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The Cu/(Cu+Ni) ratios associated with the Basal Gabbro also display the 

vertical reverse fractionation trend, supporting the supercooled margin model. The 

disseminated sulphides in the lowermost units, are regarded as being the result of 

sulphur saturation induced by contamination from the dolomitic and quartzitic xenoliths. 

This is supported by isotope data which indicate the high degree of contamination in the 

lowermost units of the Complex. 

The results of this study are used to propose a model for the petrogenesis and 

metallogenesis of the Uitkomst Complex, whereby the Complex is closely related to the 

Bushveld Complex. The Basal Gabbro, as supported by its chemistry and style of 

mineralisation (Cu-rich), represents a supercooled margin to the lowermost units of the 

Uitkomst Complex, which stoped upwards into the surrounding sediments, assimilating 

the country rock xenoliths, and precipitating sulphides. Following this was a period in 

which large quantities of magma moved laterally through the system before the magma 

flow waned, and closed sytem crystallisation ensued. As the body cooled, the primarily 

magmatic water was superceded by the hydrothermal magmatic water released from the 

xenoliths, and later by geothermally driven circulating meteoric water, producing the 

extensive alteration. This alteration was accompanied by considerable stress and the 

development of fractures and shears. Finally the Complex was itself intruded by diabase 

sills and later dolerite dykes . 

11 



Acknowledgements 

I would like to thank the following people and organisations for their help and 

time througout the duration of this thesis: 

I) The Anglovaal Group for providing the project and the sample material, as well 

as financing the expenses incurred in collecting the samples and data for this thesis. 

2) My supervisor Prof. J.M. Moore, for his time and advice, as well as the 

interesting discussions throughout my time of study. 

3) The geological staff of the Anglovaal Barberton Exploration office, particularly: 

Dr. Hennie Theart, Anton Lombaard, John Wilton, Tim Livessey, Lourens Erasmus, 

Kelly Redmond and Mauritz Van Den Berg, all of who provided invaluable geological 

information as well as a more than hospitable environment 

4) The technical staff of the Geology Department at Rhodes University for their 

help in sample preparation, particularly: John Hepple; Andre Visagie for XRF sample 

preparation; and Wilberforce Hashe and Bennet Bongwana for thin section 

preparations. 

5) The geological staff of the Geology Department at Rhodes University for their 

help regarding the different facets of writing a thesis, particularly: Prof. R. Jacob, Prof. 

J .S. Marsh, C. Mallinson, and W. Morgan. 

6) Dr. Derik De Bruiyne, of the University of the Free State, for his time and 

patience, whilst using the electron microprobe. 

7) Gillian McGregor for the endless hours of work producing the maps. 

8) My fellow students Henry Holland, Frans Slabber, Paulo Kerber, and Dave 

Mooney for help throughout the thesis ranging from discussions to sorting out 

computer problems. 

9) My parents, whose support made this work possible. 

111 



Declaration 

All work in this thesis is the original work of the author except where specific 

acknowledgement is made to the work of others. 

No portion of this thesis, or the analytical data presented herein, may be reproduced or 

published without written permission of the author. 

Date: Ih /C/~ ... . i rot :(-... .... . Signed: 

IV 



List of Contents 

Abstract 

Acknowledgements . ........ . ...... .. . ............... ... .... . ... .. . .... ......... ........ ill 

Declaration ........................ .. . . .... . . ... .... ............ . ... ..................... IV 

List of Contents • ••••••••••••••••••••••••••••••.•••••• ••.. •••••••••••••••••• .•• •• .... V 

Chapter 1: Introduction ......... .. ... .. ........ .. ... ..... .. . ... ............. .. ..... 1 

Chapter 2: Regional Geology ........................ .. .. .... . .. ... .... ... ...... 5 

2.1 Country Rocks .......... ....... ............ .... . ....... .. ........ 5 

2.1.1 Nelshoogte Granite ........ . . . .. ...... . ... .. ...... ... . .. ..... 5 

2.1.2 The Transvaal Sequence 6 
2.2 Rock Types and Field Relations of the Uitkomst Complex 7 

2.3 

2.4 

2.5 

2 .2.1 Basal Gabbro ........... .. .... .. ....................... 9 

2.2.2 Lower Pyroxenite ... . . .... .. ... . . . . .. . ... . .... .... . .. ...... 9 

2.2.3 Chromititic Pyroxenite .. .. . .. . .. .. . ....... .. . .. ............ . .. . . 10 

2.2.4 Peridotite 

2.2.5 Upper Pyroxenite . ...... ... ... . ............ ...... . ........ . 

2.2.6 Norite .... . ...... ... .. . . . .. .. .. . ... . .......... . .. .. . .... . ..... .. . . 

Diabase Sills ..................... . .... . .......... . ..... ... ... .... .. .... . 

Xenoliths 

Massive Sulphides 

10 

10 

11 

11 

11 

12 

Chapter 3: Petrography 13 

13 

15 

18 

3. 1 Basal Gabbro 

Alteration 3.2 

3.3 Mineralisation ........... . ......................... . ... ................ .. . 

3.4 Lower Pyroxenite .. . . . . . . . . . . . . . ... .. . .. . . . .. . . . .. . . . . . . . . . . .. . .. . . . 19 

3.5 Diabase Sills . . . . . . .. . . . . . . . . ... . . . . . . . . . . . . . . . . . . .. . . ... . . . . . . . . . . . . . . . . 20 

Chapter 4: Mineral Chemistry of the Basal Gabbro.. ... .... . ......... .... . 21 

4.1 Technique ............................................... ..... ........ 21 

4.2 Orthopyroxene Compositions .... ....... .. ............ . . ...... .... . .... 21 

4 .3 Clinopyroxene Compositions.... . ..... . . .. .. ... . ........ . ... . ....... . . 27 

4.4 Amphibole Compositions ........ . ..... .. ................ . ....... .. 30 

4.5 Two-pyroxene Geothermometry ..... . .... ....... .. .. . . . .. ....... 32 

4.6 Ca-amphibole Geobarometer .... . .... .. .. . . ... .... . . ........ .. ........ 35 

v 



Chapter 5: Whole-Rock Geochemistry ................. .... ........ .... 37 

5.1 Introduction ............................................................ 37 

5.2 Assessment of Alteration ........ .............. .................... 37 

5.2. 1 Volatile Content 38 

5.2.2 Indexing the mobility of trace and major elements 39 

5.3 Tectonic Classification of the Basal Gabbro ........................ 45 

5.4 Major Elements ................. ... ............................... 47 

5.5 Trace Elements 

5.5.1 Sulphur 

.. . ............................. . .. .. . ............. 54 

54 

5.5.2 Base Metals ........... ....... .............. . ............... . .. 61 

5.5.3 IncompatibleTraceElements ................................. 63 

5.6 Discussion ... ........................ .......... ........ . .. ...... ... ... 70 

5.7 Chemical Affinity to the Bushveld Complex .. .. .. . .. .. . .. .. .. . .. .. . 72 

5.8 Diabase Sills .. .. . .. .. .. .. .. . .. .. .. .. .. .. . .. .. .. .. .. ... .. ... ..... .. .. .. .. 73 

Chapter 6: Petrogenesis and Metallogenesis of the Uitkomst Complex 

6.1 Previous Work and Existing Models ................................. 76 

6.2 Evolution of the Uitkomst Complex ......................... ........ 81 

6.2.1 Basal Gabbro unit .......................................... 81 

6.2.2 Ore Genesis .......... ............. . .. .. ..... ............ ...... 85 

6.3 General ...................... .. ........... ......... .. .... .... .. .... 92 

6.3.1 Alteration .............................. .............. ....... 92 

6.3.2 Relationship to the Bushveld Complex ............... 93 

6.4 Implications and Final Comment ................................. 94 

References ............................................................ . ................. 95 

Appendix A: Plates of Photomicrographs 

Appendix B: Borehole Logs 

Appendix C: Electron Microprobe Analyses 

Appendix D: X-Ray Fluorescence Spectrometry 

vi 



Petrology and Geochemistry of the Basal Gabbro Unit, 

Uitkomst Complex. 

Chapter 1. Introduction 

The Uitkomst Complex is situated on the Eastern Transvaal escarpment, 20 km 

north of Badplaas (Figure 1). The majority of the complex is located on two farms, 

Uitkomst 541 IT and Slaaihoek 540 IT, with the mineral rights owned by subsidiaries 

of Anglo American Corporation and the Anglovaal Group respectively. Since the early 

1970's the Uitkomst Complex has been the subject of intensive phases of exploration 

drilling programs by both companies to determine the economic potential of its Ni-Cu­

PGE ores. During the course of this study, in July 1995, ajoint venture agreement was 

signed to further investigate and realise its potential. 

The objective of this thesis, is to look at the petrology and the geochemistry of 

the basal unit (the Basal Gabbro), in order to determine its relationship with the rest of 

the Complex and attempt to gain an understanding of the Cu-Ni mineralisation 

associated with this unit. 

The sample material for this thesis was provided by the Anglovaal Group, from 

the initial phase of drilling on the farm Slaaihoek 540 IT. This consists of 31 diamond 

drill boreholes, drilled along six traverses across the complex, approximately 500 

metres apart (Figure 2). Within each traverse the borehole spacing was approximately 

100 metres. For the purpose of this study, the logging and sampling of material has 

been limited to these initial boreholes, although observations from other boreholes will 

not be excluded. Six boreholes have been analysed for either their mineral chemistry 

(SH3), their whole-rock geochemistry (SH8, SH25, SH26 & SH27), or both (SH10). 

A further two boreholes (SHI8 & SHI9) were examined petrographically. 

The Uitkomst Complex was first reported by Wagner (1929) as an altered 

pyroxenitic sill. Wagner (1929) recognised the economic potential of the Uitkomst 

Complex with respect to the Ni-Cu-PGE mineralisation. Since Wagner's initial report, 

nothing was published on the Uitkomst Complex until the paper by Kenyon et al. 

(1986), resulting from exploration undertaken on the farm Uitkomst 541 IT by the 

Anglo American Corporation of South Africa between 1970 and 1976. Unfortunately, 

the work by Kenyon et al. (1986) was limited by a failure to recognise that the 

stratigraphy encountered on the farm Uitkomst 541 IT is incomplete. Although several 
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other authors (e.g. Sharpe et al. (1981) and Schiirmann (1992)) have made reference to 

the Uitkomst Complex since Wagner's initial description, it is only recently that the first 

complete study of the Complex has been undertaken as the subject of a PhD by Gauert 

(submitted, 1995) at the University of Pretoria. 

The Uitkomst Complex is a narrow elongate mafic - ultramafic body trending in 

a north-west direction, plunging approximately 8° to the north-west under the Eastern 

Transvaal escarpment (Figure 1). The exposed length of the Complex is approximately 

8 km, and it's width is 1.1 km at its widest point. The north-western extensions of the 

Complex are as yet still unknown, being beneath the escarpment. Towards the south­

east of the Complex, progressively lower litho-stratigraphic units have been exposed 

due to a combination of the plunge of the body and the local topography. A description 

of the overall geometry of the Uitkomst Complex is difficult to provide from mapping 

on the farm Slaaihoek 540 IT, due to limited outcrop. However, mapping by Gauert et 

al. (1995) of the exposed lower stratigraphic lithologies on the farm Uitkomst 541 JT, 

combined with borehole information from both properties, indicates that the Complex 

has a steers-head geometry in cross-section, with the lower part being broadly 

rectangular in shape, forming the "trough", and the upper part extending laterally in a 

funnel shape. The Complex has an approximate thickness of 850 metres, excluding 

later sills, which have increased the thickness of the Complex by approximately 100 

metres. 

2 
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from the initial phase of drilling. 



Chapter 2. Regional Geology 

The Uitkomst Complex was intruded into the Late Archaean - early Proterozoic 

sediments of the Transvaal Sequence, transecting quartzites of the Black Reef 

Formation, dolomites of the Malmani Subgroup, and lower Pretoria Group Shales. The 

base of the Complex is usually within the quartzitic and dolomitic sediments of the 

Malmani Subgroup, although related mineralisation is seen below the Complex in 

quartzites of the Black Reef Formation, and in the basement Nelshoogte Granite. The 

relevant stratigraphy of the region is shown in Figure 3. 

Shale (thick) 
Ferruginous quartzite 
Shale (graphitic?) (thin) 

Timeball Hill 
Quanzite } KJapperkop Formation Pretoria 
Shale (thin) Member Group 
Quanzite 

Shale (thick) 

Diamictite } Bevets } Rooihoogte 
Member Formation 

} 
Malmani 

} Chuniespoort 
Dolomite and chert Subgroup Group 

Quanzite } 
Black Reef Wolkberg 

Conglomerate Quartzite } 
Formation Group 

Basement } 
Nelshoogte 

Granite 

Figure 3 Stratigraphy of the country rocks in the region of the 
Uitkomst Complex. From Anglovaal (1993). 

2.1 Country Rocks 

2.1.1 Nelshoogte Granite 

Transvaal 
Supergroup 

The Nelshoogte Granite forms the Archaean basement in the region. It has been 

described as a pluton of biotite tonalitic gneiss, belonging to the Swazian Erathem with 

an age of older than 2,870 Ma (SACS, 1980). 
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2.1.2 The Transvaal Sequence 

The Transvaal Sequence rests unconformably on the Nelshoogte Granite, with 

the basal unit being the Black Reef Quartzite Formation of the Wolkberg Group. As its 

name suggests the Black Reef Quartzite Formation is an arenaceous unit consisting of 

quartzite with lenses of grit and conglomerate. Within this Formation shale is always 

present particularly in the upper parts, close to the contact with the overlying dolomite, 

(SACS, 1980). The Black Reef Formation is preserved around the present day margins 

of the Transvaal basin, and has thicknesses of between a few metres and 30 m 

(Eriksson et aI., 1993). The upper contact with the overlying dolomite is transitional 

and conformable (SACS, 1980), although in the region of study the contact appears to 

be represented by an unconf ormi ty. 

Unconformably overlying the Wolkberg Group are the chemical sediments of 

the Chuniespoort Group. These consist of the dolomites and cherts of the Malmani 

Subgroup, which has been subdi\'ided into five formations on the basis of their chert 

content as well as the presence or absence of algal structures in the dolomite (SACS, 

1980). Overlying the dolomites are the Penge and Duitschland Formations consisting of 

iron-formations and chemical- clastic deposits respectively (Eriksson et al., 1993). The 

Penge and Duitschland Formations are apparently absent from the stratigraphy of the 

Uitkomst region, again being represented by an unconformity. 

The Pretoria Group unconformably overlies the chemical sediments of the 

Chuniespoort Group, the unconformity being angular and karstic (Eriksson et al., 

1993). The Pretoria Group consists predominantly of quartzite and shale together with 

prominent volcanic units (SACS, 1980). The basal Rooihoogte Formation contains the 

Bevets Conglomerate Member, as recognised in the Pilgrim's Rest goldfields (SACS, 

1980). The highest stratigraphic rocks intruded by the Uitkomst Complex are the lower 

shales and quartzites of the Timeball Hill Formation. Numerous diabase and other basic 

sills are found at various levels in the Pretoria Group; these have been informally 

designated the Transvaal diabase (SACS, 1980). Hall (1932) has suggested that these 

sills are slightly older than the mafic-ultramafic rocks of the Bushveld Complex, which 

have been dated at approximately 2050 ± 22 Ma (Hamilton, 1977, recalculated by Von 

Gruenewaldt et aI., 1985). An age constraint of approximately 2600/2500 - 2050 Ma 

may be placed on the Transvaal Sequence (Eriksson et aI., 1993). 
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2.2 Rock Types and Field Relations of the Uitkomst Com plex 

The Uitkomst Complex is a narrow elongate mafic - ultramafic body trending in 

a north-west direction, plunging approximately 8" to the north-west under the Eastern 

Transvaal escarpment (Figure 1). The exposed length of the Complex is approximately 

8 km, and it's width is 1.1 km at its widest point. The north-western extensions of the 

Complex are as yet still unknown, being beneath the escarpment. The cross-section of 

the Complex is understood to have a steers - head geometry, with the lower part being 

broadly rectangular in shape, forming the "trough" , and the upper part extending 

laterally in a funnel shape (Figure 4). The Complex has an approximate thickness of 

850 metres, excluding later sills, which have increased the thickness of the Complex by 

approximately 100 metres. Post-intrusive deformation is evident from steeply dipping 

faults, cutting across the body, causing displacement of tens of metres, and giving rise 

to graben- and horst-structures (Gauert et aI., 1995). 

Initial dating of the Complex, carried out at the Bernard Price Institute of 

Geophysics, at the University of the Witwatersrand, using Rb-Sr techniques on 

selected biotite grains, gives an age of 2025 Ma (Allsopp, H.L., cited in Kenyon el al. , 

1986). This can be compared to the Rustenburg Layered Suite of the Bushveld 

Complex, which has been dated by Rb-Sr techniques to be 2050 ± 22 Ma (Hamilton, 

1977. recalculated by Von Gruenewald! el al., 1985), supporting the view that the 

Uitkomst Complex may be a satellite intrusion of the Bushveld Complex (Sharpe el al. , 

1981; Kenyon et al., 1986). 

The Complex is generally subdivided into six lithological units, although the 

names for these vary across the properties. The variation in the names of the units are a 

result of the heterogeneity of the rock units in terms of their mineralogy and sub­

layering, and the fact that intensive alteration has largely obscured their original 

mineralogy. Therefore for the purpose of this study the unit names used by Anglovaal 

(1993) will be adopted, although those used by Gauert et al. (1994) are shown in Table 

1 for reference. 
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Figure 4 Schematic cross section through the Vitkomst Complex. 
From Gauert et al. (1995). 

Slaaihoek (Anglovaal , 1993) Uitkomst (Gauert el ai., 1994) 

Nonte zone uaoorononte 

Upper Pyroxenite zone Pyroxenite 

Peridotite zone Main Harzburgite 

Chromititic Pyroxenite zone Chromitiferous Harzburglte 

Lower Pyroxenite zone Lower Harzburgite 

Basal Gabbro zone Basal Gabbro 

Table 1 A comparison oj the unit names Jor the lithological 

subdivision oj the Vitkomst Complex 
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2.2.1 Basal Gabbro 

The Basal Gabbro is generally less than 12 metres thick (max. 30 metres) and is 

thickest and most continuous along the northern margin of the trough, whilst being only 

sparsely distributed along the southern margin. Initial drilling results from both 

Slaaihoek and Uitkomst (Kenyon et aI., 1986) indicated the lateral continuation of the 

Basal Gabbro away from the trough. This howeyer, may be a function of the irregular 

nature of the contact between the rocks of the Complex with the sedimentary wall­

rocks. This unit displays a marked basal chill against the floor rocks of the Complex, 

which are generally quartzitic or dolomitic sediments of the Malmani Subgroup. From 

underground exploration drives, the basal contact, at least locally, is undulatory and 

displays a sheared contact with the country rocks The upper contact with the Lower 

Pyroxenite is of a gradational nature and is frequently obscured by country rock 

xenoliths or later diabase sills, both of which are not uncommon in the Basal Gabbro. 

This unit is generally extensively altered and is well mineralised, commonly displaying 

a finely disseminated to dense net-texture of sulphides with a high copper content 

(AngloYaal, 1993). The petrology and mineralization will be examined in later sections. 

2.2.2 Lower Pyroxenite 

The Lower Pyroxenite (Lower Harzburgite) is compositionally and texturally 

very inhomogeneous, consisting of poorly layered peridotites and pyroxenites with an 

average thickness of 50 metres (max. 90 metres) (Gauert et aI., 1994). This unit has 

been extensively altered, consisting of remnants of pyroxene and olivine 

pseudomorphically replaced by large crystals of calcic amphibole (Kenyon et aI., 1986; 

Gauert et aI. , 1994). Typical alteration minerals include amphibole (tremolite), sericite, 

chlorite, talc, serpentine and clinozoisite, with tremolite being the dominant mineral 

phase (Anglovaal, 1993; Gauert et aI., 1994). Xenoliths of dolomite and chert are 

common, displaying varying degrees of assimilation, with pegmatoidal rims of 

metamorphic-textured diopside and tremolite crystals (Gauert et aI., 1994). Gauert 

(1994) describes variations within this unit including a feldspar-rich lherzolite, grading 

into olivine-websterite with a high content of interstitial plagioclase, and a pegmatoid 

comprising feldspar and pyroxene crystals with sulphide filling the interstices. 
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This unit hosts the bulk of the mineralisation within the Complex, including the 

Main Mineralized Zone (MMZ). The mineralization has textures ranging from net­

textured to large sulphide blebs, and often occurs as concentrations near xenoliths of 

country rocks (Kenyon et ai., 1986; Gauen et ai. , 1994). The main opaque minerals are 

ilmenite, magnetite, chromite, pyrrhotite, rutile, chalcopyrite, pentlandite, digenite and 

pyrite (Gauen et ai., 1994). 

2.2.3 Chromititic Pyroxenite 

The Chromititic Pyroxenite zone (Chromitiferous Harzburgite) has an average 

thickness of 60 metres and comprises massive to semi-massive or disseminated lenses 

of chromitite alternating with bands of pyroxenite and peridotite (Gauen et ai. , 1994; 

Kenyon et ai. , 1986). This is a medium- to coarse-grained rock in which the silicates 

have been extensively altered to an amphibole - serpentine - talc - carbonate assemblage, 

and the chromitite bands display deformation "schlieren" textures. Carbonate - quartz 

veins are common in this unit (Gauen et ai., 1994). 

2.2.4 Peridotite 

The Peridotite zone (or Main Harzburgite) is typically 330 metres thick and 

macroscopically displays a l)1hmic layering (Gauen et ai., 1994). This rock is relatively 

homogeneous and is composed primarily of olivine chadacrysts (>50%) poikilitically 

enclosed by coarse-grained onhopyroxene oikocrysts «40%) (Anglovaal, 1993). 

Chromite and sulphides (pyrrhotite and pentlandite) , as well as intercumulus feldspar 

and phlogopite are interstitial and make up about 10% of the rock (Gauen et ai., 1994). 

This unit displays varying degrees of alteration, with the olivines being serpentinised, 

and the pyroxenes being altered to amphibole and chlorite (Anglovaal, 1993). 

2.2.5 Upper Pyroxenite 

The Upper Pyroxenite zone (or Pyroxenite) is approximately 60 metres thick 

and has gradational contacts with the Peridotite zone below and the Norite zone above 

(Gauen et ai., 1994). This unit consists of a medium-grained orthopyroxenite 

interlayered with thin peridotite layers. The contacts between the pyroxenites and 

peridotites are gradational. The pyroxenite is primarily composed of onhopyroxene 

(55%), with olivine (35%) and minor amounts of intercumulus feldspar, biotite and 

clinopyroxene (Anglovaal, 1993). 

10 



2.2.6 Norite 

The Norite zone (or Gabbronorite) is approximately 250 metres thick and is 

composed or mediurn- to coarse-grained plagioclase (labradorite), orthopyroxene and 

clinopyroxene with interstitial amphibole and biotite. A mesostasis of quartz and 

feldspar is commonly developed (Gauert et aI., 1994; Anglovaal, 1993). This unit has a 

high content of xenoliths of quartzitic sediments, as well as various autoliths of rock 

types presumably derived from the layered suite (Anglovaal, 1993). 

2.3 Diabase Sills 

The Uitkomst Complex has itself been intruded by later diabase sills. Kenyon et 

aI. (1986) claim that three major intrusive sills exist, which have spawned numerous 

secondary sills. The sills are medium- to coarse-grained with characteristic chills on 

their upper and lower boundaries, and are in sharp contact with the mafic - ultramafic 

rocks of the Complex. The external appearance of the sills is similar to that of the Basal 

Gabbro. Mineralogically, the diabases consist of amphibole (tremolite), feldspar, 

pyroxene, biotite and chlorite (Anglol'aal, 1993). The amphibole is a product of the 

uralitisation of the pyroxenes. Some of the sills contain minor sulphides, probably as 

contamination from the Complex (Kenyon et ai., 1986) . 

2.4 Xenoliths 

The Uitkomst Complex, especially the lower three units, contains a high amount 

of country rock xenoliths. These usually have characteristic rims of pegmatoid. Two 

main types of xenolith are encountered in the Complex: one type is dolomitic, 

frequently showing their original banded nature, whilst the second type consists of fine­

grained quartzites or chert. These xenoliths are most likely to be derived from the 

dolomites of the Malmani Subgroup. 
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2.5 Massive Sulphides 

The country rocks to the Uitkomst Complex are frequently host to massive 

sulphide mineralisation. This is locally developed and is usually situated in the 

immediate footwall of the Complex, forming a layer between the Basal Gabbro and the 

sediments of the Malmani Subgroup. However, significant occurrences of massive 

sulphides have been found below the Malmani sediments in the Black Reef Quartzite 

Formation and even within the Nelshoogte Granite. The massive sulphide 

mineralisation is characterised by a pyrrhotite-rich assemblage. 
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Chapter 3: Petrography 

3.1 Basal Gabbro 

The Basal Gabbro, as previously mentioned, has been extensively altered by 

late- to post-magmatic processes. Of the boreholes available for this study, borehole 

SHIO is the least altered, and hence best shows the primary magmatic features of this 

unit. For this reason the bulk of the petrography is taken from borehole SHlO, although 

information from other boreholes is included. 

The pnmary mineralogy of the Basal Gabbro includes plagioclase, 

orthopyroxene, clinopyroxene, phlogopite, magnetite, ilmenite, and the sulphides 

pyrrhotite , chalcopyrite and pentlandite. Any estimation of modal proportions will have 

a strong overprint of the alteration mineralogy, and hence be highly dependent on the 

extent of the alteration. However, although many of the primary minerals have been 

altered, those remaining at least give an indication of the relative original proportions. 

The feldspar, although saussuritized, remains roughly at its original proportion of 

approximately 40 - 50 % of the rock. The pyroxenes, being highly susceptible to 

uralitization and chloritization will have greatly reduced proportions. Common values 

are in the range of 5 - IS o/c for both ortho- and clinopyroxenes, although some sections 

have been so altered that none are identifiable. If it is assumed that all the amphibole is 

secondary then the pyroxenes could account for 50 - 60 % of the rock in total. 

Therefore, according to Streckeisen's (1976) classification of igneous rocks (Figure 5) , 

the Basal Gabbro can be classified more correctly as a gabbronorite. However, this 

classification has been based upon an incomplete mineral assemblage due to the 

alteration and hence is only an indication of the initial rock type. 

As mentioned earlier, the Basal Gabbro displays a marked chill towards the base 

of the unit, where it is in contact with the sediments of the Malmani Subgroup. This 

chill zone in thin section SHlO-9 (409.40 m) is a fine-grained rock with grain sizes 

averaging 0.5 mm (Plate 1). The pyroxenes (both clino- and orthopyroxene) show 

euhedral to subhedral crystal shapes (Plate 2). Biotite and apatite occur as late-stage 

phases filling the voids between the plagioclase laths and the pyroxenes. The brown 

colour of the biotite suggests a high Ti content (Deer et ai, 1992). The pyroxenes are 

with the exception of opaques, inclusion free (Plate 3). This section, presumably 

because of its fine grain size is only mildly altered. From this essentially aphanitic 

homfelsic base the grain size increases upwards until it attains average sizes of 1 mm in 

thin section SHlO-8 (408.60 m) . This section is at the uppermost part of the "quench" 

zone. Alteration (saussuritisation and uralitisation) of the rock is more extensive than in 
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thin section SHlO-9, although some patches are more altered than others. The 

pyroxenes are subhedral and often surrounded by a rim of carbonate. One 

clinopyroxene grain is seen to have an inclusion of orthopyroxene (Plate 4), suggesting 

that fractional crystallisation, rather than rapid quenching is commencing. Frequently a 

rim of small opaque crystals is seen around biotite grains (Plate 5), especially along the 

contact with amphiboles (altered pyroxenes). This basal chill is about 1 metre thick, and 

shows increasing alteration upwards. 

a. 

anonhosite 
(plagioclasite) 

PI 

90 - - -[IeUc(}-lj 
5- ----

gabbronorite ---...;. olivine 
gabbronorite 

5-~ 

[m~~j 
10r-L-------------------------~~10 

Plag-bearing ultramafic rocks 
PxL---------~--~----~~------~a 

PI 

nori te __ --r" I gabbronori te 
I 

cpx norite I 

PI 

y -,","--- 2ahhro 

Opx 
plag-bearing pyroxenites L-______ ~ ______ ~ Cpx 

Anonhosites 

Gabbroids 

Ultramafic rocks 

h. 

Figure 5. Classification and nomenclature of gabbroic rocks. 
a. Gabbroic rocks composed of plagioclase, pyroxene, and olivine. 

b. Subdivision of gabbroic rocks into gabbro. gabbronorite 
(opx gabbro and cpx norite). and norite 

From Streckeisen (1976) . 

Thin sections SHIO-7 (407.20 m), SHlO-6 (40S.S0 m) and SHlO-S (404.80 

m) show a progressive increase in the opaque content. This increase in proportion is 

also matched by an increase in the grain size of the opaques from a maximum of O.S 

mm in thin section SH 1 0-7 to over 1 mm in thin section SH 10-5. The opaques are 

frequently associated with biotites (Plate 6), suggesting that they have precipitated 
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together in the interstices between the pyroxenes and feldspars. The alteration in these 

sections is more pervasive than in the basal chill, often with the total replacement 

(uralitisation) of pyroxenes by amphiboles. Two types of amphibole can be recognised 

in thin section, one being a hornblende and the other having an acicular tremolitic or 

actinolitic appearance. The Basal Gabbro displays a well developed intergranular 

texture, frequently with a mesostasis of quartz and feldspar (Gauert et aI., 1995) (Plates 

7 & 8). The ophitic texture described by Gauert el al. (1995), is not seen in the sections 

examined, with no optical continuity between adjacent interstitial grains. 

In thin section 10-4 (404.07 m) which is 6 cm beneath a dolomite xenolith, the 

texture and mineralogy of the rock is markedly different, and represents an alteration 

rim around the xenolith (Plate 9). This will be discussed in more detail in a later section. 

Above the xenolith in thin section 10-3 (403.43 m), which is below a quartzite xenolith 

on the Lower Pyroxenite contact, the rock is highly altered (Plate 10). The major 

mineral components are amphiboles, feldspars and carbonate, with net-textured blebs of 

opaques. Thin section 10-2 (403.20 m) displays the effects of highly intensive 

alteration with the development of clinozoisite (Plate 11), produced by the breakdown 

of plagioclase and mica 

3.2 Alteration 

As mentioned previously the Basal Gabbro has been extensively altered by late­

to post-magmatic processes. The alteration products include amphiboles, saussurite, 

and chlorite. UraIitisation is the most obvious of the alteration processes with the 

formation of amphibole from the breakdown of pyroxenes. Two main amphiboles are 

recognisable in thin section, hornblende and an acicular tremolitic or actinolitic variety 

(Plate 11). The amphiboles can be seen to pseudomorphically replace the pyroxenes, 

most frequently resulting in total replacement. However in sections where the alteration 

is less pervasive, various stages of this process can be seen, with the preservation of 

relicts of pyroxene (Plates 12 to 16). UraIitisation is the process whereby anhydrous 

pyroxenes are hydrated during deuteric alteration, to form amphiboles, proceeding first 

as follows (Deer el aI., 1978): 

3(Mg,Fe)SiO, + Ca(Mg,Fe)Si,o, + NaAlSi,O, + CaAl2Si,o, + H,o 

orthopyroxene plagioclase 

NaCa2(Mg.Fe).,AI,Si,022(OH)2 + 4SiO, 

hornblende quartz 
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This reaction is responsible for producing the hornblende-type amphiboles. 

Another reaction produces the acicular actinolitic amphiboles as follows (Deer el ai., 

1978): 

IOCa(Mg,Fe)Si,O. +CaAl,Si2o. + SHoO .... (OH),Ca,(Mg,Fe),Si,Oll 

pyroxene anonhile actinolite 

+ (OH),(Mg,Fe),Al,Si, OJO + 9CaO + IlSi02 

chlorite quartz 

Saussuritisation is the term given to the deuteric alteration of plagioclase 

feldspar. It is characterised by the replacement of plagioclase by a fine-grained 

aggregate of zoisite, epidote, albite, calcite, sericite and zeolites (Bates & Jackson, 

1980). In the Basal Gabbro, and indeed in the whole Complex, this is a very common 

alteration process, resulting in the murky appearance of feldspars in thin section (Plates 

10, 12 & 13). Several of the reactions involved in the saussuritisation of plagioclase are 

given below (Col vine el al., 1988): 

3(Ca,Na)AI,Si2o. +CO, + 'ili,O .... 

plagioclase 

NaAlSi3 0 g + K + + 2W .... 

albite 

Ca2Al,S i, 0 12(OH) + 3NaAlSi, O, + CaCO, + 2'"'D , 

epidote albite calcite 

sericite quartz 

The effect of the numerous dolomite xenoliths is economically of significance, 

as they may have played a large role in the generation of the base metal sulphides. Thin 

section 10-4 (404.07 m) is situated 6 cm beneath a xenolith of MaIrnani dolomite. 

Mineralogically the pyroxenes in this section have a different composition to typical 

pyroxenes within the Basal Gabbro (see chapter 4), being diopsidic (c\inopyroxenes) 

and having higher enstatite contents (orthopyroxenes). In thin section the pyroxenes are 

larger, and where unaltered have a fresher appearance (Plate 17). However, they have 

been intensely serpentinised, with serpentinisation consisting of an anastomosing 

network of veinlets of serpentine and magnetite being concentrated along fractures 

(Plate 18). The orthopyroxenes alter to serpentine as follows (Winkler, 1976): 

6MgFeSi20 . + 2H20 

onl!opyroxene 

Mg,Si,O,(OH), + Fe,O, + Si02 

serpentine magnetite quanz 
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The mineral assemblage of pyroxene (esp. diopside), quartz, calcite, 

phlogopite, talc, and serpentine associated with the proximity of dolomite xenoliths 

(Plates 19 & 20), is also commonly associated with the development of magnesian 

skarns (Meinert, 1992). In many skarns there is a transition from early/distal 

metamorphism resulting in hornfels, reaction skarn, and skarnoid, to later/proximal 

metasomatism resulting in relatively coarse-grained, ore-bearing skarn (Meinert, 1992). 

In the case of the interaction between dolomite xenoliths and the magma, one would 

expect to see the products of proximal metasomatism, with the fluids and volatiles being 

derived largely from the xenolith. This is indeed the case with the development of the 

characteristic pegmatoid rim around the dolomite xenolith consisting of coarse-grained 

pyroxenes, plagioclase and phlogopite. Elsewhere in the stratigraphy, in proximity to 

xenoliths, the author has logged the presence of red vesuvianite. Typical reactions 

which may be expected to take place include the following (Winkler, 1976): 

3 dolomite + 4 quartz + 1 H,O -> 1 talc + 3 calcite + 3 CO, 

5 dolomite + 8 quartz + 1 H,O -> 1 tremolite + 3 calcite + 7 CO, 

1 dolomite + 2 quartz -> I diopside + 2 CO, 

Although these are only a few of the many reactions taking place in a skarn 

environment, they show how diopside, tremolite, calcite and CO, are produced. These 

reactions also show that the source of the calcite which is ubiquitous in the rocks with a 

high xenolith component (e.g. Lower Pyroxenite) is from reaction with the dolomite 

xenoliths. The effect of the magma - xenolith reactions on sulphide precipitation will be 

discussed in a later section. 

The presence of the sulphides in the skarn zone (Plate 21), although only minor, 

is further evidence for the importance of the xenoliths in ore formation. These skarn 

zones also display evidence of retrograde alteration (as discussed above), with the 

production of hydrous phases such as amphibole and chlorite. A more detailed 

examination of the effect of the xenoliths on the magma, in terms of mineralogy and 

sulphide precipitation is beyond the scope of this project, requiring detailed microscopy 

as well as microprobe, isotope and fluid inclusion analyses of the skarn minerals. 
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The most plausible explanation for the extensive alteration of the Basal Gabbro, 

is that with the cooling of the Complex, meteoric water from the surrounding country 

rocks began to circulate and invade the intrusion, being driven by the heat of the 

complex. This was combined with the high water and volatile content of the magma 

itself derived from the assimilation of xenoliths and wall rocks whilst being transported 

and emplaced into its present position. 

3.3 Mineralisation 

The mineralisation of the Basal Gabbro consists primarily of the SUlphides 

pyrrhotite, chalcopyrite and pentlandite, and the oxides magnetite and ilmenite. 

Noticeably absent from the Basal Gabbro are grains of chromite. The relative 

proportions of the various sulphides are: 

pyrrhotite> chalcopyrite> pentlandite 

The sulphides are interstitial to the silicate phases and vary from being 

disseminated, accounting for less than 1 % of the rock, to being net-textured (Plate 22) 

and locally constituting over and above 20% of the rock. Pentlandite is an exsolution 

product from the pyrrhotite, and commonly occurs as flame-like exsolution bodies 

(Plate 23), extending from fractures and grain boundaries into the pyrrhotite parallel to 

{OOOI} (Ramdohr, 1980). Other occurrences of pentl<mdite are as aggregates occuning 

along fractures in pyrrhotite and at grain boundaries, especially between pyrrhotite and 

chalcopyrite (Plate 24). These aggregates are frequently up to 0 .2 mm in size. 

Chalcopyrite is commonly seen both as inclusions in pyrrhotite (Plates 25 & 27), as 

well as replacing pyrrhotite (Plate 26). The inclusion of chalcopyrite in pyrrhotite is a 

feature reportedly only occuning in high-temperature magmatic rocks which have been 

cooled fast (Ramdohr, 1980). 

Magnetite is present In two forms, firstly as a primary mineral of 

"titanomagnetite" usually forming discrete grains with ilmenite exsolution lamellae in a 

magnetite host (Plate 28). It is also present as a secondary product, enclosing all the 

other opaque minerals, pyrrhotite, chalcopyrite, pentlandite and ilmenite (Plate 29). 

Ilmenite also occurs as discrete grains, probably produced from the exsolution from 

magnetite, but possibly also occuning as a primary crystallising phase from the magma. 

The "pseudo-exsolution" of ilmenite in chalcopyrite (Plate 24) is most likely caused by 

the ilmenite exsolving from a titanomagnetite, whose magnetite portion has been totally 

replaced by chalcopyrite (Ramdohr, 1980). In the more altered rocks ilmenite also 
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remains as skeletal rods with the magnetite having been totally replaced. (Plates 30 & 

31). The volume fonnerly occupied by the magnetite, is often rendered semi-opaque by 

the presence of an extremely fine-grained brown substance, which is probably a 

hydrated Fe-oxide (Elsdon, 1982). Ilmenite also occurs with inclusions of pyrrhotite 

and chalcopyrite, suggesting that it is replacing these minerals (Plates 32 & 33). The 

paragenesis of the various opaques is shown below in Figure 6 . 

cp. primary replacement 

po 

exsolution 
pn 

mt 
_ primary secondary 

il 
primary exsolution 

7 - - - - ? 

Time 

Figure 6. The paragenetic sequence for the opaque minerals 
from the Basal Gabbro. cp = chalcopyrite, po = pyrrhotite, 

pn = pentlandite, mt = magnetite, il = ilmenite 

3.4 Lower Pyroxenite 

The Lower Pyroxenite is a highly variable and inhomogeneous unit, and a 

complete petrographic description is beyond the requirements and the scope of this 

project. However, for completeness the basal part of the Lower Pyroxenite in borehole 

SHlO, above the dolomitic and quartzitic xenoliths, will be briefly examined. Thin 

section 10-1 (401.10 m) which is situated above the quartzite xenolith on the contact 

with the Basal Gabbro, is extensively altered, with intense uralitisation, serpentinisation 

and chloritisation. This section is also characterised by the development of corona 

textures (Plates 34 & 35). These consist of pseudomorphs of pyroxene (or olivine) that 

have been totally replaced by talc, and surrounded by a rim of chlorite. The 

pseudomorphs themselves are separated by bands of serpentine. 
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3.5 Diabase Sills 

The diabase sills are medium-fine grained rocks (Plate 36), with the majority of 

minerals being less than 1 rnm in size, although plagioclase laths occur with lengths up 

to 2 mm. The main minerals are plagioclase, amphibole (hornblende), biotite and 

opaque minerals, with minor amounts of quartz, chlorite, epidote and carbonate. 

Although having an external appearance similar to the Basal Gabbro, they generally 

have a higher biotite (phlogopite?) content, with up to 12 % biotite. They also display 

the alteration seen throughout the Complex, suggesting they were intruded shortly after 

the Complex was emplaced, and before the late- to post-magmatic alteration attained its 

zenith. 
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Chapter 4: Mineral Chemistry of the Basal Gabbro 

4.1 Technique 

All mineral analyses were perfonned on an automated Cameca electron 

microprobe analyser at the University of the Free State, using a variety of international 

and in-house standards. The analyses were done using a focused electron beam with an 

approximate beam diameter of 1 ~m. The accelerating voltage used was 20kV, with a 

beam current of 20rnA. 

4.2 Orthopyroxene Compositions 

Orthopyroxene is only found in abundance in boreholes SHI0 and SH3, and 

even in these cases often displays a certain degree of amphibolitisation, and only 

remains as relicts within amphiboles. From these two boreholes a total 136 analyses of 

75 grains were analysed from 13 different stratigraphic levels (Appendix C). In order to 

morutor any zonation in the grains, either caused during crystallisation or by post­

crystallisation amphibolitisation, both the cores and rims were measured wherever 

possible. The effects of zoning between the core and rim domains is illustrated with 

respect to Mg#opx, Ai20 3 , Cao and Ti02 for selected microprobe analyses in Figure 7, 

and a few selected core-rim couplets are shown in Table 2. 

The majority of orthopyroxenes have compositions classifying them as 

enstatites in tenns of the new nomenclature (Morimoto, 1989). The orthopyroxenes 

show a wide variation in enstatite contents from approximately En.34 to Enn . The 

ranges of the cation % are: 

Mg Fe+Mn Ca 

Cumulus opx 44.63 - 71.97 25.61 - 55.48 1.30 - 6.28 

When the core compositions of the orthopyroxenes from borehole SHIO are 

plotted (Figure 8), two discrete clusters are distinguishable. The bulk of the analyses 

fonn a weI! defined cluster with compositions of between En'59 and En56.7. A smaller 

cluster consisting of 10 core analyses fonns another weI! defined range, with 

compositions of between En63.5 and Enno. This more Mg-rich cluster consists of 

samples from probe section SHI0-4 (404.07 m), which is 6 cm beneath a dolomite 

xenolith. The variation in orthopyroxene compositions (i.e. Mg-rich and Mg-poor) can 

be explained by two alternative models. 
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Firstly, it is possible that the magnesian population of orthopyroxenes in probe 

section SHIO-4 (404.07 m) resulted by simple crystallisation of the magma. Evidence 

for this theory includes the fact that the basal chill (probe section SH1O-9 (4D9.4D m», 

which supposedly represents the parental magma, has several orthopyroxenes which 

have more magnesian compositions (Figure 7) than those in probe section SHIO-4 

(404.07 m). Furthermore, the element variation diagrams (Figure 9) show that the Mg­

rich data from SHIO-9 are within the range of SH10-4 for all elements with the possible 

exception of Ti. Therefore, it is possible that the compositional gap between the Mg­

rich orthopyroxenes from SH1O-4 and the less magnesian compositions from other 

samples (Figure 9), is a result of a shortage of data, and that there is a continuum 

resulting from simple fractionation. 

The alternative theory recognises that there are two populations of 

orthopyroxenes, being produced by two different processes. The bulk of the 

orthopyroxenes have very similar compositions resulting from normal processes of 

crystalJisation of the magma. However, it is postulated that the population consisting of 

Mg-rich orthopyroxenes from SH 10-4 were produced by a process of Mg-enrichment 

due to skamification associated with the assimilation of the nearby dolomite xenolith 

into the melt (as discussed in Chapter 3). The Mg-rich data from the basal chilJ in 

section SHIO-9 are envisaged to represent slightly altered (skamified) compositions, 

resulting from either the assimilation of mini -xenoliths, or from direct interaction with 

the country rocks during the transport and emplacement of the magma into the 

dolomites. 

It is suggested that the latter theory of skarnification best explains the 

orthopyroxene compositions of the Basal Gabbro. This theory is supported by a 

number of other observations. Firstly, the supposedly "skarnified" section (SH1O-4) 

displays textures very different to the surrounding rock sections, such as coarse grain 

size, fresh appearance of grains (where unaltered), and serpentinisation of the rock. All 

of these textures are characteristic of skarns. Secondly, the mineral assemblage of the 

"skarnified" section, being pyroxene (especially diopside), quartz, calcite, phlogopite, 

talc and serpentine, is also typically characteristic of magnesian skarns. FinalJy, the 

proximity (6 cm) of the "skarnified" section to a dolomite xenolith is further support for 

the process of skarnification in explaining the Mg-enrichment of the orthopyroxenes in 

this section. 
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Figure 7 Variation in core and rim compositions of orthopyroxenes from borehole SHIO, plotted against stratigraphic height. 
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Analysis # 153 154 88 89 7 8 27 29 4() 41 58 59 76 77 
Section 10 -9 10 - 9 10 -8 10-8 10 -7 10-7 10-6 10 -6 10-5 10 - 5 10 -4 10-4 10 -3 10 - 3 
Label OPX IC OPX IR OPX Ie OPX IR OPX SC OPX 5R OPX 7C OPX 7R OPX 5C OPX SR OPX 5C OPX 5R OPX3C OPX 3R 

SiQ, 51.09 50.12 49.57 49.78 51.16 50.34 49.98 49.83 50.85 50.47 53 .80 53.27 50.21 50.08 
TiQ, 0.39 0.35 0.28 0.29 0.35 0.31 0.36 0.24 0.36 0.37 o.so 0.48 0.36 0.18 
A bc)" 2.31 1.26 0.85 0.73 1.83 1.49 0.98 0 .84 1.18 0.88 1.98 1.28 1.13 o.so 
FeO 25.79 29 .0 1 30.86 30.14 25.55 28.28 29.49 29.98 26.58 27.84 16.71 18.47 28.73 29.15 
Cr,03 0.12 0.02 0.00 0.01 0.04 0.05 0.01 0.00 0.00 0.00 0.05 0.03 0.06 0.12 
MnO 0.37 0.58 0.55 0.58 0.51 0.53 0.6 1 0.77 0.56 0.54 0.28 0.2 1 0.52 0.61 
Ni O 0.04 0.04 0.00 0.06 0.04 0.05 0.09 0.02 0.07 0.08 0.06 0.09 0.03 0.07 
MgO 17.35 15.62 16.05 16.66 17.55 16.24 17.22 17.80 17.86 17.62 25.03 23.54 16.86 16.51 
C.O 2.11 2.25 1.33 1.67 2.49 1. 75 1.60 1.30 \.91 1.00 2.22 1.77 1.93 1.31 
Na,O 0.05 0.05 0.00 0.08 0.07 0.03 0.11 0.00 0.04 0.06 0.05 0.13 0.10 0.00 
. ,0 0.01 0.00 0.01 0.01 0.02 0.01 0.00 0.00 0 .00 0.00 0.01 0.03 0.00 0.Q1 
Tota l 99.64 99.31 99.50 100.00 99 ,60 99.08 100.46 100.78 99.42 99.65 100.69 99.29 99.92 98.55 

Cations based on 6 oxygens 
51 1.9513 1.9585 1.9478 1.9429 1.9569 1.9601 1.9348 1.9268 1.9583 1.9526 1.9456 1.9685 1.9459 1.9713 
TI 0.0113 0 .0102 0.0082 0.0084 0.0099 0.0092 0.0104 0.0070 0.0105 0.0107 0.0135 0.0134 0.0 105 0.0053 
AI 0.1038 0.0581 0.0394 0.0334 0.0825 0 .0681 0.0447 0.0382 0.0536 0,0401 0.0843 0.0555 0,0516 0,0233 

Fi ' 0.8237 0.9478 1.0141 0.9837 0.B172 0.9209 0.9546 0.9693 0.8560 0.9004 0.5053 0.5707 0.93 12 0.9593 
Cr 0.0036 0.0008 0.0000 0.0002 0.0011 0.0015 0.0004 0.0000 0.0000 0.0000 0.0013 0.0008 0,0017 0.0039 
Mn 0.0121 0.0193 0.0184 0.0192 0.0166 0 .0174 0.0199 0.0252 0.0 1B4 0.0176 0.0085 0.0065 0.0169 0,0204 
NI 0.001 4 0.001 1 0.0000 0.0018 0.0013 0.0016 0.0029 0.0006 0.0021 0.0023 0.0018 0.0026 0.0010 0.0021 
Mg 0.9879 0.9099 0.9402 0.9693 1.0010 0.9427 0.9938 1.0261 1.0254 1.0162 1.3497 1.2969 0.9742 0.9688 
Ca 0.0863 0.0942 0.0562 0.0699 0.1019 0.0730 0.0666 0.0538 0.0787 0.0744 0.0861 0.0699 0.0800 0.0552 
Na 0,0040 0.0040 0.0000 0.0058 0.0050 0.0026 0.0084 0.0000 0.0028 0.0045 0.0035 0.0090 0.0074 0.0000 

• 0,0007 0,0000 0 .0003 0.0003 0.0008 0.0003 0.000 1 0.0000 0.0002 0.0000 0.0007 0.0014 0.0001 0.0006 

"gO 0.55 0.49 0.48 o.so 0.55 0.51 0.51 0.51 0.55 0.53 0.73 0.69 0.51 o.so 
En content 51.72 46.16 46.34 47.47 51.69 48.25 48.84 49.46 51.83 50.59 69.23 66.72 48.65 48.35 
Fs content 43.76 49.06 50.89 49.11 43 .05 48.02 47.89 47.95 44,20 45.70 26.35 29.69 47.35 48.90 
Wo content 4.52 4.7B 2.77 3.42 5.26 3.74 3.27 2.59 3.98 3.71 4.42 3.59 4.00 2.75 

Table 2 Selected electron microprobe analyses of orthopyroxene core and rim pairs from borehole SH J O. 
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I::, 10-3 (403.43) 

o 10-4 (404.07) 

o 10-5 (404.80) 

• 10-6 (405.50) 

... 10-7 (407.20) 

• 10-8 (408.60) 

• 10-9 (409.40) 

Figure 8 Compositional range of orthopyroxene cores from borehole SH 10. 

Figure 9 shows some element concentrations and ratios plotted against the 

Mg#op,' Three populations of orthopyroxencs have been classified from the Ba~al 

Gabbro. These arc firstly, orthopyroxenes from borehole SHIO excluding those from 

section SHIO-4, secondly the Mg-rich orthopyroxenes from borehole SHIO (i .e. 

section SHIO-4) , and finally all the orthopyroxenes from borehole SH3. From Figure 9 

it can be seen that the three different categories plot in different fields according to the 

Mg#op,' These three fields form a continuum from the least altered rocks of borehole 

SHIO at one end (lower Mg#op,)' to the "skarnified" rock of section SHIO-4 at the 

other end (high Mg#op,)' Borehole SID forms a field between these two extremes, 

suggesting that the chemistry of the orthopyroxenes is being controlled by the degree of 

alteration. Borehole SH3 has a high xenolith content (borehole logs in Appendix B) and 

is therefore likely to be displaying a varying degree of skarnification, depending on the 

proximity of a xenolith to the probe sections. 
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For the relatively unaltered sections from borehole SHIO only Mn displays a 

well defined trend, which follows the expected fractional crystallisation path, 

correlating negatively with the Mg#opx and hence positively with Fe. All the other 

elements show only very weak correlations with the Mg#opx. In general, the 

interelement relationships are not particularly well defined for the orthopyroxene 

population. Possible reasons for the observed poor correlations might be: 

a) that the limited stratigraphic thickness being measured is too small, so that any 

variations in element eoncentmtion may be overshadowed by the measuring error 

associated with the analyses. 

b) elements are partitioning into other co-precipitating phases , such a~ magnetite, 

ilmenite and plagioclase, which are controlling the element distribution i.e. magnetite 

and ilmenite are removing Fe, whilst orthopyroxene removes Mg, therefore the Mg#opx 

is not representing fractional crystallisation. However, the good inverse correlation of 

the Mg#opx with Mn, suggests that the Mg#opx does indicate fractional crystallisation. 

c) variable degrees of late- to post-magmatic alteration of the pyroxcnes may have 

obscured any undcrlying trends. 

d) certain elemenl~ may be close to detection limits, and hence no trends can be 

observed, thi s is especially likely for Ni and Cr. 

4.3 Clinopyroxene Compositions 

Cumulus clinopyroxene is an important primary magmatic constituent of thc 

Basal Gabbro, and although being very susceptible to amphibolitisation, primary grains 

and remnants remain, again largely in boreholes SHIO and SH3. Figure 10 shows the 

compositions of the clinopyroxenes on the Ca-Mg-Fe ternary diagram. Clearly, these 

arc poorly constrained covering the ranges of diopside and augite. This wide range of 

compositions is most likely explained by a combination of exsolution resulting in an 

inaccurate analysis of the mineral, and post-magmatic alteration. However, it can be 

seen that the bulk of the diopsides are from thin section SHIO-4 (404.07 m) which is 6 

em below the dolomite xenolith. These compositions represent typical skarn 

mineraJogies and are therefore most likely caused by the skamification processes 

around the carbonate xenolith. The clinopyroxenes from thin sections SHlO-3 and 

SHIO-7 occur on the edge of the pyroxene miscibility gap (Deer et at., 1978), and 

hence can not be original compositions. These compositions may be a result of either 
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measuring undetected low-Ca exsolution lamellae, or post-magmatic alteration. The 

remaining clinopyroxenes arc mainly high-Ca augitcs from thin sections SHIO-S, 

SHIO-6 and SHIO-9, which arc thought to represent original compositions. Selected 

electron microprobe analyses for clinopyroxene core-rim pairs are shown in Table 3. 

Ca f', 10-3 (403.43) 

o 10-4 (404.07) 

o 10-5 (404.80) 

• 10-6 (40550) 

& 10-7 (407.20) 

• 10-9 (409.40) 

Hedenbergite 

o 1 .0 
~~~~~~~~~~~~~~~~~~ 

Mg 1.0 0.8 0.6 0.4 0.2 o Fe + Mn 

Figure 10 Compositional range oj clinopyroxenesJrom borelwle SH10 
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Analysis • 44 45 68 70 78 79 

Sect ion 10- 5 10-5 10- 4 10- 4 10-3 10- 3 

La be I CPX I C CPX 1R CPX2C CPX2R CPX4C CPX4R 

SiQ 52.33 51 .94 52.78 52.83 51 .62 52.02 

TiQ: 0.63 0 .23 0.46 0.34 0 .60 0 .56 

A~ o.. 2.02 1.00 1.92 1.85 3 .95 3.84 

Fe a 12.62 12.89 7.35 7.51 17.94 17.21 

C r lD3 0.06 0.0 1 0.40 0.15 0 .06 0 .00 

"nO 0.30 0.32 0.17 0.09 0 .18 0 .18 

NiD 0.02 0.01 0.05 0.04 0 .07 0.06 

"gO 11 .80 11.84 15.39 15.08 14.12 13.48 

CaO 20.53 2 1.64 22.39 22.87 11 .56 11.47 
N~O 0.55 0.4 1 0.42 0.49 1.34 1.39 

<,0 0.06 0.02 0.00 0.00 0 .51 0 .53 

Total 100.93 100.32 101.34 101.25 101 .95 100.74 

Cations based on 6 oxyg ens 

5 ; 1.9595 1.9684 1.9333 1.9391 1.91 83 1.9467 
T; 0.01 77 0 .0066 0.0 127 0.0095 0.0167 0 .0156 

AI 0 .0892 0.0448 0.0830 0.0801 0.1729 0.1695 

F<! ' 0.3952 0.4085 0.2253 0.2305 0.5573 0.5385 

C , 0 .0018 0.0004 0.0 11 7 0.0042 0.0016 0.0000 

Mn 0.0095 0.0102 0.0051 0.0026 0.0057 0 .0058 

N; 0.0007 0.0004 0.0013 0.CX>13 0.0022 0.0019 

Mg 0.6 587 0.6689 0.8404 0.8252 0.7823 0.7521 

C, 0.8237 0.8788 0.8788 0.8992 0.4604 0.4600 

N a 0.0396 0.0298 0.0299 0.0349 0.0965 0.1005 

K 0.0031 0.001 1 0 .0000 0.0000 0.0242 0.0253 

Mg " 0.63 0 .62 0.79 0 .78 0 .58 0.58 

En content 34.91 34 .02 43.11 42.15 43.32 4 2.82 
F, content 21.45 2 1.29 11 .82 11 .91 31 .18 30.99 

Wo content 43.65 44 .69 45.07 45.93 25.50 26.19 

Table 3 Selecled core and rim eleclron microprobe analyses oj clinopyroxenes. Note 
thaI section 10-4 is close to a dolomile xenolith and represents a skarn-type mineralogy. 

4 , 4 Amphibole Compositions 

The high degree of amphibolitisation of the lower units In the Uitkomst 

Complex, is indicated by the paueity of sections with primary pyroxenes. However, 

where they are found the pyroxenes are often found as remnants within amphiboles, 

whieh are pseudomorphically replacing pyroxenes. In thin section, two main 

amphiboles were recognised on the basis of their textures: a hornblende and an acicular 

tremolitc / actinolite. 
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A total of 28 core domains were analysed from boreholes SHIO and SH3. The 

microprobe data were processed using "Emp-Amph" a computer program written by 

Mogessie et ai. (1988) which converts the weight percent oxides into cations on the 

basis of 23 oxygens. The program then classifies the amphibole according to the 

International Mineralogical Association amphibole nomenclature scheme, set out Leake 

(1978) and Rock and Leake (1984). After this classification all analysed amphibole 

grains arc calcic amphiboles, and plot in the fields of actinolite, actinolitic hornblende 

and magnesio-hornblende depending upon their Si concentration (Figure II). Selected 

amphibole compositions as determined by the electron microprobe are shown in Table 

4. 

Point 

Section 

l a bel 

SiD, 

TiOz 

A ~03 

C r20J 

' eO 

"nO 

"9 0 

CaD 
N.,O 
K,O 

T ota l 

2 1 2 19 8 9 5 

10- 7 10-3 3-10 10 -5 10 - 4 10- 6 
magnesio- magnesia- magnesia- actinolitic actinolitic 

hornblende hornblende hornblende hornblende hornblende actinolite 

47.12 51.52 48.34 50.81 52.01 55.78 

1.41 0.60 1.19 0.43 0.04 0 .02 

7.00 4.09 5.18 1.56 0.50 0 .62 

0.04 0.05 0 .30 0.05 0.17 0.00 

lB.73 17.79 10.59 13.29 5.75 16.28 

0.18 0.20 0. 1 7 0.36 0.09 0.27 

11. 7 1 13.83 17.20 12.18 16.73 15.32 

10.96 10.36 12.87 21.54 24.71 12.43 
1.93 1.42 1.21 0,32 0.06 0 .04 

1.25 0.51 0.39 0.00 0.00 0.01 

100.34100.37 97.43100.54100.05100.76 

Cations based on 23 oxyge ns (after Mogessie et aI., 1988) 

Si 

T i 

AI 

C, 
F e3 + 

, e" 

"n 
"9 
Ca 

K 

Na 

Total 

AIV 

Af ' 
(ea + Na )E 

NaB 

(Na + K)A 

6.813 

0.157 

1. 19 0 

0.009 

0.7 12 

1. 557 

0.026 

2.529 

1. 695 

0.235 

0.539 

15.462 

1. 187 

0 .003 

2.000 

0 .305 

0.469 

7.23 1 

0.068 

0.675 

0.008 

1.126 

0.968 

0.025 

2.894 

1.561 

0 .093 

0 .388 

15.036 

0.675 

0.000 

1.949 

0.388 

0.093 

6.963 

0.130 

0.883 

0.035 

0 .5 42 

0.730 

0.017 

3.694 

1 .981 

0.069 

0.338 

1 5.381 

0.883 

0.000 

2.000 

0.019 

0.388 

7.396 

0.043 

0.271 

0.008 

0.000 

1.617 

0.043 

2.640 

3.357 

0.000 

0 .088 

1 5.463 

0. 27 1 

0.000 

3.357 

0.000 

0.088 

7.405 

0.008 

0.086 

0.0 1 7 

0.000 

0.684 

0.008 

3.549 

3.770 

0.000 

0.017 

1 5.544 

0.086 

0.000 

3.770 

0.000 

0.017 

7.785 

0.000 

0.101 

0.000 

0.571 

1.334 

0 .034 

3. 1 88 

1.863 

0.000 

0 .008 

14 .884 

0 . '01 

0 .000 

1.8 71 

0.008 

0.000 

1 6 23 

1 0 -2 3-8 

acrinolire ac tinolite 

54.99 54.03 

0.05 0.04 

0.23 0.58 

0.07 0.02 

14. 58 17.58 

0.27 0.36 

16.35 1 5.09 

1 3.47 12.52 
0.13 0. 29 

0.03 0.03 

100.16 100.54 

7.742 

0.008 

0.042 

0.008 

0.372 

1.346 

0.034 

3.435 

2 . 03 1 

0.008 

0.034 

15.060 

0.042 

0.000 

2 .03 1 

0.000 

0.042 

7.613 

0.008 

0.093 

0.000 

0.8 12 

1.26 3 

0.042 

3. 166 

1 .889 

0.008 

0.076 

14 .970 

0.093 

0 .000 

1 .965 

0.076 

0.008 

Table 4 Selected electron microprobe analyses Jor the main types oj amphibole. 
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4.5 Two-Pyroxene Geothermometry 

Compositional data for co-existing orthopyroxene and clinopyroxene from the 

Basal Gabbro, were used to estimate the equilibration temperature of the pyroxenes, 

using the two pyroxene geothermometer after Mori and Green (1978). This 

geothermometer is based on the temperature dependent activity ratio (K) of Fe and Mg 

between co-existing Ca-poor and Ca-rich pyroxenes. The Mori and Green (1978) 

equation is shown below for 1'" kelvin: 

1500 
InK - -- - 1.07 

Tor< 

where the activity ratio (K) is defined as: 

Therefore for the pyroxene equilibration temperature in T"C the equation is as 

follows: 

( 1500 \ " T"C=, ;- _73 .15 
, LnK + 1.07 

The wide range of compositional values exhibited by both the orthopyroxenes 

and the clinopyroxenes (Figures 8 and 10), even from the same stratigraphic level, 

creates problems in regards to which grains should be used for the calculations. In 

order to address this problem, yet still achieve a reasonably accurate "answer", two 

procedures were followed. Firstly, core compositions of grains were used for 

calculations, and secondly, temperatures were calculated for each orthopyroxene grain 

in a section being measured against every clinopyroxene grain in the section, thereby 

calculating temperatures for all the various combinations of pyroxene pairs. These 

temperatures can then be summarised using standard statistical methods. 
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Section 

1(}-9 
1(}-9 
1(}-9 
1(}-9 
1(}-9 
1(}-6 
1(}-6 
1(}-6 
1(}-6 
1(}-6 
1(}-6 
1(}-5 
1(}-5 
1(}-5 
1(}-5 
1(}-5 
1(}-5 
1(}-5 
1(}-5 
1(}-5 
1(}-5 
1(}-5 
1(}-5 
1(}-5 
1(}-5 

Depth m OPX Fe OPX "'9 CPX Fe CPX "'9 

409.4 0.994 0.915 0.4767 0.6828 
409.4 0.9907 0.9645 0.4767 0.6828 
409.4 0.9746 0.9453 0.4767 0.6828 
409.4 0.9239 0.9659 0.4767 0.6828 
409.4 0.8237 0.9879 0.4767 0.6828 
405.5 0.8489 0.9937 0.4221 0.6868 
405.5 0.9659 0.993 0.4221 0.6868 
405.5 0.9546 0.9938 0.4221 0.6868 
405.5 0.9038 1.0071 0.4221 0.6868 
405.5 0.8573 1.0228 0.4221 0.6868 
405.5 0.951 0.9636 0.4221 0.6868 
404.8 0.7718 1.0291 0.3952 0.6587 
404.8 1.0104 0.9423 0.3952 0.6587 
404.8 0.7718 1.0291 0.4154 0.6735 
404.8 1.0104 0.9423 0.4154 0.6735 
404.8 0.8355 1.039 0.3952 0.6587 
404.8 0.856 1.0254 0.3952 0.6587 
404.8 0.8206 1.0591 0.3952 0.6587 
404.8 0.9481 0.9743 0.3952 0.6587 
404.8 0.8418 1.0353 0.3952 0.6587 
404.8 0.8355 1.039 0.4154 0.6735 
404.8 0.856 1.0254 0.4154 0.6735 
404.8 0.8206 1.0591 0.4154 0.6735 
404.8 0.9481 0.9743 0.4154 0.6735 
404.8 0.8418 1.0353 0.4154 0.6735 

min= 636 n= 25 
max= 929 mean= 786 

5.D.= 80 
95% coni. + 31 

Table 5 Combinations of pyroxene pairs used to calculate the 
equilibration temperatures according to the two pyroxene 

geothermometer after Mori and Green (1978) . 
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798 
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850 
820 
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Table 5 shows the 25 combinations of pyroxene paIrs and their calculated 

temperatures. These range from 636°e to 929°e, with a mean of 786°e ± 31° at the 

95% confidence level. When the calculated temperatures are plotted against depth 

(Figure 12), it can be seen that the variation in calculated temperatures is such, that no 

discernible trend can be recognised in the Basal Gabbro. 

Lower 
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Gabbro 
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Figure 12 Stratigraphic variation of calculated temperatures by two-pyroxene 
themwmetryfor borehole SH10. 
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4.6 Ca-amphibole Geobarometer 

The Ca-amphibole geobarometer is based on the correlation of the crossite 

content (NaM.) in Ca-amphibole with the pressure of metamorphism. Ca-amphibole, 

where it coexists with iron oxide, albite and chlorite, should have fixed NaM., at any 

given T and P. In high pressure amphiboles NaM. varies inversely with AI" as a 

function of the pressure (Brown, 1976). Figure 13 shows a plot of the NaM4 versus 

AI" components of the amphiboles as well as the empirical pressure ranges estimated by 

Brown (1977) for the various compositions. From this it can be seen that the maximum 

pressure of amphibole equilibration is in the vicinity of 5 - 6 kilobars. If the assumption 

is made that the "retrograde" amphibolitisation is caused in the latter stages of 

crystallisation by the increasing activity of meteoric water, then this pressure can be 

assumed to represent a maximum pressure of emplacement. Two populations of 

amphiboles can be distinguished, firstly the high pressure magnesio-homblendes, and 

secondly the lower pressure actinolitic homblendes and actinolites. 

A possible mechanism by which these two populations can coexist, is outlined 

below. As uralitisation commenced, the high pressure magnesio-homblendes would 

have been produced. During this process, the Complex and surrounding rocks would 

have been subjected to considerable stress due to the volume increases associated with 

the hydration of pyroxenes and other minerals. These stresses would have been 

released by fracturing and shearing, lowering the pressure, and creating an environment 

whereby the lower pressure actinolites could have formed. 
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Figure 13 Plot of the NaM4 versus the Al N components of the different amphiboles 
with the empirical pressure ranges estimated by Brown (1977). 
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Chapter 5: Whole-Rock Geochemistry 

5.1 Introduction 

All samples were analysed by the XRF-method of Norrish and Hutton (1969) 

as used in the Geology Department, Rhodes University by Marsh (1979). Details of 

analytical techniques are attached in Appendix D. Seventy samples were taken from 

boreholes SH8, SHIO, SH25, SH26 and SH27 (Figure 2). These boreholes were 

chosen on the basis of a) geographical spread, and b) presence of adequate Basal 

Gabbro. This selection of boreholes reflects well the distribution of the Basal Gabbro as 

being concentrated along the northern margin of the Complex. Sulphide-rich boreholes 

and samples were, if possible, avoided due to problems encountered during the 

preparation of fusion discs. For this reason three samples have trace element data, but 

no corresponding major element data. For these three data points sulphide values have 

been estimated, by using the measured sulphur counts obtained from the powder pellets 

(details in Appendix D). Within each borehole, samples were taken more or less 

equidistantly where the lithology appeared homogeneous. Otherwise, representative 

samples were taken of the various lithological changes, including xenoli ths, 

pegmatoids, diabases, and alteration products. 

Whole rock analyses were carried out on the five boreholes previously 

mentioned. Of these analyses, 40 were of the Basal Gabbro, 17 were of the Lower 

Pyroxenite, 7 were of diabase sills and 6 were of dolomite and quartzite xenoliths. A 

detailed study of the xenoliths is not within the context of this study, although they have 

been analysed and included for comparative purposes. 

Readers should be aware that the numbering of the XRF samples does not 

correlate with the same numbers from the thin sections and the microprobe sections. 

For example, the XRF sample SHIO-9 comes from a depth of 404.07 m, whereas the 

microprobe and thin section SHIO-9 comes from a depth of 409.40 m. 

5.2 Assessment of Alteration 

The alteration of the Uitkomst Complex is recognised as an important factor in 

the genesis of the Complex and it's economic potential. It is thus essential to 

differentiate between the geochemical effects of alteration, as opposed to the primary 

magmatic processes, on the compositional variation within the Complex. 
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5.2.1 Volatile Content 

The increase in the volatile component of a rock is characteristic of 

amphiboliti sation and deuteric alteration. The volatile content was measured as loss on 

ignition (L.O,!) by ashing the samples at l000°C for about eight hours. During the 

ashing process, the samples lose weight by releasing volatiles (mainly H20+ and CO2), 

but gain weight by oxidation of FeO to Fe20 3 • Therefore the L.O.I. content is only a 

rough estimate of the volatile content of the rock. About 80% of the analyses have 

L.O.! values of between 1% and 4%, although values up to 22.1 % were recorded for 

carbonate samples (Figure 14). These values can be seen to be high when compared to 

those of Maier (1991), who measured more typical L.O.I. values of less than 1% for 

the ultramafic rocks in the U02 - Merensky unit interval of the Upper Critical Zone in 

the Western Bushveld Complex. However, it is not uncommon for Karoo basalts to 

attain values in the vicinity of 3% - 4% (Marsh, pers. comm. 1995) The high L.O.! 

values seen in the Uitkomst samples are caused by a combination of factors, including: 

a) the initial volatile content of the magma b) the addition of volatiles released from the 

assimilation of xenoliths and wall rocks, and c) the hydration associated with the late- to 

post-magmatic amphibolitisation and alteration. As the high L.O.! values can be 

accounted for, none of the analyses have been rejected, and the major elements have 

therefore been recalculated to 100% L.O.I. and H20 free. 
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Figure 14 Frequency histogram illustrating the range in L.O.I. of the 70 samples 

analysed by XRF (including sills and xenoliths). 
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5.2.2 Indexing the Mobility of trace and major elements 

In order to resolve whether geochemical trends are the result of primary or 

secondary chemical variations, it is necessary to determine the relative mobility of the 

trace and major elements. Incompatible elements (e.g zirconium (Zr), uranium (U) and 

phosphorous (P)) are well known as sensitive indicators of igneous processes such as 

fractional crystalisation, crustal contamination, magma mixing and partial melting (e.g. 

Henderson, 1968; Campbell, 1987). Furthermore, Zr has been shown to be relatively 

immobile during the alteration and metamorphism of the basaltic rocks of the Dordabis 

Formation (Williams-Jones, 1984), which was of a higher grade than the late- to post­

magmatic alteration of the Uitkomst Complex (lower greenschist facies). For this 

reason, the assumption has been made that Zr is likely to have remained unaffected by 

the alteration of the Uitkomst Complex. 

Figure 15 shows the vertical variation of Zr concentration for the boreholes 

analysed (these are shown in greater detail and with corresponding lithologies in 

Figures 30 - 34). All of these plots show a well defined trend, of decreasing Zr 

concentration upwards through the borehole. This trend is the opposite of what is 

expected with fractional crystallisation and represents a reverse fractionation trend, 

which will be discussed in detail in a later chapter. In almost all cases where there is a 

major deviation from the trend,the values of Zr correlate with diabase sills (higher 

\·alues) or contamination from the country rocks (lower values). The well defined 

trends in Zr concentration can thus be used as tangible evidence for the assumption that 

Zr has remained immobile. 

Figures 16 and 17 show variations in major and trace element concentrations in 

relation to the Zr content. Incompatible elements that have remained immobile during 

subsequent alteration are expected to correlate closely with Zr, whereas immobile 

compatible elements can be expected to show an inverse correlation with Zr. Elements 

which show a large variation when plotted against Zr, can be accounted for by several 

means. Firstly, certain elements may be unaffected by the process of fractional 

crystallisation and hence show poor correlations with Zr even in the unaltered rock. 

Secondly, certain elements which may have originally shown a close correlation with 

Zr, have since been mobilised by late- to post-magmatic alteration. Finally certain 

elements (e.g. Pb) may be at such low concentrations, that they are close to the lower 

limit of detection by XRF analysis, and hence no pattern can be detected. 
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In attempting to determine the primary geochemical processes of the basal 

portion of the Uitkomst Complex, it is important to avoid the use of elements which 

have subsequently been mobilised. Therefore only elements which one can be fairly 

certain have remained immobile should be used. These elements will have well defined 

trends with respect to Zr. The elements with poorly defined trends are possibly (among 

other causes) the result of mobilisation, and hence should be avoided. 

From the element-Zr plots (Figures 16 - 17), it is clear that there are a couple of 

points with "abnormally" high Zr contents. These samples contain pegmatoidal patches 

possibly related to the presence of nearby xenoliths. The major element variation 

diagram (Figure 16) shows fairly well defined trends for the oxides SiO., TiO., Al.03 , 

Na.0, K.O and p.Os' suggesting that these may have remained immobile during 

subsequent alteration. The trace element variation diagrams (Figure 17) indicate that the 

incompatible elements Nb, Y, Ce, Nd and La have well defined trends with respect to 

Zr, suggesting that they have been unaffected by later alteration and have remained 

immobile. 
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5.3 Tectonic Classification of the Basal Gabbro 

In order to classify the Basal Gabbro it is necessary to select a classification 

scheme which is based on immobile elements, which are unlikely to have been affected 

by late- to post-magmatic alteration. The Zr-Nb-Y scheme of Meschede (1986) 

discriminates between four main basalt fields: within-plate alkali basalts, within-plate 

tholeiitic basalts, N-type MORB (depleted in incompaptibles) and E-type MORB 

(enriched in incompatibles). Figure 18 shows these fields with the data from the Basal 

Gabbro superimposed. The Basal Gabbro of the Uitkomst Complex can therefore be 

seen to represent a within-plate tholeiite. However, it should be noted that the use of 

geochemical discrimination diagrams, in particular the Ti-Zr-Y diagram of Pearce and 

Cann (1973) and the F,-Fl diagram of Pearce (1976) has been shown by Duncan 

(1987) to be subject to error. Duncan (1987) concluded that the composition of a basalt 

is a function of its source composition, degree of partial melting, and the various 

fractionation and contamination processes it may have undergone prior to 

crystallisation, and will only be indicative of a certain tectonic environment when at 

least some of these functions are unique to that environment. In the case of the Basal 

Gabbro, it is suggested that in using the incompatible elements Zr, Nb, and Y, they will 

have at least behaved in a similar fashion to each other, and hence been relatively 

unaffected by the degree of partial melting, fractionation and contamination. Thus, it is 

hoped that these elements retain their original ratios and hence represent their source 

compositions. Whether this is the case or not is unclear, although the compositions 

appear to plot (Figure 18) in the expected field of within-plate tholeiite. 
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Figure 18 The classification of the Basal Gabbro on the Zr-Nb-Y discrimination 
diagram for basalts (after Meschede, 1986). Thefields are defined asfollows: AI, 

within-plate alkali basalts; All, within-plate alkali basalIs and within-plate tholeiites; B, 
E-type MORB; C, within-plate tholeiites and volcanic-arc basalts; D, N-type MORB 

and volcanic-arc basalts. 



5.4 Major Elements 

Due to the limitations of XRF analysis not being able to differentiate between 

Fe2
• and Fe'., all measured Fe is reported as Fe20 ,. However, this is clearly not how 

the Fe is distributed throughout the rock, as it is also present in sulphides as FeS, and 

silicate minerals as FeO. In the case of this study, the presence of a high quantity of 

sulphides in the rock, both adds to and dominates the Fe content, such that any sample 

with sulphide mineralisation masks any underlying cryptic variation in the Fe content of 

the silicates. When trying to determine the evolution of the Complex, one is primarily 

looking at the chemical behaviour of the silicate phases, so it is necessary to account for 

the effect of the sulphides. This has been done by analysing for sulphur. As previously 

mentioned the three main sulphides are pyrrhotite [Fe,.xS], chalcopyrite [CuFeS2] and 

pentlandite [(Ni ,Fe).S9] ' all of which have the basic characteristic of having one 

sulphur atom for each Fe, Cu and Ni atom. Therefore if the assumption is made that all 

of the Cu and Ni detected by XRF is in sulphide form, the sulphur associated with the 

Cu and Ni can be removed leaving a value for sulphur that corresponds with the amount 

of pyrrhotite present. This assumption is made with the recognition that Ni does exist in 

the silicate phases, but in concentrations that make it inconsequential when compared to 

total values of Ni in the rock. Another simple calculation determines the amount of Fe 

required for the pyrrhotite, leaving the amount of Fe in the silicate and oxide phases. 

This has been recalculated to FeO even though it is known Fe20, is present as oxides 

(in magnetite and ilmenite) and as Fe'· substituting for Al in amphibole. The absence of 

the Fe20, component is one of the reasons that the major element totals are less than 

100%. These calculations are shown in Appendix D. 

The removal of FeS from the total Fe in order to determine the geochemistry of 

the silicates is based on an initial assumption that the sulphides were formed as a 

primary magmatic product and not by the secondary alteration of silicate minerals. If 

this assumption is wrong, and the sulphides are secondary and utilising Fe from the 

alteration of silicates, then the use of parameters such as the Mg# [MgI(Mg + Fe)] will 

also be erroneous, as only a portion of the Fe content is being used, the rest having 

been assigned to the sulphide phase. An example of the effect of using "sulphide 

corrected Fe" as opposed to total Fe is shown with respect to the Mg# of borehole 

SHlO (Figure 19). The trends of the Mg# 's show two very different trends within the 

Basal Gabbro when plotted against depth, and it is necessary to decide which is the 

"correct" method for displaying the primary characteristics of the silicate phases. 

Despite these uncertainties, the "sulphide corrected" Mg# trend supports the trends 

displayed by other elements such as Zr and P20S' and hence has some validity. 

Therefore the hypothesis that the sulphides are a primary (albeit possibly remobilised) 
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feature has been assumed, and "sulphide corrected" data will be used with the intention 

of either confirming or rejecting this hypothesis. 
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The stratigraphic variations of selected major elements for the five boreholes are 

shown in Figures 20 - 24. These have been plotted using the data which has been 

normalised for H20 and LO!. The variation in the Mg# (calculated as the weight ratio 

MgO/(MgO + FeO)) reflects the fractionation trend of the magma, viz. the relative 

increase in the Fe content of the magma with respect to Mg, as Mg is removed and 

preferentially incorporated into the pyroxenes. In all of the boreholes it can be seen that 

the Mg# increases upwards through the Basal Gabbro and into the Lower Pyroxenite. 

In boreholes with analyses from higher stratigraphic levels (SH8, SHIO and SH27) the 

trend of the Mg# becomes more constant with increasing height, and may tentatively 

begin to decrease through the Lower Pyroxenite. The irregularities in the trend are either 

caused by the proximity to xenoliths, or by variations in mineral proportions. 
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The upwardly increasing trend in Mg# is a reverse fractionation trend, and is 

thus not what would be expected if the unit(s) were undergoing fractional 

crystallisation. Rather, this trend is what would be expected in the chilled margin of an 

intruded lxxIy of magma. The absence of any significant inflection or break in the trend 

of the Mg#, especially at the level of the Basal Gabbro - Lower Pyroxenite contact, is 

further evidence of this representing a chill of one intrusion rather than separate 

intrusions. 

The behaviour of Al and the total alkalis (N<lz0 + K,G) is less well defined than 

the Mg#, and is controlled by the variation in plagioclase content with stratigraphic 

height. All the boreholes show a broad antipathetic trend to the Mg#, although in SHI0 

in particular (Figure 21) there is a large amount of variation, caused by the presence of 

the dolomite xenolith and the feldspathic "pegmatoidal" phases mentioned earlier. The 

lower plagioclase content of the Lower Pyroxenite in relation to the Basal Gabbro is 

apparent from all the plots of Alzo, and (N<lz0 + K,0). 

Titanium shows a well defined trend similar to AlZ03 and the total alkalis. 

Concentrations decrease upwards through the Basal Gabbro and lower Lower 

Pyroxenite and display an increase thereafter. The titanium is mainly controlled by the 

presence of ilmenite and magnetite, although minerals such as phlogopite and pyroxene 

contain a certain amount. This pattern is again consistent with a reverse fractionation 

trend associated with a chilled margin .. 

5.5 Trace Elements 

Whole rock trace element analyses were carried out on all seventy samples. The 

results are shown in Appendix D. The elements of significance which will be discussed 

are S, the base metals Cu, Ni, Co, and Zn, and the incompatible elements Zr and Pas 

well as the CriV and Crrri ratios. 

5.5.1 Sulphur 

Figures 25 - 29 shows plots of weight % sulphide against stratigraphic height 

for the analysed boreholes, in order to display zones of sulphide mineralisation. The 

amount of sulphide was determined by the summation of the calculated values of FeS , 

NiS and CuS (as discussed earlier and in Appendix D). 
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and the Cu/(Cu + Ni) ratio for borehole SH8_ 
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and the Cu/(Cu + Ni) ratio for borehole SH26_ 
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Sulphide values in SH8 (Figure 25) are elevated over the stratigraphic interval 

between about 460 m and 465 m below collar elevation, in which the maximum value is 

11.74 %. Within this sulphide peak is a sample with very low values of sulphide, Cu 

and Ni, which is located at the logged contact between the Basal Gabbro below and the 

Lower Pyroxenite hybrid zone above. However, although the sulphide, Cu and Ni 

contents show a severe depletion at this point, the Zn content remains constant. This 

suggests that Zn is not hosted by the sulphides but is included in the silicate phases. 

Therefore this depletion represents the later remobilisation and removal of the 

sulphides. The relatively minor variations in sulphide content « 5%) within the Lower 

Pyroxenite proper can be explained by the clustering nature of the sulphides which have 

been remobilised and concentrated in veins and fractures. 

In boreholes SHI0 and SH27 (Figures 26 & 29) there is a dolomite xenolith 

either at, or just below the contact between the Lower Pyroxenite and the Basal Gabbro. 

In both cases there is a large sulphide peak located about 1 m beneath the xenolith, with 

sulphide values up to 18.73 % (SHI0) and 19.16 % (SH27). Above the dolomite 

xenolith in SH27 there is another sulphide peak in the Lower Pyroxenite, this is situated 

half a metre above the xenolith. In the case of borehole SH26 (Figure 28) where there is 

a less complicated section of Lower p)Toxenite above Basal Gabbro, a sulphide peak 

with a maximum value of 20.77 o/c sulphide occurs about 1 metre beneath the logged 

contact. Borehole SH25 (Figure 27) which was logged as unmineralised has sulphide 

values of less than 1 %, and thus displays no sulphide peak. However, it does show 

the same trend of increasing sulphide content upwards through the Basal Gabbro, 

followed by a decrease in the overlying Lower Pyroxenite. 

The main points that can be made about the sulphide distribution, are: 

1) there is a trend of increasing sulphide content upwards through the Basal Gabbro, 

followed by a decrease in the overlying Lower Pyroxenite. 

2) Beneath dolomite xenoliths is a large sulphide peak, which is separated from the 

xenolith by a zone of low sulphide content. 

3) Above the dolomite xenolith, is another smaller, displaced sulphide peak. 

4) Where no xenolith is present the sulphide peak is situated at least I metre beneath the 

Lower Pyroxenite contact. 
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5.5.2 Base Metals 

The stratigraphic disUibution of the base metals Cu, Ni and Zn, as well as the 

Cu/(Cu + Ni) ratio, are shown in Figures 25 - 29. The extremely close correlation of 

Cu and Ni content with sulphur content, is evidence that these elements occur primarily 

as the sulphides chalcopyrite and pentlandite respectively. The base metal Co (not 

shown) has a very close correlation with Ni, and closely mimics the pattern displayed 

by Ni . This can be explained by the fact that Co readily substitutes for Ni in pentlandite 

(Ramdohr, 1980). Borehole SH25, which has low concentrations of sulphide « 1 %), 

and is unmineralised in the Basal Gabbro, shows the expected close correlation between 

Cu and sulphur content. However, the Ni content shows a trend more closely relating 

to that of Zn, suggesting that both Zn and Ni are hosted in silicate phases. 

A selection of disUibution coefficients for various silicate and oxide minerals is 

shown in Table 6. Values of 5, 1.5 - 5, and 3 are the disUibution coefficients of Ni for 

spinel , orthopyroxene and clinopyroxene respectively, being the most likely phases 

containing the Ni. Concentrations of Zn in the Basal Gabbro and Lower Pyroxenite are 

in the order of approximately 100 ppm for all the analysed boreholes. Zn will largely 

substitute for Mn2
+ and is therefore likely to be in any of the ferromagnesian minerals. 

Experimental results by MacLean and Shimazaki (1976) show that when there are 

coexisting silicate and sulphide liquids, Ni and Cu are strongly partitioned into the 

sulphide liquid, with Co being weakly partitioned into the sulphide liquid. Zn however 

shows a slight preference for the silicate liquid. 

The relationship between Cu and Ni as shown by the Cu/(Cu + Ni) ratio in 

Figures 25 - 29, shows a broadly decreasing trend upwards through the Basal Gabbro. 

This is similar to the pattern displayed by the Mg#, and can therefore represents a 

reverse fractionation trend. The Cu/(Cu + Ni) ratio can be used to demonstrate 

remobilisation of the sulphides, based upon the higher mobility of Cu compared to Ni. 

This can be used as one of the possible means for explaining deviations from the 

broadly decreasing upward trend. Depletions in the Cu/(Cu + Ni) ratio relative to the 

trend, suggests that copper has been remobilised, whereas an increase relative to the 

general trend may be a result of the precipitation of coarse-grained chalcopyrite in 

fractures or interstitial spaces. At the contact between the Basal Gabbro and the 

"hybrid" Lower Pyroxenite in borehole SH8 where there is a depletion in sulphide 

content but no variation in Zn content, there is a corresponding decrease in the Cu/(Cu 

+ Ni) ratio, further suggesting that remobilisation of sulphides occurred at this point. 
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Olivine Orthopyroxene Clinopyroxene Plagioclase Spinel 
Ni 10 (2) I.J - 3.1 (I) 2 (2) 0.01 (2) 5 (2) 

3.5 - 3.8 (3) 4(2) 2 - 4 (3) 0.2 (4) 

3.4 - 4.8 (6) 3 - 5 (3) 6.5 (5) 

5 - 20 (22) 

Cr 0.2 <2l 2(2\ 10 III 0.01 <2l 

2.7 (9) 20 (9) 0.1 (II) 

3 .1 - IO(!3) 40 (12) 
0.25 - 25 (22) 

V 0.04 11\ 0.06 - 3.4 11\ \.5 t3l 3811\ 
0.09 (3) 0.3 (3) \.3 (9) 

0.05 (9) 0.5 - 2.3 (8) 0.94 - 4.1 (12) 

0 .06 - 3.4 (14) 

Co 1-711\ 1.2 m 0.5 - 2 11 01 O. I 181 3.4 m 
3 .1 (9) \,7 - 4 .9 (5) 0.026 (7) 

4 .8 (17) \,2 (7) 0.01 - 0.09 (22) 

3 .6 (22) 1.2 (9) 

Sc 0.37 11\ 0.53 - 1.4 11\ 3. I 13! 0.017 - 0 .065 11\ 0 .048 11\ 
0.33 (7) 3.3 (7) 0 .08 (7) 

0.25 (3) 1.1 (3) 0.01 (20) 

0 .15 - 0.02 (22) 0.01 - 0.08 (22) 

Sr 0.00311\ 0.018 111 0.07 121 2.2 <2l 0.01 <2l 

0.001 (2) 0.01 (2) 0.1 (17) 3.06 (16) 

0.1 (18) \.75 (21) 
0 .01 - 0.02 (22) 

Rb 0.001 121 0.00411\ 0.017 11\ 0.94 - 3.3 1181 
0 .01 (3) 0.0006 (15) 0.001 (2) 0.07 (2) 

0.03 (17) 

Zr 0.01 1191 0.03 1191 0 .12 11 1 0.01 1191 
0.015 - 0.1 (22) 0.2 - 0 .7 (22) 

Cu 0.27 - 0.47 11\ 0.071 m 2.4 - \.5 11\ 0.004 m 
0.023 (7) 0.24 lSI 

Zn 1.80) 0.49 r2l 0.13 m 

(I) Irving (1978), (2) Cox et a1 (1979), (3) Frey et aI. (1978), (4) De Long (1974), 

(5) Ewart et aI. (1973), (6) Leeman & Lindstrom (1978), (7) Paster et aI. (1974), 

(8) Jensen (1973), (9) Duke (1976), (10) Lindstrom & Weill (1978), (II) Walker (1970), 

(12) Campbell & Barley (1974), (13) Flower (1973), (14) Ringwood (1970), 

(15) Hanson (1977), (16) Drake & Weill (1975), (17) Hart & Brooks (1974), 

(18) Phillpot5 & Schnetzler (1970), (19) Pearce & Norry (1979), (20) Salpas et aI. (1983) 

(21) Morse (1982), (22) Lemarchand et aI. (1987). 

Table 6 A selection of inf017lUltion on distribution coefficients, 

taken from the literature. After Maier (1991) . 
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5.5.3 Incompatible Trace Elements 

Trace (and minor) element geochemistry is a particularly valuable tool for 

examining the evolution of an igneous body. They are by their nature limited in 

concentration «1000 ppm) and sensitive to processes such as fractional crystallisation, 

crustal contamination and magma mixing. Furthermore their low concentrations have 

permitted the accurate determination of partition coefficients for certain minerals (Table 

6), allowing behavioural predictions to be made from various elements. The use of trace 

elements in this study are for two main purposes: firstly, to help confirm or reject the 

hypothesis that the sulphides in the Basal Gabbro are a magmatic feature, and have not 

been produced as a result of the alteration of Fe-rich silicates. Secondly, trace elements 

can help in further interpreting the evolution of the basal part of the Complex. 

One of the characteristics that differentiate layered mafic intrusions from other 

types of igneous rock, is that cumulus minerals accumulate at the floor and expel the 

intercumulus (residual) magma. It is this characteristic that makes fractional 

crystallisation possible. Incompatible elements are those with low bulk distribution 

coefficients for the observed cumulus phases, and are thus fractionated into the residual 

magma. Therefore the concentration of incompatible elements can indicate the degree of 

fractionation of the rock, so that with increasing fractionation, the concentration of the 

incompatible elements will increase in the rock so long as the elements are not 

compatible with a cumulus phase (e.g. P with cumulus apatite). However, the 

concentration of the incompatible element is not solely controlled by the degree of 

fractionation, but also by the porosity of the rock in which the intercumulus liquid may 

crystallise (e.g.Wager, 1%3; Henderson, 1968; Campbell, 1987). Furthermore, as the 

porosity of the cumulate rock increases the efficiency of fractional crystallisation 

decreases (Henderson, 1975). Therefore any trend in incompatible concentration is a 

function of the initial porosity of the cumulate rock and the degree of fractionation. 

Five trace elements (Zr, P, Cr, V and Ti) have been selected to address the 

points outlined above. Zirconium (Zr) is an incompatible element which has extremely 

low partition coefficients for the primary cumulate minerals (Table 6). It thus becomes 

concentrated in the rei dual melt, finally crystallising in the intercumulus spaces as 

zircon. In a normal fractionation trend the Zr content could therefore be expected to 

show an increase into the more fractionated rocks. Phosphorus (P) is typically found in 

higher concentrations than Zr, and may more correctly be classified as a minor element 

(0.1 - 1 wt%). Like Zr it is incompatible with respect to the cumulus minerals, and will 

concentrate and finally crystallise as intercumulus apatite. Therefore like Zr, in a normal 

fractionation trend there will be an increase in the P20S content in the more fractionated 
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rocks. Chromium (Cr) is an element which is often enriched in the cumulus minerals of 

fractionated mafic-ultramafic bodies. As can be seen from Table 6 Cr is highly 

compatible with respect to olivine, orthopyroxene, clinopyroxene, and (not shown) 

spinel (chromite, magnetite, etc.) . Therefore in a normal fractionation sequence Cr is 

rapidly depleted in the more fractionated rocks . Both vanadium (V) and titanium (Ti) are 

incompatible with respect to the major cumulate minerals. However, as can be seen 

from Table 6 , they are highly compatible with spinels (V and Ti) and ilmenite (Ti). The 

CrN and CrfTi ratios have been used, as firstly, the ratio will be more sensitive to a 

change than the single elements, and secondly the effect of spinels (chromite and 

magnetite) on the trend will to some extent be balanced. 

Figures 30 - 34 show the stratigraphic variation in the Zr and P20 S content and 

the CrN and CrfTi ratios for the five boreholes. The Zr content shows a general trend 

which decreases upwards through the Basal Gabbro and into the Lower Pyroxenite in 

all the boreholes. This is the opposite to the expected trend for a normally fractionating 

magma body and suggests a reverse fractionation trend. Both SH25 and SH26 (Figures 

32 and 33) show a slight increase in the Zr content near the base of the Basal Gabbro 

before displaying the reverse fractionation trend. 

The P20 S content also shows a reverse fractionation trend for boreholes SHlO, 

SH8, SH25 and SH27. In borehole SH10 (Figure 31) this trend reverts to a normal 

fractionation trend (i.e. increasing P20 S content) from about midway through the Lower 

Pyroxenite at a depth of approximately 393 m below collar elevation. The trend in 

borehole SH26 is more cryptic, with a decrease in P20 S content corresponding with the 

increase in Zr near the base of the Basal Gabbro. There is also an erratic pattern in the 

vicinity of the Lower Pyroxenite - Basal Gabbro contact. 

All the boreholes display an upwards increase in the CrlV and CrfTi ratios, and 

thus display more evidence for a reverse fractionation pattern. In borehole SHlO 

(Figure 31), there is a peak in both the ratios, and then a decrease in ratios upwards. 

This suggests the onset of a normal fractionation pattern, corresponding with that 

shown by P 20S' There is a very distinct zone of elevated CrlV and CrfTi ratios in 

borehole SH27 (Figure 34), which may be caused by the presence of chromite grains. 
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5.6 Discussion 

The whole-rock geochemical trends that have been observed with respect to 

both major and trace elements, have consistently shown what has been referred to as a 

"reverse fractionation" trend. These trends all show either an upwards enrichment or 

depletion which contrasts against the expected trend produced by fractional 

crystallisation. However, there are several other ways in which these "reverse" trends 

can be produced. Firstly, they may represent the continual influx of magma from a 

fractionated magma chamber, so that the earliest influxes of magma are more evolved 

than the later influxes. This mechanism will be discussed in a later section. 

An alternative process whereby the reverse trend can be produced is related to 

the intensive alteration of the Complex. The uralitisation of pyroxenes results in the 

increase of Mg, and hence a relative decrease in the Fe content. The effect of this is to 

increase the Mg#. When this process is combined with the fact that the alteration 

becomes more pervasive upwards through the Basal Gabbro, a mechanism is produced 

whereby the Mg# increases upwards as a direct result of the increased alteration. 

However, two problems exist with this mechanism being responsible for the observed 

trend. Firstly, the extent of alteration, if anything, becomes more pronounced upwards 

into the Lower Pyroxenite, but the Mg# begins to decrease. The second problem relates 

to the behaviour of the trace elements. Pyroxenes commonly contain between 3 - 5 o/c 

Ti02, 2.5 - 4 % Al20 3 and 0.5 - 0.8 % alkalis, whereas hornblende commonly contains 

10 o/c AlP3' 2 % alkalis and rarely more than 2.5 % Ti02 (Deer et ai., 1963).The 

uralitisation process therefore mobilises and disperses the incompatibles such as Ti, and 

scavenges elements such as Al and the alkalis. However, elements such as P20S and Zr, 

are not accommodated in the crystal lattices of either pyroxenes or amphiboles and 

hence uralitisation will have no affect on their distribution. This is evident by the fact 

that both P20 S and Zr show reverse trends, which can only be a result of primary 

magmatic processes. Therefore, a hypothesis whereby the reverse geochemical trends 

are a product of the intense alteration can be rejected. Finally, as is suggested by this 

study, the "reverse fractionation" trend can be produced in the "chilling" of the magma. 

This will be discussed in more detail in a later section. A summary of the whole-rock 

compositions of the Basal Gabbro is shown in Table 7. 
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Basal Gabbro Chills 

max min median Average S.D. Average S.D. 

SiD, 57.41 43.82 53.55 52.56 3.76 55.00 2 .32 

TiCh 1.96 0.40 1.50 1.37 0.34 1.65 0.14 

Alz° 3 17.54 6.44 14.39 13.10 2.53 15 .07 0 .28 

FeO 15.50 5.44 9.01 9.13 1.99 8.97 1.61 

tolnO 0.27 0 .08 0.16 0 .17 0.04 0 . 14 0.03 

tol9 0 19.96 3.09 5.99 7.24 3.65 5.1 1 0.78 

CaO 16.94 4.80 8.23 8.6 8 2.45 8.18 1.58 
H.,O 5.25 0.49 2,93 2.84 1.13 4.05 0.84 

K,O 11. 11 0.31 1.13 1.46 1. 71 1.23 0.38 

p,Q; 0.30 0.06 0.14 0.15 0.05 0 .19 0.02 

FeS 19.30 0.03 0 .69 2.91 4.85 0 .38 0 .29 

CuS 1.76 0.00 0.03 0.24 0.44 0.02 0.01 

HiS 1.25 0 .01 0 .05 0 ,17 0.27 0 .0 1 0 .01 

TOTAL 100.00 100.00 100.00 100.00 100 .00 

Zn 110.20 11.40 69,05 64.60 22.44 55.92 28.07 

Cu 15491.60 9,50 224.85 2536,02 4462,38 114.54 54.02 

Hi 7790.10 47.2 0 389.15 1191.21 1711.66 86.5 6 30. 15 

Hb 27.45 3,76 8.83 9,69 4.17 10,73 2,36 

Zr 615 .08 74.28 134.99 156 .5 1 85.32 146.50 60.11 

Y 36.36 16,30 25.36 25,79 5,13 28.69 6,08 

Sr 485.77 46.99 354.46 336.99 97,04 364.45 87.88 

Rb 268.40 6.90 40.29 43.9 2 40.02 39.94 16.87 

Co 426.70 12.00 57,20 93,68 87.16 37.06 '1.9 7 
Cr 742.10 6 .90 70.90 , 73.63 201.45 41.30 6.48 

V 317.50 36.90 217.00 210.37 52.60 227.74 26.00 

Ce 67,80 29,86 42.73 45,25 10,67 46.81 11.37 

Hd 37.68 14.89 23.29 24.13 5.52 26,29 5.94 
La 25.66 5.45 15 .21 15,90 5.45 17.24 6.00 

Sa 3787.50 54,90 258.40 356.99 566.40 285.66 93,31 

Sc 34.30 6.90 24.30 24.38 5,12 23.82 1.47 

Th , 6.21 0 ,13 3.35 3.52 2.78 1.75 1.84 
Pb 20.86 0.74 5.45 5.97 4.14 2.56 1.06 

S 73042 ,96 0.00 2320.56 10812 .93 18762,62 1461.27 1024.42 

Table 7 Maximum, minimum, median, and the mean and standard deviation of the 
normalised compositions of the 40 samples of the Basal Gabbro. Also shown is the 

average and standard deviation of the five chilled margins 

71 



5.7 Chemical Affinity to the Bushveld Complex 

Many authors have suggested a relationship exists between the rocks of the 

Bushveld Complex and the Uitkomst Complex (Sharpe et aI., 1981; Kenyon er aI., 

1986; Gauen et aI., 1995). Hatton and Sharpe (1989) analysed several types of sills in 

the vicinity of the Bushveld Complex, and concluded that the BI-micropyroxenite sills 

represent the parental magmas of the Bushveld Complex. On the assumption that the 

chill of the Basal Gabbro represents an approximation of the parental magmas of the 

Uitkomst Complex, Gauen et al. (1995) examined the relationship with the Bushveld 

Complex by comparing the rocks of the Basal Gabbro to the B I-micropyroxenite sills 

analysed by Hatton and Sharpe (1989) . This initial comparison was based on nine 

samples of Basal Gabbro. Figure 35 shows a multi-element plot of the Basal Gabbro, 

based on 40 samples, which has been normalised to the compositions of the BI ­

micropyroxenite. 
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Figure 35 Chemical composition of the Basal Gabbro normalised against the 
Bl-micropyroxenite after Hatton and Sharpe (1989). Note the dots indicate 

median values and the lines on either side are the 25,h and 75,h percentile. 
The elements have been plotted to show a general pattern of 

increasing compatibility to the right of the diagram 
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This plot shows a similar pattern to that produced by Gauert et ai. (1995), and 

shows that the Basal Gabbro has very similar compositions to the parental magmas of 

the Bushveld Complex. However, the Basal Gabbro shows a very marked enrichment 

in Ti and Cu, and a strong depletion in the Cr and Mg content of the magma in relation 

to the B I-micropyroxeni tes. Therefore, the magma which crystallised the Basal Gabbro 

(thereby possibly being the parental magma the Uitkomst Complex) was a slightly more 

evolved magma than that from which the Bushveld Complex crystallised. However, on 

the basis of the close correlation for the bulk of the elements plotted in Figure 35, one 

can support a genetic link postulated by Gauert et al. (1995) between the Uitkomst 

Complex and the Bushveld Complex. 

5.8 Diabase Sills. 

Although the diabase sills are not part of the Uitkomst Suite, as they both 

intrude the igneous rocks of the Complex as well as the surrounding country rocks, 

they do have a similar macroscopic appearance to the Basal Gabbro, and will hence be 

examined briefly below. Seven samples of diabase sills were analysed for their 

composition. Of these, one sample was taken from the chilled margin of the sill. The 

results of these analyses are shown in Table 8, with their calculated average and 

standard deviation. When the sample from the chilled margin is compared to the average 

compositions of chills from the Basal Gabbro (Figure 36) it can be seen that the 

diabases show a marked enrichment in incompatible elements, and a depletion in 

compatible elements, as well as for Cu, Ni and Cr. The diabase sills therefore represent 

an even more evolved magma than the Basal Gabbro. 
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Figure 36 Multi-element plot showing the relative enrichment in elements of the 
chill of the diabase in relation to the average chill of the Basal Gabbro. 

Note - there is a general increase in compatibility to the right. 
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483.10 

23.10 

2.91 

2.47 

1740.95 

566.98 

Chill 
49.90 

2 .63 

14.70 

13 .73 

0.' 8 

4.91 

8.17 
3.35 

1.33 

0.54 

0.537 

0.009 

0.011 

100.00 

118.30 
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39.64 

54.,0 

30.60 
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49.30 
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1.93 

2.09 

1962.66 
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14.68 

12.04 

0.17 

4.53 

8.09 
3.68 

1.48 

0 .51 
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0.015 

0.010 

100.00 

62.50 

94.30 

63.40 

18.61 
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52.64 
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53.52 
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29.90 

276.60 

85.12 

46.73 

34.51 

467.60 

23.50 

3.30 

2.30 

1979 .60 

AVERAGE 

51.02 

2.53 

14.76 

, 2.80 

0.20 

4.81 

7.75 
3.49 

1.63 

0.5' 

0.473 

0.022 

0.013 

100.00 

104.87 

144.14 

82.76 

18.34 

348 .87 

51.05 

370.11 

55.13 

48.54 

30.33 

278.56 

85.53 

47.72 

34.08 

436.76 

23.27 

3 .32 

5.99 

1785.78 

Table 8 Nomwlised compositions of diabase sills, showing the average and 
standard deviation of the values, 
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Chapter 6: Petrogenesis and Metallogenesis of the Uitkomst Complex 

6. I Previous Work and Existing Models 

The first report on the Uitkomst Complex was by Wagner (1929) who recorded 

a "big sill of highly altered pyroxenite canying platinum in association with magmatic 

nickel-copper-iron sulphide. The occurrence in some respects bears a close analogy to 

those of Sudbury in Canada. The precise nature of the intrusion is not at present 

known". Wagner, however, regarded the Complex as being part of the Archaean 

Swaziland System. 

Since Wagner's initial report, nothing was published on the Uitkomst Complex 

until the paper by Kenyon et al. (1986), resulting from exploration undertaken on the 

farm Uitkomst 541 IT by the Anglo American Corporation of South Africa between 

1970 and 1976. On the basis of four main factors, Kenyon et al. (1986) interpreted the 

Uitkomst Complex as representing an inverted fractionation sequence. This model is 

now no longer valid , primarily due to the incomplete stratigraphy that was encountered 

on the farm Uitkomst. However, Kenyon et al. (1986) completed the first geochemical 

examination of the Complex, concentrating on the chromitites from the Ultramafic 

Chromitite zone (Chromititic Pyroxenite zone). Kenyon et al. (1986) interpreted the 

increasing (Mg'· x l00)/(Mg'· + Fe'·) ratio of chromite upwards through various 

chromitites as evidence for the inverted nature of the sequence. However, Arculus et al. 

(1974) show that the MgO content in chromite can be increased by either increasing the 

temperature, or more significantly, by increasing the oxygen fugacity of the magma, 

which could be achieved by contamination from volatiles released by the alteration of 

the numerous dolomitic and silicic xenoliths. In Figure 37 the ratios (Cr'· x lOO)/(Cr'· 

+ Al3
• + Fe'·) against (Mg'· x lOO)/(Mg'· + Fe'·) have been plotted for the chromites 

from the Uitkomst Complex. Also depicted are the fields of values for the Upper and 

Lower Critical Zones of the Bushveld Complex, as well as the average composition of 

the Steelpoort and Leader chromitites (Kenyon el al., 1986). From this diagram it is 

evident that the compositions of the Uitkomst chromitites are most similar to those of 

the Lower Critical Zone, although having slightly higher Fe3
• and MgO contents 

(Kenyon et al., 1986). This suggests an affinity to the Bushveld Complex magmas 

responsible for the production of the Lower Critical Zone. 
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Figure 37 Plots ofCr x lOOfCr + Al + Fe3+ against Mg x 100fMg + Fe2
• for Uitkomst 

chromitesas compared to Cameron's (1977) datafor the Lower (LCZ) and Upper 
Critical Zone (UCZ) of the Bushveld Igneous Complex. Point "STPL" represents the 

average for the Steelpoort and Leader Seam Chromite. 
From Kenyon etal. (1986). 

The supposed genetic link with the Bushveld Complex was further supported 

by Sharpe et al. (1981), who proposed that the Uitkomst Complex represented one of 

several satellite bodies to the Bushveld Complex arranged concentrically around the 

Bushveld Complex. In this model, Sharpe et al. (1981) suggested that the seven feeders 

of the Bushveld Complex and its various satellite bodies lie on two elliptical traces 

(Figure 38) which represent two inverted conical fractures, produced by fracturing of 

the crust associated with mantle diapirism (Figure 39). These concentric ellipses are 

themselves broadly concentric to the assumed margins of the Transvaal basin, and their 

locus lies on the Great Dyke - Bushveld trend, with the feeders lying along, and being 

controlled by, regional basement lineaments (Sharpe et ai., 1981). 

The geographical location, and the spatial orientation of the UitkomstComplex 

III relation to the Bushveld Complex is 'also evidence for this relationship. The 

maximum predicted depth of the Rustenburg Layered Suite of the Bushveld Complex is 

9 km. If the Uitkomst Complex, plunging at 8°, i~ projected back along its axis, it is 
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calculated that it will attain a depth of 9 krn at a horizontal distance of 65 krn from where 

it plunges beneath the escarpment. Perhaps not so coincidentally, the measured 

horizontal distance between the Uitkomst Complex and the· closest outcrop of the 

layered rocks of the Bushveld Complex is 65 km . 

• northern limit (Button, 1973) 

western limi! 
(Crockett, 1972) 

N 
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Figure 38 The elliptical arrangement of feeder sites, satellite bodies and the supposed 
original concentric margin of the Transvaal basin. After Sharpe et al. (1981). 
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The first complete study of the Uitkomst Complex has been the subject of a PhD 

by Gauert (submitted, 1995) at the University of Pretoria. Gauert et al. (1994) has 

suggested that the Uitkomst Complex represents a magma conduit intruded between 

two NW-SE-striking fracture systems. From a combination of whole-rock chemistry 

and the mineral chemistry of pyroxene, olivine and plagioclase, Gauert et al. (1995) 

suggest that an early contaminated pulse of magma fonned the chilled Basal Gabbro, 

with the overlying Lower Pyroxenite representing a dense, sulphide-rich highly 

contaminated cumulate rock. Later pulses of uncontaminated magma precipitated the 

Peridotite zone, which on account of its almost constant composition, implied the 

existence of an "infinite" magma source and hence the movement of large quantities of 

magma through a conduit, rather than a large finite pool of magma from which it 

crystallised (Gauert et ai., 1995). Finally, near the top of the Peridotite zone, the flow 

of magma abated and gave rise to the closed-system conditions that produced the 

nonnal fractionating sequence of the Upper Pyroxenite and Norite units (Gauert et ai., 

1995), complete with the abundant xenoliths from the roof rocks in the uppennost unit. 

Gauert et aI. (1995) have undertaken both S and Sr isotope studies of the 

Complex. The sulphur isotope studies were based on sixty-five samples of 

disseminated pyrrhotite, chalcopyrite, and pyrite from the Basal Gabbro, Lower 

Pyroxenite and Peridotite zones. The results of this study are shown in Figure 40, 

suggesting that magmatic sui phur (I)34S close to ° per mil) has been contaminated by 

sedimentary sulphur (I)34S less than -10 per mil), with the chilled Basal Gabbro 

displaying a wide variation of sulphur sources (Gauert et ai., 1995). Gauert et al. 

(1995) postulated that one of the sources for the sedimentary sulphur may be pyrite 

from the shales of the Timeball Hill Fonnation. 

The strontium isotope studies were based on 10 plagioclase separates from 

various rock units , and display a range of initial Sr-isotope ratios (R,,) at a model age 

2,050 Ma, of between 0.704 to 0.715, and Rb/Sr ratios between 0.03 and 0.35 (Gauert 

et aI., 1994). The Basal Gabbro has variable to high R" values, as a result of 

contamination by the country rocks (Gauert et aI., 1995). 
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Figure 40 Sulphur isotope ratios (in per mil (/4S) a/pyrrhotite, chalcopyrite and 
pyrite separates from the Uitkomst Complex. Modifiedfrom Gauert et al. (1995). 

6.2 Evolution of the Uitkomst Complex 

6 .2.1 Basal Gabbro unit 

The Basal Gabbro has been extensively examined in this study with respect to 

its petrology, mineral and whole rock geochemistry, all of which consistently indicate 

that it represents the chilled margin to the Uitkomst Complex. The various evidence for 

this conclusion will be discussed below. 

The very nature of there being a "basal" gabbro is a common occurrence in 

layered intrusions world-wide. Gabbroic chilled margins have been reported from many 

mafic-ultramafic intrusions including: Insizwa in South Africa (Tischler et ai., 1981; 

Lightfoot and Naldrett, 1983, 1984; Lightfoot et al., 1987), the Bushveld Complex 

(Frick, 1973), the Mt. Sholl-type intrusions in the Pilbara region of Australia (Mathison 

and Marshall, 1989), the limberlana Intrusion in Autsralia (Campbell , 1987), the 

Muskox Complex in Canada (Irvine and Smith, 1969), the St. Stephen Intrusion in 

Canada (Pak'1unc, 1989), and the Sudbury Irruptive (Naldrett, 1989). Tischler et ai. 

(1981) and Lightfoot and Naldrett (1984) have suggested that the formation of a more 

evolved basal unit is the result of supercooling, whereby the viscosity of the magma is 
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increased towards the contact. The gravitational settling of the higher temperature more 

mafic minerals such as olivine and pyroxene is thus impeded by the increasing viscosity 

(due to increased cooling) encountered with proximity to the margin. 

The model outlined above relies on gravitational crystal settling as the 

fundamental process. An alternative model of compositional convection in the 

intercumulus material has been suggested by Tait et al. (1984) and Campbell (1987). 

This model utilises supercooling at the base of the intrusion with high heat loss through 

the floor. This causes the rapid cooling of the intercumulus magma and the early 

crystallisation of the intercumulus minerals with the cumulus minerals to form a fine­

grained chilled margin. As one gets further away from the basal contact of the intrusion 

and the zone of crystallisation, the degree of supercooling is diminished, and the 

process of compositional convection in the intercumulus liquid becomes more 

dominant. The zone of crystallisation caused by the supercooling causes a lighter 

depleted fluid above, which convects upwards through the intercumulus melt, and is 

replaced by a denser undepleted melt from the overlying magma. Further into the 

intrusion, compositional convection ceases to be the main process operating within the 

body, as it requires crystallisation and high heat loss as a driving force, which becomes 

less readily available further into the body, as crystallisation releases latent heat, thereby 

reducing heat loss. 

A "basal" gabbro can therefore be seen to represent an extended "chill zone", 

with a gradational upper contact to a more primitive, cumulate lithology. This 

gradational nature with the overlying unit is clearly seen between the Basal Gabbro and 

the Lower Pyroxeni te, and is exemplified by borehole SH8, where the contact is of 

such a gradational nature, and the primary mineralogy has been obscured by alteration, 

that it is impossible to pinpoint a contact, and has been necessary to log the contact as a 

"hybrid" zone. This gradational nature of the contact is difficult to explain by any other 

mechanism, such as the Basal Gabbro being an earlier forerunner of the main intrusion, 

or alternatively, being a later sill. 

The chilled margin theory is further supported by the petrology of the Basal 

Gabbro. Most obvious is the decreasing grain size observed towards the contact with 

the country rocks, suggesting that nucleation of crystals and the rates of crystallisation 

were increasing. Other textural evidence includes the presence of the mesostasis of 

quartz and feldspar suggesting a granophyric nature, and hence a rapid cooling and 

crystallisation of the melt. The paragenesis of the sulphides, with pyrrhotite containing 

possible inclusions of chalcopyrite is also indicative of a rapidly quenched magma 

(Ramdohr, 1980). 

82 



The geochemistry of the lower part of the Complex is strong evidence for the 

interpretation of the Basal Gabbro as representing a chilled margin. If the Basal Gabbro 

represented an earlier, independent intrusion, one would expect to see the effects of 

fractional crystallisation, such as an upwards decrease in the Mg#op> in the mineral 

chemistry of the pyroxenes, as the crystallising magma was depleted in Mg and other 

compatible elements. However, the mineral chemistry of the pyroxenes shows virtua1ly 

no variation upwards through the Basal Gabbro, and if anything a progressive increase 

in the Mg#op> (Figure 7) , suggesting that the Basal Gabbro represents only a small part 

of a much larger intrusion of magma, wi th the Basal Gabbro being too small a section 

to display any coherent fractionation trend. 

In general the whole-rock geochemistry, having been corrected for the presence 

of primary sulphides, shows smooth curves through the Basal Gabbro - Lower 

Pyroxenite contact zone, with no inflections or deviations, suggesting there is a 

continuity in the chemistry, and that the two units are in fact from the same original 

magma. The data from this study consistently show that for both major and trace 

elements, there is a reversed fractionation trend through the Basal Gabbro and into the 

overlying Lower Pyroxenite. The change in nature of the fractionation sequence seen 

near the base of the Lower Pyroxenite in the case of this study, to that of a normally 

fractionating body, is supported by Gauert (pers. comm., 1995), who reports that the 

whole-rock Mg# of the Lower Pyroxenite decreases from 86 at the base, to 60 at the top 

of the unit. This pattern of a reversed fractionation trend at the base of the Complex 

reverting to a normal fractionating trend some distance above, is a feature described in 

many mafic-ultramafic intrusions, including Insizwa (Tischler et ai, 1981; Lightfoot and 

Naldrett, 1983, 1984; Lightfoot et al., 1984, 1987), limberalana (Campbell, 1987) 

Sudbury (Naldrett, 1989), and the Platreef in the Potgietersrus Limb of the Bushveld 

Complex (Buchanan et a/., 1981 ; Gain and Mostert, 1982; Hulbert and Von 

Gruenewaldt, 1982). 

This geochemical pattern of a basal reversed fractionation trend can be 

explained by numerous models. Lightfoot and Naldrett (1984) proposed a model for the 

Insizwa Complex, whereby supercooling and subsequent increase in the viscosity 

inhibited the gravitative settling of cumulus minerals. A problem with this model was 

highlighted by Lightfoot et a/. (1984), who recognised that at Insizwa the compositional 

variations in the basal gabbro are controlled by the settling of olivine into a low-Mg 

parent magma. Lightfoot et al. (1984) found that the olivine mineral chemistry was in 

contradiction to the model. If the model were correct then the first olivines to crystallise 

out would be expected to be the most Mg-rich, and would then display a normal 

fractionation trend. Their data, however, showed that the olivine mineral chemistry 
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represented a reverse fractionation trend. A further problem with this model is that it 

relies on gravitative settling as the primary mechanism operational at the base of the 

intrusion. However it is now widely recognised that other mechanisms are at work 

within intrusions, including convection and compaction. 

An alternative model was proposed for the Insizwa Complex by Lightfoot et al. 

(1984) whereby the olivine and associated minerals (such as orthopyroxene) 

crystallised and settled under equilibrium conditions in a vertical or subvertical feeder 

dyke, producing an upper fractionated zone depleted in olivine, and a lower zone 

enriched in Mg-rich olivine. Intrusion of this liquid along the bedding of the sediment 

would produce an initial coating of a more fractionated liquid, which with continued 

influx would become progressively less fractionated. There are however several 

problems with applying this model to the Uitkomst Complex, firstly, the basal gabbro 

in the Insizwa Complex is an olivine gabbro (e.g. Tischler et aI., 1981), whereas in the 

Uitkomst Complex the Basal Gabbro is dominated by orthopyroxenes. If these 

pyroxenes are assumed to have behaved in a similar fashion to the olivines at Insizwa, 

and been fractionated in a feeder dyke, then one would expect there to be a paucity of 

pyroxenes in the lower parts of the Basal Gabbro and for them to display a variation in 

composition. However, what is actually seen is that orthopyroxenes are common 

throughout (including the chilled margin) and show little to no compositional variation 

with height. Another problem with the feeder dyke model, is that unlike in the Insizwa 

Complex (Lightfoot and Naldrett, 1983) there is no evidence for a vertical or subvertical 

feeder nearby the Uitkomst Complex, but rather that it is a lateral conduit (Gauert et aI. , 

1995). 

An alternative model invokes compaction of the crystal pile (Irvine, 1980; 

McKenzie 1984, 1985; Richter and McKenzie, 1984), whereby the lower density of the 

intercumulus melt in relation to the cumulus grains, creates an imbalance between the 

hydrostatic and lithostatic pressure gradients, resul ting in compaction and an upward 

flow of the melt. However, Sparks et al. (1985) calculated that this mechanism should 

be an important factor in the evolution of large layered intrusions, but not in the 

evolution of small intrusions. 

Considering the above discussions on mechanisms for generating reverse 

fractionation trends, it appears that the model of supercooling and compositional 

convection best satisfies what is observed within the Basal Gabbro in terms of 

petrology and geochemistry. 
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6.2.2 Ore Genesis 

The presence of the large quantities of sulphides within the Basal Gabbro, is a 

not uncommon feature of basal gabbros in other intrusions such as the Insizwa 

Complex, Sudbury, etc.(e.g. Tischler et ai., 1981 ; Naldrett, 1989). However, the high 

Cu/(Cu + Ni) ratio that is associated with the Basal Gabbro relative to the Lower 

Pyroxenite, is somewhat unusual and seems to contradict the predicted sequence of Ni 

> Cu > Co > Fe > Zn, based on partition coefficients for the metals into the sulphide 

phase (MacLean and Shimazaki, 1976). However, this can be explained by examining 

the evolution of an immiscible sulphide in the Fe-Cu-Ni-S system. At high temperatures 

and depending on the oxygen fugacity (fo,), magnetite is the first phase to crystallise 

out of the magma with a drop in temperature, this is followed closely by the separation 

of an immiscible sulphide liquid. The various mechanisms by which a magma can be 

induced to become saturated with respect to sulphur, and hence separate an immiscible 

sulphide liquid will be examined later. With a further drop in temperature, the 

immiscible sulphide liquid crystallises into a monosulphide solid solution (MSS) which 

at high temperatures is capable of containing all of the Ni , Cu and Co in solution (Craig 

and Kullerud, 1969). This MSS typically begins to crystallise from the liquid at 1150 

DC, and is fully crystallised by 1100 DC, however the presence of magnetite can lower 

this temperature by 85°C (Craig and Kullerud, 1969). As the temperature decreases the 

amount of Cu the MSS can carry decreases and by 850 °C an intermediate solid solution 

(ISS) Cu-rich phase may segregate from the MSS (Figure 41). By 970°C chalcopyrite 

can first occur in a stable form. As temperatures continue to decrease, the MSS field 

shrinks and all the Cu is forced into the ISS, where it moves to the grain boundaries 

and forms crystals. Eventually as temperatures keep decreasing the Ni is driven out of 

the MSS and forms as pentlandite stringers and rims around grains (Craig and 

Kullerud, 1969). Finally by 150 °C , pentlandite forms flame-like exsolution textures in 

the MSS which crystallises as pyrrhotite. Kullerud et al. (1969) have shown that for the 

average compositions of Sudbury sulphide ores, over a temperature range extending 

from about 1150" to 865°C, a mechanism exists in the Cu-Fe-S system whereby a 

relatively Cu-rich liquid may be segregated from a pyrrhotite-type phase. Furthermore 

their study suggested that a similar segregation of a Ni-rich liquid will only occur at 

temperatures above 1120 °C (Kullerud et at., 1969). 
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s 

Fe 

Figure 41 Schematic 850 0 C isothermal diagram of the Cu-Fe-Ni-S system in the 
presence of vapour. Most tie lines to sulphur are omitted for clarity. Note that MSS 
spans the entire Fe-Ni-Sface of the system, and that chalcopyrite is a stable phase. 

(After Craig and Kullerud, 1969). 
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Figure 42 Diagram showing the partitioning of elements between phases under 
equilibrium conditions. The presence of olivine does not affect partitioning between the 
liquids, but the precipitation of olivine may rapidly deplete the liquids in Ni and slowly 

enrich them in Cu. After MacLean and Shimazaki (1976). 

However, if the Basal Gabbro represents a chill , it may be expected that the Ni 

content should also be reflected in the whole rock compositions, as the MSS is capable 

of carrying all the Ni until the low temperature exsolution of pentlandite (Kullerud et 

al., 1969). This problem can be explained by examining the partitioning of the metals 

with respect to different phases. MacLean and Shimazaki (1976) have shown that Ni 

partitions very strongly into olivine (Figure 42), and hence can be expected to have 

higher values in rocks with a high olivine content, which most usually are cumulate 

rocks. This will result in Ni being depleted relative to Cu in the residual silicate melt and 

hence also in any sulphide liquid formed at a later time. Rajamani and Naldrett (1978) 

showed that this is the case and that the more evolved rocks (as measured by the MgO 

content) show a decrease in Ni content with concomitant increase in the Cu content 

(Figure 43). 
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Figure 43 Variation in the Ni and Cu contents of the sulphide liquid segregatingfrom 
successive liquids of a fractionally crystallising komatiitic magma with weight percent 

MgO of these liquids. After Rajamani and Naldrett (1978). 
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Figure 44 Calculated relationship between the Cu/(Cu +Ni) ratios of sulphide liquids 
and weight percent MgO of komatiitic magma (Rajamani and Naldrett, 1978). The 
Cu/(Cu + Ni) ratio versus weight percent MgO of the lowermost units of the Uitkoms( 
Complex has also been plotted. Superimposed on the diagram are the estimates of the 
relationship between Cu/(Cu + Ni) and weight percent MgO for several other ore bodies 
(Naldrett and COOri, 1976). 
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Therefore Rajarnani and Naldrett (1978) predict that ore deposits in more 

evolved rocks will have a higher CuJ(Cu + Ni) ratio than those with more primitive 

rocks (Figure 44). With regard to the lowermost units of the Uitkomst Complex it can 

be seen that when the CuJ(Cu + Ni) ratio is plotted against MgO (wt%) (Figure 45), 

there is an inverse relationship between the degree of basicity and the CuJ(Cu + Ni) 

content of the rock, suggesting that it is the rock type which is controlling the CuJ(Cu + 

Ni) ratio. 
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Figure 45 Plot slwwing the correlation between the Cul(Cu + Ni) ratio and 
the MgO content of the magma. This inverse relationship is 

what is predicted by Rajamani and Naldrett (1978). 

Figure 42 also indicates that Ni has a higher partition coefficient for the sulphide 

liquid than Cu, suggesting that when a sulphide liquid forms, the early sulphides will 

be enriched in Ni relative to Cu. Therefore Ni can be seen to be more compatible with 

respect to sulphides than Cu, and hence the Cu rich Basal Gabbro, in itself represents a 

reverse fractionation sequence. This "reverse fractionation sequence" with a decreasing 

CuJ(Cu + Ni) ratio in the Basal Gabbro is likely to be a result of the combination of two 

processes. Firstly it is a result of the inhibited settling, due to the increased viscosity, of 

Ni-rich sulphides from higher in the sequence. Secondly, it can be seen that the high 

CuJ(Cu + Ni) ratio in the Basal Gabbro is largely a function of the evolved nature of the 

rock, which itself is a result of the supercooling of an evolved parental magma for the 

lower part of the Complex. Therefore, the patterns seen in the metal and sulphide 

distribution within the Basal Gabbro further support the model that the Basal Gabbro 

represents a supercooled chilled margin. 
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Although this model explains the development of a Cu-rich base, it doesn't 

explain what causes the immiscible sulphides to segregate initially and scavenge certain 

chalcophile elements such as Cu and Ni from the silicate magma, forming 

concentrations of these metals as potentially economic sulphide deposits. There are a 

number of possible ways an immiscible sulphide liquid can be induced to separate from 

the silicate magma, all of which require sulphur to become saturated in the melt with 

respect to the sulphur-carrying capacity of the melt. Firstly, sulphur saturation can be 

attained by simply a decrease in temperature. Haughton et al. (1974) suggest that falling 

temperature also decreases the capacity of a basaltic liquid to dissolve sulphur by five to 

seven times assuming a constant ratio of oxygen fugacity (f02) to sulphide fugacity 

(fs2)' A second process whereby an immiscible sulphide liquid can be produced is by 

increasing the partial pressure of sulphur (fs2 ) in the melt. Sulphur saturation can be 

exceeded and an immiscible sulphide liquid will be produced. The most usual way this 

can be achieved is by the addition of sulphur to the magma from an external source such 

as sediments rich in SUlphur, like evaporites, or by the assimilation of sulphides. 

Another mechanism which induces sulphide saturation is by either increasing 

the oxygen fugacity, thereby decreasing the ferrous iron (Fe2.) content of the magma, 

and hence the sulphur-carrying capacity. The oxygen fugacity can be increased by 

means such as assimilation of water, diffusion of H2 out from a magma, foundering of 

cooled, oxidised roof rocks from a magma chamber, and direct assimilation of oxygen 

(Haughton et al., 1974). An alternative method of producing sulphur saturation is by 

the assimilation of Si02-rich material, for which sulphur solubility is lower than for 

mafic rocks, thereby reducing the sulphur solubility (Irvine, 1975). Finally, sulphide 

immiscibility may occur as a result of the fractional crystallisation of a silicate melt. This 

is due to the relative increase in sulphur in the melt, as it is not incorporated into any 

silicate mineral. Therefore by a combination of increasing the partial pressure of sulphur 

(fs2) and the natural decrease in temperature, sulphide saturation will eventually occur. 

The fractional crystallisation of minerals such as pyroxene and feldspar, both of which 

are less iron-rich than the parent magma, will cause a relative increase in the Fe2• 

content of the remaining magma, and hence shift the magma away from the point of 

sulphide saturation (Haughton et aI., 1974). By a similar process, the crystallisation of 

opaque oxides such as magnetite, chromite or ilmenite, will locally produce a zone of 

decreased FeO and hence push the magma beyond the sulphur saturation point 

(Haughton et al., 1974). 
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There are two mam possibilities which will be discussed below. The first 

possibility is that the sulphides in the Basal Gabbro are simply produced by a decrease 

in temperature, forcing sulphur saturation (Haughton et aI., 1974). The evidence for 

this is the very nature of the Basal Gabbro representing a chilled margin. The second 

possibility is that sulphide immiscibility was induced by contamination from the wall 

rocks and, more importantly, the numerous xenoli ths. This has been proposed as the 

mechanism of formation for both the Platreef in the Potgietersrus Limb of the Bushveld 

Complex (Buchanan et aI., 1981; Gain and Mostert, 1982; Cawthorn et ai., 1985; 

Barton et aI., 1986) as well as many of the sulphide deposits within the Sudbury 

Irruptive (Irvine, 1975; Naldrett, 1989). As mentioned earlier the xenoliths and country 

rocks in the immediate vicinity of the basal portions of the Complex, consist primarily 

of Malmani dolomites, quartzites and chert. By the assimilation of quartzites and chert 

the carrying capacity of the magma for sulphur will be considerably reduced, prompting 

immiscibility (Irvine, 1975). The assimilation and alteration of the dolomite give rise to 

reactions producing carbon dioxide and water, thereby increasing the oxygen fugacity, 

causing a reduction in the FeO content, and thus precipitating sulphide (de Waal, 1977). 

Furthermore, de Waal (1977) has suggested that this may also involve the dissolution 

of silicates still close to their crystallisation temperatures, due to a slight increase in 

volatile constituents, and thus create spaces in which the sulphide can accumulate as 

well as permit the development of pegmatoids. The abundance of xenoliths combined 

with the high variability in the sulphur isotope ratios attained by Gauer! et ai. (1995), 

suggests that contamination was extensive in the Basal Gabbro, and hence favours a 

contamination model for the prime cause of sulphide saturation. The source of the 

sedimentary sulphur component may have been the pyritic shales of the Timeball Hill 

Formation as suggested by Gauert et aI., (1995). A model for the genesis of the 

sulphides in the lower part of the Uitkomst Complex is outlined below. 

With the emplacement of the highly contaminated basal portion of the Uitkomst 

Complex, supercooling began around the margins. The supercooling associated with 

the chilled margin initiated the precipitation of magnetite and ilmenite, which in tum, 

combined with temperature and contamination induced sulphurisation, locally lowered 

the sulphur solubility and precipitated sulphides (Haughton et ai. , 1974), thus 

accounting for the small minor disseminations of sulphide seen in the chill. However, 

due to the rapid crystallisation and increased viscosity, sulphides were unable to settle 

into the chill zone. Higher up in the Basal Gabbro, where crystallisation was taking 

place at a slower rate, reaction of the magma with the dolomitic and Si02-rich xenoliths 

created an oversaturation of sulphur, and the segregation of an immiscible sulphide. In 

the rims around the xenoliths, silicates were partially resorbed, creating spaces in which 
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pegmatoids and skarn mineralogy developed. These spaces also enabled the 

gravitational settling of sulphides, acmunting for the zones of sulphide depletion seen 

around the xenoliths. As the sulphide formed near the base of the intrusion, it could not 

chemically process the entire magma column and only depleted the lowermost layer in 

Cu and Ni (Tischler et aI. , 1981). Further up in the more mafic Lower Pyroxenite, 

fractional crystallisation commenced, and the magma continued to assimilate the 

xenoliths, keeping the sulphur saturation high, and continuing to precipitate sulphides. 

An alternative model that an immiscible sulphide had formed prior to the 

emplacement of the lower portion of the Complex, such as has been suggested for the 

Insizwa Complex (Lightfoot et aI. , 1984), can be rejected on the grounds that within the 

chilled margin of the Basal Gabbro, there is an extremely low sulphide content. 

6.3 General 

6.3.1 Alteration 

One major characteristic of the Uitkomst Complex is the extensive alteration of 

the primary mineralogy. The types of alteration seen (uralitisation, saussuritsation etc.) 

are all indicative of large quantities of water permeating through the rock. The source of 

the waters are likely in part to be magmatic, but the Sr-isotope data (Gauert et aI. , 1995) 

suggest a high amount of contamination. Therefore the water can be from two external 

sources; firstly the assimilation of sedimentary xenoliths. Gain and Mostert (1982) 

postulated that in the Platreef of the Potgietersrus Limb of the Bushveld Complex, the 

numerous dolomitic xenoliths were initially subjected to prograde metamorphism which 

released CO2 and H20 into the magma, and possibly sulphur. They considered that the 

CO2 was more readily absorbed into the magma, and the H20 remained and 

subsequently caused the retrogressive alteration. The second external source of the 

water could be circulating meteoric water. Harrigan and MacLean (1976) have 

suggested that the alteration of gabbro dykes in Matagami, Quebec, is due to the thermal 

gradient caused by the intrusion, driving hydrothermal convection systems, and hence 

introducing large quantities of meteoric water into the body causing the alteration. The 

same mechanism is postulated to have been partially responsible for the alteration in the 

Uitkomst Complex, being complemented by water released from the assimilation of 

sedimentary xenoliths, and possibly a minor magmatic component. The likely sequence 

of alteration is as follows. Firstly, with intrusion of the Complex water would be 

primarily of magmatic origin. As xenoliths were assimilated, sedimentary water would 

have been released into the system, mixing with the magmatic water and generating a 

magmatic-hydrothermal system. This stage of alteration would have been responsible 
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for the skarnification and serpentinisation seen in proximity to the xenoliths. As the 

Complex cooled, it would have been invaded by circulating meteoric water, being 

driven by the thermal gradient. This meteoric water would have been responsible for the 

second, pervasive stage of alteration responsible for the large scale uralitisation and 

saussuritisation seen throughout the Complex. Therefore, the alteration seen in the 

Uitkomst Complex is a result of a continual process whereby an early, localised 

skarnification phase was gradually replaced by a later, pervasive meteoric phase. 

The large scale introduction of water will have had extensive effects on the 

stress regime both within and outside the cooling body. The hydration of anhydrous 

minerals is accompanied by a significant volume increase, generating considerable 

stress, which would have been accommodated by fracturing and shearing within the 

Complex and the surrounding rocks. Evidence for this is the numerous faults seen 

within the Complex, as well as the presence of the sheared contact between the Basal 

Gabbro and the country rocks seen underground in exploration drives. These fractures 

will have served as conduits for the transportation and remobilisation of sulphides and 

explain the sulphide-filled veins and fractures seen in drill core, as well as the 

development of massive sulphide bodies within the footwall and the country rocks. 

6.3.2 Relationship to the Bushveld Complex 

A relationship between the Uitkomst Complex and the Bushveld Complex has 

been suggested by several authors (Sharpe et aI., 1981; Kenyon et al., 1986; Gauert et 

al. . 1995). Geochemical evidence has been produced by Gauert et al. (1995), and 

supported by this study (Figure 35), suggesting that the parental magma of the 

Uitkomst Complex, represented by the chilled margin of the Basal Gabbro, is similar in 

composition to the B I-micropyroxenites of Hatton and Sharpe (1989) which are widely 

regarded as representing the parental magma of the Bushveld Complex. Therefore on 

account of the age, geographical location, and geochemistry of the Uitkomst Complex. 

there is strong evidence to support a close genetic relationship with the Bushveld 

Complex. 
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6.4 Implications and Final Comment 

On the basis of this study and on the work by Gauert et ai. (1995), a 

petrogenetic model is suggested for the Uitkomst Complex. The first magma to be 

introduced was emplaced between two faults in a NW-SE striking direction, being 

controlled by regional lineaments. The magma exploited the unconformable contact 

between the Black Reef Quartzite Formation and the Malmani Subgroup, stoping 

upwards and assimilating the overlying dolomite and shale. The first magma was of an 

evolved composition (low MgO and high SiO, content) and is represented by the chilled 

Basal Gabbro, being the supercooled, Cu-rich margin of the lower units of the 

Complex. The assimilation of the dolomitic and quartzitic sediments increased the 

oxygen fugacity (fO,) and prompted sulphur saturation and the precipitation of 

sulphides and chromite in the Lower Pyroxenite and Chromititic Pyroxenite units. 

Further pulses of uncontaminated magma gave rise to the sulphide-poor Peridotite zone. 

The constant and ultramafic compositions in the Peridotite Zone, indicate the existence 

of an "infini te" magma source which Gauert et at. (1995) interpreted as indicating the 

movement of large quantities of magma through the system in a magma conduit. 

Towards the top of the Peridotite zone, normal fractionation commences, representing 

the onset of closed system conditions and the generation of the Upper Pyroxenite and 

Norite zones. 

As the Complex cooled, the magmatic convection system gave way to a 

hydrothermal convection system, introducing large quantities of meteoric water into the 

system. Accompanying the subsequent hydration of the mineral assemblage was the 

development of faults and shears, resulting from stress induced by the volume increase 

of the minerals. Hydrothermal fluids utilised these fractures for the remobilisation of the 

sulphides, producing the massive sulphides and the large blebs of remobilised 

sulphides. At some period whilst the Complex was undergoing alteration, the even 

more evolved diabase sills were emplaced and altered. At a later date the whole package 

was itself intruded by the regional dolerite dykes. 
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Appendix A 

Plates of Photomicrographs 



Plate 1. Chill zone of Basal Gabbro, showing fine grain size and distribution 
of pyroxenes, feldspar, mica and opaques. Note minor uralitisation 

Section SH10-9 (409.40) Field of view = 4.4 mm 

Plate 2. Chill zone of BasaL Gabbro, showing euhedral to subhedral crystals 
of orthopyroxene( 0) and clinopyroxene( C). Note the intercumulus nature of the mica 

and the presence of laths of apatite(A), as well as the opaques. 
Section SH10-9 (409.40). Field of view = 1.1 mm 



Plate 3. Chill zone of Basal Gabbro, showing lnclusions of opaques in 
orthopyroxene(O). Also present is plagioclase(P) and clinopyroxene(C). 

Section SH10-9 (409.40) Field of view = 1.1 mm 

Plate 4. Chill zo;"'e of Basal Gabbro, showing clinopyroxene(C) with an inclusion 
of orthopyroxene( 0). Note the slight uralitisation of the clinopyroxene. 

Section SHI0-8 (408.60). Field of view = 1.1 mm 



Plate 5. IntercumuLus mica (phlogopite), with a rim of opaques along the contact with 
the pyroxene grains. Note the brown colour of the mica suggesting high Ti content. 

Section SHI0-8 (408.60) Field of view = 1.1 mm 

Plate 6. CLose association of the mica (phLogopite) with opaques, suggesting the later 
crystallisation of these mineraLs. Note the uralitisation of the pyroxenes, and 

saussuritisation of feldspar in the lower centre of the photograph. 
Section SHI0-6 (405.50). FieLd of view = 1.1 mm 



Plate 7. Mesostasis ofquartz(Q) andfeldspar(F). Noie the saussuritisation(S) of the 
feldspars surrounding the quartz, and the uralitisation of the pyroxenes. 

Section SH10-7 (407.20) Field of view = 1.1 mm 

Plate 8. Mesostasis of quartz(Q) andfeldspar(F) with biotite(B) and apatite(A), 
indicating that this is a late stage product in the crystallisation sequence. 

Section SH10-6 (405.50). Field of view = 1.1 mm 



Plate 9. The markedly different nature of the rock below a xenolith, showing a 
fractured and altered pyroxene( P). Note the" seams" of magnetite( M) and talc(T). 

Section SH10-4 (404.07) Field of view =4.4 mm 

Plate 10. Highly aLtered Basal Gabbro situated between a dolomitic and quartzitic 
xenoLith. Note the almost total uralitisation, the saussuritisation, and the chlorite. 

Section SH10-3 (403.43). Field of view = 4.4 mm 



Plate 11. Basal Gabbro with two types of amphibole: the acicular tremolitic / 
actinolitic type(A) and the hornblende type(H). Also the development of 

the blue-grey coloured clinozoisite. 
Section SHJO-2 (403.20) Field of view = 4.4 mm 

Plate 12. Basal Gabbro showing the early stages of uralitisation of orthopyroxene. 
The amphibole forms a rim around the pyroxene. Note the totally replaced pyroxene 

in the top left of the photograph, with the saussuritised plagioclase beside it. 
Section SH10-7 (407.20). Field of view = 1.1 mm 



Plate 13. Basal Gabbro showing the further development of uralitisation(U) of 
pyroxene(O), as well as the advanced saussuritisation ofplagioclase(P). 

Section SH19-5 (511.05) Field of view = 1.1 mm 

Plate 14. Basal Gabbro showing more advanced stages of uralitisation of 
pyroxene, leaving only a relict of the original orthopyroxene grain( 0). 
The amphibole(A) can be seen to be pseudomorphing the pyroxene. 

Section SH19-5 (511.05). Field of view = 1.1 mm 



Plate 15. Basal Gabbro showing a highly advanced stage of uralitisation of 
pyroxene, leaving only minor relicts of the original pyroxene(O). 

Section SH10-7 (407.20) Field of view = 1.1 mm 

Plate 16. Basal Gabbro showing total uralitisation and extensive saussuritisation(S) of 
plagioclase. This is a typical section of Basal Gabbro not from SH10. 

Section SH18-7 (583.45). Field of view = 4.4 mm 



Plate 17. Diopsides(D) and Mg-rich enstatites(E) in proximity to a dolomite xenolith, 
Note the larger and fresher appearance of the pyroxenes. 

Section SH10-4 (404.07) Field of view = 4.4 mm 

Plate 18. Basal Gabbro in proximity to a dolomite xenolith, with a pyroxene showing 
serpentinisation and the formation of anastomosing veinlets of serpentine, talc and 
magnetite. Note that the photograph is from a thicker electron microprobe section. 

Section SH10-4 (404.07). Field of view = 4.4 mm 



Plate 19. Basal Gabbro in proximity to a dolomite xenolith, showing the 
intense alteration and development of talc(T) and serpentine(S). 

Section SHIO-4 (404.07) Field of view = 4.4 mm 

Plate 20. Basal Gabbro in proximity to a dolomite xenolith,showing the development 
of coarse-grained mica, and its association with opaques. 

Section SHIO-4 (404.07). Field of view = 4.4 mm 



Plate 21. Basal Gabbro in proximity to a dolomite Xenolith, showing sulphides 
in the skarn zone. Chalcopyrite(c) is replacing pyrrhotite(po), with both being 

enclosed (replaced) by magnetite(m). Note this is an electron microprobe section. 
Section SH10-4 (404.07) Field of view = 0.625 mm 

Plate 22. Basal Gabbro showing the net-textured nature of the sulphides. 
Section SH10-5 (404.80). FieLd of view = 4.4 mm 



Plate 23. Basal Gabbro showing the flame-like exsoLution bodies of pentlandite(pn) 
parallel to {OOOJ} in pyrrhotite(po). Note this is an electron microprobe section. 

Section SH26-5 (492.47) Field of view = J.25 mm 

Plate 24. Basal Gabbro aggregates of pentLandite(pn) occurring along fractures 
and at grain boundaries, especially between pyrrhotite(po) and chalcopyrite( cp). 

Note also the ilmenite(il) exsolvedfrom magnetite which has been totally 
repLaced by chalcopyrite. Note this is an electron microprobe section 

Section SHJO-6 (405.50) . Field of view = 0.625 mm 



Plate 25. Basal Gabbro showing chalcopyrite(cp) being enclosed (replaced) by 
pyrrhotite(po). Note this is an electron microprobe section. 

Section SH10-6 (405.50) Field of view = 1.25 mm 

Plate 26. Basal Gabbro showing chalcopyrite( cp) replacing pyrrhotite(po). Flame-like 
exsolution bodies ofpentlandite(pn) are also visible commonly in association 

with fractures and grain boundaries. Note this is an electron microprobe section. 
Section SH10-5 (404.80). Field of view = 0.625 mm 



Plate 27. Basal Gabbro showing pyrrhotite(po) enclosing (replacing) 
chalcopyrite( cp). Note this is an electron microprobe section. 

Section SH 10-6 (405.50) Field of view =0.625 mm 

Plate 28. Basal Gabbro showing magnetite(mt) as a discrete grain with exsolution 
lamellae ofilmenite(il). Also visible is the (possible?) replacement of 
ilmenite by magnetite. Note this is an electron microprobe section. 

Section SHIO-7 (407.20). Field of view = 0.625 mm 



Plate 29. Basal Gabbro showing secondary magnetiie(mt) surrounding ilmenite(il) 
which in turn is enclosing pyrrhotite(po), chalcopyrite( cp) and pentlandite(pn). 

Note this is an electron microprobe section. 
Section SH10-5 (404.80) Field of view =0.25 mm 

Plate 30. Basal Gabbro showing skeletal rods of ilmenite in a silicate matrix. The 
ilmenite rods were exsolved from a now totally replaced grain of magnetite. 

Section SH10-2 (403.20) . Field of view = 1.1 mm 



Plate 31. Basal Gabbro showing skeletal rods of ilmenite in a silicate matrix. 
The ilmenite rods were exsolved from a now totally replaced grain of 

magnetite. Note this is a probe section. 
Section SHIO-2 (403.20) Field of view = 1.25 mm 

Plate 32. Basal Gabbro showing ilmenite(il) apparently replacing py"hotite(po). The 
inclusion of ilmenite appears to be replacing the pyrrhotite. but is in a different 

orientation to the section. Note the pentlandite(pn) aggregating around fractures. 
This is an electron microprobe section. 

Section SHIO.3 (403.43). Field of view = 1.25 mm 



Plate 33. Basal Gabbro showing ilmenite(il) enclosing" and replacing chalcopyrite(cp) 
and pyrrhotite(po). Note this is an electron microprobe section. 

Section SH10-4 (404.07) Field of view = 0.625 mm 

Plate 34. Lower Pyroxenite showing the intense alteration of the pyroxenes. Note the 
pervasive chLoritisation of the rock. 

Section SH10.1 (401 .10). Field of view = 4.4 mm 



Phite 35. Lower Pyroxenite showing the pseudomorp"hing of pyroxene (or olivine?) 
by talc. The corona textures are produced by a rim of chlorite. The pseudomorphs are 

separated by serpentine. Crossed nicols photograph of Plate 34. 
Section SHI0-l (401 .10) Field of view = 4.4 mm 

Plate 36. Diabase sill showing the medium- to fine-grained nature of the rock. 
The sill has been fairly extensively altered. 

Section SHI0.I0 (422.40). Field of view = 4.4 mm 



Appendix B 

Borehole Logs 
Reproduced with permission of Anglovaal. 
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BOREHOLE SHJ 215.00 to 258.00 m Plott~d 06-02-1995 Page 6 

CORE 
DEPTH 

(m) 

Logged by RELOGGED 2 Scale 1: 200 
VERT. PROFILE j2 DESCRIPTION 

TOT.SULPH % 
-< (core depths) 
n 

PRO 

5HZO 

(PERIDOTITE continued) 
r---__ SERPENTINITE 229.45 -229.94 
I-_SHEAR ZONE 247.76 -250 .51 

ALTEAATION:Guartz caroonate veining serpent i nised. 
I-_SCHIST 250 .51 -250.93 

ALTERATION: Talc-alteratIon quartz carbonate veining. 

UitKamst Suite 
Uitkamst Suite 
Uitkamst Suite 

UitKamst SUlte 

PP 
IP 
eg 

82 
80 
75 

70 



BOREHOLE SHJ 258.00 to 301 .00 m Plotted 06-02- j 995 Page 7 

Logged by RELOGGED 2 Scale 1:200 
CORE VERT. PROFILE §E DESCRIPTION PP 

IP 
eg 

DEPTH 
(m) TOT .SULPH % 

25 

26 

26 

26 

26 

26 

27 

27 

27 

27 

27 

28 

28 

28 

28 

28 

29 

29 

29 

30 

~ (core deptns) 
n 

PRO 

aUB 

DIAB 

PRO 

[PERIDOTITE continued) Uitkomst Suite 82 

DIABASE 278 .86 -283 .25 Uitkomst Suite 
GRAIN SrZE:Med ium graIned . COMMENTS: Ch illed marg Ins . SILL. 

. . Uitkomst Suite 
ALTE~ATION: Guartz carbonate veIn Ing cnlor!t i sation. GRAIN SrZE: FIne gra ined . 
COMMENTS: Chill ed margins. SILL . 

75 

82 

Uitkomst Suite 85 
ALTERATION: Quartz carbonate veInIng. GRAIN SIZE: Fine grained. COMMENTS: Pyroxene 
POIKilitically enclosing olIvIne. 



BOREHOLE SIIJ 301.00 to 
RELOGGED 2 

344 .00 m Plotted 06-02-1995 Page 8 

CORE 
DEPTH 

(m) 

Lagged by 

VEAT. PROF ILE 

TOT . SULPH % 

~ DESCRIPTION 
':::: (core depths) 
n 

(PERIDOTITE continued) 

PRO 

Scale 1: 200 

UitKomst SUIte 

PP 
IP 
eg 

85 

. . UitKomst SU i te 80 
STRUCTURE: Sheared. ALTEAATION: Guartz carbona te vein ing. GRA IN SIZE: Fine grained . . 
COLOUA:Black . 

MCHA 

arAB 

PCR 

Uitkomst SU ite 79 
ALrERATION:Guartz carbonate ve ln l ng . GRAIN SIZE: Medium gralned. COMMENTS:Sheared 
chi lled margin . SILL. MIN. TEXT: Crm disseminated . SULPH.MIN5.: Sulphides . 1 

" 

Uitkomst Suite 83 
Cr :t:: 25-50 . 



BOREHOLE SHJ 344.00 to 
RELOGGED 2 

387.00 m Plotted 06-02-1995 Page 9 

CORE 
DEPTH 

1m) 

34 

34 

35 

35 

35 

35 

35 

36 

36 

36 

36 

36 

37 

37 

37 

37 

37 

38 

38 

38 

38 

Logged by Scale 1: 200 
VERT. PROFILE 

TOT .SULPH % 

~ DESCRIPTION 
'=: (care depths) 
n 

PP 
IP 
eg 

.:i. ••• ~ .• 

peR 

LrPXT 

lrPXT 

LrPXT 

DrAB 

LrPXT 
Lrpxr 

LrPXT 

Lrpxr 

XENO 

XENO 

LrPXT 

Lr PXT 

XENO 

Q.C . Y. 

Il 9mm 

ICHROMITITIC PYROXENITE continued) uitkamst Suite 83 

. . Uit kamst Suite 82 
GRAIN SIZE: Med1um grained. rQr.SULPH %: 1-5. MIN . TEXT: lo4essi\'e po. SUL?H . MINS .: Po cp o 

Uitkamst Su ite 82 
GRAIN SIZE: .. -Iea1ul1I grained. MIN. TEXT; Disseminateo . 

COMMENTS: Ch ill ed mar In . SILL. 
Uitkomst SUIte 

ALTERATION:Serpentinised. GRAIN SI ZE; Medium grained. COMMENTS: Cumulus pyroxene. 
MIN . TEXT: Disseminated . SULPH . MINS .: ?o cp o 

PYROXENITE 367.93 -368.79 Ui tK amst Su ite 

F GRAIN SIZE: Coarse gralneCl . ~IN . TEXT: Po dissemlnated. 
PEGMATITE 369,72 -369-.78 Uitkamst Suite 

F
GRA IN SIZE:PegmatitlC . COMMENTS; COl1lor i s i ng plagioclase. 

PYROXENITE 370.19 -371.03 UitKa mst Suite 
GRAIN SIZE: Coarse gralned. TOT . SULPH %: 10-25. MIN . TEXT: Dissemlnated. 
SULPH . MINS.;Pa cpo 

QUARTZITE 371.03 -371.19 Ui tk a mst Suite 
STRUCTURE: Xenoli t h. GRAIN SIZE: Fine sand . COLOUR: Grey wnlte . 

PEGMATITE 371.1 9 -371.57 Uitkamst Suite 
GRAIN SIZE:Pegmati~lC . COMMENTS; CompriSIng plagIoclase . 

PYROXENITE 373.45 -373.73 Uitkams t Su 1 te 
GRAIN SIZE: Coarse ra ined. COMMENTS: Am hibole . 

82 

82 

82 

82 

82 

82 

82 

82 

82 

. . Uitk amst Su i te 85 
ALTERATION: Serpent i niseo . GRAIN SIZE: ,"1edium grained. COMMENTS: Cumulus ali~lne with 

. . 

TOT . SULPH %: 1-5. MIN.TEXT:Pa ::!issemlnated. SULPH .MINS. :Po. 

Uitkamst SUlte 82 

82 

Uitka mst Su i te 82 
TOT. SULPH X: to-25. MIN. rEXT: Mass 1 ve to semi -mass i ve cp. 

Uitkamst Suite 82 

Uitkamst SUlte 85 

82 

82 

87 

82 

Ui tkamst SUlte 82 
TOT . SULPH ,,: 10-25 . MIN . TEXT: !J lssemlnated . SULPH . MINS. : Po cp o 



BOREHOLE SHJ 387.00 to 430.00 m Plotted 06-02-1995 Page 10 

CORE 
DEPTH 

[m} 

Logged by RELOGGED 2 
VERT. PROFILE ~ DESCRIPTION 

:: [core depths) 
TOT .SULPH % n 

Sea le 1: 200 

!QUARTZITE continued} UitKomst Sui te 
PYROXENITE 387.97 -388 .34 UitKomst Suite 

r:::::::GRAIN SIZE:Coarse ' ~ralned. MIN .TEXT: 01 sseminate~ . SULPH.MINS.: Po. 
JGABBHO 3~~.o~ -391.30 UitKomst Suite 

GRAIN SIZE: Med tum gre t ned . TOT. SULPH %: <l . MIN . TEXT: OissE!minated. SULPH. MINS .: Po. 

GA88RO 390.39 -390.52 Uitkomst Suite 
'-------GRAIN SIZE: Coarse graIned. TOT .SULPH %:5-10. MIN. TEXT: MaSSlve po . 

APP 
DIP 
eg 
82 
80 

82 

82 

J IiAI _flIllm'S~UL~P~H""1MI~N",S:,,' :~PnOrC~D7'-~--------------i'iiti(n;;;;;tq;;i-;;--j 
~~u_u"~Jill. 30 -39J.9T U i tkomst Su ite 82 
GRAIN SIZE; Med ium grained . 

QUARTZITE 392.67 -393.14 Uitkomst Suite 82 
GRAIN SIZE: Fine sand. COLOUR: Grey white. 

po 50m~ __ GA88RO 393 . 14 -393 .43 Uit komst SUIte 82 
co 82 !.\ey: GRAIN SIZE: Med ium grained . TOT . SULPH x; 1-5 . MIN. TEXT; Po disseminated . 

.... SULPH .MINS .: Po . 
1\1L. __ GA88RO 393.83 -393 .97 Uitkomst Suite 

GRAIN SIZE: Medium gralned. TOT . SULPH :t: 10- 25. MIN . TEXT: Dissemlnateo. 

IIJ9.?If!lIIJt39T.W ~ Uitkomst SUI te 
\ 

SULPH.MINS.: Po co . 

\ 

STRUCTUAE:Xenolitn. AL TEAAT ION:~etamorpnosed . GRA IN SIZE: MeO lum sand. TOT.SULPH 
X: 5-10 . MIN . TEXT:Oissemlnated. SULPH.MINS.; Cp po. 

~L __ QUARTZITE 394.04 -394 .22 Uitkomst Suite 
STRUCTURE: Xenolitn . GRAIN SIZE: Fine gra i neo. COLOUR: Grey. TOT .SULPH 
X: 25-50. MIN. TEXT: DissemInated. SULPH . MI NS. : Po cn. 

GAeeHO :J~4.o3 -j~/ . o3 Uitkomst Suite 
GRAIN SIZE: Med i um gra i ned . TOT. SULPH X: 1-5. MIN. TEXT: DissemInated. SULPH . ~INS .: Po cp . 

\L __ GA88RO 396.55 -397.11 Uitkomst Suite 
GRAIN SIZE:Hediu~ graIned . TOT.SULPH X: 25-50. MIN . TEXT: DissemInated . 
SUlPH .MINS.: Po co . 

I @AWillL39TOJ ~ 
GRAIN SI ZE: Fine sand . COLOUR Grey wnlte . 

Malmanl Subgroup 

L-_ OOLOMITE 401.71 -402.55 Malmanl Subgroup 
STAUCTURE:Sheared. ALTERATION: Quartz carbonate veinIng. GRAIN 
SIZE: Sllt. COLOUA:Grey wnite. 

QUARTZITE 407.20 -408.03 Ma lman i Subgroup 
~GRAIN SIZE:.Fine . sand . COLOUR: Grey whi t e . Py %: <1. J MIN. TEXT: Olssemlnated. SULPH.I-1!NS .: Py . 

82 

82 

82 

82 

82 

82 

82 

82 

rrr~~'4U40g8lJ..03~-1J43~O.SJ83-------------------------------UUT,ttKKoommsstt-S~u~ittee-l 82 
GRAIN SIZE: Mecl1um gri!li~ed . COMMENTS: Chill ed margins . sill. 



BOREHOLE SHJ 430.00 to 473.00 m Plotted 06-02-1995 Page 11 
Lagged by RELOGGED 2 Sea Ie 1: 200 

CORE VERT. PROFILE ~ DESCRIPTION ~P P 
DEPTH '::: (care depths) IP 

Iml TOT SULPH % n ~eg 
(DIABASE continued) Uitkomst Suite 82 

43 r;:- OlAa ;~~~~ Tf~~~u!;~z' ~~r;o~~~~ 1 
!elnlng. 

Malmani Subgroup 75 
t GRAIN SIZE: Silt. 

432. ~ : SHZO 
. ~~:I~l HiE~ F~;; 's~~a ~4~o1o~~: Grey wnite. 

BlaCK Reef Quar tzite 62 { 
434 

I-:':-:" 
'.: OTZ 
.. -.;-

~~:I%j ~hE~{~.~;e ~~~~e~o~ Nelshoogte Granite 82 
436 • 

• 438 • 
• 44Q ; 

• 
442. • 

• 
444. • 

• < 
446. • 

• 
44~ -I 

< 
• 

45Q • < 
• 

452 -I 

• 
454 ; GR AN 

-I 

• 456 < 
-I 

458 • 
• ; 

46Q -I 

-I 

462. • ; 
-I 

464. -I 

• 
466 .. ; 

.. 
468 -I 

.. 
47Q .. 
472i 

-I 

-:±., 



BOREHOLE SH3 473.00 to 474.89 m Plotted 06-02-1995 Page 12 

Logged by RELOGGEO 2 Scale 1:200 
CORE VERT. PROFILE ~ DESCRIPTION ~PP 
DEPTH ~ (core depths) IP 

(ml TOT .SULPH % n ~eg 

47~ GRAN (GRANITE continued) Nelshoogte Granite 82 



GEOLOGICAL LOG 

sh8 
PROJECT SLAAIHOEK 

EXPLORATION COMPANY ANGLDVAAL 

FARM SLAAIHOEK 540 JT 

DRILLING COMMENCED Phase One 

DRILLING COMPLETED 

LOGGED BY Relogged 

INCLINATION: -90 

BEARING: 0 

X CONSTANT: 2800000 

X COLLAR COORD .: 45782.67 

Y COLLAR COORD.: 40587.95 

ELEVATION (A.M.S.L.) IN METERS: 1443.1 

FINAL DEPTH (m) : 485.06 

No WEDGES: 0 



BOREHOLE SH8 0.00 to 43.00 m Plotted 15-12-1994 Page 1 

CORE 
DEPTH 

(m) 

1 

1 

1 

1 

1 

2 

2 

2 

2 

2 

3 

3 

3 

3 

3 

4 

4 

Logged by RELOGGED 
VERT. PROFILE ~ OESCRIPTION 

~ (core depths) 
TOT. SULPH % " 

Scale 1: 200 
PP 
IP 
eg 

mrn~un~~mr-------------------------i80 
GRAIN SIZ~Pebble . 

OV8 

. . Uitkomst SUlte 85 
ALTERATION: Serpentinlsed. GRAIN SIZE: Coarse grained. 

UPXT 



BOREHOLE SIll 43.00 to 86.00 m Plotted 15-12-1994 Page 2 

CORE 
DEPTH 

Imi 

Logged by RELOGGEO Scale 1: 200 
VERT. PROFILE 

TOT .SULPH % 

~ DESCRIPTION 
~ Icore depthsi 
n 

pp 
IP 
eg 

UPXT 

UPX T 

UPXT 

PRO 

PRO 

PRO 

PRO 

n~~~1f~~~;r~r-________________________ ~U~it~K~o~m~s~ttS~Uti~t~e~85 
. UitKoms t Su ite 85 

GRAIN SIZE:Heaiu~ gralne~. COMMENTS: Comprising pyroxene and ol i vine . 
,-PYROXENITE 45 .61 -47 .25 UitKomst Suite 85 J GRAIN SIZE: Fine grained. 

PYROXENITE 47.25 -54.23 Uitkomst Suite 
ALTEAATIO~Serpentinised. GRAIN SIZE: Coarse grained . COLOUR: GreyiSh 
green . COMMENTS: Interst 1 t la 1 p lagla!: l ase minor. 

85 

Uitkomst SUite 85 
GRAIN SIZE.: Coarse grl!i ned . 

UitKomst SUIte 85 
ALTERA nON: Serpent l nl sea . GRAIN SIZE.: Coarse gra i neo . COMMENTS: Coarse gra 10eo pyroxene 
po ikil it ica l ly encloslng ol l vine. 

Uitkomst SUIte 85 
ALTERATION: Serpentlnlseo. SRAIN SrZE: Medium grained. COLOUR: Gre yish green; 
COMMEN TS: Pyroxene enc loslng ol i vine . 

Ui tkomst SUI te 85 
ALTERATION: serpentlnlsed . GRAIN SI ZE: Meaium graineo . COLOUR: Gr eyi sn green. 
COMMENTS: Plag Ioc lase to wards the bottom . SULPH. MINS .:Mt. 



BOREHOLE SHB 86.00 to 129.00 m Plotted 15-12-1994 Page 3 

Logged by RELOGGED Scale 1: 200 
CORE VERT. PROFILE ~ DESCRIPTION PP 
DEPTH ~ (core depths) DIP 

1m) TOT .SULPH % n eg 

BE Ii1 
BE I 

(PERIDOTITE continued) Uitkomst Suite 85 

a 
a 
a 

90 a 
a 
a 
a 
a 

92j a 
a 
a 
a 
a 

9~ 
a 
a 
a 
a 
a 

96: a 
a 
a 

9Et n a 
a 

100 a 
a 
a 
a 

102 ~? n 10~ 

II 106: 

II 10~ 
PRO 

11~ II 
11~ II 
114. ~~ 

~~ 
116 ~~ a 

a 
a 
a 

118 a 
a 

~? a 

12Q a 
a 
a 
a 
a 

122 
a 
a 
a 
a 
a 
a 

124. ~? a 
a 
a 

126: a 
a 
a 
a 
a 

128 a 
a 

!< 



BOREHOLE SH8 129.00 to 172 .00 m Plo tted 15-12-1994 Page 4 

CORE 
DEPTH 

(m) 

Logged by RELOGGED 
VERT. PROFILE §ii DESCRIPTION 

:::: (core depths) 
TOT .SULPH % n 

Scale 1: 200 
PP 
IP 
e9 

(PERIDOTITE continued) Uitkamst Suite 85 

PAa 

SHZO 

PAa 

~MASSIVE CHROMITITE 140.12 -140.29 

SERPENTINITE 140.29 -141.00 
MASSIVE CHROMITITE 141.00 - 14 1. 06 

Ui tkomst Suite 

Uitkomst Suite 
Uitkomst Suite 

79 

5 
79 

. . Uitkamst Suite 85 
ALTERATION:Serpentlnlsed. GRAIN SIZE: Meaium graineo. COLOUR: Greyish green. 
COHHENTS:Pyroxene POlkilitically enc los ing olivine with mInor interstitial 
plagioc lase. Cr ~: <1 . MIN .TEXT:Cr~ disseminateo. 

SHEAR ZONE 165.54 -166 .16 r AL fEAA TION: SerpenUn i .ed ta l c-a !tera.t ion . 
Uitkoms t· Suite 85 



BOREHOLE SIll 172.00 to 

CORE 
DEPTH 

(m) 

Logged by RELOGGED 
VERT . PROFILE ~ DESCRIPTION 

::: (core depths) 
TOT .SULPH % n 

215.00 m 

(PERIDOTITE continued) 

17 H1 
PAO 

Plotted 15-12-1994 Page 5 

Scale 1: 200 

UitKomst Suite 

174d 
176.:::~ 

:::'; 
SERPENTINITE 175.11 -180.20 Uitkomst Suite 

178 ~. 
~~ 

SHZO 

~PP 
pIP 
~eg 

85 

85 

18Q ::::: 
~ 

x 
• 

mJ~t1}mr~:~c~7~1~~/_~.~~~----------------------uuilit~k~omm,srtt~SStu~iTteel85 
ALTERATION: au~rtz careD'nate ve i n i ng with ch lor i tisa tl on . GRAIN SIZE: Meo 1um gra tned . 
COLOUA: Grey i sh green to l ight green . COMMENTS: Ch ill ed marg Ins . 182 XX 

x 

• x 

184 :. 
x 

x 
x 

186 :-
x 

x 

188 -: 
x 

x 
x 

19Q xX 
x 

x 
x 

192:-
x 

x 
x 

19<t x x 
x 

x 
x 

19~ -: 
x 

x 

Iga~ 
o 
o 
o 

20Q g 
~g 

202
11 o 

204 o 
o 
o 
o 
o 

DIAB 

PAD 

PtH_~~~!~!.~ 1 ~ 1 1 ~ ~.sUb ~~~_ Ultkomst SU l te 
ALTERA TION: serpen"tlnlsed . GRAIN SIZE: Med i um gra ined . COLOUR: Greyi s h gr een . 
COMMENTS: Py roxene POIKIJ l t ica i l y enc l os l ng oli vIne . 

85 

206. ~ g OTIillA!;t . .<''2O'EU_bl.:OS-b~. -:-~cu~r.. 4S'" 4~------------LuiTi~tkkioiiimiSsTt-CsS;ujji~t-ee--j 85 
~ ALTEAA nON: Ch ior i tl sat ;on . GRA IN SIZE: Med ium ara i neO . COMMENTS: Chlll eCl marg lns . 

• x ' ~~~.!~~ !~Jt._~U~_. ~~ . ~f_C.1. !l. Uitkomst Su 1 te 85 20B :III lC Dl AB GRAIN SIZE: Mea ium· gra ln sCl . . COLOUR: Gre y i sn green . COMMEN TS: Pyroxene po 11< 11 it i ea II y 
:III enc los ing o l ivine wltn mInor ol agioc lase . 

x DIABASE 210 .90 -211.30 Ui t Komst SUlte 
21Q ~ PAD ,--GAAIN SIZE; M •• i um grain •• . 

!!...;~-_____ -frll 130mm J 
212 l 

~g 

214~ 

60 



BOREHOLE SH8 

CORE 
OEPTH 

(ml 

Logged by 

VERT. PROF ILE 

TO T. SULPH % 

215.00 to 
RELOGGED 
~ DESCRIPTION 
::; (care depths) 
n 

258.00 m 

(PERIDOTITE continued) 

PRO 

Plotted 15-12-1994 Page 6 

Scale 1: 200 

UitKamst Suite 

PP 
IP 
eg 

85 

UitKamst Suite 80 
ALTERATION: Quartz carbonate veining with chloritisa~lon. GRAIN SIZ~Meaium graineo. 
COMMENTS: Chilleo margIn" 

DrAB 

. UitKamst Suite 85 
AL TERATION: Talc-alteratIon . GRAIN SIZE: Meotum graIned. COLOUR: GreY lsh green . Cr %:Crm 
<1. TOT ,SULPH %: <1 . ,"lIN . TEXT: DissellinateCl towaros ~ne oottom . SULPH . MINS .: Po cp o 

PRO 



BOREHOLE SH8 258.00 to 301. 00 m Plotted 15-12-1994 Page 7 

CORE 
DEPTH 

1m) 

26 

26 

26 

26 

26 

27 

27 

27 

27 

27 

28 

28 

28 

28 

28 

29 

29 

29 

29 

29 

30 

Logged by RELOGGED Scale 1: 200 
VERT. PROF ILE 

TOT .SULPH % 

~ DESCRIPTION 
~ (core depths) 
n 

PP 
IP 
eg 

PRO 

SHZO 

SHZO 

PRO 

TS 

PEGM 

PRO 

DrAB 

TS 

DIAB 

TS 

(PERIDOTITE continued) 

r-_PEGMA TITE 263.04 -264.18 
GRAIN SIZE;PegmatltiC . 

~_SCHIST 269.70 -270.49 
ALTERATION: Ser~ent inised ta l c-alteration . 

Uitkomst Suite 

Uitkomst Suite 

Uitkomst Su He 

85 

85 

85 

Uitkomst Suite 85 
COMMENTS: Pyroxene with clivine and minor plagioclase. 

Uitkomst SUIte 85 
ALTERATION: ralc-alterat ion. GRAIN SIZE: Medium grained. TOT . SULPH X: 1-5 . 
MIN . TEXT: Disseminated . SULPH .MINS .: Po co. 

" . Uitkomst Suite 60 
GRAIN SIZE: Coarse graIned. TO T. SULPH %: 1-5. MIN. TeXT; Oisseml nated . SULPH. MINS.: Po CD . 

Uitkomst Suite 40 
ALTERATION: Quartz carbonate veining ta lc - alteration . GRAIN SIZE: Coarse graIned . 

UHkomst SUIte 85 
GRAIN SIZE: Coarse graIned . COLOUR: Dark green. TOT. SULPH %: 1- 5. MIN TEXT: Oissemlnateo . 
SULPH.M INS .: Sulpntoes. 

Uitkomst Su I te 
ALTERATION: Chlorl tl sat lon . GRAIN SIZE: Medium grained. COMMENTS: Chilled margins . 

80 

Uitkomst SUIte 85 
AL TEAATlON: fa lc-a I terat Ion. GRAIN SIZE: Meo ium gra Ineo . 

anrnl~~41J<r~rnrP.J---------------------------UUTit~kuo~m~stt~SS.u~i0t~e~80 
GRAIN SIZE: Meoiun grained. COMMENTS: Chi l leo margins. 

Uitkomst Su i te 
ALTERATION: Talc-alteratIon. 

SCHIST 299.16 -300 .55 UHkomst Suite 
iOT .SULPH %: 1-5. MIN . rEXT: Di sseminateD. 

DIABASE 300.55 -302.75 Uitkomst SUIte 
AL TEAATION:Chlorltisat ion . GRA IN SIZE: Meolum graineD . COMHENTS:Chllleo 
margins. 

85 

B5 

75 



BOREHOLE SH8 301.00 to 
RELOGGED 

344.00 m Plotted 15-12-1994 Page 8 

CORE 
DEPTH 

(m) 

Logged by Scale 1: 200 
VERT. PROFILE 

TOT .SULPH % 

~ DESCRIPTION 
~ (core deptns) 

PP 
IP 
eg n 

OIA8 

TS 

DlAB 

PRO 

MCHA 

PCR 

DlAB 

PCR 

(SCHIST cont inued) 
(DIABASE 300 .55 - 302. 75 continued) 

SCHIST 302 .75 -304.19 
,-GRAIN SIZE Med i um grained. TOT .SULPH %: 1-5. MIN J SULPH . MINS. : Sulphides. 

DIABASE 304 . 19 -308.00 

Uitkomst Su i te 
Uitkomst Suite 

TEXT:D i sse~inated. 

Uitkomst Suite 
GRAIN SIZE: Medlum grained. COMMEN TS:Chllled margins. 

75 
85 

85 
,--_PEAIDOTITE 308.10 -310.00 Uitkomst Suite 85 

ALTERATION: Talc-alteration . GRAIN SrZE:Coarse grained. TOT .SULPH 1:<1 . 
MIN . TEXT: Disseminated . SULPH . MINS. : Su l ph] (les . 

Uitkomst SUIte 85 
Uitkomst Suite 85 

MIN. TEXT: Oissemlnated . 

Uitkomst Suite 80 
ALTEAATION:Quartz carbonate veining with chiorltisatlon SILL. GRAIN SrZE:Meoium 
gralned. COMMENTS:Chllled margins. 

GRA IN SIZE : MeolU~ qral ned . 
5ULPH. MINS .: Su lph ioes . 

MASSIVE CHROMI TITE 332 .96 -333. 50 
~GRAIN SIZE: F,n, grained . COLOUR:8 lacK . Cr . : >50 . 

Uit koms t SUl te 
~IN . TEX T : D i s semlna t eo . 

Uitkomst Sui te 
~IN . TEXT: Ma5s1~e. 

85 

85 



BOREHOLE SHB 344.00 to 
RELOGGEO 

387.00 m Plotted 15-12-1994 Page 9 

CORE 
DEPTH 

1m) 

34 

34 

35 

35 

35 

35 

35 

36 

36 

36 

36 

36 

37 

37 

37 

37 

37 

38 

38 

38 

38 

Logged by Scale 1:200 
VERT. PROFILE 

TOT. SULPH % 

~ DESCRIPTION 
:< (core depths) 
n 

PP 
IP 
eg 

PCR 

SHZO 

LrPXT 

OIAB 

(CHROMlTlTfC PYROXENITE continued) Ui tkomst Suite 85 

Uitkomst Su i te 85 
STRUCTUAE~Sheared. 

. UI tkomst Su i te 85 
ALTERATION: Silicifled . GRAIN SIZE: Coarse gra inetl . COLOUR: Grey ish green to Oark green . 
TOT . SULPH X: 1-5. M[N. rExT: Disseminated . SULPH.MINS. : ?o CIl. 

ITD~5E-r.~.JJ~-~~.[f-----------------------------Uujit~k"o~m",s~t~S~u~lttee-l85 
GRAIN SIZE: Medium graIned. 



BOREHOLE SH8 387.00 to 
RElOGGED 

430.00 m Plotted 15-12-1994 Page 10 

CORE 
DEPTH 

(m) 

38 

39 

39 

39 

39 

39 

40 

40 

40 

40 

40 

41 

41 

41 

logged by Scale 1: 200 
VERT. PROFILE 

TOT .SULPH % 

~ DESCRIPTION 
~ (core depths) 
n ' 

PP 
IP 
eg 

DlAB 

LrPXT 

XENO 

XENO 

XENO 

DlAB 

(DIABASE cant inued) UitKomst Suite B5 

Ui tKomst Suite B5 
ALTERATION: Ta lc-alteratIon. GRAIN SIZE: Meoium gralnecl:. COLOUR: Grey green to carle: 
green. COMMENTS: With xeno 1 i tl1s . Py %: < 1. TOT . SULPH %: 1--5. l-IIN. TEXT: Disseminatec. 
SULPH.MINS.: Po py. 

iOOLOMITE 411.7B -412.15 J STRUCTURE: Layerea. 

CHERT 412.71 -414.28 
,------ DOLO MI TE 414.87 -4 15 . 17 

J SfRUCTUAE:Xenollth. 
DOLOMITE 416.27 -416.B6 

,-STRUCTURE: Xeno 11 th. 
J,------DOLOMITE 417.32 -41 7.60 
J COLOUR: Green . 

SCHIST 418.40 -41B .85 
ALiERATION:Seroentin isea talc-alteration . 

UitKoms t Su i te 

UitKomst Suite 
Uitkomst SUite 

UitKomst Su i t e 

UitKomst Suite 

UitKomst Su i te 

PYROXENITE 420.34 -420.52 UitKomst Suite 
r-iOT.SULPH s: 1-5. HIN.TEXT:Oisseminat. ea. SULPH.MINS. :Po py cp o 
J QUARTZITE 420.73 -421.69 UitKomst Suite 

STRUCTURE: Layered. ALTERA nON: S il ic If iecL . 
QUARTZITE 421.82 -422.04 Uitkomst Suite 
STRUCTURE:Lamlnated layered xenolitn. 
DOLO MITE 422.31 -425.79 UitKomst Suite 
STRUCTURE: Laminated layered xenolith. ALTERATION: Silicif1eCl. GRAIN 
SIZE:PegmatltlC. 

85 

85 
85 

85 

85 

85 

85 

85 

85 

85 

G!~~~~Jg~~~r-----------------------------uulf· tUKuo~m~s~t:Ss~uTittee-l65 
GRAIN SIZE; Heolum gralned. COLOUR; Greenish grey to llgnt green . COMMENTS:Chlllea 
margins . SILL. 



BOREHOLE Sill 

CORE 
DEPTH 

(m) 

Logged by 

VERT. PROFILE 

.SULPH % 

430.00 to 
RELOGGED 

PTION 
(core depths) 

473.00 m Plotted 15-12-1994 Page 11 

Scale 1:200 

(DIA8ASE cant inued) Uitkomst Suite 65 

GRAIN SIZE: Coarse graIned. COLOUR Grey i sh green to greenIsh black. TOT .SULPH ~;5-10 . 
tUN . rEXT: Disseminated . SULPH _,\4INS . : Po cp. 

PYROXENITE 455.62 -455.76 U i tKoms t Su ite 85 
TOT . SULPH X; i-5. . ... IN. TeXT; OissemlnateO. SULPH. MINS .: Su IptllOes. 

PYROXENITE 456 .33 -462.98 UitKomst Su it e 85 
COMMENlS:Cumulus. 

~~~~~~r-------------------~htK~ts~ee~85 
GRAIN SIZE:Mediu~ graIned . COLOUR: Greenish grey . COMMENTS: Chilled ~argin . 

nrmrrrr'TrlJ:l:"'-;m-~r=------------------"'7.":"~::-;""",::::=-1 85 
85 

~~~~~~~~~~~~~~~~~~85 

~~~~~~~~~~~~~~~~~~85 
~~rrIT~~~~~~r-----------~~~~~~85 

85 
~~~~~~~~~~~----------------~~~~~7e~ 85 

85 
GRAIN SIZE: Meoium sana . 



BOREHOLE SH8 473 .00 to 485.06 m Plotted 15-12-1994 Page 12 

Logged by RELOGGED Scale 1: 200 
CORE VERT. PROFILE ~ DESCRIPTION ~PP 
DEPTH ::: Icore depths) 6,IP 

1m) TOT. SULPH % n eg 
(QUARTZITE continued) Black Ree f Quartzite 85 

'T -
474 ' GHA~.I!~_ 4/:J,OO -4/~ . <j Nelshoogte Granite 85 .. ALTERATIO~Silicified . GRAIN SIZ~ Caarse g~aineo . 

476 .. GRAN , .. 
478 .. 

-:;-' , GHAN 11 t 4/~ 1J -4~~ . Ub Nelshoogte Granite 85 

48Q .. 
.. 

482i .. , GRAN 

.. , 
484: .. , 

• 



GEOLOGICAL LOG 

shtO 
PROJECT 

EXPLORATION COMPANY 

FARM 

DRILLING COMMENCED 

DRILLING COMPLETED 

LOGGED BY 

DRILLED BY 

INCLINA TION: 

BEARING: 

X CONSTANT: 

X COLLAR COORD.: 

Y COLLAR COORD.: 

ELEVA nON (A . M. S. L .) IN METERS: 

FINAL DEPTH (m): 

No WEDGES: 

SLAAIHOEK 

ANGLO VAAL 

SLAAIHOEK 540 JT 

Phase One 

Relogged 

-90 

0-' 

2800000 

46008.09 

40141.37 

1470.72 

443.32 

o 



BOREHOLE SH10 0.00 to 

CORE 
DEPTH 

1m) 

Lagged by Relogged 2 

VERT. PROFILE ~ DESCRIPTION 
~ (care depths) 

TOT.5ULPH % n 

43.00 m 

. . 
COMMENTS: No core recovered. 

OV8 

Plotted 06-02-1995 Page 1 

Scale 1:200 

Uitkomst Suite 

PP 
IP 
eg 

. UItkomst SUIte 80 
STRUCTURE: Homogeneous. ALTERATION: Slightly weathered ;md serpentinised. GRAIN 
SIZE: Med lum gra ineCl. COLOUR: Grey. COMMENTS; Cumulate t exture pOikil itic . Cr %: <1. 
SCRATCH: Hard. 

PRO 



BOREHOLE 51110 43.00 to 
Lagged by Relogged 2 

CORE 
DEPTH 

VERT. PROFILE PTI ON 
(core depths) 

1m] TOT . SULPH % 

86 .00 m 

(PERIDOTITE continued) 

nr------jQ. v . 29mm 

Plotted 06-02-1995 Page 2 
Scale 1:200 

Uitkomst Suite 80 



BOREHOLE SHJO 86.00 to 129.00 m Plotted 23-02-1995 Page 3 

Logged by Relogged 2 Scale 1: 200 
VERT . PROFILE TION 

(care depths) 
TOT. SULPH % 

(PERIDOTITE continued) Uitkamst Suite 

~O+-_____ -f,ero 649mm 

3!~t------of.~:~~ 10mm .... 9mm 
,--_QUARTZ CARBONATE VEIN 106.30 -106.46 Uitkamst Suite 

~------1""" 79mm GRAIN SIZE: Coarse gra ined. COLOUR: Wh i te. SCRATCH: Hard. 
-;; SCHIST 108.89 - 109.1B Uitkamst SuHe 

1--- AL TERATION: Quartz caroonate ve in ing ~a Ie-a 1 terat ion. GRAIN SIZE: Fine 
grained. Cr %: <1. 

I-__ DOLERITE 110.74 -110.84 Ultkamst Suite 
~ _____ -j"ero 45 d GRAIN SIZE: Fine grained. COLOUR: Dark grey green. COMMENTS: Sill. 

SCRATCH: Hard. 

80 

52 

80 

BO 

PERIDOTITE 128.37 -136.55 Uitkamst Suite 80 
STRUCTURE: Sheared veined. GRAIN SIZE: MedI um graIned. COLOUA: Dark grey. 
SCRATCH: Hard. 



BOREHOLE SHJO 129.00 to 

CORE 
DEPTH 

1m) 

Logged by Re logged 2 
VERT. PROFILE ~ DESCRIPTION 

~ (core dep ths) 
TOT.5ULPH % n 

172.00 m 

(PERIOOTITE continued) 

Plotted 23-02-1995 Page 4 
Scale l' 200 

(PERIDOTITE 128 .37 - 136.55 continued) UitKomst Suite 

erp 40mm 

~~------F.rp 

13~:jo><* ____ """",..f'erp 29mm 
PRO 

134l!!;!+-____ -!s.rp 50mm 

~PP 
bIP 

eg 

80 

136jla 
!if" 

x 

13a:-
aAL~T~ER[ilA~Tf!OJNl:[3J.o5bu-::~;i!tblz ::~r.la ~ri:jbr.c·ni[4a~8"te-ve-:i-n:-i n-g-. -::G=-RA-::r:-N -::s=-rZ:::E-:: .--'-O-i u-m-g-r-.,-n-.0-.-c:::01L~DG~~:k: kG:O~iii'~i~ttwh",§~iUt~iIitt eel 79 

x 
x 

140 -: 
x 

x 
x 

142 XX 
x 

x 
x 

144 :JC 
x 

x 
x 

146j x x 
x 

x 
x 

14~< 
• x 
• 

15<t • x 
x 

• x 

15~> 
x 

• 
154 of 

a 
a 

156. ~a: 
f~: 

15a ~ 
a 
a 

16Q ~ 
a 
a 
a 

162 ~~ 
~? 

164. n 
~~ 

166. H 
~! 

16~ ~! 

17Q 

a 
17~ ~ 

aIAB 

PRO 

SHZO 

COMMENTS: Chilled margIns (sIll) . SCRATCH: Hard. 

' ~C~E~~¥~J~:~e;;;n't~~ls-el:'~ C~!eNTS: Cumu l us pyroxene WI tn In ter-cumu~; t:l~~~O~ l~S~ ~ te 
Cr X: <1, SCAATCH:HarO. 

SHEAR ZONE 155.49 -156.56 UitKomst Suite 

r STRUCTURE: Sneared. GRAIN SIZE; Medium graIned . COLOUR: Dark grey. 
SCAATCH:Medium. 

80 

55 



~UHtHULt :xtJU 1/2.UU to i:'1::J . U U m Plotted 23-02-1995 Page:J 

CORE 
DEPTH 

Logged by Rel~o=g=g~ed~2~ ___________________________ S_C_a __ le ___ 1:_2_0_0 ______ ~ 

Iml TOT .SULPH % 

17 
(PERIDOTITE continued) Uitkamst Suite 80 

75 
Grey. COMHENTS:Chilled margIns 

Uitkamst lte 80 
STAUCTUAE:Homogeneous . GRAIN SIZE: Coarse gr~ined. COLOUA:O~rk grey. 
MAGNETISN:Susceptaole. COMMENTS: Cumulus olivine with oyroxene and inter-cumulus 

_:t~S-------lcrm 29mm plagioclase (poikilitlC:l. Cr %:<\. TOT . SULPH %:<1. MIN.TEXT:Oisseminated . 
SCRATCH: Hard. SULPH.MINS. : Po. 

~e.~~ ______ ~crm 49mm ~~~~~~~~~r:~~~::~~:-~::~::~::~~Ur,it~k~a~m~s~t~~· ttee~85 S SIZE: Fine graineo. COLOUR: Dark grey . COMMENTS:Chtlled 

ALTERATION: Serpenclnlsed. GRAIN SIZE: Coarse gralned . COLOUR: ~ark grey . 
MAGNETISM: Susceptab 1 e . Cr X: i -'5. MIN. rEXT: Seam . SCRATCH: "'\a rd . 

SERPENTINITE 202.86 -203.49 UitKamst Suite 

r 
ALTERATION: Seroentlnised. GRAIN SIZE:Flne graIned. COLOUR: Oark green . 
MAGNETISM:Suscectaole . SCRATCH: Meaium. 

m------~ro 229mo 

1 te 80 

5 



BOREHOLE SH10 215.00 to 258.00 m Plotted 06-02-1995 Page 6 

CORE 
DEPTH 

(m) 

Logged by Relogged 2 Scale 1:200 
VERT. PROFILE ~ DESCRIPTION 

::; (co re depths ) 
TOT . SULPH % n 

PP 
IP 
eg 

PRO 

PRO 

PRO 

PRO 

PRO 

(PERIDOTITE continued) Uitkomst Suite 80 

Uitkomst SUlte 81 
veInIng. GRAIN SIZE: Fine 

. . Uitkomst Suite 80 
ALTERATION:Serpentinised . GRAIN SIZE: Coarse grained . COLOUR: Dark grey green . 
MAGNETISM: Susceptable . COMMENTS: Pyroxene poik ilitically enclos ing o livine .ith 
inter -cumulus plagIoclase. Cr X: <1 . MIN. TEXT: Crm strlnger to oleooy. SCRArCH:Hard. 

,.--_PERIDOTITE 229.51 -232.31 Uitkomst Su ite 60 
STRUCTURE: Sheared veined . ALTERATION:Serpent inised . GRAIN SIZE: Coarse 
gr~ined. COLOUR; Dark grey green. MAGNETISM: Suscept~b le. SCAATCH:Hard. 

\-_SERPENTINITE 247.47 -249.31 Uitkomst Suite 30 
ALTERATION: Serpent inised talc -alteration. GRAIN SIZE: Fine gralneo. 
COLOUR: Dark grey. MAGNETISM: Susceptable . SCRATCH: Hard . 

Ir-_PERIDOTITE 250.82 -252.71 Uitk omst Suite 80 
STRUCTURE: Fractured veined . ALTERATION: Talc alteration s erpent in ised. 
GRAIN SIZE: Coarse grained . COLOUR:OarK grey . MAGNETISM:SusceptaOle . 
SCRATCH: Hedium. 



BOREHOLE S1110 258.00 to 301.00 m Plotted 06-02-1995 Page 7 

Lagged by Relogged 2 Scale 1:200 
CORE 
DEP TH 

(m) TO T. SULPH % 

IPTION 
(core depths) 

Uitkomst Suite 80 
-264.50 Uit komst Suite 10 

STRUCTURE: Sheared . GRAIN SIZE: FIne grained . COLOUR: Dark green . 
SCRATCH: Medium. 

f-_SEAPENTINITE 268.15 -273.38 Uitkomst Suite 78 
STRUCTURE: Sheared fractured. GRAI N SIZE; Medi um grained . COLOUR; Dark 
grey dark green . MAGNETISM:Susceptable. TOr .SULPH %: (1. 
NIN. TEXT: Disseminated . SCRATCH:Medium. SULPH.MINS.: Po . 

Uitkomst 43 
Coarse gr ained. COLOUR: Dark grey . 

GRAIN SIZE: Coars e gra Ined', COLOUR: Dark grey. MAGNETISM: Suscep tatJ Ie . Cr %: < 1. 
TOT . SULPH X: 5-10 . "'[N.TEXT: Dissem i nated clusters . SCRATCH: Ha rd. SULPH .IHNS .: Po. 

caroona t e veining cnlorltisat ion. GRA[N SIZE: Medium gr a lneo. 
lIarglns (s1111. SCRATCH: Har tl. 

STRUCTURE: Homogeneous. GRAIN SIZE: Coarse graineo. COLOUR: QarK grey. 
MAGNETISM: Susceptab le. COMMENTS: 01 i vine towaros ':he oottom. Cr %: t - 5. TOT. SULPH 

80 

e 68 

'IO-;.;;t--------1I'r. S9mrn %: 1-5. MIN. TeXT; Crm seams and po dissem inated . SCRATCH; Hara . SULPH .MINS .: Po_ 

110mm 



BOREHOLE SH10 301.00 to 344.00 m Plotted 06-02-1995 Page 8 

CORE 
DEPTH 

Iml 

31 

31 

31 

31 

31 

32 

32 

32 

32 

33 

33 

33 

33 

33 

34 

34 

34 

Logged by Relogged 2 Scale 1: 200 
VERT. PROFILE ~ DESCRIPTION PP 

IP 
eg TOT ,SULPH % 

~ (core depths) 

PAD 

DUB 

PAD 

DrAB 

PAD 

n*(P~ETIRlrO~OmTI~T~E~c~ornt~irn~ue~dM)~r-______________________ ~U~i~tk~o~m~s~t~Su~1~t7e~80 
Uitkomst Suite 80 

STRUCTURE: Veined. GRAIN SIZE: Fine grained. COLOUR: DarK grey white. 
MAGNETISM:Non-susceptaale. SCRATCH: Medium. 

rrr,ijp~~J:r.JJ~ITT~.~-----------------=~---------UUiittk~ornm;'s"t~S~U~iltt~eil80 
GRAIN SIZE: Medium grained. COLOUR: Grey white . MAGNETISM: Non-susceptable. 
COMHENTS:Sill. SCRATCH: Hard . 

. . Uitkomst Suite 
STRUCTURE: Veined. GRAIN SIZE: Coarse grainea. COLOUR: Dark grey. Cr X: 1-5. rOT.SULPH 
X: <t. MIN. TEXT: DissemlnateCl. SCRATCH: Hard. SULPH.MINS.: Po. 

,-_MASSIVE CHROMITITE 317.95 -318.18 Uitkomst Suite 
STRUCTURE: Velnea. AL TERATION: Serpentinised . GRAIN SIZE: Fi ne grained. 
COLOUR: Black dark green. Cr ~: >50. SCRATCH: Hard. 

~_SHEAR ZONE 318.18 -318.33 Uitkomst SUlte 
STRUCTURE: Sheared veined. GRAIN SIZE: Medium graIned. COLOUR: Dark grey 
~hite. MAGNETISM: Non-susceptable. SCRATCH: Medium. 

/r ____ SHEAR ZONE 321.22 -321.30 Uitkomst Suite 
: 

STRUCTuRE: Velned. GRAIN SIZE: Medium grained. COLOUR: White dark grey . 
SCRATCH: Hard. 

~_SHEAR ZONE 323.40 -323. 46 U it k a ms t Su it e 
STRUCTURE: Sheared. ALTERATION:Serpentinised . GRAIN SIZE: Fine graineo. 
COLOUR: Dark grey dark green. SCRATCH: MedIum. 

80 

80 

48 

89 

54 

. Uitkomst Suite 64 
ALTERATION: Quartz cartlonate veining chloritisat ion. GRAIN 
COLOUR: Dark re wh i te. SCRATCH: Hard. 

. . Uitkomst SUlte 90 
AL TERA nON: Ta Ie a 1 teratlon. GRAIN SIZE: Mea lum gra Ined. COLOUR: Dark. grey. 
MAGNETISM:Susceptable. COMMENTS: Pyroxene POlkilitlcally enclOSIng o l i v ine wlth 
interstitial plagioclase . SCRATCH: Hard . 



BOREHOLE SHJO 344.00 to 387.00 m Plotted 06-02-1995 Page 9 

CORE 
DEPTH 

Iml 

34 

34 

34 

36 

36 

36 

37 

37 

37 

38 

38 

38 

38 

Logged by Relogged 2 Scale 1: 200 
VERT. PROFILE ~ DESCRIPTION 

:: Icore depths) 
TOT. SULPH % n 

pp 
IP 
eg 

PRO 

.............. _"'W ............ hear 

MCHA 

PCA 

LrPXT 

DIAB 

LrP XT 

LrPXT 

(PERIDOTITE continued) Uitkomst Suite 90 
~~Tm~~~Tr~~~.~~~~~----------------~U7i~t7k~o~m~s~t~S~u~i~t~e~90 

STRUCTURE: VeineCl. ALTERATION: Talc. a lterat ion. GRAIN SIZE: Fine gra ine(]. COLOUR: Blacle 
TOT.SULPH S: <to MIN. TEXT: Clusters bleccy. SCRATC~Medium. 

. . Uitkomst Suite 85 
STRUCTURE: Fractured. ALTERATION: Ta 1e a 1 terat ion. GRAIN SIZE: Fine grained. 
COLOUR: Black grey. Cr X: 10-25. TOT . SUlPH :1:: <I . MIN. TEXT: Disseminated . SCRATCH: MediulIl. 
SULPH .MINS .: Po cpo 

. . Uitkomst Su i te 80 
ALTERATION:Serpentlnlsed. GRAIN SIZE: Coarse grained. COLOUR: Grey , Cr ~<1. TOT.SULPH 
X: <1. MIN . TEXT: DissemInated clusters . SCRATCH: Medium. SULPH.~INS.: Po . 

rrrijD~~~1E~~rur-----------------------------UUrittlk"o~m",s~t:1S~u~,ttee-l85 
STRUCTURE; Homogeneous. GRAIN SIZE: F lne gra ined. COLOUR: Dark: grey wh 1 te. COMMENTS; Si 11 
with chillec contacts . SCRATC~Hard . 

Uitkomst SUIte 80 
ALTERATION: Serpentlnlsed. GRAIN SIZE: Med ium grained. COLOUR: Light grey . Cr X: <l . 
TOT . SULPH I: <1. MIN . TEXT: 31eoby . SCRATCH; HareL SULPH . ... HNS . . Po ell . 

SKARN 379.37 -379.58 Uitkomst Suite 85 

r
GRAIN SIZE: Fine grained . COLOUR: Yellowish grey. 
HAGNET ISH:Non-susceptao l e . SCAATCH:Hard. 

PEGMATITE 385 .52 -388 .94 Uitkoms t Su i te 
STRUCTURE: Homogeneous . GRAIN SIZE: Coarse graIned. COLOUR:Light 
yellOWISh grey . SCRATCH: Hard . 

87 



BOREHOLE SH10 387.00 to 430.00 m 
Logged by Relogged 2 

Plotted 06-02-1995 Pa ge 10 

Scale 1: 200 
CORE 
DEPTH 

(m) 

38 

39 

39 

39 

39~r 

40 

40",h"""" 

40 

41 

41 

41 

41 

41 

42 

42 

42 

42 

42 

43 

IPTION 
(core depths) 

cantin 
TITE 385.52 - 388.94 continued) Uitkomst Suite 

r--__ ~~§M!~!l!rE 390.93 -391.10 Uitkomst Suite 
STRUCTURE: Homogeneous . GRAIN SIZE;Pegmatitic. COLOUR: Grey white. 
TOT. SULPH X: 1-5. MI N. TEXT: BlelJby d isseminatecl. SCRATCH: Hard. 
SULPH. tUNS.: Po. 

I.-__ SKARN 391.42 -391.92 Uitkomst Suite 
STRUCTURE: Layered. GRAIN SIZE: Fine grained. COLOUR: Light yello~15n 
grey. SCAATCH:Hard. 
PEGMATITE 392.15 -393.61 Uitkomst Suite 
GRAIN SIZE:Pegmatilic. COLOUR: Grey white. MAGNETIS~Non-susceptable. 
ror.SULPH 1:<1 . .'o1IN.TEXT:Oisseminated. SCRATCH: Hard. SULPH.MINS.:Po. 
SKARN 394.04 -394.24 Uitkomst Suite 

'-------GRAIN SIZE:Fine grained. COLOUR: Grey. TOT.SULPH X: <1. 
J ~IN.TEXT:Oisseminated. SCRATCH:Hard. SULPH.MINS. : Po. 

PEGMATITE 394.32 -394.64 Uitkomst Suite 

L
STRUCTURE:Hom0geneous . GRAIN SIZE: Coarse gralned. COLOUR: Grey white. 
TOT.SULPH 1:5- 10. MIN. TEXT: Clusters blebby. SCRATCH: Hard. 
SULPH.MINS. : Po cp, 

PEGMATITE 395.12 -395.30 Uitkomst Suite 
STRUCTURE: Homogeneous. GRAIN SIZE: Coarse gralned. COLOUR: Grey whlte. 
TOr.SULPH %: 5-10. MIN. TEXT: Clusters blebby. SCRATCH: Hard. 

:Fine grained. COLOUR: LIght grey. 

87 
85 

80 

80 

80 

80 

80 

80 
I: 1-5. MIN. TEXT: Oissemlnated clusters b 

~~~~~~~~~~~~~~~;;~~~80 
itic Unlt. TOT.SULPH 1:<1. 

te 85 

85 
A~J;~~~m~~~,~~~~::~~!~~;::~; GRAIN SIZE: Pegmatitic. COLOUR: Yellowish grey . 
MI e. TOT. SULPH %: 1,;,.5. MIN. TEXT: Dissemlnated. SCRATCH: Hard . 

80 
COLOUR: Grey white. MAGNETISM: Non - susceptaale. 

AW~~~~~~~~~~~~~2:~~~~~~~~U~it;k~~-:~~e~80 ~ GRAIN SIZE: Fine grained. COLOUR: Yello-...ish grey. 

~~~~~~~~-J~~~~~~~~~~~C~OL~O~U:A:~G~r~eY~W:h~it~e;. ~To~T~.S~U~L;P:H~'~:~'-~5~.-J 90 
u ite 90 

~~~~~~~~~~~~~~~~~~~~~~:~G~re~e~n~Wh~i~t~e~. __ ~~ __ ~~-J 
Malmanl Subgroup 85 

COLOUR:Whlte. SCRATCH: Hard. 
Uitkomst Suite 90 

TFRAnON·Serpentinised. GRAIN SIZE: Fine graIned. COLOUR: Light grey 
white . SCRATCH: Hard. 

mmEt~~~~----------------------U~mst~~78 
STRUCTUAE:Fractured. GRAIN SIZE: Medium grained. COLOUR: DarK grey -...hite . 
COMMENTS: Sill. SCAATCH:Hard. 



BOREHOLE SH10 430.00 to 443.32 m Plotted 06-02-1995 Page 11 

Logged by Relogged 2 Scale 1:200 
CORE VERT. PROFILE ~ DESCRIPTION ~PP 
DEPTH ::: (care depths) ~IIP (m) TOT. SULPH ~ n eg 

43Q.-
(DIABASE continued) Uitkamst Suite 78 • • 

432 • • • · . • • 
434 • • • • • 
435 • • • • DIAB • • 
43& • • • • • 
44Qj • • • • • • 
442 • • • • • 



GEOLOGICAL LOG 

PROJECT 

EXPLORATION COMPANY 

FARM 

DRILLING COMMENCED 

DRILLING COMPLETED 

LOGGED BY 

DRILLED BY 

INCLINA TION: 

BEARING: 

X CONSTANT: 

X COLLAR COORD .: 

Y COLLAR COORD .: 

SHJ8 
SLAAIHOEK 

ANGLDVAAL 

SLAAIHOEK 540 JT 

Phase One 

Reiogged 2. 

-90 

ELEVA TION (A M. S. L.) IN METERS: 

o 
2800000 

45054.61 

41344. 62 

1468. 78 

612.67 FINAL DEPTH (m) : 

No WEDGES: o 



....... , ...... ' ' ............. ~ ... - ' .... , ...... "' 

Logged by RELOGGED 2 Sea Ie 1: 200 
CORE VERT. PROF ILE ~ DESCRI PTI ON PP 
DEPTH '::: (core deptns) I P 

1m) TOT . SULPH % n eg 

a~ .. ~~~IN SIZE: Gr~dyU -JO . OO 

2 
p~ .. 
p~ .. 

4. 
p~ .. p . 

·0 .. 
6. 

p . 
0 .. 

p-
',,? 

a 
p~ .. 
p~ .. 

1Q 
p . 
· ·0 .. p . 
' Q'~ 

12 
.o.~ .. p . 
'0' ? 

ill 
p~ .. 
p~ .. OV8 

Hi 
p~ .. 
p-

·0 .. 
1aj 

p~ .. 
p~ .. 

2Q 
:Q~ .. p . 
' Q"~ 
p . 

22i . ,, '~ 
p-
'Q"? 

2<1. 
p~ .. 
o · 
· ·0 .. 

26 
p~ • o · 
· ·0 • 

28 
:Q~ .. 
p~ • p-

3Q~ 
t% NUHl l t j U.UU -bU.titi Ui tl<omst SUIte 82 

32~ 
GRAIN SIZE: Meo ium grained . COLOUR: Bl ack grey , 

V; 
34.~ 

V; 
36.~ NRT 

V; 
3a~ 

V; 
4~~ 

V; 
4~~ 



UUIILI lULL ..JII.J.U 'lJ.UU LU 00. UU III Plotted 01-03-1995 Page 2 

CORE 
DEPTH 

1m) 

Logged by RELOGGED 2 
VERT. PROFILE ~ DESCRIPTION 

:; (co r e deptns) 
TO T. SULPH % n 

iNORITE continued) 

NRT 

Scale 1:200 
PP 
IP 
eg 

Uitkomst Suite 82 

Uitkomst SUlte 82 
GRAIN SIZE: Metlium graineo. COLOUA:Grey green . COMMEN rS:8iotlte. 

UPXT 

, . Uitk oms t SUlte 39 
ALTERATION:Chloritisation. GRAIN SIZE: Pegmatitic. 

PEG" 



DuncnULC .)(110 00. VV LV lCl.VV III 

CORE 
DEPTH 

1m) 

8 

8 

9 

9 

9 

9 

9 

10 

10 

10 

10 

10 

11 

11 

11 

11 

11 

12 

12 

Logged by RELOGGED 2 

VERT. PROFILE ~ DESCRIPTION 
~ (core dep ths) 

TOT.SULPH % n 

(PEGMA TITE cantinued) 

PEGM 

GRA IN SIZE: Medium grainec. 

UPXT 

GRAIN SIZE:Pegmatit ic . 

PEGM 

GRAIN SIZE: Medium grained . 

~lOttea UI-Uj-l~~~ I-'age.:l 

Scale 1: 200 
PP 
IP 
eg 

Uitkomst Suite 39 

UJtkomst Su I te 82 

Uitkomst SUIte 64 

UJtkomst Su i te 82 

UPXT PEGMATITE 127.64 -128.79 UJtkomst Su i te 32 
GRAIN SIZE:PegmatitiC. 12 PEGM 



UV11LJ lULL 'IJf'~U 1L.J.VV I..U 11 L • V V . " 

CORE 
DEPTH 

1m) 

Logged by RELOGGED 2 
VERT. PROFILE ':f DESCRIPTION 

'::: (co re depths) 
TOT .SULPH % n 

(PYROXEN ITE continued) 

UPXT 

ALTEAATION:Serpentinisea . GRAIN SIZE: Coarse graineo. 

PRO 

PRO 
PYROXENITE 152.79 -154.86 
GRAIN SIZE: Meo ium graIned. 

PEGMATITE 158.24 -161.34 
PEGM 

GRAIN SIZE: Pegmatitic. 

...... ':;\' ... . , 
Scale 1:200 

UitKomst Suite 

PP 
IP 
eg 
82 

Ultkomst Suite 82 

Ultkomst SUlte 82 

UI tk omst Su ite 30 



BOREHOLE SH18 172.00 to 

CORE 
DEPTH 

(m) 

Logged by RELOGGED 2 
VERT. PROFILE ~ DESCRIPTION 

~ (core deptns) 
TOT . SULPH % 

215.00 m 

(PERIDOTITE cont inued) 

PRO 

Plotted 01-03-1995 Page 5 

Scale 1: 200 

UitKomst Suite 

PP 
IP 
eg 
82 

Uitkomst Suite 30 

PEGM 

20 

20 
PRO 

20 

20 

20 

21 
_'1o .... 01------~:serp 29mm 

212~~======~:crm ggmm crm 19rnm 

~~9~~~~~~~crm 29mm rm 20mm 

21 crm 9mm 
crm 29mm 
crm 300mm 
crrn 20mm 

GRAIN SIZE:Pegmatitic. 

. Uitkomst Suite 82 
AL TERATION: Serpent in ised quartz carbonate 'Ie in ing . GRAIN SIZE: ."Ied 1 um gra ined. Cr 
:1::<1. TOT.SULPH %:<1. MIN . TEXT:O issemi nated. 5ULPH . MINS .: Po. 

SCHIST 211.74 -216.47 Uitkomst SUlte 60 
ALTERATION: Talc alteratIon. GRAIN SIZE: Fine gra ined, 



Logged by RELOGGED 2 Scale 1:200 
VERT. PROFILE 

1m) TOT . SULPH % 

DESCRIPTION 
(core deptns) 

con 
1ST 211.74 - 216 .47 continued) 

Goo •• ,-SHEAR ZONE 216.47 -218 .18 J GAAIN SIZE:F'ne gralned. 

SCHIST 221.00 -224.24 
STRUCTUR~Shearea. GRAIN SIZ~F 1ne graineo. 

COMMENTS: Chilled marg in. SILL. 

Ui t komst Su ite 
Uitk omst Su ite 

Uitkoms t Su ite 

GRAIN SI ZE: Medium grained . COMMENT S: Pyroxene pOikilltlcal l y encl os lng olIVIne . 

60 
65 

40 

e 80 

90 



Duncnuu:. .)(11U CJO . VV LU JV j . UU III ~lotteO UI -Uj-l~~~ r>age I 

Logged by RELOGGED 2 Scale 1: 200 
CORE 
DEPTH 

(m) 

VERT. PROFILE ~ DESCRIPTION 
~ (core depths) 

~PP 
flIP 
Heg TOT. SULPH % n 

(PERIDOTITE continued) Uitkomst Suite 90 

258 ff 
260 

SHEAR ZONE 258.68 -258.71 
PRO r-GRAIN SIZE: Fine gra InM. 

Uitkomst Suite 50 

262 

, , 
28~ ' • 

• • , 
288.: .: , 

• 

• 
292j> 

• , 
• 

294i> 
• , 

29fi .; 
a 
a 
a 
a 
a 
a 

erlJ 10mlll 
erp 40ml1l 

DlAB 

PRO 

Dl AB 

PRO 
~o*------------~rm 60mm 

30aj g 
~ 

mJ~~.5~~J .. b~~~~cb~r..~~U------------------------UU~,t~kOoo~msSlt:ssuui1it~e~90 
ALTERATION:{]u~rtz cartl~nate veIning. GRAIN SIZE: Neoium graIned. COMMENTS:Chilled 
margin. SILL. 

~TImI~llln._Ir<ec~b~ .. mr~U~~c~~I~./~c------------. --------lUhiTtkktO~m~sttsSuuilit~e~90 
GRAIN SIZE: Meoium grained. COMMENTS: Pyroxene POiKilltically enclOSIng olivlne. 

ITGRrA~ITJN~srtI'zt~;~~~T:le~d{r./~!m~~~Cr~~aJJin~··~rnabj.-C-O-MM-E-N-TS-;-C-h-il-l-e-o-m-a-rg-i-n-.-s-I-L-L-. ----------------------l90 

IILle c~J.~b-j44.~4 . UHkomst SuHe 90 
GRAIN SIZE: Meoium grained. COMMENTS: Pyroxene POlkilitlcally enclOSIng olivine. Cr 
X: 1-5. MIN. TEXT; Crm seam. 



DUt1[nUL[ .XllU jUl.UU LU jqq. UU III ~lDttea UI-U:J-IS95 ",age t:l 

Logged by RELOGGED 2 Scale 1:200 
CORE VERT. PROFILE \2 DESCRIPTION ~PP 
DEPTH ~ (care depths) 6,IP 

(m) TOT SULPH % n eg 

302j ~ (PERIDOTITE continued) Uitkamst Suite 90 

3M 

306. e 

308 
a 

Ii 31Q 

312. 
a 
a 
a 

314i a 
a crm 49mm 
a 

crm 29mm 

31~ 
a 
a 
a 
a 

31Bi II 
32aj 

II 
322. n PRO 

324 

U crm 29mm 
326 

II 32Bi 

II 33aj 
a 

33~ 
a 
a 
a 
a 
a 

33~ §~ a 
a 
a 
a 

33~ a 
a 
a 
a 
a 

33Bi 
a 
a 

§ ~ a 

34aj 
a 
a 
a 
a 
a 
a 

342 n 344 



UUI ILI lULL VlI.l.U ..J"" , VV \.oU ..JUl. VV III 

Logged by RELOGGEO 2 
CORE 
DEPTH 

1m) 

"-'«' _______ ~_"'''.d'' 

GRAIN SIZE: Fine grained . 

GRAIN SIZE: Fine grained . COLOUR: Gr ey . 

Scale 1:200 

Uitkomst 

STRUCTURE: Shear ed. AL TERATION: fa lc-a 1 terat ion . GRA IN SIZE: Fine gra ln e d . 

r;nc-------jcrm 50mm 

3~:#=======::jg~~ 9mm 40mll 

'-1~t-------jorm 209mm 

-::::~~~~~~Ig~~ 59I11III = 59mm 
9m. 

jtl t:tliii;r-------i<:rm 20mm 
10mm 

Uitkoms 
pOlkili t ic ally enc los lng oli ~ lne . 

it e 82 

82 

e 45 

82 



uunLiluLL .JUJU JO/ .UU LU 4JU. UU 111 Plotted 01-03-1995 Page 10 

Logged by RELOGGED 2 Scale 1: 200 
CORE 
DEPTH 

1m) 

VER T. PROFILE §i'DEsCRIPTIDN 
~ (care depths) 

npp 
pIP 
iJeg TOT.SULPH % n 

38a~ 
o 

~o~-------i,crm 10m,. 

391'1' go 
'''''''ir<Mt-------i:crm 20mm 

:J crm 9mm o 

39~~g 
o 
o 

394i g 
o 
o 
o 

39fi g 

PRO 

~~============~rm 40mm ~~ rm 29mm 

398 r:: 
x 

x 
x 

~2~ _: 

42Cfr 
o 
o 

424: g 
o 
~ 

426. :-
• • 

428; -: 
x 
• x 

43Qj~ 

DUB 

PRO 

DlAB 

PRO 

arAB 

PRO 

DlAB 

[PERIDOTITE continued) Uitkomst Suite 82 

rrn~sr.~}~~/,]jjb~-lU4U~C.C~U----------------------------UUrittJk"o~m"s0t:1S~u~lttee-154 
GRAIN SIZE: Medium 9rai~ed. COMMENTS: Chilled margin. SILL. 

PGREA~InNTISnlili~~1:EtM.-.~4dU,~UC~~~.C g~Urra~;:4~Tou~. ~·~~o~jM'-ME-N-T-S-:p-y-r-ox-.-n-.-p-o-i-k'-' l-i-t-ic-a-l-lY-.-nC-l-O-'-,nU~Tit;lk~o~m~ns~tt-SSuuTittee-l 82 
TOT.SULPH s: <1. MIN .TEXT:Oissemlnated . SULPH.MINS .:Po . 

rGrrRr,AijIN~S~I-Z:4~~I~IU~'d~~;~ubjm~~44~T;I~'Cin~·;r.Ocr._C_O_MM_~-T_S:_C_n_i _ll_._o_._._r_g_in-to_w_._r_os-,-n -,-t-o-oUUT~t~k~O~m~yS;t~-S?uuTittee-157 

82 

rrn~TI:~allr,r/,s.T~c~-~4CUr .. ~~4------------------------~UJ,1~tXk~Omrns~t:Ss~ulilt~e!l85 
Gr:lAIN SIZE: Medium grain"eo. COMMENTS: Slight chi~i.ec ma rgins . :ilL ... . 

~~~:I~n~~mrrU~!,!"!.~~!~~.~4<~r.~mr4-~:~~J.~~£--------------------~U~,7t"'ko~m7s~t,S~u~lt~e~gO 
GRAIN SIZE: Coarse graineo . COMMENTS: Coarse gra ineo pyroxene POlkllitically enclosing 
oJ lV10e . TOT.SULPH X: <I. MIN. TEXT: Dissem inateo . 5ULPH.NINS.:Po. 

OT~~:.3~<~~~:<~~~1J4j~o.: ~20o------------------------------~U~ittkk~omm~stt-SS~u~,tt~e--1g0 
GRAIN SIZE:M'"ium gr'i~'o. COMMENTS: SILL. 



tlUHtHULt :xtJIJ 43U .UU to 4/3 .00 m Plotted 01 -03- 1995 Page 11 

CORE 
DEPTH 

1m) 

43 

44 

44 

44 

44 

44 

45 

45 

45 

45 

45 

46 

46 

46 

46 

46 

47 

47 

Logged by RELOGGEO 2 Scale 1: 200 
VERT. PROFILE ~ OESCRIPTION 

~ (core deptns) 
PP 
IP 
e9 TOT .SULPH % 

PRO 

x 
DlAB 

x 

x 
c 
cc 
cc 
cc 
cc 
cc 
cc 
cc 
cc 
cc 
cc 
cc 
cc 
cc 
cc 
cc 
cc 
cc 
cc PRO 
cc 
cc 
cc 
cc 
co 
co 
co 
cc 
co 
cc 
cc 
cc 
cc 
cc 
cc 
cc 
co 

5HZO 

~~~~~~~~~~~ __________________________ ~Uti~t7.ka~m~s~t~S~u~i~t~e~ 90 
Uitkomst Suite 90 

GRAIN SIZE: Medium grainea. COMMENTS: Pyroxene oikacrysts POIKllitlcally enclos ing 
olivine . 

DOLERITE 430.95 -431.20 Uitkomst Suite 
GRAIN SIZE: Aphanitic . CDLOUA: Grey. 

Uitkomst Suite 
GRAIN SIZE: Med 1um graineo. COHMENTS:Ch111ed margin. SILL. 

GRAIN SIZE: Medium grained. COMMENTS: ?yroxene olkacrysts 
allvlne. TOT.SULPH %:1-5 . MIN.TEXT:.'1et to dissemInated. 

SHEAR ZONE 471.18 -472.73 J GRAIN SIZE: Fine grOlne' . 

Ui tl<omst Su 1 te 
DOlkllltlcally e'nC!OSlng 
SULPH. :'.HNS. : ?o. 

Ui tkams t Suite 

90 

90 

90 

90 

ITD~5tIr,r,r.7J~U7~~--------------------------~uT:i~t~k~o~m~stt-SSu~ltt,e~igO 
GRAIN SIZE: Med ium grainea. COMMENTS; Chilled margin. SILL. 



.... ...,. "-' ....... '-'- -_ .... - """ ......... "'''' "' 

CORE 
DEPTH 

(m) 

Logged by RELOGGEO 2 Scale 1: 200 
VERT. PROFILE ~ DESCRIPTION 

~ (core depths) 
TOT. SULPH % n 

PP 
IP 
eg 

[U~~<r.~.7J~D7~.r,r-----------------------------UUiirtk~oQ,mn,S3lt~S~u~i~t~e~90 
GRAIN SIZE: Meaium grained. COMMENTS: Chilleo margin. SILL. 

oIAB 

Uitkomst Suite 82 
GRAIN SIZE: Fine gralned. CoLOU~8IacK. 

:::::!l----------_+<R!o. c . v. 379mm 

LrPRQ 

CRMT 

PCR 

PCR 

.. Uitkomst Suite 82 
STRUCTURE: Sheared. ALTERATIO~ Talc-alteration. GRAIN SIZE: Fine grained. COLOU~Grey. 
Cr %: 10-15. MIN. TEXT: Crm seams. 

Uitkomst Suite 82 
Cr %: >50. MIN. TEXT: Semi-massive to massive 

Uitkomst Suite 82 
STRUCTURE: Sheareo. ALTERA nON: Ta lc-a lterat ion. GRAIN SIZE: Fine gra ined. COLOUR: Grey. 
Cr %: 10-25. MIN . TEXT: Crm seams. 

CHROMITITIC PYROXENITE 504.18 -514 .38 Uitkomst SUite 48 
SfRUCTURE: Sheared. GRAIN SIZE: Fine grained. 



DUHtMULt J1710 :Jlb.UU to :J:J~.UU m Plotted 01-03-1995 Page 13 

CORE 
DEPTH 

1m) 

Lagged by RELOGGED 2 Scale 1: 200 
VERT. PROFILE §E DESCRIPTION 

'::; (core depths) 
TOT . SULPH % n 

PP 
IP 
eg 

PCR 

PCR 

arAB 

peR 

rs 

LrPXT 

iCHROMITITIC PYROXENITE continued) Uitkomst 
CHROMITITIC PYROX EN ITE 517.76 -518.64 Uitkomst Suite J STRUCTuRE: Shearea . GRA IN SIZE: Fine grainea. COLOUR: Grey. 

Suite 82 
39 

. . Ui tkomst SUIte 70 
GRAIN SIZE; Med lum graineo. COLOUR: Grey . COMMENTS: Chilled ~argln . SILL . 

Uit komst SUI te 54 
x: 10-;::5 . .. .t I N.7Exr:Crm seams . 

-~ . 
GRAIN SIZE: l<1ed i um gralned. COLOUR: Gr ey green. 

SCHIST 547.93 -550.20 
STRUCTURE: Sheared. ALTERATIO~ Ta lc -alteration . 
COLOUR: Grey. 
PYROXENITE 551. 89 -553.36 

F
GAAIN SIZE: Meoium graIned. COLOUR: Grey green. 
MIN . TEXT: Net to clusters. SULPH.HINS.: Po cpo 

SHEAR ZONE 553.36 -553.69 
GRAIN SIZE: Fine graIned. 

Uitkomst SUIte 63 
tOwards the mIddle tOHarcs 

Uitkamst SUlte 

Ui tkomst Su He 
GRA IN SIZE: .=lne graIned. 

Uitkomst Suite 
TOT. SULPH X: 10-25. 

Uitkomst Suite 

82 

60 

82 

90 

____ .............. __ _ sl1ear 66911111 

,~alman i Subgroup 78 J . 0 . 
STRUCTURE; Xenolith . GRAIN SIZE: Fine sand. COLOUR: Grey. 



UUI ILl lULL ..JUJU JJ::J. VV LU OUc.UU III Plotted 01-03-1995 Page 14 

CORE 
DEPTH 

1m) 

Logged by RELOGGED 2 
VERT. PROFILE ~ DESCRIPTION 

~ (core deptns) 
TOT . SULPH % C"1 

DOLM 

LrPXT 

LrPXT 

PEGM 

LrPXT 

(DOLOMITE continued) 

~_ PYROXEN lTE 564.00 -564.70 
GRAIN SIZE: Fine grained. 

/r-_PYROXENITE 566.79 -567.19 
GRAIN SIZE: Fine graIned . 

J~ ____ PYRDXENITE 568.34 -569 .04 
GRAIN SrZE:Flne graI ned . 

I-_PYROXENITE 569.20 -569.56 
GRAIN SIZE: Fine graIned . 

GRAIN SIZE: Fi ne grained. 
QUARTZITE 577.42 -577 .63 

I=STAUCTUAE:xenolith. ALTERATION: Metamorpnoseo. 
COLOUR: Grey . 
QUARTZITE 579.80 -580.13 

~"""'" ;,~,",". ,.~ ,~ .. ,~., 

Scale 1:200 
PP 
IP 
eg 

Malmani Subgroup 78 

Uitkomst Suite 82 
Uitkomst Suite 82 
Uitkomst Suite 90 
Uitkomst Suite 90 

Uitk omst SUIte 90 

Uitkomst Su I te 82 
Uitkomst Su I te 

GRAIN SIZE: Fine sand. 

Uitkomst SUIte 

82 

64 

. -0 Uitkomst Suite 82 
GRAIN SIZE: Meaium gra ineo. TOr . 5ULPH x; t-5 . • ~IN. rEXT;Oissemlna~ ea . SULPH . MINS :Po cp o 

GAB 

J ." 
GRAIN SIZE: Fl ne sano. COLOUR: Grey. 

Ma l man i Subgroup 67 

aTZ 

. . Malmanl 
GRAIN SIZE:Silt. COLOUR: Grey. SCRATCH: Hard. 

Subgroup 66 
DOLM SHEAR ZONE 598.93 -599.95 UitKomst Suite 80 J GRAIN SIZE: Fine grOIned . 

5HZO 
. . Black Reef Quartsite 82 

aTZ 
GRAIN SIZE: Flne sana . COLOUR: Grey. 

GRAIN SIZE: Coarse gra ined . 
Ne l snoogte GranIte 82 



UUIILi lULL ,JUJ.U uuc.uu ~U U lC . U I III r-age 1 ;) 

Logged by RELOGGED 2 Scale 1: 200 
CORE VERT. PROFILE ~ DESCRIPTI ON ~PP 
DEPTH ::' (core dept hs) ~,I P 

(m) TOT .SULPH % ,., eg 

60;: r7 .. (GRANITE cont inued) Nelsnoog t e Granite 82 

60~ 
.. 
.. 

60E .. 
.. 

GRAN 
60a .. 

.. 
61ct .. 

.. 
612i .. 



GEOLOGICAL LOG 

PROJECT 

EXPLORATION COMPANY 

FARM 

DRILLING COMMENCED 

DRILLING COMPLETED 

LOGGED BY 

DRILLED BY 

INCLINA nON: 

BEARING: 

X CONSTANT: 

X COLLAR COORD .: 

Y COLLAR COORD.: 

ELEVATION (A.M.S.L .) 

FINAL DEPTH (m): 

No WEDGES: 

SHJ9 

IN METERS: 

SLAAIHOEK 

ANGLOVAAL 

SLAAIHOEK 540 JT 

Phase One 

Reiogged Z 

-90 
--_ ... . 

0 

2800000 

45236.93 

40985.14 

1460.23 

611 .86 

0 



BOREHOLE SH19 0.00 to 43.00 m Plotted 11-02- 1995 Pa ge 1 

Lo gged by RELOGGED 2 Scale 1: 200 
CORE VERT. PROFILE ~ DESCRIPTION PP 
OEPTH ~ (core depths) OIP ~ 

1m) TOT. SULPH % n eg 

~ ~. D.-UU -44 .~U .. 
oc:, GRAIN SIZE: Pebb l e . 

~ .. 
'0' 
'D"? 

4. 
Oc:, .. 
. ~~ 

6j 
'0' 
· 0 .. 
'0' 
· '0 .. 

B.j 
'0' 
· '0 .. 
,~~ 

1Q 
,Pc:, .. 
. Oc:, .. 

12 
'0' 
· '0 .. 
'0' 
' O-~ 

'0' 
14 · '0 .. 

Oc:, .. 
16 

pc:, .. 
'0' 
· '0 .. 

18 
p~ .. 
Oc:, .. 

2Q 
:Qc:, .. 
Pc:, .. 

2~ 
oc:, OV8 • oc:, .. 

24j 
pc:, 
• '0' 
· '0 .. 

26j 
Oc:, • Pc:, .. 

28 
Pc:, .. 
:Oc:, .. 

3Q 
oc:, .. 
Pc:, .. 
'0' 

32 
· '0 .. 
'0' 
· '0 .. 
'0' . 
· '0 

34 .. Oc:, .. 
36 

oc:, .. 
Pc:, .. 

38 
Pc:, .. 
o · 
· '0 .. 
'0' 
· '0 

4Q .. oc:, .. 
Oc:, 

42 £> 
~. 



.... v , vv III ClULLOU ll-U<-l~~~ i-'age <' 

Logged by RELOGGEO 2 Scale 1: 200 
CORE VERT. PROF1LE ~ DESCRIPTION "pp 
DEPTH ::: (cor e depths) JIP 

(m) TOT.SULPH % n eg 

44;~ aVB (OVERBURDEN continuedJ 

29 
4fi tg ~~fE~~~~J~:~e~~e;t~n;;~l.· ~~AIN SIZE: Meaium grained . 

Uit komst Su ite B3 
COLOUR: Gr eY lsn green to dark 

D_[ green . 

4Elj~! -_ ........... -..... ....... hear 49rnra FO 
5ajP~ 

P_[ 
52jp~ 

0 UPXT 

54 P~ 
P[ 

56 0 
erp 150mm 

0 
58 Po 

Po 
FRACTURED ZONE 61.70 -62.BO Uitkomst Suite 50 

60 ~ ~'""""" <." -.,, •••• ," . ,"". ""." '. ,., , ~. 

Po 
62 ~ IS 

6'\j ~ 0 

Po 
6~ Po 

6Elj P_[ 
0 

Pd 
7aj pr 

72j ~ 0 
P[ 

7'\j 0 

Po 
7~ Po 

78 
P[ 

0 

Pei 
80 P-[ 

0 

82Pci 
Pci 

84 p} 
0 

86~ 



BOREHOLE SH19 86.00 to 129.00 m Plotted 11-02-1995 Page 3 

Logg ed by RELOGGED 2 Scale 1: 200 
CORE VERT . PROFILE ~ DESCRIPTION ~PP 
DEPTH ::: (core deptns) pIP 

1m) TOT .SULPH % n ~eg 

8 
PJ (PYROXENITE continued) Uitkomst Suite 83 

0 
88 Po 
90 Po 

Po 
92 Po 
94 Po 

UPXT 

Po 
96 Po 
9Bj P~ 

Po 
100j Po 
102i Po 

n 85 
10~ GRAINu~iN ~e~ ?~m ~~a ~nle~l . UU 

Uitkomst Su i te 

~~ 
PAO SHEAR ZONE 106.30 -106.57 Uitkomst SUlte 62 

~STAUCTUAE'Sheareo. GAAIN SIZE, .,dium graineo. 

100: 
a FRACTURED ZONE 108.06 -110.22 Uitkomst Su i te 70 a 

~ r "'""-."., ""''''',,'' -" mu.", ..... " ." " .... 
a stringer. 

lOa ~ 

~ 
PAO 

11(1 
~~ 0 

112 0 
0 
0 
0 
0 

114 0 
a 
0 
a 
0 

116 
a 
a 
0 
0 
a 
0 

118 a 

!!~ 
0 
0 

12Q 0 
b PERIDOTITE 120.00 -130.57 80 a Uitkomst Suite 
a ALTERATION: Veined serpentinisea . GRAIN SIZE: Mecium graIned . MIN . TEXT: Mt 

122i 
a strlnger. a 
a 
D 
0 
D 

12'1. 0 

!!~ PRO 
D 
0 

126 D 
0 
a 
0 

128 ~ 



BOREHOU:. 5HJ9 129. 00 to 172.00 m Plotted 11-02-1995 Page 4 

CORE 
DEPTH 

(m) 

13 

13 

13 

13 

13 

14 

Logged by RELOGGEO 2 
VERT . PROFILE §E DESCRIPTION 

--< (core depths) 
TOT. SULPH % n 

(PERIDOTITE continued) 
(PERIDOTITE 120 - 130.57 continued) 

PRO ~
PEGMATITE 130.57 -131.17 
GRAIN SIZE: Pegmatitic . 
PEGMATITE 137.40 -137.90 
GRAIN SIZE:Pegmat1tlc. 

Sea Ie 1: 200 

Ultkamst Suite 
Uitkamst Su ite 

Uitkamst Suite 

PP 
IP 
eg 

80 
40 

70 

14 . . Uitk cmst Suite 80 

14 

14 

14 

15 

15 

15 

15 

15 

16 

16 

16 

16 

16 

17 

17 

PRO 

ALTERATION: Serpentiniseo ~etamorDnosed . GRAIN SIZE; Coarse gralned . COMHENTS:Pyroxene 
oiKocrysts POikilitically enclOSIng olivine witn in terStitIal plagloclase . 



BOREHOLE SH/9 172.00 to 215.00 m Plotted 11 -02-1995 Page 5 

CORE 
DEPTH 

(m) 

Logged by RELOGGEO 2 
VERT. PROFILE ~ DESCRIPTION 

:: (core depths) 
TOT.SULPH % n 

Scale 1: 200 
PP 
IP 
eg 

(PERIDOTITE continued) Uitkomst Suite BO 

PRO 

PRO 

DlAB 

Uitkomst SUlte B5 
GRAIN SIZE: Coarse graineO . ASBESTOS X: <1 . Cr %: <1 . 

,--_DIABASE 210.96 -211.6B Uitkomst Suite 76 
ALTERATION: Cnloritlsatlon Quartz carbonate veining. GRAIN SIZE: Medium 
gra ined. COLOUR: Grey green. COMMENTS:ChilleO margln . 5111 . 



BOREHOLE 51119 215.00 to 258 .00 m Plotted 11-02-1995 Page 6 

Logged by RELOGGED 2 Scale 1: 200 
CORE VERT. PROFILE ~ DESCRIPTION ~PP 
DEPTH - (core deptns) brp -; 

1m) TOT.SULPH % n eg 

216. H1 (PERIDOTITE continued) Uitkomst Suite B5 

e' 
218 1! PRO 

220 

222 ~ 
x DIABASE 222.25 -226 .46 Uitko mst Suite 71 

• GRAIN SIZE: Meoium grained. COLOUR: Greyish green to light green. 
224 • • COMMENTS: SILL. 

x DIAB 
• • 

22ti • • 

~ PERIDOTITE 226.46 -235.00 Uitkomst Suite BO 
228j 0 

COLOUR: Green. 
0 
0 
0 

23(}j 
0 
0 

n PRO 

232' ~g 

234j n 
~f 236 e~ ~~~,\U~!LI U.JJ_ UU ~~_e_J. bU Uitkomst Suite BO 

GRAIN SIZE: Medium grainea. Cr X: <1. 
0 DIABASE 23B .90 -241.90 Uitkomst Suite 72 0 PAD 
0 ~~"~""~"""~"'. ,." """,', '",",.,', .".,., ""'0 238 
0 
0 SIZE: Medium grained. COMMENTS: ChIlled margin. SILL. 
0 

~ • 
240 x 

x 
x DlAB 

x 
• x 

24~ n 
244j ~ ....... - .................... - srlear lOmm 

0 
0 
0 

246j 0 

I~ 24aj ~g 
0 
0 

25(}j 

252j 

254j 
~! 

256. 

258 *' 



tlUHtHULt j/f]!j CJ~,UU to jU1.UU m Plotted 11-02-1995 Page 7 

CORE 
DEPTH 

(m) 

Logged by RELOGGEO 2 
VERT, PROFILE ~ DESCRI PTION 

~ (core dept hs ) 
TOT , SULPH % n 

(PERIDOTITE continued) 

PRO 

Scale 1: 200 

Uitkomst Suite 

PP 
IP 
eg 

80 

PERIDOTITE 262 ,60 -268,00 Uitkomst Suite 80 

PRO 

DIAB 

ALTERATIDN:Sligntly altered. GRAIN SIZE: Hedium graIned. COLOUR:Greyish 
green. 

Uitkomst Su ite 65 
ALTERATION: Talc-alterat.ion . GRAIN SIZE: MeCl lum gralneo. COLOuR: GreYISh green to green. 
COMMENTS: SILL . 

Uitkomst Su 1 te 80 
GRAIN SIZE: Med i um graineo . 



BOREHOLE S1119 301.00 to 344.00 m Plotted 11-02-1995 Page 8 

Logge d by RELOGGED 2 Scale 1: 200 
CORE VERT. PROFILE ~ DESCRIPTION PP 
DEPTH ~ (core depths ) IP 

1m) TOT . SULPH % n 8g 

(PERIDOTITE continued) Uitkomst Su i te 80 
~ 

DI ABASE 302.15 -303.77 Uitkomst Suite 70 
302~ 

PRO ~GRAIN SIZE: Meai,. grained . COLOUR: Greyish green . COMMENTS: Chilled 
margin . SILL . 

• alAe SHEAR ZONE 320.52 -320.5~ Uitkomst Suite 58 
• STRUCTURE: Sheareo. GRAIN SIZE: Medium grained . 

304 

~ ------ near 1011111 

306. 

3O~li 
31Cl e' 

312: D 

~g 
314 I~ 
316 

I' 318 e' 

19 320 
snear 10 1Dl1 

~ ------
32~ II 
324j ~ SCHIST 323 .62 -327.02 Uitkomst Suite 60 

~::: ALTERATION: Talc-alteratIon. GRAIN SIZE: Fine grained . 

t~ 
TS 

326j 
t:::-= 

32~ [~ 
D 
D 
D 

330 D 
D 

I~ 332 
~: 

334 Ii 
336 

Ii 338 
~~ D 

D 

340 D 
D 
D 

342 
~g 

D 
D 
D crm 40mm 
D 

344.i 1:rC 
crm 19mm 



BOREHOLl:: SHJ9 344.00 to 387.00 m Plotted 11-02-1995 Page 9 

Logged by RELOGGEO 2 Scale 1: 200 
CORE VERT . PROFILE 
DEPTH 

(m) . SULPH % 

PTION 
(core depths) 

(PERIDOTITE cont inued) Uitkomst Suite 80 
MASSIVE CHROMITITE 344.97 -345.19 Uitkomst Suite 72 

'-------GRAIN SIZE: Medium gralned. Cr X: >50. 
J _ . . .. OOLERITE 346.86 -347.22 Uitkomst Suite 67 

3LI6.'~~------1'rm 160moj GRAIN SIZE: Fine or"ned . COLOUR: Grey. COMMENTS: Chilled maro,n. SILL. 

PERIDOTITE 350.00 -359.83 Uitkomst Suite 
GRAIN SIZE: Coarse gralned. COLOUR Dark green . COMMENTS: Pyroxene 
p01k11itically encloslng ollvine . 

GRAIN SIZE: Medium gra in ed . COLOUR: Greyish green . COMIoIENTS: Chllled margin . SILL . 

ALTERATION:Serpentiniseo. GRAIN SIZE: Meaium graineD. COLOUR: GreYlsh green to dark 
green. COMMENTS: Pyroxene POlkllltlcally enc l OSIng olivine wlth Interstitial 
plagioclase . Cr %: <1. MIN. TEXT: Mt strlnger . 

ALTERATION: Quartz carbonate velnlng with cnloritisat1on . 
COLOUA:Greyish green. COMMENTS: Chilled marg in. sill. 

85 

1 te 86 



BOREHOLE SH19 387.00 to 430 .00 m Plotted 11-02-1995 Page 10 

Logged by RELOGGED 2 Scale 1: 200 
CO RE 
DEPTH 

(m) 

VERT . PROFILE ~ DESCR I PTI ON 
~ (core depths ) 

TOT. SULPH % n 

r-PP 
pIP peg 

• • 
3941 :. 

• • • 
39~ :. 

• • 
39B! -: 

• • • 
400 x: 

• • 
402 :-

• 

• • • 
412j·. 

• • • 
4141-: 

• • • 416. XX 

x 
x 
• 

418 :-
x 

x 

42Q ~~ 
a 
a . 
a 

42" a 

DlAB 

TS 

DIAB 

PRO 

DIAB 

PRO '" e~ 
424 ~.IIg+-;-------iccm 100m. 

x 
• 

426 -: 
• x 

42°: Xx OU?; 

43Q~ 

DlAB 

DOLE 

(DI ABASE continued) Ui t komst SU l te 80 

Uitkomst Su i te 78 

[JmnIArnHl~JA\~S~r.}~~~',~~'~~~4Ub~_ >h~b-------------------------'U~i~t~k=om~s~t~S~u~, t~e~80 
GRAIN SIZE: Med i um gre i ned . COLOUR: Grey i sh green . CQHMENTS: Chilled marg in . SILL . 

P"ALElT:fEITRAlL;1T !~ JT~nl: to:ou' 4,rcrUi6tbz-:-.I7'.~~)r~~:"404nUUa~g-te~· ~k,<,r. ,-n-, n-g-.-G-R-A-rN-sr-Z-E.-. '-.-0 '-'-.-9-r-,-, n-.-o -. -C-OLloUJ"u~ii' :t:;~"a~iii~iSSg:t~-.s;nuuTi ~t eel 80 

mJ~~.3~UJmn~~: ~rcrc' -~-4rrll~~~ .~~~ ------------------------LUhi~tk~Olrrm~Stt ~S~ulltt.ell B6 
G,qAIN SIZE: Med ium gr al ~e o . COLOUR: Gr eYI sh green to car l< green. COMMENTS: SILL. 

~TImI!n!.l~}~t44!}'~1~n. ~~~~l7<~~~4r~nl:~r-------------------~U l~t~kOOnm~stt CS~u ~lt~e~85 
GRAIN SIZE: Med i um· gra i neCl . · COLOUR: Dark green . Cr %: 1-5 . MI N . TEX T: Crm st r i ngers anCl 
seams. 

~lA_tlA~~ __ 4c'.4 .. 14 -4'~. jU Uitkomst Su ite 
GRAIN SIZE: He~1um grain'eel. COLOUR; Grey i sh green . COMHENTS: ChIlled margin . SILL . 



BOREHOLE SH19 430.00 to 473.00 m 

CORE 
DEPTH 

1m) 

~3 

~3 

~3 

~3 

~3 

~~ 

~~ 

~~ 

~~ 

~5 

~5 

Logged by RELOGGED 2 
VERT . PROFILE ~ DESCRIPTION 

~ (core depths) 
TOT .5ULPH % n 

(DOLERITE continued) 

DOLE 

Plot t ed 11-02-1995 Page 11 

Scale 1: 200 
PP 
IP 
eg 

UitKomst Suite 25 

~5 SHZO SHEAR ZONE 453 .07 -45~ . 54 UitKomst Suite 12 

45 

~5 

46 

~6 

46 

~6 

46 

47 

47 



BOREHOLE S1119 473. 00 to 516.00 m Plotted 11 -02-1995 Page 12 

Lo gged by RELOGGED 2 Scale 1: 200 
CORE 
DEPTH 

1m) 

VERT. PROFILE ~ DESCRIPTION 
::: Icor e depths) 

"pp 
DIP 
eg TOT. 5ULPH % 

~74j~ 
~ 

~75j~ 

~7Bi~ 
~8Q~ 
~82~ 

/ 

~8~ ~ 
f 

~86 ~ 
~8~f 

f 
~9Qf, 

f 
~9~tf, 

f, 
~94j f, 

f 
~9af 

f 

DOLE 

~9~~ 

'
I~ ~l~~@icrm 10mm ....... cr m 10mm 

50..... crm :Omm 
....... ~H crm 10mm 
...... crm 10mm 

502 :: ~ 

• • 

Lrpxr 

GAB 

DlAB 

[DOLERITE continued) Ui tko mst SuHe 

:'.H~_~H.f!!.Nt. ,~~~ .. CJ ',J,UC4!!_ Ul tk oms t SUlte 
ALTERATION; Talc-a"iterat i on : GRAIN 5IZE:Fine gra ined. TOT. $ULPH X: 1-5 . 
MIN . TEXT: Di semm inateo . SCRATCH: MedIum . SULPH .MINS .; Po. 

'~!!A,HlfE!' JUc.4d -~!!_cc~.~ Uitko mst Suite 
GR AIN SIZE: F!ne sane . COLOUR: Grey, TOT .SULPH %: <1 . MIN . TEXT: 81eooy . SCRATC~: Med Ium . 
SULPH. MINS . : Py . 

25 

35 

70 

~~mrln,lr:t~~UC~ .. ~ ~U-~~U~r.,~dlr-'I,--------------------IUJ:i~tkka,omn,s~t-SS.u~i~tee ~B5 
GRAIN SIZE: Medium grained. Py X: 1-5 , TOT ,SULPH oS: 1- 5 . MIN . TEXT; Net . SULPH.MINS .: Po py 
co. 

n'~~~~~H~ .~~yr.C~tl/~-~~)ITl:~tl~------------------------~Ui~t7k~om=s7t'S~u7i~te~ BO 
GRAIN SIZE: M~d i um graineo . COLOUR: Grey i sh blaCk. COMMENTS: V!SUALlY INDISTINGUISHABLE 
FROM DIABASE . TOT.SULPH I : i - 5. MIN.TEXT: Oisseminateo . SULPH .MINS .; Po cp o 

ITt~~: .. ~i:J~rr.l.]4~4~-~~~~B.~~4-----------------------------uuritUk~o~m~srtt~S~ujittee-lB2 
ALTERATION: Ou~rtz carb~nate veinlng with chlor iti sation . GRAIN SIZE: Fine graineO . 
COLOUR: GreyiSh green . COMMENTS; Cn ll1ed margin . SILL. 



BOREHOLE SH19 516.00 to 559.00 m Plotted 11 -02-1995 Page 13 

Logged by RELOGGEO 2 Scale 1: 200 
CORE VERT. PROFILE !ji DESCRIPTION ~PP 

DEPT H ~ (core depths) DIP 
1m) TD T. SULPH % (") beg 

51 r;;-
• (DIABASE continued) UHkomst Suite B2 

• • 51a • • • • • 
520 • • • • • • 522 • • • • • DUB 
52~ • • • • • • 52E • • • GABBRO 530 .75 -533 .91 Uitkomst Suite BO • • GRAIN SIZE: Mec ium gralnea. COLOUR: Greyish olac~. COMMENTS: Hlthout 
52ri • • ch illed margi ns . TOT.SULPH s : 1-5 . MIN , TEXT:Oisse.lI1nated . 

• SULPH. MINS .: Po . • • 
53Q • • • 

53CO: ~~ GAB o~o 

534J 
o~o D_ 
• • • • 

53Ei • • • • • 
53a • • • • • • 
54Q • • • • • 
542 • • • • • • 
544 • • • • • 
546! • • • • • • 
54ri • • • • • 
55Q • • • • • • 55CO: • • • • • 
554 • • • • • • 
556 • • • • • 
55a • • 

~ 
~~:I~I Hit F~~~s~~/J~~LO~~ Grey. 

Malman; Subgroup 85 



BOREHOLE SHJ9 559,00 to 602,00 m Plotted 11-02-1995 Page 14 

ICDRE 
'DEPTH 

(m) 

Lo gged by RELO GGED 2 

VERT . PROFILE ~ DESCRIPTION 
~ (core deptns ) 

TDT,5ULPH % 

OTZ 

OTZ 

DOLM 

GRAIN SIZE: Silt . 
SHEAR ZONE 563.44 -568,08 

SHZO 

J 
GRAIN SIZE: Med ium sane. 

OTZ 

COMMENTS; Dyke? 

GRAIN SIZE: Medium graIned. COLOUR: Grey. 

XENO 

GRAIN SIZE: Coarse gra lnec. 

GRAN 

Sca l e 1: 200 
PP 
IP 
eg 

Malmani Sub rouo 65 
Uitkomst Suite 40 

Malmani Subgroup 65 

Malman i SUbgroup 65 

Malmani Subgroup 65 
Uitkomst Suite 75 

Bl ack Ree f Quartsite 80 

Nelshoogte Gra nite 70 

Nelshoogte Granite 85 



BOREHOLE SH19 602.00 to 611 .86 m Plo tted 11-02-1995 Page 15 
Logged by RELOGGED 2 Sea Ie 1: 200 

CORE VERT . PROFILE ~ DESCRIP TION t"PP 
DEPTH ::: (cor e dept hs ) PIP 

1m) TOT .SULPH % n ~eg 

60 
'T (GRANI TE cont inued) Ne l s noog t e Gran i te 85 

604 
~ 

< 
~ 

6061 
~ 

~ GRAN < 
60~ ~ 

~ 
< 

61o.j ~ 

~ 

L.-



GEOLOGICAL LOG 

PROJECT 

EXPLORATION COMPANY 

FARM 

DRILLING COMMENCED 

DRILLING COMPLETED 

LOGGED BY 

DRILLED BY 

INCLINA TION: 

BEARING: 

X CONSTANT: 

X COLLAR COORD.: 

Y COLLAR COORD.: 

sh25 
SLAAIHOEK 

ANGLDVAAL 

SLAAIHOEK 540 JT 

Phase One 

ReJogged 2 

Rosond 

(N R D Marchjnj) 

Nedges : Phase 2 deflection dr j lJ jng 

-90 

ELEVATION (A.M.S.L.) IN METERS: 

o 
2800000 

44910.3 

41373.22 

1507. 92 

667.26 FINAL DEPTH (m): 

No WEDGES: o 



BOREHOLE SH25 0.00 to 43. 00 m Plotted 06-03-1995 Page 1 

Logg ed by W R 0 Mar chini Sca l e 1: 200 
CORE VER T. PROFILE §E DESCRIPTION ~PP 
DEPTH ~ (core depths) G,IP --< 

1m) TOT.SULPH % n eg 

~ ~. 0.00 -71.10 78 
D · 

0'; 
GRAIN SIZE: Pebb le . 

2 D . 

P'; 
D . 

4 P'; D . 

P'; 
D . 

6 . ~~ o · 
· '0 D . 

aj 
o · 
· '0 D · o · 
· '0 D . 

1aj 
0'; 
D. 

P'; 
D . 

12j 
0'; 
D. 

p~ 
D . 

14. 
Q~ 
D. 
o · 
· '0 D. 

16 
:Q~ 
D. 

P'; 
D · 

18 
0'; 
D . 
o · 
· '0 D. 

2Q 
P'; D. 
o · 
· '0 D . 

22 
0'; OV8 D. 

P'; D . 

24 
. O~ 
D. 

0'; .. 
0 

26 'D~ 

p~ .. 
2ft 

P'; D . 

:Q~ 
D. 
O · 

3aj 
' Q'~ 

.Q~ 
D . 
'0 ' 

32j 
' D'~ 

P'; 
D· 

34j 
0'; 
D . 

P'; D. 

36.j 
P'; D. 

:Q~ 
D . 
o · 

3aj 
· '0 D. 
0 
'0'<;:> 

4aj 
0'; 
D . 

P'; 
D· 
0'; 

42j D 0 0 

~ 



BO REHOLE SH25 43. 00 to 86.00 m Plotted 06-03-1995 Page 2 

Logged by W R 0 Marchini Scale 1: 200 
CORE VERT. PROFILE § DESCRIPTION ~PP 
DEPTH ~ (core depths) ~,IP 

1m) TOT . SULPH % n eg 

4~~ [OVEflflUROEN continued) 78 
o · ',,? 

46: Q~ .. 
p~ p . 

48: 
o · 
'D'? 
o · 
· '0 P . 

50.: O~ P . 

o~ 
P . 

5~ 
. Q~ 
P . 

. Q~ 
P . 

5~ . ~~ 
Q~ 
p . 

56 
o · 
'D"? 
o · 
· '0 P . 

58 
p~ OV8 
p . 

o~ .. 
5Q 

o~ p . 

Pe:, 
P . 

5~ 
o · 
'(,0 
o · 
· '0 p . 

54j 
O~ 
P . 

p~ • 
56: 

p~ .. 
:o.c:, 
p . 

5Bj 
:Qc:, .. 
o · 
· 0 • 

7o.j 
:Q~ p . 

:o.c:, .. 
o · 

7~~ NUHlI ~ . 1t . /U -YU I Ultkomst SUlte 78 % GRAIN SIZE: Med lum gra lneo . COMMENTS: Gr ao ing downwaras to pyroxenlte . SCRATCH: Med i um . 

7~~ 
% 

76~ 
% 

78~ 
% NAT 

8Q% 
/: 

82~ 
/: 

84. ~ 
% 

85. ~ 



BOREHOLE SH25 86.00 to 

CORE 
DEPTH 

1m) 

Logged by W R 0 Marchini 
VERT. PROFILE §2 DESCRIPTION 

~ (core depths) 
TOT .SULPH % 

129.00 m 

INORITE cont inuedJ 

NRT 

Plotted 06-03-1995 Page 3 

Scale 1: 200 
PP 
IP 
eg 

Uitkomst Suite 78 

Uitkomst Suite 78 
STRUCTURE: Shearea. GRAIN SIZE: Medium grained. SCRATCH; Mecium. 

UPXT 



DUI1[nULL .)IICJ lCl .UU LU l/C . VV III r u~\.. .., 

CORE 
DEP TH 

Im l 

Logged by W R 0 Marcnini 
VERT. PROFILE ~ DESCRIPTION 

::: Icore depthS) 
TOT . SUL PH % n 

IPY ROXENITE continued) 

UPXT 

Scale 1: 200 

uitkomst Suite 

SHEAR ZONE 138.80 -139 .27 r ",,'n"" .. ,,-.... ,,""'. ~. "IT co., " ... " 
Uitkomst Su i te 
SCRATCH: Med i um. 

PP 
IP 
eg 

78 

41 

Ui'tkomst Su 1 te 90 
GRAIN SIZE: Coarse grained. COMMENTS: Fine grained cumulus ollvlne Pyroxene 
Iloikilitit:ally enclosing ollvine. SCRATCH: Medium. 

PRO 



BOREHOLE SH25 172 .00 to 215.00 m Plot ted 06-03-1995 Page 5 
Logged by W R 0 Marchini Scale 1: 200 

CORE 
DEPTH 

(m) 

VERT . DESCRIPTION 
(core depthS) 

TOT. 5ULPH % 

O:jim!------_1"·m gmm 

"'1i~!------_1cr·m 20mm 

(PERIDOTITE cant inu ed) UitKomst SuHe 90 

UitKomst Suite 78 
. SCRATCH: Med ium . 

~mrrnr~~~nm------------------~~~~~79 
GRAIN SIZE: Medium grained . COMMENTS: Grad ing towards pyroxenlte locally , 
SCRATCH: Medium. 

UltKomst 
X: <1. TOT .SULPH :1:: <1 . MIN . TEXT: Po dissem i nated . 

MASSIVE CHROMITITE 207.98 -208 .10 UitKomst Sui t e 

J=
GAAIN SIlE:F ine graIned . COLOUR: 81ack . MAGNETISM: No n-5U5ceptaol e. Cr 
X: >50. SCRATCH: Meoium . 
MASSIVE CHROMITITE 211.54 -211.77 UitKomst SUl t e 
GRAIN SIZE: Fine gralned . COLOUR: 81ack . MAGNETISM: Non-SU5ceptaole . Cr 
X: >50 . SCRA TCH: Hedium . 

. te 78 

88 

85 



BOREHOLE SH25 215.00 to 

CORE 
DEPTH 

1m) 

Logged by W R 0 Marchini 

VERT . PROFILE ~ DESCRIPTION 
:: Icore depths) 

TOT.5ULPH % n 

258.00 m 

216~ 
!!~ 

(PERIDOTITE continued) 

2 18 ~~ 
~g 

22Q ~~ 
~g 

222 g 

PRO 

Plotted 05-03-1995 Page 6 

Sca l e 1: 200 

Uitkomst Suite 

~PP 
pIP 
~eg 

78 

c 

224. ~ ~~A'LLr<l!rJ1_E~krc~!.,. !T-I~'l'N:2".,! !"T~"" ~1;aC~ _-'-='-12"t2."r 1'-~:71 'i2"'0-n -, -GR-A-I-N -S-IZ-E-: F-l-n-. -g-r-, ,-, n-.-o .-CO-L-O-UR-:-G-r.-,-. ""ToU7i ·t"k o;;:m::s;o;t;<S':'u::i't-;;e-l 51 

'1t-'''''''-+-_____ TElcrm 100111/11 MAGNETISM: Non-susceptaOle. Cr X: <1. SCRATCH: Medium. 

226 t~ " 
~r-~-~=====~crm 20mm o crm 29mm 

22H ~ICgo crm 29mm _ .... t:: : crm 20mm 

23Q C 

23~ 
2! 

234 

23Ei ~g 
~g 

238 
~~ 
~g 
2~ • 

240 
0 0 

~g 

242 ~? • 
~g 

0 
244. • 0 • 0 

24Ei 
0 
0 • • • • 

24~ • 
~g 
• 0 

25aj • • • • • 
25~ • • • 
25'lj 

~, 
• 

~~ 
256 ~ • • • • 
258~ 

crm 10mlll 

PRO 

DUB 

~~~~~~~~I~!L!Jnll,rt~<C:rl~I<.~=f~~~;:~~~--------------------~Ul~t7k~om~s7t'S~u7i~te~ 78 
STRUCTURE: V. in.d: ALTERATION: S.roentinis.d , GRAIN SIZE: N.dium grain.d, 
COMMENTS: Pyroxene poikilitically enclosing olivine with plaglocl~se interst itia l to 
olIvine . SCRATCH: Mecium . 

r-__ SHEAR ZONE 252.84 -252.91 Uitkomst Suite 
STRUCTURE: Sheared. GRAIN SIZE: Fine gra ined . COLOUR: Grey . 
MAGNE TI SM: Non-susceptaOle . SCRATCH: Medium . 

42 

rGrrRr,AijIDN~S~I~zt2:5~N~5.dl·· ~~u/rm~~~cr~b~~~in~·;qojj.-C-O-NN-E-N-TS-:-S-i-l-l.--W-it-h--Ch-i-l-l.-d--.-.r-g-,-n-, -s-c-RAu~~~t~k~D~m~~~t~-, SSUu~lttee--l5 1 
SHEAR ZONE 257.74 -257.85 Uitkoms t Suite 12 

'------- STRUCTURE:Sheareo. GRAIN SIZE:F1 ne grained. COLOUR: Grey . J MAGNETISM: Non-susceptable . SCAATCH: Meoium. 



BOREHOLE SH25 258.00 to 

CORE 
DEPTH 

1m) 

Logged by W R D Marchini 
VERT . PROFILE ~ DESCR I PTION 

~ (core deptns) 
TDT.SULPH % n 

301.00 m 

(DIABASE continued) 

DIAB 

Plotted 06-03-1995 Page 7 

Scale 1: 200 

UHkomst Su He 

APP 
DIP 
eg 

61 

~~~~TIm~~~r.L~}n~~r._~~~~r:~~~.~~~~~~:~~U--------------------'U~i.t"'ko~m~st+OS~u~it~e~78 
STRUCTURE: SheareO', ALTERATION: Seroentinised. GRAIN SIZE: MeOlum gralned. Cr %; <1. 
MIN.TEXT:Crm disseminated and wIth seam . SCRATCH: Meoium. 

x 
x 

x 
272 x x 

x 
~ 

274j g 
Q 

PRO 

DlAB 

27~~~-I _____ -1"rm :9mm 

27~i: 
!!' 

28aj 

!ii. 
28~ g 

o 
,~;.;Dl*-_____ ---i'crm 20mm 

28<L:fi 

286 :-, 
x 

x 

288 " 
x , 
x 

290 .: 
x 

x 

292 H 

294 ~: 

296 
!!! 

298 0 
o 
o 

300H 

DlAB 

PRO 

,...-__ DIABASE 269.52 -272.72 Uitkomst SuHe 
GRAIN SIZE: MeOium graIned . COLOUR: Grey . HAGNE TISM: Non-susceotaole . 
COMMENTS: Sill. SCRATC~ Medium . 

r-_SHEAR ZONE 275.71 -275.75 Uitkomst Suite 
STRUCTURE: Sheared. GRAIN SIZE: Fine grained. COLOUR: Grey . 
MAGNETISM: Non-susceptaole. SCRATCH: Medium . 

II--___ SHEAR ZONE 281.08 -281.34 Uitkomst Suite 
STRUCTURE: Sheareo. GRAIN SIZE: Fine grained. COLOUR: Grey . 
MAGNETISM: Non-suscePtaCle . SCRATCH: Medium. 

I--_SHEAR ZONE 282.53 -282.70 Uitkomst Suite 
STRUCTURE: Sheared. GRAIN SIZE: Fine gra ined . COLOUR: Grey . 
MAGNET ISH: Non-susceptaOle . SCRATCH: Medium . 

78 

6B 

45 

45 

mJ~~,~~~~.~. <u~:~~~I:!r_.711 r-U-----------------------UUTitUkwo;m5lsttsSuu~lt~e~ 78 
AL TERA TION: Gu~rtz caroonate Ve )n lng . GRAIN SIZE: Mea ium gralned . COMMENTS: Sill. '."1 tn 
cnl i led marg i n. SCRA TCH: Medlum . 

~$~u~~~JJ: ~~e;;;d' ~~w;;o;bt~~ oottom . ALTERATION: Serpentlnlseo . GRAI~l~:z~~~e~i~mUlte 78 
grained . Cr %: <1 . MIN . TEXT: Crm W1SOS . SCRATCH: Hedium . 



~UHtHULt ~leJ 301.00 to 344.00 m Plotted 06-03- 1995 Page 8 

CORE 
DEPTH 

1m) 

30 

30 

30 

30 

31 

31 

31 

31 

31 

32 

32 

32 

33 

33 

33 

33 

33 

34 

34 

34 

Logged by W R 0 Marchini Scale 1: 200 
VERT. PROFI LE ~ DESCRIPTION 

~ (core deptns) 
PP 
IP 
eg TOT .SULPH % 

PRO 

OIAa 

PRO 

(PERIDOTI TE continued) Ui tkamst SuIte 78 

Ui tkamst Suite 78 
GRAIN SIZE: Medium gralned . COMMENTS: Sill. Ch Ill ed margin absent at t he top . 
SCRATCH: Medium . 
H A Uitkamst SUlte 50 

grained . COLOUR: Grey. MAGNETISM: Non - susceptaole. 

Uitkamst Su i te 75 
COLOUR: Grey green . 

Uitkamst SUlte 78 
ALTERA TION: Serpent i nised talc-alterat i on . GRAIN SIZE: MeDium gralned. Cr X: <1. 
MIN . TEXT: Crm str inger. SCRATCH: Medium. 



BOREHOLE SH25 344.00 to 387.00 m Plotted 22-03-1995 Page 9 

CORE 
,DEPTH 

(m) 

34 

34 

34 

35 

35 

35 

35 

35 

36 

36 

36 

36 

36 

37 

37 

37 

37 

37 

38 

38 

38 

38 

Logged by W R 0 Marchini Scale 1: 200 
VERT . PROFILE §:: DESCRIPTION 

c:: (core deptns) 
PP 
IP 
eg TOT.SULPH % n 

PRO 

~~ ____________ ~,crm 1 0m~ 

TS 

DalE 

TS 

. . Uitkomst Suite 78 
ALTERATION; Serpentiniseo talc-alteration . GRAIN SIZE: ~ediul1 grained. Cr I: <1 . 
MIN.TEXT: ern stringer . SCRATCH: ~edlum . 

. . Uitkomst Suite ' 40 
Al TEAA nON: Ta Ie - a lterat ion . GRAIN SIZ~: Fine gra i ned. SCRATCH: Med lum . 

. Uitkomst SUlte 78 
ALTERATION: Quartz carconate velnlng . GRAIN SIZE: Medium graIned . COLOUR; Grey , 
MAGNETISM: Non-SU5ceptable . COMMENTS: Hlghly a l tereD oyke ? SCRATCH: Med i um . 

~~~~~m-=<nr.~------------------------------"U~i7t"k~om=s~t"S~U~i~t~e~40 
ALTERA nON: Ta I e-a 1 teration. GRAIN SIZE: Fine gra ineo. Cr X: < 1. TOT. SULPH X: <1 . 
MIN. TEXT: Disseminated stringer. SCRATCH: Medium. SULPH.MINS.; Po py cp. 



BOREHOLE SH25 387,00 to 430,00 m Plotted 06-03-j995 Page 10 

CORE 
DEP TH 

1m) 

38 

39 

39 

39 

39 

39 

<10 

<10 

<10 

Logged by W R 0 Marchini Scale 1: 200 
VERT , PROFILE ~ DESCRIPTION PP 

IP 
eg 

-< (core depths) 
TOT, SULPH % n 

TS 

CAMT 

CAMT 

ISCHIST continued) UitKomst Su ite 40 
r-_MASSIVE CHROMlTlTE 394,39 -394,98 UitKomst Suite 50 

ALTERATION: Talc-alteration. GRAIN SIZE: Fine grained. COLOUR: Black. 
MAGNETISM: Nan-susceptable. Cr X: >50. SCAATCH:Meoium. 

I-_MASSIVE CHROMITlTE 396.25 -397 , j5 Uitkomst Suite 55 
GRAIN SIZE: Fine grained. COLOUR: Black . Cr %: >50. MIN. TEXT: Dlsseminated. 
SCRA1CH:Medium. 

I--_MASSIVE CHROMlTlTE 400,05 -400,70 UitKomst Suite 45 
STRUCTUAE: Sheared. ALTERATION: Quartz carbonate veining. GRAIN SIZE: Fine 
grained. COLOUR: Black . Cr %: >50. MIN.TEXT:D isse~inated . SCRATCH: Med i um. 

4 0 ~"",,r------------IQ . c . .... 370mm 

<10 

<11 

41 

PRO 

<11 

<11 

DrAB 
<12 

Ui tKomst Su i te 78 
GRAIN SIZE: Med i um graineo . Cr X: 1- 5. TOT.SULPH %: 1-5. MI N. TEXT: Po CllSSemlnated crm 
oleooy . SCRATCH: Me dium . SULPH.MINS.: Po . 

ar,~~~ITl.Eff~~~r---------------------------~UTllit~kuoWm~s~t-SSuuii ~tee-l78 
GRAIN SIZE: Med ium gra ined. COMMENTS: Si 11. ch i ll ed marg in. SCRATCH: Med ium . . 

nn~~rn~~~~~~~--------------------------~U7i7t~Ko7m~s7t~S'u~i7t7e~78 
ALTERATION: Serpentinised talc-alteration . GRAIN SIZE: Medium 

TD L SULPH :1;: <1. MIN . TEXT: Po dissemlnateo . SCRATCH: Me.d i um. 

42~9-___ --l 

<12 PRO 

<12 
DrAB 

42 

PRO 

ru~~rt:~~~~~~r-------------------__ ----------UUii ttkKoommsstt-Ssuuiittee-j 78 
ALTERATION: Ch l oritisation slight l y altered. GRAIN SIZE: Medium graIned . COMMENTS: Sill, 
chilled margin . SCRATCH: Medium . 

~nT~rn~~~r=;T~m---------------------------'U~,~t"k7o~m7st~so.u7i~t~e~78 
GRAIN SIZE: Med i um grained . COLOUR: Dark green grey. TOT .SULPH X: 1-5. 
MI N. TEXT: Disseminated. SCRA TCH: Meclum . SULPH.MINS.: Po. 



DuncnULL JI7CJ '1JU.UU LU lj/J.UU III PlottEd 06-03-1995 Page 11 

CORE 
DEPTH 

1m) 

Logged by W R 0 Marcnini Scale 1:200 
VERT . PROFILE ~ DESCRIPTION PP 

IP 
eg TOT . SULPH % 

~ (core deptlls) 

PRO 

DIAB 

PRO 

DI AB 

15 

DUB 

15 

DIAB 

LrPAO 

[PERIDOTITE continued) Ui tKomst SUl te 78 

UitKomst Suite 78 
ALTERATION:Ouartz caroonate veInlng. GRAIN SIZE: Meaium gralneo . COMMENTS: Sill, 
chllled margin . SCRATCH: MedIum , 

Uitkomst Su i te 78 
ALTERATION: Talc-alteration towards the bottom. GRAIN SIZE: MeOlum graIned . TOT .SULPH 
~: <1. MIN. TEXT: DissemInated . SCRATCH: Medium . SULPH.MINS.: Po. 

UitKomst Suite 78 
GRAIN SHE: Medium gralneo . COMMENTS: SIll . ch ill ed margin . 

~~~~~~~~-nr-----------------------------'U"1~' t~k~o~m~s~t-rS~u7i~te=-~45 
SIZE: Flne gralned . TOT .SULPH 

UitKomst SUlte 35 
GRAIN SIZE: FIne graIned . COMMENTS: Sill. Chillea 

UitKomst Suite 
AL TERAl ION: Ta 1 c-a 1 terat 1 on Quartz caroonate ve}n I ng . GRA IN 
COLOUR: Grey . TO T . SULPH %: <1. MIN. TEX ~: DIssemInated . 

40 

uitKomst SUlte 78 
GRAIN SIZE: Medium grained . COMMENTS: Sill. chilled margin . SCRATCH: Medium . 

Uitkomst Su i te 78 
GRAIN SIZE: Medium graineo. TOT.5ULPH X: <t o MIN. TEXT: Dissemlnated . SCRATCH: Medlum. 
SULPH.MINS . : Po . 



tJUHtHULt :;~ 

CORE 
DEPTH 

(m) 

~7 

~7 

~7 

~8 

~8 

~8 

~8 

~8 

~9 

~9 

~9 

50 

50 

50 

50 

50 

51 

51 

51 

51 

Log ged by W 
VERT. PROFILE 

TOT.SUL PH % 

4/3.00 to 
R 0 Marchini 
DESCRIPTION 
(core depths) 

pegmatite 

J1b.00 m Plotted 06-03-1995 Page 12 

Scale 1: 200 

IN SIZE: Fine sand. COLOUR: Grey. 

GRAIN SIZE: Pegma titic. SCRATCH: MedIum . 

ALTERATION:CarDonatisation Quartz carbonate velning silicified. 
sand. COLOUR: Grey. MAGNETISM: Non-suscePtaole. COMMENTS: Dyke like 
Contacts dIffIcult to discern.SCRATCH: Medium . 

n~~Wfr~~r.r,~~~~~~:-~~~~::~~~::~~U~i~tJ.k~o~m~s~t-Suritt,e~ 78 carbonate veInIng . GRAIN SIZE: MedI um gralned. COMMENTS: 5il :, 
chilled margIn . SCRATCH: MedIum . 

DOLERITE 494.82 -494.98 Uitkomst SUlte 
,------- GRAIN srZE:Fine graIned. COLOUR; Grey . MAGNETISM: Non-suscePtaole. J COMMENTS: Oyke. SCRATCH: MedIum . 

40 

silicifieo. GRAIN SIZE: Pegmatitic: . 

~~~~~===::-==:J!.Ii~fSu1~ 78 . ~l; carbonate ve1n1ng c:h1oritisation. GRAIN S[lE: 
MAGNETISM: Non-sU5cePtaD le. COMMENTS: Highly altereO 5111 



tlUHtHULt :;ffl!tl 516.00 to 559.00 m Plotted 06-03-j995 Page 13 

CORE 
DEPTH 

(m) 

51 

51 

52 

52 

52 

52 

52 

53 

53 

53 

53 

54 

54 

54 

54 

54 

55 

55 

55 

55 

55 

Logged by W R 0 Marchini Scale 1:200 
VER T PROF ILE ~ DESCRIPTION 

::: (core depths) 
PP 
IP 
eg TDT.SULP H % n 

DIAS 

LrPRD 

CAMT 

LrPRO 

LrPAD 

PCA 

DIAB 

n*1D~ImABmA"STE~c~orntrirnfuerd~I ~~r-______________________ ~U~l~t~k~o~ms~t~S~u~lt7e~7B 
Ultkomst Suite 78 

ALTERATION: Quartz carbonate veInIng. GRAIN SIZE: Fine grained . COMMENTS: Pyroxene 
P01Kilitically enclosing ol:i.Vlne. SCRATCH: Medium. 

,--_SHEAR ZONE 519.23 -519.30 Ultkomst Suite 
STRUCTURE: Sheared. GRAIN SIZE: Fine grained . COLOUR: Grey. 

85 
MAGNETISM: Non-SU5ceptaole. SCRATCH: Med i um. 

.. Ultkomst Suite · 78 
GRAIN SIZE: Fine gra ined. COLOUR: Black. Cr %: >50. MIN . TEXT: Crm disseminated to 
massive . SCRATCH: Medium. 

Ultkomst Suite 78 
ALTERATION: Talc-alteration . GRAIN SIZE: Fine gralnea. COLOUR: Grey. Cr X: >50. 
MIN.TEXT: Crm seml-massive to maSSlve. SCRATCH: Medlum. 

Ultkomst Su I te 78 
AL TERATION: Ta Ie-a I terat ion. GRAIN SIZE: F i ne gra i ned. COLOUR: Grey. TO T. SULPH X: 5-10. 
MIN. TEXT: Di ssem i nateo. SCRATCH: Medlum. SULPH.MINS.: Po. 

Ultkomst Su 1 te 78 
STRUCTURE: Sheared towardS the oottom. ALTERATION: Talc-alteratIon. GRAIN SIZE: Medium 
gra Ined. COLOUR: Green grey. Cr %: iO-25 . TOT. SULPH X: 1-5. MIN. TEXT: Mass 1 ve to 
seml - maSSlve crrn. SCRATCH: Medium. SULPH. MINS . : Po . 

[u~~~~DZ~~lTIr-----------------------------uuilt~kk<O~mms~t:1s~u~lttee-l 78 
ALTERATION: Quartz carbonate veimng chloritis.ation . GRAIN SIlEo Med :i um gra i ned . 
COLOUR: Grey . MAGNE TISM: Non-susceptaole . COMMENTS: Sill. SCRATCH: Medium. 



BOREHOLE SH25 559.00 to 602.00 m Plotted 06-03-1995 Page 14 

CORE 
DEPTH 

1m) 

Logged by W R 0 Marcnini 
VERT . PROFILE ~ DESCRIPTION 

:: (core deptns) 
TOT.5ULPH % n 

[DIABASE continued) 

Scale 1:200 

Uit komst Su i te 

PP 
IP 
eg 

78 

~~urrn~-m~~~~~T>m-~n-~-----------------U~it~k~o~m~s~t-oS~u7i'te~ 78 
STRUCTURE: Shearell , ALTERATION: Talc -a lteration . GRAIN SIZE: Helll\Jm grained . Cr X: 1- 5 . 

SHZO 

LrPXT 

TOT .SULPH X: 1-5. SCRATCH: Med)um. SULPH . MINS . : Po. 

DIA8ASE 580.23 -580.34 Uitkomst Suite 

F
GRAIN SIZE: Fine graIned. COLOUR: Grey . MAGNETISM: Non-susceptaole . 
COMMENTS: Sill . SCRATCH: MedIum . 
SHEAR ZONE 588.36 -589 .27 Uitkomst Suite 
STAUCTUAE:Sheared . ALTERATIO~ Talc -a l terat ion Quartz :aroonate veining . 
GRAIN SI ZE: Fine gralned. COLOUA: Grey . TOT , SULPH X: 1-5. 
MIN . TEXT: Disseminated . SCRATCH: Medium . SUlPH .MINS .; Po. 

I-_SHEAR ZONE 600.84 -600.87 Uitkomst Suite 
STRUCTURE: Shearee. ALTERATION: Talc-alteration ouartz caroonate veInIng. 
GRAIN SIZE: Fine gralnec. COLOUR: Grey. TOT.SULPH ,,: 1-5. 
MIN . TEX T: Disseminated. SCRATCH: Medium. SULPH . MINS .: Po. 

J . Uitkomst Suite 
AL TERATION: Metamorphoseo . GRAIN SrZE: F i ne grained . COLOUR; Green . TOT .SULPH ,,: 1-5 . 
MIN. TeXT: Disseminated. SCRATCH: MedIum. 

81 

75 

81 

78 



BOREHOLE SII25 602.00 to 645 .00 m Plotted 06-03-1995 Page 15 

Logged by W R 0 Marchini Scale 1: 200 

CORE 
DEPTH 

(m) 

VERT. PROFILE 

TOT. SULPH % 

§E DESCRIPTION 
:: (core depthS) 

PP 
IP 
eg 

50"'-:,.;-7T1 
LrPXT 

60 

60 
LrPXT 

60 

61 
XEND 

LrPXI 

51 

51 

61 
DOLt-! 

62 

52 

62 

LrPXT 

52 

62 

63 

53 

53 
ODLM 

63 

63 

64 

64 
GAB 

64 OIZ 

[AMPHIBOLITE continued) Uitkomst Suite 78 

Ultkomst Suite 78 
ALTERATION: Metamorphosed. GRAIN SIZE: Fine gralned. COLOUR: Green grey. TOT.5ULPH 
X: 1-5. MIN . TEXT: Disseminated . SCRATCH: Medium . 

Uitk oms t Suite 78 
gra ineO. COLOUR: Grey. TOT . SULPH :C: 1-5. 

Uitkomst Suite 78 
GRAIN SIZE: Fine graineo. COLOUR: Green Olack . TOT.SULPH %: 1- 5. MIN . TEXT: Dissemlnateo . 
SCRATCH: Medium . SULPH.MINS.:Po. 

~rrrr~TT.-n~~r.~-----------------------------UM~a'l ~ma~n~"S~u~o~g~r~o~u~p~81 
STRUCTURE: Xenolith . ALTERATION: Metamorphosed . GRAIN SIZE: Medium sand. COLOUR: Grey . 
TOT .SUlPH X: 5-10 . MIN . TEXT: Oissemlneted . SULPH .MINS. : Po . 

. UitKomst SUIte 78 
GRAIN SIZE: Medium graIned . MIN . TEXT: DIsseminated. SCRATCH: Med Iu m. SULPH .MINS .: Po cp o 

DOLOMITE 627.31 -627.51 Uitkomst Suite 78 

J= STRUCTURE: Xeno I i tn. GRAIN SIZE: Fine sand . COLOUR: Gr ey . TOT . SULPI1 X: 1-5 . 
MIN. TEXT: Po bl ebby . SCRATCH: Medium. SULPH.HINS .: Po. 
OOLOMITE 629.73 -630.01 Ultkomst SUIte 76 
GRAIN SIZE: Silt. COLOUR: Grey . SCRATCH: MedIu m. 

I--_DOLOMITE 632.29 - 632.64 Uitko ms t Su i te 87 
GRAIN SIZE: Fine sand . COLOU~: Grey . SCRATCH: MedIum. 

. . 
GRAIN SIZE: Fine sand. COLOUR: Wn jte . 

Ma 1man i Subgroup 

82 

71 

78 

70 

63 

UitKomst Suite 90 
TOT.SULPH %:<1 . MIN .TEXT:Oissemlnateo. 

Ma 1 man i SuOgroup 90 



BOREHOLE 51125 645.00 to 
Logged by W R 0 Marcnini 

CORE VERT. PROFILE 
DEPTH 

1m) TOT. SULPH % 

§E DESCRIPTION 
:: Icore depths) 
n 

667.26 m 

[QUARTZITE continued) 

r"' 
OTZ 

Plotted 06-03-j995 Page 16 
Scale 1:200 

Malmanl SuDgroup 

jl.PP 
~IP 
f'eg 

90 

646.~ 

648. ~. 
~~~.~~ _fY~~ b4b . 41 -b_OU .~U Ma 1 mam SuDgroup . 42 
GRAIN SIZE: F i ne 5·ano. COLOUR: Grey. MAGNETISM: Non-susceptab J e . COMMENTS: 8asa 1 shear . 

§ 
65Q ;:: 

;:: 
652 ••• 

r:;-
654 .; 

• 
656 .; 

• 
658 .; 

66aj 

; 

• 
• ; 

66~ • • ; 
664 • 

• 
666 •• 

• '--' 

SHZO 

BlaCk Reef Quartsjte 90 

OTZ 

~tlA_NlIU)OC OC -bbUb 
GRAIN SIZE: Coarse gratneo . 

Nelshoogte Granite 78 

GRAN 



GEOLOGICAL LOG 

PROJECT 

EXPLORATION COMPANY 

FARM 

DRILLING COMMENCED 

DRILLI NG COMPLETED 

LOGGED BY 

DRILLED BY 

INCLINA TION: 

BEARING: 

X CONSTANT: 

X COLLAR COORD.: 

Y COLLAR COORD.: 

sh26 
5LAAIHOEK 

ANGLO VAAL 

5LAAIHOEK 540 JT 

Phase One 

Relogged 

-90 

ELEVATION (A.M.S .L.J IN METERS: 

o 
2800000 

45403.95 

40409.78 

1489.55 

520 .54 FINAL DEPTH (mJ: 

No WEDGES: o 



BOREHOLE SH26 0.00 to 43.00 m Plotted 15-12-1994 Page 1 

Logged by RELOGGED Scale 1:200 
CORE VERT. PROFILE ~ DESCRIPTION sPP 
DEPTH ~ (c ore depths) IP --i 

1m) TOT .SULPH % n 8g 

~ GRAIN SIZE: P.~b P.G - 40 . 11 D· 
O· 

2 ,,'0 

O · 
'0 '0 

4 0'; 
D · 
0'; 
D· 

Ei 
O · 
. ,, '~ 

:Q~ 
D· 

8 
0'; 
D· 
O · 
' ''~ 

1Q 0'; 
D . 
o · 
· '0 D . 

12 
0'; 
D· 
o · 
· '0 D· 

14 
0'; 
D . 

. Q~ 
D 

16 
0'; 
D· 

.o.~ D . 

18 
p~ 
D . 

0'; 
D . 

2~ 
0'; 
D . 
o · 
· 0 D · 

22j 
:o.~ aVB D . 

. Q~ 
D · 

24j 
.O~ D . 
'0 ' 

0 D . 
o · 

26j · '0 D · 
'0 ' 
· 0 D . 

28j 
:Q~ 
D · 
0'; 
D . 

3~ 
. O~ D . 

. o.~ 
D . 
'0 ' 

32j 
· '0 D· 
o · 
· 0 D . 

34j 
p~ 
D· 

0'; 
D · 

36 
0'; 
D · 
0'; 
D . 

38 
:0'; 
D . 
O · 
'/1'9 

4Q 
p~ 
D . 

:o.~ 
D · 
O · 

4~~. 



~UHtHULt J/fi!b 43. 00 to ~ti,OO m Plotted 15-12-1994 Page 2 

CORE 
DEPTH 

1m) 

4 

4 

4 

5 

5 

5 

5 

5 

6 

6 

6 

6 

6 

7 

7 

7 

7 

7 

B 

B 

B 

B 

Logged by RELOGG EO Scale 1: 200 
VERT , PROFILE ~ DESCRIPTION 

:: (cor e depths) 
PP 
IP 
eg TOT ,SULPH % n 

(OVERBURDEN continued) 
DVB 

, -~, UitkDmst Suite 83 
. ALTERATION: Serpentlnlsed. COMMENTS: Cumu l us olivine wIth inter,titia l plagioclase and 

minor pyroxene and bIotlte. 

UPX T 

UitkDms t Suite 83 
GRAIN SIZE: Meaiu ~ graIned. COMMENTS: OlivIne and plagioclase . 

UPXT 



BUHcHUU: SHlfi 86.00 to 

CORE 
DEPTH 

(m) 

Logged by RELOGGEO 
VERT. PROFILE lE DESCRIPTION 

::: (core depths) 
TOT. SULPH % n 

129,00 m Plotted 15-12-1994 Page 3 
Scale 1: 200 

PP 
IP 
eg 

(PYROXENITE continued) Uitkomst Suite 83 

UPXT 

. Uitkomst SUlte 83 
GRAIN SIZE: Fine gralne~. COMMENTS: Pyroxene pOikil itl cally enclos i ng oli vIne. 

1 

1 

1 

1 
PRO 

1 

1 

1" "'Ie 0 d 

1 



BOREHOLE SH25 129 .00 to 172.00 m Plotted 15-12-1994 Page 4 

Logged by RELOGGED Sc a le 1: 200 
VERT. PROFILE DESCRIPTION 

(co r e depths) 
(m) TOT. SULPH % 

(PERIDOTITE cont inued) Ui tkomst Suite 83 

1 

1.::l'l.:I"DQ 

1 

1.::lO::I5 ii l 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
450mm 

1 

1 



DUHcnULC ')f1CO llCVV LV c:l:.J . VU III ~J Otteo 1~-1<'-1~~4 f'age::J 

CORE 
DEPTH 

(m) 

Logged by RELOGGEO 
VERT. PROFI LE ~ DESCRIPTION 

~ (core depths ) 
TOT. SULPH % n 

Scale 1: 200 
PP 
IP 
eg 

(PERIDOTITE cont in ued) Uitkomst Suite 83 

PRO 
,.--_OOLERITE 183.71 -185.47 Uitkomst Suite 45 

STRUCTURE: VeIned. ALTERATI ON: OUAATZ CARBONATE VEIN . GRAIN SIZE: Medium 
grained. COMMENTS: SILL/DYKE ? ch il leo margIn towards the bottom. 

DOLE 

. . Ultk oms t SUI t e 60 
GRAIN SIZE: MeQIum graIned . COMMENTS: Ch ill eo margi n SILL. 

DlAB 



BOREHOLE SII25 215.00 to 258.00 m Plotted 15-12-1994 Page 6 

CORE 
DEPTH 

1m) 

Logged by RE LOGGED Scale 1:200 
VERT, PROFILE §1' DESCRIPTION 

~ (core depths) 
TOT.SULPH % rl 

PP 
IP 
eg 

DUB 

PAO 

DrAB 

PAD 

DlAB 
DIAB 

PAO 

PEGM 

(DIABASE continued) Uitkomst Suite 60 

Uitkomst Suite B3 

. . Uitkomst Suite 60 
STRUCTURE: Veined . ALTERATION: OUARTZ CARBONATE vEIN . GRAIN SIZE: Medium gra ined. 
COMMENTS: Chilleo margin t owards the bott om SILL . 

Uitkomst Suite B3 
rff~~~~~. ~~~~.2z~~~~~~~~r~a~in~e~o~' -----------uuritrk~o~m~sst~S~uUiitbee-l 70 

GRAIN SIZE: HeOlun graIned. COMMENTS: Chill ed margIn SILL . 
DIABASE 224,B1 -225.50 Uitkomst SUlte 62 

.lGRAIN S!ZE:Fi ne gra ineo , 

Uitkomst Suite B3 
GRAIN SIZE: Medium graIned. COMMENTS: Pyroxene oikocrySts POlk ilili ca ll y enClosing 
olivlne . 

PEGMATITE 234.94 -236 .00 Uitkomst Suite 
~""'" "~~,~,,'" '"""'~~""" "'",""". ,., "~"' ... B3 



BOREHOLE SH26 258.00 to 301.00 m Plotted 15-12-199~ Page 7 

CORE 
DEPTH 

1m) 

25 

26 

26 

26 

26 

27 

27 

27 

27 

27 

28 

28 

28 

28 

28 

29 

29 

29 

29 

29 

30 

Logged by RELOGGEO 
VERT. PROFILE ~ DESCRIPTION 

:::: (core depths) 
TOT. SULPH % n 

Scale 1:200 

(PERIDOTITE continued) Uitkomst Suite 

PAD 

TS 

SCHIST 29~.30 -298.55 Uitkomst Suite 
STRUCTURE: Sneared. ALTERA nON: Ta lc-a lterat 1 on. GRAIN SIZE: Fine gra ined . 

PP 
IP 
eg 

83 

21 



BOREHOLE SH25 301.00 to 344.00 m Plotted 15-12-1994 Page 8 

CORE 
DEPTH 

(m) 

30 

30 

30 

30 

31 

31 

31 

31 

31 

32 

32 

32 

32 

32 

33 

33 

33 

33 

33 

34 

34 

34 

Logged by RELOGGED Scale 1:200 
VERT . PROFILE ~ DESCRIPTION 

:; Icore depths) 
TOT. SULPH % n 

SHZO 

0lA8 

TS 

CIAB 

(PERIDOTI TE continued) Ui tkomst Suite 

SHEAR ZONE 301.38 -305.31 UitKomst SUlte 
STRUCTUA~Sheareo . ALTERATION: Talc-alteratIon . GRAIN SIZE: Fine gra ineo . 

.) . 0 - . UitKoms t SUlte 
GRAIN SIZE: Meoiuh gra l neo . COMMENTS: Ch il leo margIn . 

Uitkomst Su i te 
STRUCTURE: Sheareo. ALTERATION: Talc-alteration. GRAIN SIZE: FI ne gralneo . 

. -~. Uitkomst Suite 
ALTERATION:Chioritlsatlon. GRAIN SIZE: Medium gralned. COMMENTS: QUARTZ CARBONATE VEIN 
SILL. 

PP 
IP 
e9 

83 

75 

83 

40 

63 



BOREHOLE SH26 344.00 to 387 .00 m Plotted 15-12-1994 Page 9 

CORE 
DEP TH 

1m) 

34 

34 

34 

35 

35 

36 

36 

37 

37 

37 

37 

37 

38 

38 

38 

38 

Logged by RELOGGED 
VERT. PROFILE ~ DESCRIPTION 

~ (core depths ) 

Scale 1:200 

TOT. SULPH % C"l 

PP 
IP 
e9 

• 

DIAB 

15 

15 

O!AS 

(DIABASE continued) Uitkomst Suite 63 

Uitkomst Suite B3 
STRUCTURE: Sheared layered . ALTERATION: Talc-alteratIon. GAAIN SIZE: Fine grained . Cr 
%: 10- 25. MIN. TEXT: Crm maSS Ive to disselllinateo. 

SCHIST 355 .49 -360.00 
STRuCTuRE: Sheared. ALTERATION: Talc-alteratI on. 

r--_SCHIST 367 .60 -369.36 
STRUCTURE: Sheared. ALTERATION: Ta Ie-a IteratIon. 

Uitkomst Su ite 
GRAIN SIZE: Fine graineo. 

Uitkomst Suite 
GRAIN SIZE: Fi ne gra ineo . 

33 

47 

0I~~~~1b~~~r-----------------------------uUTittlk~o~m~s~t:ss~uiittee-! B3 
GRAIN SIZE: Med ium graI ned. COMMENTS: Cnll!eo margIn SILL. 



~UHtHULt !ilfi!b 387.00 to 430.00 m Plotted 15-12-1 994 Page 10 

CORE 
DEPTH 

(m) 

38 

39 

39 

39 

~o 

40 

~o 

~o 

~o 

~1 

~1 

41 

41 

~2 

42 

~2 

42 

42 

43 

Logged by RELOGGEO Scale 1:200 
VERT. PROFILE ~ DESCRIPT ION 

~ (core depths) 
TOT. SULPH % n 

PP 
IP 
eg 

DIAB 

PCR 

SHZO 

DOLE 

~ID~IrnABmA~STEnc~o~nmti~n~ue~d~)~~mr~~rnr~ _______________ U~l~t~k~o~ms~t~S~u~;t~e~83 
Uakomst suae 83 . . 

STRUCTURE: Sheared. ALTERATION: Ta l c-alteration . GRAIN SIZE: Flne grained. Cr X: 10-25. 
MIN . TEXT: Crm semi-maS51ve towards the bottom. 

SHEAR ZONE 392.40 -398.57 uakomst suae 
STRUCTURE: sneared. ALTERATION: Talc-alteration. GRAIN SIZE: Fine grainea . 

11 

Ultkomst SUlte 68 
GRAIN SIZE: Medium grained . COMMENTS: DYKE? 



BOREHOLE SHZfi 430.00 to 473.00 m Plotted 15-12-199~ Page 11 

Logged by RELOGGED Scale l' 200 
CORE 
DEPTH 

(m) 

VERT. PROFILE ~ DESCRIPTION 
~ (core dep ths ) 

TDT.SULPH % 

• • 
<138 '. • • • 
<1<1Q x: 

x 
x 

<1<12 :-

<1<14 

<1<16 

4<18 

45~ 

x 
x 
• x 
x 

x 
x 

x 
x 

x 
x 

• x 
x 
• • • x 
• x 
• • • • • 

452j> 
• • 

45~~: 

456j~ 
• • 

<158j :-
• x 
• 

46~:-
• x 

462j< 
x 

• • 
46~< 

• • 
<16a :-

• • • 
468j :-

• • 
<17Qj -: 

x 
• • 

<17": • x 
. c..: ...;" 

n 

DOLE 

alAs 

SHZO 

DlAB 

(DOLERITE continued) Uitkomst Suite 

~LAtlAol:_ H'.aa -4~~.~~ Uitkomst Suite 
STRUCTUAE:O.c.v. Velneo. GRAIN SIZE: Medium grainea. COMMENTS: Chilled margin. 

SHEAR ZONE ~54.39 - ~55.36 r ,-,~ "." .. " ... " ,,, .. ,, .. ,, ... Uitkomst Su ite 
GRAIN SIZE: Fine graineo. 

~PP 
tIP 
~eg 

68 

68 

56 

68 



~UH[HUL[ 5HZf) 473. 00 to 516,00 m Plotted 15-12-1994 Page 12 

CORE 
DEPTH 

1m} 

50 

50 

50 

50 

50 

51 

51 

51 

51 

Logged by RELOGGEO Scale 1: 200 
VERT , PROFILE §E DESCRIPTION 

::: (core Depths ) 
TOT, SULPH % n 

• 
DIAB 

XENO 

LrPXT 

LrPXT 

XENO 

LrPXT 

GAB 

GAB 

GIZ 

5HZO 

GIZ 

(OIABASE continued) UltKomst Suite 

Uitkom5t Suite 90 
GRAIN SIZE: Fine sand. COLOUR: Yellowish grey to grey. 

UitKomst Suite B3 

UitKomst Suite 50 

Ui tkomst Suite 83 

Uitkomst SUlte B3 
f

PEGMATITE 479,62 -479,65 
GRAIN SIZE:Pegmatltic . 
PEGMATITE 480,10 -4BO, 15 
GRAIN SIZE: Pegmatilic. 
PEGMATITE 480.25 -480,29 
GRAIN SIZE: Pegmatllic . 
PEGMATITE 4BO ,97 -4B1,00 
GRAIN SIZE: Pe matit1c . 

Uitkomst Suite 83 
GRAIN SIZE: Pegmatitlc. COMMENTS: Comprising feldspar amonloole. 

Uitkomst Suite 6B 
ALTERATION: Slightly altered. GRAIN SIZE: Hedium graIned . Py X: <1. MIN. TEXT: Py oleDDy. 
SULPH. "'INS .: Py . 

Uitkomst Suite 90 
GRAIN SIZE: MeOium sand. COMMENTS: With PEGMATITE Danos. 

Uitkomst Su ite 90 

rGxg~~r.n~~~rr~r-~~~~~~~----------------lUJ:int~k~oUmn,s~t:!S3tUJ:int~e,-i90 
GRAIN SIZE: Medlum graIned. COMMENTS:Comprls lng felospar ana amonlbole . TOT .5ULPH 
~: 5-10 . MIN. TEXT: Po disseminated. SULPH.MINS.: Po. 

GAgrn~~rcr,JH~~~,~--------------------------------lU~i~t~k~o~mn,s~t:!Sftu~i~t~e~90 
GRAIN SIZE: Coarse graIned . 

, -0 Malmanl Suogroup 76 
ALTERATION: Sllgntly altered . GRAIN SIZE: Flne sana . COLOUR: GreenIsh grey. 

Ma l man i SuOgroup 66 
STRUCTURE: Sneared . ALTERATIO~ Ta lc-alterat ion. GRAIN SIZE: FIne grained. MIN . TEXT:Mt 
disseminated towards tne too. BASAL SHZO. 

Black Reef Quartzite 67 
GRAIN SIZE: MeOiul'l sand. COMMENTS: With amphibole. 



BOREHOLE SH26 516.00 to 520.54 m Plotted 15-12-1994 Page 13 

Logged by RELOGGEO Scale l' 200 
CDRE VERT . PROFILE ~ DESCRIPTION ~PP 
DEPTH - (core depths) bIP -l 

1m) TDT.5ULPH % n eg 
(OUARTZITE continued) Black Reef Quartzite 67 

516. ~~~I~x~~ii~,~I~.~~,;~,lngTsuLPH x 1-5 . 
Black Reef QuartZIte 68 

Ff'F MIN. TEXT: Po dlsseminated . SULPH ,MINS .: Po . 

~~I~l ~~zn~~;~e ~~;~~e~4 Nelshoogte Granite 83 
51a • , GRAN 

• 
52<t • , 



GEOLOGICAL LOG 

SH27 
PROJECT 

EXPLORATION COMPANY 

FARM 

DRILLING COMMENCED 

DRILLING COMPLETED 

LOGGED BY 

DRI LLED BY 

INCLINA TION: 

BEARING: 

X CONSTANT 

X COLLAR COORD.: 

Y COLLAR COORD.: 

ELEVATION (A.M.S.L.) IN METERS: 

FINAL DEPTH (m): 

No WEDGES: 

SLAAIHOEK 

ANGLO VAAL 

SLAAIHOEK 540 JT 

Phase One 

Relogged 2 

-90 

o 
2800000 

45058.82 

40899.43 

1481.04 

502.55 

o 



BOREHOLE SH21 0.00 to 43. 00 m Pl ott ed 15-02-1995 Page 1 

Logged oy Re l agged 2 Sca le 1:200 
CORE VERT. PROFILE ~ DESCRIPTION ~PP 
DEPTH - (core depths) ~,I P --< 

1m) TOT . SULPH % n eg 

Q:% 
~~lIN SIZE: P'~b ~~. -4j. UU 

Ui l ko ms t Suite .. 
2 

o · ·0 · . 
. ~'; 

4 
o · 
' CI"~ 

0';' .. 
6 

o · 
·0 .. 

o · ·0 .. 
a 

0';' 
o . 
0.'; .. 

1Q 
o · ·0 .. 
0';' 
o . 

12 
0';' .. 
o · 
· ·0 o . 
o · 

14 oP 
o · 
' ,,.~ 

16; P';' o . 

. o.~ o . 

la 
0';' 
o . 
o · 
· ·0 · . 

2Q 
:p.; .. 
P';' · . o · avs 

22 . ,, '~ 

0 
' ''~ 

24 
0';' 
o . 
p~ o . 

26 
:p.; 
o . 
o · 
' ,,~ 

28 
P';' o . 

P'; o . 

3Q 
P';' o . 
. Q~ 
o . 

32j 
P';' 
o · o · 
',i9 

34j 
:p~ 
0 
O · 
',.9 

36; 
P';' o . 
. o.~ o . 
o · 

3a 
· ·0 o . 

P';' 
o · o · 

4Q 'liP 
O · 
'0"9 
O · 

~2: 0
0 

4 c> 
· ·0 

P>-



~UHtHULt :;7fi!! 43.00 to 86 .00 m Plotted 15-02-1995 Page 2 

CORE 
DEPTH 

(m) 

Logged by Relogged 2 Scale 1: 200 
VERT . PROFILE ~ DESCRIPTION 

::: (core depths) 
TOT.5ULPH % n 

APP 
DIP 
aeg 

UPXT 

UPXT 

UPXT 

erp 20mrn 

UPX T 

upxr 

upxr 

r n_uAcNlIt 4:J.UU -4/ . jU Uitkomst SUite 
ALTEAAT ION:Htgnly ~eatnered . GRAIN SIZE: Coarse gralned. COLOUA:Greyisn green to 
brown . 

pYR.0X~~J.!E 47.30 -54.23. Uitkomst Suite 75 
GRAIN SIZE: Medium grained. COLOUA: Brownish grey. MAGNETISM: Non-susceptaOle. 
SCRATCH: Ha rd . 

NUAcNllt 54.23 -63.35 Uitkomst SUIte 75 
GRAIN SIZE: Heoium graIned. COLOUR: Grey i sh green. MAGNETISM: Non-susceptaO le. rOT .5ULPH 
X: 1- 5 . MIN. TEXT: Oissemlnateo . SCRATCH: Haro . SULPH.HINS. : Po. 

~iHUXtNl ) t bj"7.J::n~ Uitkomst Suite 75 
GRAIN SIZE: Medium gralned. COLOUR: GreYISh green . MAGNETISM: Non-susceptaole . 
SCRATCH: Hard . 

'~iH_UXtNl l t 74:J!f =7'JllT . Uitkomst SUIte 75 
ALTERATION: SerpentInlseo. GRAIN SIZE: Medium graI ned. COLOUR: GreYISh green. 
MAGNETISM: Non-susceptaole . COMMENTS: Feldspar . SCRATCH: HarO . 

~YHUXtNl l t 75111 -~td~ Uitkomst Suite 75 
GRAIN SIZE: Med Ium gra Ineo. COLOUR: GreYIsh green. MAGNETISM; Non-susceptao le . i OT . SULPH 
X: <1. MIN.7EXi:Disseml nated. SCRATCH; Hard. SULPH.MINS. : ?o co . 



BOREHOLE SH21 86.00 to 

CORE 
DEPTH 

1m) 

Logged by Relogged 2 
VERT. PROFILE ~ DESCRIPTION 

~ (core depths ) 
TOT. SULPH % n 

129 .00 m 

a 0 

SEt 00 

00 

(PYROXENITE cont inued) 

9Q
o

O 

92 pO 
o 

9'·P' j'l; pO 
96. pO 

UPXT 

Plotted 15-02-1995 Page 3 
Scale 1: 200 

Ui tko mst Suite 

t" pp 
~IP 
~eg 

75 

3;:,--;:qOJ-------l' erp t Omm 

98"3°~-....;gj.. _____ -l'erp 19mm 
~· '~~;~~X~~~J[T~~g~6.mrg87-nm! 09'.9~5----------------------~U~it~k~o~ms~t~S~ul~t~e~ 75 
ALTERATION: Serpentinlsed . GRAIN SIZE: Medium grained . COLOUA; Gr ev ish green to dark 
green . MAGNE TISM: Non-SU5ceptaole . SCAATCH:Hard . p-

10 0 ~O ....-_SHEAR ZONE 105.34 - 106.00 Uitkomst Suite 
LJ STRUCTURE: Veined a.c .v .ALTERATION: Ta l c-alteration. GRAIN SIZE: Fi ne 

, ~h8-0!l-____ ...:U::.P::.X.:jsT ern 19mm grained . COLOUR: LI ght grey . MAGNETiSM: Non - Su5cep taDle. SCRATCH; Medium . 
10" " >-_ PERIDOTITE 106.00 -108.26 UitKomst SUi te 

JL (] ALTERATION: Talc -alteration . GRA IN SIZE: Fine grained . COLOUA:Greyis h 
~hD.-Q.-_____ ~erp 29mm green to llgnt green . MAGNE TISM: Non-susceptaole. SCRATCH: Medium. 

10 
-..; serp 279mnl-__ SHEAR ZONE 108.90 -109 .82 Uitkomst Suite 
~ ALTERATION: Talc-alterat ion . GRAIN SIZE: Fine grained. COLOUA:L lght grey. 
fL-J,.....; MAGNETISM: Non-5U5ceptab l e SCRATCH: Med ium. 
~Ol ______ ~serp 169m 

106. Et SHZO 

~g 
a 

lOa :1 
l1Q ~..: 

r-.::: 

1 1~ n 
114 ,,~ 

a 
a 

11 6 g 
~g 
~c 

118 ~~ 
~c 

12Q U 
122 U 

a 
a 

124 g 
a 
a 

126 ,,~ 
a 
Q 

128 d 

UPXT 

SHZO 

IS 

PRO 

rSCH I5T 109.95 -111.24 Uitkomst Suite 
STRUCTURE: Sheared. AL TERATION: Serpentinlsed talc-a l teratlon. GRAIN SIZE: Fine gralned. 

) CaLOUR: Grey. MAGNEHSM:Ncn-susceo tao Ie . SCRATCH: SO It . 

PERIOOTlTE 111.24 -2BB .20 Uitkomst Suite 
~LTEAATION: Serpent lnlsed. SRAI N SI ZE: MedIum gralneo . COLCUA:GreYlsn green to carK 
green . MAGNETISM: Susceptac Ie. Cr %: <t . MIN. TeXT: Stnngers. SCR ATCH: Hard. 

60 

75 

55 

60 

75 



BOREHOLE SH27 129.00 to 172.00 m Plotted 15-02-1995 Page 4 

Log ged by Relogged 2 Scale 1: 200 
CORE VERT. PROFILE §E DESCRIPTION ~PP 

. DEP TH ~ (core depths) IP 
1m) TO T.5ULPH % 

" e9 

13Q(I1 
(PER IDOT ITE continued) Uitkamst Suite 75 

eg 

1 321~ 
a 
a 

134. 
a 
a 
a 

eg 
136; 

a 
a 
a 
D 
D 

138; 
D 

U 14Q 

H 
crfll 50mm 

142 

U 144. 

II 146: 
~g 

14a U a 
a 

15<1 
a 
a 
D PAa 

II 15i 

154. n 
156 ~g II 15S 

n 16<1 , 
~? I 

II 16i 

D 

16{ D 
D 
a 
D 

16~ II 16aj ~~ D 
D 

17~ 
D 
D 
a 
D 
D 

17i~ 



, 
I 

BOREHOLE 51121 172.00 to 215.00 m Plotted 15-02-1995 Page 5 

Logged by Relogged 2 Sca le 1: 200 
CORE VERT. PROFILE 
DEPTH 

(ml TOT. SULPH % 

17 ~ 

ml~ 
176 t-:...:: 

t~ 

~ DESCRIPTION 
~ (core de pths) 
n 

PAD 

TS 

(PERIDOTITE continued) Uitkomst Suite 
r-__ SCHIST 175.23 -177.76 Uitkomst SUIte 

ALTEAATION:Talc-alteration . GRAIN SIZE: Fine grained. COLOUR: Grey . 
MAGNETISM: Non-susceptable. SCRATCH: Medium. 

17",r::"': ta,.."f--------f'rm iOOmm 
~c: 
~D 

D 

18aj D 
D 
D 
D 
D 

182 
D 
D 
D 
D 
D 

184 
D 
a 
a 
D 
a 
a 

186. D 

n 18a 
D 
a 
D 

190.: D 
D 

i~ 19~ 

194 I! 

196 I 
19a h 
20aj ~g 

II 20~ 

II 204.' 

~~ 
206.' 

a 
a 
a 
a 
a 

20aj 
D 
D 
a 
a 
a 

21aj 
D 

!!~ a 
a 
a 

21~ a 
a 
D 
a 
D 

214j ~~ ~ 

n
PP 

uI P 
eg 

75 
55 



tJUHtMULt :xtC1 21:1.UU to 2JtJ.UU m Plotted 15-02-1995 Page 6 

CORE 
DEPTH 

(ml 

Logged by Relogged 2 Scale 1: 200 
VERT. PROFILE DESCRIPTION 

(core depths) 
TOT .SULPH % 

in Ultkomst Suite 75 

r--~iL~~/,~~~" 6.45 -219.30 75 Veined Q.c .v .ALTEAATION:Chloritisation. GRAIN SIZE: Mealum 
grit ined. COLOUR: Grey i sn green. MAGNETISM: Non-susceptao I e. 
COMMENTS: Chilled margin, sill. SCRATCH: Hard. 

3!!-!~ ____ .....,crm 50mm 



~UHtHULt SIIl/ 258.00 to 

CORE 
DEPTH 

1m) 

Logged by Relogged 2 
VERT . PROFILE ~ DESCRIPTION 

::: (core depths) 
TDT.SULPH % 

301.00 m 

(PERIDOTITE continued) 

PAa 

Plotted 15-02-1995 Page 7 
Scale 1: 200 

Uitkomst Suite 

PP 
JIP 
eg 

75 

~I"iJ;Jr!: ~!1'r~nN~ rc~sct~r-'ZE"c:Jr~M~Jr •• O~· f:l1,~rm-:~:'l~ri1]~a'lc, n.-,o.il1.ur. -C-O-LO-U-A-: -Gr-.-y-,,-n-gr-.-.-n-, -M-A-GN-E-r-r-SM-:-N-on---s-us-c-,-p-ta-O-j-, -. -----1 75 
CQMMENTS;Chillea margIn, 5111. SCRATCH: Haro. 

• • 
DTAB 

'~~rI~U~iiEI:~e~~~m·~~a;~e~~·~gLOUA: Greyish green t o dark green. MAGNEUT~~~~~;c~p;a~1;~ 
29;J x.x COMMENTS:Poikilitic texture. rOT.5ULPH %: \-5. MIN. TEXl:Disseminatea. SCRATCH: Haro. 

-- SULPH.MINS.: Po. 
~ 
'l!~~~-------1Q. c . v. 250mm 

PAO 

75 

294 ~g~ 
~~~ 

296 ~o 
• • • 

yl"id;Jr!::!1'r~nN.Arc~sct~rC"zt'l:ll~M.~",d-· 4 i;!]UUrm-:~:'l~r!7l~a!7lU'nC~:.UIl'.}l', -C-O-LO-U-A-: -Gr-'-Y-i S-n-g-r.-.-n-, -M-A-G-NE-r-r-SM-:-N-on---s-us-c-.-p-ta-O-j-,-, -----1 75 
COMMENTS: Chi Iled marg lns, 51 J 1. SCRATCH: Hare. 

298 .: 
• • 

30o.j~ 
~ 

DIAB 

PAD 
~~~r~u~iN~.~~~m ~~a ~;e~c' g~LauA Gr •• nish gr.y, 
COMMENTS:PoikilitiC texture. SCRAfCH: Hard. 

Uitkomst SUlte 
MAGNET ISM: ,'>/on-susceptaD Ie . 

75 



uunLi lULL VUC" .JV 1. VV LV J'"t'i . VV III 

CORE 
DEPTH 

(m) 

30 

30 

30 

30 

31 

31 

31 

31 

31 

32 

32 

32 

32 

33 

33 

Logged by Relogged 2 Scale 1: 200 
VERT. PROFILE §i: OESCRIPTION PP 

IP 
eg TOT.SULPH % 

~ (core depths) 
n 

PAD 

TS 

TS 

SHZO 

PAD 

(PERIDOTITE continued) Uitkamst Suite 75 

70 
ALTERATION: Talc-a l teration. 

.. Ultkomst SUlte 70 
STRUCTURE: Veined. GRAIN SIZE: Fine grained. COLOUR: BlacK. MAGNETISM: Non-susceptaole. 
Cr %: >50. MIN. TEXT: Masslve . SCRATCH: Medium. 

Uitkamst Su 1 te 
ALTERATION: falc-alteration. GRAIN SIZE: Medium grained. COLOUR: Grey. 
MAGNETISM: Non-suscePtaole. Cr X: 1-5. TOT.SULPH X: 1-5. ~IN.TEXT:Dissemlnateo. 
SCRA TCH: So ft. SULPH .. ,",INS. : Po. 

~_MASSIVE CHROMITITE 328.60 -328.84 Ultkamst Suite 
ALTERATION: Talc-alteration . GRAIN SIZE: Fine gralned. COLOUR: Black. 
MAGNET!SM: Non-susceotab Ie . Cr %: >50 . MI N . TEXT: ""ass ive. SCRATCH: Mec ium. 

~_SHEAR ZONE 329.14 -331.14 Uitkamst Suite 
STRUCTURE: VeIned. ALTERATION: Talc-alteratlon. GRAIN SIZE: Fi ne gralneo. 
COLOUR: Grey and ,mite. MAGNETISM: Non-su5ceptatlle . SCRATCH: Soft. 

70 

70 

50 

Ultkamst Suite 75 
reen. MAGNETISM: Susceotable. SCRATCH: Hard. 

Uit kamst Suite 75 
ALTERA nON: Talc-alterat Ion. GRAIN SIZE: Medium gra i ned. COLOUR: Grey . 
MAGNETISM: Non- susceptatlle. TOT .SULPH %: 1-5. MIN. TEXT: DissemInated. SCRATCH: Soft. 
SULPH.MINS.: Co. 
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DUH[nULC Jfrl j44.UU to j tJ / . UU m Plotted 15-02-1995 Pag e 9 

Logge d by Re logge d 2 Sca le 1:200 
CORE 
DEPTH 

(m) 

VERT. PROFILE ~ OESCRIPTION 
~ (core de p ths) 

TOT.SULPH % n 

APP 
DIP 
e9 

34" 
::::~~ 
~::-~ 

346: ::::::: 
~::-~ 
~::-~ 

348 ::::::: 
::::::: 

35Q ::::::: 
~::-~ 
~::--

35;:> -:::-

TS 

• • • 
354 • • • • DIAB 

• 
356: • • • • 
358 ~ 0 

0 
0 
0 PAO 

360 
0 
0 

li~ 
362: DO 

DO 
DO 
DO 
DO 

364 DO rg 
DO 

366: 
DO 
DO 
Do 
DO 
DC 
DO 

36a DO 
DO 
DO 

PAO 

37Q rg 
DO 
DO 
DC 
DO 

1"0 37" 
DO 
DO 
DO 
DO 

~DD 

374 ~gg 

Igg 
DO 

37E 
CD 
bT 

~ • • DIAB 
37F • 

IgD DO 

38C 
DO 
~D 

PAO 

• • • 
382 • • • OlAB 

• • 
384 ~_ 

38E U PAO 
:;;,l~ ____ _ ~O 49t11m 

(SCHIST continued) Uitk omst Suite 75 

~.Itl -j'J/.~/ 
GRAIN SIZE: MeOium gralned. COLOUR: Greyish green . MAGNETrSM:Non - susceptaole. 
COMMENTS: Chilled margIn, multiple intrUSIon. sill. SCRATCH: HarCl. 

75 

cL,,_'y~!JT~T2T ~ .. Uitkomst Su i te 75 
ALTERATION: Talc alteratIon . GRAIN SIZE: MeDIum gralneo . COLOUR: Greyisn green. 
MAGNETISM: Non-Su5cePtaole. SCRATCH: Me Cl ium. 

PERIDOTITE 360 .72 -375 .47 Uitk omst SUIte 
AL TERATION:Serpentinlseo . GRAIN SIZE: HeCl lum gralneCl. COLOUR: Dark green. 
HAGNETISH:5uscePtaOle. TOT.SULPH %: 1- 5. MIN.TEXT:Oissemlnated. 
SCRATCH: Ha r~. SULPH.MINS.: Po . 

75 

_ 37672- ~J7!l.O'5 Uitkoms t Su 1 te 50 
STRUCTURE: Veined o.~.v.ALTERATION: Chlor ltisation . GRAIN SI ZE: ~ed 1 um graIned . 
COLOUR: Grev . 104AGNETISM: .~on 5usceptaO le . COMMENTS: Dvke (?J . SCRATCH: Hard. 

JIl l!: 378.05 -380.20 Uitkomst Su i te 75 
ALTEAATION:SerpentIn lse~ . GR AIN SIZE: Medium gra ineo. COLOUR: Dark gre en. 
MAGNETISM:SusCeptaole. TOT.5ULPH X: 1-5 . MIN. i EXT: DIssemInated. SCRATCH: Hard. 
SULPH . MINS. : Po . 

_}80.20 C384.30 Uitkomst SUIte 78 
GRAIN SIZE: MeDium gra Ined. COLOUR: Greyish green . MAGNETISM: Non-susceptable. 
COMMENTS: Chi lleo maro]ns, sIll . SCRATCH: HarD. 

Ilit jtl4 . jU -jtl4. / tl _ Uitkomst SUIte 75 
GRAIN SIZE;Mediu~ graIned . COLOUR: Dark grey. MAGNE t ISM: Susceotable. TOT . SULPH X: <1. 
MIN .TEXT: OisseminatetJ to blebby . SCRATCH: Hard. SULPH .MINS. : Po. 

JlIT E 384.76 -391.00 Uitk oms t Suite 75 
AL TERATION: Ta Ie - al tera t Ion. GRAIN SIZE: Meo ium gra ined . COLOUR: Dark grey. 
MAGNETISM:Susceptaole. SCAArC~Har o . 



tlUHtHULt j~1 J~/ . OO to 430.00 m Plotted 15-02-1995 Page 10 

CORE 
DEPTH 

Iml 

38 

39 

39 

39 

39 

39 

40 

40 

40 

40 

40 

41 

41 

41 

41 

42 

42 

42 

Logged by Relogged 2 Scale 1:200 
VERT. PROFILE ~ DESCRIP TION PP 

IP 
eg TOT.SULPH % 

::; (core dep t hsl 
n 

PRO 

PRO 

arAB 

PRO 

LrPAO 

LrPRO 

LrPRD 

LrPRO 

(PERIDOTITE continued) Uitkamst Suite 75 

Uitkams t Su 1 te 80 
GRAIN SIZE: MeOium grained. COLOU~DarK grey. MAGNETI SM: Susceptac l e . Cr X: 5-1 0 . 
MIN . TEXT: Stringers. SCRATCH: Hard . 

~~Eo.~~n=~~~ __ ~~~ __ --------145 
STRUCTURE: Veined a.c.v.AL TERATIO~Ch lo r itisat ion . GRAI N SIZE: ~eO i UB gra Ined. 
COLOUR: Grey ano whIte . MAGNETISM: Non-susceptaole . COMMENTS: ChilleO margins , sill (?). 
SeRA TCH: Hard . 

. Uj tkamst Su ite 75 
ALTEAATION:Serpentlnlseo. GRAIN SIZE: Medium graineo . COLOUR: Grey i sn green to oark 
green. MAGNETIS*.Susceotaole. Cr %: <1. TOT.5ULPH X: <1. MIN. TEXT: DisseminateO . 
SCRATCH: Hara. SULPH.MINS.: Po. 

Ujtkamst SUlte 75 
GRAIN SIZE: Ccarse gralneo. COLOUR: DarK grey. 
%: 1-5 . TOT . SULPH l:<l . .'~I N .TEXT:Olssem l nated. SCRATCH: HarO. 

Uitkamst SUlte 75 
COLOUR: Greenish grey . !o4AGNETISM: ~on-susc:eptaO le . Py %: <1. 

Clusters . SCAATCH:Haro. SlJLPH.,"IINS .:Po cpo 

UjtKamst SUlte 75 
ALTERATION:Serpentlnl sea. GRAIN SI ZE: Medium gralneo. COLOUR: Dark green. 
MAGNETISM:SusceptaOle . Cr X: 1-5. TOT . SULPH %; 1-5. SCRATCH: Haro . SULPH.MINS.:Po cp o 

UjtKomst SUlte 75 
GRAIN SIZE: Meoium graIned. COLOUR: Grey . MAGNEi!SM:Non-susceotaole . Cr %;5-10. 
TOT .SULPH %: 5-1 0. MIN . TEXT: Str inger ana clusters. SCRATCH: Hard . SULPH .MINS .: Po. 
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CORE 
DEPTH 

(m) 

44 

44 

44 

45 

45 

45 

45 

45 

46 

46 

46 

46 

46 

47 

47 

Logged by Relogged 2 Scale 1:200 
VERT. PROFILE §i'DESCRIPTION 

~ (core dep ths) 
TOT. SULPH % n 

PP 
IP 
e9 

LrPRO 

PCR 

DIAB 

(PYROXENITE continued) Uitkomst Su i te 75 

Uitkomst Suite 75 
ALTERATION: fale-alteratlon . GRAIN SIZE: Meoium gra i ned. COLOUR: Greyish green to oarK 
green . MAGNETISM: Non-susceptao le. Cr X: 1-5. 'OT. SULPH ~ : 1-5. !olIN. TEXT: 5tr ingers ana 
clusters. SCAATCH:Hard. SULPH.MINS.: Po . 

. . Ui tkomst SUl te 75 
GRAIN SIZE: Meatum gralned. COLOUR: Grey and black . MAGNETISM: Non - SU5ceptaOle. Cr 
X: 1-5 . TOT.SULPH~: 1-5. MIN. TEXT: Stringers and clusters . SCAATCH:Medium. 
SULPH.MINS.: Po cp o 

DIABASE 462.30 -482. 58 Uitkomst Suite 
GRAIN SIZE: MeOlum grained. COLOUR: Greyisn green. 
MAGNETISM: Non-susceptatJ l e . COMMEN TS: Ch i 11 eo marg Ins, 5 ill. 
SCRATCH: Hard. 

65 



BOREHOLE SH27 473.00 to 516 .00 m Plotted 15-02-1995 Page 12 

Logged by Relogged 2 Scale 1:200 
CORE 
DEPTH 

(m) 

VERT. PROFILE ~ OESCRIPTION 
~ (core depths) 

TOT. SULPH % n 

,..--
474 .x 

x 
x 

x 

47~ :. 
x 

x 

x 
• 

480 .: 
• x 

482 :­

~-
484 ;=~ 

"'0 
o ~ 

48";:-~ 
ou; '" 0 

o ~ 
"'0 

488; ~ -;-
o ~ 
",0 

49Q ~ :: 
"'0 
o ~ 

492.;:- .: 

DrAB 

(CHROMITITIC PYROXENITE continued) 
(DIABASE 462.3 - 482 . 5B cant inued) Uitkoms t Su ite 

r--_SHEAR ZONE 4B3.19 -483.61 Uitkomst Suite 
STRUCTURE: Velned. ALTERATION: Talc alteratIon. GRAIN SIZE: Fine gra1neo. 
COLOUR: BlacK "ml wnlte . MAGNETISM: Non-susceptatlle . Cr X: 10-25. 
MIN . TEXT: SemI-massive . SCRATCH: HeOiu~ . 

PP 
DIP 
eg 

65 
80 

[J-
494 o~ 

o 
496 P 

~mm][~n:t.~4~cr. .. 44<r4~-4rng~~~.~!-----------------------UUltIt~k~om,mS5tt;SSu~,~tie~78 
GRAIN SIZE: ~eaiu~ gralned . . COLOUR: Lignt green . ~AGNETISM: Non-su5ceptable . 
SCRATCH: Hara. 

0
0 

498.p~ 

50lt 

502j 
x 

x 
• 

504j< 
x 

x 
• 

50Ei • x 
x 

x x 
50~:x 

x 
x 

x 

51W· x x 
• 

512-: 
• x 
• 

514. • x 
x 

• • 
51Ei~ 

LrPXT 

XEND 

orAB 

Uitkomst SUIte 78 
COLOUR: Grey. 

.j~c . Uj -~cb.b~. Uitkomst SUIte 80 
STRUCIURE:Velnea q.c.v.ALTERATION:Cn l or i tisat ton . GRAIN SIZE: ."1eOiuli graineo . 
COLOUR:GreY 1 S~ green . ~AGNETISM:NQn-SUsCePtaD le. COMMENTS; Chlllea margins. · 5111. 
SeRA. TCH: HarC . 
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CORE 
DEPTH 

(m) 

51 

51 

52 

52 

52 

52 

52 

53 

53 

53 

53 

53 

54 

54 

54 

54 

54 

55 

55 

55 

55 

55 

Logged by Relogged 2 Scale 1: 200 
VERT. PROFILE ~ DESCR IPTION PP 

IP 
eg TDT.SULPH % 

::: (core dep ths) 
n 

DlAB 

SHZO 

XE NQ 

XENO 

QTZ 

OOlM 

DrAB 

(DIABASE continued) Uitkomst Su ite 80 

UitKomst Suite 60 
GRAIN s rZE:F lne gra ine~. COLOUR: Grey. 

Ui tKomst SUite 85 

UitKomst Suite 80 
TOT . SULPH %:< 1 . 

Suite 80 

SUlte BO 

UitKomst SUl te BO 
"~AGNETISM: Su sce taa l e . SCRATCH: l-4eoium . 

UitKomst SUlte 80 
~AGNETI SM: Non-5usceotaO l e . SCRATCH: Hara . 

. Uitkomst SUlte 80 
SCRATCH: Hard . 

DOLOMITE 533.90 -534.15 Uitkomst Suite 80 
1~'" .'<c" ' •• , ""." '~O~~""" "., ·."··.·~.~ •• ~o,'. ,, 

GRAI N SIZE: Fine gra ined. COLOUR: llgnt grey . . \4AGNE TISM: Non-5U5ceotao Ie. 
SCRATCH: Hard . 
DOLOMITE 536.14 -536 .30 UitKomst Suite 80 
GRAIN SIZE: Flne graineo. COLOUA: Llgnt grey . ""AGNETISM: Non-susceptatlle. 
SCRA TCH: Hare!. 

. -~ . M 
GRAIN SIZE: Fine sand. COLOUR: Li ht re 

GRAIN SIZE: Meoium graIned. COLOUR: Grey ana wnlle. MAGNETISM: Non -su5cePtaO le. 
COMMEN TS: Ch il led ma rg lns, slll . SCAATCH:Haro . 

80 

80 
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CORE 
DEPTH 

1m) 

56 

56 

56 

56 

56 

57 

57 

57 

57 

57 

58 

58 

58 

58 

58 

60 

60 

Logged by Relogged 2 Scale 1: 200 
VERT. PROFILE ~ DESCRIPTION 

~ (ca re depths) 
TOT. SULPH % n 

PP 
IP 
eg 

aIAB 

LrPXT 

COLM 

GAB 

GAB 

GAB 

oaLM 

QTZ 

DOLE 

OOLH 

QTZ 

QTZ 

XENO 

GR AN 

(DIABASE continued) 80 

Uitkomst Suite BO 
green to greYIsh green. 

fOT.SULPH %:<1 . 

nr,~mu~xr71~ffig~r------------------------------uurittJk"o~m",s~t~Sku~,~tBe-lBO 
COLOUA:Green i sh grey . MAGNETIS~Nan-suscePtable. 

~~~~~~~rn-~----------------------------~M7a'l=ma=n~i'S~U~b~g~r~O~u~p~80 
COLOUR: Yellowish grey. HAGNETISM:Non-susceptaOle. 

~ffi#rrrsn~~~r;rJr------------------------------UU~ittkk~om~s~tt'S~uJ:l~t~e;-i80 
GRAIN SIZE: MeOium gralneo. COLOUA;Grey ana wnite. HAGNETISH:Non-susceptaole . 
TOT .SULPH X: 5-10. HIN .TEXT:Oisseminated . SCRATCH: Haro. SULPH.M[NS.:Po. 

~~~~rr~~~-rn~----------------------------~U'it~k~o~m~s~t~S'u~i~t~e~80 
GRAIN SIZ~Heoium grained . COLOUA:Grey ana ~nite. MAGNETISM: Non-susceptaOle. 
SCRATCH: Hard. 

75 
grey. MAGNETISM: Non-susceptable . 

SUIte 78 

Subgroup 78 

Malmani Subgroup 78 
nt re ~AGNETtSM:Non-suseeotable . SCRATCH: Haro. 

Ma lman i Suogroup 78 
MAGNETIsN: Non-sU5ceotaoie. SCRATCH: Hard . 

:J . -:J . Malmani Suogroup 75 
GRAIN SIZE: Fine sand. COLOUR: Yellowlsh re MAGNETISM: Non-suseeotaDle . SCRATCH: Ha ro . 

~ . Ma 1 man i Suogroup 75 
STRUCTURE: Laminated. AL TERA nON: Si 1 ie i f teo . GRAIN SIZE; Aonan"i t i e . COLOUR: Light grey . 
MAGNETISM: Non-5u5eeotaoie. SCRATCH: Hard . 

. -:J . Malman i Subgroup 75 
STAUCTURE:8recciated. GRAIN SIZE: Fine sanD. COLOUA:Whlte. ~AGNETrSM;Non-suscePtaOle . 
SCRATCH: HarD . 

:J. Ma lman i Subgroup 70 
ALTERATION: -:-aic -alterat lon. GRAIN SIZE: Apl1anit i c. COLOuR: WhIte. 

~ MAGNETISM: Non-susceotaole. SCRATCH: Hard. 
SHEAR ZONE 588.58 -589.17 Malmani Suogr.oup 55 
STRUCTURE: Ve Inee . AUEAA nON: Ta Ie-a i teratl on . GRAIN SIZE: Med ium 
graineo . COLOUR: OarK grey and wnite . MAGNETISM: Non-suseeptaD ie . 
COMMENTS:9asal She ar . SCRATCH: MeDIum. 

~ -:1 Black Reef Guartll te 75 
GRAIN SIZE: Meoium sanO. COLOUR: Light green. MAGNET ISM: Non -suscep taDie . . SCRATCH: Hard. 

Nelshoogte Granlte 
GRAIN SIZE: Coarse graIned. COLOUR: Greyish Drown . MAGNETISM: Non-susceptaOle . 
SCRATCH: Hard. 

Nelshoogte Granite 
GAAIN SIZE: Coarse gralned. COLOUR: Black and White. HAGNETISH:Non-susceptaole. 
SCRATCH: Haro. 
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Logged by Relogged 2 Scale l ' 200 
CORE VER T. PROF! LE §E DESCRIPTION PP 
DEPTH ::: (care depths) DIP 

1m) TOT . SULPH % 
<l eg 

60~ (GRANITE continued) Nelshaagte Granite 



Appendix C 

Electron Microprobe Analyses 



Analysis 1# 

Section 

Depth 

Label 

510, 
Tlo, 
A~o, 

FeD 

Cr.,O, 

MnO 
NIO 

MgO 
CaD 
Na20 

.,0 
Total 

153 

10-9 

409.40 

OPX IC 

51.09 

0.39 

2.31 

25.79 

0.12 

0.37 
0.04 

17.35 

2.1' 
0.05 

0 .01 

99.64 

154 

10 - 9 

409.40 

OPX IR 

50.12 
0.35 

1.26 

29.01 

0.02 

0 .58 
0.04 

15.62 

2.25 
0.05 

0.00 

99.31 

Cations based on 6 oxygens 

Si 1.9513 1.9585 

TI 

AI 
Fe' • 
C, 
Mn 
Ni 
Mg 
Ca 
Na 

• 
Mg# 
En content 

Fs content 

Wo content 

0.0113 

0.1038 
0.8237 

0.0036 

0.0121 

0.0014 
0.9879 

0.0863 

0.0040 

0.0007 

0.55 

51.72 

43.76 

4.52 

0.0102 

0.0581 
0.9478 

0 .0008 
0.0193 

0.0011 
0.9099 

0.0942 

0.0040 

0.0000 

0.49 

46.16 

49.06 

4.78 

155 

10-9 

409.40 

OPX 2C 

49.96 
0.27 

0.65 

30.21 

0.02 

0.53 
0.02 

15.60 

1.56 
0.00 

0,01 

99.02 

1.9656 

0.0081 

0.0393 
0.9940 

0.0005 

0.0175 

0.0005 
0.9150 

0.0656 

0.0000 

0.0006 

0 .48 

45.93 

50.78 

3.29 

156 

10 - 9 

409.40 

OPX 2R 

49.87 
0.27 

0.72 

30.15 

0.02 

0.55 
0.00 

15.66 

1.53 
0.03 

0.01 

98.81 

1.9667 

0.0081 

0.0334 
0.9941 

0.0008 

0.0185 

0.0000 
0 .9207 

0.0645 

0.0020 

0.0007 

0.48 

46.09 

50.68 

3.23 

158 

10-9 

409.40 

OPX 3C 

53.90 
0.14 

0.55 

16.39 

0.00 

0.30 
0.00 

26.31 

1.23 
0.03 

0.02 

98.86 

1.9778 

0.0037 

0.0236 
0.5028 

0.0001 

0.0094 

0.0001 
1.4393 

0.0483 

0.0020 

0.0009 

0.74 

71.97 

25.61 

2.42 

159 

10 - 9 

409.40 

OPX4C 

50.2 1 
0.31 

1. 70 

28.74 

0.04 

0.48 

0.03 

16.85 

2.30 
0.07 

0.00 

100.73 

1.9304 

0.0091 

0.0770 

0.9239 

0.0012 

0.0158 

0.0010 
0.9659 

0.0946 

0.0054 

0.0001 

0.51 

48.29 

46.98 

4.73 

160 

10- 9 

409.40 

OPX4R 

SO.21 
0.30 

1.26 

28.73 

0 .00 

0.54 
0.03 

16.86 

2.11 
0.12 

0.03 

100.20 

1.9416 
0.0087 

0.0582 
0.9289 

0.0000 

0.0178 

0.0009 
0.9720 

0.0674 

0.0069 

0.0015 

0.51 

48.45 

47.19 

4.35 

161 

10 - 9 

409.40 

OPX 5C 

49.94 
0.21 

0.65 

29.61 

0.00 

0.51 

0.04 

16.11 

1. 74 
0.00 

0.00 

96.81 

1.9657 

0 .0061 

0.0301 
0.9746 

0.0000 

0.0171 

0.001 2 
0.9453 

0.0732 

0.0000 

0.0000 

0.49 

47.02 

49.33 

3.64 

162 

10 - 9 

409.40 

OPX SR 

49.91 
0.25 

0.57 

29.73 

0.02 

0.55 
0.02 

16.02 

1.67 
0.00 

0.00 

98.94 

1.9643 
0.0074 

0.0265 
0.9783 

0.0006 

0.0185 

0.0005 

0.9400 

0.0788 

0.0000 

0.0000 

0.49 
46.63 

49.45 

3.91 

163 

10-9 

409.40 

OPX6C 

52,41 

0.15 

0.61 

21.35 

0.00 

0.37 
0.02 

23.10 

1.SO 
0.03 

0.01 

99.56 

1.9606 
0.0041 

0.0271 
0.6679 

0.0000 
0.0117 

0.0007 

1.2882 

0.0601 

0.0023 

0.0005 

0.66 

63 .52 

33.51 

2.96 

164 

10 - 9 

409.40 

OPX lC 

53.31 
0.28 

1.88 

18.34 

0.07 

0.28 
0.05 

23.66 
2.21 
0.08 

0.01 

100.16 

1.9531 
0.0077 

0.0813 
0.5618 

0.0020 

0.0085 

0.0015 
1.2919 

0.0866 

0.0059 

0.0005 

0.70 

66.29 

29.26 

4.44 

Table Col Electron microprobe analyses of orthopyroxenes from borehole SH 10. 

165 

10 - 9 

409.40 

OPX lR 

53.12 
0.25 

1.86 

18.98 

0.09 

0.32 
0.08 

23.12 

2.18 
0.11 

0.00 

100.10 

1.9539 

0.0070 

0.0805 
0.5836 

0.0027 

0.0098 

0.0022 

1.2676 

0.0860 

0 .0081 

0.0000 

0 .68 

65.10 

30.48 

4.42 

166 

10 -9 

409.40 

OPXBC 

49.74 
0.23 

0.63 

30.29. 

0.01 

0.52 
0.02 

16.54 

1.86 
0.01 

0.00 

99.84 

1.9457 

0.0067 

0.0291 
0.9907 

0.0002 

0.0173 

0.0005 

0.9645 

0.0778 

0.0011 

0.0000 

0,49 

47.04 

49. 16 

3.79 

167 

10 - 9 

409.40 

OPXBR 

49.38 

0.32 

0.75 

31.49 

0.00 

0.61 
0.03 

15.52 

1.73 
0.00 

0.00 

99.83 

1.9438 

0.0094 

0.0348 
1.0365 

0.0000 

0.0204 

0.0008 
0.9107 

0.0729 

0.0000 

0.0001 

0.47 

44.63 

51.79 

3.57 



Analysis II 

Section 
Depth 

label 

510, 

T iC>.2 

AbO, 

FeO 

Cr 203 

MnO 
NIO 

MOO 
CaO 
Na20 

.,0 
Total 

88 

10-8 

408.60 

OPX Ie 

49.57 

0.28 

0.85 

30.86 
0.00 

0.55 
0.00 

16.05 

1.33 
0.00 

0.01 

99.50 

89 

10-8 

408.60 

OPX 1R 

49.78 
0.29 

0.73 

30.14 

0.01 

0.58 
0.06 

16.66 

1.67 
0.08 

0.01 

100.aO 

Cations based on 6 oxygens 

51 1.9478 1.9429 

T i 0.0082 0.0084 

AI F" . 
Cr 

Mn 
NI 
Mg 

Ca 
Na 

• 

MO" 
En content 

Fs content 
Wo content 

0.0394 
1.0141 

0.0000 

0 .0184 

0.0000 
0.9402 

0.0562 

0.0000 

0.0003 

0.48 
46.34 

SO.89 

2.77 

0.0334 
0.9837 

0.0002 

0.0192 

0.0018 

0.9693 

0.0699 

0.0058 

0.0003 

0.50 
47.47 

49.1 1 

3.42 

90 

10 - 8 
408.60 

OPX 2C 

50.04 

0.34 

0.77 

29.29 

0.04 

0.55 
0.01 

16.38 

1.69 
0.09 

0.00 

99.19 

1.9588 

0.0099 

0.0357 

0.9588 

0.0011 

0.0181 

0.0003 

0.9559 

0 .0708 

0.0068 

0.0000 

0.50 
47.7 1 

48.76 

3.53 

91 

10-8 

408.60 

OPX ZR 

49.38 
0.24 

0.68 

31 .50 

0.06 

0.69 
0.01 

15.52 

1.60 
0.04 

0.03 

99.75 

1.9463 
0.0070 

0.03 15 
1.0381 

0.{XJ19 

0.0229 

0.0004 
0.9119 

0.0678 

0.0031 

0.0015 

0.47 

44.69 

51 .99 

3.32 

92 

10-8 

408.60 

OPX 3C 

49.90 

0.26 

0.85 

29.77 

0.03 

0.50 
0.03 

15.98 

1.90 
0.04 

0.01 

99.26 

1.9572 
0 .0078 

0 .0394 

0.9763 

0.0009 

0.0166 

0.0009 
0.9345 

0.0798 

0 .0028 

0 .0005 

0.49 

46.56 

49.47 

3.98 

93 

10 - 8 

408.60 

OPX 3R 

49.76 
0.27 

0.70 

30.24 

0.00 

0.61 
0.02 

16.58 

1.75 
0.00 

0.01 

99.94 

1.9439 

0.0079 

0.0324 

0.9880 

0.0000 

0.0203 

0.0005 
0.9657 

0.0732 

0.0000 

0.0005 

0.49 

47.17 

49.25 

3.58 

94 

10 - 8 

408.60 

OPX 4C 

50.05 
0.20 

0.63 

29.25 

0.00 

0.55 
0,03 

16.42 
1.24 
0.03 

0.00 

98.40 

1.9718 

0.0060 

0.0290 
0.9637 

0.0000 
0.0182 

0.0010 
0.9644 

0.0523 

0.0020 

0.0000 

0.50 
48.25 

49. 13 

2.61 

95 
10 - 8 

408.60 

OPX4R 

49.92 
0.27 

0.75 

29.68 

0.00 

0.55 
0.01 

16.05 

1.40 
0.00 

0.01 

98.65 

1.9666 

0.0080 

0.0350 

0.9778 

0.0000 

0.0184 

0.0003 

0.9426 

0.0590 

0.0000 

0.0003 

0.49 

47.1 8 

49.87 

2.95 

96 

10- 8 

4Da60 

OPX 5C 

50.11 
0.32 

1.41 

29.05 

0.00 

0.45 
0.00 

15.59 

2.12 
0.16 

0.00 

99.21 

1.9583 
0.0094 

0.0649 

0.9492 

0.0000 

0.0148 

0.0000 
0.9083 

0.0887 

0.0124 

0.0000 

0.49 

46.32 

4 9.16 

4.52 

97 

10 -8 
408.60 

OPX 5R 

49.79 
0.26 

0.63 

30.13 

0.00 

0.59 
0.02 

15.68 
1.89 
0.00 

0.02 

99.0 1 

1.9626 
0.0076 

0.0295 

0.9931 

0.0000 
0.0196 

0.0008 
0.9214 

0.0799 

0.0000 

0.0009 

0.48 
45.75 

50.28 

3.97 

98 

10-8 
408.60 

OPX 6C 

50,37 

0.26 

1.03 

28.19 

0.06 

0.54 
0.00 

17.3 2 

1.97 
0.14 

0.00 

99,87 

1.9484 
0.0075 

0.0469 
0.9118 

0.0018 

0.0176 

0.0000 

0.9988 

0.0817 
0.0105 

0.0000 

0.52 

49.70 

46.24 
4,07 

Table Col (cont) Electron microprobe analyses of orthopyroxenes from borehole SHIO. 

99 

lO - 8 

408.60 

OPX6R 

50.05 
0.35 

0.84 

29.26 

0.00 

0.51 
0.00 

15.51 

1.85 
am 
0.01 

98.39 

1.9741 
0.0 103 

0.0388 

0.9649 

0.0000 

0.0172 

0.0000 

0.9120 

0.0780 

0.0011 

0.0007 

0.49 
46.25 

49.80 

3.95 

10-7 

407.20 

OPX lC 

51.52 
0.26 

1.56 

24.33 

0.07 

0.35 
0.05 

19.58 

1.57 
0 .06 

0.00 

99.36 

1.9578 

0.0074 

0.070 1 

0.7732 

0.0021 
0.0113 

0.0015 

1.1092 

0 .0640 

0.0044 

0.0000 

0.59 
56.66 
40,07 

3.27 

2 
10-7 

407.20 

OPX 1R 

52.14 
0,30 

1.58 

22.28 

0.09 

0.30 
0 .03 

20.32 
2.55 
0.00 

0.01 

99.60 

1.9603 

0.0085 

0.0702 
0.7004 

0.0028 

0.0097 

0.0008 

1.1392 

0.1027 

0.0000 

0.0003 

0.62 

58.36 

36.38 

5.26 



Anlysls # 

Section 
Depth 

L.bel 

51~ 

TI~ 

AI.,° 3 

F.O 
Cr;P3 

MoO 
HIO 

MgO 
CoO 
H .,0 

<,0 
Tot.1 

3 

10-7 
41 07.20 

""K 2C 

51.51 

0.32 
1.60 

24.16 
0.01 

0.42 

0.03 

18.73 

2.70 
0.03 

0.02 

99.65 

C.ttons b.sed on & oxYVens 

51 

TI 

AI 
F; • 
C, 

Mo 
HI 

Mg 
Co 
Ho 

< 

Mg' 
En content 
Fs content 

Wo content 

1.9588 

0.0092 
0.0717 

0.7672 

0.0021 

0.0135 

0.0006 

1.0606 
0.1096 

0.0021 

0.0010 

0.58 

5"'.36 
"'0.0 1 

5.63 

5 

10-1 
407 .20 

""K <C 

50.2 1 

0.28 
1.09 

28.12 
0.02 

0. 48 

0.05 

16.87 

1.18 
0.00 

0.00 

99.49 

1.9525 

0.0080 

0.0500 

0.9331 

0.0 007 

0.0 156 

0.0015 

0.9719 

0.07413 

0.0000 

0.0000 

0.51 

48.86 
47.43 

3.11 

• 
10-7 

407.20 

OPX-fR 

50,36 

0.35 
0.97 

28.23 
0.00 

0.50 

0.0'" 

16.29 

1.91 
0.00 

0.02 

98.73 

1.9694 

0.0102 
0.04416 

0.9231 

0.0000 

0.D16S 

0.0014 

0.949 7 

0.0821 

0.0000 

0.0011 

0.51 

48.16 

"'7.64 

41.19 

7 

10 -7 

41 01.20 

OPXSC 

51.16 

0.35 
1.83 

25.55 
0.04 

0.51 

0.04 

17.55 

2049 
0.07 

0.02 

99.60 

1.9569 

0.0099 

0.0825 

0.8172 

0.0011 

0.0166 

0.0013 

1.0010 

0.1019 

0.0050 

0.0008 

0 .55 

51.69 
43.05 

5.26 

6 

10-1 
41 01.20 

{It'K SR 

50.3'" 

0.31 
1.49 

28.28 
0.05 

0.53 

0.05 

16.2'" 

1.15 
0.03 

0.01 

99.08 

1.9601 

0.0092 

0.0681 

0.9209 

0.0015 

0.0114 

0.0016 

0.9427 

0.0130 

0.0026 

0.0003 

0 .51 

"'8.25 
"'8.02 

3.14 

9 

10 - 7 
407.20 

{It'X 6C 

50.70 

0.32 
1.57 

27.07 
0. 10 

0046 

0.06 

17.26 

2.01 
0.05 

0.01 

99.62 

1.9526 

0.0093 
0.0712 

0.8719 

0.0032 

0.0150 

0.0011 

0.9910 

0.0 629 

0.0039 

0.000 3 

0.53 

50.54 

"'5.23 

"'.23 

10 

10 - 1 
407.20 

{It'X 6N 

50.01 

0.28 
0.96 

29. 39 
0.0 1 

0.50 

0.02 

16.30 

1.13 
0.02 

0.0 0 

99.23 

1.9567 

0.0082 

0.04"'''' 

0.9617 

0.0004 

0.0165 

0.0007 

0.9508 
0.0725 

0.0015 

0.0001 

0.50 

417.50 
48.61 

3.62 

11 

10 - 1 

"'07.20 

GOK TC 

50.76 

0.22 
1.50 

26.89 
0.05 

0.44 

0.00 

17.42 

1.70 
0.10 

0.01 

99.08 

1.9610 

0.0064 
0.0683 

0.8687 

0.0016 

0.0142 

0.0000 

1.0033 
0.0702 

0.0074 

0.0005 

0.54 

51.28 
45. 13 

3.59 

12 

10 - 7 
-407 .20 

OOK TN 

50.60 

0.33 
1.24 

27 .412 
0.0-4 

0.47 

0.02 

16.97 

2.16 
0.00 

0.00 

99.23 

1.9603 

0.0095 
0.0568 

0.6862 

0.00 1 t 

0.0 154 

0.0005 

0.9801 
0.06941 

0.0000 

0.0000 

0.52 

49.67 
45.79 

4 .5 3 

13 

10 - 7 
407.20 

OOK 8C 

50.62 

0.33 
2.01 

26.67 
0. 13 

0.45 

0.02 

16.61 

2.97 
0.03 

0.01 

100.09 

1.9471 

0.0095 
0.0932 

0.6543 

0.0040 

0.0145 

0.0006 

0.9484 
0.1217 

0.0022 

0.0006 

0.53 

46.92 
4-4.81 

6.28 

,. 
10-7 

407.20 

OOK8R 

50.55 

0.35 
1.59 

27.58 
0.09 

0.47 

0.03 

16.83 

2.33 
0.11 

0.04 

99.9 7 

1.9415 

0.0101 

0.0721 

0.6864 

0.0026 

0.0 152 

0.0010 

0.9666 

0.0961 

0.00815 

0.0021 

0 .5 2 

49. 16 
45.95 

4.89 

15 

10-6 
405 .50 

QPXIC 

50.62 

0.29 
1.25 

26.68 
0.04 

0.60 

0.04 

16.60 

1.59 
0.0 1 

0.01 

97.93 

1.9846 

0.0086 
0.0574 

0.8712 

0.0013 

0.0196 

0.0014 

0.9662 

0.0665 

0.0005 

0.0006 

0.53 

50.23 
46.32 

3.46 

Table C-I (cont) Electron microprobe analyses of orthopyroxenesfrom borehole SHlO. 

I. 
10-15 

405.50 

OOK IN 

50.55 

0.38 
1.04 

27.58 
0.08 

0.54 

0.02 

16.83 

1. 79 
0.11 

0.02 

98.94 

1.96151 

0.0110 

0.0477 

0.8970 

0.0025 

0.0177 

0.0008 

0.9759 

0.0745 

0.0061 

0.0012 

0.52 

49.66 
46 .55 

3.79 

16 

10-1S 
4 05.50 

QDX3C 

50.10 

0.28 
0.77 

29.10 
0.00 

0.62 

0.0 4 

16.54 

I. 76 
0.13 

0.00 

99.35 

1.9576 

0.0082 
0.0356 

0.9510 

0.0000 

0.0206 

0.0012 

0.9636 

0.0736 

0.01 01 

0.0002 

0,50 

41.97 
46.31 

3. 66 

20 

10 - 6 
405 .50 

""K 3N 

-49.65 

0.22 
0.5-4 

30 .61 
0.00 

0.53 

0.07 

15.27 

1.46 
0.10 

0.01 

98.45 

1.9713 

0.0064 
0.0254 

1.0163 

0.0000 

0.0178 

0.0021 

0.9039 

0.0 620 

0.0061 

0.0004 

0.47 

-45.20 
5 I. 70 

3.10 



Analy!lls , 

Sect Ion 
Oepth 

Label 

51 Q, 

Tlo, 
AI2°:) 
F.O 
Cr.,o) 

MoO 

"'0 
M,O 
e.o 
".,0 
<,0 
Tota' 

21 

10-8 

405.50 

01')( -fC 

51.00 

0.32 
0.90 

26.07 
0.04 

0.51 

0.05 

17. 11 

2.00 
0.01 

0.00 

98.01 

22 

10-8 
405.50 

OPX4R 

50.32 

0.35 
0.9 7 

28.35 
0.05 

0.47 

0.03 

16.18 

1.89 
0.07 

0.01 

98.68 

Cations based on 6 oxygens 

51 

TI 
AI 

Fl' 
e, 
"0 
"' " , 
e. 
". 
< 

M,. 
En content 
Fs content 

Wo content 

1.9865 

0.0093 
0.0 415 

0.8489 

0.00 11 

0.0167 

0.0017 

0.9937 

0.0833 

0.0005 

0.0000 

0.54 

51.1 5 

4-4. 56 

-4.29 

1.9698 

0.0 103 
0.04-48 

0.9280 

0.0015 

0.0155 

0.0009 

0.9442 
0.0791 

0.0052 

0.0003 

0.50 

-4 8.01 
-47.97 

-4.02 

23 

10 -6 
405.50 

OPX4CR 

50.67 

0.33 
0.96 

26.51 
0.00 

0.52 

0 .04 

17.74 

1.98 
0 .02 

0.00 

96.95 

1.96704 

0.0095 
0.0436 

0.8573 

0.0000 

0.0 169 

0.0012 

1.0226 
0.0821 

0.0013 

0.0000 

0.54 

51.68 
4-4. 17 

4.15 

25 

10-6 

405.50 

OPX6C 

50.43 

0.33 
1.04 

27.98 
0.00 

0.54 

0.05 

17.49 

1.90 
0.15 

0.00 

99.91 

1.94 78 

0.0095 
0.0471 

0.9036 

0.0000 

0.0178 

O.OOHI 

1.0071 
0.0788 

0.0109 

0.0000 

0.53 

50.17 
45.91 

3.92 

26 

10-6 

405.50 

OPX6R 

50.20 

0.24 
0.70 

28.77 
0.02 

0.45 

0.03 

17.63 

1.72 
0.07 

0.00 

100.02 

1.9435 

0.0070 
0.0319 

0.93 15 

0.0008 

0 .01 47 

0.0009 

1.0292 
0.0712 

0.0049 

0.0000 

0.52 

50.29 
46 .23 

3.48 

27 

10 - 6 

405.50 

O"X TC 

49.96 

0.36 
0 .98 

2 9.49 
0.0 1 

0.6 1 

0.09 

17. 22 

1.60 
0.11 

0.00 

100.46 

1.9348 

0.0104 

0.044 7 

0.9546 

0.0004 

0.0199 

0 .0029 

0.9936 
0.0666 

0.0064 

0.00 0 1 

0.51 

46.8 4 
47.89 

3.27 

2. 
10 - 6 

405.50 

Ql>XTR 

49.83 

0.24 
0.64 

29.98 
0.00 

0.77 

0.02 

17.80 

1.30 
0.00 

0.00 

100.76 

1.9266 

0.0070 
0.0362 

0.9693 

0.0000 

0.0252 

0.0006 

1.0261 
0.0538 

0.0000 

0.0000 

0.51 

49.46 
47.95 

2.59 

30 

10 - 6 

405 .50 

OPXBC 

49.94 

0.23 
0.69 

29.64 
0.04 

0.5 4 

0.06 

17.09 

1.60 
0.00 

0.00 

99.81 

1.9462 

0.0066 

0.0315 

0.9659 

0.0013 

0.0179 

0.0018 

0.9930 
0.0867 

0.0000 

0.0001 

0. 51 

46.59 
48. 14 

3.26 

JI 

1 0 -6 

405.50 

OPXBR 

49 .79 

0. 13 
0 .68 

30. 14 
0.00 

0.55 

0.05 

16.67 

1.39 
0.06 

0.01 

99.47 

1.9512 

0.0038 
0.0316 

0.9876 

0.0000 

0.01 83 

0.0016 

0 .97040 

0.0565 

0.0046 

0.0007 

0.50 

-47.78 
49. 35 

2.87 

32 

10 - 5 

404 .80 

aPXIC 

50.98 

0 .39 
1.06 

26.15 
0.00 

0.50 

0.06 

18.04 

2.0 1 
0.07 

0.00 

99.25 

1.9624 

0.0112 
0.0481 

0.8418 

0.0000 

0.0 162 

0.0018 

1.0353 

0.0830 

0.0051 

0.0000 

0.55 

52.39 
43.41 

4.20 

33 

10 - 5 

404.80 

OPX!R 

49.49 

0.23 
0.64 

31. 14 
0.02 

0.66 

0.04 

16.82 

1.61 
0.00 

0.01 

100.65 

1.9292 

0.0068 
0.0293 

1.0151 

0.0005 

0.0216 

0.0013 

0.9776 

0.0673 

0.0000 

0.0003 

0.49 

46.96 
49.81 

3.23 

J4 

10-5 
4 04.80 

ClP)( 2C 

49.59 

0.34 
0.65 

30.80 
0.00 

0.64 

0.04 

16. 11 

1.23 
0.07 

0.02 

99.68 

1.9455 

0.0 101 
0.0392 

1.0104 

0.0000 

0.0 212 

0 .0014 

0.9423 
0.0516 

0 .0052 

0.0008 

0.48 

46.52 
50.93 

2.55 

Table Col (cont) Electron microprobe analyses of orthopyroxenesfrom borehole SHIO. 

35 

10 - 5 

404.80 

ll"X 2R 

49.17 

0.60 
0.82 

32.20 
0.00 

0.66 

0.06 

14.95 

1.54 
0.00 

0.00 

99.99 

1.9391 

0.0177 
0.0379 

1.0617 

0.0000 

0.0221 

0.0018 

0.8789 
0.0649 

0.0000 

0.0000 

0.45 

43 .35 
53.45 

3.2 0 

36 

10 - 5 

404 .80 

Of'X .1C 

50.15 

0.39 
0.18 

28.94 
0.00 

0.57 

0 .30 

16.68 

2.01 
0.00 

0.00 

99.20 

1.9648 

0.0115 
0.0083 

0.9481 

0.0000 

0.0188 

0.0094 

0.9743 
0.0843 

0.0000 

0.0000 

0.51 

48.10 
47.74 

4. 16 

37 

10-5 

404.80 

(It'X .1R 

49.54 

0. 12 
1.07 

30.97 
0.01 

0.65 

0.14 

16.96 

1.19 
0.01 

0.01 

100.6 6 

1.9264 

0.0035 
0.0491 

1.0070 

0.0003 

0.0215 

0.0043 

0.9832 
0.0494 

0.0009 

0.000-4 

0.49 

47. 70 
49.90 

2.40 



Analysis II 

Section 

Depth 

Label 

SiOz 
Tio.. 
A~o, 

'eO 
Cr20J 

"nO 
NIO 

"gO 
CaO 
Na20 

.,0 
Total 

38 
10-5 

404.80 

DPX4C 

51.15 
0.39 

1.00 

25.58 

0.05 

0.48 

0.05 

16.52 

2 .06 
0.04 

0.02 

99.34 

39 

10 -5 

404.80 

OPX4R 

SO.62 

0 .38 

1.05 

27.34 

0.06 

0.44 
0.06 

17.04 

2.04 
0.10 

0.02 

99.17 

Cations based on 6 oxygens 

51 

TI 

AI 
,e' • 
Cr 

... n 

NI 
... g 

Ca 
Na 

• 

... g# 

En content 

Fs content 

Wo content 

1.9620 

0.0112 

0 .0454 

0 .8206 

0.00 14 

0.0154 

0.0015 
1.0591 

0 .0846 

0.0032 

0.0008 

0.56 

53.49 

42.23 

4.29 

1.9626 

0.0112 

0.0482 
0.6662 

0.0019 

0.0145 

0.0019 
0.9850 

0.0646 
0.0076 

0 .0011 

0.53 

49.99 

45.71 

4.30 

40 

10 - 5 

404.80 

OPX 5C 

50.85 
0.36 

1.18 

26.56 

0.00 

0.56 
0 .07 

17.86 

1.91 
0.04 

0.00 

99.42 

1.9583 
0.0105 

0.0536 

0.8560 

0,0000 

0.0184 

0.0021 

1.0254 

0.0767 

0.0028 

0.0002 

0.55 
51.83 

44.20 

3.98 

41 

10-5 

404.60 

OPX 5R 

50.47 

0 .37 

0 .68 

27.84 

0.00 

0.54 
0.08 

17.62 

1.60 
0.06 

0.00 

99.65 

1.9526 

0.0107 

0.0401 
0.9004 

0.0000 

0.0176 

0.0023 
1.0162 

0.0744 

0.0045 

0.0000 

0.53 

50.59 

45.70 
3.71 

42 

10 - 5 

404.80 

OPX 6C 

51.02 

0 .38 

1.21 

26.02 

0.02 

0.52 
0.05 

18.15 

1.97 
0.08 

0.00 

99.42 

1.9591 

0.0110 

0.0546 

0.8355 

0 .0008 

0 .0169 

0.0017 

1.0390 

0.0806 

0.0058 

0.0001 

0.55 

52.68 

43.22 

4.10 

43 

10 - 5 

404.80 

OPX 6R 

50.58 
0.35 

1.09 

27.46 

0.00 

O.SO 

0 .06 

17.92 

2.00 
0.10 

0.01 

100.08 

1.9452 

0.0100 

0.0496 
0.6838 

0.0000 

0 .0162 

0.0017 

1.0274 

0.0623 
0.0073 

0.0003 

0.54 
51.12 

44.78 

4.10 

48 

10-5 

404.80 

OPX lC 

51.45 

0 .30 

1.82 

24.57 

0.07 

0.43 
0.05 

16.38 

4.26 
0.16 

0.01 

10 1.52 

1.9325 

0.0085 

0.0806 
0.7716 

0.0022 
0.0137 

0.0016 
1.0291 

0.1715 

0.0116 

0.0007 

0.57 

51.81 

39.55 

8.63 

49 
10 - 5 

404.80 

OPX 7R 

50.37 

0.34 

0.88 

2B.17 

0.00 

O.SO 
0.07 

17.33 

1.93 
0.12 

0.00 

99.72 

1.9514 

0.0100 

0.0403 
0.9126 

0.0000 

0.0163 

0.0023 
1.0009 

0.0803 

0.0087 

0.0001 

0.52 

49.79 

46.21 

3.99 

SO 
10- 4 

404.07 

OPX lC 

53 .61 
0.43 

1.63 

17.35 

0.05 

0.25 
0.10 

24.49 

2.12 
0.07 

0.00 

100.10 

1.9559 

0.0119 

0.0699 

0 .5293 

0.0014 

0.0076 

0.0030 
1.3322 

0.0830 

0.0047 

0.0000 

0.72 

68.25 

27.50 

4.25 

51 

10- 4 

404.07 

OPX lR 

53 .36 

0.46 

1.43 

18.19 

0.04 

0.27 
0.06 

23.76 

1.83 
0.02 

0.02 

99.46 

1.9651 

0.0126 

0.0621 

0.5600 

0.0012 

0.0084 

0 .0016 

1.3059 

0.0720 

0 .0017 

0.0006 

0.70 

67.09 

29.21 

3.70 

54 

10 - 4 

404.07 

OPX 3C 

53.21 

0.36 

1.23 

16.69 

0.00 

0.25 
0 .08 

23.36 

2.14 
0.02 

0.00 

99.34 

1.9685 
0 .0101 

0.0537 
0.5763 

0.0000 

0.0077 

0.0025 

1.2882 

0 .0848 

0.0015 

0.0000 

0.69 

65.76 

29.91 
4.33 

Table C-I (cont) Electron microprobe analyses of orthopyroxenes from borehole SH J O. 

55 

10 - 4 

404.07 

OPX 3R 

53.19 

0.42 

1.39 

16.74 

0.02 

0.28 
0.09 

23.3 1 

1.72 
0.08 

0.00 

99.25 

1.9662 

0.0117 

0.0606 

0.5799 

0.0006 

0.0088 

0.0028 

1.2860 

0.0681 

0.0057 

0.0000 

0.69 

66.19 

30.30 

3.51 

56 
10-4 

404.07 

OPX4C 

53.82 
0.58 

1. 78 

16.65 

0 .01 

0.16 
0.07 

25.08 

2.05 
0.08 

0.01 

100.30 

1.9516 

0 .01 59 

0.0760 

0.5050 

0.0004 

0.0050 

0.0022 
1.3559 

0 .0795 

0.0056 

0 .0006 

0.73 

69.70 

26.22 

4.08 

57 

10- 4 

404.07 

OPX4R 

53.67 
0.49 

1.30 

17.14 

0.06 

0 .27 

0.06 

24.67 

1.92 
0.02 

0.00 

99.60 

1.9647 

0.0134 

0.0561 
0.5247 

0.0018 

0.0084 

0.0018 

1.3462 

0.0754 

0.0013 

0.0000 

0.72 
68.87 

27.27 

3.86 



Analysis II 

Section 
Oepth 

Label 

510, 

Tlo, 

A~o, 

F.O 
Cr'2DJ 

"nO 
NIO 

"gO 
CaO 
Na'20 

.,0 
Total 

58 

10 - 4 

404.07 

OPX SC 

53.80 
O.SO 

1.98 

16.71 

0 .05 

0.28 
0 .06 

25.03 

2.22 
0.05 

0.01 

100.69 

59 

10-4 

404.07 

OPX SR 

53.27 

0 .48 

1.28 

18.47 

0 .03 

0.21 
0.09 

23.54 

1.77 
0.13 

0.03 

99.29 

Cations based on 6 oxygens 

Si 1.9456 1.9685 

Ti 

AI 
FO" 
Cr 

"n 
Ni 

"g 
Ca 
Na 

• 

"g# 
En content 

Fs content 
Wo content 

0.0135 

0 .0843 
0 .5053 

0.0013 

0.0085 

0 .0018 

1.3497 

0 .0861 

0 .0035 

0 .0007 

0 .73 

69.23 

26.35 

4.42 

0.0134 

0.0555 
0.5707 

0.0008 

0.0065 

0.0026 

1.2969 

0.0699 

0 .0090 

0.0014 

0.69 

66.72 

29.69 

3.59 

60 

10-4 
404.07 

OPXC 

53.16 
0.34 

1.97 

18.87 

0 .24 

0.30 
0 .05 

23.21 

1.28 
0.00 

0.00 

99.40 

1.9612 

0 .0093 

0.0857 
0.5821 

0.0069 

0.0094 

0 .001 5 
1.2766 

0 .0506 

0 .0000 

0.0000 

0.69 
66.54 

30.83 

2.64 

62 

10-4 

404.07 

OPX 6C 

53.41 
0 .50 

1.85 

18.01 

0 .09 

0.30 
0 .09 

23 .93 

1.58 
0.02 

0.00 

99.80 

1.9571 

0.0139 

0.0799 
0.5518 

0.0027 

0.0093 

0.0027 
1.3074 

0.0620 

0.0017 

0 .0000 

0 .70 
67.72 

29.06 

3.21 

63 

10 - 4 

404.07 

OPX 6R 

53.20 
0.48 

1.43 

18.70 

0.06 

0.30 
0. 10 

23.35 

1.95 
0.00 

0 .01 

99.58 

1.9633 

0 .0134 

0 .0620 
0.5771 

0.0016 

0 .0094 

0 .0029 
1.2844 

0 .0711 

0 .0002 

0 .0003 

0 .69 

65.93 

30.11 

3.96 

64 
10 - 4 

404.07 

OPX 7C 

53.52 

0.42 

1.13 

17.63 

0 .01 

0 .25 

0 .08 

24.25 

1.99 
0.09 

0.00 

99.39 

1.9690 
0.0116 

0 .0491 

0 .5424 

0.0004 

0.0078 

0 .0023 

1.3300 

0 .0786 

0 .0065 

0 .0001 

0.71 

67.90 

28.09 

4.01 

65 
10-4 

404.07 

OPX 7R 

53.21 
0.40 

1.21 

18.70 

0 .04 

0 .33 
0 .07 

23.3 5 

1.85 
0.01 

0.00 

99.16 

1.9710 

0 .0112 

0 .0527 

0.5791 

0.0010 

0 .0103 

0 .0022 

1.2897 

0 .0732 

0 .0010 

0 .0000 

0.69 

66.06 

30.19 

3.75 

66 
10-4 

404.07 

OPX BC 

53.65 
0 .53 

1.81 

17.21 

0 .02 

0 .27 
0 .08 

24.61 

1.86 
0.03 

0.03 

100.10 

1.9541 

0.0145 

0 .0717 
0.5242 

0.0006 

0.0083 

0 .0023 

1.3362 

0 .0727 

0 .0019 

0 .0012 

0.72 

68.83 

27.43 

3.74 

67 
10-4 

404.07 

OPX BR 

53.40 
0.39 

1.66 

18.04 

0. 11 

0 .29 

0 .08 

23 .91 

1.51 
0.00 

0 .01 

99.39 

1.9644 

0 .0108 

0.0719 
0 .5547 

0 .0031 

0 .0092 

0 .0022 
1.3113 

0.0593 

0 .0000 

0 .0006 

0.70 
67.78 

29.15 

3.07 

71 

10-4 

404.07 

OPX 9C 

53.42 
0.45 

1.20 

17.97 

0 .05 

0 .33 
0 .10 

23.96 
1.87 
0 .05 

0.01 

99.42 

1.9681 

0 .0124 

0.0519 
0.5537 

0.0015 

0.0103 

0.0029 
1.3162 

0.0739 

0.0033 

0 .0006 

0.70 

67.36 

28.86 

3.78 

72 

10-3 

403.43 

OPX lC 

51.01 

0.35 

1.17 

26.03 

0.15 

0.48 
0.06 

18.14 

2.09 
0 .01 

0.00 

99.49 

1.9582 

0.0100 

0.0531 
0.8355 

0.0046 

0 .0155 

0 .0017 

1.0381 

0 .0858 

0 .0009 

0 .0000 

0.55 

52.56 

43.09 

4.34 

Table C-I (cont) Electron microprobe analyses of orthopyroxenes from borehole SHJO. 

73 

10- 3 

403.43 

OPX lR 

50.60 
0.30 

1.04 

27.42 

0 .07 

0.41 
0.06 

17.97 

1.71 
0.00 

0.01 

99.65 

1.9513 

0.0088 

0.0474 
0.8841 

0 .0020 

0.0135 

0.0018 

1.0331 

0 .0732 

0 .0000 

0.0003 

0.54 

51.55 

44.79 

3.65 

74 

10 - 3 

403.43 

OPX 2C 

50.55 
0.27 

0 .79 

27.58 

0.00 

0.52 
0.02 

17.83 

1.76 
0 .09 

0.01 

99.42 

1.9571 

0 .0071 

0.0359 

0.8929 

0.0001 

0 .0171 

0 .0007 
1.0291 

0.0729 

0 .0069 

0 .0005 

0.54 

51.15 

45.23 

3.62 

75 
10 - 3 

403.43 

OPX 2R 

50.32 
0.21 

0.63 

28.35 

0.00 

0 .60 
0 .02 

17.18 

1.62 
0 .06 

0 .03 

99.01 

1.9642 

0 .0061 

0 .0290 

0.9253 

0.0000 

0.0198 

0.0006 

0 .9997 

0 .0675 
0 .0043 

0.0015 

0.52 
49.68 

46.97 

3 .36 



Analysis # 

SectIon 
Depth 

Label 

510, 
TID.! 

A11D.5 

FeO 
Cr.,o, 
"nO 
NIO 

"gO 
c.o 
Na20 

<,0 
Total 

76 
10 · 3 

403.43 

OPX 3C 

50.21 
0.36 

1.13 

28.73 

0.06 

0.52 
0 .03 

16.86 

1.93 
0.10 

0 .00 

99.92 

77 

10·3 
403.43 

OPX 3R 

SO.08 
0.18 

O.SO 

29.15 

0.12 

0.61 

0.07 

16.51 

1.31 
0.00 

0.01 

98.55 

Cations based on 6 oxygens 

51 
TI 

AI 
Fe' • 
Cr 

"n 
NI 

"g 
Ca 

Na 

< 

"gN 
En content 

Fs content 
Wo content 

1.9459 

0.0105 

0.0516 
0 .9312 

0.0017 
0,0169 

0.0010 
0.9742 

0.0800 
0.0074 

0.0001 

0.51 

48.65 

47.35 

4.00 

1.9713 

0.0053 

0.0233 
0.9593 

0.0039 

0.0204 

0.0021 
0.9688 

0.0552 

0.0000 

0.0006 

O.SO 

48.35 

48.90 

2.75 

80 
10 -3 

403.43 

OPX SC 

50,47 

0.33 

1.22 

27.86 

0. 13 

0.48 
0.03 

17.60 

1.84 
0.05 

0.01 

100.01 

1.9445 

0.0096 

0.0553 
0.8975 

0.0041 

0.0155 

0.0010 

1.0109 

0.0758 

0.0041 

0.0003 

0.53 

SO.55 

45.66 

3.79 

81 

10·3 
403.43 

OPX SR 

SO.OO 

0.28 

0.90 

29.42 

0.06 

O.SO 
0.03 

16.27 

1.49 
0.20 

0.05 

99.21 

1.9580 
0 .0082 

0.0416 

0.9634 

0.0019 

0.0167 

0.0010 
0 .9499 

0.0624 

0.0 152 

0.0026 

O.SO 

47.68 

49.19 

3.13 

82 

10 · 3 
403.43 

OPX 6C 

SO.74 
0.32 

1.35 

26.95 

0 .23 

0 .38 
0 .06 

18.37 

1.53 
0 .00 

0 .01 

99.94 

1.9446 
0.0092 

0.0609 
0.8637 

0.0070 

0.01 22 

0.0019 

1.0496 

0.0627 
0.0000 

0.0007 

0.55 
52.79 

44.06 

3. 15 

83 
10 - 3 

403.43 

OPX 6R 

50.50 
0.39 

0.96 

27.74 

0.05 

0.53 
0.07 

17.70 

1.69 
0.03 

0.02 

99.69 

1.9512 

0.0113 

0 .0439 
0.8963 

0.0016 

0.0174 

0.0022 
1.0195 

0.0700 

0.0020 

0.0008 

0.53 

50.89 

45.61 

3.SO 

84 

10-3 

403.43 

OPX l C 

51 .03 

0.41 

1.41 

25.97 

0.12 

0.49 
0.08 

18.20 

2.03 
0.07 

0,01 

99.83 

1.9515 

0.0118 

0.0636 

0.8304 

0.0037 

0.0158 

0.0024 

1.0376 

0.0833 

0.0053 

0.0005 

0,56 

52.75 

43,02 

4,24 

85 

10 - 3 

403.43 

OPX lR 

50.52 
0.39 

1.03 

27,70 

0.02 

0.51 
0.04 

17.73 

1.90 
0.05 

0.01 

99,89 

1.9477 

0.0114 

0.0469 

0 .8930 

0.0007 

0,0165 

0.0013 

1.0191 

0 .0785 

0.0041 

0.0003 

0.53 

50.78 

45.31 

3,91 

86 
10 - 3 

403.43 

OPX 8C 

50.95 
0.40 

1.01 

26,25 

0 ,02 

0.53 
0.06 

17.96 
2, 15 
0.03 

0.00 

99.35 

1.9614 

0.0116 

0.0456 

0.8450 

0.0008 

0.0171 

0.0017 
1,0308 

0.0887 

0.0024 

0.0000 

0.55 

52.02 

43,51 

4.48 

Table C-l (cont) Electron microprobe analyses of orthopyroxenes from borehole SH10. 

87 

10-3 
403.43 

OPX BR 

50.41 
0.21 

0.55 

28.07 

0.06 

0.54 
0.03 

17.42 

1.60 
0 .00 

0,02 

98.90 

1.9661 

0.0061 

0.0254 
0.9154 

0.0019 

0.0178 

0.0009 

1.0130 

0.0668 

0.0000 

0.0011 

0.53 
50.32 

46.36 

3.32 



Analysis II 

Section 
Depth 

Label 

SiCQ 
TiCQ 

A~o, 

FeD 

Cr2~ 

"nO 
NiO 

"gO 
CaD 
Na20 

. ,0 
Total 

100 

3·13 

397.35 

OPX IC 

51.22 

0.34 

1.79 

25.35 

0.05 

0.37 

0.02 

17.72 

2.37 
0.01 

0.00 

99.25 

101 

3 - 13 

397.35 

OPX IR 

50.97 

0.30 

1.03 

26.18 

0.00 

0.43 

0.00 

18.02 

1.82 
0.08 

0.01 

98.84 

Cations based on 6 oxygens 

5i 1.9614 1.9684 

T I 0.0098 0.0087 

A I 0.0810 0.0468 
F fi2 • 0.8117 0.8454 

Cr 

Mn 
Ni 

"g 
C. 
N. 

• 

"gO 
En content 

Fs content 
Wo content 

0.0016 

0.0119 

0.0005 

1.0118 

0.0974 

0.0007 

0.0000 

0.55 

52.35 

42.61 

5.04 

0.0001 

0.0139 

0 .0000 
1.0375 

0.0754 

0 .0060 

0.cXl04 

0.55 

52.60 

43.57 

3.82 

103 

3·13 
397.35 

OPX 3C 

50.50 

0.27 

0,74 

27.74 

0.00 

0.53 

0.02 

17.70 

1.83 
0.09 

0 .00 

99.43 

1.9572 

0.0079 

0.0336 

0.8990 

0.0000 

0.0173 

0.0008 
1.0226 

0.0762 

0.0068 

0.0000 

0.53 

50.75 

45.47 

3.78 

104 

3 - 1 3 

397.35 

OPX 3R 

50.57 

0.31 

0.78 

27.51 

0.05 

0.45 

0.00 

17.89 

1.90 
0.10 

0 .02 

99.57 

1.9546 

0.0089 

0.0357 

0.8890 

0.0015 
0.0146 

0.0000 
1.0308 

0.0787 

0.0073 

0.0009 

0.54 

51 .20 

44.89 

3.91 

105 

3-13 

397.35 

OPX4C 

50.78 

0.38 

0.88 

26.81 

0.00 

0.50 
0,01 

18.49 

1.78 
0.11 

0.02 

99.76 

1.9515 

0.011 1 

0.0397 
0.8614 

0.0000 
0.0163 

0.0002 
1.0593 

0.0734 

0.0085 

0.0010 

0.55 

52.69 

43.66 

3.65 

107 

3-13 

397.3 5 

OPX SC 

50.61 

0.28 

1.20 

27.38 

0.04 

0.54 
0.01 

17.00 

1.93 
0.Q1 

0.00 

99.00 

1.9644 

0.0082 

0.0547 
0.8885 

0.0013 

0.0177 

0.0004 
0.9837 

0.0802 

0.0005 

0.000 1 

0.53 

49.93 

46.00 

4.07 

108 

3 - 1 3 

397.35 

OPX SR 

50.28 
0.28 

0.80 

28.48 

0.00 

0048 
0.00 

17.07 

1.83 
0.03 

0.01 

99.27 

1.9582 

0.0081 

0.0369 
0.9274 

0.0000 

0.01 59 

0.000 1 
0.9910 

0 .0762 

0.0026 

0.0004 

0.52 

49.29 

46 .92 

3.79 

111 
3 -1 1 

396.08 

OPX IC 

51 .40 

0.07 

0.46 

24.74 

0 .06 

0.42 
0.03 

21.24 

0.65 
0.02 

0.00 

99.07 

1.9616 

0 .0019 

0.0205 
0.7896 

0.0017 

0.0134 

0.001 0 
1.2085 

0.0266 
0.0011 

0.0000 

0.60 

59.30 

39.40 

1.30 

112 
3 - 11 

396.08 

OPX IR 

51 AS 
0.34 

1.19 

24.56 

0.00 

0.47 

0.03 

20.39 

2.04 
0. 10 

0.00 

100.58 

1.9397 

0.0096 

0.0527 

0.7741 

0.0000 

0.0151 

0.0009 

1.1 459 

0.0825 
0.0074 

0.0000 

0.60 
56.79 

39.12 

4.09 

113 
3 - 11 

396.08 

OPX2C 

51.06 

0.34 

1.16 

25.88 

0.00 

0.43 
0.01 

19.27 

2.09 
0.08 

am 
100.33 

1.9422 

0.0097 

0 .0519 

0.8231 

0.0000 

0.0139 

0.0003 
1.0927 

0.0850 
0.0060 

0.0007 

0.57 
54.24 

41.54 

4.22 

114 
3 - 11 

396.08 

OPX 2R 

50.64 

0.32 

0.81 

27.28 

0.04 

0.54 
0.00 

17.09 

1047 
0.15 

0.00 

98.34 

1.9767 

0.0093 

0.0375 

0.8903 

0.0012 

0.0180 

0.0000 
0 .9945 

0.0616 

0.0113 

0.0000 

0.53 

50.63 

46.24 

3. 14 

Table C-2Electron microprobe analyses of orthopyroxenesfrom borehole SH3. 

115 

3 - 11 

396.08 

OPX 3C 

51.08 

0.30 

1.07 

25.82 

0.01 

0.42 
0.00 

19.32 

1.94 
0.10 

0.02 

100.07 

1.9466 

0.0085 

0.0479 

0.6228 

0.0003 

0.0136 

0.0000 
1.0977 

0.0793 

0.0071 

0.0011 

0 .57 

54.52 

41.54 

3.94 

116 
3 - 11 

396.08 

OPX 3R 

51.10 
0.36 

1.06 

25.76 

0.00 

0.48 
0.01 

19.38 

1.85 
0.02 

0.04 

100.06 

1.9467 

0 .0104 

0.0475 
0.8206 

0.0000 

0.0155 

0.0004 

1.1008 

0 .0755 
0 .0017 

0.0018 

0.57 

54.70 

41.55 

3.75 

117 

3 - 11 
396.08 

DPX4C 

50.82 
0.33 

1.16 

26.67 

0.00 

0.43 

0.03 

18.61 

2.21 
0.10 

0 .00 

100.35 

1.9414 

0 .0094 

0.0521 

0.8517 

0.0001 

0.0138 

0.0008 
1.0598 

0.0906 

0.007 1 

0.0000 

0.55 
52.57 

42.94 

4.49 



Analysis #I 

Se ction 
Oepth 

label 

510, 

Tlo, 
A~o, 

FeO 

Cr~J 

MnO 
NiD 

MgO 
CaO 
Na2D 

K, O 

Total 

Cations based 

51 

TI 

AI 
FIi" 
Cr 

Mn 
NI 
Mg 
Ca 
Na 
K 

Mg_ 
En content 

Fs content 
Wo content 

118 

3- 6 
390.98 

OPX lC 

52.27 

0.36 

1.18 

21.84 

0.03 

0.35 
0.14 

21.70 

1.78 
0.04 

0.03 

99.73 

119 

3-6 
390.98 

OPX2C 

52.03 
0,41 

1.02 

22.64 

0.10 

0.36 
0.15 

21.01 

1.68 
0.13 

0.00 

99.52 

on 6 oxygens 

1.9575 1.96 10 

0.0106 0.01 15 

0.0522 0.0452 

0.6838 

0.0010 

0.0111 

0.0043 
1.2116 

0.0713 

0 .0026 

0.0012 

0.64 
6 1.26 

35.14 

3.61 

0.7136 

0.0030 

0.0116 

0.0044 

1.1806 

0.0679 
0.0092 

0.000 1 

0.62 

59.82 

36.74 

3.44 

120 

3-6 
390.98 

OPX 3C 

52.51 
0,42 

1.22 

2 1.03 

0.08 

0.40 
0.11 

22.38 

1.80 
0.02 

0.01 

99.98 

1.9539 

0.0119 

0.0536 
0.6544 

0.0024 

0.0125 

0.0032 
1.2416 

0.0717 
0.(X)15 

0.0006 

0.65 

62.70 

33.68 

3.62 

121 

3-6 
390.98 

OPX 3R 

52.89 

0.29 

0.84 

19.75 

0.00 

0.26 
0.13 

23,46 

1.15 
0.19 

0.22 

99.18 

1.9702 

0.0081 

0.0370 

0 .6153 

0 .0000 

0 .0081 

0.0038 
1.3028 

0.0459 
0.Q136 

0.0104 

0.68 
66.06 

31 .61 

2.33 

122 

3 - 6 
390.98 

OPX 4C 

52.72 
0.27 

1.47 

20.32 

0.37 

0.32 
0.1 2 

21.98 

1.86 
0.09 

0.00 

99.52 

1.9637 

0.0077 

0.0644 

0.6328 

0.0108 

0.010 1 

0.0037 
1.2205 

0.0740 

0.0068 

0.0000 

0 .66 

63 .00 

33.16 

3.82 

123 

3-6 
390.96 

OPX 5C 

52.31 
0.35 

1. 56 

2 1.70 
0.31 

0.38 
0.13 

20.81 

2.82 
0.07 

0.02 

100,46 

1.9498 

0.0097 

0.0667 
0 .6763 

0 .0092 

0.0 12 1 

0.0039 
1.1564 

0.1127 

0.0049 

0.0008 

0.63 

59.08 

35.17 

5.76 

124 

3-6 
390.98 

OPX 5R 

51.96 

0.32 

0.73 

22.85 

0.01 

0.40 

0.18 

20.63 

1.60 
0.15 

0.01 

99.05 

1.9705 

0.0092 

0.0325 
0.7247 

0.0003 

0.0129 

0.0054 
1.1776 

0.0649 

0.0109 

0.0007 

0.62 
59,47 

37.25 

3.28 

125 

3 - 6 
390.98 

OPX 6C 

52,42 

0.35 

1.06 

21.32 

0.04 

0.32 
0 .1 2 

22.13 

1.82 
0 .10 

0.00 

99 .67 

1.9596 

0.0097 

0.0465 
0.666 5 

0.0011 

0.0100 

0.003 5 
1.2333 

0.0730 

0.0074 

0.0000 

0.65 

62.20 

34.12 

3.66 

126 

3 - 5 
389.82 

OPX l C 

52.19 
0.37 

1.69 

22.10 

0.34 

0.39 
0.03 

20.47 

1. 73 
0 .12 

0.Q1 

99.43 

1.9615 

0.0103 

0.0749 

0.6945 

0.0100 

0.0123 

0.0006 
1.1471 

0 .0698 

0 .0085 

0.0005 

0.62 

59.63 

36.74 

3.63 

127 

3 - 5 
389.82 

OPX lR 

52.01 
0.40 

1.13 

22.69 

0.04 

0,43 

0 .05 

20.97 

1.99 
0.08 

0.01 

99.81 

1.9562 

0.0 113 

0.0502 
0.7135 

0.0012 

0.0136 

0.001 4 

1.1757 

0.0604 

0.0060 

0.0006 

0.62 

59.29 

36.66 

4.05 

128 

3-5 
389.82 

OPX2C 

51.1 5 
0.34 

1.07 

25.57 

0.09 

0.39 
0 .06 

16.53 

1.98 
0.05 

0.02 

99.26 

1.9625 

0.0096 

0.0484 
0.6205 

0.0026 

0.0126 

0.001 8 

1.0599 

0.0815 

0.0037 

0.0009 

0.56 

53 .68 

42.20 

4. 13 

Table C·2 (cont) Electron microprobe analyses of orthopyroxenesJrom borehole SH3. 

129 

3- 5 
389.82 

OPX 2R 

51 .20 
0.29 

0.80 

25.41 

0.00 

0.37 
0.03 

19.67 

1.89 
0.04 

0.03 

99.73 

1.9536 
0.0083 

0.0360 
0.8106 

0.0000 

0.0121 

0.0010 
1.1189 

0.0771 

0.0033 

0.0014 

0.58 
55.43 

40.75 

3.82 

131 

3 - 5 
389.82 

OPX 3C 

51.72 

0.39 

1. 18 

23.68 

am 
0.39 
0.07 

20.13 

2.09 
0.11 

0.00 

99.76 

1.9558 

0.0110 

0.0524 
0.7489 

0.0004 

0.0124 

0.0020 
1.1350 

0.0849 

0.0082 

0.0000 

0.60 

57.29 

38.43 

4.26 



Analysis #I 

Section 

Depth 

Label 

SiU! 
TiCl] 

A.a, 
FeO 

Cr:th 
... nO 
NIO 

... gO 
CaO 
Na 20 

<, 0 
Total 

132 

3 - 5 
389.82 

OPX SC 

52.79 
0.21 

1.44 

20.08 

0.11 

0.35 
0.04 

22.81 

1.50 
0.05 

0.00 

99.40 

133 

3-5 
389.B2 

OPX SR 

52.81 

0.29 

1.63 

20.03 

0.27 

0.28 
0.04 

22.23 

2.22 
0.07 

0.02 

99.87 

Cations based on 6 oxygens 

51 1.9629 1.9577 

Ti 

AI 
Fe" 
Cr 

... n 

NI 
... g 

Ca 

Na 

< 

Mg. 
En content 

Fs content 

Wo content 

0.0060 

0.0631 
0.6243 

0.0032 
0,0111 

0.0013 
1.2&44 

0.0597 

0.0037 

0.0002 

0.67 

64.53 

32.43 

3.04 

0.0080 

0.0712 

0.6208 

0.0078 

0.0087 

0.0013 
1.2284 

0.0881 

0.0047 

0.0009 

0.66 

63 .13 

32.35 
4.53 

134 

3-5 
389.82 

OPX 6C 

52.37 
0.24 

1.24 

21.51 

0.26 

0.39 

0.05 

21.97 

1.76 
0.01 

0.00 

99.79 

1.9565 

0.0066 

0.0547 
0.6719 

0.0077 

0.0122 

0.0015 
1.2237 

0.0704 

0.0009 

0.0001 

0.65 

61.86 

34.58 

3.56 

135 

3 - 4 
389.26 

OPX IC 

52.1 9 

0.31 

1.27 

22.11 

0.19 

0.31 

0.05 

21.47 

1.76 
0 .10 

0 .02 

99. 76 

1.9560 

0 .0086 

0.056 1 

0.6928 

0.0057 

0 .0097 

0.0016 
1.1996 

0.0705 

0.0071 

0.0009 

0.63 

60.81 

35.61 

3.57 

136 

3 - 4 
389.26 

OPX lR 

52.00 
0,48 

0.89 

22.73 

0.10 

0.30 

0.04 

20.94 

1.97 
0.11 

0.00 

99.55 

1.9608 

0.Q135 

0.0394 

0.7166 

0.0029 

0.0095 

0.0011 
1.1771 

0.0796 

0.0083 

0.0000 

0.62 

59.36 

36.62 
4.02 

137 

3 - 4 
389.26 

OPX 2C 

52.54 

0.25 

1.68 

20.93 

0 .31 

0.21 

0.06 

21.46 

2.75 
0.12 

0.01 

100.31 

1.95 10 

0.0068 

0.0735 

0.6499 

0.0090 

0.0065 

0.0019 
1.1 882 

0 .1092 

0 .0089 

0 .0007 

0 .65 

60.8 1 

33.60 

5.59 

138 

3 - 4 
389.26 

OPX 2R 

52.02 
0.45 

1.07 

22.68 

0.09 

0.34 

0.05 

20.98 

2.14 
0.03 

0.02 

99.85 

1.9555 

0.0126 

0.0472 
0.7130 

0.0026 

0.0107 

0.0014 
1.1759 

0.0862 

0.0024 

0.0010 

0.62 

59.22 

36.44 

4.34 

13. 

3 - 4 
369.26 

OPX 3C 

51 .85 

0.32 

1.12 

23.25 

0.12 

0.36 

0 .04 

20.50 

1.45 
0.06 

0.01 

99.06 

1.9659 

0.0090 

0.0501 
0.7370 

0.0035 

0.0117 

0.0012 

1.1568 

0.0586 

0.0043 

0.0003 

0 .61 

58.93 

36.08 

2.99 

140 

3 - 4 
389.26 

OPX 3R 

52.08 

0.16 

0.50 

23.12 

0.00 

0.42 
0,01 

21 .16 

1.45 
0.02 

0.00 

98.9 1 

1.9765 

0.0047 

0.0226 
0.7337 

0.0000 

0.0134 

0.0002 
1.1972 

0.0588 
0 .0013 

0 .0000 

0.62 

59.77 

37.30 

2.94 

141 

3 - 4 
389.26 

OPX4C 

51.65 

0.38 

0.93 

23.25 

0.12 

0.34 

0.02 

20.50 

1.85 
0.09 

0 .02 

99.35 

1.9634 

0.0107 

0.0415 
0 .7362 

0.0036 
0,0111 

0.0007 

1.1574 

0.0751 

0.0066 

0.0010 

0.61 

58.46 

37.75 
3.79 

142 

3-4 
389.26 

OPX SC 

53.06 
0.22 

1.47 

19.19 

0.13 

0.29 
0.06 

22.94 
2.42 
0.01 

0.01 

99.80 

1.9606 

0.0062 

0.0641 
0.5929 

0.0039 

0.0091 

0.0017 

1.2637 

0.0960 

0.0006 

0.0006 

0.68 
64.42 

30.69 

4.69 

Table C-2 (cont) Electron microprobe analyses of orthopyroxenesfrom borehole SH3, 

144 

3-3 
388.93 

OPX IC 

52.20 
0.39 

1.61 

22.07 

0.14 

0.32 
0.09 

20.50 
2.01 
0.08 

0.00 

99.42 

1.9625 

0.0 109 

0.0714 
0.6938 

0.0042 

0.0102 

0.0026 
1.1469 

0.0611 
0.0060 

0.0000 

0.62 

59.40 

36.40 

4.19 

145 

3-3 
388.93 

OPX lR 

51.99 
0.35 

0.85 

22.76 

0.11 

0.42 

0.04 

20.49 

2.06 
0.06 

0.01 

99.15 

1.9696 

0.0100 

0.0376 

0.7209 

0.0034 

0.0134 

0.0014 

1.1572 

0.0637 

0.0043 

0.0005 

0.62 
56.58 

37.18 

4.24 



Analysis # 

Section 
Depth 

labe l 

5;02 
Ti02 

A~o, 

FeD 

Cr20J 

MnO 

NIO 

MgO 

e.o 
Na20 

K,O 
Total 

157 

10 - 9 

409.40 

CPX IC 

51.35 

0.22 

0.99 

14.86 

0.00 

0.31 

0.01 

11.94 

19.45 
0.31 

0.01 

99.44 

4 
, 0 -7 

407.20 

CPX 3C 

47.03 

1.75 

7.73 

17.42 

0.06 

0.09 
0.03 

13.60 

11.60 
2.16 

1.53 

103.01 

Cations based on 6 oxygens 

S I 1.9697 1. 7541 

TI 

AI 
Fe'· 
e, 
Mn 

NI 

"g 
C. 
N. 
K 

"g# 
En content 

Fs content 
Wo content 

0.0062 

0.0449 

0.4767 

0.0000 

0.0102 

0.0003 
0.6828 

0.7991 

0.02 28 

0.0005 

0.59 

34.68 

24.73 

40.59 

0.0491 

0.3399 

0.5432 

0.0017 

0.0030 

0.0010 
0.7560 

0.4634 

0.1565 

0.0727 

0.58 

42.82 

30.93 

26.25 

17 

10 - 6 

405.50 

CPX2C 

52.52 
0.40 

1.66 

20.99 

0.11 

0.36 

0.04 

20.99 

6.59 
0.29 

0.00 

103.95 

1.9072 

0.0106 

0.0712 
0.6374 

0.0032 

0.D110 

0.0013 
1.1363 

0.2564 

0.0203 

0.0000 

0.64 

55.67 

31.77 

12.56 

24 

10-6 

405.50 

CPX 5C 

53.24 
0.22 

0.96 

13.47 

0.04 

0.32 
0.04 

12.29 

19.80 
0,42 

0.00 

100.80 

1.9958 

0.0063 

0.0422 

0.4221 

0.0011 

O.OlDl 

0.0011 
0.6868 

0.7954 

0.0305 

0.0001 

0.62 

35.88 

22.58 

41.55 

44 
10 - 5 

404.80 

CPX IC 

52.33 
0.63 

2.02 

12.62 
0.06 

0.30 
0.02 

11.80 

20.53 
0.55 

0.06 

100.93 

1.9595 

0.0177 

0.0892 
0.3952 

0.0018 

0.0095 

0.0007 
0.6587 

0.8237 

0.0396 

0.003 1 

0.63 

34.9 1 

21.45 

43 .65 

45 

10 - 5 

404.80 

CPX IR 

51 .94 
0.23 

1.00 

12.89 

0.D1 

0.32 
0.01 

11.84 

21 .64 
0.41 

0.02 

100. 32 

1.9684 

0.0066 

0.0448 

0.4085 

0.0004 

0.0102 

0.0004 

0.6689 

0.8788 

0.0298 

0.001 1 

0.62 

34.02 

21.29 

44.69 

46 

10 -5 

404.80 

CPX2C 

51.87 
0.31 

1. 18 

13.13 

0.00 

0.31 
0.07 

11.94 

21.26 
0.44 

0.00 

100.51 

1.9624 

0.0088 

0.0524 
0.4154 

0.0000 

0.0100 

0.0022 

0.6735 

0.8617 

0.0325 

0.0000 

0.62 

34.35 

21.70 

43.95 

47 
10-5 

404.80 

CPX 2R 

51.89 
0.16 

0.82 

13.06 

0.00 

0.27 
0.00 

11.35 

22.05 
0.35 

0.02 

99.97 

1.9765 

0.0046 

0.0369 
0 .4161 

0.0000 

0 .0087 

0 .0000 

0.6445 

0.8996 

0.0260 

0.0008 

0.61 

32.73 

21.58 

45.69 

61 

10-4 

404.07 

CPX lR 

51.22 
0.92 

3.09 

8 .68 

0.21 

0.17 
0.00 

13.10 

22.13 
0.49 

0.00 

100.01 

1.9130 

0.0258 

0.1361 

0.2710 

0.0061 

0.0055 

0.0001 
0.7294 

0 .BB5S 

0.0354 

0.0000 

0.73 

38.57 

14.62 

46.82 

68 
10 -4 

404.07 

CPX2C 

52.78 
0 .46 

1.92 

7.35 
0.40 

0.17 
0.05 

15.39 

22.39 
0,42 

0.00 

101.34 

1.9333 

0.0127 

0.0830 

0.2253 

0.0117 

0.0051 

0.0013 

0.8404 

0.8786 

0.0299 

0.0000 

0.79 

43.11 

11.82 

45.07 

Table C-3 Electron microprobe analyses of clinopyroxenesfrom boreholes SHIO and SH3. 

70 

10 - 4 

404.07 

CPX 2R 

S2.83 

0.34 

1.8S 

7.51 

0.15 

0.09 
0.04 

15.08 

22.87 
0.49 

0.00 

101 .25 

1.9391 

0.0095 

0.0801 

0.2305 

0.0042 

0.0026 

0.0013 
0.8252 

0.8992 
0.0349 

0.0000 

0.78 

42.15 

11.91 

45.93 



Analysis * 
Section 
Depth 
label 

510, 

Tlo, 

AbO, 

FeO 

Cr~3 

"nO 
NIO 

"gO 
CaO 
Na20 

.,0 
Total 

78 

10 -3 

403.43 

CPX4C 

51.62 
0.60 

3.95 

17.94 

0.06 

0.18 
0.07 

14.12 

11 .56 
1.34 

0.51 

101.95 

7. 
10- 3 

403.43 

CPX4R 

52.02 
0.56 

3.84 

17.21 

0.00 

0.18 

0.06 

13.48 

11.47 
1.39 

0.53 

100.74 

Cations based on 6 oxygens 

51 

TI 

AI 
Fe" 
Cr 

Mn 
NI 

Mg 
Ca 
Na 

• 
.. g. 
En content 
Fs content 
Wo content 

1.9183 

0.0167 

0.1729 

0.5573 

0.0016 

0.0057 

0.0022 
0.7823 

0.4604 

0.0965 

0.0242 

0.58 

43.32 

31.18 

25.50 

1.9467 

0.01 56 

0.1695 

0.5385 

0.0000 

0.0058 

0.0019 
0.7521 

0.4600 

0.1005 

0.0253 

0.58 
42.82 

30.99 

26.19 

102 

3-' 3 
397.35 

CPX2C 

50.88 
0.54 

1.59 

15.30 

0.02 

0.23 
0.03 

12.39 

18.54 
0.30 

0.01 

99.83 

1.9438 

0.0154 

0.0717 

0.4888 

0.0005 

0.0075 

0.0008 
0.7057 

0.7589 

0.0225 

0.0007 

0.59 

35.99 
25.3 1 

38.70 

109 

3 -13 

397.35 

CPX6C 

51.76 

0.44 

1.30 

16.78 

0.05 

0.29 
0.02 

12.80 

15.63 
0.32 

0.02 

99.42 

1.9782 

0.0126 

0.0586 
0.5364 

0.0015 
0.0094 

0.0007 
0.7293 

0.6400 

0.0239 

0.001 2 

0.58 
38.08 

28.50 

33.42 

110 

3-13 

397.35 

CPX 7C 

51.56 
0.49 

1.69 

15.31 

0.03 

0.24 
0.02 

12.01 

18.25 
0.44 

0.02 

100.06 

1.9605 

0.0140 

0.0755 
0.4868 

0.0010 

0.0077 

0.0007 

0.6808 

0.7434 

0.0325 

0.0010 

0.58 
35.48 

25.77 

38.75 

130 

3-5 
389.82 

CPX 1 

51.45 

0.82 

2.51 

10.69 

0.00 

0.21 
0.06 

14.02 

20.04 
0 .53 

0.01 

100.35 

1.9217 

0.0231 

0.1107 

0.3339 

0.0000 
0.0067 

0.0018 
0.7807 

0.8019 

0.0384 

0.0006 

0.70 

40.59 

17.71 

41.70 

143 

3-3 
388,93 

CPX, 

51.97 
0.62 

3,85 

13.63 

0.09 

0.26 
0.02 

16.04 

11.46 
1.36 

0.49 

99.79 

1.9338 

0.0173 

0.1690 
0.4240 

0.0025 

0.0083 

0.0006 

0.8898 

0.4569 
0.0981 

0.0235 

0 .68 

50.02 

24.30 

25,68 

151 

3 - 2 
383.96 

CPX4C 

44.41 
1.90 

11.46 

12.50 
0,00 

0.14 

0.07 

13.59 

10.38 
3.23 

1.28 

98.95 

1.6878 

0.0542 

0.5133 

0.3972 

0 .0000 
0.0044 

0.0021 
0.7700 

0.4226 

0.2376 

0.0621 

0 .66 

48.30 

25.1 9 

26.51 

152 

3-2 
383.96 

CPX SC 

51.71 
0.88 

3.27 

10.00 

0.04 

0 .22 
0.04 

13.35 

17.65 
0.47 

0.00 

97.64 

1.9583 

0.0251 

0.1461 
0.3167 

0.0013 

0.0070 

0.0013 
0,7537 

0.716 1 

0.0346 

0.0000 

0.70 

42.02 

18.05 

39.93 

Table C-3 (cont) Electron microprobe analyses of clinopyroxenesfrom boreholes SHIO and SH3. 



Point 

Section 

Depth 

17 

10-8 

408.60 

18 

10- 8 

408.60 

10 -7 

407.20 

2 
10- 7 

407.20 

3 

10-7 

407.20 

4 

10- 7 

407.20 

5 

10- 6 

405.50 

6 
, 0 - 6 

405.50 

7 

10- 6 

405.50 

8 
10 - 5 

404.80 

9 
10- 4 

404.07 

10 

10-3 

403.43 

11 

10- 3 

403.43 

12 
10 - 3 

403.43 
magnesia- magnesia- tnagnesHJ- mag~- mag~- magnesia- magnesia- actinolftic actinolitic magnesio- magnesia- magnesia-

Label actinolite hornblende hornblende hornblende hornblende hornblende act~·te homblende homblende homo/encfe homblende homblende homblende homblende 

510, 

TiO? 

AI2Q, 

Cr2Q, 

FeO 

MnO 

M.O 
C.O 
No,O 

K,o 
Total 

53.32 

0.09 

2.95 

0.07 

18.33 

0.14 

12.28 

12.63 
0.40 

0.05 

100.26 

Cations based on 23 

51 

TI 

AI 

C, 
Fe:! • 

Fe2 • 

Mn 
Mg 
C. 
K 
N. 
Total 

AllY 

AIYI 

(Ca + Na)1 

N.B 
(N. + tel A 

7.643 

0.009 

0.500 

0.009 

0.182 

2.015 

0.017 

2.629 

1.938 

0.009 

0.112 

15.063 

0.357 

0.143 

2.000 

0.062 

0.059 

44.58 

1.04 

8.04 

0.00 

20.48 

0 .30 

10.89 

11 .91 
1.52 

0.85 

99.61 

46.03 

0.06 

0.94 

0.00 

30.98 

0.20 

11.45 

11.01 
0.18 

0.07 

100.91 

47.12 

1.41 

7.00 

0.04 

18.73 

0 .18 

11 .71 

10.96 
1.93 

1.25 

100.34 

oxygens (after Mogessie et al., 

6.554 6.629 6.813 

0.115 0.009 0.157 

1.395 0.156 1.190 

0.000 

0.924 

1.593 

0.035 

2.385 

1.872 

0.159 

0.433 

15.465 

1.395 

0.000 
2.000 

0.128 

0.464 

0.000 

3.102 

0.628 

0.026 

2.457 

1.696 

0 .009 

0.052 

14.764 

0 .156 

0.000 

1.748 

0.052 

0.090 

0.009 

0.712 

1.557 

0.026 

2 .529 

1.695 

0.235 

0 .539 

15.462 

1.187 

0.003 

2.000 

0 .305 

0.469 

48.85 

1.42 

6.52 

0.00 

18.1 4 

0.09 

11.69 

10.78 
1.91 

1. 10 

100.50 

1988) 

7.038 

0.156 

1.108 

0.000 

0.438 

1.743 

0.009 

2.510 

1.662 

0.199 

0.537 

15.400 

0.962 

0.146 

2.000 

0.338 

0.398 

45.81 

0.51 

5.16 

0.01 

20.13 

0.34 

12.40 

11.58 
1.37 

0 .60 

97 .90 

6.781 

0.053 

0.899 

0.000 

1.237 

1.255 

0.044 

2.741 

1.833 

0.116 

0.391 

15.350 

0 .899 

0.000 
2.000 

0.167 

0.340 

55.78 

0 .02 

0.62 

0 .00 

16.28 

0.27 

15.32 

12.43 
0.04 

0.01 

100.76 

7.785 

0 .000 

0.101 

0.000 

0.571 

1.334 

0.034 

3.188 

1.863 

0.000 

0.008 

14.884 

0.101 

0.000 

1.87 1 

0.008 

0.000 

45.81 

0.49 

5.33 

0.07 

18.45 

0.29 

14.84 

11.66 
1. 19 

0.40 

98.52 

6.591 

0 .052 

0.908 

0.009 

1.800 

0.423 

0.035 

3.183 

1.799 

0.069 

0 .329 

15.198 

0.908 

0.000 

2.000 

0 .20 1 

0.197 

45.43 

0.71 

5.20 

0.01 

19.57 

0.17 

13.79 

11.89 
1.28 

0 .55 

98.60 

6.628 

0.079 

0.894 

0.000 

1.504 

0.860 

0.018 

2.999 

1.658 

0.105 

0 .359 

15.325 

0.894 

0.000 

2 .000 

0.142 

0 .322 

50.81 

0.43 

1.56 

0.05 

13.29 

0.36 

12.18 

21.54 
0.32 

0.00 

100.54 

7.396 

0.043 

0.271 

0.008 

0.000 

1.617 

0.043 

2.640 

3.357 

0.000 

0.068 

15.463 

0.271 

0.000 

3.357 

0.000 

0.088 

52.01 

0.04 

0.50 

0 .17 

5.75 

0.09 

16.73 

24.7 1 
0.06 

0.00 

100.05 

7.405 

0 .008 
0.086 

0.01 7 

0.000 

0.684 

0.008 

3.549 

3.770 

0.000 

0 .017 

15.544 

0.066 

0.000 

3.770 

0.000 
0 .017 

50.32 

0.59 

4 .63 

0.12 

18.40 

0.21 

13.27 

10.82 
1.11 

0.50 

99.97 

7.135 

0 .060 

0 .776 

0.017 

1.126 

1.056 

0.026 

2.805 

1.645 

0.094 

0 .307 

15.047 

0.776 

0.000 

1.952 

0.307 

0.094 

Table C-4 Electron microprobe analyses of amphiboles from borelwles SH10 and SH3. 

50.70 

0.88 

4.25 

0.05 

18.46 

0.24 

13.35 

10.52 
1.51 

0.50 

100.46 

7.169 

0 .093 

0 .705 

0,008 

1.074 

1.1 I 0 

0.025 

2.811 

1.597 

0.093 

0.0416 

15.100 

0.705 

0,000 

2.000 

0.403 

0.106 

51.52 

0.60 
4.09 

0.05 

17.79 

0.20 

13.83 

10.36 
1.42 

0.51 

100.37 

7.231 

0.068 

0.675 

0,008 

1.126 

0 .968 

0.025 

2.894 

1.561 

0.093 

0.388 

15.036 

0.675 

0.000 

1.949 

0.388 

0.093 



Point 

Section 

Depth 

13 
10 - 3 

403.43 

14 

10- 2 

403.20 

15 

10-2 

403.20 

16 

1 0 - 2 

403.20 

I. 
3 - 10 

394.80 

20 
3-10 

394.80 
actinoliric actinO/iric actinoUtic magnesio- actino/itic 

21 
3-B 

393.29 

Lab el hornblende hornblende homblende actinolite homblende homblende actinolite 

510, 

TiQz 

A12D3 

Cr2IJJ 

FeD 

MnO 

MOO 
CaD 
N.,O 

',0 

Total 

Cat ions based 

51 

11 
AI 

Cr 

Fe
J

• 

Fe2 • 

Mn M. 
Ca 

• 
N. 
Total 

AllY 

Aivi 

CCa + Na)1 

NaB 

(Na + K)A 

51.45 

0.03 

1.21 

0.00 

22.05 

0.35 

11.86 

13.24 
0 . 10 

0 .17 

100.46 

on 2 3 

7.496 

0 .000 
0.210 

0 .000 

0.579 

2.110 

0 .044 

2.574 

2.067 

0 .035 

0 .026 

15.140 

0 .210 

0.000 

2.067 

0 .000 

0.06 1 

5 1.16 

0,49 

3.77 
0 .16 

16.84 

0.20 

13.20 

12.43 
1.22 

0.42 

99.89 

51.16 

0.45 

3.83 

0.21 

17.15 

0.23 

13.46 

11.31 
1. 19 

0.40 

99.38 

54.99 

0.05 

0.23 

0.07 

14.58 

0.27 

16.35 

13.47 
0 .1 3 

0 .03 

100.16 

48.34 

1. 19 

5.18 

0.30 

10.59 

0.17 

17.20 

12.87 
1.21 

0.39 

97.43 

oxygens (after Mogessie et aI., 1988) 

7.388 7.321 7.742 6.963 

0.052 

0.642 

0,017 

0.178 

1.854 

0 .026 

2.847 

1.928 

0 .078 

0.338 

15.348 

0 .612 

0.030 

2.000 

0 .072 

0.344 

0.052 

0.645 

0.026 

0.712 

1.344 

0.026 

2 .874 

1.738 

0.069 

0.327 

15.134 

0 .645 

0.000 

2.000 

0.262 

0 .134 

0.008 

0.042 

0.008 

0.372 

1.346 

0.034 

3.435 

2.031 

0.008 

0.034 

15.060 

0 .042 

0.000 

2.03 1 

0.000 

0.042 

0.130 

0 .883 

0 .035 

0.542 

0.730 

0 .0 17 

3.694 

1.981 

0 .069 

0.338 

15.381 

0.683 

0.000 

2.000 
0.019 

0.388 

52.20 

0 .03 

1.8 1 

0 . 14 

14.49 

0 .26 

16.78 

14.45 
0.3 1 

0 . 13 

100.6 1 

7.388 

0.000 

0.306 

0 .017 

0.406 

1.311 

0 .034 

3.537 

2.1 94 

0 .026 

0.085 

15.304 

0.306 

0.000 

2.194 

0.000 

0.11 1 

53.35 

0.18 

1.23 

0.10 

10.13 

0.23 

14.1 4 

20.87 
0.61 

0.02 

100.86 

7.580 

0.017 

0.205 

0.008 

0.000 

1.204 

0.026 

2.996 

3.176 

0.000 

0. 170 

15.362 

0 .205 

0.000 

3.176 

0.000 

0.170 

22 
3 -B 

393.29 

actinolite 

54.10 

0.04 

0.85 

0.27 

17.89 

0.36 

14.20 

12.47 
0.20 

0.07 

100,45 

7.655 

0.009 

0.145 

0.03 4 

0.664 

1.454 

0.043 

2.994 

1.888 

0.009 

0.05 1 

14.945 

0. 145 

0.000 

1.939 

0.051 

0.009 

23 
3-B 

393.29 

actinolite 

54.03 

0.04 
0 .56 

0.02 

17.58 

0.36 

15.09 

12.52 
0.29 

0 .03 

100.54 

7.613 

0 .006 

0.093 

0 .000 

0 .812 

1.263 

0.042 

3.166 

1.889 

0.008 

0.076 

14.970 

0 .093 

0 .000 

1.965 

0 .076 

0 .008 

24 
3-7 

391 .96 

25 
3-7 

391.96 

26 

3- 7 

391.96 

27 
3-6 

390.98 

28 
3 - 3 

388.93 
actinolitic magnesia- magnesia- magnesio-

actinolite homblende homblende hornblende homblende 

52.62 

0 .03 

0.59 

0.00 

17.75 

0.28 

15.08 

13.67 
0 .28 

0 .04 

100.33 

7.527 

0.000 

0 .1 03 

0.000 

0.566 

1.556 

0.034 

3.213 

2.096 

0 .00 9 

0 .077 

15 .1 81 

0 .103 

0.000 

2.096 

0.000 

0.086 

52.63 

0.29 

1.67 

0 .08 

9.47 

0. 14 

19.60 

13.56 
0.58 

0.19 

98.3 9 

7.396 

0.034 

0.279 

0.008 

0 .590 

0 .525 

0 .017 

4 .1 45 

2.043 

0.034 

0 .160 

15.230 

0 .279 

0.000 

2.043 

0.000 

0.194 

50.49 

1.07 

4.05 

0.07 

13.41 

0.22 

16.52 

12.58 
1.59 

0.47 

100.46 

7.130 

0.110 

0 .671 

0 .008 

0.498 

1.089 

0.025 

3 .480 

1.902 

0.085 

0.432 

15.430 

0.671 

0 .000 

2.000 

0.098 

0.419 

50.22 

1.24 

5.46 

0 .01 

14.81 

0.13 

15.32 

11.44 
1.77 

0.72 

101.12 

7.027 

0 .134 

0 .699 

0.000 

0.740 

0 .991 

0.017 

3.194 

1.714 

0.126 

0.479 

15.321 

0.899 

0.000 

2.000 

0.286 

0 .319 

51.54 

0.56 

3.91 

0 .16 

15.2 1 

0.25 

15.75 

11 .94 
1.20 

0 .44 

100.97 

7.193 

0 .059 

0.645 

0 .017 

0.656 

0.921 

0.034 

3.27 6 

1.785 

0.075 

0 .327 

15.190 

0.645 

0 .000 

2.000 

0 .215 

0. 187 

Table C-4 (cont) Electron microprobe analyses of amphiboles from boreholes SH 10 and SH3. 
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Appendix D: X-Ray Fluorescence Spectrometry 

Wbole-rock analyses were carried out by XRF wavelength dispersive 

techniques using a Phillips 1410 X-ray spectrometer for all the elements except sulphur. 

Sulphur analyses were carried out at the University of Cape Town, using a Phillips 

1410 wavelength dispersive X-ray spectrometer. The major elements, apart from 

sodium, were determined using duplicate fusion discs, prepared according to the 

method of Norrish and Hutton (1969). All iron was determined as Fe203. Sodium and 

trace elements were determined on 5g pressed powder pellets. 

H20- and loss on ignition (WI) were determined gravimetrically by heating 

samples for eight hours at 110" C and 950" C respectively. Standard departmental 

FORTRAN programs were used to process the data. Corrections were made for 

background and matrix effects, spectral line and tube interferences, instrumental drift 

and dead time. Working curves were calculated by using a variety of international and 

in-house rock standards. Details of analytical conditions for major and trace element 

runs are given in Table D-I. 

Element Tube li ne kV rnA Crystal Time Counter Collimator 

51 Sc · Mo Ka 50 50 PE 40 Gas Flow coarse 
T; Sc·Mo Ka 50 50 LlF(200) 40 Gas Flow fine 
AI Sc·Mo Ka 50 50 PE 40 Gas Flow coarse 
F. SC'Mo Ka 50 50 UF(2QO) 20 Gas flow fine 
Mo SC'Mo Ka 50 50 LlF(2oo) 20 Gas Flow fine 
Mg SC'Mo Ka 50 50 PX' 60 Gas Flow fine 
e. SC·Mo Ka 50 50 Uf(2QO) '0 Gas Flow fine 
N. SC·Mo Ka 50 50 PX, '00 Gas Flow fine 
K SC ' Mo Ka 50 50 LiF(200) '0 Gas Flow fine 
P Sc·Mo Ka 50 50 Ge 40 Gas Flow coarse 
Zo Sc · Mo Ka 55 40 LlF(ZOO) 200 Both fine 
eu Sc'Mo Ka 55 40 UF(200) 200 Both fine 
N; Sc·Mo Ka 55 40 UF(200) 200 Both fine 
Nb W Ka 70 35 UF(200} 200 SCintillation f ine 
2 r W Ka 70 35 UF(200) '00 Scintillation fine 
y W Ka 70 35 UF(2QO) '00 scintillatiOn fine 
5r W Ka 70 35 liF(200) ,00 Scintitlation f ine 
Rb W Ka 70 35 UF(2QO) 200 Scintillation fine 
Co W Ka 50 50 UF(200) 200 Gas Flow fine 
er W Ka 50 50 liF(2DO) 200 Gas Flow fine 
V W Ka 50 50 liF(200) 200 Gas Flow fjne 
C. W L~ 45 60 UF(200) 200 Gas Flow fine 
Nd W La 45 60 liF(200) 200 Gas Flow fine 
L. W La 45 60 UF(200) 200 Gas F"" fine 
B. a- La 45 60 UF(200) 200 Gas FlOw fine 
5c a- Ka 45 60 UF(200) . 200 Gas FlOw fine 
Th Sc·Mo La 75 35 LlF(200) 300 Both fine 
Pb Sc · Mo L~ 75 35 UF(200) 300 Both fine 

Table D-1 Details of analytical conditions 



Calculation of iron content (FeD) of silicates: 

1. Analyses of Fe20 3, Cu, Ni, and S, are converted into elemental ppm, so that 

Total Fe = Fe2~ + 1.43 

2. The atomic weight ratios of the various sulphide phases are calculated according 

to the stoichiometric formulae, so that 

Chalcopyrite [CuFeS2] has Cu:S ratio of 1. 98 

Pentlandite [(Ni,Fe)sS9] has Ni:S ratio of 1.83 

and Pyrrhotite [Fel_,S] has Fe:S ratio of 1.74 

3. Assuming all Cu is in chalcopyrite, CuS is calculated so that: 

CuS = Cu content (ppm) + [Cu content (ppm) + 1.98] 

4. Assuming all Ni is in pentlandite, NiS is calculated so that 

NiS = Ni content (ppm) + [Ni content (ppm) + 1.83] 

5. Assuming that the remaining sulphur is associated with Fe in pyrrhotite, FeS is 

calculated so that: 

FeS = Remaining S (ppm) + [Remaining S (ppm) x 1.74] 

6. Assuming that all the Fe is either as FeO or FeS, the FeO content is calculated 

as: 

FeO = (Total Fe - [Remaining S (ppm) x 1.74) ) x 1.286 

Estimation of sulphide values for samples with DO major element data: 

1. Regression line calculated for net peaks (background corrected) and sulphur 

content (ppm): 

Sulphur(ppm) = 1.375 x net ~'P') + 25.593 

2. Regression line calculated for sulphur content (ppm) and sulphide content 

(wt%): 

Sulphide( ..... ) = 2.8289 x Sulphur(ppm) + 162.5151 



SAMPLE 

Depth m 

SIQ, 

TIC! 
AloO, 

F.O 
M,O 
MgO 

C.O 
N.O 
",0 

P20 S 

F.S 
CoS 

NIS 

lOI 
H,o­
TOTAL 

'" C" 
NI 

NO 
Z, 

Y 
S, 
RO 
Co 
C, 
V 

C. 
N' 
l. 

•• 
Se 

Th 

PO 
S 

SHe-12 SHe - IS 

450.24 451.41 

0I.b~1I Qulrtzltll 

49 .05 60.65 

2.43 0 . 1 7 

14.26 2.0 8 

12.83 3 .58 

0.18 0.08 

4.48 3.46 

7.41 6.13 
3.50 1 .30 

1.62 0.13 

0.50 0 .04 

0.500 0 .07 3 

0.009 0.004 

0.010 0.008 

1.08 1.64 
0.25 0.16 

98.11 99.49 

130.90 24.10 

58.90 29 .70 

64.70 52.20 

18.89 1.30 

348.53 52.67 

52.25 7.14 

347.29 26.99 

51.03 4 .67 

50.60 11.40 

30.10 90.30 

277.70 41 .30 

91.68 9.18 

51.48 4 .47 

33.22 3.45 

446.70 1 2.70 

23.30 7.90 

SH8 - '4 

452.80 

"">" 48.08 

0.22 

2.54 

6.52 

0.14 

1 8 .36 

17.55 
0.11 

0.' 3 
0.08 

1.840 

0.028 

0.042 

3.67 
0.18 

99 .50 

40.10 

185 .00 

273.30 

1.78 

37 .00 

1 2.65 

70.76 

5.18 

41 .00 

58.90 

38.80 

12.66 

7.04 

4.82 

9.80 

5 .30 

3.94 

3 . 14 

1887.39 

2.48 2.24 

3.86 1.49 

308. 16 6953 .43 

SH8 - ' 

453.66 

''''''' 40.99 

0.57 

5.65 

15.5 4 

0.18 

2 4 .37 

4 .55 
0 .14 
0.26 

0 .04 

0.136 

0.006 

0.207 

6.03 
0 .47 

99.14 

81.10 

38.80 

1338.60 

3.12 

47 .1 9 

8 .80 

22.12 

11.00 

152 .80 

189.60 

75.30 

1 5.52 

6.78 

5.19 

30.70 

16.60 

SHe - 2 

455.41 

,~'" 
46.86 

0 .37 

5.47 

6.67 

0.2 3 

16.94 

1 5 .78 
0 .44 

0 .3 9 

0 .05 

2.811 

0. 106 

0.140 

3.70 
0.36 

100.31 

53.80 

706.40 

906.20 

0 .03 

79 .30 

10.95 

144.15 

14.53 

27.10 

27.70 

56.20 

18.10 

11.18 

7.22 

45 .70 

6 . 10 

2.25 1.27 

1 .3 8 6 .74 

1245.26 11100. 88 

SH8-S 

457.45 

''''''' 44 .79 

0.82 

6.95 

12.19 

0.23 

19.89 

8.39 
0.13 

0.40 

0.0 8 

0.110 

0.011 

0.127 

4.38 
0.50 

98 .99 

98 .50 

72.50 

820.00 

6 .09 

85.41 

1 5 .60 

30. 19 

16.92 

111.30 

448 .20 

148 .70 

27.46 

14.12 

8.72 

54.40 

25 .20 

SH8 - . 

45 7.92 -, 
47 .3 8 

0.39 

9 .27 

7 .66 

0.17 

13.61 

16.52 
1.25 

0.46 

0.06 

0.675 

0.027 

0.062 

3.14 
0.30 

100.9 6 

73 .00 

182.10 

399.90 

3 .7 6 

10 1.2 6 

23.28 

283.15 

9.91 

29.40 

1 77.50 

54.50 

31.20 

16.29 

8 . 15 

83 .90 

6 .90 

2.33 2 .43 

0 .57 5.08 

ea4.56 2772.88 

SHe ws 

459.41 
Hybrid 

50.58 

0 .98 

6 .2 5 

10.29 

0.22 

14.49 

11 .35 
1.12 

0.53 

0 . 10 

0.880 

0.134 

0.137 

2 .07 
0.23 

99 .36 

71.90 

893 .50 

886.60 

5 .56 

111 .02 

25.0505 

107.605 

17 .80 

72.40 

493 .80 

198.00 

33 .89 

18.48 

9.0S 

100.30 

34.30 

SH8-6 SH8 · 7 

460.34 461.92 

H)tIr1d S~ Glbbl"Q 
47.92 53.41 

1.24 1.19 

10.15 1 1.31 

9.25 10.01 

0.19 0. 17 

9.41 8 .85 

8.66 6.92 
2.05 VI2 
0.90 1.61 

0.10 0 . 11 

5.373 0 .586 

0.674 0.069 

0.407 0.059 

2.53 1.81 
0 .31 0. 42 

99 .17 98.94 

75.40 78.10 

4477.80 458.40 

2634.90 378 .40 

5 .33 11.90 

128.45 200 .98 

21.46 26. 11 

368.59 242.07 

26.69 62.79 

137.00 60.70 

400.40 191 .60 

243.60 169.20 

38.95 41.26 

20.96 20.28 

12.98 13.63 

210.40 283.20 

29.00 25.80 

3 . 11 2.35 4.69 

7.7 9 

2573 .9E 

5.66 5.61 

4145 .25 23293 .0 2 

Table D·2 Whole-rock XRF analyses of borehole SH8, including H2O- and LOl. 



SAMPLE SH8-8 SHe - 9 SH8 - TO SH 8-1 ' SHe- , s SH8 - T6 SH 8-'7 

Depth m 463.34 465.07 465.97 466.40 466. 73 468.26 469.B6 

Basal Gabbro B.$111 Gabbro BII$3I Gabbro BG - chlll ~ .. tzit" """"'~ Oi.tl_ 

SIQ, 48.07 52.09 50.24 96.64 24 .38 49.77 

TIQ 1.33 1.87 1.65 0 .02 0.24 2.61 

A~03 12.86 14.65 14.21 0 .71 6 . 12 '4.44 

F.O 7.18 8.24 6.98 1.22 4.44 10.88 

M" O 0.15 0.13 0.11 0.02 0.32 0.33 

M,O 5.02 5.14 5.62 0.33 16.23 4.88 

C,O 7.40 6.16 9.59 0.24 23.62 6.80 
HOD 2.63 3.71 3.46 0.23 0.01 3.68 

<,a 1. 1 3 1.06 1.64 0 .01 0.08 2 .0 4 

P"os 0. 14 0.21 0.20 0.00 0.06 0.52 

FeS 9.273 1.596 0.077 0.059 0.194 0.241 
C", 1. 718 0.291 0.017 0.006 0 .034 0.093 

HIS 0.434 0.104 0.02 1 0.004 0.023 0.023 

lO I 2.53 2.86 4.29 0.27 22.06 1.18 
O,a- 0. 19 0.38 0.34 0 . 15 0.36 0.38 

TOTA L 100.05 98.49 98.45 99.92 98.17 9 7.84 

Z" 80.10 91.00 54.90 50.20 8.80 66.10 113.00 

C" 11417.20 14335.00 1933.10 110.90 37 .2 0 227.50 617.40 

HI 2804.20 2251.20 673 .70 136.90 26.50 148.40 147.00 

Hb 7.57 9.97 11.57 11.16 -0.45 3.83 20.02 
Z, , 4 6.91 142.02 149.34 127.36 51.8 4 47.99 394.68 

Y 24.82 25.10 30.74 36.36 1. 16 12.54 51.84 
S , 399.98 443.23 297.48 371 .99 11.11 122.80 378 .70 

Rb 40.72 52.00 31.06 63.90 0.62 4.07 80.37 

Co 1 37 . 10 114.90 52 .3 0 24 .30 2.80 20.30 31. 70 
C, 84.30 48.80 40.50 51.40 56.90 142.90 31 .90 

V 220.30 233.70 230.00 224.20 8.80 41.70 278.20 

Ce 57.4' 55.14 46 .77 48.47 2 .28 15.23 90.82 

Hd 27 .79 26.51 23.26 30.91 1 .41 8.39 47.93 

l. 20 .31 17.71 13 .70 18.43 1.52 4 .97 35.55 

B. 223.00 356.90 26 1.80 364.00 5.30 - 22.40 328.50 

Sc 25.30 24.90 23.20 24.50 0.40 -0.90 24.50 

T h 4.17 8.92 3 .32 0 .39 0.90 3.12 4. 14 

'b 16.87 20.86 5.52 0.98 6. 14 1.93 17.74 

S 41108.' 8 0 .00 7162.47 4 13.18 249.98 904.40 , 269.8~ 

Table D-2 (cont) Whole-rock XRF analyses of borehole SH8, including H20- and LOI. 



SAMPLE 

Oepth m 

SI~ 

TlQ 

Al!O, 

F.O 
M.O 
MO O 
C.O 
N.O 
",0 

PlOS 
F.S 
C.S 

NIS 

LOI 

"'0-
TOTAL 

,. 
C. 
NI 
N. ,. 
Y 
S. 
R. 
Co 
0. 

V 

C. 
Nd 

L. 

•• 
Sc 

Th P. 
S 

SH10 - 17 SH10 - 18 SH10 - l SH10 - 2 S H10 - 3 SH10-4 SH10 - 5 S H10 - 19 S H10 - 6 SH10-7 SH10-8 

371 .70 

Oilibese 

48 .50 

2 .37 

14.30 

12.93 

0 .1 6 

5.02 

7.66 
3.12 

1.47 

0.46 

0.50 4 

0.011 

0.015 

1. 1 6 
0.25 

97.98 

132.00 

12.90 

94.90 

16.29 

329.40 

46.76 

41 2.7 9 

47.34 

56.50 

32.80 

275 .3 0 

74.34 

44 .06 

32 .6 6 

439.70 

22.60 

2.29 

8 .89 

1925.65 

386.13 

""'" 55.02 

0.59 

13.70 

4 .77 

0.1 I 

8.18 

7.15 
4 .00 

0.77 

0.17 

0.009 

0.001 

0.023 

3. 1 5 
0.26 

97.91 

28.50 

9 .90 

150.10 

11 .2 4 

384.74 

16.90 

291.22 

27.60 

19.50 

16.40 

56.10 

21.86 

12.28 

9.64 

128.20 

6.50 

11.40 

6 .34 

120.68 

390.45 ,..,.,. 
4 1.21 

0.31 

12 .42 

13.69 

0.20 

26.17 

4.1 2 
0.47 

0.58 

0 .07 

0.222 

0 .049 

0.270 

5.24 
0 .43 

105.44 

92 .80 

322 .60 

1745.20 

2.77 

43 .64 

7.67 

107.63 

15.59 

157.50 

130.60 

47.20 

21.66 

11.48 

7.73 

126.00 

12 .50 

2 .29 

4 .31 

1924.30 

393.17 

""'" 41.96 

0.30 

6 . 16 

12.19 

0.25 

25.50 

6.56 
0.70 

0.37 

0.02 

4 .20 9 

0.209 

0.380 

1.24 
0 .2 0 

100.24 

106.30 

1389.00 

2454.80 

1.31 

31.61 

6.70 

131.52 

11.95 

195 .70 

6 11.00 

73.10 

16.97 

6.18 

1.97 

1 26.70 

19.70 

3.82 

13.98 

17392.2 1 

396.89 

Ui'''' 
48 .75 

0.90 

9.82 

6.60 

0.32 

10.53 

16.52 
Z.06 

0.55 

0 .0 7 

1. 759 

0.0 83 

0.095 

1.76 
0.19 

100.01 

55 .60 

550.10 

617.20 

2.27 

74 .92 

20.85 

809.45 

18.02 

56.70 

368.90 

224.30 

26.30 

14.0 9 

9 .92 

445 .4 0 

36.50 

-2. 38 

7.66 

7028.93 

398.74 

Ui'''' 
43 .57 

0.34 

5.36 

14.95 

0.20 

25.1 1 

4 .67 
0 .68 

0.22 

0.02 

1.371 

0.231 

0.3 13 

1.61 
0 . 18 

98.82 

119.30 

1537.80 

2025 .50 

1.64 

36.36 

7.34 

161.39 

7.66 

177.50 

302. 10 

6 8 .90 

18. 98 

8 .33 

4 .68 

102.20 

16.40 

2.16 

1 1.86 

6882.46 

400. 16 

LJPX"< 
46.85 

0.96 

7.84 

12.33 

0 . 17 

19.59 

6 .5 3 
1.32 

0.47 

0.07 

0.964 

0 .087 

0.179 

1.43 
0 . 18 

98.97 

95.00 

575.40 

1157.00 

5 .65 

74.56 

13. 6 1 

224.65 

, 6.83 

129.50 

454.50 

136.70 

23.92 

, 2.51 

9.37 

172.30 

23. 10 

2.33 

3.96 

4439.01 

400.95 

Ui'Xf 

49 .94 

1.14 

7.24 

" .18 

0.17 

15.67 

6.30 
0 .93 

1.28 

0.10 

1.868 

0.229 

0.180 

2.23 
0.27 

98.72 

89.40 

1521.70 

1161.20 

5.90 

98.35 

16.26 

179.25 

54 .1 2 

1 12.50 

758.90 

186.90 

31 .53 

16.95 

10.78 

210.80 

26.00 

2.65 

7.22 

82 14.64 

401 .09 

""'" 44.29 

0.98 

8. 5 9 

1 3.43 

0.17 

20.27 

5.17 
0.11 

0.98 

0.07 

0.666 

0 .084 

0 . 178 

4 .7 1 
0 .23 

99.93 

101.50 

557.90 

1 1 53.70 

5 .14 

59.81 

, 2 .2 4 

73.33 

45.36 

141. 20 

294.80 

109.70 

22 .34 

8 .33 

5.91 

94.90 

15.90 

2.17 

2.32 

3341.79 

403. 18 403.49 

aas.I Gillbbro Baal a.bb,o 

50.44 52.42 

0. 8 5 1.69 

13.26 

7.30 

0.20 

7.51 

1 5.07 
1.20 

1.32 

0.14 

0.49 8 

0.005 

0.046 

1.19 
0.09 

99.12 

50.70 

36.00 

296.60 

5.97 

11 0.65 

16.65 

285.91 

21.57 

38.50 

3 90.30 

127.50 

35.73 

18.20 

15.45 

244.60 

2 1.90 

2.62 

10.67 

1994.90 

10.82 

8.96 

0.21 

7.96 

9.06 
2.81 

1. 1 0 

0.06 

1.725 

0 . 1 18 

0.086 

1 .57 
0.12 

98.75 

73.20 

786. 10 

553.90 

11.41 

164.5 4 

26.10 

314.65 

39.49 

73.00 

447.40 

232.10 

41.95 

22.29 

14.4 6 

284.10 

29.50 

2.33 

7.82 

6990.33 

Table D-3 Whole-rock XRF analyses of borehole SH10. including H2CY and LO!. 



SAMPLE 

Depth m 

SIQ, 

TIl) 

A~Ol 

FoO 

M"O 
MOO 
C.O 
NOO 
<,0 
P20 S 

FoS 

C", 

NIS 

LOI 
H,o­
TOTAL 

'" Cu 
NI 

Nb ,. 
Y 
S. 
Rb 

Co 
C. 
V 

Co 

N' 
L. 
B. 
So 

T' 
P' 
S 

SH10-20 SH10 - 21 SH10-22 SH10-9 SH10 - l0 SH10 - l' SH10-12 S H10 - 13 SH10 - 14 SH10 - 15 SH10 · 16 

403.59 

en. a.bbro 

4 9.88 

1.09 

8.53 

8.16 

0 .2 6 

8.62 

14.13 
2.56 

0.49 

0.05 

2 .643 

0.161 

0.110 

2.27 
0 .28 

99 .23 

68.40 

1073.00 

710.10 

6 .7 1 

, 16.55 

32.17 

361 .27 

10.17 

81.80 

703.00 

256.20 

36. 13 

24.99 

12.60 

133.00 

30.40 

1.00 

5 . 99 

10566.08 

403. 70 

"""". 
42.43 

0 .4 7 

6 .03 

6 .95 

0.17 

15 .90 

21 . 75 
0 .03 

0.02 

0.07 

1 .3 32 

0.154 

0 . 117 

3.49 
0 .3 0 

99.2 1 

22 .90 

1022 .70 

754 .90 

2 .53 

95 .54 

19.46 

58.94 

1.60 

51. 10 

183.30 

6 8.50 

27.5 5 

16.00 

9 .68 

-8 .20 

7.10 

3.19 

3 . 58 

5786.9 9 

403.99 404 .07 404.90 405.40 405. 66 407.22 405.55 

OoIomifie Bas.! Gabbro Bani G:lbbro BHa! Gllbbro Bn. Gllbbro Bast! Gabbro BH. Gabbro 
39.66 46.20 43 .31 43.41 50.95 51.09 50.57 

1.01 

6.20 

7.55 

0.16 

19.69 

16.49 
0 . 14 

0.12 

0.09 

1 .392 

0.083 

0.096 

5 .87 
0.46 

99.02 

35.50 

550.70 

624.10 

3.43 

137.66 

27.17 

68.36 

4.41 

72.20 

470.30 

92.30 

30.88 

18.52 

13.36 

29.40 

18.70 

2.36 

3.94 

5694.82 

1.02 1.41 

8.00 11.7 6 

13.21 6 .5 8 

0 . 19 0.15 

18.96 6 .12 

5.86 8.30 
0.71 1 .96 

0.44 0.52 

0 .09 0 .08 

0 .153 16.2 43 

0 .0 34 1.483 

0 . 145 0 .754 

3.42 2.03 
0. 2 6 0 .02 

98.67 100.72 

110.20 56.50 

22 5. 30 9858.70 

939.00 48 78.50 

7 . 56 5.36 

90.83 8 7.39 

16.30 18.80 

240.95 361.26 

17.6 6 20.6 5 

116. 10 310. 10 

276.70 113.60 

138.4 0 2-41.40 

31.81 32 .24 

1 5 .80 17.27 

9.77 9 .48 

165. 10 198.50 

19.30 26.70 

1 .48 

12 .81 

7.02 

0.15 

5.76 

8.53 
2.12 

0 .63 

0 .0 7 

''' .025 
1. 2 87 

0.645 

2.46 
0.14 

100.5 4 

71.40 

8551.80 

4171.60 

"'.02 

74.28 

19 . 57 

442 . 91 

22.55 

250.60 

85.40 

317. 50 

34.4 7 

14.89 

5.45 

279 .70 

26.60 

1.2 1 

4 .71 

1 184.18 

3 .02 3.19 

1 2 .39 0.74 

66873 .45 57741. 7 3 

1.67 

14.51 

11 .07 

0 . 16 

6.0'" 

9 .34 
2 .79 

0 .73 

0 .09 

0. 505 

0.02 6 

0.015 

0 .51 
0 . 10 

98 .50 

96.50 

174.80 

98.70 

6.57 

109. 19 

22 . 11 

4 7 3 . 11 

27.98 

58.70 

61.60 

2 81.1 0 

32.55 

19.46 

7.86 

251.30 

26.50 

0 .75 

5.67 

1985.42 

1.53 

13.58 

10.61 

0.17 

6.36 

8.57 
2.83 

1.08 

0.11 

0 .7 31 

0.029 

0.029 

1.56 
0 . 18 

98.45 

78.50 

192.40 

186.40 

9.17 

121.40 

24.35 

416.29 

40.94 

58.10 

87.90 

248.30 

36.45 

20.21 

9 .96 

220.80 

27 .30 

1.36 

5 . 12 

2864.42 

, .75 

14.55 

11 .03 

0.16 

5 .70 

9. 19 
2.90 

0. 8 7 

0 . 15 

0.49 1 

0.015 

0 .0 13 

1.00 
0 . 10 

98 .47 

94 .00 

97.70 

84.30 

7 .3 5 

110.68 

24.28 

481.95 

3 1.36 

55.90 

47 .20 

27 6 .90 

37.69 

20 .93 

11.36 

234 .60 

26 .30 

0 .78 

3 .62 

1886.33 

409.46 

BG· chili 

50 .47 

1.80 

14.53 

11 .20 

0. 16 

5.52 

9.22 
3 .12 

0 .69 

0.18 

0 .5 41 

0.0 15 

0 .013 

0.67 
0.10 

98 .23 

104.60 

99.40 

83 .60 

7. 86 

103.58 

25 .61 

485 .77 

23.42 

55.60 

43.50 

270. 10 

42 .05 

23. 31 

11.01 

250.20 

25 .70 

0 . 13 

3.95 

206 7.14 

422. 40 

"''''-50.1 5 

2.39 

14.21 

12.17 

0 . 16 

4 .1 0 

7.28 
3.23 

1.59 

0.51 

0.460 

0.008 

0.008 

0 .99 
0 . 10 

97.37 

112.20 

5 4 .00 

54 .90 

1 8. 58 

349.94 

52.56 

354 .64 

56.06 

46.90 

25.70 

263 .80 

91.44 

49.49 

33 . 56 

457.20 

21.50 

4.75 

5.30 

1734.4C 

Table D·3 (CORt) Whole-rock XRF analyses of borehole SH 10, including H20-and LOl. 



SANPlE SH2S - 1 SH2S - 2 SH2S-3 SH2S - 4 SH2S - S 

Depth m 641.38 641.74 642.09 642. 39 642.78 

"">IT a.$II1 Glbbro e.uI Gabbro aaslll Glbbro BaS3I Glbbfo 

51'" 4 6.61 52.61 52.4 7 54.12 53 .01 

TI(l 0 .85 0.94 1.05 1.36 1.48 

A\>°l 7.65 14.93 14.20 14.43 14 .85 

FeO 14.4 1 8.05 8 .39 8 .66 8 .98 

MoO 0 . 18 0.14 0.16 0. 16 0.17 

MgO 16.84 6.50 6.12 4.86 5 .05 

C.O 5 .92 8.13 7 .60 6 .5 8 6 . 32 
N.O 0 .23 3.01 3 .57 3.60 4 .37 

<,0 2.02 2.25 1.74 1.91 1.04 

PzOs 0 . 10 0 . 11 0.12 0.17 0 .15 

Fe5 0.137 0.486 0.2 67 0 . 279 0 . 118 

C'5 0.012 0.031 0.027 0.034 0 .019 

NI5 0.144 0.026 0.01 6 0 .012 0 .013 

lOI 3 .31 1.59 2 .46 2 . 18 2.51 
H1.O' 0.31 0 . 32 0 .32 0 .2 6 0 .36 

TOTAL 98 .71 99.12 98.51 98.62 98.43 

In 99 .90 75.80 73.20 60 .90 46.90 

C, 79.30 208.30 181.30 224. 40 1 25. 40 

Nt 928.80 167.60 103.60 74.90 81.40 

Nb 4.41 7.01 5.60 10. 75 8 .72 

Z, 68 .33 115.66 119. 50 182.70 81.93 

Y 15.01 21.47 22.92 29.42 20.22 

" 78.29 467 .83 320.16 320.71 237 .59 

"b 148.07 82.57 45.20 54.80 24.30 

Co 142.00 51.40 4 2.00 37 .10 32.00 

C< 234 .20 6 2.00 7 1.00 44.10 39.20 

V 134.40 164.80 174.30 197.20 227 .8 0 

Ce 26 .56 36.88 3S.40 51.91 29.86 

Nd 12.47 , 9.S3 20 .6 3 27 .43 17.1 9 

l. 6.98 14.1 9 13.98 19.53 11 .03 

e. 88.40 3 12.90 312 .30 340.00 181.70 

5c 18.80 2 4 .30 24.30 22 . 70 24 .00 

Th 2.89 0 .54 0.82 3 . 85 0. 88 

'b 2.70 3.95 5.37 2.70 2 .71 

5 1045.10 1967.41 1 123.53 1170.34 536.50 

Table D-4 Whole-rock XRF analyses of borehole SH25, including H2(J and LO!. 



SAIotPlE 

Depth nf 

SIq, 

TI<) 
A~O] 

F.O 
.,0 
.gO 

C.O 
H.O 
",0 

P2PS 

'OS 
COS 
HIS 

lOI 
H,cy 

TOTAL 

Zn 

C" 
HI 
H. 
Z, 

Y 
5, 
R. 
Co 
C, 
V 

c. 
Nd 

to 

•• 
Sc 

Th 

P' 
5 

SH26 - 1 

491,06 

SHZ6 - Z 

491.68 

SH Z6-3 SHZ6 - <4 

492. 02 4 92.58 

5H 26-5 

49 3. 20 

SHZ6-6 SH26-7 

493. 46 494.21 

SH 26- 8 

494.88 

5H 2 6 - 9 SH26 - ' C 

"96.74 498.97 
lrPXT IbuI Gabbro 8nll Glbbro Ib$3I Gabbro (b$.JII GaObro B.,.. Gllbbro 8m Glbbro e.s.I Gabbro Ba$II Gabbro a.s.I G«Ibro 

43.66 4 3.50 47 .56 42 .38 48.77 53 .36 54.5 6 53 . 73 53 .81 55 . 84 

1.21 

7 .1 5 

12.36 

0.19 

1 9 .64 

8.17 
0 . 12 

0 . 12 

0 . 10 

0.356 

0 .038 

0.146 

4 .88 
0.5 8 

96.71 

84.00 

249.70 

944.10 

7 .63 

114.53 

14.66 

25.79 

3.56 

93 .90 

2 77. 70 

158.80 

24. I 9 

10.48 

10. 12 

6.80 

17.20 

3.32 

3.16 

1940.11 

1.1 1 

8 . 94 

14.55 

0.2 2 

14.96 

8. 72 
0.54 

0 .29 

0.19 

0 .679 

0 .010 

0 . 134 

4 .30 
0.40 

98.53 

88.6 0 

65 .40 

864.60 

7 .03 

10 0 .70 

19.25 

46.99 

6.90 

76.70 

193. 10 

207.40 

35 . 11 

18.42 

11.39 

54.90 

18.30 

4.42 

5 .82 

2980.84 

1. I 0 

1 I .39 

7 . 73 

0 . 16 

7 .20 

8 .03 
2. 56 

1.58 

0. 2 9 

7 .601 

0 .716 

0 .401 

2 .93 
0 .36 

99 .59 

46.20 

4756.90 

2594.10 

8.73 

157.9 7 

35 . 18 

253.83 

52 .35 

180.50 

192 .80 

245 .20 

6 7. 80 

3 7 .68 

25 .66 

372 . 10 

27 .60 

1 .09 

9 .33 

6.03 

0 . 1 7 

6 .80 

7 .70 
1.93 

1.0 7 

0 . 13 

18.670 

0.209 

1.204 

3 .57 
0. 19 

100.47 

59 .90 

1391.50 

77 90.10 

8 . 11 

, 30 .6 4 

2 3. 87 

2 70.97 

37.67 

426.70 

2 31.50 

2 19.20 

43.40 

23. 4 2 

19.78 

286 .90 

27 .40 

5 .05 6 . 31 

5.76 6 . 84 

31536. 93 73042 .96 

1.46 

13 . 13 

6. 64 

0 . 16 

4.46 

8 .0 1 
3 .86 

0.91 

0 . 17 

8 .4 91 

0 .817 

0.439 

2. 0 6 
0 . 17 

99 .56 

24.90 

5430 .00 

2641 .40 

11 .03 

179.67 

26.79 

397.2 5 

22. 19 

164.90 

51 .60 

215 .40 

54.05 

29.33 

22 .76 

255 .00 

23 .30 

5.04 

5.76 

35255.42 

1. 53 

14.26 

8 .67 

0 . 16 

4 .45 

7 .0 7 
3 .99 

1.55 

0.19 

1.757 

0.200 

0.077 

1.3 7 
0 .30 

98 .93 

49 .40 

1330 .80 

495.20 

15.25 

213 .0 8 

30 .26 

348.92 

45.58 

56. 30 

45.40 

214 .20 

59. 10 

32.45 

23.84 

398.90 

23 .1 0 

4.46 

5.66 

7350 .45 

1.54 

14.36 

7.46 

0.12 

5.01 

7 .45 
3.93 

2 . 1 3 

0 .20 

0.045 

0.010 

0 .011 

1.52 
0.34 

98.70 

36. 70 

68.60 

68.60 

14.27 

208.49 

33.95 

297.06 

57 .99 

19.10 

34.90 

201.30 

56.49 

30.64 

21.74 

654.20 

23 .70 

3.41 

1.53 

235.29 

1.50 

13 . 69 

9.43 

0 . 17 

5.08 

6.89 
3 .93 

1 .46 

0 . 19 

0.2 2 0 

0.020 

0 .013 

1.42 
0.40 

98.34 

69. 70 

132.90 

82 .60 

1 3.49 

202 .42 

31.99 

308.10 

47 .75 

37 .50 

70.80 

208 . 50 

57.12 

30. 53 

24 .9 1 

374.40 

24 .20 

4.35 

4 .22 

915. 14 

0 .66 

16.67 

5 . I 7 

0 .07 

2 .93 

4 .56 
0.46 

10.56 

0 . 11 

0.026 

0.001 

0 .007 

3 . 39 
0 .42 

98.66 

29. 10 

9.50 

47.20 

27.45 

615 .06 

31.93 

213. 8 5 

26 6.40 

12.00 

6 .90 

36 .90 

34.59 

22.60 

15 . 12 

3 7 8 7 .50 

7 .90 

16.21 

1. 16 

12 4 .62 

1.48 

14 .44 

7 .54 

0 . 14 

4 .07 

6.80 
5 .10 

1 .28 

0 . 19 

0 .365 

0.007 

0.009 

1.28 
0 .2 0 

98.75 

45 . 70 

4 3 .40 

56.10 

12 .90 

215 .25 

30.90 

359.99 

41.46 

32 .20 

37.70 

199.90 

58 .00 

30 .37 

23.91 

402.10 

21.80 

3.03 

2.39 

I 4 58.2~ 

Table D-S Whole-rock XRF analyses of borehole SH26, including H20 and LOl. 



SAMPLE 

Depth m 

51", 

TlQ. 
A~O, 

"0 
MoO 
MOO 
C.O 
N .. O 

K,o 
Pl01 

FeS 

C,S 
HIS 

LOI 
H1.O" 

TOTAL 

'" C, 

HI 

Hb 
Z, 
Y 
S, 
Rb 
Co 
C, 
V 

C. 
Hd 

L. 

•• 
Se 

Th 

Pb 

S 

SH27-" SH27-14 SH27-' SH27 - 2 SH27 - ' SH27 - 1S SH27 - 4 SH27 - 5 

564.40 

Oi:lb_ 

49 .04 

2 .35 

14. 13 

12.81 

0.16 

4.88 

7.50 
3.28 

1.61 

0.46 

0.457 

0 .008 

0 .013 

1.27 
0.24 

98 .20 

65 .20 

54.70 

86.60 

17.42 

336 .36 

48. 82 

370.56 

57.96 

53 .20 

31 .30 

281.50 

78.96 

45.08 

32 . 64 

483 .1 0 

23.10 

2 .91 

2.47 

1740.95 

566. 98 

Oi. - dI"1 
48.3 2 

2 .55 

14.24 

13.29 

0 . 18 

4.75 

7 .91 
3 .2 5 

1.29 

0.52 

0.520 

0 .009 

0.010 

0 .94 
0 .20 

97.96 

118.30 

56.80 

67.80 

18.57 

315 .27 

52.49 

368 .69 

39.64 

54.10 

30 .60 

296.80 

86.36 

49.30 

36.39 

434 .50 

24.40 

1.93 

2.09 

1962.66 

567. 32 

""" 45 .00 

0.66 

6 .6 1 

13 . 11 

0 .20 

20 .34 

6.60 
0 . 17 

0 .7 8 

0 .09 

0.390 

0 .020 

0.182 

4.23 
0.42 

96.61 

67 .40 

1 34 .2 0 

1179.90 

5.08 

78 .51 

15.86 

62.6 2 

41.63 

138.40 

2 94.00 

132. 80 

31.14 

12 .93 

10.74 

95 .90 

21.90 

568.59 

""" 4 7 .46 

1.04 

7 .49 

11.31 

0 . 17 

17.65 

5 .01 
0 .7 3 

1.20 

0 . 11 

2.511 

0.27 2 

0.346 

2.90 
0 .35 

98.55 

94.30 

1809.10 

2235 .9 0 

7.85 

93 .03 

1 5 . 18 

1 57 .29 

57 .54 

158. 10 

580. 80 

147. 50 

34.64 

15 .83 

13.08 

287. 30 

19.70 

2 . 85 3 .32 

2.05 4 . 15 

2135 .29 11289.70 

569.01 

""" 46.31 

1.11 

8.90 

13 .22 

0.16 

17.45 

6 .02 
0 .83 

1.0 6 

0.08 

0 .375 

0 .062 

0.140 

3.10 
0.4 2 

99.2 4 

1 03.40 

408.90 

905 . 10 

8.27 

87.3 6 

, 6 .7 9 

222 .60 

40 .67 

118. 90 

382.00 

179.60 

34.46 

16.31 

14 .59 

208.90 

21.80 

2 .9 7 

3 .97 

2066.63 

570. 68 571 . 30 570.33 

""""" 38 .05 
e_ G:lbbro BI-UI Gltlbro 

5 2 .6 2 50.81 

0 .61 

7 .78 

5.45 

0 .25 

21.38 

, 7 .16 

0 .02 

0 .01 

0 .0 6 

0.51 7 

0 .0 2 7 

0 .043 

7.21 
0.36 

98.92 

24 . 50 

178.40 

280.60 

3.04 

1" . 56 

20.37 

1 5,90 

0.69 

33 .00 

63 . 10 

51 .80 

19.28 

, 3.43 

7.48 

5.40 

8.1 0 

0 .91 

10.65 

8 .98 

0 . 15 

9.48 

8.03 
2 .30 

0 .95 

0 .08 

2 .513 

0.199 

0 . 18 2 

1 .58 
0.29 

98.92 

61 . 70 

1321 .0 0 

1177.40 

6.62 

, 39. 34 

21 .1 3 

271.50 

37.63 

99.50 

617 .50 

180.40 

37,00 

19.79 

11.06 

229.60 

31.00 

1. 14 3.61 

0.83 7. 72 

2129.14 10473.52 

1.2 0 

10.45 

8 .90 

0 . 15 

8.93 

8 . 16 
2 .33 

0 .96 

0.13 

4.491 

0 . 101 

0 .313 

1.95 
0.26 

99 . 14 

86 . 10 

670 .30 

2023 .BC 

7.Bl 

167. 11 

25 .98 

268.74 

39 .85 

131.90 

7 42.1 0 

220.30 

46.29 

22.99 

15 .31 

172.00 

31.20 

4 . 13 

6 .69 

17822.1C 

Table D-6 Whole-rock XRF analyses of borehole SH27, including H2O- and LOl. 



SAMPLE 

Depth m 

Slo, 
Tlq 
"!tOl 
F.O 

M" O 
MOO 
C.O 
N .O 

<,0 
PzOs 

F.S 

CoS 

NI S 
LOI 
H,<Y 

TOTAL 

'" C " 
NI 
Nb 

Z< 

Y 

S­

Rb 

Co 
C, 
V 

C. 
Nd 

L. 
B. 
So 

Th 

Pb 

S 

SH27-6 SHZ7-7 SH27-8 SH27 - 9 SH27 - 16 SH27 - 10 SHZ7 - 11 SHZ7- 1 2 

572.04 572. ~2 573.75 S 74.58 

Saul Gabbro Sltul Gabbro SHai Gabbro BlSai Gabbro 

1 1 .40 30.70 

14233. 10 1 5491.60 

2217.10 4423 .60 

11 .5 1 8 .92 

118.85 1 27.56 

25 .03 22 .79 

278 .30 460.04 

31 .47 41.17 

150.50 253.90 

495.40 53.00 

237 .60 235.10 

50.49 54.85 

27.0 9 25 .69 

16.68 15 .29 

156.50 252 .80 

29.10 22 .80 

3.54 7.01 

4.96 14.94 

0.00 0 .00 

54 . 14 54.34 

lo55 

14.35 

9.89 

0 .1 5 

4 .5 3 

7.21 
3.36 

1.59 

0.18 

0.361 

0.016 

0,01 1 

1. 76 
0 . 35 

99.44 

61.10 

108.20 

1.52 

14.29 

9.14 

0 .1 3 

4.48 

7.45 
3.27 

1.37 

0.18 

0.802 

0.024 

0.011 

1.64 
0.31 

98.95 

54.10 

159.60 

70.80 68.40 

12 .24 12.60 

188.66 205.74 

19.02 30.44 

404.29 401.48 

52.46 51.99 

42 .20 46 .60 

40.00 40.10 

209.90 2 17.30 

57. 17 58.22 

2 8.22 29.23 

21.16 21.60 

347.30 288. 70 

23 . 10 22.90 

3. 37 3 .7 4 

3 .35 4 .45 

1409.72 3043.91 

575.07 575.72 5 76 .58 577.56 

OiabHe Bltsal Gllbbro Basal Gabbro Baul Gabbro 

50.24 54.65 54.62 5 4 .98 

2 .40 

14.25 

11 .6 8 

0 .1 6 

4.40 

7.85 
3 .57 

1.44 

0.49 

0.520 

0.014 

0.010 

0 .91 
0.19 

98 . 12 

62 . 50 

94 .30 

63.40 

18.61 

367.92 

52 .64 

358. 13 

53 .52 

46.80 

29.90 

276.60 

65.12 

46.73 

34 .51 

467.60 

23.50 

3.30 

2.30 

1979.60 

1. 53 

14.50 

9 .48 

0 . 14 

4.43 

7 .46 
3 .37 

1.33 

0 . 18 

0.4 26 

0 .013 

0 .010 

1 .31 
0.27 

99.08 

78.00 

8 3.20 

64.20 

13 .49 

186.80 

28.92 

415 .70 

51.76 

44 .20 

3 7. 60 

2 14 .00 

61.47 

3 1.42 

21.63 

352 . 90 

22.80 

3.05 

6.09 

1631.02 

1.47 

14.31 

9 .36 

O. lS 

4.43 

7.39 
3.1 4 

1 .50 

0.17 

0.488 

0 .046 

0.01 "" 

1.47 
0.29 

98. 86 

82 .90 

308.60 

92 .30 

12.07 

202.43 

30.04 

390.99 

56.20 

42.40 

39 .00 

208.30 

54.97 

29.26 

22.20 

371 .30 

22.30 

3. 8 7 

4 .75 

1985. 16 

1.52 

14.46 

8.50 

0.11 

4.29 

7.37 
3.44 

1.23 

0.1 8 

0.738 

0.029 

0.012 

1.35 
0.24 

98.42 

32.20 

193.60 

74.80 

13 .01 

204.3 8 

30.36 

366.92 

46.62 

41.20 

34 .70 

216.70 

55.6 9 

29.65 

21. 8 1 

230.30 

23 . 10 

4 .34 

2.75 

283 t .25 

Table D-6 (cont) Whole-rock XRF analyses of borehole SH27, including H2O- and LO!. 



SAMPLE 

Depth m 

SIQ, 

Till 
A Ii! 0 3 

FeO 

MoO 
MOO 
C.O 
N .. O 

' ,0 
' ,0, 
FeS 

C,S 

"'S 
TOTAL 

Zo 
C, 

"' ". Z, 

Y 
S, 
R. 
Co 
C, 

V 
Ce 
"0 
l. 

•• 
Se 

Th 

•• 
S 

SH8·12 SH8 · 13 

450.Z4 4S 1.41 

Diabase ~.tzite 

50.68 82.56 

2 .51 0.18 

14.74 2. 13 

13.25 3. 67 

0 . 18 0 .08 

4.63 3.54 

7.66 6.27 

3.61 1.33 

1.68 0 . 13 

0 .52 0 .04 

0 .516 0 .074 

0.009 0 .005 

0.010 0 .008 

100.00 100.00 

130.90 24 . 10 

58.90 29.70 

64.70 52.20 

18.89 1.30 

348.53 5 2. 67 

52 .25 7.1 4 

347. 29 26.99 

51 .03 4 .67 

50 .60 11 .40 

30.10 90.30 

277.70 41 .30 

91 .68 9.18 

51.48 4.47 

33 .22 3.45 

446 .70 12.70 

23.30 7.90 

3.94 2.48 

3.14 3.86 

SH 8·14 

452. 80 

lrl'XT 

50.27 

0 .23 

2.66 

6 .82 

0.14 

19. 19 

18.55 

0.12 

0 . 14 

0 .08 

1.924 

0 .029 

0.044 

100.00 

40. 10 

185.00 

273 .3 0 

1.78 

37 .00 

12 .65 

70.7 6 

5 . 18 

41 .00 

5B.90 

38.8 0 

12 .66 

7.04 

4 .82 

9 .80 

5.30 

2.24 

1.49 

SH8 ~ 1 

453.66 

lrl'XT 

44.25 

0.62 

6.10 

16.78 

0 .1 9 

26.30 

4.91 

0.15 

0.28 

0.05 

0.146 

0.006 

0.223 

100.00 

81.10 

38.8 0 

1338.60 

3 . 12 

47.19 

8.80 

22 . 12 

11.00 

152.80 

189.60 

75.30 

15.52 

6.78 

5.19 

30.70 

16.60 

2.25 
1.38 

SH8·2 

<lS5. 4f 

lrl'XT 

48.68 

0 . 39 

5 .69 

6 .93 

0 .24 

17. 59 

16.40 

0.46 

0.40 

0 .05 

2 .920 

0.1 10 

0 .146 

100.00 

53 .80 

706.40 

906.20 

0 .03 

79.30 

10.95 

144. 15 

14.53 

27.10 

27.70 

56.20 

18. 10 

11. 18 

7.22 

45 .70 

6 . 10 

1.27 

6.74 

1887.39 308. 16 6953.43 1245.26 11100.88 

SH8 · ! 

457.45 

""" 47.5 9 

0 .87 

7 .39 

1 2.95 

0.24 

21.13 

8.92 

0.14 

0.4 2 

0 .09 

0.117 

0.012 

0.135 

100.00 

98.50 

72.50 

820 ,00 

6.09 

85 .41 

15 .60 

30. 19 

16,92 

111.30 

448, 20 

148,70 

27.46 

14.12 

8 . 72 

54 .40 

2 5.20 

2,33 

0,57 

SH8 · 4 

457,92 -" 48,58 

0.40 

9.50 

7.86 

0 ,17 

13,96 

16.94 

1.28 

0.47 

0 .06 

0 .692 

0.028 

0.063 

100.00 

73.00 

182.10 

399.90 

3 .76 

101.26 

23.28 

283. 15 

9 .91 

29.40 

177.50 

54,50 

31.20 

16.29 

8 , 15 

8 3.90 

6 .90 

2 ,43 

5.08 

SH8·5 

459.41 

-" 52 . 11 

1.01 

6.44 

10,61 

0 .22 

14.93 

11.70 

1 . 15 

0.55 

0 . 10 

0 .907 

0.139 

0.141 

100.00 

71.90 

893 .50 

886 .60 

5,56 

11 1,02 

25.88 

107, 68 

17.80 

72.40 

493 .80 

19B.OO 

33 ,89 

18.48 

9 .05 

100.30 

34.30 

3.11 

5 ,66 

SHB·6 SHB · 7 

460.34 461.92 

Hytrid a.- Glbbt'o 

49.75 55.23 

1,29 1.2 3 

10.54 11.7 0 

9.60 10,35 

0.20 0 . 18 

9.77 9 .1 5 

8.99 7.16 

2.13 2 .50 

0 .93 1.67 

0.10 0.1 1 

5 .578 0 .606 

0.699 0 .07 1 

0.423 0,060 

100.00 100.00 

75.40 78. 10 

4477 .BO 458.40 

2634.90 378.40 

5.33 11.90 

128.45 200,98 

21.46 26. 11 

368,59 242 .07 

26.69 62.79 

137.00 60.70 

400.40 191.60 

243.60 169.20 

38.95 41.26 

20.96 20.2 8 

12.98 13.63 

210.40 283 .20 

29.00 25,80 

2.35 4 .6 9 

5 .61 7.79 

884 .56 2772 .88 4145.25 23293.02 257S .9f 

Table D-7 Whole-rock XRF analyses of borehole SH8, normalised for H20-and LOl free. 



SAMPLE SHe ~ e SHe~9 SHe · ,o SH e·" SHe·1S SHe-t6 S He-l7 

Depth m 463.34 465.07 465 .97 466.40 466.73 468.Z6 469.86 
Basal Gabbro Basal Galbro Basal Gabbro eG- d1~1 Qu.-tzite oaan~ Oiab~ 

Slo, 49.39 54.69 53.55 97. 13 32.18 51.68 

T"~ 1.37 1.96 1.76 0.02 0.31 2.71 

A\!O~ 13.21 15 .38 15.14 0.71 8.08 14.99 

FeO 7.38 8.65 7.44 1.23 5.86 11.30 

MoO 0.15 0 . 14 0.12 0.02 0.42 0.34 

MOO 5.16 5.39 5.99 0.33 21.43 5.06 
C,O 7.60 6.46 10.22 0.25 31.18 7.06 

N.O 2.70 3 .89 3.68 0.23 0.01 3.82 
K,o 1. 17 1.12 1.75 0.01 0.11 2.12 

P?°s 0.14 0.22 0.21 0.00 0.08 0.54 

F.S 9.526 1.675 0.083 0.060 0.257 0.250 

CoS 1.765 0.305 0.018 0.006 0.045 0.096 

NIS 0.445 0.109 0.023 0.004 0.030 0.024 

TOTAL 100.00 100.00 100.00 100.00 100.00 100.00 

'" 80 .10 91.00 54.90 50.20 8.80 66.10 113.00 

Co 11417.20 14335.00 1933.10 11 0.90 37.20 227.50 617 .40 

NI 2804.20 2251.20 673.70 136.90 26.50 148.40 147.00 

N' 7.57 9.97 11.57 11.16 -0.45 3.83 20 .02 
Z, 146.91 142.02 149.34 127.36 51.84 47.99 394.68 

Y 24 .82 25.10 30.74 36.36 1. 16 12.54 51.84 
S, 399.98 443.23 297.48 371.99 1 1.11 122.80 378.70 ,. 40.72 52.00 31.06 63.90 0.62 4.07 80.3 7 

Co 137.10 114.90 52.30 24.30 2.80 20.30 31.70 
C, 84 .30 48.80 40.50 51.40 56.90 142.90 31.90 

V 220 .30 233.70 230.00 224.20 8.80 41.70 278.20 

C. 5 7 .41 55.14 46 .77 48.47 2.28 15.23 90.82 

Nd 27 .79 26.51 23.26 30.91 1.41 8.39 47.93 

La 20.31 17.71 13.70 18.43 1.52 4 .9 7 35.55 

Ba 223.00 356.90 261 .80 364.00 5.30 ·22.40 328.50 

Sc 25.30 24.90 23.20 24.50 0.40 ·0.90 24.50 

T. 4.17 8 .92 3.32 0.39 0.90 3.12 4.14 

P' 16.87 20.86 5.52 0.98 6.14 1.93 , 7.74 

S 41108.18 0.00 7162.47 413.18 249.98 904.40 1269.8;! 

Table D·7 (cont) Whole-rock XRF analyses of borehole SH8, normalised for H20- and WI free. 



SA"'PLE 

Depth m 

Slq, 

TIC! 
A\!O, 

F.O 
MoO 

MgO 

C.O 
N .. O 

',0 
P2PS 

FeS 
CoS 

NIS 

TOTAL 

Zo 

Co 
NI 

Nb 

" 
Y 
S, 
.b 

Co 
C, 
V 

Ce 
NO 

" •• 
Sc 
Th 
Pb 

S 

SH10-17 SH10-1e; SH10 - l SH10 - 2 SH10-3 SH10 - . SH10 - 5SH10-19 SH10 - 6 SH10-7 SH10-B 

3lT .70 

Oiabn' 
50.2. 

2.45 

1 •. 81 

13.39 

0.19 

5.20 

7.94 

3 .2 4 

1.5 2 

0.47 

0.522 

0.011 

0.015 

100.00 

132.00 

72.90 

94.90 

16.29 

329.40 

46.76 

412 .79 

47.34 

56.50 

32.60 

275.30 

74.34 

44.06 

32.66 

439.70 

22.60 

2.29 

6.69 

192 5.65 

3 8 6 .1 3 

""'" 58.22 

0.63 

14.49 

5.05 

0.11 

8 .6 6 

7.57 

4.24 

O.Bl 

0.18 

0.010 

0.002 

0.025 

100.00 

28.50 

9 .90 

150.10 

11.24 

384.74 

18.90 

291 .22 

27.60 

19.50 

16.40 

5~UO 

21.86 

12.28 

9.64 

128.20 

6 .50 

11.40 

6 .34 

120.68 

390.45 

""'" 41 .30 

0 .31 

393.17 

""'" 42 .4 7 

0.30 

396.89 

"<>XT 
49.7 2 

0.92 

12.45 6.23 10.01 

13.72 12.34 6.74 

0.20 0.25 0.32 

26.23 25.81 10.73 

4 . 12 6 .63 16.85 

0.47 0 .7 1 2.10 

0.58 0.37 0 .56 

0.07 0.02 0.07 

0.222 4 .260 1 .794 

0.049 0.212 0.084 

0.270 0.384 0.097 

100.00 100.00 100.00 

92.80 106.30 55 .60 

322 .60 1389.00 550.10 

1745.20 2454. 8 0 617 .20 

2 .7 7 1.31 2.27 

43 .64 31.61 74.92 

7.67 6 . 70 20.85 

107.63 131 .52 6 09,45 

15.59 11 .95 18.02 

157.50 195.70 56.70 

130.60 611.00 366.90 

47 .20 73.10 224.30 

21.66 16.97 26.30 

11 .46 6.16 14.09 

7.73 1.97 9.92 

126.00 126.70 445 .40 

12.50 19.70 36.50 

2.29 3 .82 -2.3 8 

4 .3 1 13.98 7. 66 

1924.30 17392.2 1 7028.93 

398.74 

""'" 44 .90 

0.35 

5.52 

15.41 

0.20 

25.67 

4.8 1 

0.70 

0.22 

0.02 

1.413 

0.238 

0.323 

100.00 

119.30 

1537.80 

2025.50 

1.84 

36.36 

7.34 

161.39 

7.66 

177.50 

302.10 

66.90 

16.98 

8 .33 

4.66 

102.20 

16.40 

2.16 

'1 .8 6 

6662.48 

400.'6 

"PXT 
48.12 

0.98 

8.05 

12.67 

O.IB 

20.12 

6.71 

1.35 

0.49 

0.07 

0.990 

0.069 

0.164 

100.00 

95 .00 

575.40 

1157.00 

5.65 

74.56 

13.61 

224 .65 

16.83 

129.50 

454.50 

136.70 

23.92 

12 .51 

9.37 

172.30 

23.10 

2.33 

3.96 

4439.01 

400.95 

"m 
5 1.90 

1.19 

7.53 

1 I .62 

0.18 

16.28 

6.54 

0.97 

1.33 

0 . 10 

1.942 

0.238 

0.1 8 7 

100.00 

89 .40 

1521.70 

1161 .2 0 

5.90 

98.35 

16.26 

179.25 

54. 12 

112.50 

758 .90 

186.90 

31.53 

16.95 

10.7 6 

210.80 

26.00 

2.65 

7.22 

82 14.64 

401.09 

""'" .6.61 

1.03 

9.04 

14. 13 

0.18 

21.33 

5.45 

0.12 

1.03 

0.07 

0.702 

0.086 

0.186 

100.00 

101.50 

557 .90 

1153.70 

5.14 

59.81 

12.24 

73.33 

45.36 

, 41.20 

294.80 

109.70 

22.34 

8 .33 

5.91 

94.90 

15.90 

2.17 

2.32 

3341 .7 9 

403. J8 403,49 

Btu! G.bbro Bn. c..bbro 

51.56 54.01 

0.86 1 .74 

13.55 

7.46 

0.20 

7.68 

15.40 

1.23 

1.35 

0.14 

0.509 

0.006 

0.047 

100.00 

50.70 

36.00 

296.60 

5.97 

11 0.65 

16.65 

285.91 

21.57 

38.50 

390.30 

127 .50 

35.73 

16.20 

15.45 

244.60 

21.90 

2 .62 

10.67 

1994.90 

11.15 

9.23 

0.22 

8.21 

9.34 

2.89 

1 . 13 

0.08 

1.777 

0.122 

0.088 

100.00 

73.20 

786.10 

553.90 

11.41 

164.54 

26.10 

314.65 

39.49 

73.00 

447.40 

232.10 

41.95 

22.29 

14.46 

284.10 

29. 50 

2.33 

7.82 

6990.33 

Table D-S Whole-rock XRF analyses of borehole SHlO. normalised for H20· and WI free. 



SAMPLE 

Depth m 

SI~ 

TI<I 
A\!D, 
Fe O 

_nO _.0 
C.O 
•• 0 
",0 

P;rOs 

F.S 

C.S 

.'S 
TOTAL 

l n 
C. ., 
.b 

" y 

S, 
Rb 

Co 
C, 

V 

Ce 

•• 
l. 
B. 
So 

Th 

Pb 
S 

SH10-2 0 S H10-2 1 SH10 - ZZ S H10 - 9 SH10-10 SH10-11 SH10 - 12 5 H10-13 SH10-1" SH10 - 15 5Hl0-16 

403.59 

B". Gllbbro 
51.60 

1.13 

8 .8 2 

8 ..... 

0 .27 

8 .9 1 

14.61 

2 .64 

0 .50 

0.06 

2.733 

0 . 167 

0 . 11 4 

100.00 

68.40 

1073 .00 

7 10.10 

6.71 

1 I 6 .55 

32.17 

361.27 

10. I 7 

8 1 .80 

703 .00 

256 .20 

36.13 

2".99 

12.60 

133.00 

30 ."0 

1.00 

5.99 

105 66.08 

403 . 70 

""""-44.46 

0.50 

6 . 32 

7. 2 8 

0.18 

16.66 

22 .79 

0.03 

0 .02 

0.07 

1 .396 

0 .161 

0 .122 

100.00 

22.90 

1022.70 

7 54 .90 

2 .53 

95.54 

19.46 

58 .9 4 

1 .60 

51 . 10 

183 . 30 

68 .50 

27. 55 

16.00 

9 .68 

-8. 20 

7.10 

3.1 9 

3.58 

5786 .99 

403. 99 404.07 404 .90 4 05.40 40S.66 407.22 40B.58 

00I0rri\e aas. Gabbro ~. Gllbbro Bat. GClbro Bu-' Gabbro &.$31 Gabbro BtsaI Gtbbro 

42.79 48.63 4 3 .89 44 .33 52 .04 52.82 51.93 

1.09 

6 .69 

8 . 15 

0 . 17 

21.24 

1 7 .7 9 

0 . 15 

0 . 13 

0 . 10 

1.502 

0.089 

0 . 104 

100.00 

35 . 50 

550.70 

624 . 10 

3.43 

1 37 .66 

27. 17 

68.3 6 

4.41 

72.20 

470.30 

92.30 

30.88 

1 8 .52 

13.36 

29"'0 
18.70 

2.36 

3 .94 

5694.82 

1.07 

8.42 

13.91 

0 .20 

19.96 

6 .17 

0 .74 

0.46 

0 .09 

0 . 161 

0.036 

0 .153 

100.00 

'1 0.20 

225 .30 

939 .00 

7 .56 

90.83 

16.30 

240.95 

17.66 

116.10 

276 .70 

138.40 

31.81 

15.80 

9.77 

165.10 

19.30 

1. 2 1 

4 .7 1 

1184.18 

1.43 1.51 

1 I .92 13.0 8 

6 .67 7 . 17 

0 . 16 0 . 16 

6.20 5.88 

8 ... ' 8 .71 
1.98 2 .16 

0.53 0 .64 

0.08 0.07 

16.462 14. 321 

1.503 1.314 

0.764 0 .659 

, 00.00 100.00 

5 6 .50 7 1.40 

9858.70 8551.80 

4878.50 4171.60 

5 .36 4.02 

87.39 74.28 

18 .80 19.57 

361.26 442.91 

20.65 22.55 

310 . 10 250.60 

1 13.60 85 ... 0 

241.40 317 .50 

32.24 34 .47 

17.27 14.89 

9.48 5. 4 5 

198.50 279.70 

26.70 26.60 

3.02 3 . 19 

12. 39 0 .74 

66873 .4 5 51741. 73 

1.71 

14.82 

1 1.3 I 

0 . 16 

6 . 17 

9.54 

2.85 

0.75 

0.09 

0.516 

0 .027 

0 .016 

100.00 

96.50 

174.80 

9 8 .70 

6.57 

109.19 

2 2 . 11 

473.11 

27.98 

5 8 . 70 

61. 6 0 

281.10 

32.55 

19.46 

7. 8 6 

251.30 

26 .50 

0 .75 

5.67 

1985.42 

1.58 

14.04 

10 .97 

0 . 17 

6.58 

8.86 

2 .93 

1. 12 

0. 12 

0 .756 

0 .030 

0 .030 

100.00 

78.50 

192.40 

186.40 

9 . 17 

121.40 

2 4 .35 

416.29 

4 0.9 4 

58 . 10 

8 7 .90 

2 48.30 

36 .45 

20. 2 1 

9 . 96 

220.80 

27 . 30 

1.36 

S. 12 

2864.42 

1. 7 9 

14.94 

11.32 

0 . 16 

5.85 

9 .43 

2.9 8 

0. 90 

0.15 

0.504 

0 .0 1 5 

0 .0 13 

100 .00 

94.00 

9 7 . 70 

84.30 

7 .3 5 

11 0.68 

24.28 

481.95 

31 .3 6 

55 .90 

47 .20 

276.90 

3 7 .69 

20.93 

11.36 

234 .60 

26.30 

0 .7 8 

3.6 2 

1886.33 

409. 46 

BG ·dl~1 

51 .79 

1.84 
14.91 

11 .50 

0 . 16 

5.6 6 

9. 46 

3 .20 

0.71 

0.18 

0.555 

0 .015 

0.013 

100 .00 

104.60 

99 .40 

83 .60 

7.86 

103 .58 

25.61 

485 .77 

23 .4 2 

55 .60 

43 .50 

270.10 

42.05 

23 .31 

11.01 

250.20 

25.70 

0 . 13 

3.95 

2067.14 

4ZZ.40 

01"'_ 
52 . 10 

2 .48 

14.76 

12: .64 

0 . 17 

4 .2 6 

7.56 

3.36 

1.65 

0.53 

0.478 

0.008 

0 .009 

100.00 

112.20 

54.00 

54 .90 

1 8.58 

349.94 

52.56 

354.64 

56.06 

46.90 

25.70 

263.80 

9 1 .44 

49 .49 

33.56 

457. 20 

21.50 

4 .75 

5 .30 

1734 .4C 

Table D-8 (cont) Whole-rock XRF analyses of borehole SHIO, normalised for H20· and LOlfree. 



SAMPLE SH2S · 1 SH2S·2 SH2S · ' SH2S-4 SH2S·S 

Oepth m 641.38 641 . 74 642.09 642.39 642.78 

""" 8H3I Gabbro Bnal ~bro Bas. Gabbro aG · chijl 

SIC!! 49.01 54 . 12 54.61 56.27 55.47 

TiQ 0.69 0.97 1. 10 1.41 1.55 

Al>03 8.04 15.36 14.83 15.01 15.54 

F.O 15.15 8 .28 6.77 9.01 9.39 

MoO 0.19 0.14 0.16 0 . 16 0.18 

MgO 17.71 6 .69 6.39 5 .0 5 5.28 

C.O 6.22 6 .36 7.94 6.64 6.62 

H.O 0.25 3 . 10 3.73 3 . 75 4 .56 

.,0 2.12 2.31 1.81 1.99 1.08 

P2'°S 0.10 0.11 0.13 0.17 0 . 16 

FeS 0 . 144 0.500 0 .2 79 0.290 0.123 

C", 0 .013 0.032 0 .026 0 .035 0 .020 

HIS 0.151 0.027 0 .017 0.012 0.013 

TOTAL 100.00 100.00 100.00 100.00 100.00 

Zo 99.90 75.80 73.20 60.90 46.90 

C" 79 .30 208.30 181.30 224.40 125.40 

HI 928.80 167.60 103 .60 74.90 81 .40 

H. 4.41 7.01 5.60 10.75 8 .72 

" 68 .33 115.66 119.50 182.70 81.93 

y 15 .01 21.47 22 .92 29.42 20 .22 

S' 78.29 4 67.83 320.16 320.71 237.59 

•• 148.07 82.57 45.20 54.80 2 4 .30 

Co 142.00 51.40 42 .00 37.10 32 .00 

C, 234.20 82.00 71.00 44.10 39 .20 

V 134.40 164.80 174.30 197.20 227.80 

c. 26 .56 36.88 35.40 51.91 29 .86 

H" 12.47 19.53 20.63 27.43 17. 19 

La 6 .98 14 . 19 13.98 , 9.53 , 1.03 

B. 88.40 312.90 312.30 340.00 181.70 

Sc 18.80 24.30 24.30 22 .70 24.00 

Th 2.89 0.54 0 .82 3 .85 0.88 

P. 2.70 3 .95 5.37 2.70 2.71 

S 1045.10 1967.41 11 23.53 1170.34 536.50 

Table D-9 Whole-rock XRF analyses of borehole SH25, normalised for H20' and WI free. 



SAMPLE 

Depth m 

51", 

TIC). 

A~D3 

F.O 

M"O 
M.O 
C.O 
Nit° 
",,0 

PzOs 
FeS 

COS 

.'5 
TOTAL 

z" 
Cu 

NI 

Nb 
Z, 

Y 
S, 

'b 
Co 
c, 
V 

C. 
Nd 

l • 

•• 
S, 
Th 
Pb 

S 

5H26 ~ 1 SH26 ~ 2 SH26 - 3 SH26 - 4 SH26 - 5 SH26~6 SH26 ~ 7 SH26 ~ e SH26-9 SH26 ~ IC 

491.68 492.02 49Z. 58 493.Z0 493.46 494 .Z 1 494. 88 496.74 491.06 

IfiXT 
46.82 

eaul G .... bro Saul Gabbro Basal Gz,bro 8Ha! Gllbbro 81tS111 Gabbro BHaI Gz,bro 8nal Glbbro easal G~o 

498. 97 

SG · dI~1 

57.41 

1.52 

14.84 

7.75 

0.14 

4.18 

6 .9 9 

5.25 

1.32 

0.19 

0.396 

46 .36 49. 39 43 .82 50.12 54.87 56.34 55 .67 56.61 

1.30 

7 .67 

13.2 5 

0.20 

21.06 

8 .7 6 

0.13 

0 .13 

0.1 I 

0.352 

0.040 

0.157 

100.00 

84.00 

249.70 

944 .1 0 

7 .63 

114.53 

14.66 

25.79 

3 .56 

93 .90 

277.70 

158.80 

24.19 

10.48 

10.12 

6 .80 

17.20 

3.32 

1.15 

9.53 

15.50 

0.23 

15.94 

9 .2 9 

0.56 

0.31 

0 .2 1 

0.723 

0.010 

0.142 

100.00 

68.60 

65.40 

664 .60 

7 .0 3 

100.70 

19.2 5 

46.99 

6.90 

76.70 

193. 10 

207.40 

35.11 

18.42 

11.39 

54.90 

18.30 

4.42 

1.14 

11 .63 

6 .02 

0 . 17 

7.48 

8 .3 3 

2.65 

1.64 

0.30 

7.892 

0.743 

0 .416 

100.00 

46 .20 

4756.90 

2594.10 

8.73 

157.97 

35 . I 8 

2 53 .63 

52.35 

180.50 

192.80 

245.20 

67.60 

37 .68 

25.66 

372 .10 

27.60 

5.05 

1.12 

9 .65 

6 .2 4 

0.18 

7.03 

7.96 

2.00 

1 . 11 

0.13 

19.304 

0.216 

1.2 45 

100.00 

59 .90 

1391.50 

7790.10 

8 .1 1 

130.64 

23.87 

270.97 

37.67 

4l6 .70 

231.50 

219.20 

43 .40 

23.42 

19.78 

286.90 

27.40 

6 .31 

1.50 

13.49 

6.82 

0 . 16 

4 .5 9 

8 .23 

3 .97 

0.94 

0.17 

8 .n4 

0.839 

0.451 

100.00 

24 .90 

5430.00 

2841.40 

11 .03 

179.67 

26.79 

397.25 

22. 19 

164.90 

51.60 

215.40 

54.05 

29. 33 

22.76 

255 .00 

23.30 

5.04 

1.57 

14.66 

8.91 

0.16 

4.58 

7.26 

4.10 

1.60 

0.20 

1.807 

0. 20 6 

0.079 

100.00 

49.40 

1330.80 

495.l0 
, 5. 2 5 

l13.08 

30.26 

348.9l 

45.58 

56 .30 

4S.40 

2 14.20 

59.10 

32.45 

23.84 

398.90 

23.10 

4 .46 

3.16 5.82 5.76 6.84 5.76 5.66 

1940.1 1 1980.84 31536.93 73042 .96 35255.42 7350.45 

1.59 

14.83 

7.72 

0.12 

5.18 

7 .69 

4.06 

2 .20 

0.20 

0.046 

0.011 

0.011 

100.00 

36.70 

68.60 

68.60 

14.27 

208.49 

33.95 

297.06 

57 .99 

19.10 

34 .90 

201.30 

56.49 

30.64 

21. 74 

654 .20 

23.70 

3.41 

1.53 

235.29 

1.55 

14 .39 

9.77 

0 . 17 

5.26 

7.14 

4 .08 

1.51 

0.19 

0.228 

0.021 

0 .013 

100.00 

69.70 

132.90 

82 .60 

13.49 

202.42 

31.99 

308.10 

47. 75 

37 .50 

70.80 

208.50 

57.12 

30.53 

24.91 

374 .40 

24.20 

4.35 

4 .22 

915 . 14 

0.70 

17. 54 

5.44 

0 .08 

3.09 

4 .8 0 

0.49 

11 .1 1 

0.12 

0.027 

0.002 

0 .008 

100.00 

29.10 

9 .50 

47.20 

27.45 

615 .08 

31.93 

213.85 

268.40 

12.00 

6.90 

36.90 

34.59 

22 .60 

15.12 

3787 .5 0 

7.90 

16.21 

0.007 

0.009 

100.00 

45 .70 

43.40 

56. 10 

12.90 

215 .2 5 

30.90 

359.99 

41.46 

32 .20 

37 .70 

199.90 

56.00 

30.37 

23.91 

40Z .10 

21.60 

3 .03 

, .16 2.39 

, l4.62 14S8.2~ 

Table D-IO Whole-rock XRF analyses of borehole SH26, normalised for H20-and WI free. 



SAMPLE 

Dllpth m 

SIQ, 

TI(j 

A"OJ 
FeO 

MoO 
MOO 
C.O 
•• 0 

',0 
PlOS 

FeS 

COS 

"S 
TOTAL 

Zo 
Cu ., 
.b 
Z, 
y 

S, 
Rb 

Co 
C, 

V 

Ce 
NO 

" •• 
Sc 

Th 

Pb 

S 

SHZ7 ~ l' SHZ7~14 SHZ7~1 SHZ7 ~ Z SHZ7-' SH27-15 SHZ7 - 4 SH27 ~ !i 

564 .40 

Diaob_ 

50.72 

2.43 

14.61 

13.25 

0.16 

5.05 

7. 75 

3.39 

1.66 

0.47 

0.473 

0 .009 

0 .014 

100.00 

65 .20 

54.70 

86 .60 

17~ 4 2 

336.3 6 

48 .82 

370 .56 

5 7.9 6 

53.20 

31.30 

281 .50 

78 .9 6 

4S .08 

32.64 

48 3.10 

2' . 10 

2.91 

2.47 

566.98 

Oil - eM. 
49.90 

2 .63 

14.70 

13.73 

0 . 18 

4 .91 

8 .17 

3 .35 

1 .33 

0 .5 4 

0.537 

0.009 

0.011 

10 0.00 

118.30 

56.80 

67 .8 0 

18.57 

315 .27 

52 .49 

366.6 9 

39.64 

54.10 

30.60 

296.80 

86.36 

49.30 

36.39 

434.50 

24.40 

1.93 

2.09 

567.32 

IJP)(T 

4 7.79 

0.70 

7.02 

13.92 

0.22 

21.61 

7. 00 

0.18 

0.83 

0.10 

0.414 

0 .0 21 

0 .1 94 

100.0 0 

8 7. 40 

134.20 

1179.90 

5 .08 

78.51 

T5.86 

62 .6 2 

41 .6 3 

138.40 

294. 0 0 

132.80 

3 1. 14 

12.93 

10.7 4 

95 .90 

21.90 

2 .85 

2.05 

568.59 

"exT 
49 .81 

1.09 

7.86 

11 .86 

0 . 18 

18.53 

5 .26 

0.76 

1.26 

0 . 11 

2.635 

0.286 

0.363 

100.00 

94 .30 

1809.10 

2235 .90 

7. 85 

93.03 

15.18 

1 57.29 

57.54 

158.10 

580.80 

147.50 

34 .64 

15.83 

13.08 

287.30 

19.70 

3 .3 2 

4.15 

569.01 

"'XT 
48.38 

1.16 

9.29 

13.81 

0.17 

18.23 

6 .2 9 

0.86 

1.11 

0 .09 

0.391 

0 .064 

0.146 

100.00 

103 .40 

408 .90 

905 . 10 

8 .27 

87 .36 

16.7 9 

222 .60 

40.67 

1 18.90 

382.00 

179.60 

34.46 

16.3 1 

14 .5 9 

208. 90 

21 . 80 

2 .97 

3.97 

1740.95 1962.66 2135 .29 11289.70 2066 .63 

57D.S! 

""""'" 41.66 

0 .67 

8.52 

5.96 

0.27 

23.40 

18.7 8 

0.03 

0.01 

0.07 

0.566 

0 .0 2 9 

0 .047 

100.00 

24 .50 

178.40 

280 .60 

3 .04 

111.56 

20.3 7 

15.90 

0 .69 

33 .00 

63.10 

51.80 

19.28 

13.43 

7 .48 

5.40 

8.10 

1.14 
0.83 

570. 68 571.30 

a.aI ~o Saul ~ro 

54 .2 2 5 2.43 

0.94 

10.97 

9 .2 5 

0 . 16 

9 .77 

8 .2 7 

2.37 

0 .98 

0 .09 

2.589 

0 .20 5 

0.188 

100.00 

61 .70 

132 1.00 

1177.40 

6 .62 

139.34 

21.1 3 

271.50 

37.63 

99.50 

617.50 

180.40 

37.00 

19.79 

11.06 

229.60 

3 1.00 

3 .61 

7.72 

1.24 

10.78 

9 .1 8 

0.16 

9.21 

8.42 

2.40 

0 .99 

0.13 

4 .634 

0 .104 

0 .323 

100.00 

86 .10 

670 .30 

2023 .ae 

7.81 

167,11 

25 .98 

268. 74 

39.85 

131.90 

742. 10 

220.30 

46.29 

22.99 

15.31 

172.00 

3 1.20 

4 . 13 

6.69 

2129 .14 10473.52 17822.1C 

Table D-II Whole-rock XRF analyses of borehole SH27, normalised for H20-and WI free. 



SAMPLE 

Depth m 

510, 

Till 
A~O, 

F.O 

MoO 
MgO 
C.O 
N.O 
<,0 
PzOs 

FeS 

CoS 
NIS 
TOTAL 

" Co 
NI 
Nb 

" Y 
5, 

Rb 

Co 
C< 

V 

C. 
Nd 

L. 

•• 
Se 

Th 
Pb 

5 

SH27-6 5HZ7·7 5HZ7·8 5H27 · 9 5H27·16 5H27·10 SH27 - 11 5H27 · 12 

572.04 572.82 573.75 574. 58 575.07 575.72 576.58 577.56 

Bual G.bbro Basil G.-bbro Bn" G.-bbro Basil Gabbro 

11.40 SO. 70 

14233.10 15491.60 

2217.10 4423.60 

11.51 6.92 

116.85127.S6 

25:'03 22.7 9 

278.S0 460.04 

31.47 41.17 

, 50.50 253.90 

495.40 53.00 

237 .60 235. 10 

50.49 54.65 

27.09 25 .69 

16.68 15.29 

156.50 252'.60 

29.10 22.80 

3.54 7.01 
4.96 14.94 

0.00 0.00 

55.64 56.02 

1.59 1.57 

14 . 74 

10. 16 

0 .1 5 

4.65 

7.40 

3.45 

1.63 

0.18 

0 .371 
0 .017 

0 .01 1 

100.00 

61.10 

108.20 

70.60 

12 .24 

188.66 

19.02 

404 .29 

52 .46 

42.20 

40.00 

209 .90 

57.17 

28 .2 2 

21.16 

347.30 

23.10 

3.37 

3.35 

1409.72 

14 . 73 

9 .42 

0.13 

4.62 

7. 68 

3 .3 7 

1.41 

0.16 

0.827 

0 .025 

0.011 
100 .00 

54.10 

159.60 

68.40 

12.60 

20S.74 

30.44 

401.48 

51.99 

46.60 

40.10 

217.30 

58.22 

29. 2 3 

21 . 60 

288.70 

22.90 

3.74 

4.45 

3043.91 

Diabase Bnill G.bbro B.nl Gabbro 
S1.78 56.05 56.26 

2.48 

14.68 

12.04 

0.17 

4 .53 

8 .09 

3.68 

1.48 

0.51 

0.536 
0 .015 

0 .010 

100.00 

62.50 

94.30 

63 .40 
, 8 .6 1 

367 .92 

52 .64 

358.13 

53.52 

46.80 

29.90 

276.60 

85.12 

46. 73 

34.51 

467.60 

23.50 

3.30 

2.30 

1979.60 

1.57 

14.87 

9.73 

0.14 

4 .54 

7.65 

3,45 

1.36 

0.18 

0.437 

0.013 

0.010 

10 0 .00 

78.00 

83.20 

64.20 
13,49 

186.80 

28.92 

415 .70 

51. 7 6 

44.20 

37.60 

214.00 

61 .4 7 

31.42 

21.63 

352 .90 

22 .80 

3.05 
6 .09 

1631.02 

1.51 

14. 7<1-

9 .64 

0.15 

4.56 

7 .61 

3.24 

1.55 

0 .18 

0 .502 

0.048 

0 .015 

100.00 

82.90 

308.60 

92 .30 

12.07 

202 .43 

30.04 

390.99 

56.2 0 

42 .40 

39.00 

208.30 

54.97 

29.2 6 

22.20 

371.30 

22 .3 0 

3.87 
4.75 

, 985.16 

8G· ehill 

56.77 

1.57 

14.93 

8 .78 

0. 11 

4.43 

7.61 

3.55 

1.27 

0.18 

0.762 

0.030 

0.0 12 

100.00 

3 2 .20 

193.60 

74.80 

13.01 

204.38 

30.3 6 

366. 92 

46.62 

41.20 

34.70 

216 .70 

5S .69 

29 .65 

21.81 

230 .30 

23 .1 0 

4.34 
2.75 

2 83 1 .2~ 

Table D-ll (cont) Whole-rock XRF analyses of borehole SH27, nOmullised for H20 and LOl free. 
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