapping tool to 

help constrain the correlation between high magnetic intensity and greenschist outcrop plus 

areas of low resistivity with regional geologic structures. 

2.2 FIELDWORK 

Regional and detailed field work of the Old Man Range area was carried out over a period of 

27 days during the 2012/2013 summer. After reviewing the relevant literature the location of 

historic hardrock deposits were constrained using aerial imagery and ground reconnaissance. 

These areas were mapped in detail, with structural, photographic and sample evidence 

collected from each deposit. Ground-proofing the correlation of greenschist outcrop with high 

magnetic intensity was carried out by focusing on greenschist outcrops identified by previous 

workers, and areas showing a high magnetic signature. Ground-proofing areas of low 

resistivity with regional geologic structures was performed by analysing EM, aerial and 

topographic maps in order to identify the location of likely structures, followed by detailed 

geologic mapping to acquire geologic evidence. 

2.3 ROCK SAMPLE ANALYSIS 

To help constrain the grade and character of mineralisation of the known hardrock deposits 

and identify areas of future explorational interest 30 rock samples were Fire assayed for Au 

and analysed for As by SGS Mineral Services Westport. SGS also analysed 20 samples of 

crushed mineralised and potentially mineralised rock by X-ray fluorescence spectrometry 

(XRF) Fused Beads, for major element concentration including loss on ignition (LOI). 

Samples were ground into a fine powder using a tungsten carbide rock mill. Mineralised 

major element data was then compared to typical host rock data to constrain alteration. Host 

rock data was obtained from http://pet.gns.cri.nz/, with Wanaka lithologic association data 

from (McIntyre 1993), and Caples Terrane data from (Palmer et al. 1991). 

Gold grains were panned from hard rock and alluvial deposits where possible. Gold nuggets 

were also detected using a Fisher Goldbug metal detector from exposed bedrock within the 

Fraser River and some tributaries. Gold grains and nuggets were then mounted on 10mm 

SEM stubs using carbon tape and a fine paint brush under a Zeiss stereomicroscope and then 

carbon coated. Scanning electron microscope (SEM) examination and secondary electron 
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imaging (SEI) of gold grains was carried out using a Zeiss Sigma VP FEG SEM located at 

the Otago Centre for Electron Microscopy (OCEM), University of Otago . 

Figure 8. Alluvial (left), and alluvial and hardrock (right), gold grains mounted on 10mm diameter SEM stubs 
using carbon tape. 

Representative samples of mineralised and host rock were collected in the field. These 

samples were cleaned and cut in order to describe the features seen in hand specimen. Thin 

and polished sections were made, analysed and photographed using an Olympus BH-2 

microscope plus an Olympus BX 41 microscope fitted with a Olympus TH4 200 reflected 

light unit. The minerals present, grain size, grain textures and rock textures were analysed to 

determine their mineralogy and petrology. Several polished and carbon coated sections were 

also analysed using a Zeiss Sigma VP FEG SEM. Semi-quantitative analysis of these sections 

was carried out using energy dispersive X-ray spectroscopy (EDS) combined with Inca and 

Aztec software to create element maps and identify the mineral phases present. 
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3. GEOPHYSICAL RESULTS AND GEOLOGIC MAPPING 

3.1 MAGNETIC INTENSITY 

A magnetic intensity image was overlain over topographic data to target field mapping, to 

constrain the possible correlation between high magnetic intensity and greenschist outcrop 

(Fig 9). The image displayed several areas showing a high magnetic signature (Fig 9A). In 

addition, the image also revealed one area that was mapped as green schist in a previous 

study (McIntyre 1993 ), but did not display any magnetic signature on the magnetic intensity 

map . 

Figure 9. A. Total magnetic intensity image overlain with Topo50 image, Old Man Range. Areas displaying warm
hot colours (yellow-red) correspond to high magnetic intensity; areas displaying cool colours (blue) correspond to 
low magnetic intensity. B. Showing the results of geologic mapping to ground-proof the correlation between high 
magnetic intensity and greenschist outcrop. Circles correspond to GPS points and rock type at that point, Green= 
greenschist, Grey= grey schist. (https://data .nzpam.govt.nz/GOLD/system/mainframe.asp) 
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Geologic mapping confirmed the positive correlation between high magnetic signature and 

greenschist outcrop. All places showing an intense magnetic signature (areas in red Fig 9A) 

that were visited, correlated to greenschist outcrop at ground level (Fig 9B). Note, Figure 9B 

does not show green circles at all areas displaying an intense magnetic signature, as obvious 

greenschist outcrops that could be confirmed from a distance were not logged as GPS points. 

Often areas showing a medium magnetic intensity, warm colours (yellow - orange), had a 

thin veneer of grey schist overlying greenschist, which was exposed in patches, other areas 

had tors of grey schist with greenschist at ground level. 

The area identified as greenschist by (McIntyre 1993) that did not show a magnetic signature 

correlated to a reasonably extensive band of non-magnetic green schist (Map 1, Fig 9B). The 

solid character of the outcrop and consistent foliation and lineation orientations (Map 1) 

suggest the outcrop is a solid body of green schist and not a small displaced block. 

Greenschist was classified into three types for the purpose of geologic mapping depending on 

magnetic properties and mapping constraints (Map 1 ); 

GSC = Greenschist identified by high magnetic intensity and constrained by geologic 

mapping. 

GSG = Greenschist identified by high magnetic intensity but not constrained by geologic 

mappmg. 

GSN = Greenschist constrained by geologic mapping but does not show a magnetic anomaly 

(non-magnetic greenschist). 
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3.2 ELECTROMAGNETIC (EM) SURVEYS 

Analysis of EM images shows a series of generally northwest and northeast trending 

resistivity anomalies (Fig 10). These anomalies can be seen as linear zones of cool colours 

(blues, low resistivity) that cut through the image (Fig 10). Geologic mapping targeting some 

of these zones has identified areas of highly folded, sheared, and deformed rock of a 

permeable nature. This geologic evidence, combined with the location of fault scarps that 

have offset the topography, have constrained the location of a number of regional structures 

in the Old Man Range area (Fig 11 ). 

Low : 7.85539 2km 

Figure 10. EM image of the Old Man Range area showing a series of northwest and northeast trending 
anomalies, seen as linear zones of cool colours. Black box = area covered by Map 1. 
(https://data.nzpam.govt.nz/GOLD/system/mainframe.asp) . 
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Figure 11. EM image overlain with Topo250 showing the location of anomalies identified from the EM 
image and Wakatipu Qmap, plus those constrained as geologic structures. Area 1 = Plate 1, 
2 = Fig 12, 3 = Fig 14. A = location A Whitecoomb Fault. B = location B Fraser Fault. 
(https://data.nzpam.govt.nz/GOLD/system/mainframe.asp) 

3.2.1 Whitecoomb Fault 

The Whitecoomb Fault is a regionally extensive fault zone running up the Argyle Bum 

Creek, adjacent to the Whitecoomb Creek, trending north-north-east to the Potters Diggings 

(Fig 11 & 12), and is mapped on the Wakatipu Qmap (Turnbull 2000). Adjacent to 

Whitecoomb Creek the fault zone is well defined by a conductive anomaly and fault scarp 

(Fig 12). The linear EM anomaly traces up the Argyle Bum then follows an obvious fault 

scarp that forms a bench in the topography southeast of the Whitecoomb Creek and can be 
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traced north through the Potters Diggings (Fig 12 & 13). At the Potters Diggings the fault 

zone is characterised in outcrop by tightly folded, sheared, friable greyschist (Fig l 3B). The 

schist is highly weathered and saturated with water. At location (A) Fig 12, the fault zone 

comprises sheared friable schist with some visible pyrite. The occurrence of pyrite in this 

fault zone may add to its conductivity . 

Figure 12. A, EM image with Topo50 overlay showing the north-north-east trending anomaly of the Whitecoomb 
Fault. B, Topo50 image showing the trace of the Whitecoomb Fault and corresponding fault scarp. 
(https://data .nzpam.govt.nz/GOLD/system/mainframe.asp) 
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One concern when interpreting EM images, is whether or not the image is simply 

highlighting the topographic highs and lows, and their corresponding water concentration. 

The Whitecoomb Fault is a good example of where the EM anomaly does not correspond 

with the adjacent topographic low, which is defined by Whitecoomb Creek (Fig 12). The 

anomaly trends adjacent to the Whitecoomb Creek approximately 1 OOm higher in elevation 

than the topographic low, it then cuts across a westward facing slope to Potters Diggings (Fig 

12&13). Where the anomaly cuts across the westward slope it is relatively distant from any 

topographic low. 

This observation supports the inference that most linear anomalies shown in the EM image 

appear to be highlighting geologic structures and not topography controlled groundwater. 

E w 

Figure 13. (Grid reference (GR) A & B 1298014 4962312) A, Looking south from Potters Diggings towards 
Whitecoomb Creek, showing the Whitecoomb fault scarp and fault trace from the western flank of the 
Whitecoomb Range to Potters Diggings. B, Folded, friable, saturated schist, Potters Diggings. 
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3.2.2 Fraser Fault 

A regionally extensive fault zone trends northwest through the Sisters Diggings (Fig 11 ), and 

is termed here the Fraser Fault. A small section west of the Sisters Diggings is shown on the 

Wakatipu Qmap (Turnbull 2000). The fault zone is defined on the EM image as a northwest 

trending linear anomaly southwest of the Fraser River (Fig 14A). The anomaly corresponds 

to an obvious bench in the topography that is inferred to be a fault scarp (Fig 14B). Again, 

south of the Sisters Diggings, the trace of the anomaly and corresponding fault scarp are 

higher in elevation than the topographic low, which is defined by the Fraser River. The fault 

zone outcrops at the Sisters Diggings where it is characterised by a 15m zone of sheared, 

faulted, and fractured rock (location B, Fig 14B & 15). The outcrop has been cut by east-west 

striking quartz veins up to 20mm wide (Fig 15C). The outcrop is highly weathered, with parts 

stained a rusty brown colour and parts soft and puggy (Fig 15) . 

Figure 14. A, EM image with Topo50 overlay showing the northwest trending anomaly of the Fraser Fault. B, 
Topo50 image showing the trace of the Fraser Fault and corresponding fault scarp. B = location B. 
(https://data.nzpam.govt.nz/GOLO/svstem/mainframe.asp) 

31 



.. 
I 

\ 

... 

V' 

.. 

... 
... 

r 

• 

I> 

Figure 15. (GR A, B, & C 1297826 4977341) Outcrop photos of Fraser Fault, location B Fig 148. A, Sheared , 
faulted , fractured schist with zone of oxidation staining (hammer for scale) . B, Sheared , fractured schist (hammer 
for scale) . C, 10mm crosscutting quartz vein . 
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3.2.3 Waikaia East Fault 

A regionally extensive northwest trending anomaly is identified immediately adjacent to 

Waikaia River East (Fig 11). Bud Hyndman, who mined the area extensively for gold in the 

1960' s-1980' s, noted a zone of soft puggy schist running parallel with the river in a north west 

direction (Pers corn. Bud Hyndman). This information is used in this study to constrain the 

location of this fault zone which is termed the Waikaia East Fault (Map 1, Fig 11). 

3.2.4 Correlation with Qmap structures 

All structures shown on the Wakatipu Qmap (Turnbull 2000), correspond to an anomaly 

shown on the EM surveys (Fig 11 ). Analysis of the EM images also identifies a number of 

anomalies that are not represented as structures on the Wakatipu Qmap (Map 1). Therefore, 

these different structures/anomalies have been represented separately on Map 1. 

3.2 GEOLOGIC MAPPING 

Geophysical and GIS analysis and interpretation, combined with geologic reconnaissance 

have been used to construct a regional geologic map of the Old Man Range area (Map 1 ). 

This map shows the location and division of geologic units. Plus the location, orientation, and 

classification of geologic structures and zones of gold mineralisation throughout the field 

area. 

Geologic structures have been classified into four types depending on their identification and 

constraining evidence. Greenschist has been divided into three types depending on magnetic 

properties and geologic constraints. 
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4. GEOLOGIC UNITS 

4.1 TZ IVWANAKA LITHOLGIC ASSOCIATION OTAGO SCHIST 

Rocks of the Wanaka lithologic association (WLA), outcrop as a north-south finger through 

the centre of the Old Man Range area (Map 1 ). These rocks are bordered by Caples Terrane 

rocks to the west, south, and east (Map 1 ). Within the field area rocks of the WLA comprise 

psammitic and pelitic grey schists with significant greenschist horizons (Map 1 ). Greenschist 

horizons are often structurally below greyschist, outcropping at ground level with upright tors 

of greyschist protruding from the greenschist (GR 1302962 4972750). Contacts between 

greyschist and greenschist appear to be foliation parallel in most places (Map 1 ), suggesting 

the greenschist bodies are foliation parallel masses with a short X-axis perpendicular to 

foliation and a long Y-axis parallel to foliation (Map 1). The outcrop character of WLA schist 

varies from coarse, sub-planar foliated rocks around Whites Reef to variably folded rocks 

near the Fraser River and Sisters Diggings (Map 1, Fig 16 A & B). A quartzofeldspathic 

segregation foliation and quartz rodding lineation is well developed throughout the field area 

(Map 1 ). This foliation is locally deformed but generally lies sub-parallel to the overly lying 

topography (Map 1 ). The quartz rodding lineation plunges gently and is consistently 

orientated north-south (Map 1 ). 

4.1.1 Greyschist 

In hand specimen (OU83994 & OU83997) quartzofeldspathic and micaceous segregation 

bands, that define S 1 foliation, have been isoclinally folded, with some shearing visible along 

fold hinges. Quartzofeldspathic bands are 3-20mm thick and make up between 40-60% of the 

rock. Micaceous bands are dark grey, 5-15mm thick, and comprise the remainder of the rock. 

In thin section (OU83997) quartzofeldspathic and micaceous bands have been folded and 

deformed. Quartzofeldspathic bands comprise quartz (70-80%), and feldspar (30-20%). 

Quartz grains are both equant and elongated, ranging from O .4-1 mm. Elongated grains 

commonly show undulose extinction. Micaceous bands comprise muscovite (-60-70% ), 

chlorite and oxychlorite (-20%), with minor titanite, epidote, actinolite, and apatite. 

Muscovite laths reach up to 1mm in length. Black micro-shears are observed within 

micaceous layers. 
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Figure 16. (GR A 1297850 4977321 , B 1297243 4976920) A, Highly folded TZ IV, WLA greyschist with 
segregation foliation acting as form surface (hammer for scale) . B, lsoclinally folded segregation fol iation , with 
fold axial surface lying parallel to pencil. C, Plan polarised light (PPL) & D crossed polarised light (XPL) 
photomicrographs of greyschist (OU83997) showing deformed quartzofeldspathic and micaceous segregation 
foliation , mineralogy and micro-shears within micaceous bands (Q=quartz, Mu=muscovite, Ocl=oxychlorite, 
Ap=apatite) . 
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4.1.2 Greenschist 

Magnetic Greenschist 

In hand specimen sample (OU83995) shows leucocratic and melanocratic segregation bands 

that have been highly folded and deformed (Fig 17 A). Leucocratic bands are 5-20mm thick 

and make up 60-70% of the rock. Melanocratic bands are 1-10mm thick and make up the 

remainder of the rock. Open cavities (1-5mm) can be observed within the leucocratic layers. 

In thin section (OU83995) (Figl 7 B&C) leucocratic bands comprise 0.4-lmm grains of 

quartz (-60%) and feldspar (-40%), and undulose extinction is commonly observed in quartz 

grains. Melanocratic bands comprise muscovite (-40%), chlorite (-30%), epidote (-15%), 

titanite (-10% ), and minor actinolite and apatite. Muscovite and chlorite laths reach up to 

1.3mm. Titanite is observed in two forms; commonly as fine -0.1-0.2mm grains in the 

melanocratic ground mass, and as porphyroblasts up to 0.4mm. Melanocratic bands show a 

high degree of deformation, including micro-shearing, with a higher percentage of titanite 

and epidote along the shears. No Magnetite was seen in thin section, but magnetite 

porphyroblasts occur in outrops. 

Non-magnetic greenschist 

Hand specimen (OU83993) shows a planar, fine grained greenschist with melanocratic and 

leucocratic segregation banding that defines a penetrative foliation (Fig 17 D). Leucocratic 

bands are off-white, 1-lOmm thick, and comprise (-40%) of the rock. Melanocratic bands are 

green, 2-10mm thick and comprise (-60%) of the rock. 

In thin section (OU83993) melanocratic bands comprise chlorite (-40%), muscovite (-40), 

epidote (-10% ), titanite (-5%) and minor actinolite. Chlorite and muscovite laths reach up to 

1mm, but epidote and titanite grains are fine (-0.02mm), except for rare -0.5mm epidote 

porphyroblasts. Leucocratic bands comprise (0.05-0.5mm) quartz (-60%) and feldspar 

(-40%) grains. Grains are both equant and elongated with quartz commonly showing straight 

extinction. 
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Figure 17. A, B, & C = Magnetic greenschist (OU83995). A, Hand specimen photograph showing highly folded 
leucocratic and melanocratic banding. B, (PPL) & C (XPL) Photomicrographs showing deformed character, and 
mineralogy. D, E, & F = Non-magnetic greenschist (OU83993) . D, Hand specimen showing planar foliation 
defined by leucocratic and melanocratic segregation banding. E (PPL) & F (XPL) Photomicrographs showing 
planar character and mineralogy. (F=feldspar, Ep=epidote, Ti=titanite, Cl=chlorite) 
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4.2 TZ III CAPLES TERRANE OT AGO SCHIST 

Caples Terrane schist outcrops as two separated bodies in the east and west of the Old Man 

Range area (Map I).To the east the Old Man Fault juxtaposes Wanaka lithologic association 

schist against Caples schist and to the west the foliation parallel terrane boundary, which is 

offset by steep faults, divides the two schist types (Map 1 ). The schist is well exposed as tors 

and in road cuttings between Fruitlands valley and Alexandra (Map 1 ). In outcrop the schist 

forms tors 3-4m in height and is characterised by its sub-horizontal planar schistosity 

(Fig 18A). This planar feature is highlighted in places such as around Mitchells Cottage, 

Symes Road, Fruitlands valley (GR 1309344 4972296), where the rock has been quarried and 

used for building the historic cottage. 

In hand specimen (OU83999) quartzofeldspathic (psammitic) and m1caceous (pelitic) 

segregation banding defines a planar foliation. This foliation has been crenulated, and 

micaceous crenulation hinges define a crenulation lineation. Quartzofeldspathic bands are 

off-white, 3-10mm thick, and make up 50-60% of the rock. Quartz rods are observed within 

the quartzofeldspathic layers. Micaceous bands are dark grey, 1-lOmm thick, and make up 

30-40% of the rock. 

In thin section (OU83999) (Fig 18B&C) quartzofeldspathic layers are predominantly 

composed of semi-equant, subhedral grains of quartz (-60%) and feldspar (-40%). Grains 

range from 0.4-1.0mm, with quartz displaying some undulose extinction, and feldspar grains 

sometimes fractured. Micaceous layers are composed of muscovite (-60% ), chlorite and 

oxychlorite (-20%), epidote, and minor apatite and titanite. Muscovite laths reach 0.5mm and 

lie sub-parallel to the pervasive foliation. 
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Figure 18 (GR A 1312531 4981550) TZ Ill Caples schist with quartzofeldspathic and micaceous segregation 
banding defining a relatively planar foliation , Conroys Gully. Note prominent east-west joints. B (PPL) & C (XPL) 
photomicrographs of sample (OU83999) showing planar segregation banding and mineralogy. 
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4.3 DUNSTAN FORMATION MANUHERIKIA GROUP 

Sediments of the Dunstan Formation, Manuherikia Group, outcrop locally in two places 

within the field area (Map 1). Within the Fruitlands valley, fluvial sands of the Dunstan 

Formation outcrop locally in historic mining pits where the overlying Quaternary alluvium 

has been removed by the early gold miners (Fig 19A). Locally silica cemented Dunstan 

Formation, sarsen stones, are found scattered throughout the Sisters Diggings basin 

(Fig 19C). 

On the western edge of the Fruitlands valley Dunstan Formation sands outcrop beneath 

Quaternary alluvium and are inferred to span the width of the valley lying unconformably on 

top of TZ III Caples Terrane schist, although this lower contact is not observed. The Dunstan 

Formation forms sub-horizontal beds of well consolidated (brown) and moderately 

consolidated ( cream) sands (Fig 19A). The sands are well sorted comprising medium, 

angular-sub-angular, quartz - feldspar and minor mica grains (Fig l 9B). 

In the Sisters Diggings basin sarsen stones are scattered throughout the area with large 

boulders overlying altered kaolinitised schist and smaller boulders found throughout historic 

gold mine tailings. In the south of the basin several large (up to 3m diameter) angular 

boulders outcrop in an east-west band (Fig 19C). Throughout the area it appears early miners 

have used the sarsen stones as a pathfinder for local basins and depressions that contain 

alluvial gold, and mining activity has displaced many sarsen stones. 

Douglas (1986) suggests the Dunstan Formation would have covered the Old Man Range 

area during the Miocene. Therefore, these sediments would have been recycled and mostly 

removed during late Cenozoic erosion related to the uplift of the Old Man Range. Outcrops of 

sarsen stones have been preserved in basins, such as the Sisters Diggings, as they are highly 

resistant. The surrounding quartz sands would have been stripped away leaving the large 

resistant boulders lying on altered kaolinitised schist. Dunstan Formation sands remain in the 

Fruitlands valley where they have been protected from erosion related to uplift of the 

surrounding ranges. 
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Figure 19. (GR A 1309684 4971979, C 1299594 4969288) A, Dunstan Formation sands lying unconformably 
below Quaternary Alluvium , Fruitlands valley. Gold mined at this unconformity . B, well sorted sands of the 
Dunstan Formation . C Large, angular sarsen stone, Sisters Diggings. 
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4.4 WAIPIPIAN GRAVELS 

One isolated deposit of auriferous quartz gravels occurs at the Potters Diggings basin in the 

southwest of the field area (Map 1). The gravels unconformably overly deeply weathered and 

folded TZ III Caples Terrane schist. The gravels predominantly consist of well sorted, well 

rounded, quartz pebbles. No sedimentary structures were observed. The gravels would most 

likely have originally spanned the basin but have now been mostly removed by early gold 

mmers. 

Stirling (1990) and references therein, suggest the gravels are Waipipian (3-3.6Ma) in age 

based on palynology. They are presumed to have been derived from reworking of 

Manuherikia Group sediments during the initial stages of Late Cenozoic uplift of the schist 

ranges (Stirling 1990). Their occurrence/deposition in a faulted basin has likely protected 

them from recent erosion related to the uplift of the Old Man Range. 
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4.5 QUATERNARY ALLUVIUM 

Isolated deposits of auriferous Quaternary alluvium/colluvium are located in valleys and 

local basins throughout the field area (Map 1 ). The most extensive deposit with the best 

exposure is located on the western side of the Fruitlands valley, on the eastern margin of the 

Old Man Range (Map 1). Deposits also occur in the upper Fraser River basin, and small local 

deposits are found near the Sisters Diggings in the northwest of the field area (Map 1). 

In the Fruitlands valley, sluicing by early gold miners has created good exposure of the 

deposit which is predominantly composed of angular Otago Schist detritus in a sand and 

pebble matrix (Fig 20A&B). The deposit forms a sediment apron unconformably overlying 

schist basement and Dunstan Formation sands. This lower contact changes from TZ III 

Caples schist to Dunstan Formation sands as you move east, down the east flank of the range 

towards the centre of the Fruitlands valley. The deposit varies from 3-6m in thickness, is 

rusty brown in colour and can be described as a moderately consolidated, massive, poorly 

sorted breccia. The deposit comprises clasts of both Caples and Torlesse terrane schist (90%) 

with minor quartz, surrounded in a matrix of sand and pebbles. Schist clasts vary in size and 

roundness from 0.2-lm diameter blocks and from angular to sub-rounded. 

The Quaternary alluvium is locally auriferous and has been mined historically for alluvial 

gold in the Fruitlands valley and in local deposits near the Sisters Diggings (Map 1 ). In the 

Fruitlands valley it appears historic gold miners have concentrated on mining the zone near 

the unconformity with the underlying schist and Dunstan Formation sands. Remnants of these 

workings are well preserved in the valley as a series of pits and tunnels (Fig 20A&B). In the 

pits the overlying Quaternary alluvium has been removed exposing the underlying schist and 

Dunstan Formation sands. Gold flakes can be panned from the alluvium near the 

unconformity, and a gold flake panned from this zone shows rounding and folding (Fig 20C). 

The angular nature and provenance of the schist clasts suggest the deposit is a simple fan 

sequence that has been derived from the adjacent Old Man Range during Late Cenozoic 

uplift. Deposits of alluvium left by the Clutha River are can be found 6km northeast 

immediately adjacent to the Roxburgh - Alexandra highway (Fig 20D). These deposits have 

a significant and distinctive rounded greywacke component, derived from the headwaters of 

the Clutha catchment. The lack of any greywacke clasts in the Quaternary Alluvium on the 

Old Man Range rules out the deposit being derived from the Clutha River. 
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Figure 20. (GR A 1309326 4972103, B 1309684 4971979 , D 1313116 4978598) . A, -5m vertical face of 
Quaternary Alluvium with mining tunnel at the schist unconformity. B, Historic gold mining pit with pile of schist 
clasts , Fruitlands valley. C, Secondary electron image of gold flake panned from the Quaternary Alluvium. D, 
Clasts of rounded greywacke from Clutha River alluvium. 

44 



5. STRUCTURE OF THE OLD MAN RANGE AREA 

For the purposes of this section the Old Man Range area is divided into two structural blocks; 

East Block, east of the Old Man Fault region which hosts Butchers and Conroys reefs; and 

West Block, west of the Old Man Fault region and east of the Caples-Torlesse Terrane 

boundary, which hosts Alpine, Grays, Whites, and Buds reefs. Geologic mapping has 

determined the change in orientation of geologic structures is generally well defined by the 

Old Man Fault, with the exception of a minor number of east-west joints 1500m east of the 

fault. 

5.1 WEST BLOCK WANAKA LITHOLOGIC ASSOCIATION 

5.1.1 Mesozoic schist fabric 

The Wanaka lithologic association schist of the West block is a strongly foliated and locally 

folded schist with millimetre scale quartz rich and mica rich segregation banding (Fig 16). The 

orientation of foliation varies along and across the strike of the Old Man Range (Map 1, Fig 21 ). 

Quartz rods in the plane of foliation define a well-developed lineation that consistently trends 

south to north-north-east (Map l, Fig 21 ). Axes of crenulations of foliation trend parallel to this 

lineation. 

Foliation lies sub-parallel to the topography on the eastern flank, range axis, and southern part of 

the Old Man Range (Map 1 ). In the northwestern part of the structural block near the Sisters 

Diggings the foliation dips more steeply to the south and southwest. This zone of steeply dipping 

foliation is commonly strongly folded with fold amplitudes varying from 2-50cm (Fig 16). 

Previous authors have suggested that the section of Caples - Torlesse Terrane boundary that 

trends through the Old Man Range area is a foliation parallel boundary (Mortimer 1993; Turnbull 

2000; MacKenzie & Craw 2005). This was inferred to have formed when Caples Terrane rocks 

were overthrust on to WLA rocks and then eroded off the top of the Old Man Range leaving a 

thin veneer of Caples rocks overlying WLA rocks to the south and west (Mortimer 1993; 

Turnbull 2000; MacKenzie & Craw 2005). Geophysical analysis of this area supports the above 

structural orientation. In the southwest part of the Old Man Range area (Map l) total magnetic 

intensity images show a number of high magnetic signatures. These signatures are inferred to 

come from greenschist bodies within the structurally underlying WLA rocks. This supports the 

suggestion of a thin veneer of Caples rocks as the magnetic response has been detected through 

the veneer of Caples schist. 
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Figure 21 . Structural data table for the West and East blocks showing equal area stereonet representation of 
structural data and corresponding aerial photographs showing A, east west and B, northwest structural grain of 
the schist. 
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5.1.2 Post-metamorphic faulting 

Geologic mapping combined with geophysical analysis and compilation of existing geologic 

data shows a set of north-northeast and northwest trending fault zones (Map 1, Fig 11 ). The 

orientation of this fault set is consistent with the regional Late Cretaceous northwest and 

northeast structural grain of the Otago Schist (MacKenzie & Craw 2005). As described 

previously the generally north trending Old Man Fault is the most prominent regional 

structure in the Old Man Range area (Map 1 ). The northwest trending Fraser River fault (Map 

1, Fig 11) is also a prominent structure within the West structural block. Extending for more 

than 15km along strike and 300m across strike (Map 1 ). 

Mineralised zones within the West block have a contrasting strike to the regional northwest 

northeast structural grain, as they generally strike east-west (Map 1). All mineralised zones 

show structural evidence indicating they are hosted in normal faults, and are discussed further 

in Chapter 6. 

5.1.3 Jointing and discontinuous extensional veins 

Swarms of small discontinuous quartz veins are commonly observed within the West block in 

areas of good outcrop exposure, eg Fraser River (Map 1, Fig 21 &22). Veins cross-cut schist 

foliation and lineation at a high angle (Fig 21&22). They are orientated in a geometrically 

consistent manner, sub-vertical and striking east-west (Fig 21&22). The veins are typically 

1 cm thick and 50cm long (Fig 22), but may reach 50cm in thickness and 1.5m in length. They 

typically comprise fibrous quartz that in places has grown at right angles to the vein walls, 

indicating they are dilatation veins (Fig 22). 

Prominent joint sets are well developed throughout the West structural block and can be 

observed in most schist exposures throughout the area (Map 1, Fig 21&22). They are 

predominantly orientated in a geometrically consistent manner, sub-vertical and striking east

west, cutting the schist foliation and lineation at a high angle (Fig 21 &22). Most joints are 

several metres high and long, and often cross schist tors from end to end (Fig 22). The joints 

consist of smooth planar surfaces that are typically spaced 0.3-2m apart. 

Within the West block prominent joint sets are often well developed around zones of gold 

mineralisation (Map 1). For instance, surrounding Alpine Reef the joint system is well 

developed and the concentration of joints appears higher than adjacent areas. The joint 

system and the mineralised structure have the same structural orientation, striking east-west 
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Figure 22. (GR A 1299711 4969401 , B 1299920 4973510, C 1306472 4971185) A. Outcrop photo showing sub
vertical east-west striking joint set in TZ IV WLA schist north of Alpine Reef. B. Sub-horizontal face showing east
west striking discontinuous extensional quartz veins in TZ WLA schist, Fraser River. C. Sub-vertical face showing 
east-west striking discontinuous, dilatation , quartz veins with open cavities , TZ IV WLA schist, Grays Reef. 
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and dipping steeply to the north. Field observations indicate some of these joint surfaces have 

developed into the normal faults that host the mineralised quartz lode. These observations are 

discussed further in Chapter 6. 

The prominent east - west orientated joint system also matches the structural grain of the 

schist throughout the West block (Fig 22). The aerial photograph in Fig 22 shows the obvious 

east-west structural grain of the schist and the matching drainage orientation. This east-west 

orientation contrasts with the regional northwest, northeast structural grain of the Otago 

Schist (MacKenzie & Craw 2005). 

5.1.4 Late Cenozoic compressional structures 

As described previously, the Old Man Range is a broad, northward trending antiform formed 

during Late Cenozoic compressional tectonics (Stirling 1990). East and west dipping foliation 

at the east and southwest of the ridge respectively can be attributed to this Late Cenozoic 

antiformal folding (Map 1). Except for the zone of highly folded and steeply dipping foliation 

near the Sisters Diggings, the orientation of the foliation in the West block is sub-parallel to 

the regional unconformity and corresponding topography. 

As previously described the complete Old Man Range area shows a set of northwest to 

northeast trending structures and most of these structures are inferred to be formed from Late 

Cretaceous normal faulting. A number of these structures, such as the Old Man Fault (Map 1, 

Fig 11 ), have been reactivated as reverse faults during Late Cenozoic compression (Stirling 

1990). Two other structures that show evidence of Late Cenozoic reactivation and reversal 

are the Whitecoomb and Fraser River faults (Map 1, Fig 11). Both of these structures show 

obvious fault scarps that offset the topography, suggesting movement in the Quaternary 

(Fig 12&14). 
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5.2 EAST BLOCK CAPLES 

5.2.1 Mesozoic schist fabric 

The TZ III Caples Terrane schist of the East block is a planar foliated schist with millimetre 

scale quartz rich and mica rich segregation banding (Fig 18). The orientation of foliation 

varies throughout the East Block, has a consistent shallow dip, and is often sub-parallel to the 

topography (Map 1, Fig 21 ). Quartz rods in the plane of foliation, and axes of crenulations of 

the foliation, define a well-developed lineation that consistently trends north-south (Map 1, 

Fig 21). 

5.2.2 Post-metamorphic faulting 

Structurally the East block is dominated by two northeast trending faults (Map 1) that can be 

interpreted from the Wakatipu Qmap (Turnbull 2000) to be part of the Manuherikia Fault 

Zone discussed in Chapter 1.3 . Both of these faults show a linear conductive anomaly on the 

EM images (Fig 10). 

Immediately southwest of Conroys Reef, on the Conroys Road, a north-north-east striking 

fault zone outcrops in the road cutting (Map 1, Fig 23). The fault strikes 026°, dips steeply 

(65°) to the east, and slicken line orientations indicate the latest movement was 

predominantly dip-slip (Fig 23). The fault comprises a polished fault plane with a metre of 

sheared schist in the above hanging wall, and a l-3m scale zone of clay gouge, grey 

discontinuous, silicified pods and sheared schist in the underlying footwall (Fig 23). A 

polished section from one of the grey silicified pods (OU83985) shows a silicified cataclasite 

with -1-4mm clasts of schist and quartz in a fine grained quartz matrix, with minor fine 

grained sulphides. The section has also been crosscut by -0.5mm wide veins of quartz and 

calcite. Due to the fault zones orientation and immediate proximity to of the Manuherikia 

Fault Zone, the fault is inferred to be an off-shoot of the larger Manuherikia Fault Zone and 

has been mapped as such (Map 1 ). 

Mineralised zones within the East block strike northwest, and show structural evidence 

indicating they are hosted within normal faults. These zones are discussed further in 

Chapter 6. 
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Figure 23. (GR A&B 1312706 4981400) A. Outcrop photo looking north showing north-north-east strike of fault 
plane, with deformed schist above and below. B. Polished fault plane showing the orientation and slip vector. 
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5.2.3 Jointing 

Prominent jointing is well-developed throughout the East block and joints can be observed in 

most schist outcrops throughout the area (Map 1, Fig 21&24A). Joint sets are orientated in a 

geometrically consistent manner, striking northwest and dipping steeping to the northeast or 

southwest, and in places form conjugate sets (Fig 21&24A). Most Joints are several metres 

high and long, with smooth planar faces typically spaced 0.3-2m apart (Fig 24A). 

As with the West block prominent joint sets are well-developed around zones of gold 

mineralisation (Map 1, Fig 24A). Surrounding Conroys Reef the joint system and mineralised 

structures have the same orientation, striking northwest and dipping steeply to the northeast 

or southwest. The structural orientation of these mineralised zones is discussed further in 

Chapter 6. 

5.2.4 Kink folding 

Throughout the East block compressional kink folding that has deformed the predominately 

planar foliation has been observed sporadically. Kink folds show rounded hinges and fold 

axis surfaces generally strike 100° with sub vertical dip (Fig 24B). Fold axial surfaces often 

show fracturing, but no veining, mineralisation, or silicification was observed. 

The occurrence of kink folding is relatively common throughout the Otago Schist belt (Craw 

1985; Craw & Norris 1991; Cox et al. 2006). There are two main generations: the first is 

related to late to post-metamorphic compression, as the schist pile moved from the ductile 

regime to the brittle regime (Craw 1985; Craw & Norris 1991; Cox et al. 2006); and the 

second is related to Late Cenozoic compression (Mackenzie & Craw 2004; Craw et al. 2006; 

MacKenzie et al. 2007). No geologic evidence was observed to constrain the generation and 

relative age of the kink folding in the East block. However, Mackenzie & Craw's (2004) 

observations in the nearby West block indicate Late Cenozoic kink folding took place within 

the broader Old Man Range area. 

5.2.4 Late Cenozoic compressional structures 

Late Cenozoic compression has folded and faulted the regional unconformity and resulted in 

the formation of the antiformal Old Man Range, and surrounding antiformal and synformal 

landscape (Stirling 1990). As a result of this deformation the foliation throughout the East 

block has been deformed and now generally lies sub-parallel to the predominantly flat lying 

regional unconformity and corresponding topography (Map 1, Fig 21& 24). 
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Figure 24. (GR A 1312638 4981497, B 1314260 4979098) A, steeply dipping northwest striking conjugate joint 
set, Conroys Reef. B, compressional kink folding in TZ Ill Caples schist , fold axial surface striking 100° with sub
vertical dip, note sub-horizontal planar foliation . 
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6. MINERALISATION 

Gold bearing mineralised lodes of the Old Man Range area are hosted in northwest and east

west striking structures which cut the host schistosity at a high angle (Map 1, Fig 3). The 

different strike and host rock defines these lodes into two broad groups. 1. The generally east

west striking Alpine, Buds, Whites, and Grays reefs which are located west of the Old Man 

Fault and hosted in TZ IV Wanaka lithologic association schist (West structural block) (Map 

1, Fig 3). 2. The northwest striking Conroys and Butchers reefs which are located east of the 

Old Man Fault and hosted in TZ III Caples Terrane schist (East structural block). 

6.1 ALPINE REEF 

Alpine Reef is located 2km west of the upper Fraser River, on the west side of the Old Man 

Range, and can be accessed from a 4wd track that traverses around the west side of the Fraser 

River (Map 1 ). The zone hosts a -50 cm thick quartz and silicified breccia lode, with an 

exposed strike length of 120m. The lode is hosted in a normal fault that cuts across the host 

schistosity at a high angle, striking east-west and dipping steeply (51 °) to the north. The 

footwall schist has a well-developed east-west joint set (Fig 25A) and stringers of quartz 

follow these joint surfaces near the top of the lode (Fig 25B). The foliation of the footwall 

schist adjacent to the lode has been warped and now dips north instead of south, indicating a 

normal sense of movement (Fig 26A). The contact fault plane between the footwall schist and 

quartz lode is sharp and polished; with slicken lines indicating the latest movement was 

predominantly dip-slip. 

The quartz lode ranges in thickness from 40-60cm with thinner -5-20cm stringer veins that 

offshoot from the main lode and follow joint surfaces near the flat topped regional 

unconformity (Fig 25B). The colour and corresponding sulphide concentration defines the 

quartz lode into three layers (Fig 26A). Layer A, adjacent to the footwall and now eroded 

hanging wall, is grey in colour and has a relatively high sulphide concentration. Layer B, 

between the two outer layers, is milky white and is relatively barren of sulphides. 

The lode comprises a quartz breccia with angular clasts of both schist and earlier formed 

quartz in a matrix of fine and coarse grained hydrothermal and quartz with sulphides (Fig 

26A&B). Clasts are predominantly matrix-supported, show rotation, and range in size from 

2-40mm. In places the lode shows dilatation textures with open cavities and prismatic quartz 
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crystals. Sulphides, mainly silver coloured arsenopyrite, are visible in hand specimen on fresh 

surfaces, especially against the footwall schist (Fig 26) . 

Figure 25. (GR A&B 1299670 4969276) A. Footwall schist of the Alpine Reef with prominent east-west joint set. 
Note skyline shows sub-horizontal regional unconformity. B. Small, quartz stringer vein following east-west joint 
surface. 
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Figure 26 (GR 1299670 4969276) A. Photo with field sketch overlay showing the structure and layering of the 
quartz lode, A=grey with high concentration of sulphides, B= milky white and relatively barren of sulphides. Note 
warping of footwall schist adjacent to lode, and location of Au values. B. (OU 83991) Handspecimen of lode 
breccia showing rotated clasts of earlier formed white quartz in a matrix of fine grained quartz and sulphides 
(grey). C. (OU 83990) Hand specimen of lode breccia showing clasts of silicified schist in a matrix of coarse 
grained quartz. 
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In polished section sample (OU 83991) shows angular clasts of schist and course grained 

quartz (-2mm) in a matrix of fine grained (<O.lmm) quartz (Fig 27A). Schist clasts have the 

mineral assemblage quartz-albite-muscovite-chlorite, with fine grained quartz replacing some 

schist minerals. Sulphides, principally arsenopyrite, are scattered throughout the section with 

euhedral grains reaching 1.5mm, and often surrounded by fine grained quartz (Fig 27 A&B). 

Finer grained arsenopyrite is commonly concentrated in micro-veins throughout the section 

(Fig27 A). No gold or scheelite (Ca W04) was observed in polished section, but (Clarke 1980) 

reported high values of tungsten (W) from geochemical analysis. The only sulphide observed 

in polished section was arsenopyrite. 

Three samples from Alpine Reef were analysed for Au and As (Table 2). The results show 

low but anomalous values in the quartz lode and the footwall schist immediately adjacent to 

the lode (Fig 26A, Table 2). All three samples show high As values above 2000 (ppm), which 

correlates to the high concentration of arsenopyrite (FeAsS), observed in hand specimen and 

polished section (Fig 26B&27, Table 2). Three (-0.2mm) gold grains were panned from 

crushed quartz lode. 

Table 2. Summary table of Au and As analysis form the Old Man Range area 

OU number Field Ref Locality Description Au(ppm) As(ppm) 
83991 AR398 Alpine Reef Quartz lode adjacent to footwall, visible FeAsS 0.4 >2000 
84026 AR291 Alpine Reef Quartz lode adajent to footwall, visible FeAsS 0.58 >2000 
84027 AR 398.2 Alpine Reef Sheared silicified schist adjacent to quartz reef. Southern footwall. 0.34 >2000 

83989 GR 142 Grays Reef Sheared schist from northern wall of faultzone 0.02 318 
84028 GR 145 Grays Reef Sheared schist+ clay gouge from southern wall of faultzone 0.86 283 
84029 GR 140 Grays Reef Clay gouge+ sheared schist <0.01 50 
84030 GR 147 Grays Reef Sheared schist +clay 0.17 214 

84032 WR002 Whites Reef Wall rock, southface, footwall 0.12 443 
84033 WR157 Whites Reef Sheared schist + clay <0.01 51 
83988 WR013 Whites Reef Schist from southern footwall of faultzone 0.03 315 
84034 WR155 Whites Reef Schist from southern footwall of faultzone 0.33 286 

84035 BR 161 Buds Reef Sheared schist + clay gouge from southern part of faultzone <0.01 <1 
84036 BR 163 Buds Reef Quartz vein+ sheared schist+ gouge from southern part of fault zone 2.97 666 
84037 BR 160 Buds Reef 20mm qtzvein in sheared schist 0.31 381 
84038 BR 162 Buds Reef Clay gouge vein 0.49 1010 

83980 CR262 Conroys Reef Sheared silicified schist from faultzone 3.69 7 
83981 CR267 Conroys Reef Sheared silicified schist from faultzone 0.59 325 
84031 CR268 Conroys Reef Hydro quartz from tailings 0.54 88 
84031 CR268.1 Conroys Reef Hydro qtz from tailings, minor visible sulphides 6.43 64 

84039 OF222.1 Butchers Reef Offal Pit. Sheared schist +clay, south edge of zone <0.01 10 
83986 OF222 Butchers Reef Offal Pit. Sheared schist +clay, whole zone 0.01 10 
84040 DM229 Butchers Reef DM Pit. Sheared schist +clay gouge <0.01 59 

84041 FR346 Fraser R Fault Sisters Diggings, Fraser River, fault/shear zone <0.01 25 
84044 WR401 Whitecoomb Whitecoomb Fault, Whitecoomb Creek, sheared schist+ pyrite <0.01 -
84042 NF149 New Fault New fault/shear zone near Grays, sheared schist <0.01 8 
84043 NF150 New Fault New fault/shear zone near Grays, sheared schist <0.01 17 
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Figure 27. A (reflected light (RL)) Polished section of Alpine Reef quartz lode (OU 83991) showing schist clast, 
euhedral arsenopyrite surrounded by fine grained quartz and fine grained arsenopyrite in micro vein . B (RL) 
Polished section (OU 83991) showing close up view of euhedral arsenopyrite surrounded by fine grained quartz 
and schist fragments (dark). 
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6.2 WHITES REEF 

Whites Reef is located on the east flank of the Old Man Range, 4km from the Fruitlands 

valley and can be accessed easily from Symes Road (Map 1, Fig 28). Due to historic gold 

mining outcrop exposure is poor and limited to two (Sm wide by 60m long) open pits that 

strike east-west and east-north-east (Fig 28A). A series of historic mine tailings occurs 

immediately east of these open pits. Within the pits, the only remaining features, are two 

footwalls which border the south side of the two pits (Fig 28). These footwalls strike 089° 

and 070°, and both dip steeply to the north, 87° and 56° respectively. These structures cut 

steeply across the host schistosity, show northward warping of the foliation and have polished 

surfaces with steeply plunging slicken- lines (Fig 28 B). The northward warping of the 

foliation and orientation of slicken-lines indicate these structures are normal faults and the 

latest movement was predominantly dip-slip. 

A prominent east-west striking fault scarp is observed immediately west of the Whites Reef 

and appears to be a continuation of the same structure (Fig 28A). Figure 28A looks east 

through the fault scarp towards to two pits that mark Whites Reef. The southern footwall of 

this structure has a prominent joint set which strikes east-west and dips steeply to the north 

(Fig 28A). 

Historic miners have removed all material north of the footwalls and no mineralised rock was 

observed within the mine tailings. However, a previous conversation with local prospector 

Bud Hyndman suggests historic gold miners were extracting gold from east-west striking, 

discontinuous quartz veins that ranged in width from 10-30cm, which is similar to the 

mineralised rock described by McCraw (2003) (Chapter 1.5.2). One obliquely crosscutting 

quartz vein was observed in fractured schist of the southern footwall (Fig 28C). The vein 

striked northeast and dipped moderately (3 7°) to the southeast. 
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Figure 28 (GR A 1306093 4972344, B 1306253 4972397, C 1306399 4972374) A. Lookiing east down the 
faultscarp to Whites Reef. B. East- west striking footwall fault plane, with warped foliation and polished slip
surface. C. Northeast striking , obliguely crosscutting quartz vein in southern footwall. D. Handspecimen 
(OU83988) footwall schist, showing micro-faults infilled with qaurtz and albite. 
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In hand specimen, a sample of footwall schist OU 83988 (Fig 28D), displays a number of 

features characteristic of brittle deformation. The sample shows a number of 1-2mm wide 

fractures, that in places form a conjugate set, with up to 10mm of displacement along these 

fractures (Fig 28D). Some fractures show open cavities and others have been in-filled with 

hydrothermal quartz and albite (Fig 28D). 

Polished section OU 83988 shows a quartz-albite-muscovite-chlorite-titanite schist with a 

well-developed quartz rich and mica rich segregation foliation (Fig 29A). This planar 

foliation has been offset by up to 3mm of displacement along a fracture perpendicular to the 

foliation (Fig 29A). This deformation has been absorbed by the adjacent micaceous layer 

which is now compressed (Fig 29A). Fractures cross the section perpendicular and parallel to 

the foliation, and show infilling with hydrothermal quartz, albite, and chlorite (Fig 29A). In 

places these fractures are predominantly in-filled with twinned, hydrothermal albite and 

minor fine-grained hydrothermal chlorite (Fig 29D). Titanite (CaTiSi05), some of which 

shows alteration to rutile (Ti02), is concentrated within micaceous bands and along dark 

micro shears (Fig 29B&C). Minor euhedral (~O.lmm) zircon is also observed in the section 

(Fig 29E). No gold or sulphides were observed within the section. 

Three samples of silicified schist, from immediately adjacent to the footwall fault plane 

outcrops, and one sample from a quartz-clay gouge vein were an analysed for Au and As 

(Table 2, Fig 28). These samples show a range of low values of Au, but elevated levels of As 

(Table 2, Fig 28). 
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Figure 29. Polished section OU 83988 footwall schist Whites Reef. A. (PPL)Segregation foliation offset by 
fractures in-filled with hydrothermal quartz-albite-chlorite . B (RL) & C (PPL) Rutile within micaeous band with 
oxidation alteration . D. (XPL) Cross-cutting fracture in-filled with twinned, hydrothermal albite and minor chlorite. 
E. (PPL) Showing -0.1 mm euhedral zircon grain . 
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6.3 GRAYS REEF 

Grays Reef is hosted in a normal fault, located on a prominent ridge 1.3km south-south-east of 

Whites Reef, and can be accessed from a 4wd track that runs up the ridge between Obelisk and 

Coal Creek (Map 1, Fig 30). Due to historic gold mining outcrop exposure is limited to one east

west striking open pit and a series of mine tailings east of the pit. Both the northern footwall and 

southern hanging wall remain at Grays Reef, with the material between mined out (Fig 30A). The 

pit varies in width from 3-8m and dips steeply (81 °) to the south. Fault surfaces area polished 

with some slicken-lines and adjacent warping of the schist foliation. The structure cuts steeply 

across the host schistosity and structural evidence indicates a normal sense of movement in a dip

slip direction. 

Immediately west of the main pit there is a small outcrop of sheared, fractured schist, against the 

southern hanging wall (Fig 30B). The outcrop is highly weathered but shows a small (20-40cm) 

wide quartz and clay gouge vein, crosscutting weathered schist fragments in a clay and crushed 

schist matrix (Fig 30B). The vein strikes approximately east-west and dips moderately to the 

south (Fig 30B). 

Hand specimen OU 83989 from the hanging wall of the fault (Fig 3 lA), shows a crenulated schist 

with crosscutting quartz veins and fractures. The veins and fracture cut the schistosity at a high 

angle. The fracture shows open cavities and dark, en-echelon tension gashes at the edges of the 

fracture, which indicate the sense of movement (Fig 3 lA). The colour of the fracture is also paler 

than the host schist, and the tension gashes show iron oxidation (Fig 3 lA). 

In polished section (OU 83989) the sample shows a quartz-albite-muscovite-chlorite schist with a 

well-developed quartz rich and mica rich segregation foliation that has been crenulated and 

crosscut by a 4mm wide quartz vein, that cuts the foliation at a high angle. The section shows 

brittle deformation, with shearing along micaceous bands that have been partly in-filled with 

hydrothermal al bite (twinned), quartz, muscovite and minor sulphides (Fig 31 B). Several 

oxidised sulphides can be observed in the section. They are commonly euhedral (0.3-0.7mm) and 

concentrated within micaceous layers and shear bands (Fig 31 B). 

Scanning electron microscope analysis identified up to eight free micro-particles of gold and one 

micro-particle of silver within the polished section. As with the sulphides, gold grains as 

commonly located within micaceous layers and shear bands with hydrothermal quartz, albite, and 

muscovite (Fig 31 C,D,E&F). 
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Of the four samples analysed for Au and As from Grays Reef, one sample from a crosscutting 

quartz and clay gouge vein showed low but anomalous values of Au (Table 2, Fig 30B). The 

remaining three samples from the footwall and hanging wall showed background Au. All samples 

exhibited elevated values of As (Table 2). 
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Figure 30. (GR A 1306994 4971260, B 1306969 4971250) A. Looking east through the mined-out pit, showing the 
northern footwall and southern hanging wall. B. Weathered quartz vein cross-cutting weathered schist fragments 
in a clay and crushed schist matrix. 
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Figure 31 . Grays Reef sample OU 83988. A. Hand specimen showing cross-cutting fracture with en-echelon 
tension gases. B. (RL) Oxidised sulphides within fractu re zone with hydrothermal qaurtz, albite, and muscovite. 
A, B, C, & D SEM images of gold micro-particles and surrounding minerals . 
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6.4 BUDS REEF 

Like Whites and Grays, Buds Reef is located on the east flank of the Old Man Range and 

outcrops in the west bank of Symes Road, 1km northeast of Whites Reef (Map 1). The 

mineralised structure is defined by a 400m long by 6m wide fault zone that strikes east-north

east and dips steeply to the north. The zone comprises cross-cutting shears, consisting of 

weathered schist fragments in a clay and crushed schist matrix, with discontinuous quartz 

veins and clay gouge zones (Fig 32). Fault planes within the deformed zone strike from 090° 

to 047° and all dip steeply to the north and east. Warping of schist foliation adjacent to these 

faults is consistent with a normal sense of displacement. 

A number of discontinuous quartz veins outcrop throughout the deformed zone (Fig 32C&D). 

The veins commonly strike east-north-east or northwest, range from 20-60mm in width and 

outcrop over l-2m in length. Quartz within the veins is often fractured, veins are highly 

weathered, and commonly show orange oxidation at their edges (Fig 32C&D). Five (O. l-

0.5mm) gold grains were obtained from these veins by panning. 

In polished section (OU 83987), sheared schist from a north striking shear zone, shows a 

planar foliated quartz-albite-muscovite-chlorite-titanite schist that has been fractured and 

brittally deformed. Fractures cut the foliation at a high angle and displacement along these 

fractures has offset the foliation and been partly absorbed by micaceous layers (Fig 33A). 

These fractures have been in-filled with hydrothermal quartz and albite (twinned) (Fig 33A). 

Green chlorite commonly shows oxidation to brown oxy-chlorite. 

SEM analysis of this section identified a number of free gold micro-particles (Fig 33B), and 

one oxidised sulphide. Gold was observed scattered throughout micaceous micro-shears and 

was often surrounded by muscovite, chlorite and sometimes fractured quartz. SEM analysis 

also identified minor rutile, zircon, and monazite within the section. 

Au and As analysis of Buds Reef shows variable values (Table 2). One sample from an ease

north-east striking quartz vein shows anomalous values of Au and As (Fig 32C), and two 

other samples show high As values (Table 2). 
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Figure 32 (GR A&B 1306841 4972946 , C&D 1307013 4973022) Buds Reef A&B Northeast striking shear with 
weathered schist clasts in a clay and crushed schist matrix. C&D. Cross-cutting quartz veins with prominent 
oxidation at their edges. 
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Figure 33. Grays Reef sample OU 83987. A. (PPL) Showing planar foliation off-set by fracture that is infilled with 
hydrothermal quartz and albite. B. Gold micro-particle within micaeous micro-shear with hydrothermal albite. 
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6.5 CONROYS REEF 

Comoys Reef is located on the lower northern flank of the Old Man Range, 4km west of 

Alexandra, and can be accessed from Comoys Road (Map 1, Fig 34). Exposure of 

mineralised structures is comparatively good, and consists of two 20m long tunnels plus one 

shaft immediately east of Comoys Creek, and a series of 10-60m long trenches, plus one 

shaft west of the creek (Fig 34). Mineralised lodes are hosted in a set of parallel, northwest 

striking faults that cut steeply across host schistosity (Fig 34). These lodes dip steeply (58-

900) to the northeast and range in width from 0.5 to 1.5m. Bending of schistosity adjacent to 

these structures and slicken-line orientation on polished fault planes indicate a normal sense 

of movement in a predominantly dip-slip direction. The surrounding schist shows a 

systematic steeply, dipping northwest striking joint system, with minor northeast striking 

joints forming a conjugate set (Fig 34&24A). 

The two tunnels and tunnel entrances on the east side of Comoys Creek provide the best 

exposure of the mineralised structures (Fig 34&3 5). Schist of the footwall and hanging wall 

immediately adjacent to the fault plane is silicified and crosscut by micro faults that cut the 

schistosity at a high angle. Schist between the two fault planes has been variably deformed 

and comprises silicified, sheared schist with pods of brecciated, silicified schist and clasts of 

hydrothermal quartz breccia (Fig 35). No in situ quartz veining was observed, but clasts of 

hydrothermal quartz are common within brecciated pods, and clasts in mine tailings to the 

west of Conroys Creek indicate quartz veins up to 100mm in width. These clasts are probably 

derived from previously formed quartz veins that have been brecciated during latter 

movement on the mineralised structure. 

Silicified schist clasts are fractured, faulted, and commonly show rusty orange oxidation 

staining. Clasts commonly show up to 10mm of offset along micro-faults, which have been 

in-filled with quartz and other white minerals (Fig 35C). Oxidised sulphides can be observed 

within (Fig 35C), and on the outside of clasts. Some clasts have been crosscut by quartz veins 

up to 20mm wide. 
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Figure 34. Aerial image of Conroys Reef with structural overlay. NNE trending fault is part of the Manuherikia 
Fault Zone. Note NW structural grain of schist. 
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Figure 35 . (GR A&B 1312638 4981497) A. Photograph with field sketch overlay showing the general structure of 
the deformed, mineralised schist. B, Photograph inside mined out tunnel showing the internal structure of the 
mineralised lode. C. Hand specimen OU 83981 schist breccia clast, showing faulting , in-filling quartz veins and 
oxid ised sulphide. 
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In polished section silicified schist clasts show a quartz-albite-muscovite schist that has been 

highly silicified and brittley deformed. Fractures (-0.2-lmm wide) cut the foliation at a high 

angle and are commonly in-filled with fine grained quartz, chlorite (Fig 36A) and minor 

sulphides (Fig 36C). Metamorphic quartz grains are commonly mantled by fine (<O.lmm) 

recrystallized quartz grains. Shearing is observed along fractures and micaceous bands. 

Titanite is scattered within these zones and commonly altered to rutile (Fig 36B). Sulphides 

are scattered throughout the sections, are often euhedral to sub-euhedral, 0.3-lmm in size, 

and commonly fully to partly oxidised (Fig 36A&B). Mobilized and re-precipitated gold 

micro-particles can be observed within oxidised arsenopyrite grains and quartz fractures 

(Fig 36E&F). 

Hydrothermal quartz breccia clasts are off-white to light grey, commonly contain angular 

schist fragments, and open cavities with euhedral quartz crystals (Fig 3 7 A). Schist fragments 

range from 2-30mm and are frequently altered to pale yellow clays leaving an open cavity 

(Fig 37 A). Sulphides are rare but can be observed on cut surfaces. 

In polished section hydrothermal quartz clasts show silicified, micaceous schist clasts (0.5-

2.5mm) surrounded in a matrix of quartz. Quartz shows two generations, with coarse (0.5-

2mm) grains surrounded by fine ( <O. lmm) grains. The section shows one oxidised 

arsenopyrite grain that is surrounded by coarse grained quartz (Fig 37B). Micro particles of 

gold are located on the edge of this oxidised grain and within a crack that runs from the right 

hand comer of the grain into coarse grained quartz (Fig 37B&C). 

Four samples from Conroys Reef were analysed for Au and As and all showed anomalous 

concentrations of Au. The highest values came from clasts of hydrothermal quartz breccia 

(Au 6.43 (ppm)) and brecciated, silicified schist (Au 3.69 (ppm)) (Table 2). All samples 

except OU83980 showed anomalous concentrations of As (Table 2). 
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Figure 36. Conroys Reef. A,B&C sample OU 83980. A. (PPL) Cross-cutting fracture in-filled with hydrothermal 
chlorite and albite. B. (RL) Titanite altered to hydrothermal rutile within micaeous shear band . C. (RL) High angle 
fracture in-filled with sulphides (partly oxidised) and minor albite.D&E (RL) F (SEM image) OU 83981 showing 
euhedral gold micro-particle within oxidised arsenopyrite. 
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Figure 37. Conroys Reef quartz clast OU 83982. A. Hand specimen section showing schist clasts in a matrix of 
hydrothermal quartz. Note open cavity left from weathered schist clast. B&C (RL) showing partyly oxidised 
arsenopyrite with mobilized and re-percipitated gold micro-particles. 
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6.6 BUTCHERS REEF 

Butchers Reef consists of a swarm of northwest striking structures 4km south west of 

Alexandra, which can be accessed easily from the main Roxburgh to Alexandra highway 

(Map 1, Fig 38). Exposure of the OF and DM lodes (Fig 38) is relatively good, as 3 by 4m 

pits expose a partial cross-section of the structures. Exposure of the MC lode is limited to a 1 

by 1 m wide, by 1 Orn deep vertical shaft that would require a rope and harness to observe 

fully. All of the structures cut the host schistosity at high angle, strike northwest and dip 

steeply to the south and north. Bending of the schistosity within and adjacent to these 

structures indicates a normal sense of movement. 

The structures observed at OF and DM lodes are relatively similar (Fig 38). They consist of 

two weathered fault planes, one either side of a 0.5-lm zone of variably deformed schist 

(Fig 39). The deformed zone, typically shows orange oxidation, and consists of weathered 

schist fragments in a clay and crushed schist matrix. At DM pit there is a -lcm zone of clay 

fault gouge against the footwall and hanging wall fault planes. No quartz clasts or quartz 

veining was observed at theses lodes. 

Both the OF and DM lodes are highly weathered and kaolinitised. As a result of this 

alteration most original features have been modified. Weathered schist clasts, commonly 

30mm, but ranging from 15-lOOmm, are angular, fractured, faulted, and are typically 

oxidised with staining where they have not been altered to pale clays. Matrix grains range 

from 1-10mm, and comprise crushed angular schist and clay aggregates. 

Two samples from OF lode and one from DM lode were analysed for Au and As (Table 2). 

Results of the three samples show no anomalous values with only background levels of Au 

and As (Table 2). 
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Figure 38. Aerial image of Butchers Reef with structural overlay. NNE trending fault is part of the Manuherikia 
Fault Zone. Note NW structural grain of schist 
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Figure 39. (GR A 1313001 4979743) Butchers Reef OF pit showing the general structure and deformation 
features of the OF and OM lodes. Note Au assay values. 
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6.7 ALTERATION OF MINERALISED ROCK 

Throughout the mineralised lodes of the Old Man Range area the effects of hydrothermal 

alteration appear to be minor and constrained within a few centimetres of the mineralised 

structures. Schist clasts within quartz breccia lodes show the highest degree of alteration with 

partial replacement of schist minerals by fine grained quartz and sulphides. Schist clasts and 

lode margins commonly show minor, but increasing alteration towards the lode. Alteration 

assemblages comprise quartz, albite, chlorite, with arsenopyrite, traces of gold micro

particles, and rutile (after titanite). 

Major element (Fig 40) plus Au and As (Table 2) geochemical analyses show that there is 

little/no chemical change during mineralisation other than the addition of Au and As (Fig 41 ). 

Geochemical variation plots do not show any well-defined alteration trends or major element 

mobility between mineralised and un-mineralised rock (Fig 40). The plots show that most 

major elements have similar concentrations in both rock groups (Fig 40). This suggests that 

hydrothermal alteration to mineralised rock within the Old Man Range area is too subtle to 

see through primary rock variations. 

Au and As geochemical analysis from deformed and altered zones from the Old Man Range 

gold deposits show that the mineralised rocks are generally anomalous with respect to gold 

and strongly anomalous with respect to As (Fig 41). The highest Au value (6.43 (ppm)) 

corresponds to a clast of hydrothermal quartz from Conroys Reef (Table 2). The next two 

highest gold values are in sheared silicified schist from Conroys Reef (3.69 (ppm)), and 

quartz vein, clay gouge and sheared schist material from Buds Reef (2.97 (ppm)) (Table 2). 

Two of the samples described above show strongly anomalous concentrations of Au but only 

low values of As. This suggests that the gold within these samples may be free gold, and not 

locked up in sulphides, principally arsenopyrite. 

Figure 41 also demonstrates that within the Old Man Range area the occurrence of high 

As concentrations does not directly correlate to high Au concentrations. The highest 

concentrations of As (>2000 (ppm)) were from Alpine Reef samples where there is relatively 

high concentrations of arsenopyrite (FeAsS) but only anomalous concentrations of 

Au (-0.4 (ppm)). Despite the Au and As outliers described above, figure 41 does demonstrate 

that there is a general positive correlation between Au and As for mineralised rock within the 

Old Man Range area. 
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8. GOLD GRAIN MORPHOLOGY 

Wherever possible, gold grains were panned from weathered and crushed host rock, form the 

hardrock deposits within the study area. Gold grains ( or small nuggets) were also panned and 

detected from alluvium and live streams within the field area. These gold grains were 

collected to compare and contrast their morphology and surface textures. 

Hardrock gold grains from Alpine and Buds reefs show blocky to angular shapes with 

predominantly smooth surface textures (Fig 42&43). Gold is intergrown with silicates, and 

some iron oxides particles can be found on the surface of grains. Grain shape is variable from 

angular nodules (Fig 42), to more blocky shapes with smooth, sharp, 90° edges (Fig 43). 

Hardrock gold grains consistently show clean surfaces defined by flat plates with triangular 

octahedral faces (Fig 42&43). 

Gold grains panned off the bedrock from a small creek near the Sisters Diggings show 

flattened and reshaped morphology with comparatively rough surface textures (Fig 44). Some 

grains show minor delicate protrusions (Fig 44A,E&F) while others are rounded (Fig 44C). 

Surface textures are rough and show the effects of abrasion. Some delicate, micro-particulate 

honey comb textures can be observed within protected indentations (Fig 44B&D). 

Grains gathered from the Fraser River are well-rounded and flattened with rough surface 

textures (Fig 45). The grains commonly show abrasion marks and do not have any delicate 

protrusions. These grains also show some honey comb textures within protected indentations 

(Fig 45 D,E,&F). 

One highly flattened and buckled gold grain was panned from Quaternary Alluvium in the 

Fruitlands valley (Fig 46). The grain has a high flatness index and shows folding and 

buckling. This grain shows good evidence for secondary gold addition with delicate bud-like 

gold protrusions (Fig 46C&D). 

8.1 Interpretation 

The morphologies and surface textures of the hardrock and detrital gold grains are very 

different (Fig 41-45). The hard rock grains show delicate shapes with smooth or clean, flat 

octahedral faces (Fig 41-42). In contrast the detrital grains show rounded and flattened shapes 

with rough surface textures. Some detrital grains also show evidence for secondary gold 

addition within protected indentations (Fig 43-45). 

82 



Figure 42. SEM images of hardrock gold grains from Alpine (A-C) and Buds (D-H) reefs show blocky to angular 
shapes with predominantly smooth surface textures. E-H close up images of grain D showing flat plates with 
triangular octahedral faces. 
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Figure 43. SEM images of hardrock gold grains from Buds Reef showing square blocky shapes with 
predominantly smooth surface textures. C&D close up images of grain A showing smooth flat surfaces and 
square faces. 
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Figure 44. SEM images of detrital gold grains collected from the bedrock of a small tributary stream near the 
Sisters Diggings.Showing flattened and reshaped morphology with comparatively rough surface textures. 
B, Close up image of grain A. D, Close up image of grain C. 
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Figure 45. SEM images of detrital gold grains collected from the Fraser River, showing well-rounded, flattened 
grains with rough surface textures. B, close up image of grain A. D-F, Close up images of grain C showing rough 
surface textures and some honey comb textures within protected indentations. 
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Figure 46. SEM images of detrital gold grain collected from Quaternary Alluvium in the Fruitlands valley. Grain 
has a high flatness index and shows folding and buckling. C&D close up images of grain A showing good 
evidence for secondary gold addition with delicate bud-like gold protrusions. 
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7. DISCUSSION 

7.1 INTERPRETATION OF STRUCTURE AND MINERALISATION 

7.1.1 Mineralising events 

The data presented above in Chapter 6, show that the structures that host the gold deposits in 

the Old Man Range area are normal faults that have experienced more than one generation of 

movement and mineralisation. Structural evidence from Alpine and Conroys reefs suggest the 

faults were subjected to two stages of mineralisation and at least three phases of fault 

movement. 

At Alpine Reef, the first stage of mineralisation accompanied the first phase of normal 

faulting in which the foliation in the schist adjacent to the fault was warped to the north (Fig 

26A). Early white quartz veins with minor sulphides and traces of gold were deposited within 

the fault zone and pinch in and out along strike. The mineralised quartz was then brecciated 

by further fault movement. A second stage of mineralisation accompanied this second phase 

of brecciation and faulting, and is characterised by both fine grained, and euhedral coarse 

grained quartz with abundant arsenopyrite (Fig 27). This later quartz has in-filled around 

fragments of the brecciated early quartz (Fig 26B). ). The third phase of faulting occurred 

after the quartz lode was deposited can be seen as polished slip surfaces on the hangingwall 

side of the quartz lode. Slicken-lines and tilting of lode features indicate dip-slip movement. 

Similarly, at Conroys Reef two stages of mineralisation and faulting can be inferred. The first 

stage of mineralisation accompanied normal faulting which warped the footwall schist and 

locally tilted the foliation to the north (Fig 35). The schist within the fault zone was 

brecciated and silicified, forming local quartz breccia pods or veins. Further movement on the 

fault re-brecciated the early quartz breccia pods and formed clasts that were cemented by 

additional quartz. Schist within the deformed zone (Fig 3 7) was also silicified during this 

second mineralising event. Breccias containing fragments of pre-existing silicified breccias 

suggest there were at least two mineralisation and brecciation events along the fault zone. 

The observations and structural events described above demonstrate that hydrothermal 

processes were active at the same time as the normal faulting on these structures. This pattern 

is of early silicification followed by later fracturing of the silicified rock and additional 
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hydrothermal alteration is common in other fault hosted gold deposits throughout Otago 

(MacKenzie et al. 1998). 

7.1.2 Structural control of gold mineralisation 

The structural data presented above in Chapters 5 and 6, suggest the structural control of gold 

mineralisation within the Old Man Range area is closely linked to the orientation of prominent 

joint sets that surround the deposits. The West structural block hosts the generally east-west 

striking Alpine, Grays, Whites, and Buds reefs (Fig 47). The systematic joint system and the 

extensional vein systems here strike east-west and dip steeply to the north and south (Fig 21&47). 

Additionally, the structural grain of the schist surface (prominent in aerial images) within the 

West structural block is orientated east-west (Fig 47). The same structural relationships can be 

observed within the East structural block but in this block, the mineralised faults and joint sets are 

orientated northwest and dip steeply to the northeast and southwest (Fig 47). Hence the 

orientation of the prominent joint sets in both blocks is closely linked to the orientation of the 

mineralised faults and vein systems. The orientation of the joints may reflect a pre-existing 

weakness in the schist that controlled the faulting and consequently the orientation of mineralised 

vein systems. It is unknown why the overall joint orientations are different between the two 

blocks; it may reflect some pre-existing metamorphic fabric or rheology difference in the two 

different terranes. 

The close spatial and geometric relationships between the prominent joint sets and mineralised 

normal faults (Fig 21&47), suggests these features are structurally related and formed under the 

same stress regime. For example at Alpine Reef (Map 1, Fig 25&47), the orientation of the 

mineralised quartz lode is the same as the prominent joint set that surrounds the deposit. This 

suggests that some of these joint planes may have developed into normal faults that then acted as 

conduits for the mineralising fluid. This is also supported by the occurrence of quartz stringers 

that follow joint surfaces (Fig 25 ). These may have formed during normal faulting when joint 

surfaces separated allowing mineralising fluid to move into the void. Based on these observations 

it is reasonable to infer that the prominent joint sets may have acted as structurally weak zones 

that have preferentially taken up geologic displacement, and acted as conduits for mineralising 

fluid. 

Alternatively, the joint set may have formed later, but were controlled by the same pre-existing 

fabric that controlled the orientation of the mineralised faults. Regardless of the relative timing of 

the joints and the mineralised faults, both features are spatially and geometrically linked, and this 

may be a useful vector for gold mineralisation 
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A similar relationship between fault/fracture density, fluid flow and ore deposition has been 

extensively documented (Sibson, 1985; Sibson, 1996; Tripp & Vearncombe, 2004 and references 

therein). This relationship has also been used for developing gold exploration targets (Tripp & 

Vearncombe, 2004). The density and orientation of prominent joint sets can be observed from 

aerial photographs and this could be a useful exploration tool for identifying highly jointed zones 

that host more mineralised structures within the Old Man Range area. 
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Figure 47. Structural summary diagram showing the principle east-west and northwest strike difference between 
brittle structures in the West and East structural blocks, Old Man Range area. Equal area stereonets (lower 
hemisphere) , showing quartz rodding lineations and joint plane orientations (poles to planes) , with plane of best 
fit (great circle). Aerial photographs from each structural block showing the contrasting structural grain of the 
schist. 
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7.1.3 Regional structural evolution and timing of mineralisation 

Mineralisation within -the Old Man Range area clearly post-dated Mesozoic metamorphism 

and compressional deformation of the Otago Schist as the normal faults that host 

mineralisation cut metamorphic fabrics at high angle. Mineralisation must have pre-dated the 

deposition of Miocene sediments as the associated kaolinite alteration zone cuts in to and 

overprints the mineralised deposits. Therefore, it is suggested that mineralisation was post

metamorphic and occurred during regional Cretaceous extension. This correlates to the 

second principal period of mineralisation suggested by Mortensen et al. (2010), between 106-

101 Ma (Fig 6). 

Taking this structural timing into account, questions of relative timing still remain. During 

this period of regional Cretaceous extension, a set of northwest and northeast striking normal 

faults developed within the Otago Schist (MacKenzie & Craw 2005). Systematic joint 

systems within the Otago Schist are also suggested to have formed during this extensional 

period (Weinberger et al. 2010). The orientations of the joint sets and mineralised vein 

systems in the East structural block are consistent with the orientations of Cretaceous normal 

faults elsewhere in Otago. However, the orientations of the joint systems and mineralised 

structures within the West structural block are unusual. The mineralised faults and vem 

systems here strike east-west, unlike most other Otago veins systems (Paterson 1986). 

Geologic data can be used to help constrain the structural evolution of the Old Man Range 

and this is illustrated in a schematic block diagram summary (Fig 48). 

• Late Jurassic to Early Cretaceous metamorphism imprinted a prominent north - south quartz 

rodding lineation and gently dipping foliation within the schist. 

• Mid to Late Cretaceous extension resulted in the development of a set of regional northwest and 

northeast trending high angle normal faults. The Old Man Fault formed at this time and it most 

likely initiated as a normal fault. Assuming it had a west dip, movement along the fault may have 

reversed shortly thereafter because the overlying Caples Terrane has been eroded off the top of 

the Old Man Range prior to it being overlain by Miocene sediments. The Old Man Range must 

have been uplifted relative to the Caples Terrane block to the east and its overlying Caples 

eroded off prior to Miocene sedimentation. Alternatively, if the Old Man Fault had an east dip or 

was near vertical then it could have remained a normal fault during this time and the Old Man 

Range would have been up-thrown relative to the Caples Terrane block to the east. Either way 

any overlying Caples had to be eroded off prior to the deposition of Miocene sediments on 
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W.L.A basement. Prominent joint sets and mineralised normal faults developed during this 

overall extensional phase. 

Miocene sediments were deposited unconformably on W.L.A and Caples schist basement. 

Late Cenozoic compression and resulting uplift formed the Old Man Range antiform, with 

reactivation and reversal along the Old Man Fault. Erosion related to this uplift sheds the 

overlying Miocene sediments from the range. 
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Figure 48. Summary block diagrams showing the structural evolution of the Old Man Range and associated brittle 
structures, including the mineralised normal faults . The regional scale Old Man Fault would have initiated as a 
normal fault but may have experienced reversal during Cretaceous deformation. 
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Why the joint sets and mineralised structures of the West and East structural blocks strike 

differently is unknown; however, the lineation data suggests that the differing orientations are 

a primary feature and not a consequence of later rotation of one block relative to another. The 

Mesozoic metamorphic rodding lineations trend consistently north-south in both structural 

bocks (Map 1, Fig 4 7). Furthermore, the Cretaceous northwest and northeast normal fault 

pattern (Mapl, Fig 11) is also consistent in both West and East blocks. Hence it seems likely 

that the prominent joint sets and mineralised normal faults within the two structural blocks 

formed at roughly the same time and with different orientations. Therefore, it can be 

concluded that the orientations of these features relate to some distinct geological difference 

between the two structural blocks. 

No geologic evidence was found to constrain the relative timing between the formation of the 

regional northwest and northeast normal fault system, and the formation of the prominent 

joint sets and mineralised vein systems. However, field observations indicate that future 

detailed geologic mapping within the vicinity of Conroys Reef and the Manuherikia Fault 

Zone (Map 1) may help constrain this relationship. 

7.1.4 Comparison with other Otago gold vein systems 

As described previously in Chapter 1.4, there are two broad end member type gold deposits 

within Otago. 1. Mineralised shear zones that have formed in a compressional structural 

setting near the brittle-ductile transition, during the latter stages of metamorphism, eg. 

Macraes and Rise & Shine. 2. Extensional veins that formed after metamorphism in normal 

faults at a relatively shallow crustal level, eg Carrick and Nenthom (Craw & MacKenzie 

2005; Mortensen et al. 2010). Mineralisation within the Old Man Range area occurred after 

the host rocks had been uplifted to shallow crustal levels as the hosting structures are entirely 

brittle and the faults were able to maintain open cavities during mineralisation. For these 

reasons, and numerous geologic observations described and discussed above it is relatively 

clear that the Old Man Range mineralised faults are more closely related to the second end 

member type. 

Previous work on numerous Otago gold deposits allows some broad generalisations to be 

made, and allows comparisons between vein systems. Generally, Otago vein systems that 

contain scheelite, ( eg Invincible, Barewood; Fig 5) formed at structurally deeper levels, 

whereas vein systems that contain open cavities, ankerite and/or stibnite, with little or no 

scheelite (eg. Shotover, Nenthom, Carrick; Fig 5), formed at shallower levels (McKeag & 
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Craw 1989; Craw & Norris 1991; Ashley & Craw 1995). No scheelite was observed within 

the minneralised lodes of the Old Man Range area, and mineralised rock from these lodes 

show abundant open cavities. Therefore, using the criteria described above it can be seen that 

most gold bearing deposits of the Old Man Range more closely resemble the shallow, post

metamorphic Nenthom and Carrick style of mineralisation. 

Both Nenthom and the mineralised zones of the Old Man Range are hosted in steeply dipping 

normal faults, and both show mineralised rocks with abundant open cavities and prismatic 

quartz crystals (McKeag & Craw 1989). This information, plus the information presented 

above, indicates that like the Nenthom vein system (<2km; (McKeag & Craw 1989; Craw & 

Norris 1991 ), mineralisation within the O Id Man Range took place at relatively shallow 

crustal levels, probably within a few kilometres of the surface. 

Host rock alteration within the Old Man Range gold deposits is minor and confined to within 

a few centimetres of the mineralised lode. This feature is commonly seen in other gold 

bearing vein systems such as Nenthom and Carrick where alteration is restricted to minor 

silicification within a few centimetres of the veins, and narrow ankerite veins at Carrick 

(McKeag & Craw 1989; Ashley & Craw 1995). Additionally, like Conroys and Butchers 

reefs (Map 1), the Carrick gold field is hosted in TZ III Caples Terrane schist and is located 

near the northeastem margin of the terrane (Ashley & Craw 1995). 

7.1.5 Formation Temperature 

Formation temperatures within Otago gold deposits vary from approximately 140-400°C 

(Ashley & Craw 1995; Becker et al. 2000; Pitcairn et al. 2006). There is a general trend of 

higher temperatures associated with structurally deeper deposits (McKeag & Craw 1989; 

Pitcairn et al. 2006). No geothermometry was completed in this study, however hydrothermal 

vein assemblages and similarities with other Otago deposits allow some indication of 

formation temperatures. 

As described previously, mineralised zones within the Old Man Range share characteristics 

with other post-metamorphic, shallow level, Otago deposits. Formation temperatures at some 

of these deposits are: Nenthorn -200°C, Shotover 160-200°C, Barewood -300°C (Craw 

1989), Carrick 140 to 400°C (Ashley & Craw 1995). Additionally, numerous fractures within 

mineralised rock of the Old Man Range have been in-filled with greenschist facies, 

hydrothermal minerals quartz, albite, and chlorite (Fig 29,33&36). Abundant hydrothermal 

albite has been noted in a gold bearing extensional vein system in the Wilberforce valley, 
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Southern Alps, and formation temperatures are suggested to have been between 250-350°C 

(Becker et al. 2000). As stated previously, mineralised structures within the Old Man Range 

formed at slightly different structural levels and therefore formation temperatures may have 

varied between deposits. Nevertheless, the mineralisation temperatures stated above suggest 

formation temperatures within the Old Man Range may have been approximately 200-350°C. 

7.1.6 Significance of location and greenschist bodies 

Within Otago, gold deposits are widely distributed throughout the Torlesse Terrane, whereas 

within the Caples Terrane, they are restricted to a narrow belt near to the northeastern margin 

of the terrane (Fig 5). These deposits are found within a few kilometres of the Caples

Aspiring Terrane boundary (Fig 5), and some authors have suggested a genetic link between 

some of these deposits and the structurally underlying Aspiring Terrane which hosts 

significant metavolcanic horizons (McKeag & Craw 1989; Hay & Craw 1993; P. M. Ashley 

& Craw 1995). These metavolcanic horizons are suggested to be relatively rich in metals and 

hydrous chlorite, and therefore may provide a potent source of both fluid and metals during 

prograde metamorphism from greenschist to amphibolite facies conditions (Henley et al. 

1976; Hay & Craw 1993; Pitcairn et al. 2006; Pitcairn et al. 2010). Although, as discussed in 

Chapter 1.4, Pitcairn et al. (2006) have suggested the origin of the mineralising fluid and 

metals within the Otago Schist is from prograde metamorphism of the bulk Otago Schist and 

not necessarily specific lithologies within the schist. 

Geophysical aided geologic mapping has identified significant metavolcanic horizons 

(greenschists) within the W.L.A. and within close proximity to the gold deposits hosted 

within W.LA schist (Map 1). Therefore, these greenschist horizons may also occur at 

structurally deeper levels below the gold deposits, and may have possibly provided an 

additional source of metals and fluid during prograde greenschist to amphibolite 

metamorphic reactions during regional metamorphism. 

7.1.7 Oxidation and mobilization of gold 

Mobilization of gold from primary mineralized rock under oxidizing conditions, beneath a 

Tertiary unconformity has been previously documented within Otago (Craw & MacKenzie 

1992). These conditions may lead to mobilization of Au and Ag as thiosulphate or reduced 

sulphur complexes under moderately oxidizing conditions (Webster 1986), and this 

secondary mobilization may enhance grain size of gold particles prior to concentration in the 

alluvial environment (Craw & MacKenzie 1992). 
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As discussed previously the gold deposits of the Old Man Range area have been subjected to 

a significant period of oxidizing, kaolinitisation beneath a Miocene unconformity. 

Furthermore, features within these gold deposits such as: oxidation of arsenopyrite and 

mobilization and re-precipitation of micro-particulate gold (Fig 36&37), and the occurrence 

of coarser grained, free gold within mineralized rocks (Fig 31,33,41,&42), suggest similar 

gold mobilization processes may have occurred within the Old Man Range area. 

Mobilization of gold from primary mineralized rock, resulting in coarser grained free gold is 

also supported by historic gold mining accounts. Historic hardrock gold miners within the 

Old Man Range area often reported free gold, and relatively rich gold values within the first 

-10-15m of the surface with decreasing values at greater depths (McCraw 2003; McCraw 

2007). This coarser grained free gold may have also fed placer deposits within the 

surrounding areas (Map 1) (Craw & MacKenzie 1992). Mobilization of gold is also supported 

by the occurrence of secondary gold textures on the surfaces of detrital gold grains (Fig 

44&45). 
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7.2 INTERPRETION OF GEOPHYSICS 

7.2.1 Total magnetic intensity 

Total magnetic intensity maps have aided the identification of significant magnetic, magnetite 

bearing greenschist bodies within the Old Man Range (Map 1, Fig 9). These greenschist 

bodies are hosted within W.L.A rocks, and previous workers have mapped a number of 

greenschist bodies within the field area (McIntyre 1993; Turnbull 2000). Geophysical 

applications from this study have identified additional greenschist bodies (Map 1) than 

previously mapped by other workers (McIntyre 1993; Tumbull 2000). 

Where these magnetic greenschists outcrop, they coincide with a relatively intense magnetic 

high (Fig 9). These anomalies can also be seen where the presumably magnetic greenschist 

bodies are structurally buried beneath >250m of non-magnetic schist. In the southwest of the 

field area a thin veneer ( <250m) of Caples Terrane schist structurally overlies greenschist 

bearing W.L.A schist. In this area, zones of high magnetic response are observed in total 

magnetic intensity maps, and these zones are inferred to be the result of structurally buried 

greenschist bodies (Map 1 ). 

7.2.2 Electromagnetic (EM) surveys 

EM images, combined with topographic overlays and geologic mapping have significantly 

improved the author's structural interpretation of the Old Man Range area. The regional 

structural grain of the Otago Schist basement can be clearly observed within EM images as a 

series of northwest to northeast linear features (Fig 10). Geologic mapping has constrained 

the location of some of these lineations and confirmed that these linear features correspond to 

the surface trace of post-metamorphic fault zones. 

The general northwest to northeast structural grain of the Old Man Range area is consistent 

throughout both structural blocks (Map 1 ), and with the regional structural grain of the Otago 

Schist (MacKenzie & Craw 2005). As described previously, this structural grain initiated as a 

set of northwest and northeast striking normal faults during Cretaceous extension and 

continued during post-metamorphic uplift and exhumation of the schist belt (Gray & Foster 

2004; MacKenzie & Craw 2005). A number of these normal faults have been reactivated as 

reverse faults during Late Cenozoic compression (MacKenzie & Craw 2005), and evidence 

of this can be found on some northwest and northeast trending faults in the Old Man Range 

area (Fig 12,13&14). 
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7.2.3 Application to geologic mapping and exploration 

The results discussed above demonstrate that total magnetic intensity and EM geophysical 

images are a useful tool for regional scale geologic mapping. These geophysical applications 

have provided better lithological and structural understanding in areas of limited outcrop. 

This understanding has provided constraints that have aided geologic mapping and the 

interpretation of the structural evolution of the Old Man Range area. 

Despite being a practical tool for geologic mapping, no direct correlation was found between 

the geophysical features outlined above and gold mineralisation within the Old Man Range 

area. There is no physical contrast in magnetic susceptibility or conductivity between the 

mineralised zones and the host rock, which can be detected by these regional scale 

geophysical surveys. 
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8. CONCLUSIONS 

Primary conclusions from this study are 

• Six gold deposits occur within two different structural blocks within the Old Man Range 

area. These mineralised lodes are hosted in brittle normal faults which cut steeply across 

host schistosity. 

• In the East structural block the host rock is greenschist facies TZ III Caples Terrane 

schist. Mineralised faults and the prominent joint system strike northwest and dip steeply 

to the northeast and southwest. 

• In the West structural block the host rock is greenschist facies TZ IV Wanaka lithologic 

association schist. Mineralised faults and the prominent joint system strike east-west and 

dip steeply to the north and south. 

• These blocks have not been rotated relative to each other since obtaining their 

metamorphic fabric in the Mesozoic. 

• The structural control of these lodes is closely linked to the prominent joint sets that 

surround the deposits, and the differing orientation of the brittle host structures is 

separated by the regional scale Old Man Fault. 

• The mineralized deposits comprise shallow level (brittle) normal-sense breccia zones, 

with minor quartz veins that contain abundant open cavities. These structures have 

experienced fault mineralisation followed by fault reactivation and brecciation. These 

characteristics are similar to other shallow level, post metamorphic Otago gold deposits. 

Mineralisation may have occurred during Mid to Late Cretaceous extension ( ~ 106-

101 Ma). 
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• Alteration assemblages of mineralised rock consist of quartz, albite, chlorite, 

arsenopyrite, traces of gold micro-particles, and hydrothermal rutile (after titanite). 

Hydrothermal alteration was minor and contained to within a few centimetres of the 

mineralised lodes. This is characterised by minor silicification of host rock and 

enrichment in Au and As. Alteration of mineralised rock is too subtle to see through 

primary rock variations. Mineralisation took place at relatively shallow crustal level, 

probably within a few kilometres of the surface, with formation temperatures around 200-

3500C. 

• Gold occurs as free grains (lOµm or less) within quartz, micaceous laminae, micro-faults, 

and micro-shears within schist, and as micro-particles within sulphides. Oxidation of gold 

from mineralised rock and sulphides within them has mobilized gold and this secondary 

mobilization may lead to enhance gold grain size. This coarser grained gold may have fed 

placer deposits and a shallow zone of relatively rich free gold. 

• Total magnetic intensity surveys are a useful tool for geologic mapping of mafic rocks, 

and most greenschist within the Old Man Range area shows a high magnetic signature on 

total magnetic intensity images, even when buried beneath a veneer ( <250M) of non

magnetic schist. 

• Electromagnetic (EM) surveys are a useful tool for mapping of geologic structures and 

conductive anomalies. Within the Old Man Range area, linear conductive anomalies 

shown in EM images correlate to post-metamorphic faults. 

• There is no direct correlation between the geophysical features and gold mineralisation 

within the Old Man Range area. There is no contrast in magnetic susceptibility or 

conductivity between the mineralised zones and the host rock, to be detected by these 

regional scale geophysical surveys. 
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Sample Type Sample No 
Schist GR 142 

Schist +clay GR 145 

Schist W155 

Schist W158 

Schist+ clay BR159 

Schist+ clay BR164 

Schist OF 222.2 

Schist OF 222.4 

Schist+ clay DM229 

Schist+ clay CR248.1 

Schist+ clay CR251 

Schist CR 262.1 

Schist CR 262.2 

Schist CR267 

Schist CR 267.1 

Schist AR291 

Schist AR299.1 

Schist CR284 

Schist P 303 

Schist S346 
Wanaka Lithologic association 
McIntyre, C.L 1993 4788 
McIntyre, C.L 1993. 4789 
McIntyre, C.L 1993. 4790 
McIntyre, C.L 1993. 4791 
McIntyre, C.L 1993. 4792 
McIntyre, C.L1993. 4793 
McIntyre, C.L 1993. 4794 

McIntyre, C.L 1993. 4795 
McIntyre, C.L 1993. 4796 

McIntyre, C.L 1993. 4797 
McIntyre, C.L 1993. 4802 

McIntyre, C.L 1993. 4803 
Palmer et al 1991 
Palmer et al 1991 

Caples Terrane 
McIntyre, C.L 1993. 

Palmer et al 1991 

Palmer et al 1991 
Palmer et al 1991 

Palmer et al 1991 
Palmer et al 1991 
Palmer et al 1991 

Palmer et al 1991 
Palmer et al 1991 

DRY BASIS 

OU number location and Description 
83980 Grays Reef. Sheared schist from northern wall of faultzone 

84028 Grays Reef. Sheared schist+ clay gouge from southern wall of faultzone 

84034 Whites Reef. Schist from southern footwall of faultzone 

84044 Whites Reef. Schist from southern footwall of faultzone 

84045 Buds Reef. Sheared schist+ clay from southern wall of faultzone 

83987 Buds Reef. Sheared schist+ clay from southern wall of faultzone 

84046 Offal Reef (Butchers). Sheared schist from centre of faultzone 

84047 Offal Reef (Butchers). Schist from northern wall rock of faultzone 

84040 Doug Maxwell Reef (Butchers). Sheared schist+ clay gouge from faultzone 

83983 Conroys Reef. Sheared schist +clay gouge from northern hanging wall of faultzon 

83984 Conroys Reef. Sheared schist +clay against northern hanging wall of faultzone 

84047 Conroys Reef. Sheared schist from southern footwall of faultzone 

83980 Conroys Reef. Faultplane schist from southern footwall of faultzone 

83981 Conroys Reef. Sheared silicified schist from against northern hanging wall 

83981 Conroys Reef. Sheared silicified schist from northern area of faultzone 

84026 Alpine Reef. Sheared footwall schist against quartz reef 

84026 Alpine Reef. Brecciated sheared footwall schist against quartz reef 

84048 Conroys Reef. Sheared schist from northeast trending fault (Manuherikia) 

84049 Potters Diggings. Sheared, folded, weathered schist of faultzone (Whitecoomb) 

(XRF Fused Beads) 
Si02 Al203 Fe203 Cao 

CUSTOME (%) (%) (%) (%) 

GR 142 

GR 145 

W155 

W158 

BR 159 

BR 164 

OF222.2 

OF222.4 

DM229 

CR 248.1 

CR251 

CR 262.1 

CR 262.2 

CR267 

CR 267.1 

AR291 

AR 299.1 

I 

I 

72.8 

65.5 

71.0 

70.7 

60.6 

67.1 

66.1 

65.2 

63.5 

73.0 

70.1 

67.2 

66.4 

65.2 

68.1 

58.9 

62.2 

58.4 

58.0 

13.0 

16.0 

14.6 

15.1 

16.5 

15.7 

15.0 

15.4 

15.4 

14.2 

15.6 

15.3 

16.0 

16.2 

15.0 

18.2 

17.9 

12.2 

19.5 

3.50 0.77 

5.35 0.12 

3.45 0.24 

3.30 0.24 

6.15 1.61 

4.50 0.41 

5.30 0.30 

5.60 0.62 

6.40 0.27 

2.35 0.21 

2.20 0.28 

5.05 0.40 

4.65 0.65 

5.45 0.30 

4.85 0.23 

8.10 0.24 

5.25 0.68 

5.15 8.00 

8.50 0.08 

84041 

CR 284 

P303 

S346 Sisters Diggings. Sheared, folded, weathered schist from faultzone in Fraser Rive : 69.5 15.8 4.20 0.35 

" 

6776 Wanaka Lithologic Association Grey Schist 
6777 Wanaka Lithologic Association Grey Schist 
6778 Wanaka Lithologic Association Grey Schist 

6779 Wanaka Lithologic Association Grey Schist 
6780 Wanaka Lithologic Association Grey Schist 
6795 Wanaka Uthologic Association Grey Schist 

6781 Wanaka Uthologic Association Grey Schist 

6782 Wanaka Lithologic Association Grey Schist 
6783 Wanaka Uthologic Association Grey Schist 

6784 Wanaka Lithologic Association Grey Schist 
6787 Wanaka lithologic Association Grey Schist 

6796 Wanaka UthologicAssociation Grey Schist 
Wanaka Lithologic Association Grey Schist 

Wanaka Lithologic Association Grey Schist 

Caples Terrane grey schist 

Caples Terrane grey schist 

Caples Terrane grey schist 
Caples Terrane grey schist 
Caples Terrane grey schist 
Caples Terrane grey schist 
Caples Terrane grey schist 

Caples Terrane grey schist 
Caples Terrane grey schist 

68.18 

71.42 
66.35 
64.76 
66.92 
68.47 

65.38 

68.53 
68.88 

68 
69.69 

66.81 

67.09 
67.71 

61.99 

59.59 

62.81 
60.48 
61.1 

60 
55.87 
59.97 
54.65 

15.4 
13.81 

16.42 
16.91 

15.7 
15.26 

15.89 

14.1 
14.92 
15.14 

14.4 

14.65 
16.74 
15.71 

17.15 

17.76 

17.26 
16.61 
17.85 
18.99 
17.46 

17.02 
18.71 

4.29 0.97 

3.33 1.83 
4.57 0.93 

4.81 1.63 
4.74 1.51 
3.74 2.09 

5.05 2.33 

4.95 2.13 
3.42 2.02 

3.76 2.37 
1.84 1.62 

4.67 2.58 
4.32 1 
3.48 2.21 

6.1 3.37 

6.38 4.51 

5.8 2.78 
6.13 4.27 
5.79 3.33 

6.88 0.9 
7.5 5.85 

6.02 4.23 
7.59 5.64 

MgO S03 K20 Na20 MnO li02 
(%) (%) (%) (%) (%) (%) 

1.10 0.01 2.30 3.65 0.06 0.49 

1.72 0.02 4.65 1.68 0.07 0.67 

1.05 0.02 2.85 3.25 0.05 0.57 

0.98 0.02 2.50 4.15 0.03 0.59 

2.30 0.03 3.80 1.95 0.07 0.79 

1.79 0.02 4.20 2.15 0.06 0.66 

1.34 0.09 2.70 2.75 0.03 0.60 

1.33 0.09 2.75 3.10 0.04 0.66 

1.24 0.04 2.40 2.30 0.03 0.61 

0.79 0.02 2.10 2.05 0.05 0.52 

0.87 0.02 2.70 1.39 0.07 0.64 

0.95 0.02 2.20 4.75 0.03 0.57 

1.72 0.02 2.85 4.30 0.05 0.64 

1.99 0.02 3.05 4.15 0.05 0.71 

1.57 0.02 2.70 3.85 0.04 0.61 

1.80 0.02 2.40 3.65 0.07 1.02 

1.84 0.02 3.65 4.35 0.05 0.84 

0.86 0.03 2.05 0.03 0.08 0.57 

2.55 0.61 2.70 0.41 0.07 0.87 

1.29 0.17 3.40 3.40 0.02 0.58 

1.33 2.25 4.18 0.05 0.57 
1.13 2.34 3.38 0.05 0.46 
1.39 3.44 2.59 0.04 0.67 
1.48 3.73 2.96 0.06 0.6 
1.36 3.47 3.28 0.05 0.58 
1.32 4.05 1.61 0.04 0.55 
1.77 3.26 3.11 0.06 0.65 
1.38 2.86 3.27 0.07 0.66 
1.29 2.53 4.38 0.05 0.52 
1.62 3.51 2.59 0.05 0.52 
1.42 2.26 2.16 0.08 0.59 

1.74 2.85 2.64 0.07 0.61 
1.38 3.18 3.5 0.04 0.58 
1.38 2.3 4.8 0.05 0.53 

2.23 1.91 3.84 0.1 0.79 
2.08 1.16 4.63 0.15 0.84 
1.75 1.72 4.42 0.08 0.7 
2.72 1.55 S.37 0.11 0.76 
2.18 1.72 4.93 0.09 0.8 
2.38 3.65 2.08 0.11 0.83 
3.64 1.19 4.81 0.12 0.93 
2.49 1.77 5.26 0.09 0.85 
3.53 1.61 4.8 0.13 0.92 

P205 

(%) 

0.126 

0.148 

0.138 

0.151 

0.198 

0.184 

0.118 

0.149 

0.187 

0.071 

0.091 

0.196 

0.227 

0.209 

0.155 

0.268 

0.200 

0.170 

0.156 

0.149 

0.13 

0.09 
0.13 
0.16 
0.21 

0.1 

0.17 
0.16 

0.12 
0.15 
0.14 

0.15 
0.12 
0.12 

0.27 
0.19 

0.18 

0.15 
0.18 

0.16 
0.18 

0.17 
0.19 

LOI ~ajors Tota 

(%) 

2.45 

4.45 

3.15 

2.95 

6.15 

3.65 

6.15 

5.75 

8.60 

5.15 

6.40 

3.70 

2.80 

2.95 

3.05 

5.50 

3.20 

11.9 

6.70 

2.70 

1.54 98.89 
1.7 99.54 

2.8 99.33 
2.47 99.57 
2.32 100.14 

2.35 99.58 

2.59 100.26 
2.25 100.36 
1.61 99.74 

2 99.71 
2.55 96.75 

2.72 99.49 
2.43 100.38 
1.95 100.24 

2.3 100.05 
2.96 100.25 

2.72 100.22 
1.79 99.94 
2.26 100.23 

3.45 99.43 
2.14 99.69 

2 99.87 
2.43 100.2 

'° 0 -






