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ABSTRACT

The Ventersdorp Contact Reef (VCR) is an auriferous conglomerate which unconformably
overlies the rocks of the Witwatersrand Supergroup. It acted as a palaeo-aquifer and is capped

by relatively impermeable metabasalts of the Ventersdorp Supergroup.

Three post-depositional alteration events, which form an alteration halo in the footwall and
hangingwall rocks around the VCR, can be recognised. The first of these alteration events is
attributed to regional metamorphism and is identified by the formation of pyrophyllite in the
footwall quartzites and a lower greenschist facies mineral assemblage in the hangingwall
. metabasalts. The second and third alteration events are mterpreted as metasomatic fluid infiltration
events which were focused along the VCR horizon. The second aiteration event involved K
metasomatism which affected fhe footwall and hangingwall rocks up to a distance of several
metres away from the VCR. The third alteration event, during which the muscovite was partially
replaced, was associated with the forinaﬁon of chlorite in and immediately around the VCR.

"Chlorite thermometry suggests a temperature of 307 £ 14°C for this event.

The close mineralogical associaﬁon of gold with chlorite, secondary pyrite and secondary quartz
in the VCR is interpreted to indicate that gold remobilisation was associated with the chiorite-
formmg alteration event. The mmhomogeneity found in gold particles within a hydrothermal quartz
veimn mdicates a sharp drop i temperature after gold precipitation, suggesting a very short period
-of hydrothermal fluid infiltration. The chlorite metasomatism and gold mobilisation post—daté the
formation of pseudotachylite and can be explained by the Vredefort event at c. 2024 Ma:
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1. Introduction

Gold in the Witwatersrand Basin tybicall_y occurs in quartz pebble conglomerate horizons which
define erosional unconformities. These conglomerate horizons, which can vary in thickness from
<10 cm to several metres, are separated from each other by up to several hundreds of metres of
quartzites. Within these conglomerates, gold is often closely associated with carbonaceous matter
(in form of nodules and seams) and with heavy minerals such as pyrite, chromite, altered

titanomagnetite grains and uraninite along foresets.

The controversy of the origin of the gold in the Witwatersrand conglomerates is almost as old as
the discovery of the gold in the Witwatersrand Basin itself. Two opposing theories explaming the
origim of the gold are an epigenetic/hydrothermal theory (e.g. Graton, 1930; Davidson; 1955,
Phillips, 1988) and a metamorphosed placer theory (e.g. Mellor, 1916; Reimer and Mossman,
~ 1990(b); Robb and Meyer, 1990; Frimmel ef a/., 1993). The former model proposes that all the
gold.was mtroduced by hydrothermal fluids. In contrast, the latter theory envisages the local
remobilisation of originally detrital gold particles through post-depositional alteration processes.

Recent work by Minter ef al. (1993) involving an SEM study of the morphology of gold particles
has provided strong evidence in support of the metamorphosed placer theory. Attempts have also
been made to explain the presence of rounded pyrite grains in the conglomerates through a large-
scale sulphidisation process (e.g. Myers et al., 1993). Evidence in favour of a detrital or{gin of
some of the rounded pyrite gfains (as has previously been suggested by Hallbauer, 1986; MacLean
| and Fleet, 1989), however, comes from the wide range in sulphur isotope ratios which have been
identified within and between moxphologlcally different pyrite grams (e.g. Eldridge et al., 1993;

" Armstrong ef al., 1995).

The Ventersdorp Contact Reef (VCR) forms the upper-most auriferous conglomerate horizon
which is currently being mined for gold. It is unique in the sense that it is overlain by ¢. 2800 m
of metabasalt (in the Klerksdorp goldfield) (Antrobus et al., 1986; Bowen ef al., 1986) and it has,

m recent years, become one of the most important ore bodies m the Witwatersrand Basin. It can
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be expected that the capping of the VCR by relatively impermeable basalts would have made the
VCR a favourable horizon along which post-depositional fluids could have been channelled. This
implies that the VCR was probably characterised by fairly high fluid:rock ratios, which would

have been particuiarly favourable for gold mobilisation.

Vaal Reefs No.10 Shaft is currently the only shaft belonging to the Vaal Reefs Exploration and
Mining Company Ltd where the VCR is being mined as the major ore body. The Vaal Reefs
No.10 Shaft lease area is located c. 5 km west of Orkney and c. 180 km south-west of Johannes-
burg along the western margin of the Klerksdorp goldfield (Fig.1.1) in the North West Province.

Numerous studies dealing with sedimentological, mineralogical and geochemical aspects of the
VCR i the Carletonville goldfield have been conducted (e.g. Krapez, 1985; Stefan and Martin,
1993; Germs and Schweitzer, 1994; Hall, 1994; Henckel and Schweitzer, 1994; Henning e? al.,
1994; Reddy and Germs, 1994; Schweitzer et al., 1994; Zhao e? al., 1994) but very little research
has been done on the VCR in the Klerksdorp goldfield.

An MSc dissertation by Thomas (1977) concentrated on the sedimentology of the VCR at Vaal
Reefs No.6 & 7 Shafts (several kilometres to the north-east of No.10 Shaft). More recently, a
pséudotachylite fault rock study (yielding an age of 2006 + 17 Ma for the pseudotachylite
formation event) was carried out by Trieloff ef al. (1994) at Vaal Reefs No.10 Shaft. In addition,
an investigation of the composition of fluid inclusions and the conditions of gold mobilisation in
the VCR at Vaal Reefs No.10 Shaft was done by Boer ef al. (1995).- Apart from this research, the
present study is the first detailed investigation dealing with the post-depositional alteration events
that have affected the VCR at Vaal Reefs No.10 Shaft.

- The age of 2714 + 8 Ma for the Ventersdorp Supergroup lavas (Armstrong ef al., 1991) is also
 the minimum age of the VCR. This, together with the age of 2006 + 17 Ma for the pseudotachy-
lite formation suggests that a period of at least 700 Ma was available for post-depositional
alteration of the VCR. It therefore becomes important to distinguish between the different post-
depositional alteration effects such as contact metamorphism, regional metamorphism and

metasomatic alteration processes.

14



| _ \ Zimbabwe,

! < Mozam-
! .(OQOQO ‘ bique
! Botswana W

\

; Swaziland I
/

| \\ L Johannesburg \\,'
( K , Kierksdorp /)

. Namibia

i ) Witwatersrand \redefort ..
! Basin Dome
/'\

Lesotho —»
\

South Africa

Cape Town v s L

§ KLERKSDORP

o4# o5# -

Vaal Reefs 13 o2#
o3#
Q

~ Fig.1.1: Locality plan of the Witwatersrand Basin in South Africa (top)
and the locality of the Vaal Reefs No. 10 Shaft study area (bottom).

15




Chlorite and sericitic muscovite in the VCR in the Carletonville goldfield have been interpreted
as products of metasomatic alteration (Henckel and Schweitzer 1994; Zhao ef al, 1994).
Although some effects of post-depositional alteration were visible around the VCR at Vaal Reefs
No.10 Shaft (e.g. discolouration of footwall quartzites and hangingwall metabasalts, quartz
veining, massive secondary pyrite crystallisation), the relative timing and extent of these
metamorphic/metasomatic alteration events has remained unknown. One of the aims of this study
therefore was firstly, to distinguish between different vpost-depositional alteration events and

secondly, to document the effects of these events on the VCR and the surrounding rocks in the

study area.

For this purpose, bulk rock geochemical analyses and modelling were important in determining
what compositional changes occurred in the footwall and hangingwall rocks with increasing
proximity to the VCR and to what extent an exchange of components between the rock and the
fluid(s) had taken place. The secondary fluid inclusions in qu.artz veins and in the VCR Quartzite
fraction were examined to aid in the identification and characterisation of different fluids. In
addition, cathodoluminescence imaging (CLI) :was used to identify textures which might provide
information on the extent of secondary quartz formation and to identify fluctuations in quartz
solubility. Mineral analyses of gold particles in the VCR was done to determine the extent of gold
homogenisation. Furthermore, the compositions of different textural types of chlorites in the VCR

and surrounding rocks were analysed to establish at what scale compositional variations existed.
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2. Regional Géology

The conglomerates of the Witwatersrand Basin are unique in the world because of their age and

the quantity of gold which is found in them. The dimensions of the basin are c. 300 km x 150 km,

with the long axis of the basin striking approximately north-east/south-west (Fig.2.1). Five major

goldfields lie around the western, northern and north-eastern margins of the Witwatersrand Basin.
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The subsurface distribution of the rocks belonging to the Witwatersrand Supergroup are shown

in Fig.2.1. The Witwatersrand Supergroup has been subdivided into three groups, namely the

Dominion Group, the West Rand Group and. the Central Rand Group (Fig.2.2). The {
predominantly sedimentary rocks of the Witwatersrand Basin were deposited on Archaean granitic

basement rocks in the Kaapvaal Craton. Volcanic rocks from the Dominion group have been

dated at 3074 £ 6 Ma (Armstrong et al., 1991), whereas .maﬁc and felsic volcanic rocks of the

Ventersdorp Supergroup (which overlie the Witwatersrand Supergroup rocks) have been dated
at 2714 + 8 and 2709 + 4 Ma, respectively (Armstrong et al., 1991). A period of c. 350 Ma was

therefore available for the deposition of the Witwafersrand Supergroup, which attains a maximum

thickness of c. 10 km (Tankard ef al,, 1982).
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The base of the Dominion Group is defined by quartzités and conglomerates which rest
unconformably on the basement granites. The bulk of the Dominion Group, however, consists of
predominantly basic to intermediate lavas. A maximum thickness of 2700 m for this group has

been reported from the Klerksdorp goldfield (Tankard ez al., 1982).

The rocks of the West Rand Group attain a maximum thickness of c. 7500 m to the north-west
| of Krugersdorp, but in the Klerksdorp goldfield they average 4600 m (Tankard e? al., 1982). They
consist of argillaceous quartzites and magnetic shales in approximately equal proportions and
minor (250 m thick) lavas. The presence of magnetic shales and banded iron formations and the
absence of any sedimentary structures indicates that deposition of these sediments probably
occurred in a distal shelf marine environment during periods of transgression (Tankard ef al.,
| 1982). Eight such transgressive events are recorded in the Klerksdorp area (Tankard ef al., 1982).
The auriferous conglomerate horizons are found in a predominantly quartzite sequence in the

Government and Jeppestown Subgroups.

- By far the most important gold-bearing conglomerates, however, occur in the Central Rand _
* Group. This group attains a thickness of ¢. 2400 m in the Klerksdorp goldfield and a maximum
thickness of c. 2900 m near Vredefort (Tankard ef al., 1982). The rocks consist predominantly
of quartzites and lesser amounts of fine grained argillites (shales). Intercalated with'the quaﬁﬁtes
and the argillites are conglomerate horizons which host a significant portion (c. 40 %) of the

world's gold.

- These conglomerate horizons (also called "reefs”) can be described as quartz = chert, small pebble
to large cobble conglomerates which vary in thickness from <10 cm to several metres.
Volumetrically the conglomerates amount to only a small fraction (<1 %) of the total volume of
rocks in the Witwatersrand Basin. The conglomerates are interpreted to be products of
degradation in a braided fan/delta system (Tankard et al., 1982). All the conglomerates define
erosional unconformities and although the typical angle of unconformity is hardly noticeable and
is usua]ly'<4° (Tankard ef al., 1982), u;nconformity angles of nearly 90 have béen reported
(Myers et al., 1992) along the upturned and thrusted margins of the basin.

19



The'. unconformable relationship of the VCR with the underlying footwall rocks and the
contemporaneous extrusion of lavas during VCR sedimentation (leading to so-called "inter-reef
lavas", Hall, 1993) has resuited in the VCR being grouped separately into the Venterspost
Conglomerate Formation (SACS, 1980). The age of 2714 + 8 Ma which was obtained for thé
overlying mafic Klipriviersberg lavas (Armstrong ef al., 1991) is, by implication, also the age

when sedimentation of the VCR was terminated.

Evidence from the Carletonville goldfield indicates that basalt extrusion was diachronoﬁs and
commenced in the north (Linton ez a/., 1994), resulting in the formation of "inter-reef lavas”. The
rocks of the Ventersdorp Supergroup fill an elliptical basin of similar extent as the rocks of the
Witwatersrand Supergroup, the former being subdivided into the Klipriviersberg Group, the
Platberg Group and the Pniel Group (Fig.2.2). In is estimated that these predominantly volcanic
continental flood basalts covered an area >300000 km? (Pretorius, 1976). In the Klerksdorp
- region the maximum thickness attained by rocks of the Ventersdorp Supergroup was c. 2800 m
(Antrobus et al., 1986; Bowen ef al., 1986).

A coastal-marine depositional environment has been interpreted for the rocks of the

' Witwatersrand Basin (e.g. Eriksson ef al., .1981), based on the interbedded nature of the

quartzites, argillites, magnetic shales (in the West Rand Group) and the ‘presenc;e of
conglomerates along erosional surfaces. The cyclic nature of the Witwatersrand Supergroﬁp

sediments and the overall coarsening-upwards nature suggests that changes in relative sea level
led to a series of regressive and transgressive events. Deposition of conglomerates in a fluvio-

marine setting is interpreted to have occurred during regression events.

The structural setting at the time of deposition of the Dominion Group was probably in a failed
 rift basin in an éxtensional regime (Burke ef al., 1986). An age of 3100 - 3010 Ma has been
suggested for this event (Robb ez al., 1990). The accumulation of West Rand Group sediments
~ only began c. 100 Ma after the eruption of the Dominion lavas. Deposition of the sedlments -
probably occurred in a foreland basin (Robb ef al, 1990). Initiation of the foreland basm

compresswe tectonics has tentatively been related to the convergence of the Zimbabwe and -



Kaapvaal Cratons (e.g. McCarthy, 1994). |

The sediments of the Central Rand Group were deposited in a continually shrinking basin under
an increasingty compressive tectonic regfme, resulting in southerly verging thrusts (Winter, 1995).
The rate of sedimentation and the interaction between marine and fluvial depositional systems
within the Witwatersrand Basin is interpreted to have been strongly influenced by 19 fault-
bounded basement blocks (Fig.2.3) (Stanistreet and McCarthy, 1991; Myers e al., 1992). These
fault-bounded blocks are also thought to have exerted an important control on the preservation
potential of the conglomerate horizons (McCarthy, 1994). In the Klerksdorp goldfield,
disconformities and unconformities were produced when the continued tectonic movement

resulted in the uplift of the beds to the north-west (Antrobus et al., 1986).
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The deposition of Witwatersrand Supergroup sediments was ﬁnally terminated by crustal
extension and the extrusion of Klipriviersberg lavas. The development of normal faults during this
extensional phase occurred during Ventersdorp times and resulted in the preservation of Platberg
Group sediments i several fault-bounded graben blocks. Folding, tilting and faulting of Transvaal
age have also been identified in the Klerksdorp goldfield (Antrobus et al., 1986), some of the
faults being reactivated older bedding-plane faults. ’

The metamorphic mineral assemblage in the metabasaltic rocks of the Witwatersrand Basin
mdicate lower greenschist facies. In the quartzites, however, a metamorphic mineral assemblage
consisting of quartz, pyrophyllite, muscovite, chlorite and chloritoid has been used to infer

regional peak P-T conditions of 2 - 3 kbar and 350 + 50°C (Phillips, 1987; Wallmach and Meyer,
1990) or 300 - 350°C (Frimmel, 1994).

| Kaolinite, which has been identified in the rocks of the West Rand and Central Rand Groups
(Schreyer and Bisschoff, 1982; Phillips and Law, 1994) is considered either to be a product of the
breakdown of feldspars or a late-stage retrograde alteration product. Up to 30 % feldspafs have
been recorded in some quartzites of the West Rand Group (Fuller, 1958), but the Central Rand

Group rocks are characteristically devoid of feldspars.

The widespread occurrence of pyrophyllite in particular has been interpreted to indicate regional
temperatures >290°C (Phillips, 1987; Frimmel, 1994). Although pyrophyilite is generally regarded
as a hydrothermal aiteration mineral indicative of advanced argillic alteration (e.g. Guilbert and
Park, 1986), it is now also widely recognised as a regional metamorphic mineral {Frey, 1987}, The
maximum regional metamorphic temperature which was attained is constrained by the breakdown
of pyrophyllite to form kyanite+quartz. Kyanite has only been identified together with pyrophyllite
locally in shear zones and quartz veins in the Central Rand Group (Schreyer and Bisschoff, 1982),
suggesting that the local pressures and teniberatures attained were above 2.5 kbar and 380°C,
respectively. The possible interpretation of sericite aggregates in the Black Reef (McCarthy ef al.,
| 1986) as pseudomorphs after chiastolite (Frimmel, 1994) would indicate a maximum pressure of

2.5 - 3.5 kbar for the Witwatersraad Supergroup.
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A similar peak metamorphic mineral assemblage has been observed in the rocks of the West Rand
and the Central Rand Groups. This may, however, be an artifact of sampling because the West
Rand Group is accessible for sampling only near the basin margin where it was, in places, never
overlain by the Central Rand Group. The peak metamorphic mineral assemblage indicates an
anomalously high geothermal gradient of 35 - 40°C/km, in contrast to a geothermal gradient of
15 - 20°C/km for stable cratonic areas. This suggests that a thermal event of basin-wide extent
occurred at some stage during the post-depositional history of the Witwatersrand Basin.

Higher-grade metamorphic mineral assemblages (consisting of garnet, cordierite, staurolite and/or
sillimanite) are found only locally in vicinity to intrusions such as those around the Vredefort
Dome (Bisschoff, 1982). Although most researchers attribute these amphibolite facies minerals
to thermal metamorphism, others (e.g. Gibson and Stevens, 1995) suggest that they reflect the

association between regional metamorphism and the Bushveld/Vredefort events.

Numerous studies which deal with the composition of pre- and post-depositional fluid inclusions
for which evidence exists in the quartzites, quartz veins and amygdales of the rocks of the
Witwatersrand Basin have been done (e.g. Shepherd, 1977; Hallbauer and Kable, 1982; Frimmel
etal, 1993; Bder etal., 1995; Drennan et al., 1995). Two main groups of fluid inclusions have
been identified in pre- and post-depositional fluid inclusions, namely low to moderately saline |

(generally <20 wt% NaCl,,; ...,) aqueous inclusions and CO,-rich inclusions (Table 2.1).

Table 2.1: Fluid Inclusion Compositions from Witwatersrand Quartz as Determined by Other Authors

Author Robertson (1985) Frimmel et al. (1993) Boer et al. (1995) | Klemd et al. (1994)
Locality 'C' Reef - Evander Basal Reef VCR (No.10#) Granitoids around

& Klerksdorp Weikom Klerksdorp Wits Basin

Quartz investigated Quartz veins Authigen. quartz| Detrital quartz Detrital quartz Quartz veins

& quartz veins

Low-salinity type

Th 155130 137+5 160 - 190 115-190 130+10
Salinity 6-18 0-4 <5 <9 0-9
Cation Species Na, K, Ca K Na
Mod.-salinity type
Th 134%7 200 - 220
Salinity 7-17 7-16
Cation Species Ca Na
High-salinity type
Th 12020
13-30

Salinity
Cation Species
CO2-rich type

Na, Ca (& CO2/CH4)

Th 270 130
Salinity 8 4
Other Gas Species CH4/N2 CH4MN2 CO2/CH4
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These fluids show a wide range of homogenisation températuxes, and first melting temperatures
suggest a variety of dissolved salt species (mainly NaCl, KCl, CaCl, and MgCl,) in the fluids. The
most cominonly reported gas species in the CO,-rich fluid inclusions are (in addition to CO,), CH4
and lesser amounts of C,H,, H,S, N,, H, and Ar (Boer et al., 1995; Drennan ef al., 1995). The
variation in composition of the post-depositional fluid inclusions suggests a complex history of

metasomatic events which have affected the rocks of the Witwatersrand Basin.
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3. Geologiéal Setting of Vaal Reefs No.10 Shaft

3.1 Stratigraphy

The stratigraphy of the rocks at Vaal Reefs No.10 Shaft is shown in Fig.3.1. The strike vof the rocks
is north-easterly and they dip at approximately 20 - 30° towards the north-west. The rocks which are
mtersected at the bottom of the shaft at c¢. 1770 m below surface belong to the Commonage
Formation (Johannesburg Subgroup) (Antrobus ef al., 1986). These quartzites are grey-broWn,
medium to coarse grained argillaceous quartzites which contain few scattered medium to large
polymictic pebbles. Thin (usually <20 cm thick) dark broM fine grained argillites are occasionally
intercalated with the quartzites. A minimum stratigraphic thickness of 250 m is inferred from

underground exposure.

At the base of the quartzites belonging to the Stilfontein Quartzite Formation Lies the Livingstone
Reef. This reefis <50 cm thick and varies from a matrix- to a pebble-supported, usually pélymictic
conglomerate. It contains small to medium, oﬁeﬁ dark-rimmed, quartz pebbles and up to 5 vbl%
polymictic (mainly igneous) pebbles. The reef is often poorly mineralised (<5 vol% sﬁlphides).

The Livingstone Reef is overlain by ye]low-bfown argillaceous quartzites which contain numerous
thin (<40 cm thick) colourful polymictic pebble bands and/or scattered polymictic pebbles. Small
amounts of pyrite mineralisation (<2 vol% sulphides) are present i several of these pebble bands. The
quartzites also contain thin, typically <20 cm thick, argillites similar to the quartzites from the
underlying Commonage Formation. The rocks belongmg to the Stilfontem Quartzite Formation attain
their maximum thickness in the east of the lease area (see Fig.1.1), where they proba‘bly exceed

150 m.
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" Fig.3.1: Lithostratigraphy at Vaal Reefs No.10 Shaft. | i

These quartzites are directly Qvérlain by the Denny's Reef, which lies at the base of the I(Iérksdo;p » |
Formation (Turffontein Subgroup). Further to the east, the Stilfontein Quartzte Forrﬁation 1s
considerably thicker and is overlain by the Strathmore and Gold Estates Formations (Antrobus e? al.,
1986). At Vaal Reefs No.10 Shaft, these latter two formations are missing because of erosional

removal piior to the deposition of the rocks of the Klerksdorp iFormatiou. This has led to-the
formation of marked unconformable stratigraphic relationships which exist at Vaal Reefs No.10 Shaﬁ
(Fig.3.2). As much as 350 m of quartztes belonging to the Stilfontein Quartzite Fonhation are
inferred to have been removed from the stratigraphic sequence at Vaal Reefs No.10 Shaft.
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Fig.3.2: Schematic east-west cross section at Vaal Reefs No.10 Shaft, ﬂlust‘r:iting
the unconformable relationship between the rocks.

The Denny's Reef rests unconformably on the quartzites of the Stilfontein Quartzite Formation. Most
of the current Denny's Reef exposure indicates the presence of a poorly developed pebble lag. In
some places, however, this reef’is highly channelised and forms narrow channels several metres wide
and <2 m deep. The Denny's Reef'is an oligomictic, often pebble supported, typically large pebble to
medium cobble conglomerate. The quartz clasts frequently exhibit a dark rim towards the clast
margins. Rounded pyrite grams of up to centimefre size have been observed in the better channelised

reef facies, where sulphide mineralisation may attain c. 5 vol%.

Overlymng the Deﬁny‘s Reefisa 15 - 20 m thick, dark grey, highly siliceous quartzite unit which is also
referred to as the Denny’s Quartzite (Antrobus e al., 1986). It is a very persistent quartzite bar which
can bé correlated over most of the Klerksdorp goldfield. The Denny's Quartzite changes abru}vptly'.to
- argillaceous quartzites, which form the upper part of the Klerksdorp Formation. These quartZitcs are

medium grained and have a homogeneous grey-brown colour. Occasional gritty zones are present,
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and towards the eastern half of the lease area, several siliceous units varying in thickness from 1 -

12 m are intercalated with the quartzites. Thin argillites are interbedded with the argillaceous

quartzites.

The decrease in the stratigraphic thickness of these quartzites from c. 220 m on the eastern side of -
the lease area to 0 m on the western side is due to the erosion of the quartzites prior to the deposition
of the VCR. Apart from the removal of >200 m of quartzites from the upper Klerksdorp Formation,
’c. 100 m of quartzites and conglomerates belonging to the oveﬂying Elsburg Formation have also
been removed in the Vaal Reefs No.10 Shaft lease area prior to deposition of the VCR.

The average angle of unconformity between the VCR and the underlying footwall rocks is c. 7°.
Stratigraphically, the VCR has been grouped into the Venterspost Conglomerate Formation (Fig.3.1)
(SACS, 1980). A quartzite- and a conglomerate-dominated facies and a thin reef facies can be
distinguished within the VCR at Vaal Reefs No.10 Shaft. The quartzite-dominated facies consists
predominantly of fine to medium grained grey siliceous quartzite, with channel widths of up to several
metres. Sulphide mineralisation is generally low (<2 vol%) and occurs in the form of pyrite-bearing

~ foresets and/or as secondary pyrite (typically towards the top of the VCR).

The conglomerate-dominated facies consists of an oligomictic matrix- to peBble-supported, generally
small pebble to small cobble conglomerate. More than 95 vol% of the detrtal clast population
consists of quartz and <5 vol% of chert. Polymictic pebbles are very rare. The pebbles are ty_pica]lyi
rounded, except towards the top of the VCR where they are smaller in size and subangular. Thin
lenticular quartzite lenses are often developed within the conglomeréte. Channel widths are iower
than in the'quartz:ite—doﬁninated facies and are typically <1.5 m. In the better mineralised portions, up

to 15 vol% pyrite occur.

The thin VCR reef facies is characterised by a single pebble lag (often <5 cm thick) which consists
of medium to large oligomictic pebbles. The sulphide mineralisation of this reef” facies is poor
(<2 vol%). . |
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The VCR is overlain by fine to medium grained, green-grey metabasaltic rocks belonging to the
Klipriviersberg Group (Ventersdorp Supergroup). These rocks contain various proportions of
quartz-, chlorite-, calcite- and epidote-filled amygdales an d veins. Amygdales range in size from
<5 mm to tens of centimetres, but are usually absent close to the VCR (i.e. within 20 m). Close
towards the VCR a characteristic porphyritic marker zone (consisting of plagioclase phenocrysts and
corresponding to the lower porphyritic marker of the Alberton Formation) can be identified over
virtually the whole study area. The rocks of the Ventersdorp Supergroup have a maximum thickness
of c. 2800 m in the west, although it is likely that the true thickness was greater prior to the érosion

of these rocks.

3.2 Structure

The structure at Vaal Reefs No.10 Shaft is dominatgd by several north and north-easterly striking,
east- and westwards dipping normal fauits. ”f'hey are, from east to west, the Buffelsdoom Fault; the
Nooitdegacht Fault and the Schoonspruit Fault (see Map 1 in Appendix A). These faults, which vary
in dip from 45 - 75° have displacements of up to several hundred metres and are attributed to block
faulting in an extensional tectonic setting. Their strike orientation implies that the extensional stresses
were orientated east-west to south-east/north-west. Underground exposure of the Nooitgedacht and -
Buffelsdoorn Faults- indicates that they displace the Klipriviersberg lavas, i.e. they are probably of late
Ventersdorp or Transvaal age. The fault rock typically consists of quartz and/or calcite veins and

cataclasite and/or fault rock breccia.

In addition to these extensional faults, several fault transfer systems have been recognised (e.g. the
New Year's Fault zone, see Map1 in Appendix A) which probably developed in response to the
stresses imposed during block faulting. These transfer structures comprise a fault zone with
displacements ranging from c. 100 m to <1 m. The strike of these fault zones is in a westerly direction

and they generally dip steeply (>70°) towards the south.
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Low- anglé thrust faults, resulting either in reef duplication or in reef elimination, are frequently
- observed underground. The presence of ultramylonite along these low-angle, approximately
bedding-paralle] faults suggests ductile or brittle-ductile deformation. Slickenside lineations along the
thrust faults and along bedding planes in the footwall quartzites indicate a westerly direction of
- displacement, although an eastwards displacement has also been identified in places. A moré detailed

description of mesoscale structures follows in Chapter 5..



4. Petrography and Mineralogy

4.1 Introduction

The textures and mineralogy of the following rocks were examined: footwall quartzites,
hangingwall metabasaits, pseudotachyfite, uitramylonite, quartz/calcite veins, dykes and the VCR.
~In addition to optical petrography (discussed i this chapter), confirmation of phyllosilicate
minerals present in the footwall quartzites was done.thiough X-ray diffraction (XRD) aﬁalysis.

4.2 Footwall Qﬁartzites

A total of 21 thin and polished sections of the footwa]l rocks were examined, ranging from the
immediate contact with the VCR to a depth of 60 m below the VCR.. The footwall rocks usually
consist of grey-brown argillaceous quartzites interléyered with thin (usually <15 cm thick) finer
grained argillites. A noticeable foliation approximately parallel to bedding is sometimes present
in the quartzites. In thin section this is defined by the subparallel alignment of phy]los_i]icate
minerals and occasionally of elongate anhedral quartz grains. Modal mineral proportions of the’

footwall quartzites are presented in Table 4.1.

Thé detrital quartz grains m the quartzites ‘vary from highly strained to virtually strain-free | grains.
The lack of complete recrystallisation indicates that the peak metamorphic temperature did not
exceed 350°C (Voll, 1976; Bﬁggisch and Klemnschmidt, 1991). Only limited amounts of secondary
quartz overgrowths around detrital quartz grains have been observed using cathodolﬁminescence
imaging (CLI). Quartz grains range in size from <0.1 - 2.5 mm and typically have irregular
serrated grain margins. The grain shape suggests that silica was partially consumed during
metamorphism/metasomatic alteration. In the argillites, the mod__al proportion of quartz may be .
less than 50 vol% of the rock, although within the quartzites, quartz typically amounts to >80

vol% of the rock.




Table 4.1: Modal Mineral Proportions in Footwall Quartzite Rocks

Lithology Pyrophyllitised| Sericitised | Chloritised | Ultrachloritised
: Quartzite Quartzite | Quartzite Quartzite
Depth below VCR 60m 2m <0.2m <0.2m
Quartz 55 87 83 12
Pyrophyllite 44 - - -
Mica | 1 1 * *
Mica il - 12 12 3
Chilorite | * * * *
Chiorite 1l - - 5 85
Amphibole * * - -
Chioritoid * *
Zircon * * * *
Rutile/Leucoxene * * * o
Pyrite * * * *
Chromite * * * *
Chalcopyrite - , * * *
Sphalerite/Galena - - - *

* trace amounts - not observed

TeXturally, two types of white mica can be identified in the quartzites and argillites. Minor
amounts (up to 1 - 2 vol%) of large (0.3» - 2 mm) kink-banded muscovite flakes, here termed mica
I, are charactedédca]ly interstratified with chlorite and are present throughout the quartzites and
argillites. Texturally this muscovite is similar to the mica I described by Sutton .et al. (1990) and
Zhao et al. (1994). Based on the relatively high Ti, F é and Mg contents, a detrital origin for this
mica type has been proposed by these authors. The kink-banded texture of mica I is interpreted

to be the resuit of deformation during burial/regional metamorphic conditions.

The dominant mica type, here termed mica I, is a very fine grained sericitic white mica which
occurs within ¢. 3 m of the VCR. XRD and electron microprobe (EMP) analyses indicate that this
mica is muscovite. Mica II is undeformed and occurs as anhedral aggregates mth no p_referred
orientation. EMP analyses of mica I and mica II are shown in Fig.4.1 below and, by analogy with
Sutton ef al. (1990) and Frimmel et al. (1993), the low Ti, Fe and Mg contents of the latter mica
type suggest a metamorphjc/metasomatic origin. Although Sutton et al. (1990) mfer a

- metamorphic origin for their mica II, evidence presented in this study suggests that the mica II

32



which is present in the footwall quartzites immediately below the VCR is a product of K*

metasomatic alteration (see Chapter 6.).
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Fig.4.1: Plot of FeO+MgO vs TiO, contents of
footwall quartzite mica types I and II.

Pyrophyllite is present in the bulk of the footwall quartzites and was conﬁh:ned by XRD to be
present to a depth of at least 30 m below the VCR. Studies done by Phillips (1988) have shown
that pyrophyllite extends for hundreds and even thousands of metres into the Wiﬁwatersrand.
quartzites. However, pyrophyllite is typically absent <3 m below the VCR, which coincides with
the appearance of muscovite. Pyrophyllite forms fine grained masses which have grown at the
expense of some of the detrital quartz grains. The pyrophyllite appears to be undeformed aﬁd :
shows no preferred orientation. The fine gramed nature and lack of deformation of the

pyrophyllite are interpreted to indicate its metamorphic origin.

Tiny anhedral pleochroic grains of amphibole are rarely present in the quartzites and the texture

suggests that the amphibole grains are of detrital origin.

Compact rounded pyrite grains are either concentrated along bedding foresets or occur as isolated
grains within the quartzites. No porous or concentrically zoned rounded pyrite grains (using the
classification adopted by Hallbauer, 1986) have been observed in the footwall quartzites. The



common occurrence of anhedral rounded zircon, chromite and rutile grains along pyrite-rich

foresets are interpreted to indicate a detrital origin of these minerals.

Angular to euhedral pyrite cubes are indicative of a secondary origin and are scattered throughout
the quartzites. The presence of small inclusions of chalcopyrite and pyrrhotite within secondary
pyrite grains is interpreted to reflect the secondary origin for the former two sulphide minerals.

Chlorite is rare i the deeper footwall rocks and occurs only where it is intergrown/interstratified
with the kink-banded mica I variety. The mterstratified relationship indicates that this chlorite type
(termed chlorite I) is probably a product of the alteration of original biotite intergrowths with mica
L o

Chloritoid was identified in two quartzite samples (VHGO056 and VHGO090) as _randomly
orientated clusters consisting of subidioblastic laths. The habit and the occurrence together with

pyrophyllite in the deeper footwall quartzite samples suggests that chloritoid is of metamorphJC |
origin. Although no textu.ral equilibrium with chlorite can be demonstrated in this study, Frimmel
(1994) has identified the coexistence of chlorite with chloritoid in quartzites at the base of the

Central Rand Group.

Ty acicular rutile needles are concentrated in the chloritised footwall zone immediately below
the VCR. They were probably derived from the alteration of original biotite and/or
titanomagnetite grains during the chloritisation of the ilﬁmedjate footwall quartzite. They are, in
contrast to the rounded rutile grams, mterpreted to be of metamozphiC/’metasomatic origin. Few
anhedral leucoxene grains (possibly alteration products of ongma]ly detrital titanomagnetite

grains) were observed throughout the quart21tes

The contact of the footwall quartzites with the overlying VCR can be sharp or gradational.
Typically, the colour of the quartzites is grey-byown but at various localities immediately below
the VCR (e.g. samples VHGO17, 063(B), 091(B), 104, 170) the footwall quartzites have a dark
grey colour and the argillaceous appearance of the quartzites has been destroyed. The extent of

the darkened quartzites is laterally variable over metres to tens of metres and vertically the
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darkening may extend to a depth of 0. 1A - 1.0 m below the VCR. In general terms, the darkening
of the quartzites attains its maximum thickness where the VCR is thinnest. No visible control on
the lateral distribution of the darkening has, as yet, been identified.

Mineralogically, the gradual colour change in the quartzites is associated with the appearance of
fine grained randomly orientated and undeformed aggregates/clusters of chlorite of up to 15 vol%
(Table 4.1). Based on its texture and morphology, this chlorite is referred to as type II chlorite
and is interpreted to be a product of metamorphic/metasomatic alteration (see Chapter 6.). Type
II chlorite is intergrown with sericitic muscovite (mica II) close to (<1 m bélow) the VCR and

sometimes hosts base metal sulphide mineralisation.

The presence of base metal sulphide mineralisation (galena and sphalerite) is limited to (at most)
several centimetres into the chloritised footwall quartzites. Very similar obsérvations on fhe
distribution of galena, sphalerite and chalcopyrite in the quartzites below the VCR have also been
.made at the Western Deep Levels Gold Mine in the Carletonville goldfield (Zhao ez al., 1994).
These authors attribute the base metal sulphides to a éulphidisation event.

Occasionally the immediate footwall rock (i.e. <0.2 m below the VCR) is fine grained and almost
completely chloritised ("ultrachloritised") and consists of >80 vol% chlorite (Table 4. 1) (e-g.
sample VHG125). This probably represents a more extreme fonﬁ of alteration of the darkened
chloritised quartzite described above. Minute calcite inclusions and subordinate seﬁci_te laths are
presenf m secondary quartz overgrowths around detrital qliartz grains within this ultrachloritised
zone. With progressive depth below the VCR the mineralogy of the ultrachlontised footwall
quartzites gradually changes and the quartzites become lighter grey/brown in colour. The calcite
mclusions within the quartz grains and the chlorite in the quartzites disappear, whereas the amount

of fine grained muscovite increases over the same interval.
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4.3 Hangingwall Metabasalts

13 thin and polished sections of the hangingwall metabasalts, ranging from the immediate contact
with the VCR to a distance of >50 m above the VCR, were examined. The mineral assemblage
in the higher hangingwall metabasalt (i.e. >30 m above the VCR) is a typical greenschist facies
assemblage and consists of plagioclase, actinolite, chlorite, epidote/clinozoisite, quartz, calcite,
=+ sericite + sulphide phases (Table 4.2). This metabasalt has a green to olive-green colour and an
 aphanitic microlitic texture. The amygdales which are sometimes present in the metabasalt vary

n size from <1 mm to several centimetres and contain quartz, chlorite and/or epidote/clinozoisite.

~ Table 4.2: Modal Mineral Proportions in Less Altered Hangingwall Metabasalt Rocks

Lithology Aphanitic White Phenocryst | Dark Phenocryst
Metabasait Zone Zone

Distance above VCR 50m 15m 5m
Plagioclase 58 41 ‘ -
Actinolite : 18 : 15 -
Chlorite 13 v 19 10
Quartz 5 - 1
Epidote/Zoisite , 4 4 -
Calcite 2 19 47
Sericite * 2 41
Rutile - - . *
Pyrite * * *

i Pyrrhotite - : - *
Chalicopyrite * * *
Himenite - - _ *
‘Magnetite - - . 1
* trace amounts - not observed

A characteristic phenocryst zone, which may extend up to 25 m abo've the VCR, is almost. always
present in the metabasalt unit immediately overlying the VCR. At a distance of >5°- 10 m above
the VCR, up to 8 cm large and sometimes bowtie shaped, white plagioclase phenocrysts.are
common. This zone is referred to as the white phenocryst zone. Partial carbonatisation and minor
se:ﬂcitisation of the plagioclase phenocrysts and of the groﬁndmass are evident m this hght grey-
green metabasalt zone. Chalcdpyrite and very small amounts of over- and intergrown secondary

pyrite are present.



=

The ;:olour of the phenocrysts changes usually gradually from white to light greenish-white to
apple green with increasing proximity to the VCR. The metabasalt zone approximately 1 - 5 m
- above the VCR is termed the dark phenocryst zone because of the dark green to almost black
colour of the phenocrysts. The metabasalt has a light grey/green colour and a cryptocrystalline
texture. The groundmass as well as the phenocrysts are intensely sericitised and/or carbonatised.
Fine gramed chlorite is present in the matrix. Up to 1 vol% of fine grained, octahedral magnetite
crystals and tabular ilmenite grains are disseminated throughout this zone. The magnetite grains
sometimes become increasingly finer grained towards the VCR. Chalcopyrite is present in small

amounts and only rarely coutains intergrown pyrite.

The “contact” metabasalt zone (i.e. <l m from the VCR) often has a mottled light yellow/grey-
green colour and a "bleached" appearance. In addition to the intense chloritisation and/or
sericitisation, which are typical for this zone, the small grain size of this altered rock does not
permit meaningful modal proportions from point counting to be obtained. Pyrite cubes can be
locally very abundant but generally pyrite occurs as small disseminated grains. Chalcopyrite occurs
either as inclusions within pyrite or as scattered finely disseminated grains. Either one of these two
sulphides may be dominant. Locally, rutile needles are common and galena has only rarely been

noted in the contact zone. No magnetite or ilmenite are present in the contact zone metabasalt.

Rare pillow lava structures and toes of pahoehoe lava flows (resulting in reef deformation) and
partial ingestion of VCR into the metabasalt have been observed in the hangingwall in contact

with the VCR. Similar observations have been made on the hangingwall to the VCR in the
Carletonville goldfield, where pillow lavas and volatile escape structures in the inter-reef
metabasalt and in the overlying metabasalt have been recorded (Tankard et al., 1982). These
features in the immediate hangingwall metabasalt suggest that the VCR was semiconsolidated and

was subaerially and/or subaqueously exposed.
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4.4 Pseudotachylites, Ultramylonites and Quartz/Calcite Veins

Four of the five pseudotachylites which were examined come from the VCR-footwall contact
while one pseudotachylite sample and two ultramylonite samples examined come from the VCR-
hangingwall contact. The pseudotachylite typically vcontains between 10 - 50 vol% relics of the
original country rock, which vary in size from <0.01 mm up to several centimetres. These relics
are subrounded to angular in shape and usually consist of quartz grains or aggregates of country
rock. The pseudotachylite matrix is partially devitrified and contains minor amounts of chlorite

and calcite and accessory amounts of anhedral zircon and opaques.

Opaque minerals are anhedral subangular and generally very fine grained (<0.2 mm). Pyrite is the
mam ore mineral, although small amounts of pyrrhotite, chalcopyrite, galena and sphalerite are
also present. Underground mine sampling indicates that Iocally, the pseudotachylite may also be
enriched in gold. Elevated Au, P and S contents in VCR-associated pseudotachylites from the
Carletonville goldﬁeid have also been observed by Killick (1994). This author tentatively suggests
that a S-bearing ﬂmd (which could have contained dissolved Au and Pb) might have been present

prior to or at the time of pseudotachylite formation.

The ultramylonite is characterised by the complete absence of country rock relics. It is completely
recrystallised/altered to very fine gramed chlorite and sericite in approximately equal proportions,
the former mineral as rounded to subrounded irregular aggregates and the latter mineral as very

small laths. A dense anastomosing network of rutile needles is often associated with the more
sericite-tich portions. Accessory amounts of quariz, calcite, epidote and opaques are also present.
A macroscopically visible foliation is defined by chlorite- and sericite-rich zones in thin section.
Chlorite veinlets which cut across both the sericite and the chlorite aggregates are evidence for

multiple chlorite formation events.

- Up'to 2 vol% of ore minerals are present in the ultramylonite. Euhedral to subhedral secondary,
finely disseminated pyrite grains and/or aggregates are frequently associated with the chlorite-rich
areas. Small amounts of anhedral chalcopyrite and pyrrhotite may be associated with the pyrite.

Very finely disseminated rutile grains are concentrated paraliel to the fabric of the rock.
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The bedding-parallel quartz veins consist of small to large (up to 7 mm) quartz grains and fine -
 grained quartz zones, minor to major amounts of calcite and accessory amounts of chlorite,
bitumen nodules and opaques. In places where quartz veins occur at the basal contact or along
the top contact of the VCR, calcite is a major constituent. Quartz veins within the VCR, however,
either contain no calcite or only minute calcite inclusions within quartz grains. Pseudohéxagonal
| pyrrhotite platelets are the most common Fe-sulphide mineral in the quartz veins (e.g. samples
VHG163(A)(C), 166, 181). Anhedral irregular chalcopyrite, which appears to be more common
m bedding—parallél as opposed to bedding-perpendicular quartz veins, is intergrown with quartz
and calcite. Healed microfractures with bedding-parallel and/or bedding-perpendicular orientations

(the former orientation usually being dominant) are present in virtually all of the quartz veins.

Underground observation indicate that the bedding-parallel quartz veins pre-date the formation
of the pseudotachylite. One such quartz vein (sample VHG169) contains two compositionaily
different chlorite varieties (one of syn- to post-quartz vein and the other of post-pseudotachylite

age).

Two approximately bedding-parallel quartz veins, characterised by fine grained quartz breccia
zones, are present in VCR samples VHGO048 and VHG165. The presence of abundant minute
calcite inclusions (<0.02 mm in size) within the fine grained quartz zone suggesté that a CaZ4-ﬁch'
fluid was introduced during a brittle deformation event (possibly related to the pseuddtachylite
event). Subhedral secondary pyrite grains and very small amounts of pyrrhotite (subhedral laths
i calcite grains), galena, chalcopyrite and gold are present in this quartz vein. The ore minerals

are essentially confined to the calcite-inclusion rich fine grained quartz zone. DAt e

Although the bedding—perpéndicular quartz vems are often restricted to the VCR, they may extend
into the hangingwall metabasalt and rarely also into the footwall quartzite. Calcite is generaﬂy

absent from.these quartz veins, but several of them contain bitumen nodules and sulphide

minerals.

An unusual mineral assemblage consisting of an unidentified mineral (with a fibrous habit),

sericite, baryte, bitumen nodules and 'sulphide minerals is present in vugs in a bedding-
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perpendicular quartz vein within the VCR (sample VHG181). The paragenetic sequence, based
on textural re]htionships, is baryte - sulphides - bitumen nodules + sericite + unidentified mineral.
A complex paragenetic history is also revealed by CLI of euhedral hydrothermal quartz crystals.
 in that sample.

Other textural features within quartz veins are 120°triple junctions and deformation lamellae. The
latter are the result of the deformation of the quartz vein by dislocation creep (White and Treagus,
1975) and the presence of the deformation lamellae indicates that the temperature did not exceed

¢. 300°C subsequent to the formation of the lamellae.

One quartz vein which is of particular interest cuts at an angle of ¢. 30° from the hangingwall into
the VCR. In places where this <7 cm wide quartz vein (samples VHG163(A)-(C)) transects the
VCR, macroscopica]ly visible gold, base metal sulphides and bitumen nodules are present within
vugs in the quartz vein. This quartz vein, which will be referred to in the following as the
aun'férous quartz vein, contains accessory amounts of chlorite (pseudohexagonal stacks within -
quartz grains), calcite (minute inclusions in the core zone of euhedral quartz crystals) and apatite

(euhedral elongate grains intergrown with quartz grains).

Two distinct zones. with different téxtural, mineralogical and fluid inclusion characteristics are
present in the auriferous quartz vein. The zone in contact with the VCR is réferred to as the
marginal zone and is characterised by large (<6 mm) anhedral quartz grains. The quartz grains
~ show strong undulose extinction and are transected by fine grained brecciated quartz zones
containing minute anhedrai grains of pyrite and chlorite. Numerous fluid inclusion trails cross-cut
the quartz grams and this zone contains both a high- and a low-temperature fluid inclusion

population (see Chapter 8.).

In contrast, the central zone occurs towards the middle of the quarfz vein and is typically vuggy
and contains euhedral undeformed quartz crystals up to several millimetres in size. These quaﬁz
crystals contain abundant minute calcite and low-temperature fluid inclusions in their cores and
CLI indicates a complex growth history of these qﬁﬁrtz crystals. Galena is the major ore mineral
and forms irregular intergrowths with gold and bravoite (?). Gold, sphalerite and chalcopyrite are
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also intergrown with chlorite. All of these minerals, as well as euhedral pyrthotite platelets and
bitumen nodules (<5 mm in size), have crystallised in the vugs together with quartz crystals.

Limited replacement of euhedral pyrite by pyrrhotite is evident.

4.5 Dykes

Samples from five different dykes, ranging m thickness from 0.2 m to c¢. 10 m, were collected.
Some of the dykes are highly sericitised and carbonatised (VHG133), whereas others are iﬁtensely
serpentinised and chloritised (VHG134). Less altered dykes contain actinolite, plagio clase,
| chlorite, quartz and calcite + epidote + rutile/sphene. Opaque minerals consist of sub- to euhedral

pyrite grains and anhedral chalcopyrite grains.

4.6 Ventersdorp Contact Reef

A total of 58 thin and polished sections from the VCR, which included quartzite and
metaconglomerate samples, footwall and hangingwall contact samples and reef profiles across the

VCR, were examined.

Predommantly monocrystalline quartz pebbles constitute >95 vol% of the clasts in the VCR, the
remaining portion comprising chert, shale, quartzite and rare igneous lithic ﬁagments. The quartz -
‘grains (which generally exceed 85 vol% of the VCR quartziie fraction) are commenly anhedral
rounded to angular and often have serrated/embayed grain margins. They are heterogranular and
range in size from <0.02 - c¢. 3 mm. ‘Although the quartz gia.ins exhibit variable degrees of strain
(both undulose and straight extinction) and fre.quent formation of subgrain boundaries, only
limited recrystallisation and fofmation of secondary quartz has occurred. Visual estimation as well
as CLI (see Chapter 9.) indicate that secondary quartz overgrowths contribute <5 vol% of the

total quartz volume.
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The VCR quartzite has a medum grey colour, but this may change to a dark grey to almost black
colour close towards the top contact with the overlying metabasalt. Far less common are irregular
light yellow-green alteration zones in the VCR quartzte (Plate 7.1.1). Examination of two.
samples from such a zone indicates the presence of abundant siderite (c. 5 vol%) as well as Fe-

rich chlorite (X5, =0.8).

Chlorite, which is the major phyllosilicate mineral in the VCR in the study area, has also been
documented in the VCR in the Carletonville goldfield (Stefan and Martin, 1993; Smits, 1994).
* Only trace amounts of sericite and no pyrophyllite were found in the VCR. Five different textural
types of chlorite can be recognised. Rare, large (0.4 - 0.7 Iﬁm) chlorite flakes, often with a
brownish pleochroism, are interpreted to be pseudomorphs (probably formed during burial
metamorphism) of originally detrital biotite/amphiboles. They are therefore paragenetically the
| earliest chlorite type (typé I chlorite).

The second and most abundant "matrix" chlorite type is termed type II chlorite and varies from
c. 1-10vol% in the VCR. Type II chlorite occurs as randomly orientated, undeformed anhedral
clisters/aggregates mterstitially between the quartz grains (Plate 4.1) and also forms narrow vein-
like chlorite-rich zones. This chlorite approximates ripidolite in composition and has a light to
dark green pleochroism and a purplish-blue imexference colour. Microprobe analyses have shown
that the type II chlorite 1s sometimes interstratified with éen'cite. In places, type II chlorite also

partially replaces rounded and secondary pyrite grains and quartz grains.

: rType T chiorite is relatively rare and can best be described as chlorite "twiils" within quartz
grains (samples VHGO062, 063(A), 125). Base metal sulphides and gold often occur at the
termination of a chlorite twirlv(Plate 4.2). CLI of this chlorite type has revealed that the quartz
immediately surrounding the chlorite (and the gold) has a metamorphic/hydrothermal signature
(Plate 9.7, Chapter 9.), whereas the remainder of the quartz grain may retain a detrital éigﬁatuxe.

Compositionally this chlorite type does not differ from type II chlorite.

A fourth and morphologically very distinct chlorite type forms pressure shadows partially
surrounding rounded pyrite grains. This type IV chlorite is only rarely developed around
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mentioned and in sample VHGO88, pyrrhotite + gold are present in association with such a vein
where calcite and chlorite occur in textural equilibrium. Minute calcite inclusions (<0.05 mm in
size) are concentrated in secondary quartz overgrowths around detrital quartz grains and are also
present m the chlorite/quartz pressure shadows. Euhedral siderite crystals are present in several
VCR samples (VHG153(A), 158(B), 164). The euhedral grain morphology of the siderite is

interpreted to indicate its secondary origin.

Zircons are often concentrated along heavy mineral-rich foresets. The foresets are defined by high
concentrations of rounded pyrite, chromite, titanomagnetite grains (<0.5 mm in size) and rare
uraninite grains. Rounded rutile/leucoxene grains in the VCR, the rutile grains sometimes
exhibiting lamellar twinning, are interpreted to represent the alteration product of originally
detrital titanomagnetite. Very small rutile needles of secondary origin are present in type II

chiorite and in secondary quartz overgrowths.

Rare subhedral apatite grams (<0.4 mm) are present adjacent to chlorite/quartz pressure shadows

(e.g. sample VHGO74) and are probably related to metasomatic fluid infiltration event(s).

Bitumen nodules occur in accessory amounts in virtually all of the VCR samples. They are
opaque, have a "spongy" texture, an iregular rounded shape and range in size from 0.3 - 1.5 mm.
A radial fracture pattern penetrating surrounding quartz grams is a common feature and the
bitumen nodules sometimes embay quartz grains and quartz pebbles. The partial replacement and
tw”  of secondary pyrite grains by the bi nodules (Plate 4.3) indicates that * :
post-date a pyrite crystallisation event and are paragenetically relatively late stage. Similar
observation of the cross-cutting nature of bitumen across pyrrhotite veinlets has lead Robb and

Meyer (1991) to suggest that hydrocarbon formation was the final event m the post-burial history

of the Witwatersrand Basin.

A total of 12 identified and 4 unidentified ore minerals (the latter mtergrown with an anhedral
gold gram mn sample VHGI103) have been observed mn the VCR in decreasing order of abundance:
pyrite, pyrrhotite, galena, gold, nickel-arsenosulphide, chalcopyrite, sphalerite, chromite,

uraninite, titanomagnetite, pentlandite, brannerite, 4 unidentified ore minerals.
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occasionally overgrown by éecondary pyrite (e.g. Plate 4.4). Small anhedral subrounded inclusions
of other ore minerals (chalcopyrite, galena, pyrrhotite and gold) are found in all three rounded
pyrite varieties. The fractured nature of some of the rounded pyrite grains as a result of the

formation of the chlorite/quartz pressure shadows has already been described above.

Secondary pyrite grains in the VCR range from <0.1 mm - ¢. 15 mm in size. They usually form
discrete anhedral angular to euhedral cubes and sometimes contain inclusioné of chalcopyrife,
galena, pyrrhotite and gold. Bedding-perpendicular hydrothermal pyrite veinlets are also present
in the VCR and textural relationships indicate that some of the secondary pyrite grains and
veinlets are coeval or post-date the quartz veins (see Plate 5.-). Secondary pyrite grains .are

occasionally partially replaced by bitumen nodules (Plate 4.3).

Pyrrhotite 1s the second most abundant opaque phase in the VCR. It usually occurs as small
inclusions within, or as secondary sub- to euhedral needles éromld, rounded pyrite grains and
(occasionally together with gold) also intergrown with the chlorite (+ quartz) matrix. Pyrrhotite
grains occasionally occur around, or as inclusions in, bitumen nodules. Pyrrhotite very rarely
contains pentlandite exsolution lameﬂae (sample VHGO095). A pyrrhotite-gold veinlet cross-

cutting a bedding-perpendicular quartz vein (sample VHGO093(A)), and the aséociation of |
pyrthotite with calcite vems in the VCR (sample VHGO025) both supp ort a relatively late, syn- to

post-quartz vein age of pyrrhotite + gold mineralisation in the VCR.

Galena and sphalerite are intergrown with type II chlorite and also occur as inclusions in-

“$econdary pyrite. Galena is also present as fracture-filling in rounded pyrite grains-and as tiny

inclusions in bitumen nodules, the latter possibly as a result of radioactive decay of uraninite,

remnants of which are present in the bitumen nodules.

Chalcopyrite forms anhedral grains within the quartz/chlorite matrix and is present as anhedral |
inclusions in secondary pyrite, where it may be intergrown with galena, nickel- érsénosulphide or
gold. Less common are chalcopyrite intergrowths with bitumen nodules (sample VHG028) and
the occurrence at the termination of type III chiorite (sample VHG125) (similar to the gold - type

11T chlorite association).
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Nickel-arsenosulphide occurs as anhedral (and often fractured) grains, as inclusions within
secondary pyrite and as anhedral grains intergrown with gold (e.g. samples VHGO075, 093(B),
103) and/or attached to the surface of secondary pyrite grains. It also sometimes forms anhedral
subrounded "grains” which are attached to the surface of secondary pyrite grams. This texture is
very similar to that described by Knipe ef al. (1992) and Foster (1993) as "cling-ons". These
authors tentatively attribute this morphology to physical and chemical adsorption of nickel-
arsendsu]phide, gold and other sulphides onto a pyrite substrate. Less common are nickel-
arsenosulphide grains which occur as fracture-filling in secondary pyrite and as small anhedral

inclusions in bitumen nodules.

Anhedral uraninite inclusions (sometimes together with galena) within bitumen nodules are
relatively rare, especially when compared to the Vaal Reef where uraninite is a common
component of bitumen nodules (Zumberge er al., 1978). Brannerite is rarely present as an

alteration product after uraninite.

4.7 Gold Textures and Mineral Associations

Routine underground mine sampﬁng indicates that gold is present in the footwall quaftzites,
hangingwall metabasalts as well as in quartz veins and pseudotachylites. The gold particles in this
study are present m 26 out of the 58 VCR samples examined and in two quartz vein samples. The
gold particles in the VCR range in size from <1 pmto c. 500 um, with an 'averéige of about
10 um. In the auriferous quartz vein'(sa'mples VHG163(A)-(B)) the gold particles are <2 mm in
size and are visible macroscopically. The two dimensional grain shape of the VCR gold particles .
1s anhedral irregular and in the auriferous quartz vein rare euhedral gold crystals are present.

The frequency of gold association with other minerals in the VCR and in the auriferous quartz
vein is presented i Table 4.3. Only mineral associations of those gold grains which were analysed
with the electron microprobe are listed in Table 4.3. Gold in the VCR is commonly associated |

with type I chlorite and quartz, and to a lesser extent with (predominantly secondary) pyrite.
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Table 4.3: Gold Associaﬁon with Other Minerals

Sample Quartz |Qtz Grain | Quartz |Chlorite/ | Chlorite | Chlorite | Pyrite  Pyrrhotite | Galena [ Chalco- Gersdorffite [Bitumen [ Siderite” [TOTAL No.
No. Grain Margin Vein | Quartz |Typeilill | Type V pyrite Nodule GRAINS

VHG 021 2 2
VHG 046 : 1 1 1 3
VHG 062 9 2 4 1 6 1 23
VHG 063(A) 4 14 12 30
VHG 074 4 7 8 4 1 24
VHG 088 2 1 3
VHG 091(B) 5 | 1 6
VHG 093(A) 8 5 10 5 1 (vein) 29
VHG 093(B) 25 16.. 7 9 1 1 59
VHG 095 3 1 4
VHG 103 10 9 4 1 24
VHG 105 1 7 1 1 10
VHG 107 10 8 4 4 26
VHG 120 8 8
VHG 125 3 10 3 1 17
VHG 130 3 3 2 1 9
VHG 131 3 1 1 5 2 1 1 14
VHG 150(B) 3 - 1 4
VHG 163(B) 3 3
VHG 183(C) | _ 27 27
VHG 164 1 2 1 9 11 24

TOTAL 84 9 30 36 89 2 65 6 2 3 1 11 11 349




Gold particles associated with type I chlorite, quartz grains and with quartz grain margins
generally have an anhedral irregular to (sub)rounded shape. Similarly, the gold particles at the
termination of fype III chlorite (chlorite "twirls") have a subrounded shape (see Plate 4.2) and
may be surrounded by a c. 5 pm partial halo of minute (<1 pm) gold 'globules' within the quartz
grain. The quartz which surrounds these gold particles has a metamorphic/hydrothermal CL

signature (see Chapter 9.).

Gold particles which are associated with pyrife commonly occur as anhedral inclusions within
secondary pyrite and occasionally in rounded pyrite grains, sometimes together with chalcopyrite
or pyrrhotite (Plate 4.4). More rarely, gold was also found in the form of fracture filling within
secondary pyrite grains. Gold and nickel/-arsenosulphide grains Qccasiona]ly occur intergrowﬁ
together in type II chlorite. Less common are anhedial gold/nickel-arsenosulphide "cling-ons"
which are attached to anhedral secondary pyrite grains. ‘

Intergrowths of anhedral gold and pyrrhotite grains in type II chlorite are present in several
- samples. No pyrite-gold veins have been observed, but a pyrrhotite-gold vein was noted in

samples VHGO088 and VHGO093(A).

The association of gold particles (as inclusions within or attached to the surface of) bitumen
nodules occurs more often than what is reflected in Table 4.3. However, these gold particles are
usually too small (<3 um m diameter) to permit analysis with the EMP. Only in sample VHG164,
which contains c. 5 vol% bitumen nodules, is the gold-bitumen nodule association preddminant-.

n this sample, gold particles also form irregular intergrowths with anhedral siderite grains.

Gold-galena mtergrowths in type II chlorite are anhedral and irregular. Small inclusions of gold

together with galena and chalcopyrite also occur within secondary pyrite grains. Only one gold-

_rutile association and one gold-/eucoxene association have been observed.

The gold, which is present in the fine grained brecciated quartz vein zone n sample VHG165,

occurs as finely disseminated particles together with very small calcite inclusions (c. 2-um) in and

around margins of sheared and fractured quartz grains. Within the auriferous quartz vein, gold -

forms anhedral irregular intergrowths predominantly with galena and quartz and less commonty
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Being of an approximately bedding-paralle] nature, the orientation of these quartz veins is similar
to that of the VCR. The dip direction/amount of 33 of these quartz veins were measured And are
represented by their poles on a lower hemisphere stefeo graphic projection (Fig.5.1). The n- axis
of the best fit great circle for these quartz veins has an azimuth/plunge of 225/12 and the mean
azimuth/plinge of the poles to the quartz veins is 99/71. This gives a strike and dip of 189/19NW
of the bedding-paralle] quartz veins, which is similar to the strike/dip of the VCR of 205/27NW.

- Although the second set of quartz veins, which have an approximately bedding-perpendicular
orientation, are usually restricted to the VCR, they may sometimes extend for several tens of
centimetres mto the hangingwall and/or the footwall rocks. These quartz veins range in thickness

from <0.5 cmto ¢. 5 cm and are spaced between 0.5 mup to tens of metres apart.

The poles of the dip direction/amount of 147 bedding-perpendicular quartz veins indicate that the
majority of the quartz vemns dip steeply (c. 80°) towards the east (Fig.5.2). The mean
ézimuth/nge of the polés to the.bedding-perpendiculzﬁ quartz veins is 269/18, and the n- axis
to the best fit great circle has an azimuth/plumge of 130/78. The mean strike/dip of 179/72E of
these quartz veins is similar to the orientation of the Nooitgedacht Fault (with a strike/dip of
197/45E). ' |

The coeval nature of these two sets of quartz veins is indicated by their cross-cutting relationship
and is also supported by fluid inclusion data (Chapter 8.). The frequency of both sets of quartz

veins appears to be fairly consistent throughout the study area and is independent of the proximity = - -

to major structural features. Nevertheless, the orientation of the bedding—perpendicular quartz
" veins suggests that they were formed in response to a dilational (i.e. extensional) deformation
phase with ¢° orientated north-west/south-east. The orientation of the bedding-parallel quartz

veins suggests that they utilised pre-existing -zones of weakness such as bedding planes and

lithological contacts.
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Fig.5.1: Stereographic projection of polesto dip direction/amount of 33 bedding-
parallel quartz vems. Also shown are the mean azimuth/plunge of the quartz
vein poles, the best fit great circle and its corresponding - axis and the pole
to the dip direction/amount of the VCR.
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Bedding-perpendicular quartz veins sometimes terminate at the ultramylonite along the top

contact of the VCR. At other localities, however, both sets of quartz veins cross-cut the

ultramylonite (Plate 5.1). This supports other observations which suggest the presence of more
than one ultramylonite-forming deformation event. In contrast, the cross-cutting nature of the
footwall pseudotachylite across a bedding-parallel quartz vein (sample VHG169) indicates that
the pseudotachylite post-dates the bedding-parallel quartz vein. |

Microscale and Other Structures

Lineations along the ultramylonite and along bedding planes in the footwall quartzites are
relatively common. They have also been observed along thrustv planes which result in reef
duplication. The direction of observed reef duplication and the east-westerly trend of the
lineations both support a general westwards thrusting event towards the basin margin. In one area,
however, a lateral displacement of c. 15 m of ‘a sliver of VCR (measuring approximately 10 m x
20 m) towards the north-east has been observed, suggesting more than one phase of thrusting.
The steeply plunging lmeations which are sometimes observed along fault planes indicate that fault
displacements were generally of a dip-slip nature. - |

Microstructural features such as fractures and chlorite and pyrite veinlets in the VCR have similar
orientations as mesoscale structural features (e.g. quartz veins and fault rocks). Microscale
displacements i the order of <10 um up to 0.5 mm of bedding-parallel and bedding-perpendicular
fractures have been identified. The mutual displacement of these fracture sets supports previous

interpretations that the two fracture orientations are related to the same tectonic event.

An example of bedding-parallel silicified fracture zones which are offset by a series of bedding-
perpendicular fractures is shown in Plate 5.2. Secondary pyrite which grows within the bedding-
parallel fracture indicates that pyrite crystallisation post-dates the bedding-parallel fracturing
event. The microscale fractures usually consist of fine grained silicified quartz vein breccia and
occasionally contain chiorite, sericite, calcite or fine gréined siderite (e.g. in samples VHG153(A)
and VHGI158(B)). -
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6. Bulk Rock Geochemistry

6.1 Introduction

Macroscopic and mineralogical changes are evident in the metabasalts and quartzites with
increasing proximity to the VCR (see Chapter 4.), indicating that metasomatic/metamorphic
alteration processes must have affected these rocks (as well as the VCR itself). In order to
determine the extent to which major elements were mobile during post-depositional alteration,
hangingwall metabasalt and footwall quartzite bulk rock samples were analysed by X-ray
fluorescence spectrometry (XRF). In addition, rare earth elements of selected metabasalt and

quartzite samples were analysed by ion chromatography.

The mineralogy and homogeneous nature of the basalt make this rock particularly useful in

recording progressive alteration effects. The changes which have occurred in the blﬂk_':_qpk.:fi R

composition with increasing proximity to the VCR permit a calculation of net losses or gamsof e

elements which have taken place during the alteration process(es).

6.2 Sample Locality and Study Material

A traverse along 1200 S2 cross-cut 7 (for locality, see Map 1 in Appendix A) was chosen so as .
to cover as much as possible of the hangingwall above and a portion of the footwall below the
VCR (Fig.6.1). Eight metabasalt samples from 0.1 - 16 m stratigraphically above the VCR and
six footwall quartzite saﬁ:ples from 0.1 - 5.5 m stratigraphically below thé VCR were lcollectgd
and their major elements analysed on a Siemens XRF spectrometer at the University of Cape

Town. A more detailed outline of the sample preparation and of the instrumental analytical

7 precision are given in Appendix B.
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Fig.6.1: North-facing section along 1200 S2 cross-cut 7 showing XRF sample'
localities. .

The footwall quartzite samples which were analysed come from the dark grey chloritised footwall

quartzite (<0.2 m below the VCR at this locality), the grey-brown mu_scbyite-rich quartzite (0.2 -
3 m below the VCR) and from the pyrophyllitised quartzite (>3 m below the VCR). The -

metabasalt samples include samples from the "white phenocryst" zone (approximately >8 m above
the VCR at this locality), the "dark phenocryst" zone (1 - 8 m above the VCR) and the "contact"

zone (<1 m above"ithe VCR). Care was taken in choosing only such quartzite and metabasalt

samples that were free of excessively high concentrations of pyrite and any visible phenocrysts,

amygdales and quartz veins, respectively.

6.3 Composition-Volume Relationships during Metamorphic Processes

Progressive metasomatic/metamorphic alteration which affects a rock can be considered as a

combination of chemical and volume changes. This has been applied by, for instance, Gresens

(1967), Babcock (1973) and Kerrich ef al. (1977) in the calculation of the net gains/losses of

elements involved during metamorphic reactions. The following equation represents the -

. metasomatic replacement reaction of mineral/rock A by mineral/rock B:
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aA+ 1 (X)l = bB
where a and b are the amounts (ih g) of mineral/rock A and B, respectively, and (X) is the
total amount of material lostv or gained (in g). The following equation (Gresens, 1967) also
takes into account the change in volume of the mineral/rock during the alteration process:
100 x [F, x (gs/gs) X ¢,>-¢," ] = x,

where F, = volume factor ,
g, and g, = specific gravity of mineral/rock A (initial) and B (final)
¢, and ¢,® = weight fraction of component n in mineral/rock A (initial) and
B (final) (known from the chemical analysis)
x, = total amount of material lost or gained (in g per 100 g initial reactants).

For F, = 1, the reaction proceeds isovolumetrically, whereas if E, >1 or E <1 the alteration is
associated with a volume gai or a volume loss, respectively. By making certain assumptions
regarding the immobility of some elements, the change in volume and the loss or gain of other

elements during the reaction can be calculated.

6.4 Major Element Distribution

The resﬁlts of the XRF bulk rock analyses of the major elements as well as selected rare earth
elements are given m Table 6.1. In the footwall quartzites, Al,O, and TiO, decrease piogressively
towards the VCR, with a sharp decrease in AL,O; within 0.2 m of the VCR (Fig.6.2). This is
balanced by a corresponding increase in Fe,O, and MgO (and MnO). This compositional variation
m the bulk rock can be directly related to the change from a pyrophyllite- and muscovite-rich rock
at >0.2 m below the VCR to a chiorite-rich rock at <0.2 m below the VCR.

The gradual increase in K,0 from >5 m bélow the VCR up to a maximum at 0.6 m below the
VCR s directly related to the mineralogical change from a p'yrophyllite-n'ch rock to a muscovite-
- rich rock at c. 2.5 m below the VCR. The subsequent sharp decrease in K,O which is observed
between the sericitised and the chioritised quartzite at 0.2 - 0.6 m below the VCR is due to a
decrease and mcrease in the modal proportions of muscovite and chlorite, respectively, over that

nterval.
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Table 6.1: Bulk Rock Metabasalt and Quartzite Compositions

METABASALT QUARTZITE

Sample No. VHG.... 069 078 | 080 081 082 083 084  084(A) 096 097 098 099 100 101
Zone » White Phenocryst Dark Phenocryst Contact Chloritised Sericitised Pyrophyllitised
Distance from VCR (m) +16 +105 | +565 435 +25 +15 | +06 +0.1 - -0.1 -0.6 -1.5 -2.5 -3.5 -5.5
Sio2 (wt %) 53.08 50.58| 50.78 47.66 50.13 50.02| 47.22 51.38 86.77| 87.15 8952 893[ 8858 88.23
Tio2 1.01 097 094 095 094 095} 1.01 1.09 012} 015 014 015| 017 0.20
Al203 13.52 13.08| 1243 1275 1269 12.67| 13.91 16.03 472 753 634 736| 7.45 8.36
Fe203* 10.74 1038} 992 986 955 10.01| 1549 13.04 454/ 084 085 065| 068 075
MnO 0.13 013 012 014 013 0.15 0.19 0.16 0.03 bd bd . bd bd bd
MgO 519 557 523 508 516 523| 6.29 542 1511 010 0.02 bd| 0.02 0.02
CaO 7.57 742 828 898 881 838| 515 3.41 0.01] 0.04 0.09 0.05| 001 .0.01
Na20 2.96 224 044 003 004 0.05 0.02 0.08 0.06| 049 085 052 0.17 0.09
K20 0.08 014} 130 151 140 1.36 0.64 1.80 037| 162 088 066| 0.46 0.26
P205 0.14 0121 013 013 013" 0.13 0.09 0.16 0.01 bd 001 001] 0.01 0.01
H20- 0.07 0.07| 0.07 007 0.06 003| 0.01 bd bd bd 030 017} 0.11 0.07
LOI 4.29 8.83| 9.83 1117 10.73 10.52| 8.90 7.18. 1.43| 110 087 112| 1.33 1.58
TOTAL 98.78 99.23| 99.47 98.33 99.77 995| 9892 99.75 99.57| 99.02 99.87 99.99| 9899 9958
La (ppm) 9.70 nd nd 11.70 nd nd| 13.80 3.87 13.70 nd nd nd nd 21.00
Ce 21.90 nd nd 26.20 nd nd| 27.20 9.55 22.80 nd nd ndi - nd 3820
Pr 2.66 nd nd 3.17 nd nd 3.17 1.23 1.91 nd nd nd nd 3.71
Nd 11.60 nd nd 14.00 nd nd| 13.50 6.49 7491 "'nd  nd nd nd 1270
Sm 2.93 nd nd 3.28 nd nd{ 267 1.97 1.45 nd nd nd nd 230
Eu 1.13 nd nd 1.08 nd nd 1.30 0.76 0.34 nd nd nd nd 044
Gd 3.03 nd nd 3.21 nd nd|{ 285 2.25 1.09 nd nd nd nd 1.356
Tb 0.49 nd nd 0.50 nd nd] 0.43 0.36 0.12 nd  nd nd nd 0.15
Dy 2.93 nd nd 290 nd nd{ 273 222 0.64 nd nd nd nd 0.90
Er 1.68 nd nd 1.52 nd nd 1.51 1.41 0.36 nd nd nd nd 0.48
Yb 1.34 nd nd 131 nd nd 1.14 1.36 0.38 nd nd nd | nd 0.45
S.G, ‘ 2.81 275| 281 287 285 277| 280 2.90 276 280 267 283| 267 275
LOI: Loss on Ignition bd : below detection

* total Fe

S.G.: Specific Gravity

nd : not determined
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Variations in some major eiement ratios in the quértzites are shown in Fig.6.3. An antithetic
relationship exists between the Al:Fe and Al:Si ratios (Fig.6.3(a)). The sharp decrease in the Al:Fe
ratio and the corresponding increase in the Al:Si ratio in the footwall quanzites towards the VCR
suggests strong enrichment in Fe and depletion in Si in the chloritised quartzite zone (assuming
Al immobility). The sharp decrease in the Al:Mg ratio which is observed between the sericitised
and the chloritised footwall quartzite (Fig.6.3(b)) indicates the introduction of substantial amounts |
of Mg (assuming Al immobility). -
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Fig.6.3: Variations in selected major element ratios in the footwall
quartzites with increasing proximity to the VCR.

No significant changes in AL, O;, Fe,0;, TiO,, MnO and MgO contents occur between the white
and the dark phenocryst zones in the metabasalt (Fig.6.2). However, significant changes m Na,O
and K,O, and to a lesser extent in CaO and the volatile content (LOT), occur over the same
interval. The change from the dark phenocryst zone to the contact zone is associated with

significant changes in AL,O;, Fe,0,, CaO, K,0 and LOI content.

Petrographic investigation of the white phenocryst zone indicates that the plagioclase phenocrysts
and matrix are partially replaced by sericite, calcite and chlorite. The breakdown of plagioclase

in the metabasalt released Ca which became available for the formation of calcite m veins,
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| amygdales and as individual gramns in the metabasalt matrix. The significant decrease in Na,O and
increase in K,O from the white to the dark phenocryst zone is explained by the progressive
alteration of plagioclase and the increase in sericitisation (of muscovite composition) of the rock

with increasing proximity to the VCR.

The increase of ALO,, Fe,0,, TiO, and MgO in the metabasalt in the contact zone (Fig.6.2) is
balanced by a loss of CaO and LOL CaO is present mainly in the form of calcite in the dark
phenocryst zone and as plagioclase further away from the VCR. A sharp decrease of CaO and
LOI from the dark phenocryst to the contact zone is reflected by a corresponding decrease of

modal calcite towards the contact zone.

Selected element oxide ratios of the metabasalts have been plotted against each other (Fig.6.4)
to compare the change in concentration of one element with another. The sharp increase of the
Al:Ca ratio in the contact zone (Fig.6.4(a)) mdicates that Ca is severely depleted within this zone.
A similar trend to that of the AL:Ca ratio is shown by the Al:Si ratio, which suggests that both Si |

and Ca were removed from the metabasalt contact zone, assuming Al to have been immobile.-

The decrease in the Al:Fe ratio between the dark phenocryst and parts of the the contact zone
(Fig.6.4(a)) suggest that enrichment in Fe in the contact zone occurred. This is further sﬁpported
by the sharp increase in the bulk rock X, from 0.66 to 0.71 between thé dark phenocryst and thé
contact zones (Fig.6.4(c)). Similarly, the chlorite X, increases over the same interval from 0.49
to 0.57, suggesting that the chlorite composition was, in part, controlled by the bulk rock

composition.

The mcrease in the Al:Na ratio and the decrease in the Al:K ratio from the white to the dark
- phenocryst zone (Fig.6.4(d)) indicates that Na was removed from and K was added to the rock.
The highly variable Al:Na ratios which are éncountered within the dark phenocryst and contact
zones suggest that, due to the great mobility of the alkaline earth elements, local vanatlons of

these may have occurred on a scale of centimetres and metres.
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Fig.6.4: Variation in selected major element ratios in the -
metabasalt with increasing proximity to the VCR.

Compositionavoluine.diagrams are used to compare different quartzite and metabasalt samples
with‘each other. Certain assumptions regarding the immobility of some elements have to be made.
Al,O; is commonly regarded as being relatively immobile and is used in the chemical alteration
index (CIA) as a measure to determine the amount of loss/gain of mobile elements such as Na,
K and Ca (Nesbitt and Young, 1982). For the successful application of composition-volume

diagrams, F, has to be known or estimated. This can be done by determining, F of immobile
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elements and using this as a reference against which more mobile elements are measured. An
alternative method is to examine the clustering of F,'s of the less mobile elements on a
composition-volume diagram. It is very difficult, if not impossible, tb determine 'volume changes
in the quartzites and metabasalts by routine optical examination and m this study therefore, F, was

determined using the "cluster" method.

As will be demonstrated below, two completely different metasomatic alteration events, during
which different elements were added to and removed from the rock, are documented in the

footwall quartzites as well as in the hangingwall metabasalts.

The composition—?olmhe diagrams for the alteration of a pyrophyHitiéed quartzite sample
VHG101 to a muscovite-rich quartzite sample VHG097, and the alteration of the latter sample
(VHGO097) to the chlorite-rich quartzite sample VHG096 are shown in Fig.6.5. The calculated net
gams/losses of elements during these alteration processes are given 111 Table 6.2. Two different

calculations are presented, one for Al immobility and the other for isovolumetric alteration

(F,=1).

Table 6.2: Net Gains/Losses (g per 100g Parent Rock) During Muscovite- and Chiorite-forming Alteration Processes

Lithology Quartzite Alteration * Quartzite Alteration ** Metabasait Alteration *

Initial -—> Final {101 —-> 097 | 097 —>096 | 101 —>097 | (97 —->096 |069 —-> 081 | 081 —> (084
Alteration Event | Potassic Altn. | Chloritic Altn. | Potassic Altn. | Chioritic Altn. | Potassic Altn. | Chloritic Altn.

Fv 1.09 1.62 1.00 1.00 1.04 0.94

Si02 +8.62 +51.30 +0.38 -1.53 -2.51 -4.38

Ti02 0.03 +0.04 0.05 0.03 0 -0.02

Al203 0 0 Q.70 -2.87 0 0

Fe203 +0.18 +6.40 +0.10 +3.64 -0.28 +4.34

MnO 0 +0.05 0 -+0.03 +0.02 - +0.03

MgO - +0.09 o+23 +0.08 +1.39 +0.20 +0.69

CaO +0.03 0.02 +0.03 0.03 +1.96 -4.25

Na20 +0.45 -0.39 +0.41 0.43 -2.93 -0.01

K20 +1.54 -1.03 +1.39 -1.25 +1.52 -0.92

LOI 0.36 +1.19 -0.46 +0.30 +7.56 -3.00

* - assuming Al immobitity
** - assuming constant volume

An examination of the changes in SiO, which are predicted to occur in the qﬁanzites during K*
alteration reveals that significant amounts (8.6 g SiO, per’_100 g parent rock) of SiQ, must be
added to the original pyrophyllite-bearing rock as a reactant for F, = 1.09 (i.e. 9% volume
mcrease for the case 6f Al immobility). However, the potéssic alteration of a pyrophyllite- toa

muscovite-rich quartzite produces SiO,, and therefore the assumption of F, = 1.09 cannot be
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correct. The lack of large van'atibns in the Al:Si ratio (Fig.6.3(a)) during the muscovite-fbrming

alteration event indicates that no net gain or loss of Al and Si has occurred. In order to obtain a-
fairly constant Al:Si ratio, the assumption.is made that during the muscovite-forming alteration

event of the quartzites, F, = 1. The steep slope of the SiO, component line in Fig.6.5, however,

means that even small variations of F, will result in apparently large predicted gains or losses of

the SiO, component.

The balanced reaction for the alteration process of thevpyrophyllite-bean'ﬁg- quartzite sample to
the muscovite-bearing sample is |

100g (VHG101) + 0.4g SiO2 + 0.1g Fe,O, + 0.1g MgO + 0.4g Na,O + 1.4g.K20
= 102g (VHGO097) + 0.7g ALO, + 0.5g LOI (1)

Ignoring the apparent gains/losses in SiO, and AL Q;, the .only other significant change is the

addition of substantial amounts of K to the rock (as is expected).

A volume increase of 62% (Table 6.2) as predicted for the chlorite-forming alteration event of
sample VHGO097 to sample VHG096, assuming Al immdbility, is clearly unrealistic. Instead, the
assufnpﬁon is made that no volume change occurred (i.e. F, = 1). Based on this assumption, the
following reaction gives the net gain/losses of elements which occurred during chlorite

metasomatism:

100g (VHG097) + 3.6g Fe,O, + 1.4g MgO + 0.3g LOI
=99g (VHG096) + 1.5g SiO, + 2.9g AL,O, + 0.4g Na,0 + 1.3g K,O ---emncmnemmmn (2)

The addition of Fe and Mg during the chlorite-forming alteration event of sample VHGO097 to -
sample VHGO096 is thus pr_edicted and also expected, based on the mineralogy. Significant
- amounts of Si, Al and K are also predicted to have been lost from the rock. This implies that Al
was, to a certain extent, mobile during this chloritisation event of the footwall quartiite. The sharp
~ increase in the Al:Si ratio in Fig.6.3(a), however, suggests that far more Si relative to Al was lost.

If this is the case, the amount of Al lost from the rock as calculated from reaction (2) above is an

overestimation.
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In order to compute the alteration effects on the.metabasalt, a sample from the white phenocryst
zone (sample VHGO069) is compared with a sample from the dark phenocryst zone (sample
VHG081) (Fig.6.6(a)) and sample VHGO81 is, in turn, compared with a metabasalt sample from
the contact zone (sample VHGO084) (Fig.6.6(b)).

Comparing sample VHGO069 with VHGO81, the F, of Al O;, Fe,O;, TiO, and MgO all plot
between 0.98 and 1.07 (Fig.6.6(a)) and an average F, value of 1.04 (corresponding to Al
immobility) is therefore used. For the case of F, = 1.04; the compositional gains/losses (in g per
100 g of pareht rock) of each element oxide during the progressive muscovite-forming alteration
event of metabasalt sample VHGO069 to VHGO81 is given in Table 6.2. The K" alteration event
can be expressed by the following equation: |

100g (VHG069) + 0.2g MgO + 2.0g CaO + 1.5g K,0 + 7.6g LOI |
= 106g (VHGO81) + 2.5g Si0, + 0.3g Fe,0; + 2.9g Na,0 (3)

Similarly, the net changes in elements during the chloritic alteration of sample VHGO081 to sample
VHGO084 (for F, = 0.94, which corresponds to Al immobility) can be expressed by the reaction

100g (VHGOSI) +4.3g Fe,0, + 0.7g MgO ,
= 92g (VHGO84) + 4.4g Si0, +4.3g CaO + 0.9g K,0 + 3.0g LOI -----——- (4)

The similar F, values, which correspond.to Al immobility, suggest that the muscovite- and
chlorite-forming alteration events which affected the metabasalt were accompanied by a negligible
volume increase, ie. both metasomatic alterations proceeded essentially isovolumetrically.
Reaction (3) shows th\at significant amounts of Ca and K and especially volatiles (i.e. H,O and
C0O,) wer'e. added to the rock and that Si and Na were removed from the rock during K*
alteration. The introduction of substantial amounts of Fe and lesser Mg and the removal of Si, Ca

and LOI during chloritic alteration is shown by reaction (4).
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A further method of mvestigating the potaésic alteration event in the footwall quartzites is the use -
of the chemical index of alteration (CIA). The CIA was originally used to determine the extent
. of alteration of sedimentary rocks (Nesbitt and Young, 1982) and is calculated, using mole

-fractions, as follows:
CIA = Al,0,/(ALO,+Ca0+Na,0+K,0).

The CIA has been applied to the Witwatersrand quartzites in an attempt to show that palaeosol
formation at major erosional unconformities is associated with an increase in the CIA value.
Sutton ef al. (1990), in their investigation of quartztes from the Central Rand and West Rand
Groups in the Klerksdorp goldfield, found that the CIA increased upwards within individual
formations and in the section as a whole. Ritger (1990) found that for some reefs (e.g. the Vaal

Reef), the footwall has a much higher CIA compared to the hangingwall rocks.

All of these authors interpret the upward increase in CIA within formations as the resuit of
weathering and palaeosol formation. Furthermore, Sutton et al. (1990) iinply that, due to the
(apparent) absence of noticeable alteration halos around the major erosional unconformities, the

upward increase in K over a vertical distance of 2300 m reflects K enrichment by groundwaters

and/or diagenetic fluids.

Muscovite is the only K-bearing mineral in the' footwall quartzites and Na- and Ca-bearing mineral
phases are absent from most of the Central Rand Group quartzites. Al,O, is regarded as a
relatively immobile component (Nesbitt and Young, 1982) and therefore Variatio_ns in the CIA

teflect the change in muscovite content in the footwall quartzites.

A plot.of the CIA (normalised to SiO,) of the footwall quartzites (Fig.6.7) With increasing
proximity to the VCR indicates two trends. Firstly, a marked decrease in the CIA index occurs
with increasing proximity to the VCR up to c. 1.5 m below the VCR. Secondly, a very sharp

increase in the CIA occurs in the transition into the chloritised footwall zone. .
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Fig.6.7: Variation of CJA in footwall quartzites
with increasing proximity to the VCR.

The decreasing trend in the CIA over 4 m towards the VCR is contrary to what would be
exi)ected if weathering of the footwall rocks and leaching of mobile elements had occurred. The
decreaéing CIA trend implies that either a significant enrichment of K (and potentially Na and Ca)
must have taken place or that a net loss of Al from the quartzites has occurred. From XRD
analyses it is known that the change from a pyrophyllite-bearing quartzite to a muscovite-bearing
quartzite occurs between 3.5 m and 1.5 m below the VCR. This coincides with the decreasing
CIA trend, which can therefore directly be attributed to the formation of muscovite through K* -

metasomatic alteration.

The shalp icrease in the CIA within 0.2 m below the VCR coincides with the chloritised footwall
zone. Data presented above shows that this chloritisation can be related to a metasomatic
alteration event during which both Al and K were lost from the chloritised footwall zone. The
mobility of Al, documented for this event, precludes a meaningful application of the CIA index,

and the increasing CIA merely reflects the loss in K.

Summarising, two alteration events can be identified in the quartzites and in the metabasalts, and -
the diagnostic alteration mineral assemblages are represented in Table 6.3. Bulk rock modelling

supports petrographic observations (see Chapter 4.) which show that a K™ metasomatic alteration



event Has-aﬂ‘ected the footwall as well as the hangingwall rocks up to several metres from the
VCR. A second, chlorite-forming, alteration event affected the quartzites and the metabasalts up
to a distance of c. 1 m from the VCR. The muscovife-forming alteration event was associated
with a change from a pyrophyllite-rich to a muscovite-rich rock in the footwall quartzites. In the
hangingwall metabasalts, the same event resulted in the formation of sericitic muscovite in

addition to the regional greenschist facies mineral assemblage (which includes chlorite, actinolite

‘and calcite).

Table 6.3: Alteration Mineral Assemblages Around the VCR

Lithology Zone Typical Distance | Colour Indicator Diagnostic Alteration
from VCR (m) Mineral Mineral Assemblage
Aphanitic >20 olive green Chiorite Act> Chl> Ep = Cc
White 8-20 medium Calcite Chi=Cc>Act>Ep>>Ms
Hangingwall | Phenocryst grey/green (carbonatisation/sericitisation of plag.)
Metabasait © | Dark light Sericitic Ms =Cc > Chi
Phenocryst 1-9 grey/green Muscovite - | (intense sericitisation/carbonatisation/
chioritisation of piagioclase)
Contact <1 light yellow/ Chlorite Chl>Ms =Cc
grey-green ("bleached" appearance)
VCR light to dark grey| Chlarite Chi >> Ms
Chioritised <0.2 dark grey Chiorite Ms> Chi
Footwall (partial chloritisation of quartzite)
Quartzite Sericitised 02-3 grey/brown Sericitic Ms
Muscovite
Pyrophyllitised >3 grey/brown Pyrophyiliite | Pri >> Cld

Act - Actinolite, Chi - Chiorite, Ep - Epidote, Ms - Muscovite, Cc - Calcite, Prl - Pyrophyllite, Cld - Chloritoid

During the muscovite-forming alteration event, which took place essentially isovolumetrically,
significant amounts of K were introduced into the quartzites and metabasalts. The change in the
quartzite bulk rock composition is represented on an A’KF diagram (Fig.6.8(a)), on which the

large increase in the potassic component of the rock is evident.

According to reaction (3), significant amounts of Ca and volatiles were added to the metabasalts
i addition to K during K alteration. This implies that the alteration from white to dark
phenocryst zone (i.e. extending c. 10 m into the metabasalt) was the result of the inﬁltration by
a Ca/K-rich fluid. At the same time, the loss of Si and Na from the rock indicates the breakdow.n
of plagioclase during this sericitic alteration event. An increase in the Ca and K content of the bulk

rock are also indicated on the ACF diagram (Fig.6.8(b)).
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The chlomte-forming alteration process was associated with the introduction of significant
amounts of Fe and Mg into the footwall and hangingwall rocks, which is reflected by the increase
in the alteration trend towards the FeO+MgO component in the A’KKF and ACF diagrams
(Fig.6.8). Si, K and Al were removed from the footwall quartzites during the chloritic alteration,

indicating the mobility of Al under the chlorite-forming conditions. In the hangingwall
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ﬁetabasﬂts, significant amounts of Si, Ca and volatiles were lost during this alteration event.

The addition of Fe to the metabasalt during the chlorite-forming alteration event as calculated
from reaction (4) supports underground observations which indicate locally abundant secondary
pyrite cubes in the contact zone metabasalt immediately above the VCR. A common feature of

the metabasalt within tens of metres of the VCR is the presence of massive quartz veins up to |
50 cm thick as well as smaller caicite veins and amygdales. This suggests that Si and Ca, which
‘were released during the chlorite-forming metasomatic alteration event, reprecipitated locally in

the form of these veins and amygdales.

6.5 Rare Earth Element Distribution

Rare earth elements (REE) of selected footwall quartzite and hangmgwall metabasalt samples
were analysed by ion chromatography at the University of Cape Town (see Appendix B). REE’s
in the footwall quartzites are present chiefly in zircon and rutile, and in the hangmgwall

metabasalts probably occur in rutile, sphene and possibly apatite.

The four hangmgwall metabasalt samples which are compared to each other are from the contact
zone (samples VHG084(A) and VHGO084), the dark phenocryst zone (sample VHGO081) and from
the white phenocryst zone (sample VHGO069). The analytical results; which are shown in Table

6.2, were normalised against primitive mantle composition.

A noticeable depletion of light REE's from the metabasalt sample closést to the VCR (sample.
VHGO84(A)) is evident (Fig.6.9). However, no change in REE distribution is apparent in any of
the other fhree metabasalt samples, which lie between 0.6 - 16 m above thé VCR. This indicates
that the chloritisation event was capable of remobilising the REE's only within ¢. 0.5 m of the

VCR, probably because of the higher fluid:rock ratios experienced closer towards the VCR.
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The REE distribution in the chloritised footwall quartzite sample VHG096 was comp ared to that
in the pyrophy]litised footwall quartzite sample VHG101 (Fig.6.9). Although the actual trend
itself means very little (because normalisation is based on primitive mantle composition), the
consistency in the ratio of REE's between these two quartzite samples suggests that there was

virtually no REE mobility in these rocks.
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7. Mineral Chemistry

7.1 Chlorite

7.1.1 Introduction

Chlorite is an important metamorphic/metasomatic mineral in the VCR, the immediate footwall
quartztes and the hangingwall metabasalt. It also occurs in dykes, pseudotachylites/ultramylonites
and in somequartz veins. Electron microprobe (EMP) analysis of the chlorites was done in order

to characterise and compare their composition within and between different rock types.

The non-stoichiometry of chlorite not only makes it a potentially useful geothermometer, but it
also allows an estimate of the chemical properties, such as fO,) and AS,), of the chlorite-forming
fluid(s) to be made (Bryndzia and Scott, 1987). Bulk rock composition can also influence the Al

content of chlorites, as illustrated in Laird ef al. (1988).
7.1.2 Chlorite Analyses and Normalisation

Chlorite analyses were made using a Cameca (Camebax) electron microprobe at the Department
of Geological Sciences at the University of Cape Town. An outline of the operating conditions
and of the standards used is given in Appendix C. All chlorite analyses quoted are anhydious and
are normalised to 14 oxygens (half-formula). Initial analyses for fluorme and chlorine in thg
chlorite mdicated that these were present below the lower limit of detection (LLD = 0.01 wt%)

and were subsequéntly not analysed for further.

The differentiation between Fe** and Fe®* is not possible with the electron microprobe. There is
neither haematite nor magnetite in any of the samples analysed (except in a few hangingwall

metabasalt samples from the dark phenocryst zone) and all iron is calculated as Fe™*.

The following chemical parameters are derived from the chlorite analyses: interlayer cations .

(Na+K+Ca), non-nterlayer cations (Si+Al+Cr+Fe+Mg+Mn) and chlorite content X, The
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chlorite content can range from 0 (for smectite which has 8.91 half-formula non-interlayer cations)
to 1 (for the trioctahedral chlorite end-member with a total of 10 non-interlayer cations)

(Robinson ef al., 1993).
7.1.3 Chlorite Geothermometry

Numerous authors have investigated the variation in chlorite composition as a function of
temperature (e.g. Kranidiotis and MacLean, 1987; Cathelineau, 1988; Zang and Fyfe, 1995) and
some of their results are reviewed in Caritat et al, ( 1993). Cathelineau (1988) related the chlorite
formation temperature only to the Al content because he found only a very weak correlation
between Al and Fe/Mg content. Contrary to this, other authors (e.g. Kranidiotis and MacLean,
1987; Zang and Fyfe, 1995) found a fairly strong positive correlation between X, (=Fe/(Fe+Mg))
and Al" in the chlorite. Each of these authors, although taking into account the X, and AY

content of the chlorite, derived slightly different empirical calibrations for chlorite formation

temperature.

When applying Cathelineau's (1988) calibration to the chlorites in this study, the calculated
temperatures of chlorite formation lie between 350 - 450°C. This is considered to be an over-
estimation in view of pressure-corrected fluid inclusion microthermometric results from several
chlorite-bearing hydrothermal quartz veins. When applying the calibration of Kranidiotis and
MacLean (1987), the calculated temperatures are around 220°C. For the majority of samples in
this study there is a positive correlation between AI' and X, (e.g. see Fig.'s 7.1.8 and 7.1.9). This
relationship is taken into account by the chlorite calibration of Zang and Fyfe (1995), which is
therefore used in this study, The AI'Y correction is calculated on the basis of 14 (O+OH) as follows
AV, =2 x Al" - 0.88 x (Xg, - 0.34),
and the temperature calibration is calculated from

T(°C) = 106.2 x AI', + 18.
Applying this calibration to the chlorites in this study yields temperatures of chlorite formation

of around 300°C, which is similar to the temperature obtained by other researchers (e.g. Meyer

etal., 1990, Meyer, 1991) from VCR chlorites in the Carletonville goldfield.
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7.1.4 Analytical Results

Average chlorite compositions from the footwall quartzites, hangingwall metabasalts,

pseudotachylites/ultramylonites, quartz veins and from dykes are presented in Table 7.1.1.

The chlorite end~member compositions are shown in a plot of total Al content versus the sum of '
non-interlayer cations (Fig.7.1.1). The chlorite compositions from the footwall quartzite,
.hangingwall metabasalt, pseudotachylite/ultramylonites, quartz vein and dyke samples in the
enlarged portion in Fig.7.1.1 indicate that the majority of chlorites from the different rock types
are very similar to each other. Compositionally the chlorites lie between the clinochlore and the
sudoite end-members, but they show a greater similarity to the trioctahedral clinochlore end-
member as indicated by most of the chlorites having close to 10 non-interlayer cations. Several
v'chlorites (notably from pseudotachylite/ultramylonite samples) tend towards the sudoite end-
member composition (identified by as few as 9.3 non-interlayer cations). This implies that these
chlorites deviate from the trioctahedral chlorite structure.
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Fig.7.1.1: Plot of the sum of non-interlayer cations vs total Al content illustrating
chlorite end-member compositions (after Robinson efal, 1993).
Enlarged portion shows the chlorite compositions of different rock
types (excluding the VCR). '
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7.1.4 Analytical Results

Average chlorite compositions from the footwall quartzites, hangingwall metabasalts,

pseudotachylites/ultramylonites, quartz veins and from dykes are presented in Table 7.1.1.

- The chlorite end-member compositions are shown in a plot of total Al content versus the sum of |
non-interlayer cations (Fig.7.1.1). The chlorite compositions from the footwall quartzite,
.hangingwa]l metabasalt, pseudotachylite/ultramylonites, quartz vein and dyke samplés in the
enlarged portion in Fig.7.1.1 indicate that the majority of chlorites from the different rock types
are very similar to each other. Comp ositionaﬂy the chlorites lie between the clinochlore and the
sudoite end-members, but they show a greater similarity to the trioctahedral ch'nochldre end-
member as indicated by most of the chlorites having close to 10 non-interlayer cations. Several
chlorites (notably from pseudotachylite/ultramylonite samples) tend towards the sudoite end-
member composition (identified by as few as 9.3 non-interlayer cations). This implies that these

chlorites deviatev from thg trioctahedral chlorite structure.
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Fig.7.1.1: Plot of the sum of non-interlayer cations vs total Al content illustrating
chlorite end-member compositions (after Robinson efal, 1993).
Enlarged portion shows the chlorite compositions of different rock
types (excluding the VCR). '
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Table 7.1.1: Average Chlorite Compositions of Different Rock Types (wt%)

bd: below detection XChi: chlorite content i/l cat: interlayer cations  non ifi: non-interlayer cations

* all Fe as FeO

** temperature calculated after Zang and Fyfe (1995)

Lithology Footwall Quartzite Hangingwall Metabasalt | Mylonite Pseudotach. Quartz Vein Dyke

Sample VHGO63(B) VHG170 VHG125 | VHG171 VHG183 | VHGO27 = VHG129 [VHG137 VHG163(A) VHG182 MHG023 VHG134
No. Analyses _(5) (5) (3) (6) o) (8) (6) (7) (10) (6) (N ()]
Sio2 2557 2357 24.53 23.82 25.99 24 .21 23.85 24.13 23.96 2442} 2419 2936
TiO2 bd bd bd bd bd 0.01 0.21 bd bd bd bd bd
AI203 27.03 2583 26.07 25.30 20541 24.28 2569 |  23.74 26.28 2459 2432 16.63
Cr203 0.09 bd 0.04 0.03 bd 0.05 0.05 bd bd bd 0.79 0.35
FeO* 2277 31.26 26.57 28.89 28.52 29.26 31.79 31.13 27.33 29.31 2711 24.48
MnO 0.20 0.13 0.23 - 0.22 0.28 0.10 0.14 0.16 0.20 0.15 0.18 bd
MgO 143 8.81 13.37 10.93 14.01 11.74 8:32 10.71 12.16 11.51 1251  19.42
CaO 0.07 0.01 bd 0.01 0.01 bd 0.05 0.04 bd 0.02] o001 0.03
Na20 0.05 bd bd bd bd bd 0.01 bd bd 0.02 bd bd
K20 0.10 0.03 0.03 0.03 bd 0.01 0.04 bd bd 0.03 bd bd
Total 90.18 89.64 90.84 89.23 89.35 89.66 90.15 89.91 89.93 90.05} 89.11. 9027
Si(IV) 2.56 2.50 2.50 2.51 2.73 2.54 252 2.55 2.47 255 253 2.98
Al(IV) 1.44 1.50 1.50 1.49 1.27 1.46 1.48 1.45 1.53 1.45 1.47 1.02
Al(VI) 1.75 1.72 1.62 1.64 1.27 1.54 1.71 1.51 1.67 1.57 1.53 0.97
Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00
Cr3+ 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.07 0.03
Fe2+ 1.91 277 226 2.54 2.51 2.57 2.81 2.75 2.36 2.56 2.37 2.08
Mn2+ 0.02 0.01 0.02 0.02 0.02 0.01 0.01 0.01 0.02 0.01 0.02 0.00
Mg 2.13 1.39 203 1.71 2.19 1.83 1.31 1.69 1.87 1.79 1.95 2.94
Ca 0.01 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00  0.00 0.00 0.00
Na 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
K 0.01 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00
Fel(Fe+Mg) 0.47 0.67 0.53 0.60 0.53 0.58 0.68 0.62 0.56 0.59 0.55 0.41
Al/(Al+Fe+Mg) 0.44 0.44 0.42 - 0.42 0.35 0.41 0.44 0.40 0.43 0.41 0.41 0.28
T(°C)* 311 307 320 311 270 306 301 299 - 322 303 310 228
XChl 0.83 0.90 0.94 - 0.93 1.00 0.96 0.87 0.97 0.93 0.94 0.94 1.00
in cat 0.03 0.01 0.00 0.01 0.00 0.00 .0.01 0.00 0.00 0.01 | 0.00 0.00
noh-il 9.82 989 994 9.92 10.00 9.96 9.86 9.97 9.93 9.93 9.94 10.01




The completely different bulk rock compositions of the footwall quartzites and the hangingwall
" metabasalts are piobably the reason that the type II chlorites in the footwé]l quartzites have
slightly higher Al/(Al+Fe+Mg) ratios than the hangingwall metabésalt samples (Fig.7.1.2).
However, the chlorites from all the rock types show a similar range in X, ratios (except chlorites
from one dyke sample). The wide range n X, of the chlorites suggests that the factors controlling

chlorite composition (e.g. £O,), AS,); pH, fluid:rock ratio) were locally variable. The control -
which bulk rock composition has on the ch_lon'te co’mposition, is also illustrated i Fig.6.4(c). This
shows that there is a positive relationship between increasing bulk rock X, and chlorite X, in the.

hangmmgwall metabasalt.

Chlorites from two high hangingwall metabasalt samples (150 - 200 m above the VCR) have -
lower Al/(Al+Fe+Mg) contents compared to the chlorites from the metabasalt samples close to
(Le. <20 m above) the VCR (Fig.7.1.2). The reason that the metabasalt samples close to the VCR
have a higher Al content is probably the result of leaching of mobile elements during metasomatic

alteration (see Chapter 6.).
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Fig.7.1.2: Plot of AV/(Al+Fet+Mg) vs X, ratios of chlorites from
different rock types. For symbols see Fig.7.1.1.

The chlorite compositions from five dyke samples were analysed and their differences are reflected
mn the different groupings of the chlorites (Fig.7.1.2). The chlorite compositions in one dyke
sample in particular are significantly different (X, = 0.42 and low Al/(Al+Fe+Mg)) from those’
in the other dyke samples. '
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Most of the chloﬁtes plotted in Fig.7.1.3 have Xém contents >0.8, which indicates the tendency
towards a trioctahedral chlorite structure. Chlorites with X, <0.8 are present in all the rock types
(especially in the pseudotachylites), which is probably due to varying amounts of mixéd—layer
clays within those chlorites. This is supported by the elevated KQO contents of éome of the
footwall chlorite analyses, which suggests contamination with small amounts of intergrown
muscovite. The low Xen contents of these chlorites therefore indicate that the chlorites did not
equilibrate completely with the chlorite-forming fluid. This also explains the appa}lrently‘low
temperatures of 215 - 250°C, which should not mistakenly be identified for a lower-temperature
group of chiorites. The majoﬁty of the chlorites have a calculated temperature of chlorite

formation of 260 - 340°C, with a mean temperature of 307°C.

The trend of increasing X, with increasing temperature (as described by Schiffman and
Fridleifsson (1991) in iterlayered chlorite/smectite clays in Icelandic metabasalts) is shown by
the chlorites from the pseudotachylite/ultramylonite and the quartz vein samples. It is unlikely that
chlorites from, for example, different pseudotachylite samples were formed under significantly
different temperatures. This suggests that the large range in temperatures shown by these chlorites
is probably due to incomplete equilibration between the chlorite and the fluid.
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Fig.7.1.3: Plot of calculated temperature of chlorite formation
(after Zang and Fyfe, 1995) vs chlorite content X,
(after Robinson ef al., 1993). For symbols see Fig.7.1.1.



The range in X, of chlorites within and between three chloritised footwall quartzite samples,
collected several hundreds of metres apart, is shown in Fig.7.1.4. In samples VHGO58 and
VHG096 the chlorites show a relatively narrow range of X, ratios, but a considerable range in
X;, of between 0.63 - 0.72 is shown by the chlorites in sample VHG170. The wide fange m X,
of chlorites in the latter sample suggests that the factors détermim'ng Fe-Mg substitution in

chlorite were locally controlled on a thin section scale.

5

VHGO58

- a4 @ VHG096

é:) s VHG170
277
.
£
%
9
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Fig.7.1.4: Histogram of X, of chlorite analyses from three
different chloritised footwall quartzite samples,
showing the range in X, within and between
samples.

Two petrographically distinct chlorite populations with bluish and brownish interference colours,
respectively, have been identified in a bedding-parallel quartz vein at the VCR-footwall contact
(sample VHG169) (Fig.7.1.5). The mean X, of these fwo chlorite populations are not
significantly different (Xg, = 0.67 and 0.71) (Table 7.1.2). Howevér, the blue' and the brown'
chlorite populations have very different A¥ contents, which suggests that the A1V content, rather
than the X, ratio, is related to the interference colours shown by these chlorites. Furthermore,
it also implies that the two chlorite populations were formed at different temperatures but under
similar {0,) and AS,). A mean X, of 0.69 was used to calculate the temperatures at given A

contents in Table 7.1.2.

Tabie 7.1.2: Average XFe, Al(IV) and T of Chiorites in Sample VHG169

XFe Al(IV) T (°C)
‘Brown' Chlorite (n=8) 0.71£0.03 1.31%0.05 26111
'Blue’ Chlorite (n=7) 0.67£0.02 | - 1.47+0.04 299+10
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Fig.7.1.5: Plot of calculated temperature of chlorite formation
(after Zang and Fyfe, 1995) and Al" content vs X,
of two, petrographically distinct, chlorite populations
in bedding-parallel quartz vemn sample VHG169.

The chlorite compositions in 46 VCR metaconglomerate and quartzite samples were also
examined. In the data presentation below, however, only the most important textural and v

mineralogical associations, namely type IT and type IV chlorites, as well as gold-'and pyﬁté— o
associated chlorites, are illustrated. Average analyses of these chlorites are given in Table 7.1.3.

Types I and V chlorites do not differ significantly in compositions from type II chiorites.

~ All except two of the VCR chlorites have >9.8 non-interlayer cations (Fig.7.1.6) which implies
that the VCR chlorites, irrespective of mineralogical or textural association, are virtually ideal
trioctahedral chlorites without any clay interlayers. The VCR chiorites shdw a very similar range -
in composition as the chlorites from the other rock types (compare with Fig.7.1.1).
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Table 7.1.3: Average VCR Chlorite Compositions with Different Mineral/Textural Associations (Wt%)

Chlorite Type , Type |l ‘Type IV Type V Pyrite Chlorite Gold Chlorite
Sample VHGO041 VHG062 VHG070 [VHG062 VHG103 |VHG088 VHG162 | VHG046 VHG062 |VHG062 VHG091(B)
No.Analyses (6) (3) (6) (5) (5) (2) (4) (®) (4) (6) ()
SiO2 2382 2529 24.04 24.72 24 .40 2419 2342 23.25 25.03 2476 24.69
Tio2 bd 0.06 bd bd bd bd bd bd 0.02 bd 0.23
Al203 22.51 2576 2465 26.90 25.78 24.28 24.82 22.42 25.65 26.20 25.50
Cr203 bd bd. 0.04 bd bd bd bd 0.21 016}  0.13 0.05
FeO* 35.09 2410 31.15 24.55 24.85 29.14 35.62 37.70 24.68 24.30 25.84
MnO 0.19 0.21 0.14 0.20 0.20 0.15 0.13 0.13 0.17 0.24 0.30
MgO 8.13 14.11 10.72 14.06 13.89 11.93 7.37 6.50 14.12 14.23 11.69
CaO 0.02 0.09 0.03 0.05 bd]  bd 0.01 0.02 bd 0.02 0.03
Na20 0.02 0.04 bd 0.04 bd bd bd bd bd 0.02 0.02
K20 bd bd bd bd 0.01 bd bd bd bd bd bd
Total 89.78 89.66 90.77 90.52 . 89.13 89.69 91371 90.23 89.831 89.90 88.35
Si(lv) 2.58 2.57 2.51 2.49 2.51 2.53 2.49 2.55 2.55 2.52 2.58
Al(IV) 1.42 1.43 1.49 1.51 1.49 1.47 1.51 1.45 1.45 1.48 1.42
Al(VI) 1.46 1.66 1.55 1.69 1.64 1.63 1.60 1.45 1.63 1.65 1.71
Ti 0.00 0.00 . 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02
Cr3+ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.01 0.01 0.00
Fe2+ 3.18 205 - 272 2.07 2.14 2.55 3.17 3.46 210 2.07 2.25
Mn2+ 0.02 0.02 0.01 0.02 0.02 0.01 0.01 0.01 0.01 0.02 0.03
Mg 1.31 2.14 1.67 2.1 2.13 1.86 1.17 1.06 214 2.16 1.82
Ca 0.00 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Na 0.00 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00
K 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe/(Fe+Mg) 0.71 0.49 0.62 0.49 0.50 0.58 0.73 0.76 0.50 0.49 0.55
Al/(Al+Fe+Mg) 0.39 0.42 0.41 0.43 0.42 0.40 0.42 0.39 042} 043 0.44
T(°C)* 285 307 308 323 319 307 302 287 312 319 301
XChl 0.98 0.88 0971 091 0.93 0.97 1.00 0.99 0.91 0.91 0.85
i/l cat 0.01 0.02 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.01 0.01
non-i/l 997 987 9.96 9.90 9.92 9.97 . 9.95 9.99 9.90 9.91 9.83
bd: below detection  XChl: chlorite content

* ali Fe as FeO

il. cat: interlayer cations

** temperature calculated after Zang and Fyfe (1995)

non i/l: non-interlayer cations
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Fig.7.1.6: Plot of the sum of non-interlayer cations vs
total Al content for selected VCR chlorites.

- The large range in X, which is present in type II chlorites and in the pyrite- and gold-associated
- chlorites is illustrated in Fig.7.1.7. Both type II chlorites and pyrite-associated chlorites show the
same range in composition, and textural evidence supports the coeval formation of these chlorites.
Although the majority of the gold-associated chlorites are Mg-rich (XF; <0.55), some of them
have Xk, ratios as high as 0.71. No distinction can be made either texturally or chemically between
type I, pyrite- or gold-associated chlorites, which suggests that all these chlorites were formed
at the same time. In‘ contrast, type IV chlorites are younger than type II chlorites and grew in a
diﬁ‘erent stress field. Their compositional range is more restricted (Mg-rich) (Xg, = 0.43 - 0.55)
than that of the other VCR chlorites. |

The AI/(A+Fe+Mg) ratios of the VCR chlorites are similar to those from the footwall quartztes
and the hangingwall metabasalts (Fig.7.1.2). It is interesting to note, however, that the X, and
Al/(Al+Fet+Mg) ratios show a negative correlation in the VCR chlorites but a positive correlation

m the other rock types (Fig.7.1.2).

All except two of the VCR chlorites have Xcm>0.8 and show a temperature range of 260 - 340°C
with a mean of 307 + 14°C (Fig.7.1.8). This temperature is the same as that of the chlorites from
the other rock types (Fig.7.1.3). In contrast to the wide range in X, of the pseudotachylite-

chlorites (Fig.7.1.3), the narrow range in X, in the VCR chlorites implies that these latter

chlorites contain only very small, if any, amounts of interlayered clays.
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Fig.7.1.7: Plot of AI/(Al+Fe+Mg) vs X, of selected VCR
chlorites. For symbols see Fig.7.1.6. '
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Fig.7.1.8: Plot of calculated temperature of chlorite formation
(after Zang and Fyfe, 1995) vs chlorte content X,
(after Robinson ez al., 1993).
For symbols see Fig.7.1.6.

The compositional range in Al" and X;, of chlorites with different mineral/textural associations
m VCR sample VHGO74 illustrates a positive correlation between these two parameters
(Fig.7.1.9). The compositional similarity between the gold-associated chlorites and type II

&3



chlorites on a thin section scale supports evidence given in Chapter 4. of these two chlorite types
having been formed during the same alteration event. However, the large range in X, ratios

shown by the chlorites in this sample implies that the factors controlling Fe-Mg substitution in the
chlorites (i.e. O,), AS,)) were highly localised.

- The four chlorites from a portion of footwall quartzite in contact with the VCR have X, ratios
which oveﬂap with those of the VCR chlorites. This suggests that the chlorites in the chloritised
footwall quartzite and those in the VCR were formed under the same f{O,) and AS,) conditions,
as both are in textural equilibrium with pyrite. )
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Fig.7.1.9: Plot of A" vs X;, content of VCR
and footwall quartzite chlorites (of
presumably the same generation) in
sample VHGO074, showing a positive
correlation between AI" and Fe/Mg
contents.

The range in Xg, and A" in four gold-bearing VCR samples is shown in Fig.7.1.10. Chlorites
~ from some samples show large ranges in both X, and Al" (e.g.. samples VHGO062 and VHG125),'
whereas chlorites in other samples vary either only in their X;, or in their AI" contents (e.g.
samples VHGO88 and VHG164, respectively). The variable X, ratios within and b_etwee“il samples
are similar to those observed in the footwall quartzites (Fig.7.1.4) and can best be explained ‘oy'

locally variable chemical conditions of the fluid.
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Fig.7.1.10: Plot of Al" vs X, illustrating the wide range in
AlY and/or X, present in chlorites in four VCR

samples.

A plot of AIY versus X, of chlorite analyses from four samples across a VCR channel, illustrated
in Plate 7.1.1, is shown in Fig.7.1.11. At this locality (1350 N1 Raise 8 North Ledging), an
irregular yellow-green Fe-metasomatised zone extended laterally for a distance of metres to tens

of metres within the VCR metaconglomerate/quartzite.

1.6 iGTs chiorites from
a 2(A) | Fe-metasomatised
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Fig.7.1.11: Plot of AI" vs X, of chlorite analyses from
4 samples of Fe-metasomatised VCR shown
in Plate 7.1.1. Note the small compositional
range in the Fe-rich chlorites compared to
the larger range in the more magnesian VCR
type II chlorites.
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7.2 Carbonates

7.2.1 Introduction

The composition of carbonates was determined by EMP analysis (for o‘peratin’g conditions and
standards used see Appendix C). The samples which Were investigated included three Fe-
metasomatised, siderite-rich VCR samples, two hangingwall metabasalt samples, wa
vquanz/calcite veins, two pseudotachylite + calcite vein samples and two fault-associated

quartz/calcite veins from two major extensional faults (with displacements of up to 200 m).

7.2.2 Analytical Results

The mean compositions of carbonates from different rock types are given in Table 7.2.1. Except |
for the carbonates in the Fe-metasomatised sample VHG164, no significant intra-sample
compositional variation exists between the carbonates (see below). The carbonate compositions
from the samples, except those from the VCR, are shown in Fig.7.2.1. Irrespective of the different
bulk rock compositions, all the carbonates in>metabasa1t, quartz/calcite vein, pseudotachylite and
in the fault rock samples are calcitic in composition (Fig.7.2.1). The calcite contamms minor to

trace amounts.of Fe, Mg and Mn, the contents of these being slightly higher i the metabasalts.

" Table 7.2.1: Average Carbonate Analyses from Different Rock Types (wt%

Lithology | Metabasaft | Quartz Vein] Fault Zone | Fe-metas, VCR Fe-metasomatised VCR
Sample No. {| VHGO045 VHG137 |VHG178(A)| VHG158(B) VHG164
No. Analyses (n=7) (n=6) | (n=8) (n=6) Cc Vein (n=3) | Ankerite (n=4) | Siderite (n=15)

CaCOo3 9415 96.72 97.93 0.38 9556 49.75 055
FeCO3 2.73 1.26 0.39 97.e3 134 31.88 95.36
MgCO3 1.43 0.70 - 024 0.46 0.00 16.05 2.49
MnC O3 1.46 0.67 1.10 : 0.98 2.88 2.78 134

Totai 99.77 9935 - 590.66 89.75 89.78 100.46 99.74
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Fig.7.2.1: Temnary CaCO;-FeCO,;-MnCO, compositional
plot of calcite from different rock types.

The compositional range of siderite in samples VHG153(A) and VHG158(B), both from the Fe-
metasomatised VCR profile (Plate 7.1.1), indicates the presence of nearly pure siderite with only
very small amounts of Mg, Mn and Ca (Fig.7.2.2). In contrast, both ankerite and siderite occur
together in Fe-metasomatised sample VHG164 (See Table 7.2.1 for mean compositions).

CaCOy, (Wt %)

/4 o VHGI53(A)
+ VHG158(B)
calcite o VHG164

veln

@

50 ‘
/ ankerite

’ 2
MgCOs, } 50 FeCOs4
(wt %) ‘ (W %)

siderite

Fig.7.2.2: Ternary CaCO;-FeCO,-MgCO, compositional plot of
carbonates from three Fe-metasomatised VCR samples.
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Calcitic veing/shear zones occur in addition to the siderite and ankerite grains in sampie VHG164.
The presence of this later calcite generation indicates that a Ca-metasomatic event has affected
- this sample. Further evidence for this is also found by the presence of ankerite grains (intefpreted '
to represent partially calcitised siderite grains) and the zonation of siderite grains. One siderite
grain in particular in this sample shows a sharp increase in Mg and Ca towards the rim and a
decrease in. Fe and Mn over the same interval (Fig.7.2.3), thereby supporting partial calcitisation

by a localised metasomatic event.
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'Fig.7.2.3: Compositional core-rim zonation of four siderite grains.

The core-rim zonations of three siderite grains from sample VHG153(A) in Fig.7.2.3 indicate ﬁat
Fe generally decreases slightly and Mg increases s]jghtly towards the rim. Ca and Mn, although
showing a positive correlation with each other, have variable trends from core to rim. Overall,
however, the rims of these siderite grahls are not as Mg/Ca-enriched as that of the grain in sample
VHG164, suggesting that Ca-metasomatism has not affected sample VHG153(A). |
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7.3 Gold -

7.3.1 Previous Studies

Several workers have analysed the composition of Witwatersrand gold particles over the past
decades (e.g. Saager, 1969; Utter, 1979; von Gehlen, 1983; Oberthiir and Saager, 1986; Reid ef
al.; 1988; Friromel e al., 1993) using various preparation and analytical techr]iques. The reported
Ag and Hg concentrations in gold particles range from 3 - 32 wt% Ag and 0.3 - 6.0 wt% Hg (von
Geblen, 1983; Hallbauer, 1986; Reid e? al., 1988). No element impurities except for Ag and Hg
have been detected in Witwatersrand gold particles, despite the analysis of gold particles with a
proton microprobe (Frimmel, 1994). The semi-quantitative identiﬁcation of trace amounts of
other elements (e.g. Cu, Ni, Co, Mn, Fe, Mo, Bi, Pb, As, Sb) in some gold particles (Feather and
Koen, 1975) is probably due to the presence of tiny mineral inclusions within these gold particles

and does not necessarily reflect compositional variations of the gold particles.

No core-rim zonation (as has been described for gold particles from modem-day placer deposits,
. e.g. Groen .ez‘ al., 1990; Santosch ef al., 1992) has yet been detected in Witwatersrand g'()ldv
particles. Instead, individual gold particles are homogeneous within the precision of the analytical
technique (analytical error = £ 0.2 wt% for EMP analysis) (e.g. Frimmel ef al., 1993). However,
a variation in gold fineness between gold particles has been identified by several researchers. Gold
fieness (or silver content) is calculated by F = Au x 1000/(Au+Ag) (elements in wt%). Oberthiir
and Saager (1986) found that the fineness of gold particles from the Carbon Leader Reef
(Carletonville goldfield) remained relatively constant over tens of metres, Abut that significant
_veriations existed on a larger (bundreds of metres) scale. Similarly, Utter (1979) reported large
variations of gold fineness in gold particles from different reefs in the Klerksdorp goldfield. Reid
etal (1988) also reported significant variations in fineness between gold particles from different

Vaal Reef samples (Klerksdorp goldfield).
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7.3.2 Analyses of Gold Particles from the VCR

The variation in composition of gold particles was examined on three scales, namely (i) intra-grain
variation (micrometre scale), (ii) intra-sample variation (centimetre scale) and (iii) between

samples (scale of tens to hundreds of metres).

A total of 349 gold particles from 19 polished sections from the VCR quartzite/
metaconglomeréte and 2 polished sections from an auriferous quartz vein were analysed for Au,
Ag and Hg using a Cameca (Camebax) electron microprobe at the Department of Geological
Sciences at the University of Cape Town. The maximum size of the gold particles analysed was
1.5 mm (from the auriferous quartz vem), but the .average VCR gold particle size was 5 - 10 um.
The analytical procedure employed is the same as that described by Reid e al. (1988) and the

operating conditions and standards used are outlined in Appendix C.

7.3.3 Analytical Results

Gold particles from the VCR vary m composition from 82.51 - 92.88 wt% Au, 6.03 - 11.16 wt% -
Ag and 0.64 - 5.82 wt% Hg (Fig.7.3.1). The average compoéitions of gold particles from 94 Vaal |
Reef samples (after Reid ef al., 1988) are given as a comparison to the VCR samples. This was
done so that a comparison could be made between the composition of gold particles which come
from different conglomerates horizons w1thm the same goldﬁeld. Gold particles from the VCR
have a lower mean Au content {and therefore a lower fineness) than the Vaal Reéf gold particies.
The Ag content of the gold particles in both reefé is similar, althoﬁgh the Ag content in the Vaal

Reef samples is skewed more towards the right.

A significant difference between the gold particles from these two reefs, however, is the Hg
content. The VCR gold particles contain, on average, twice as much Hg as the Vaal Reef gold

particles.
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Fig.7.3.1: Histogram of weight per cent composition of (a) Au, (b) Ag and (é) Hg of
Klerksdorp goldfield.



Unlike the wide range in gold fineness of gold particles from the VCR, as reported by Utter

11979), gold particles from the VCR at Vaal Reefs No.10 Shaft appear to have a very restricted

range in fineness of 881 - 939 (Fig.7.3.2). Unfortunately it is not reported exactly where the gold

particles for Utter's study were collected.

Fig.7.3.2: Histogram comparison of gold fineness
from the VCR No.10 Shaft (this study)
and VCR from other localities in the
Klerksdorp goldfield (after Utter, 1979).
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Although no distinct compositibnal zonation of individual gold particles was detected, two gold

particles from the auriferous quartz vein (sample VHGI163(B)) are compositionally

inhomogeneous with respect to Au and Ag (Table 7.3.1) and the intra-

gran

compositional

variation is shown in Fig.7.3.3. These findings contrast with prévious results published by Reid

etal (1988) and Frimmel ef al. (1993) who found individual gold particles to be homogeneous

on a grain scale.

Table 7.3.1: Intra-grain Compositional Inhomogeneity of Two Gold
Particles {Sample VHG183(B))

Grain 1 Grain 2
Analysis - 1. 2. < 1. 2. - 3.
Au 88.15] 84.38| 84.44| 8774 8540] B86.68
Ag 8.23| 10.18] 10.09 9.21 10.55 8.73
Hg 4.14 4.27 4.32 3.91 4.33 3.85
Total 100.52| 98.83| 98.85] 100.86), 100.28| 99.24
Fineness 915 - 892 893 905 890 908

Analyses in wt %
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Fig.7.3.3: Plot of Au vs Ag contents (wWt%) illustrating
the inhomogeneous composition of two gold
particles from the auriferous quartz vem
(sample VHGI163(B)). (analytical totals
normalised to 100 wt%).

The variation in composition of gold particles within and between four VCR samples is shown -
in Fig.7.3.4. A relatively narrow compositional range of Ag and Hg is shown by gold particles

from sample VHGO062 (Fig.7.3.4(a)), except for one quartz grain-associated gold partlclemth I
significantly lower Hg and higher Ag contents. Analyses of gold particles from vthé Fe— o

metasomatised VCR sample VHG164 (Fig.7.3.4(b)) indicate that these gold particles have a
higher Ag content than the gold particles in sample VHG062 (Fig.7.3.4(a)). On a thin section
scale m sample VHG164, the siderite-associated gold particles (Fig.7.3.4(b)) contain, on average,
1 wt%vmore Hg than the bitumen nodule-associated gold particles.

The extremely large compositional variation in Ag and Hg of gold particles from a VCR basal
contact sample VHGO074 is shown in Fig.7.3.4(c). A comparison between the compositions of
gold particles associated with different minerals n that sample reveals that considerable variations

exist in the composition of gold associated with both quartz and chlorite (Table 7.3.2).
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Table 7.3.2: Composition of Gold Particles Associated
with Different Minerals (Sample VHG074)

Gold Assoc. | Analysis Mean Min Max
Au 88.84] 87.06f 91.64

Quartz Ag 6.73 6.49 7.02
Grain - Hg 4.48 1.66( 5.59
(n=4) Total 100.05| 99.26| 100.70
Fineness 930 925 934

Au 84.93| 82.51 87.38

Type Il Ag 9.64 770, 11.16
Chlorite Hg 5.40 5.06 5.77
(n=8) Total 99.96; 99.00| 101.31
Fineness 898 881 919

Au 88.14| 87.23| 89.83

Chlorite/ Ag 7.26 6.51 7.88
Quartz Hg 5.20 428 5.58
(n=7) Total 100.60| 100.07{ 101.19
Fineness 924 917 932

3 Au 90.82| 89.45| 92.88
Pyrite Ag 7.38 6.03 8.38
(n=4) Hg 1.52 0.83 2.12
Total 99.71| 98.86| 100.11

Fineness 925 914 939

Analyses in wt%

The two samples VHGO62 and VHG093(B) (documented in Fig.'s 7.3.4(a) and (d), respectively)
were collected c. 40 m apart fiom each other. A comparison of these two samples illustrates that
the mean compositions of gold particles can change significantly over tens of metres. The large
range in both Ag and Hg contents of the quartz- and undifferentiated chlorite/quartz-associated
gold particles in sample VHG093(B) suggests that very little, if any, inter-grain homo genisation

occurred after deposition/precipitation.
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Fig.7.3.4: Plot of Ag vs Hg contents (wt%) of gold particles in sainples
(2) VHG062, (b) VHG164, (c) VHG074 and (d) VHG093(B).

The following symbols for gold-associations are used:

o>+ 0O«

Gold with Quartz

Gold with Chiorite 1l
Gold in Chiorite Vein
Gold in Chlorite/Quartz

Gold along Quartz Grain Margin

X ©

N
2

e OX

Gold with Pyrite

Gold with Galena
Gold with Chalcopyrite
Gold in Pyrrhotite Vein
Gold with Siderite

Gold in Biturmen Nodule
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Disrégarding the one VCR sample showing the greatest compositional vaﬁabi]ity (sample
VHGO074, Fig.7.3.4(c)), the gold particles which are associated with type II chlorite and pyrite
have very similar compositional ranges (Fig.7.3.5). Quartz grain-associated gold particles have
Ag contents similar to those of chlorite- and pyrite-associated gold particles. However, some
quartz grain-associated gold particles have as little as 0.6 wt% Hg. Average compositions for gold
particles associated with quartz grains, type II chlorite and with pyrite are given in Table 7.3.3.

X
%
O+A Lo Loy Lo s L J_._LL(J
6 7 g8 9. 10 N 12 -

Ag (Wt %)

@ Pyrite-associated gold (n=65)
O Quartz-associated gold (n=84)
X Chlorite-associated gold (n=89)

Fig.7.3.5: Plot of Ag vs Hg contents (wt%)
of all quartz-, chlorite- and pyrite-
associated gold particles in the
VCR samples.

The compositional variation of 30 gold particles from two samples from the auriferous quartz
vein is illustrated in Fig.7.3.6. The gold particles in sample VHG163(B) (mean compositions
of milltiple grain analyses are given) are associated with §phalérite/ga1ena + chlorite. In |
contrast, the gold particles in sample VHG163(C), collected approximately 40 cm away, are
predominantly associated with galena and quartz. The distinctly different Ag conteﬁts of the’
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Table 7.3.3: Composition of Gold Particles Associated with Different Minerals

[ Gold Assoc. Analysis Mean Min| Max{ . St D.
, Au 88.96 85.98 92.63 1.53
Quartz Ag 7.73 6.19 9.85|  0.87
(n=84) Hg 3.62 0.64 5.82 1.45
' Total 100.30 98.52 101.46 0.68
Fineness 920 899 936 9
Au - 87.99 82.51 91.71 - 1.52
Type Il Ag 7.86 6.53 11.16 0.99
Chlorite Hg 451 1.35 5.77 0.61
(n=89) Total 100.36 98.60 101.49 0.71]
Fineness 918 881 - 932 A1)
. 1Au 88.41 86.07 92.88 1.19
Pyrite Ag 7.72 6.03 9.39 0.68]
(n=635) . | Hg 423 0.83 513 0.8
Total - 100.36 98.52 101.47 0.74]
Fineness 920 902 939 70

Analyses in wi%

hydrothermal gold particles from these two samples suggests that the gold composition was
locally controlled during gold precipitation and/or post-precipitation alteration processes and

that very little inter-grain homogenisation has occurred after gold precipitation.
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Fig.7.3.6: Plot of Ag vs Hg contents (wt%)
of gold particles from samples
VHG163(B) and VHGI63(C)
from the auriferous quartz vein.
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8. Fluid Inclusion Study

8.1 Petrography

The focus of this part of the study was on the composition of the post-depositional fluids trapped
in quartz (+ calcite) veins and in the quartzte fraction of the VCR. Quanz-hostéd fluid inclusions
from six bedding-parallel, five bedding-perpendicular, from one auriferous quartz vein, from the
Nooitgedacht Fault zone quartz vein as well as from seven VCR metaconglomerate/quartzite

samples were examined. Some primary but mostly secondary fluid inclusions were identified.

Four distinct types of post-depositional fluid inclusions can be recognised (Fig.8.1(a)). Type I
inclusions are monophase, liquid- or vapour-filled fluid inclusions. Most of these are probably the
result of necking down, but some (such as several dark brownish fluid inclusions lying along a
microfracture) have been observed in the auriferous quartz vein sample (VHG163(A)). No further

work has been done on the type I fluid inclusions.

Type II fluid inclusions are the most abundant and consist of aqueous two-phase, liquid-rich fluid
inclusions. They are present in hydrothermal quartz veins and occur either isolated, loosely
grouped or along healed microfractures/fluid inclusion trails (Fig.8.1(d)). Althéugh type i}
mclusions have variable liquid:vapour (L/V) ratios (<5 - >30 vol% by area), these are interpreted
to reflect post-entrapment changes. The type II inclusions which were measured have L/V ratios
of c. 5 - 15 vol% (as estimated at room temperature). Apart from the auriferous quartz vein
sample where a second group of type Il inclusions with L/V ratios >15 vol% was observed, no

other type II inclusions with consistent L/V ratios with greater than c. 15 vol% were noted.

Secondary type II inclusions which occur isolated or in groups range in size from c. 2 pm to
>15 pm (average of 5 - 6 um). Type II fluid inclusions occurring along microfractures are
commonly <5 pum in size and are slightly smaller than the isolated or grouped type II inclusions

within the same sample. Type II inclusions vary in shape from anhedral rounded to subhedral
angular to euhedral.
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Type 1II mclusions have been observed in several quartz vein and VCR samples together with
type Il inclusions. Type Il inclusions differ from type II inclusions in that the former contain one
or more solid inclusions. Apart from the solid mnclusions, however, they have similar sizes, shapes
and L/V ratios as type II inclusions. The solid inclusibns are usually anisotropic, sometimes
1sotropic and very rarely opaque. They can be up to 3 pm in size and, based on the solid inclusidn _
characteristics (e.g. birefringence, shape, habit), most of the solid inclusions are interpreted to be
carbonaté, white mica or chlon'te.‘ No true daughter crystals have been identified in any of the fluid

inclusions.

- Type IV fluid inclusions are CO, -rich inclusions which occur together with aqueous fluid
mclusions mhydrothérrhél quartz veis (Fig.8.1(d)) and along quartz grain margins and/ dx as fluid
inclusion trails within quartz grains in the VCR quartzite. Type IV fluid inclusions commonly have
~ an elongate rounded shape and consist either of two or three phases (liquid H,0, CO, -rich vapour
= lignid C0O,) at room temperature. They range in size from 3 - 15 um and have variable CO,/H,0
proportions. Type IV inclusions from the Nooitgedacht Fault zone (sample VHG178(B)) contain
60 -. 85 vol% (by area) CO, and those from a bedding perpendicular quartz vein (samplé
VHG180) and VCR quartzite (sample VHGO055(B)) contain 8 - 18 vol% CO,.

Primary fluid inclusions can be subdivided into types II and I and were identified in
aufhigenic/metamorphic quartz in VCR sample VHG158(B) and in the auriferous hydrotherﬁial
quartz vem (sample VHG163(A)). In VCR sample VHG158(B) the priméry fluid inclusions occur-
together with métamomhic/metasomaﬁc siderite crystals and tiny siderite inclusions in secondary

quartz overgrowths around detrital quartz grains (Fig.8.1{b)).

In the auriferous quartz vein the primary type II and type I fluid inclusions occur in the central
zone of euhedral quartz crystals and in associated fine grained anhedral quartz (Fig.8.1(c)). The
primary type III inclusioﬁs contain one.or more small (<2 um), anisotropic, anhedral (rarely
rthombohedral shaped) solid mchusions which are interpreted to be calcite (the latter being present
as larger solid inclusions within the quartz grains). These ‘solid inclusions do not dissolve on
heating, which supports similar observations made by Robert and Kelly (1987) on the non-

dissolution of carbonate crystals within fluid inclusions during heating.
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8.2 Microthermometry

Investigations were carried out on a United States Geological Survey (U.S.G.S.) heating~ﬁee2jng
stage and experimental procedures are described in more detail in Appendix D.. It has been shown
that both the physical and the chemical character of a fluid inclusion may be changed after
entrapment (e.g. Hall ef al., 1991). In order to avoid the influence of necking and other post-
' entrapment alteration, only those inclusions were taken into account which show constant L/V
ratios along a given microfracture. Data was accepted only if their homogenisation temperature

(T,) and the final melting temperature (T, ) did not differ by more than 10°C and 0.5°C,

respectively.

Due to the small size of some of the fluid inclusions along microfractures, isolated or loosely
grouped fluid inclusions were also measured. No significant differences between isolated type II
inclusions and type II inclusions occurring along microfractures within a sample were found.
Howéver, the isolated fluid inclusions generally showed a slightly greater range in T, and Thr,"

possibly reflecting the influence of necking.

Duplicate temperature measurements of T, , T, and T, (the eutectic, or first melting, temperature)
were obtained on each measured fluid inclusion where possible. The salinity of the fluid was

" calculated from the revised equation of Bodnar (1993):

salinity (wt%) = 1.78 x T - 0.0442 x T + 0.000557 x T,

where T is the depression of the freezing point (T,) in degrees Celsius, and the salinity is

expressed as weight per cent NaCl ;e

The range m salinity and T, of fluid inclusions from quartz veins and from the VCR are shown in
Fig.8.2. Little variation exists between fluid inclusions from the different quartz veins and the
VCR and, in general, the fluid inclusions can be characterised as having a low salinity (generally
<9 wt% NaCl,,) (see Table 8.1). The T, and salinity of individual aqueous fluid inclusions range
from 80 - 256°C and 1.05 - 13.72 wt% NaCl,,, respectively. Some of the differences in T, can be
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attributed to variations in L/V ratios and the differences in salinity are (partly) accounted for by

the accuracy of T,, measurements of £0.5°C (equivalent to 0.9 wt% NaCl,).
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‘Fig.8.2: Histograms of T, and salinity of (a) VCR quartzite, (b) bedding-péirallel
(Par QV) and (c) bedding-perpendicular (Perp QV) quartz vein hosted
aqueous fluid inclusions.

The mean composition of these (predominantly secondary) fluid inclusions is similar to the type
II fhuid inclusions identified by Boer ef al. (1995) in the VCR from the Flandsrand and Vaal Reefs
gold mines. These authors measured a T, of 115 - 190°C and a salinity of <9 wt% NaCl,, for their

type II inclusions.
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The microthermometric results of type II, type 111 and type [V fluid inclusions for this study are
given in Table 8.1. Inclusion types II and III have been grouped together because no significant
difference between the measured temperatures exists. Similar temperature ranges also exist
between primary and secondary type IT and type III fluid inclusions. However, variations in T,

and/or salinity are present in primary as well as in secondary fluid inclusions within several of the

samples.

Table 8.1: Microthermometric Results of Quartz-hosted Fluid Inclusions

[ Fluid Inclusion Host [Inclusion Type] Sample wt% NaCleq Th (°C)
Type Il VHGO038 4.70:0.90 (N=18) | 120+ 17 (N=28)
Type Il & Il | VHGO55(B) | 4.29¢1.94 (N=4) | 155244 (N=4)
Type IV - 232 2 (N=3)
Bedding- Type i VHG087 2.88:0.49 (N=26) | 140: 7 (N=28)
parallel Type Il 6.66:0.95 (N=7) | 208: 4 (N=2)
Quartz Vein Type Il VHG137 3.95£0.36 (N=21) | 145+ 14 (N=25)
Type il VHG166 4.7120.94 (N=28) | 128215 (N=24)
Type I 5.25¢1.03 (N=7) | 17816 (N=7)
Type Il VHG172 4.17+0.94 (N=24) | 155216 (N=26)
Type It & [l | VHGO16 7.63+1.08 (N=20) | 115215 (N=19)
Type |l & llI 13.65¢0.06 (N=3) | 1042 6 (N=3)
Bedding- Type |l VHGO039 4.67+0.41 (N=23) | 150+ 18 (N=24)
perpendicular Type Il 6.74+0.32 (N=5) | 125226 (N=5)
Quartz Vein Type || VHGO93(A) | 4.6120.32 (N=8) | 124117 (N=8)
Type i VHG174 5.02+0.88 (N=33) | 129+18 (N=31)
Type l & Il } VHG180 4.2320.49 (N=22) [ 146%19 (N=22)
Type IV - 35+ 4 (N=5)
Auriferous Type Il & Il * | VHG163(A)| 6.17+1.27 (N=48) | 12715 (N=40)
Quartz Vein Type Il & i 5.71+1.35 (N=20) | 207+18 (N=23)
Nooitgedacht Type Il & HI | VHG178(B)| 5.92+0.78 (N=15) | 167+ 28 (N=15)
Fault Zone QV Type IV - 14+ 4 (N=5)
Type Il & Il | VHGO55(B) | 4.62+0.70 (N=29) | 155£#13 (N=19)
Type Il & 1l 5.38+0.71 (N=6) | 125226 (N=8)
Type Il & Il | VHGO63(A)| 4.74+1.06 (N=10) | 121#11 (N=7)
Type Il & 1l | VHG074 5.21¢0.53 (N=3) | 142¢17 (N=4)
VCR Type Il & Il | VHGO93(A) | 4.86+0.35 (N=8) | 135+29 (N=6)
’ Type Il & I 6.30+0.39 (N=3) | 182¢18 (N=3)
Type Il & Il | VHG093(B) | 5.16+1.23 (N=20) | 130423 (N=19)
Type Il & Il | VHG131 3.4320.77 (N=10) | 140411 (N=11)
Type Il &Il * | VHG158(B) | 2.97+1.02 (N=25) | 156+15 (N=25)

* Pnmary Fluid Inclusions

Nearly all of the fluid inclusions measured have T, of <-25°C. The true T, is lower because of the

difficulties in observing the first melting in small, low-salinity fluid inclusions. The lowest T,
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measured was -44.5°C, which was obtained from a primary fluid inclusion in the auriferous quartz
vein (sample VHGI 63(A)). This temperature, together with slow to moderate initial melting rates,
indicates the presénce of CaCl,/MgCl, in éddition.to NaCl (Crawford, 1981). Only one fluid
inclusion which differed significantly by having a T, of -10°C, was found in a bedding-
perpendicular quartz vein (sample VHHG016). The very rapid melting of ice observed in this fluid
inclusion suggests the presence of KCI (Crawford, 1981). '

The results of primary type II and type II fluid inclusions from the Fe-metasomatised VCR
sample VHG158(B) are shown Fig.8.3. Only one type of fluid is interpretevd to be present. The
occurrence of siderite within the fluid inclusions in sample VHG158(B) and the lack of pyrite and
pyﬁhoﬁte ndicates the presence of CO,, a relatively low sulphur fugacity and a relatively high pH
for this fluid. | -
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Fig.8.3: Histograms of T, and salinity of primary type II and type III
fluid inclusions from an Fe-metasomatised, siderite-rich VCR
quartzite (sample VHG158(B)). ’

Two distinct groups of fluid inclusions are defined in the T, salinity histogram of primary and
secondary type I and type 1 fluid mclusions from the auriferous Quartz vein sample VHG163(A)
(Fig.8.4). The two fluid inclusion populations from the central and the marginal zones have very

similar salinities but differ in the T,. The absence of a higher-T group of inclusions from the
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central zone supports textural observations which indicate that the formation of the central zone
post-dates that of the marginal zone. The lower-temperature group of inclusions could reflect a

second pulse of the fluid which was introduced as temperatures decreased.

The presence' of calcite as solid inclusions in quartz grains/crystals in both the central and the
marginal zones and T, values as low as -44.5°C, are strong indications that the fluid was CaC},
-rich throughout the inﬁltratioﬁ event. Gold is closely associated with base metal sulphides in
predominantly the central zone. It therefore appears that the presence of gold in this quarti vein

is associated with a Ca-rich fluid and sulphides.
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Fig.8.4: Histograms of T, and salinity of primary and secondary type II and type
T fluid inclusions from the auriferous quartz vein (sample VHG163(A)).
Although the salinities of all the fluid inclusions are similar, two groups of
fluid inclusions with distmctly different T, are present in the central and
marginal zones. : ‘

Secondary, predominantly type II fluid inclusions from another bitumen-bearing, bedding- |
perpendicular quartz vein (sample VHG180) have slightly higher T, and c. 2 wt% NaCl,, lower
salinity than the lower-temperature group of fluid inclusions in samplé VHG163(A) (see Table
8.1). However, m addition to type IT and type III fluid inclusions in sample VHG180, this quartz
~ vemn also contains type IV mclusions. This quartz vein does not contain any visible calcite grains

or gold mineralisation. It does, however, contain pyrrhotite and baryte.
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The three isolated fluid inclusions in sample VHG016 (Fig.8.5(a)) which have a saliﬁity of c.
13.6 wt% NaCl,, are the highest salinity fluid inclusions observed in this study. A second, lower-
salinity group of inclusions is also present in the same quartz vein. First melting temperatures of
all except one of these inclusions indicate the presence of a mixture of NaCl-CaCl,-MgCl, in the
fluid. The T, of one of the fluid inclusions indicates the presénce of dissolved KCl in addition to
NaCl The fluid inclusions can be grouped into low- to moderately saline, Na/Ca/Mg/(K)-rich fluid .

inclusions.
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Fig.8.5: Examples of salinity (wt% NaCl, ) vs T, plots of secondary type II
and type III fluid inclusions from (a) a bedding-perpendicular quartz
vein, (b) the Nooitgedacht Fault zone quartz vein and (c)-(d) VCR
quartzite. Open symbols: individual fluid inclusions; Filled symbols:
mean of 3 or more fluid inclusions from a microfracture. '

.

~ The secondary fluid inclusions from a quartz vein associated with the Nooitgedacht Fault

(Fig.8.5(b)) have salinities which are indistinguishable from VCR- and hydrothermal quartz vein-
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hosted fluid inclusions. The fairly large range in T,; of 109 - 213°C is due to variations in L/V
ratios of 10 - 20 vol%. This range in L/V ratios could be due to post-entrapment-changes (e.g.
necking down), or it could be the result of trapping of different pulses of a single evolving fluid. '
First melting temperatures of <-33°C indicate the presence of CaCl,/MgCl, in addition to NaCI |
in the fluid. Although the range in T, of the fluid inclusions in sample VHG178(B) varies
considerably, the salinity of typeA 11 and type I inclusions remains fairly constant. '

Two examples of type I/type III fluid inclusions from the VCR quartzite fraction (samples
'VHGO55(B) and VHG093(B)) are shown in Fig.8.5(c)-(d). The fluid inclusions in samples
VHGO55(B) and VHGO093(B) have similar ranges in T, and/or salinity as the secondary fluid
mchusions from quarfz veins (e.g. Fig.8.5(a)-(b)). Overall, the fluid inclusions from the VCR are
indistinguishable from the fluid inclusions in hydrothermal quartz veins. |

Two secondary type II fluid inclision populations with distincﬁy different T, and salinities are
present in a bedding-parallel quartz vein sample VHGO087 (Fig.8.6). These two fluid inclusion
populations come from two differently orientated microfractures. The presence of different fluids
w1thm differently orientated microfractures suggests that, with changing oﬁentation of the stress

field, the composition of the prevailing fluid also changed.
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Fig.8.6: Histograms of T, and salinity of Secondary fluid inclusions from a bedding-
parallel quartz vein (sample VHGO87). Two distinct groups of fluid
mclusions are present in this sample. For legend see Fig.8.3.



The fluid inclusion composition from a beddjng-paiaﬂel quartz/calcite vein along the
VCR/footwall contact is shown in Fig.8.7. This quartz vein is <7 cm wide and is well minerahised
with chalcopyrite. The T, and salinity of these type II inclusions are typical of the low-salinity -

group of inclusions found in the other quartz vems and in the VCR.
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Fig.8.7: Histograms of T, and salinity of secondary fluid inclusions from a bedding-
parallel quartz/calcite vemn (sample VHG137). For legend see Fig.8.3.

The presence of type IV (CO,-rich) fluid inclusions in quartz veins and VCR quartzite has
previously been described by Boer.et al. (1995) from the VCR at Vaal Reefs No.10 Shaft. With
the hefp of quadrupole mass spectrometry, these authors analysed the gases within the carbonic-
rich fluid inclusions. They found that H,0, CO, and CH, constitute more than 99 mol% of the gas -
composition. The fluids also have variable CO,/H,O ratios and a mean T;, and salinity of 130°C
and 4 wt% NaCl,,, respectively.

The type IV fluid inclusions in each of the samples in this study can be distinguished from each
other on the basis of different T,(CO,) which varies from 14 - 35°C (see Table $. 1). No clathrate
melting temperatures for the CO,-rich fluid inclusions could be obtained. Thé dep_;ession of T,
from -56.6°C to as low as -62% C in the quartz vein sample VHG180 indicatés significant
amounts (up to 30 mol%) of other gaseoué species (e.g. CH, , H,S , N,) in the fluid (Hall and
Bodnar, 1990).
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9. Cathodoluminescence Study of Quarti

9.1 Introduction

Cathodoluminescence (CL) is the process whereby rays in and near the visible part of the
electromagnetic spectrum are emitted from a sample when the sample surface is irradiated with
a beam of electrons. CL is believed to be generated at depths of 2 - 8 pm below the sample
surface (Grant and White, 1978; Marshall, 1988). '

The CL imaging (CLI) in this study was carried out using a Cambridge Stereoscan S440 scanning
electron ﬁﬁcroscope (SEM) and a more detailed description of the instrument and of the operating
conditions are given in Appendix E. A feature of SEM-CL is that with the additional use of a
monochromator, CL spectra can be collected. This allows the CL emission patterns to be
quantified in terms of monochromatic light intensity versus wavelength. The method of recording
SEM-CL mformation is through digitally stored panchromatic CL images and by the acquisition

of monochromatic spectral CL emissions.

The causes of CL in quartz are attributed to intrinsic effects (i.e. structural defects), extrinsic
effects (ie. trace element impurities) and the state of crystal water. Although numerous.‘stu‘dies
of the CL of quartz have been made over thé past decades (e.g. Grant and White, 1978; Sprunt
et al., 1978; Sprunt, 1981; Ramseyer et al., 1988; Behr etval., 1989; Houseknecht, 1991; .,
Vollbrecht ez al., m press}), the origin of CL of crystailine quartz is thought to be very complex
and no unique explanation has yet emerged (Remond ef al., 1992). Some of the more commonly
observed CL colours and/or peak wavelength emissions of quartz as well as pqssible causes for

quartz CL are listed in Table 9.1.

The aim of CLI was not to investigate the possible causes of CL in quartz but (i) to determine
textural features of Witwatersrand quartz not previously identified, (ii) to identify the presence |
of different genetic types of quartz (i.e. detrital, authigenic/metamorphic and hydrothermal) and

(iii) to quantify the CL emissions with the help of spectra.
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With the use of CLI it was hoped that a better understanding of the relatidnship between quartz
and the other minerals in the VCR (particularly gold and chlorite) and of changing fhuid
composition (as indicated by quartz solution/precipitation textures) would be gained.
Furthermore, a limited investigation was carried out on the effect that the iﬁstrument set-up

conditions (e.g. scan area, irradiation time etc.) have on the reproducibility of spectra.

Table 9.1: Previously Reported Resufts of the CL. Colour, Wavelengths and Possible Causes of Quartz CL

reddish to vioiet/
blue

pale reddish to
pale violet/blue

Cores of detrital quartz

Rims around quartz

Author Optical CL Colour | Quartz Peak Type of Quartz Possibie Cause of CL
of Quartz {nm}
Grant and White 400-500 Al replacing Si
(1978)
400-500 (major) Al replacing Si
620 (minor) ?
400-580 (majar) Al replacing Si
) 620 (major} ?
Sprunt et al. red ? Secondary quartz Low T deformation
(1978) overgrowths
biue ? High T deformation
Zinkernagei non-fuminescent - Hydrothermal and
(1878) authigenic quartz (T< 300 C)
orange/ brown 450 (minor) Low to high grade metam. Slow cooling
620 (major) rocks (T=300-573 C)
vialet/ blue 450 (major) High grade metam. or igneous | Fast coaling
620 {major) rocks (T> 573 C)
Sprunt red 645 (major) Low [T1] + high {Fe3+]
(1981) 725 (major)
biue ? High [Ti] + low [Fe3+4]
Kearsley and bluefbrown 400 (minor)
Wright 425 (major) Authigenic quartz
(1988) 580 (major) cement
biue 400 (minor) Quartz core
415 (major)
Meunier et al. non-luminescent Quartz overgrowths
(1988)

Damage by o patticles

Ramseyer et al.

non-luminescent

(1988)
brown (long-tived){ 515 (minor} Lattice defects (due to particle
650-670 (major) bombardment ?)
blue/greentyellow § 440 Authigenic Quartz Cation impurities
(short-lived) 500 Authigenic Quartz Cation impurities
Benr =t ai. orange-red 420 (minor) Hydrothermal vein quarnz Activators and presence of
(1889) 620 (major) OH and H2O in SiO2 lattice
red-brown 425 (major} Hydrothermal vein quarz Activators and presence of
600 (major) OH and H20 in SiO2 lattice
biue/green 485 (maijar) Hydrothermal vein quartz Activators and presence of
600 (minor) OH and H20 in SiQ2 lattice
violet/blue 430 (major) Activators and presence of
OH and H2Q in SiO2 lattice
)| Remond et al. 380 Varies as function of electron
§(1992) dose
440-470 Lattice defect ?
‘ 510-570
650 Impurities (Na, H+, OH ) or

oxygen vacancies in laftice
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9.2 CL Imaging

. The types of quartz which were investigated include detrital quartz grains, authigenic/
metamorphic quartz overgrowths and fracture-fillings and hydrothermal vein quartz. Eight
samples from the VCR, two samples from the VCR-footwall contact, four samples from different
types of quartz veins and one synthetic KEVEX quartz sample were examined.

One common feature exhibited by the VCR and footwall quartzite samples is that detrital quartz |

- grains show a large range in CL intensities from brightly luminescent to dark grey (Plate 9.2).
Similar observations have been made by Vollbrecht er aL (in press) of Carbon Leader Reef
samples from the Carletonville goldfield using optical CL. These differences in CL intensities (i.e.
" CL colouss) of quartz pebbles and quartz grains are interpreted to reflect different origins (e.g.
plutonic, metamorphic, hydrothermal) of the detrital quartz grains.

Some of the VCR quartz grains are irregularly fractured with dark grey (weakly lnminescent)

authigenic/metamorphic quartz fillmg the fractures or cementing the broken quartz fragments. |

The fractured nature of some of the quartz grains is not visible under the optical microscope

(compare Plates 9.1 and 9.2, taken under XPL and CL, respectively). This textures is probably
the result of brittle fracturing as a result of lithostatic pressure during burial metamorphism.
Furthermore, detrital quartz grains have embayed grain margins (indicating quartz dissolution)
and are sometimes surrounded by an irregular rim of weakly luminescent authigenic/metamorphic
quartz (Plate 9.3). The amount of authigenic/metamorphic quartz present as rims, cement and

fracture-fillings in ail of the sampies examined is estimated at <5 vol%.

Dickinson and Milliken (1995) utilised SEM-CL to study the 100 m thick pile of porous Etjo
Sandstone in northern Namibia, which are estimated to have been overlain by a 1 - 2 km thick
sequeﬁce oflava flows. The authors found that during compaction and burial, brittle deformation
was the dominant process which resulted in fracturing and the modification of original detrital
quartz gram shapes. This process was syn- and bost-dated by the formation of “significant”
amounts of aﬁthigem'c cement. Quartz dissolution and pressure solution apparently played only

a minor role in the formation of the arcuate quartz grain shapes.
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Fig.9.6(b) (sample VHG163(A)) illustrates that an increase in the irradiation time and/or the probe

current results in a greater intensity and a slightly more detailed wavelength emission spectrum.

The reproducibility of a spectraum from a particular scan area is illustrated by the two pairs of

spectra in Fig.9.6(c). Spectrum S2 is a re-scan of the identical area of spectrum S1 (sample
VHGO063(A)) after it had been irradiated for 155 seconds. Although the CL intensity decreases .

slightly with the second irradiation, the "peakedness” of the orange peak around 635 nm is

mmproved. Even more dramatic is the difference between spectra S3 (first acquisition) and S4

(second acquisition after 130 seconds) (sample VHG062) over the identical area. The peakedness

of the orange peak is again improved during the second irradiation, but none of the peaks which

were detected with S3 are present in S4.
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Fig.9.6: Effects of instrument
set-up/operating conditions on
CL spectra. (a) shows the
effect of changing the scan
area, (b) the effect of
mcreasing scan time and probe
current and (c) the acquisition
of spectra after rescanning an
area after 155 seconds (S1
and S2) and another area after
130 seconds (S3 and $4).



10. Estimation of P-T Conditions

10.1 P-T Conditions of Metamorphism

The following metamorphic equilibrium assemblages were found in the footwall quartzites and

hangingwall metabasalts:
~ Ab - Act - Chl- Qtz- Ep - Cc hangingwall metabasalt
Qtz - Prl- Cld :
footwall quartzites
Qtz-Prl

" The occurrence of fine grained muscovite in the footwall quartzite and hangingwﬁll metabasalt
roeks within 3 - 10 m of the VCR is interpreted to be a product of K* metasomatic alteration
(Chapter 6.) and therefore is not included in the peak metamoxphie mineral assemblage. Similarly,
the matrix minerals found in the VCR can all be explained by later metasomatic events, and as

such do not reveal anything about metamorphic conditions which were attained during burial

Peak metamorphic conditions for the VCR in the Klerksdorp goldfield were probably reached

' duﬁng post-Transvaal times, by which stage a total estimated thickness of c. 2800 m of
Ventersdorp Supergroup rocks and c. 3700 m of Transvaal Supergroup rocks had been deposited
above the VCR (SACS, 1980; Antrobus et al., 1986; Bowen ef al., 1986). Assuming a specific
gravity of 2.85 and an estimated overburden of 6.5 km of Ventersdorp and Transvaal Supergroup
rocks, a peak pressure of c. 2 kbar is calculated for the VCR. |

The ethbrmm mineral assemblage present m the hangmgwall metabasalits can be represented by
a seven phase (including a fluid phase), elght component system. Applying G1bbss phase rule
F =C - P + 2 to this system, the resultant three degrees of freedom do not allow constraints to
be placed on the P-T conditions. However, this mineral assemblage is of lower greenschist facies,
impvlying that vpressures did not exceed c. 3 kbar and temperatures ranged from 200 - 600°C.

Additional information about the peak metamorphic temperature comes from chlorite
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geothermometry of two high hangingwall metabasalt samples (>150 m above the VCR). The
calculated terperature of these chlorites is 269 + 7°C (Fig.10.1), which suggests that the regional
metamorphic temperature attained by the Ventersdorp Supergroup lavas was <300°C. The effect

of pressure on the chlorite composition and on the calculated temperature of formation is believed

to be only small (Cathelineau, 1988; Bryndzia and Scott, 1987).

The difference in temperature between this calculated temperature of chlorite forfnation and the
previously iterpreted regional metamorphic temperature of 350 + 50°C (Phillips, 1987; Wallmach
and Meyer, 1990) can be explained by the fact that the Ventersdorp Supergroup metabasalts were
not buried to the same depths as the Witwatersrand quartzites. These P-T conditions are therefore

considered to be in good agreement with estimates for peak metamorphic conditions experienced

by the Witwatersrand Supergroup.
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Fig.10.1: Calculated temperature of chlorite formation (aﬁer Zang
and Fyfe, 1995) vs Xg, of regionally metamorphosed
~ hangingwall metabasalt samples VHG126 and VHG183. |

The minerals present in the footwall quartzites can be described by a four-phase assemblage,
consisting of quartz, pyrophyllite and chloritoid and a fluid phase. These can be represented by
the five components SiO,, Al,O,, FeO, MgO and H, O m the F(M)ASH system (Fig.10.2). The
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bulk rock composition of a pyrophyllitised footwall quartzite sample plots close towafds the SiOz'
apex in Fig.10.2 and lies nearly on the Al - Si tie line. This indicates that the pyrophyllitised
quartzite consists mainly of quartz and pyrophyllite and that an Fe-Mg phase (in this case |
chloritoid) is practically absent. These findings are also supported by modal tnineral proportions
of the footwall quartzites (see Chapter 4.). '

ALO;

+H,0

Bulk Quartzite
- Composition

Qz ¢ . v
SO, (Fe.Mg)O

Fig.10.2: F(M)ASH system for the footwall quartzitesis defined by
the phases quartz (Qtz), pyrophyllite (Prl) and chloritoid (Cld)
(H,O in excess). '

Mineral reactions which occurred in the quartzites during prograde inetamorphism are limited by
the mineral assemblage which is present. Several of theSe dehydration reactions are showp n .
- Fig.10.3, and the steep slope in P-T space indicates that they are relatively insensitive to pressure.
Better constraints on the peak metamorphic teﬁperat‘ure_ are prﬂovided by the tempe‘ratﬁre range
over which pyrophyilite is stable. The first pyrophylﬁte-forfning reaction is given by

AlSi,0,(0H), + 28i0, = Al Si,0,,(0H), + H,0
kaolinite quartz pyrophylilite
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and this réaction, assuming a pressure of 2 kbar, occurs at a temperature of c. 290°C (reaction (2) -
m Fig.10.3). This provides a mininmum temperature which was attained by the rocks. The anhedral
embayed texture exhibited by the quartz grains in the footwall quartzites supports the formation
of pyrophyllite through the consumption of quartz. Although the stability of pyrophyilite with
respect to temperature is, especially at low pressures (<4 kbar), very dependent on a(H,0) (Frey,
1987),7the absence of ’signiﬁcant amounts of carbonates in the rocks precludes- a significant

reduction of a(H,0).

300 - 400 580
T (°C)

(1) 4kin+chl=5cld + 6qiz + 7 H,0
(2) Kin +2qtz = prl + H,0
(3) 3kin=prt+2ky + 5H,0
(4). pri=ky + 3 gtz + H,O

(5) 2qtz +5cld=chli + 4 ky + H,O

Fig.10.3: P-T diagram (after Frimmel, 1994) showing several metamorphic reactions in the FASH
system. Solid lines represent stable mineral reactions involving the phases quartz (qtz),
kaolinite (kin), pyrophyllite (prl), chlorite (chl), chloritoid (cld) and kyanite (ky) (H,O
in excess). Dashed line represents mineral reaction in the absence of quartz. Shaded -
area outlines the approximate P-T conditions of regional metamorphism as interpreted

for the VCR in the study area.

The upper limit of pyrophyilite stability is giVen by the breakdown to form kyanite (or andalusite
at lower pressures), quartz and a fluid phase. At a pressure of 2 kbar, the pyrophyllite breakdown
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reaction occurs at T = c. 380°C (réactidn 4) in Fig.10.3). Kyanite has only been reported locally
m Quanz veins and fault zones in rocks of the Witwatersrand Basin, and has been interpfeted to
represent pyrophyllite breakdown (Schreyer and. Bisschoff, 1982). The’ complete absence of
kyanite from tﬁe footwall quartzites (and from the sedimentafy rocks of the Witwatersr/and Basin
in general) therefore indicates that the peak metamorphic temperature which was attained was
<380°C. Based on pyrophyllite stability reactions, the peak metamorphic temperature which was
attained in the study area is therefore interpreted to be 335 + 45°C at P = 2 kbar and assuming

a(H,0)=1.

| Other potential reactions in the F(M)ASH system are the formation of chloﬂtoid during the
reaction of chlorife and kaolinite (reactionf (1) i Fig.10.3). Howéver', the equilibrium
chlorite/chloritoid mineral assemblage was not found in the footwall quartzites and therefore this
reaction cannot be applied to the quartzites. The breakdown of kaolinite to produce pyrophyllite
and kyanite and fluid (reaction (3) in Fig.10.3) is _only stable in the absence of quartz. The
presence of quartz as the major phase in the footwall quartzites therefore means that this reaction

cannot be used to constrain peak metamorphic temperatures.

10.2 P-T Conditions of Metasom'atism

No absolute constraints can bé placed on the pressure which prevailed during metasomatic
alteration processes. However, given the fairly late stage (around 2.0 Ga) at which the muscovite-
and the chlorite-forming alteration events occurred (see Chapter 13.), similar préssures as for the
peak regional metam(')rphism are inferred, ie. ¢. 2 kbar. The limited occurrence of type IV cblérite
at several localities in the VCR implies that the maximum lithostatic pressure of c. 2 kbar was, in
places, slightly exceeded by horizontally focused fluid overpressure during the chlorite-forming

metasomatic event.

A plot of the calculated temperature of chlorite formation versus Xg, for chlorites from the
footwall quartzites, hangingwall metabasalts and from the VCR is shown in Fig.10.4. The mean
calculated temperature of formation of the chlorites is 306 + 15°C (10). Chlorites with calculated
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temperatures as low as 215°C are also present. No textural evidencé; however, eﬁas which
mdicates that these lower-temperature chlorites belong to a different generation. Furthermore, no
significant difference in the calculated temperature exists between chlorite types I, III, IV-and V
from the VCR, suggesting that they were all formed during the same event. The lower-
temperature chlorites are therefore interpreted to be the result of inconiplete equilibration between
the infiltrating fluid and the rock.
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Fig.10.4: Calculated temperature of chlorite formation
(after Zang and Fyfe, 1995) vs X, of chlorites.

Using a prevailing pressure of 2 kbar at the time of entfapment of the quartz-hosted fluid
inclusions, fluid inclusion data can be used to obtain estimates of the temperature during
entrapment (Fig.10.5). Two groups of isochores are present, the .main one indicating a
temperature of entrapment Tirap of c.250°C and the other md1cat1ng Tm of 330°C (for P
=2 kbar). The presence of both these T, populations in fluid inclusions in the auriferous quartz
vein suggests that temperature fluctuations in the order of 80 - 100°C occurred during the same
event. This is further supported by fluid inclusions from sample VHG087 which, although yielding-
different T, along differently orientated microfractures, are interpreted to have been trapped

during the same event. The higher T, is similar to the mean temperature obtained from chlorite

thermometry.
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Sample VHG...

6 ‘ 163(A) | (Central Z.)
I 087 (1) ‘
(Marginal Z.)
200 300 - 400 500

Fig.10.5: Isochores calculated for primary fluid inclusions

(samples VHG158(B) and VHG163(A))

and

secondary fluid inclusions along microfractures
i hydrothermal vein quartz (sample VHGO87),
using the equation of state of Brown and
Lamb (1989). Calculated geothermal gradients
(based on the different isochores) are also shown.

Geothermal gradients of between 37 - 51°C/km are calculated from the isochores. Although these.
geothermal gradients are much higher than what would hormally be expected for stable cratonic

areas, they reflect post-depositional metasomatic alteration processes and as such do not indicate

a true burial metamorphic geotherm.
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11. Fluid Characterisation and Evolution

Both pre-depositional as well as post-depositional fluids are preserved in the rocks of the VCR.
" Pre-depositional fluids m form of fluid mclusion trails which terminate at quartz gram boundaﬁes,
can be found in quartz grains and quartz clasts of the quartzites and metaconglomerates of the ]
VCR. Different generations of pre-depositional fluids can be distinguished on the basis of
differently orientated fluid inclusion trails. This study, however, is concemed with the post—
depositional fluids and therefore no further consideration will be given to the composmon of the

pre-depositional fluids.

11.1 Diageneésis

The progressive burial of the sediments which were deposited in a coastal/offshore marine -
environment in the Witwatersrand Basin resulted in the expulsion of substantial volumes of
_ intergfanular pore fluid. This was a gradual pro'cess spanning a considerable périod of time from

~ syn-Witwatersrand deposition and culmsinating in the regional metamorphic event which probably
reached its peak during Transvaal times (c. <2300 Ma).

Direct evidence for the composition of this pore ﬂuid. is absent. However, indirect evidence
permits an estimation of hydrospheric and atmospheric conditions at the time during sediment
déposition. The ubiquitous presence of rounded pyrite grains together with other heavy minérals
(e.g. chromite and uraninite) and the absence of iron-titanium oxides (e.g. haematite, magnetite
,I and i]menite) and detrital feldspars (probably due to their breakdown to kaolinite) have been used

to infer relatively low AO,) and high £S) atmosphéric conditions during the Archaean
{Schidlowski and'Junge, 1973; Holland, 1984). In addition, Krupp e al. (1994) concluded that
fairly high atmospheric CO, pax’ual pressures of ¢. 1 bar prevailed, which would conceivably have

resulted in low pH meteoric waters.



11.2 Contact Metamorphism

. Underground obserVatidns indicate that at the time of basalt eruption, the VCR was semi-
consolidated and, by implication, close to or completely water saturated. The mteraction of basalt
at a temperature of ¢. 1100°C with a water-saturated rock with an ambient temperature would
probably have resulted in the explosive degassing and an almost instantaneous dec_fe:_ase in the

temperature of the basalt to about 60 % of its original temperature (Jaeger, 1957). |

The total cumulative thickness of Ventersdorp lavas which were extruded above the VCR in the -
: Klerksdorp goldfield was c. 2800 m (Antrobus e? aZ, 1986; Bowen efal., 1986). Ages of
2714 Ma and >2708 Ma for metabasalts from the Klipriviersberg and Platberg Gioup s, Tespectively
(Armstrong ef al., 1991), suggest that the lavas were probably erupted over a relatively short
- period of time. Ritger (1990) modelled the heat generated b;r the extrusion of numerous basalt

* flows and concluded that a rise in temperature of 300 - 400°C only in the upper-most 100 m of

the Witwatersrand succession would have occurred. A rise in temperature to >300°C that may
. have affected the footwall quartzites could have resulted in the formation of pyrophyllite. This
wduld therefore make it difficult to distinguish between regional and contact metamorphic effects
 in this upper-most section. Pyrophyllite in the upper-most 100 m of quartzites could therefore be

the result of either contact metamorphism or regional metamorphism or both.

However, pyrophyllite has been identified over a mﬁch largef sf_ratigraphic range than m the first
few hundred metres below the Ventersdorp lavas (e.g. Phillips, 1988). In the quartzites in the
lower pbrtion of the Witwatersrand Supergroup, the presence of pyrophyllite has been attributed
to regional prograde metamorphism of a quartz-kaolinite mineral assemblage (Phillips, 1987;
Wallmach and Meyer, 1990). Similarly, the presénce of pyTophyHite in the footwall quartzites at
Vaal Reefs Np. 10 Shaft may be the result of regional metamorphism. If this is the case, the - -

implication is that subsequent metamorphic/metasomatic alteration events have eliminated any

traces of possible contact metamorphism.
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11.3 Regional Metamorphism

Regional metamorphic P-T conditions affected the footwall quartzites and hangingwall basalts to
a similar extent. Detrital feldspars are absent from the VCR and the underlying footwall rocks.

This may either be due to the weathering of the feldspars under acidic atmospheric conditions o '

prior to the deposition in the Witwatersrand Basin, or it may indicate that a métamoxphic fluid
with a low pH prevailed during the in situ breakdown of feldspars within the Witwatersrand
sediments. The absence of metamorphic muscovite and the predominance of pyrophyllite in the

. footwall quartzites constrains the pH to less than 3.9 at a(K*) = 0.1 m.

The absencé of carbonate rocks from the VCR and footwall quartzites suggests that a(H,0) of
the fluid was close to unity. The presence of CQO,-rich fluid inclusions as well as calcite in quartz

* veins, however, indicates that a(H,0) of the fluid varied with time.

11.4 K" Metasomatic Alteration Event

Two metasométic alteration events can be identified in the VCR and surrounding footwaﬂ and
hangingwall rocks. The first of these was a potassic alteration event during which fine grained
muscovite (mica IT) was férmed, probably at the expense of pyrophyllite. Where muscovite is-
present in the footwall quértzites (within 3-m 6f the VCR), pyrophyllite is virtually absent. The
pH of the potassic metasomatic fluid is constrained by the stability of muscovite and the abseﬁce
of pyrophyllite and K-feldspar to between 3.9 and 5.5 atan assumed a(K") of 6.1 m émd T
=300°C. '

Fluid .'inclusion mi(_:rothérmometly of aqueous secondary fluid inclusions hosted in quartz Veins
and in the VCR quartzite has not, however, permitted the satisfactory identification of fhiud
mcjusions which are related exclusively to the muscovite-forming alteration event. Only a single
fluid mctusion with T, = -10°C (indicating an NaCV/KCl-rich fluid) was observed. Most of the fluid
mclusion data in this study comes from quartz veins and the -ap_parent absence of K-bearing ﬂuid

inclusions may indicate that the muscovite-forming alteration event occurred 'prior to the



formation of these quartz veins.

~In the Welkom goldfield, Frimmel ef al. (1993) were able to identify a low salinity (<4 wt%
NaCl,,) K-rich fluid with T, = 130 - 140°C within secondary quartz. The authors attribute this
fluid to the potassic alteration event, and tentatively relate this to the formation of the Vredefort

Dome and/or intrusion of the Bushveld Igneous Complex.

11.5 Chlorite-forming Alteration Event

A chlorite-forming metasomatic alteration event post-dates the K™ metasomatic event. As
' m’entiohed above, the clear distinction between the fluids which resulted in each of these alteration
events is difficult. Howe%zer, several quartz vemns which contain euhedral pseudohexagonal chlorite
gr:iins (indicating that chlorite grew in equilibrium with the fluid) have been observed. Fluid
: inciusion measurements from such quaftz veins yield temperatures and salinities which do not
differ significantly from those of non-chiorite beaﬁng quartz veins. The fluid inclusion data is

interpreted to reflect the conditions of chlorite formation in those quartz veins.

An aqueous fluid containing a mixture of NaCl-CaCl-MgCl,-(KCl) (based on first melting
temperatures) is present in secondary fluid inclusions. This fluid is of low salinity.( <9 wt% NaCl,)
and homogenisation temperatures indicate a range of 250 - 330°C during trapping (corrected for
2 kbar pressure). The density of these fluids ranges from 0.9 - 1.0 gem™. In addition, chlorite
thermometry of chlorite grains within several quartz vems yield a calculated temperature of

formation of 260 - 330°C.

The ambient o.xygen and sulphur fugacities during the chlorite-forming metasomatic alteration
event can be estimated from the composition of chlorite that coexists with Fe-sulphide phases
(Bryndzia and Scott, 1987). The wide-spread distribution of pyrite in the VCR and the local
presence of pyrrhotite suggests that £S,) and O, ) conditions in the VCR were close to the
pyﬁtefpyrrhotite_phase Boundary-(Fig.ll. 1). A minimum value for AS,) of 10" bars (for the
VCR) was calculated using the GEO-CALC program of Brown et a/. (1989). A realistic upper
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limit of sulphur fugacity is difficult to constrain from the information available. A value of around
107® - 10 bars is suggested for O,), based on the assumption that conditions were close to the

pyrite-pyrrhotite boundary.
T =300°C
P =2 kbar
25 |
Hem
“~ 30
9 .
Q@
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Fig.11.1: Sulphur vs oxygen fugacity diagram showing the
stability fields for pyrite (Py), pyrrhotite (Po),
magnetite (Mag), haematite (Hem), rutile (Ru) and
ilmenite (Ilm) at T = 300°C, P =2 kbar. Differently

- hatched areas indicate the possible ranges in fugacities
which may have existed in the VCR, the metabasalts
(HW) and in quartz veins (QV). Phase boundaries
were calculated using the GEO-CALC program of
Brown ef al. (1989).

The large ranges in chlorite X, which occur between VCR samples (0.4 - 0.8) as well as within
samples (0.44 - 0.59) indicate fluctuations in £O,) and A(S,) of the chlon'te-fonﬁing fluid on a
centimetre scale. The presence of euhedral pyrrhotite platelets in several quartz veins and the
occasional presence of pyrite indicate that S,) conditions in the quartz veins were generaﬂy

slightly lower than in the VCR. In addition, the presence of pyrite as the stable Fe-sulphide phase
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in the contact zone of the hangingwall metabasalt and the presence of magnetite and ilmenite in

the dark phenocryst zone mdicate that the AS,) in the metabasalts was several orders of

magnitude lower than in the VCR.

The identification of localised Fe-metasomatised zones (characterised by Fe-rich chlorites and the
presence of siderite) n the VCR are interpreted to reflect infiltration by a (fairly late-stage) Ca’2+-.
nich fluid. The limited distribution of thése Fe-metasomatised zones indicate that during this event,
which post-dates the main chlorite-forming alteration event, relatively low fluid:rock ratios
existed. This implies that the chlorite composition was largely controlled by the bulk rock

composition.
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12. Metamorphism and Mobility of Gold

~ 12.1 Introduction

The extent of gold mobility in a hydrothermal system does not only depend on P, T and fluid
chemistry, but also on (i) the presence of suitable conduits for the ﬂﬁid, (ii) the quantity of fluid
 available for transport and (iii) changes in any one of the independent parameters that can Jead to
the precipitation of the gold. The VCR can be considered és part of a hydrothermal system in the

sense that it has experienced the effects of muscovite- and chlorite-forming metasomatic alteration

events.

Within the cdntext of the metamorphosed placer theory, the presence of conduits is not critical
because gold mobilisation on a local scale only is predicted (Frimmel ef al., 1993). However, if :
the hydrothermal model of gold origin in the Witwatersrand is considered, the presence of suitable
fluid conduits becomes very important. The relatively porous and coarse grained nature of the
Witwatersrand conglomerate horizons compared to the quartzites makes the conglomerates
potential zones of fluid flow. The VCR in particular would have been very suitable, because it is

- capped by denser, less pereable basalts, which would have lead to a very focused fluid ﬂolw.. The
major extensional normal faults-and thrust faults which have been documented along the margin
of the Witwatersrand Basin (e.g. Myers ef al., 1992) may have acted as additional conduits for

metamorphic/metasomatic fluids.

Evidence for large amounts of fluids which allegedly have percolated through the rocks of the
Witwatersrand Basin during its post-depositional history has been presented by Phillips e7 al.
(1990). Large fluid:rock ratios do not, however, automatically imply extensive gold mobility.
Gold solubility is strongly dependent on a series of chemical parameters, such as pH, AO,), AS,),
a(H,0), temperature and pressure (e.g. Fyfe and Kerrich, 1984; Seward, 1984; Shenberger and
Barnes, 1989; Bowers, 1991; Hayashi And Ohmoto, 1991). The most critical of theée factors,
which probably influenced the mobility of ghe gold in the VCR, are discussed below.
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12.2 Fluid Characteristics during Gold Mobilisation

The close spatial association of gold with chlorite types IT and III and with (predominantly
secondary) pyrite suggests that gold was mobilised during the chlorite-forming metasomatic
alteration event. The coexistence of pyrite together with type II chlorite, the presence of small
secondary rutile needles with this chlorite type and the local pfesence of pyrrhotite in the VCR
indicate that f{S,) conditions of the fluid were probably close to the pylite-i)ynhotite phase
boundary. This allows f{S,) to be calculated as >10""" bars (see Fig.11.1). At conditions close to
the pyrite-pyrthotite boundary, fO,) conditions can be roughly constrained as <107 bars. Boer
et al. (1995), using quadrupole mass spectrometric fluid inclusion data, calculated log AH,S)
=0.6.

Based on chlorite thermometry, the temperature which prevailed during gold mobilisation in the
VCR is constrained at 307 £ 14°C (see Chapter 7.1) and the pressu:é is estimated at c. 2 kbar (see
Chapter 10.). Data from this study precludes the determination of the pH of the chlorite-forming
(and gold mobilising) fluid. Boer ez al. (1995), however, determined a pH of around 3 for
carbonic-rich fluid inclusions, which they relate to gold mobilisation in the VCR at Vaa_l_Réefs

No.10 Shaft.

‘Two groups of primary fluid inclusions of similar salinity (c. 6 wt% NaCl,,) but with different |
‘ temperatﬁres of entrapment of afound 250°C and 330°C were found in the auriferous 'q‘uanz vein
(samples VHG163(A)-+(C)). The low first melting temperatures of between -35 - %44°C which
were observed in the majority of these fluid mclusions suggest a Ca-rich nature of these fluids, the
,a(Ca”) of which is ‘estimated at c. 0.1 m. Both of these fluids are interpreted to have had the

potential to carry gold in solution (see below).

The composition of the fluid as discussed above is very similar to a fluid described By Frimmel et
al. (1993) from authigenic, gold-bearmg quartz. These authors describe that fluid as Ca-rich with
a salinity of c. 12 wt% NaCl,, (corresponding to 0.1 m Ca*) and T, = 134°C. They interpreted
this fluid as being responsible for the post-depositional mobilisation of the gold in the Basal Reef.
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Other occurrences of gold-bearing quartz veins have been described by Hallbauer (1983) who
noted that the T, of the fluid inclusions within the sample studied was 340 - 360°C. A gold-
bearing quartz vem from the C Reef from the Klerksdorp goldfield has been described by Phillips
et al. (1988), but the exact composition of this fluid is not given. Instead, the composition is
- quoted together with other quartz vein-hosted fluid inclusions as having a salinity of 6 - 18 wt%
' NaCl,, and T, = 155 + 30°C.

Gold chloride complexing seems to be mofe important in low A(S,), high temperature systems
(>400°C) (Seward, 1984), whereas gold bisulphide complexes are important under lower
temperatures (<350°C) within a S-rich system (Hayashi and Ohmoto, 1991). Meyer ez al. (1991)
suggest that the solubility of gold i the conglomerates of the Witwatersrand Basin in form of the
' Au(I—IS)z’ complex at T = 300 - 350°C was about three orders of magnitude less than that of the
AuCl, complex at T >350°C (using concentrations of S =0.01 mole, K*=0.3 mole and CI
= 2.0 moles). The impbnance of both the chloride and the bisulphide gold complexes m the VCR
at Vaal Reefs No.10 Shaft has been discussed by Boer et al. (1995). These authors suggested that
gold was equally soluble as either of these two complexes, assuming a temperature of 350°C. The
femperature determined in this study for chlorite formation and associated gold precipitation is,

however, lower (c. 310°C) and therefore, the Au-S complex is believed to have been dominant.

Solubility contours of the AuCl,” and Au(HS),” complexes are superimposed on a sulphur versus
oxygen fugacity diagram, togethef with the stability fields of pyrite, pyrthotite, magnetite and
haematite (Fig.12.1) (after Romberger, 1991).

Although the conditidns during gold mobilisation in the VCR were different to those used to
calculate the gold solubilities and stability field boundaries in Fig.12.1 (and therefore the gold
solubilities as shown in Fig.12.1 cannot directly be applied to the VCR), the figure illustrates how
géld mobility in the VCR may have been controlled. For a gold bisulphide complex, a decrease
in](Sz) by one order of magnitude would have reduced the gold solubility by more than one order
of magnitude (at constant fO,)). Reduction in AS,) is an efficient mechanism for the precipitation
of gold (Hayashi and Ohmoto, 1991). A decrease in {O,) (at constant fS,)) will, however, result
in an mcrease in gold solubility. This suggests that fluctuations in AS,) and AO,) in the VCR may -
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}
have been two very important factors in controlling gold mobility. Support for such ﬂﬁctﬁations
comes from the range in chlorite X;,, of 0.4 - 0.8, by the association of gold with bitumen nodules
and by the rare association of gold with pyrthotite in veins. These associations imply that
variations in /{S,) and/or {O,) may have played an important role in determining gold (and pyrite). .
solubilities in the VCR. '

"’}5"

6 wt% NaCl
320 ppm &

Fig.12.1: Goid solubility of Au(HS), and AuCl,” complexes
as a function of {O,) and AS,) in a solution at T
= 350°C, pH= 6, salinity = 6 wt% NaCl and
320 ppm S (after Romberger, 1991). Also shown

are the stability fields of pyrite (Py), pyrrhotite
(Po), magnetite (Mag) and haematite (Hem).

The close association of gold with Sulpbides (e.g. galena, sphalerite and bravoite (?)) in the
auriferous quartz vein implies that precipitation mechanisms for these minerals were related to

each other. A possible mechanism that could have resuited in the précipitation of these minerals
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was the interaction of a sulphide-enriched fluid with the country rock, thereby leading to a

decrease in f{S,), which in tum would have reduced the gold solubility.

A positive correlation between gold content and elevated volatile content (mainly CH,) in fluid
inclusions from a set of VCR samples has been recognised by Boer ef al. (1995). Gold is also
associated with bitumen nodules in the VCR matrix and in quartz veins, although bitumen-bearing

quartz veins, which are free of any visible gold, have also been observed.

Another mechanism which has the potential to precipitate gold may be the adsorption of Au,, by
sulphide minerals as determined experimentally by Bancroft and Jean (1982). The occurrence of
gold and other precious metal complexes in form of subrounded particles on a pyrite substrate has
been described as "cling-ons” (Knipe e al., 1992; Foster, 1993) and is attributed to the process
of gold adsorption. Textures found in this study, that are similar to those described by Knipe et
al. (1992) and Foster (1993), suggest that adsorption might have played some role in the

precipitation of gold.

12.3 Homogenisation of Gold Particles

Witwatersrand gold particles contain Ag and Hg as impurities. Intra- and inter-grain post-
depositional diffusion will tend to homogenise the gold particles. The time required for such
homogenisation to occur through the process of intracrystalline diffusion can be calculated from

the following formula (from Czamanske et al., 1973):

o
~o ﬁ: dc

t = (—————)/D,
2 (de/dx),

where t = time in sec
D, = diffusion coefficient in cm?/s at concentration ¢'
x = distance in cm
dc = change in composition; if homogeneous, dc = detection limit (= 0.2 wt%)
dx = area, i.e. integral (given by 1/2 x diameter x change in concentration (wt%)).
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The analysis of gold particles which precipitated from the auriferous hydrothermal Quaftz vein
indicates that individual gold particles are mhomogeneous with respect to Ag and Au (see Chapter
7.3). This is perhaps surprising, because the time required for the homo genisation of a 30 pm gold
particle (which is the approximate size of the two inhomogeneous gold particles in the auriferous
quartz ve) at T = 300°C, and assuming an initial variation in Ag content of 10 wt%, is calculated
to be only c. 180000 years (Fig.12.2). At a temperature of 200°C, the time required for the
homogenisation of the same gold particles would have been c. 100 million years (i.e. an increase
of three orders of magnitude). The diffusion and homogenisation of gold particles with respect
to Hg would have occurred approximateiy two orders of magnitude faster. The lack of
homogenisation with respect to Ag implies that the temperature within the auriferous quartz vein

decreased fairly rapidly to well below 300°C soon after gold precipitation had occurred.

500°C

!
'
1
'
I
1
I
1
1
«
|
t
'
i
i
i
i

1 £ I} 1 L. 1

0o 50 100
- Gold Particle Size (um) -

~ Fig.12.2: Diagram illustrating the time required to homogenise a
gold particle with respect to Ag at different temperatures,
assuming an initial varation of 10 wt% Ag. Diffusion
coefficients are from Askill (1989).
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Chlorite thermometry suggests that gold mobi]jsation in the VCR occurred at T =307 £ 14°C.
Although individual gold particles in the VCR are homogeneous, a large inter- and intra-sample
compositional variation of gold particles exists. This implies that the conditions during chlorite
formation (and gold mobilisation) were such that inter-particle homogenisation with respect to. -
Ag and Hg could not occur. Such conditions may have been caused by a rapid drop in -

" temperature or by very low fluid:rock ratios after gold precipitation.
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13. Conclusions

13.1 Post-depositional Alteration Events

At Vaal Reefs No.10 Shaft in the Klerksdorp goldfield, a metamoxphi_c/metésomatic alteration
halo can be identified surrounding the VCR. The scale of this alteration halo, which
macroscopically is identifiable by the discolouration of footwall quartzite and hangingwall
metabasalt rocks, extends for tens of centimetres to several metres into the footwall and
hangmgwall rocks. Three important alteration events which have affected the footwall quartzites,
the hangingwall metabasalts and the VCR can be documented on thé basis of mineralogical and
bulk rock compositional changes. Two of these events are interpreted to be the result of
metasomatic alteration. A schematic representation of the metamorphic/metasomatic alteration
events which have affected the VCR, together with the mineral paragenesis and development of

structural features, are shown in Table 13.1.

Contact metamorphism during the extrusion of the Ventersdorp lavas at ¢. 2714 Ma (Armstrong
et al., 1991) was undoubtedly the first important metamorphic event to affect the VCR. A likely
reason that no evidence for this event could be found is that the effects of contact metamorphism

were masked by later metamorphic/metasomatic overprints.

The first product of progressive metamorphism of the footwall quartzites is pyrophyllite. The fine
grained natufe and lack of preferred orientation of the pyrophyllite and the fact that its occurrence
is unrelated to faults, shear zones or veins, suggests that it is a product of burial metamorphism.
The embayed texture exhibited by quartz grains and the absence of kaolinite from the quartzites
indicate that pyrophyllite probably formed by in situ recrystallisation of the matrix at the expense
of quartz and kaolinite during a quartz-consuming dehydration reaction. Pyrophyllite stability in
the footwall quartzifes indicates low pH conditions of <4 and implies that leachiﬁg of alkalis
occurred. This is supported by a fairly high CIA of >0.9 in the pyrophyllitised quartztes. In
places, pyrophyllite is associated with chloritoid, both of which are attributed to peak

metamoiphism
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~ Table 13.1: Paragenetic Sequence Associated with
Metamorphic/Metasomatic Alteration Events

Pyrophyllite 3 '
Muscovite I D o | e—|
Chiorite 11 & Il {~==-7--- | J——
Chiorite 1V ! -
Pyrite i ———-?———é-——-?———é—--
Golo JR S
Gn, Sph, Cpy, Po ,E----?'-".E—
Bitumen f _ : -
Ultramylonite ' — = ~ ==
Quartz Veins P - - : m—
Pseudotachylite -
Geological Peak Metam.:: Bushveld Vredefort
Event ! !
Alteration Regional : Potassium ' Chliorite
Event Metamorphism: Metasomatism Metasomatism

Gn - galena, Sph - sphalerite, Cpy - chtalcopyrite. Po - p‘yrrhotite

T the higher hangingwall metabasalts (> c. 30 m above the VCR) a minerai asszmblage consisting
of plagioclase, actinolite, epidote/clinozoisite, quartz, chlorite, calcite + sulphides is observed.
This mineralogy is attributed to lower greenschist facies conditions which were attained during

regional metamorphism of the basalts.

Based on the presence of pyrophyllite and the absence of kaolinite and kyanite in the footwall

quartzites, and an estimated overbﬁrden of c. 6500 m (combined thickness of the Ventersdorp and |
Transvaal Supergroups in the Klerksdorp goldfield) towards the end of Transvaal depositional
times, peak metamorphic P-T conditions of ¢. 2 kbar and 335 + 45°C are inferred for the VCR
and footwall quartzites in the Klerksdorp goldfield. These conditions were probably reached

towards the end of the deposition of the Transvaal Supergroup around 2200 Ma.
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The second prominent alterétion event can be described as a K'~metasomatic alteration which was
focused along the VCR. This resulted in the formation of fine grained muscovite (mica type II)
in fhe footwall quartzites and hangingwall metabasalts within ¢. 5 - 10 m of the VCR. This
potassium metasomatic alteration event is attributed to the interaction of a K™-rich fluid with the
regionally metamorphosed, pyrophyllite-bearing quartzites and plagioclase-rich metabasalts.

Major elements that were particularly mobile during this alteration event are K, Na, Ca and Si.

The i(*-forming reaction also involved the formation of secondary quartz, which is interpreted to
have reprecipitated locally as secondary quartz overgrowths (in the quartzites) and in amygdales
and quartz veins (in the metabasalt). Optical petrography and CLI confirm the presence of
authigenic/metamorphic quartz overgrowths around detrital quartz grains in the VCR and in the
footwall quartzites. This event also resulted in a marked decrease in the CIA in the footwallv
quartzites from >0.9 in the pyrophyllite-bearing quartzites to <0.8 in the muscovite-bearing

quartzites.

An altemative explanation for the sericitisation could be K-enrichment as a result of percolating
groundwater (e.g. Sutton ez al., 1991). However, in view of the greater vertical extent of K-
alteration experienced by the hangingwall metabasalts, this alternative is considered very unlikely.
The almost complete absence of muscovite from the VCR can be explained by the overprinting

of a subseqilent alteration event which was also focused along the VCR.

The third (and in the VCR the latest identifiable) alteration event is a chlorite-forming
metasomatic event. This alteration event is characterised by the formation of predominantly type
1I chiorite n and immediately around the VCR. Chloritisation occurred up to a maximum distance
of c. 1 m into the footwall quartzites and up to c. 5 m into the hangingwall metabasalts. This
indicates that the chlorite-forming event was less intense than the previous muscovite-forming
alteration event, possibly because of lower fluid:rock ratios. The chlorite-forming event, which
was identified over the whole study area (i.e. covering at least 4 km®), was associated with the
introduction of significant amounts of Fe and Mg into the VCR and surrounding rocks. In
addition, modelling of the bulk rock composition indicates the removal of Si, K and Al from the
footwall quartzites and Si, K and Ca from the hangingwall metabasalts.
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The pervasive chloritisation of the VCR, dﬁring which only traces of muscovite remained,
suggests that the VCR acted as a fluid pathway for these Fe- and Mg-rich fluids. The fact that
conglomerate- and quartzite-dominated reef facies contain approximately equal amounts of
chlorite implies that the chlorite-forming fluid was able to move through the VCR irrespective of
the grain/clast size. This is also supported by underground observations which show that the
greatest extent of chloritisation of the footwall quartzites occurs where the VCR is thinnest,
implying that the greatest fluid:rock ratios existed where the VCR was poorly developed.

‘The presence of relatively Mg-rich type IV chlorites which post-date type II chlorites implies that
more than one fluid pulse occurred during the chlorite-forming event. However, no difference in -
~ the calculated temperature of chlorite formation between these two chlorite types exists,

suggesting that type II and IV chlorites were formed under similar temperature conditions,

. I SV IR IST TN
POSscLy Guaiig ths 2ame-gvent.

The vertically more extensive nature of the K metasomatism and the fact that this event pre-dates
the pseudotachylite event are strong indications that the K* alteration event is related to the earlier
Bushveld emplaéement (dated at 2054 + 2 Ma, Walraven and Hattingh, 1993). This inay be
supported by K-Ar ages of c. 190G - 2000 Ma of detrital muscovite and metamorphic white mica
from the VCR from Westemn Deep Levels South gold mine, which are interpreted by Zhao et al.
* (1995) as evidence of a major isotope rese&mg event. A possible source oi K for this metasomatic
event could have been the magmatic fluids which were associated with the intrusion of the felsic

Bushveld magmas.

Undergroimd observations indicate that the chlorite metasomatic alteration event post-dates the
formation of the pseudotachylite (dated at 2006 + 17 Ma, Trieloff e al., 1994). Pseudotachylite
formation has been related to the Vredefort event (Trieloff ez al., 1994) and by analogy, chlorite
formation is related to the same event (dated at 2024 Ma, Kamo ez al., 1995). In addition, the
bedding-perpendicular orientation of type IV chlorites in the VCR indicates that locally, the
horizontally focused fluid pressure exceeded the lithostatic pressure of c. 2 kbar during somé

stage of the chlorite-forming alteration event.
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Two sets of quartz veins (a bedding-perpendicular and an approximately bedding-parallel set) are
present in close proximity to the VCR. Based on underground cross-cutting relationships and fluid
inclusion microthermometric data, these two sets of quartz-filled fractures are coeval in age.

Similar fracture orientations are also visible on a microscopic scale.

The orientation of the bedding-perpendicular fractures/quartz veins are interpreted to be related
to extension tectonics with s* orientated north-east/south-west. The approximately bedding-
- parallel quartz veins utilised pre-existing zones of weakness (e.g. bedding planes), and are

interpreted to be related to local fluid pressures exceeding the lithostatic pressure.

13.2 Conditions and Timing of Gold Mobilisation

Gold in the VCR is commonly associated with secondary quartz, with a textural type IT chlorite
(which is interpreted to be a product of metasomatic alteration) and with sulphides (mainly
secondary pyrite). The sulphide grain morphology and the association of pyrite (and other
sulphides) with metasométic chlorite suggest that most of the sulphides are of Secondaxy origin,
possibly related to the chloritisation event. The replacement of seéondary pyrite by bitumen
nodules also indicates that the bitumen is of hydrothermal origin and that it is a relatively late-

stage mineral in the paragenetic sequence.

The close association of gold with chlorite typés IT and II implies that physico-chemical

e conditions of the chlorite-forming fluid were suitable for the mobilisation of the gold in the VCR.

- Chlorite types II, III and I'V i the VCR are interpreted to be products of chlorite metasomatism.
Chlorite thermometry indicates a temperature of 307 + 14°C for fhis event.

Based on the close mineralogical association of metasomatic chlorite with secondary gold, the
timing of the latest gold mobilising event in the VCR is therefore given by the age of the
Vredefort event at 2024 Ma. However, considering the protracted and complex metamorphic and
fhuid history of the Witwatersrand Basin, it is likely that conditions suitable for gold mobilisation

occurred more frequently. Supporting evidence for this comes from the age of secondary zircon
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which is present together with gold in secondary quartz in a Basal Reef sample, Welkom goldfield
(Frimmel, 1994). The zircon agé which has been obtained is 2.5 Ga, which by implication is also
the time of gold mobilisation in the Basal Reef sample. The age of this gold mobilisation event
therefore pfe—dates that of the latest VCR gold mobilisation by c. 500 Ma. .

Physico-chemical conditions in and around the VCR must have controlled gold solubility.
Vaﬁaﬁoné in fluid:rock ratios are indicated by the extent to which the rocks around the VCR were
first sericitised and at a later stage chloritised. Gold dissolution would have been favoured by the
interaction of a metasomaﬁc fluid with pyrite-rich zones within the VCR, which conceivably -
would have lead to an increase in the AS,) of this fluid. Given that a temperature of ¢. 300°C
prevailed during gold mobilisation, the gold complex which was most likely to be fornied was a
bisulphide cdmplex (Shenberger and Barnes, 1989; Hayashi and Ohmoto, 1991).

Based on the stability of pyrite in the VCR over virtually the whoie study area and only the rare.
presence of pyrrhotite, O,) and AS,) conditions can be constrained as being within the pyrite
stability field. The equilibrium coexistence of pyrité with type II chlorite, and the presence of
secondary rutile needles in type II chlorite, indicates that fS,) conditions were probably close to
the pyrite-pyrrhotite boundary. This sets a lower limit of £S,) >107"! bars at T = 300°C. A lower
limit of AO,) is more difficult to constrain, but based on the presence of rutile together with
chlorite within the pyrite stability field, a minimum value for {O,) of between 10 and 10™*° bars
is inferred.

Evidence that fluctuations in AS,) and/or j‘(Oz) of the fluid were important in determiiing the
- solubility of gold and sulphides is provided by the mineralogy in the auriferous quartz vein. The
close association of gold with galena, bravoite (?) and sphalerite in this quartz vein suggests that
a decrease in £S,) and/or AQ,) (e.g. as a result of changes in the fluid:rock ratio) resuited in the
precipitation of sulphides, which in turn lead to the precipitation of gold. Marked fluctuations in
quartz solubility in this quartz vein, as indicated by CLI, may be related to changes in the pH
and/or temperafure of the fluid. An increase in T or a decrease in pH would haﬁe lead to quartz

precipitation.
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| Significant variations in the inter- and intra-sample gold particle compositions are present in the
majority of the VCR samples examined. A compositional variation in Ag and Hg of up to 5 wt%
exists on a thin section scale in the VCR samples. Furthermore, two gold particles ﬁom the
auriferous quartz vein are inhomogeneous with respect to Ag and Au on an intra-particle scale
of 30 pm. The time required to homogenise these gold particles with respect to Ag, assuming an
injfial variation in Ag of 10 wt% and T = 300°C, is c. 180,000 years. If the temperature had
dropped to 200°C shortly after gold precipitation, then the time required to homogenise the same
gold particles would be just over 100 million years. The lack of homogenisation of these
hydrothermal gold particles suggests that the temperature must have dropped rapidly after gold
mobilisation, thus making the homogenisation of gold particles by diffusion exceedingly slow.

The temperature of c. 310°C which was attained during the ‘chlorite-forming metasomatic event
does not differ significantly from the regional peak metamorphic temperature achieved during
burial and possibly during the Bushveld event. The fact that gold particles are inhomogeneous on
an mter- and intra-sample scale as well as on an intra-grain scale implies that the temperature of
the gold mobilising event decreased to well below 300°C (and possibly to below 200° C) fairly
quickly after gold precipitation. An event of a sufficiently short-lived nature to satisfy this

" requirement could be the Vredefort impact event.
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Map 1 (1:5000 scale)






APPENDIX B

Whole Rock XRF Analysis

Major Elements

Major element concentrations were determined on duplicate Norrish fusion glass discs using the
‘method of Norrish and Hutton (1969). Powder samples (0.28 g) were fused with 1.5 g of lithium
borate flux (Spectroflux 105) and minor NaNO, (0.02 g). Prior to the preparation of the discs,
volatile constituents were estimated by first drying for 12 hours at 110°C (determination of H,O")
and then ashing for the same period at 1000°C for the Loss on Ignition (LOI) content (H,0" and
CO,). The ashed samples were fused in Pt-Au crucibles and then cast in a carbon mould. All major
element concentrations were determined by analysing the fusion discs with a Siemens SRS-1 XRF
spectrometer, except for Na, which was determined from pressed powder briquettes. Detection
Iimits (LL.D) and the average absolute error determined by the on-line computer facility for the
major elements are given in Table BI.

“ham

- Method

Major element concentrations of whole rock samples were determined by X-ray fluorescence
(XRF) spectroscopic technique at the Department of Geological Sciences, Un1ver51ty of Cape
Town. This technique is summarised below.

Whole rock samples with masses of 1000 - 1500 g were crushed, ground and sieved to reduce
powder samples to less than 200 # grain size.

Table B1: Average absolute counting errors
and detection limits for major element
analyses by XRF.

OXIDE | Average Lower Limit

Absolute Error of Detection

Si02 . 0.316 0.015
Ti02 0.023 0.006
Al203 0.193 0.012
FeO 0.101 0.009
MnO 0.010 0.006
MgO 0.095 ' 0.013
Cao 0.053 ' 0.004
Na20 0.075 10.020
K20 0.029 0.003
P205 0.009 0.004

\

Rare Earth Elements

Method

Rare earth element concentrations were obtained lising a Dionex 4000i gradient ion
chromatograph at the Department of Geological Sciences, University of Cape Town. The same
analytical technique as described by Le Roex and Watkins (1990) was applied. :



APPENDIX C

Mineral Analyses

Mineral chemistries of chlorite grain aggregates and of individual carbonate and gold particles in
2 cm x 4 cm slides were analysed with a Cameca (Camebax) 1100 electron microprobe at the
Department of Geological Sciences, University of Cape Town. Nominal concentrations were
corrected for by the on-line reduction facility using the ZAF correction programme.

Operating Conditions

Acceleration voltage: 15 kV (chlorite and carbonate) or 30 kV (gold)

Beam current: 15 nA (carbonate) or 40 nA (chlorite and gold)

Beam focus: 2 pm (gold) or 5 p.in (chlorite and carbonate)

Counting time: 10 s

Analysing crystals: LIF (200) for elements Fe, Mn, Au, Hg
PET for elements Ca, K, T, Cr, Ag"
TLAP: for elements Si, AL, Mg, Na

Calibration standards: The calibration standards used for the EMP analyses are shown in Table
Cl.

Standards used: The standards used for the different mineral analyses are given in Table C2.

Lower limits of detection: The LLD for electron microprobe analyses are shown in Table C3. The
formula used for the calculation of the LLD is:

LLD (wt%) = 6/m x (RyR )",
where m = counts/second/nominal per cent for element

R, = counts/second on background
R, = total counting time (peak+background).



Table C1: Table of calibration standards used
in the EMP analyses.

Abbreviation Standard Type
CHRO Stilwater chromite | Natural
K-P Kakuni pyrope Natural
K-H Kakuni hornblende| Natural
RHOD Rhodonite Synthetic
RUT Rutile Synthetic
MN Metal Natural
CIN Cinnabar Natural

Table C2: Standards used for elements of silicate,
carbonate and metal phases

Mineral Element Standard
Amphibole "Si, Al, Ca, Mg, Fe, | K-H
(Chlorite) K, Na K-H

Ti RUT

Mn RHOD

Cr CHRO
Carbonate Si, Fe K-P

Mn RHOD

Ca, Mg DIOP
Metal Au, Ag MN
(Gold)- Hg CIN |

Table C3: Typical lower detection limits
' for various mineral analyses.

AMPH MICA MN

Si 0.042

Ti 0.040

Al 0.033

Cr 0.045

Fe 0.077

Mn 0.067

Mg 0.031

Ca 0.028

Na 0.034

K 0.024

F 0.160

Cl 0.025

Au 0.217
Ag 0.071
| Hg 0.164




Chlorite Analyses



Sample;
Lithology:
Analysis No.
Chiorite Type

Si02
Ti02
Al203
Cr203
FeO
MnO
MgO
Ca0
Naz20
K20

F
Total

Silvy
AllV
T site
AVi
Ti
Cri+
Feo2+
Mn2+
Mg
Ca
Na

K

O site

XFe
Al/(Al+Fe+Mg)
T(°C)

XChi
il cat
non-if}

VHGO18
VCR

Chi1
i

24.18
0.00
2478
0.31
2961
0.15
10.98
0.00
0.00
0.00
0.00
90.00
8.25
2.53
1.47
4.00
1.59
0.00
0.03
259
0.01
1.71
0.00
0.00
0.00
693

0.60
0.42
305

0.93
0.00
9.93

Chig
it

22863
0.00

Chi 10
"

24 62
0.00
24.42
0.12

Chi 11
i

24.04
0.00
24.65

Chi12
i

23.22
0.00
24.99
0.00
31.82
037
9.81
0.00
0.00
. 0.00
0.00
90.01
6.37
248
1.54

Chi 13
il

24.63
0.00
24.13
0.58
30.47
0.28
11.48
0.14
0.12

0.00

0.95
0.04
9.95

Chi 14
]

2335
0.00
24.62
0.32

Chi 15
i

Chi 18
Il



8ample:
Lithology:
Analysis No.
Chlorite Type

Si02
TiO2
Al203
Cr203
FeO
MnO
MgO
Ca0
Na20
K20

XFe
Al(Al+Fea+Mg)
T(C)

XChl
il cat
non-ifl

VHG021
VCR

Chi1
]

2451
0.00
24.38
035
30.01
032
11.39
0.00
0.11

Cht 2
i

23.06
0.00
24.04

+C

22.61
0.00
2428
0.38
31.34
0.32
10.03
0.00
0.00
0.00
0.00
88:94
6.47
243
1.57
4.00
1.51
0.00
0.03
282
0.03
1.61
0.00
0.00
0.00
6.01

0.64
o4
323

1.00
0.00
10.00

Chi3

Chi 4
"

24.12
0.00
24.22
0.34
30.72
0.19
11.28
0.00
0.00

Chi 5
+ Au

Chig
+ Au.

9.93

0.97
0.02
9.97

0.97

9.97

Sample. VHG022

Lithology VCR
Chi 1 Chi 2
closeto! |l
Qv
2368 2412
0.00 0.00
2440 2489
0.40 0.36
3182 3094
029 0.28
883 1010
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
89.50 6069
6.42 6.29
253 252
1.47 1.48
4.00 4.00
1.60 1.59
0.00 0.00
0.03 0.03
284 271
0.03 0.02
1.42 1.57
0.00 0.00
0.00 0.00
0.00 0.00
5.92 5.93
0.67 0.83
042 0.42
300 304
0.93 093
0.00 0.00
9.92 9.83

Qv

Chi3 Chi4
close to iclose to 1
Qv
2328 2348
0.00 0.00
2483 2498
0.27 0.08
3196 3331
0.33 033
8.20 8.70
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
88.87 6086
6.47 6.36
251 248
1.48 1.62
4.00 4.00
1.66 1.60
0.00 0.00
0.02 0.01
288 295
0.03 0.03
1.32 1.37
0.00 0.00
0.00 0.00
0.00 0.00
5.91 5.96
0.69 0.68
0.43 0.42
303 308
0.91 0.96
0.00 0.00
9.96

0.94

9.83

0.58
0.00
9.98



Sample:
Lithology:
Analysis No.
Chlorite Type

Sio2
Tio2
AlRO3
Cr203
FeO
MnO
Mgo
Ca0O
Na20
K20

F
Total

Siv
AllV

T site
Alvi
Ti
Cr3+
Fe2+
Mn2+
Mg
Ca
Na

K

O site

XFe
Al/(Al+Fe+Mg)

T(0)

XChi
T iftcat
non-ift

VHGO024
VCR
Chi 1
close to
Qv
2364
0.00
22.56
0.11
356.19
0.14

0.71
0.39
287

0.98
0.01
8.97

Chi2
close to
Qv
24.33
0.00
23.07
0.09
35.72
0.00
8.20
0.09
0.00
0.00
0.00
91.50
6.39
2.59
1.41
4.00
1.48
0.00
0.01
J.18
0.00
1.30
0.01
0.00
0.00
5.97

0.71
0.39
284

0.96
0.01
9.96

0.71
0.40
297

0.99
0.00
8.99

Chi 4
i

24.00
0.00
23.00
0.08
35.56
0.00
8.20
0.13
0.00
0.00
0.00
91.06
6.42
2.57
1.43
4.00
1.48
0.00
0.01
3.18
0.00
1.31
0.01
0.00
0.00
5.98

0.71
0.38
288

0.97
0.01
997

Chi s
]

23.57

21.43
0.00
35.13
0.14
8.19
0.00
0.00
0.00
0.00
88.46
6.64
280
1.40
4.00
1.39
0.00
0.00
J3.25
0.01
1.35
0.00
0.00
0.00
6.00

0.71
0.38
280

1.00
0.00
10.00

Chie
"

24.31

24.61
0.85
27.78
0.17
12.43
0.00
0.00
0.00
0.00
90.22
6.22
2.52

4.00
1.52
0.00
0.08
2.40
0.01
1.92
0.00
0.00
0.00
5.94

0.56
041
313

0.94
0.00
9.94

0.56
0.41
312

0.93
0.00
9.93

Sample: VHG025

Lithology VCR
Chi 1 Chi2
closeto close to
av Qv
23.56 23.27
0.00 0.00
22.47 23.68
0.14 0.00
34.32 35.45
0.00 0.13
8.72 8.18
0.08 0.00
0.06 0.00
0.00 0.00
0.00 0.00
89.33 90.69
6.53 6.45
2.58 2.50
1.44 1.50
4.00 4.00
1.44 1.50
0.00 0.00
0.01 0.00
3.12 3.18
0.00 0.01
1.41 1.31
0.01 0.00
0.01 0.00
0.00 0.00
6.00 6.00
0.69 0.71
0.39 0.40
291 302
0.98 1.00
0.02 0.00
9.98 10.00

Chl 3
fl

24.10
0.00
23.09
0.00
34.71
0.00
8.29
0.00
0.00
0.00
0.00
91.19
6.38
2.56
1.44
4.00
1.45
0.00
0.00
3.08
0.00
1.47
0.00
0.00
0.00
6.00

0.68
0.39

1.00
0.00
10.00

Chi 4
]

23.75
0.00
22.99
0.00
34.92
0.00
8.17
0.24
0.00

0.00
90.07
6.49
2.56
1.44
4.00
1.49
0.00

3.15
0.00
1.31
0.03
0.00
0.00
5.98

0.71
0.40
289

0.96
0.03
9.96

Chi &
I

24.01
0.00
23.50
0.11
34,52
0.13
8.08
0.14
0.00
0.00
0.00
90.49
6.43
2.67
1.43
4.00
1.53
0.00
0.01
3.09
'0.01
1.29
0.02
0.00
0.00
5.95

0.71
0.40

288

0.94
0.02
9.93

Chi 6

23.29

22.76
0.08
33.12
0.00
8.80
0.13
0.12
0.00
0.00
88.30
6.58
2.58
1.45
4.00
1.48
0.00
0.01
3.03
0.00
1.44
0.02
0.03
0.00
6.00

0.68
0.40

0.98
0.04
9.96

Sample:

Lithology:
Chi 1
[}

23.82
0.00
21.32
1.20
33.23
0.24
9.66
0.00
0.00
0.00
0.00
89.56
6.51
258"~
1.42
4.00
1.30
0.00
0.11
3.01
0.02
1.96
0.00
0.00
0.00
6.00

0.66
0.37

290
1.00

0.00
10.00

VHG028

VCR
Chi2
1

23.93
0.00
24.75
0.00
32.12
0.20
9.63
0.00
0.00
0.00
0.00
90.63
6.32
2.52
1.48
4.00
1.59
0.00
0.00
2.83
0.02
1.51
0.00
0.00
0.00
5.95

0.65
0.41
303

0.95
0.00
9.95

Chi 3
I

23.31

23.51
0.00
31.69

9.68
0.00
0.00
0.00
0.00
88.37
6.51
282
1.48
4.00
1.83
0.00
0.00
287
0.02
1.56
0.00
0.00
0.00
5.87

0.65
0.40

0.98
0.00
9.97

Chi 4
Edge of
Qv
23.78

23.92
0.24
31.66
0.27
9.39
0.00
0.07
0.00
0.00
89.33
6.43
2.54
1.46
4.00
1.56
0.00
0.02
283
0.02
1.50
0.00
0.01
0.00
5.95

0.65
0.41

0.94
0.0t
9.93

Chi &
]

23.96
0.00
24.90
0.00
33.34
0.22
8.15
0.00
0.00
0.00
0.00
91.57
6.29
2.51
1.49
4.00
1.58
0.00
0.00
2.92
0.02
1.43

0.00
0.00
5.95

0.67
0.41

0.96
0.00
9.95

Chi 6
Close to

1.48
0.01
0.00
0.00

0.66
0.41
307

0.95
0.01
9.85

Ch7
Close to
Qv
23.13
0.00
23.94
0.27
31.82
0.23
8.83
0.08
0.00
0.00
0.00
88.30
6.52
261
1.40
4.00
1.58
0.00
0.02
289
0.02
1.43
0.01
0.00
0.00
5.95

0.67
0.42

0.94
0.01
9.94



Sample: VHG041

Sample:  VHG043 Sample:  VHGO55(A)
Lithology: VCR : ‘ Lithology: VCR Lithology: VCA
Analysis No. Chi 1 Chl 2 chia Chi5 Chl 8 Cchi7 Chig Chi9 Chi1 Chi2  Chi3 Chla Chi5 Chie Chi 1 Chh2 Ch3a Chi4 Chis
Chiorite Type +Py n " n +Py " 1 " inQV  inQV CGloseto " +Cpy " n i n i "
Qv ’

Si02 24.36 23.43 2494 22.86 23.44 2327 23.85 24.55 2369 2379 2339 2375 2379 2353 2346 2378 2294 23.71 2383
Tio2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
A203 21.64 23.51 21.11 2237 2237 2247 22.58 23.02 270 2201 2282 2305 2123 2202 2387 2388 2401 2411 2433
Cr203 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.11 0.00 0.00 0.00 0.00 0.00
FeO 33.33 35.03 33.32 35.69 35.36 37.52 35.53 3347 3559 3808 3616 3422 3357 33.49 33.03 3085 3277 3131 3145
MnO 0.17 0.18 0.17 0.17 0.18 0.22 0.27 0.13 0.16 0.17 0.26 0.16 0.23 0.18 0.18 0.22 0.14 0.21 0.18
Mgo 10.27 8.38 9.53 7.55 8.63 6.41 7.79 9.10 8.50 8.59 7.56 8.37 8.11 7.78 933 1068 9.07 1024  10.52
CaO 0.00 0.00 0.00 0.00 0.07 0.00 0.06 0.08 0.06 0.00 0.08 0.07 0.11 0.00 0.08 0.00 0.13 0.00 0.00
Na20 0.00 0.00 0.09 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
K20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
F 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 89.77 90.53 89.16 88.64 88.35 89.89 90.08 90.35 9070 89.864 9028 8962 87.04 87.09 8993 8939 69.068 89.58  90.31

6.46 6.45 6.50 6.65 6.65 6.60 6.51 6.40 6.46 6.53 6.53 6.49 6.70 6.68 6.43 6.39 6.50 6.39 6.33
Sitv 2.62 2.52 2.70 2.53 259 258 258 2.61 255 2.59 2.54 257 2,65 2.62 2.51 253 2.48 2.52 2.51
AtV 1.38 1.48 1.30 1.47 1.41 1.44 1.42 1.39 1.45 1.41 1.48 1.43 1.35 1.38 1.49 1.47 1.52 1.48 1.49
T site 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00
AV 1.368 1.49 1.39 1.45 1.5% 1.47 1.47 1.50 1.43 1.41 1.48 1.50 1.44 1.51 1.52 1.52 1.54 1.54 1.54
n 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cra+ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0t 0.00 0.00 0.00 0.00 0.00
Fe2+ 2.99 315 3.01 3.30 327 3.45 322 2.98 3.20 3.19 3.28 3.09 3.13 3.12 2,96 2.74 2.96 2.78 277
Mn2+ 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.01 0.01 0.02 0.02 0.01 0.02 0.02 0.01 0.02 001 002 0.02
Mg 1.64 1.34 1.54 1.25 1.14 1.05 1.26 1.44 1.38 1.39 1.22 1.35 1.35 1.29 1.49 1.69 1.48 1.62 1.65
Ca 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.01 0.01 0.00 0.01 0.01 0.01 0.00 0.01 0.00 0.02 0.00 0.00
Na 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
K 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
O site 6.01 6.00 5.97 8.01 5.95 5.99 5.98 5.95 6.01 6.00 8.00 5.97 5.96 5.83 5.99 5.98 5.99 5.97 5.98
XFe 0.85 0.70 0.68 0.73 074 077 0.72 0.67 0.70 0.70 073 0.70 0.70 0.71 0.67 0.62 0.67 0.63 0.63
Al/(Al+ Fa+Mg) 0.37 0.40 0.37 0.39 0.40 0.39 0.39 0.40 0.39 0.38 0.39 0.40 0.38 0.40 0.40 0.40 0.41 0.41 0.41
T () 283 299 265 294 279 285 283 281 292 285 292 289 2n 2717 304 304 310 305 307
XChi 1.00 1.00 0.95 1.00 0.85 0.99 0.97 0.94 1.00 1.00 0.99 0.96 0.95 0.94 0.98 0.98 0.98 0.97 0.98
Wt cat 0.00 0.00 0.02 0.00 0.01 0.00 0.01 0.01 0.01 0.00 0.01 0.01 0.01 0.00 0.01 000  .0.02 0.00 0.00
non-ifl 10.00 10.00 9.95 10.00 9.94 9.99 9.97 9.94 10.00  10.00 9.99 9.96 9.94 9.93 9.98 9.98 9.98 9.97 9.98




Sample:
Lithology:
Analysis No.
Chlorite Type

8i02
TiO2
Al203
Cr203
FeO
MnO
MgO
Ca0
Na20
K20
F
Totat

Silv
Allvy
T site
AV
Ti
Cr3+
Fe2+
Mn2+
Mg
Ca
Na

K

O site

XFe
Al/(Al+Fe+Mg)
THC)

XChi
il cat
non-ift

VHGO046
VCR

Chi1
1l

10,00

10.00

0.98
0.01
9.97

9.97

0.77
0.39

282
099

9.99

‘Chi @

0.97

9.97

Chl10
+C

0.79
0.39

1.00
0.00
10.00

Sample: VHG052

Lithology: VCR
Chi1  Chi3

I l
2281 24.07
000 000
2408 2473
0.98 049
3525 34.08
032 0.30
8.07 8.41
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
9151 9208
6.41 6.29
244 252
1.56 1.48
4.00 4.00
1.47 1.57
0.00 0.00
0.08 0.04
3.15 298
0.03 0.03
1.28 1.31
0.00 0.00
000 0.00
0.00 0.00
6.01 583
0.71 0.69
0.41 0.42
316 299
1.00 0.94
0.00 0.00
10.00 9.93

0.87
0.00
9.97



Bample:
Lithology:
Analysis No,
Chiorite Type

Si02
Tio2
Al203
Cr203
FeO
MnO
MgOo
CaO
Na20
K20

F
Total

8iv
AllY

T site
Alvi
Ti
Cr3+
Fe2+
Mn2 +
Mg
Ca
Na

K

O site

XFe
Al/(Al+Fa +Mg)
T(0)

XChl
W cat
non-ifl

0.95

Chi 5
]

23.92
0.00
25.51
0.00
30.35
0.20

127

0.00
0.00
0.00
0.00
91.25
6.22
2.48
1.52
4.00
1.50
0.00
0.00
263
0.02
1.74
0.00
0.00

5.97

0.60
0.42
317

097
0.00
0.97

0.59
0.41

318
099

9.69

8ample: VHG070

Lithology: VCR
Chi1 Chi2
[ I
23.81 24.37
0.00 0.00

24.61, 24.86
0.00 0.00
31.30 31.10
0.15 0.17
10.62 10.83
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
90.49 91.43
6.31 8.22
250 2.52
1.50 1.48
4.00 4.00
1.56 1.56
0.00 0.00
0.00 0.00
275 2.69
0.01 0.01
1.66 1.68
0.00 0.00
0.00 0.00
0.00 0.00
5.97 5.6
0.62 0.61
0.41 0.41
310 308
0.98 0.06
0.00 0.00
.97 9.96

0.96
0.00
9.85

2.73

1.87
0.01
0.00
0.00

0.62
0.41
306

0.96
0.01
9.85

Chl 5
1]

24.08
0.00
24.58
0.13
31.18
0.19
11.18
0.00
0.00
0.00
0.00
91.30
6.25
2.50
1.50
4.00
1.51
0.00
0.01
27
0.02
1.73
0.00
0.00

5.99

0.61
0.40
31

0.99
0.00
9.99

1.47

1.85
0.00
0.00
274
0.01
1.64
0.01
0.00
0.00
5.96

0.62
0.41

0.96
0.01
09.85

Sample:

Lithology:

Chi 2
+Py

22.85
0.97
22.68
0.14
35.05
0.25
6.91
0.10
0.00
0.00
0.00
88.95
6.61
2.51
1.49
4.00
1.45
0.08
0.01
3.22
0.02
1.13
0.01
0.00

5.94
0.74

0.40
297

083 . -

0.01
9.92

VHGO71(A)
VCR
Chia
It

23.52
0.00
23.33
0.18
38.37
0.22
6.89
0.00

0.00
0.00
90.49
8.50
2,56
1.45
4.00
1.62
0.00
0.01

0.02
1.1

0.00
0.00
5.96

0.75
0.40
289

0.06
0.00
9.06

Chi 4
I

23.02
0.24
2328
0.31
38.22
0.22
6.82
0.00
0.00
0.00
0.00
90.11
6.54
2.51
1.49
4.00
1.49
0.02
0.03
3.30
0.02
1.11
0.00
0.00

5987
0.75
0.40

0.97
0.00
09.97

Ch! 5
1

2277
0.00
23.12
0.00
35.78
0.18
6.69
0.00
0.00
0.00
0.00
88.52
6.65
2.52
1.48
4.00
1.54
0.00
0.00
3.31
0.02
1.10
0.00
0.00
0.00
5.97

0.75
0.41

0.97
0.00
9.97

Chié
+Py

23.30
0.00
24.16
0.38

0.18
6.59
0.00
0.00
0.00

91.31
6.45
2.60

4.00
1.56
0.00
0.03
3.29
0.02
1.05
0.00
0.00

595
0.76

0.41

0.96
0.00
9.95

ch?7
“+Py

24.03
0.00
23.92
0.23
38.11
0.21
6.79
0.00
0.10
0.09
0.00
91.48
8.41
2.58
1.44
4.00
1.57
0.00
0.02
3.22
0.02
1.08
0.00
0.02
0.01
5.94

0.75
0.41
285

0.91
0.03



il

Sample:
Lithology:
Analysis No.
Chlorite Type

Si02
TiO2
Al203
Cr203
FeO
MnO
MgO
Cao
Na20
K20

F
Total

Silv
AllV
T site
AiVi
Ti
Cr3+
Fe2+
Mn2+
Mg
Ca
Na

K .
O site

XFe
Al/(Al+Fe+Mg)
T(C)

XChl
il cat
non-ifl

VHG082
VCR

Chi1
"

26.43
031
2568
0.00
2317
0.16

Chl 2

091

0.83

993

Chig Chl7
+Au +Au+Cpy
2552 2587
0.00 0.00
2522 2319
0.20 027
2220 2280
0.25 0.30
16.03 1515
0.00 0.1
0.00 0.06
0.00 0.06
0.00 0.00
8851 87.51
6.07 6.24
258 268
1.42 132
4.00 4.00
1.58 1.52
0.00 0.00
0.02 0.02
1.87 1.95
0.02 0.03
241 234
0.00 0.01
0.00 0.01
0.00 0.01
581 ~ 590
0.44 0.45
oM 0.40
an 287
0.92 0.88
0.00 0.03
9.61 987

Chigé

Chig
+Py

2476
0.00
26.14
0.14

Chi 10
+Py

24.36
0.00
26.04

Chi11
i

25.47
0.00
25.81
0.00
24.68
013
13.95
0.14
0.08
0.00
0.00
90.24
6.08
258
1.42
4.00
1.66
0.00
0.00
209
0.01

088
0.03
9.86

Chi12
v

24.30

0.00
2477
0.00
26.10
0.21

991

Chi13

Chi14
v

2403

Chi15
i

Chl 16
+Au

2547
0.00

001

Chi17
+Au

25.49
0.00
25.51
025
23.20
023
1568
0.00
0.00

313
0.93

992

Chi18
+Py

25612
0.00
25.09
0.35
23.66
0.24
15.44
0.00
0.00
0.00
0.00
90.10
6.09
254
1.46
4.00
1.54
0.00
0.03
202
0.02
233
0.00
0.00
0.00
5.94

0.46
0.41
315

0.85
0.00
9.94

Chl19 Chi20
IV +Au+Py
2476 24.37
000 000
2565 2624
000 000
228 026
0.1 0.23
1551 1468
000 0.00
000 0.0
000 000
000 000
8941 8875
6.1 6.16
252 250
1.48 1.50
400 400
1.59 1.67
000 0.00
000 000
198 198
002 002
235 224
000 0.00
000 000
000 000
5984 6592
046 047
042 043
322 325
0985 092
000 0.00
994 992

Chi 21
]

24.92
0.00
2587
0.00
2382
0.28

316

0.91
0.02
9.80

Chi 22
]

23.12
0.00
24.90
Q.00
2465
0.23
13.39
0.11
0.00
0.00
0.00
86.40
8.42
247
183
4.00

0.51
328
0.96

0.01
9.96



Chi 2
fi

24.22
0.00
25.69
000
24 13
028
14.37
0.00
0.00
0.00
0.00
88.69
6.20
2.50
1.50
4.00
1.62
0.00
0.00
208
0.02
221
0.00
0.00
0.00
504

048
0.42
k7<)

094
0.00

Sample VHGOG3(A)
L #hiiogy - VCR
Analysis No Chi 1
Chigrite Type 1]
8i02 24 17
TiOo2 0.00
Al203 2563
Cr203 0.09
FeO 2530
MnO 022
MgO 13.94
CaC 0.00
Na20 000
K20 000
F 0.00
Tota! 89.35
619
Siiv 249
AtV 151
T site 400
AVI 1.60
Ti 0.00
Cr+ 001
Fa2+ 218
Mn2+ 002
Mg 214
Ca 0.00
Na 0.00
X 000
O site 505
XFe 050
Al/(Al+Fe+ Mg) 042
T(C) 323
XChl 0.95
incat 0.00
non-ifl 9.95

9.94

Chi3
I

2497

0.00
26.00

15.17

Chi 4
v

2304

2525
0.00
2453
020
13.82
0.1
0.00
0.00
0.00
87.85
6.28
290
1.50
4.00
1.62
0.00
0.00
2.18
0.02
2.15
0.01
0.00
0.00
5.908

0.50
0.42
o

0.94
0.01
9.93

Chie
v

2401
0.00
26.63
2348
028
1484
0.00
0.00
0.00
0.00
90.11
608
251
1.49
4.00
1.68
0.00
0.00
1.98
0.02
2.0
0.00
0.00
000
5.91

0.47
0.43
322

091
0.00
9.91

Chi7
+Au

2473

0.00
26.50
0.00
24 43

14.16

Chi8
+Au

24.10
0.00
26.48
0.00
2390
0.30
1431
0.00
0.00
0.00
0.00
89.08
6.18
2.47
1.53
4.00
167
0.00
0.00
205
0.03
2.19
0.00
0.00
0.00
583

0.48
0.43
330

0.94
0.00
993

Chi 10
+Au

24.01
0.00
27.12
0.00
2475
0.28
13.90
0.00
0.00
0.00
0.00
90.06
8.11
2.4
1.56
400
1.69
0.00
0.00
211
0.02
21
0.00
0.00
0.00
503

0.50
0.44
334

0.94
0.00
9.93

Chl 11
+Au

2408
0.00
27.69
0.00
26 30
028
12.81
0.00
0.00
0.00
0.00
91.14
6.08
243
1.57
4.00
1.74
000
0.00
222
002
103
0.00
0.00
000
592

0.54
0.44
333

092
0.00
9.92

Chi 12
+Py

2493
0.00
28.04
0.00
2377
0.18
15.44
0.00
0.00
0.00
0.00
90.33
6.08
251
1.49
4.00
1.61
0.00
0.00
2.00
001
2.32
0.00
0.00
000
504

0.46
042
322

0.95
0.00
9.94

Chi13
+Py

25.08
0.00
26.14
0.10
2405
021
1475
0.00

5¢1

0.48
0.42
318

0.92
0.00
9.91

Chi14 Chi 15RCh 16 R Chi 17

W

2498
0.00
2583
0.22
2178
0.29
16.27
0.00
0.00
0.00
0.00
89.35
6.07
2.52
1.48
4.00
1.60
0.00
0.02
1.84
0.02
245
0.00
0.00
000
583

0.43
0.42
323

0.84
0.00
9.93

v

2483
0.00
26.83
0.17
2350
0.27
15.44
0.00
0.00
0.00
0.00
91.14
509
248
1.52
400
164
0.00
0.01
1.86
0.02
2.29
0.00
0.00
0.00
583

0.46
043
330

094
0.00
9.93

1\

25.12
0.00
25.09
0.00
234
0.2
14.71
0.12
008
0.06
0.00
88.80
6.16
258
1.42
4.00
1.61
0.00
0.00
2.01
0.02
2.2%
0.01
0.01
001
502

0.47
0.42
308

0.90
0.00
9.89

Chi 18
+Au+Py +Aut+Py
24.02 2481
0.00 0.00
2598 2578
0.12 0.13
2277 217
0.28 0.28
1831 1585
0.00 0.00
000 0.00
0.00 0.00
000 000
8946 88.80
6.14 6.13
245 2.51
1.55 1.49
400 4.00
1.58 1.61
0.00 0.00
0.01 0.01
203 1.89
0.02 0.02
233 2.41
0.00 0.00
0.00 0.00
000 000
508 364
0.47 0.44
0.42 0.42
335 325
0.98 0.94
000 000
9.98 9.94

Chi 19
"

24.12
0.00
25.40
0.00
2333
0.25
14.06
000
0.00
0.00
0.00
87.16
629
2.52
1.48
4.00
166
0.00
0.00
204
0.02
2.19
0.00
0.00
000
591

0.48
043

318
0.92

0.00
9.91

Chl 20
"

25.17
0.00
26.19
0.00
2434
0.22

310
0.89

0.00
0.88

chi21
+Au

2448
0.00
2595
0.00
2468

Chi 22
It

2572
0.00
2592
0.00
23.23
0.17
14.68

chi 23
v

24.48
0.00
25.86
0.12
2387
027
15.06
0.00
0.00
0.00
0.00
89.36
6.13
250
1.50
4.00
1.61
0.00
0.01
201
0.02
2.28
0.00
0.00
000
564

0.47
0.42
325

0.85
0.00
9.94

Chi 24
v

2372
0.00
2574
0.1
2447
024
14.27
0.00
0.00
0.00
0.00
88.55
6.23
248
1.54
4.00
1.61
0.00
0.01
212
0.02
221
0.00
0.00
0.00
5.90

0.49
0.42
31

0.97
0.00
9.96

Chi 25
+Py

25.11
0.00
26.45
0.09
2402
022
15.00
0.00
0.00
0.00
0.00
90.89
6.02
2.52
1.48
4.00
1.64
0.00
0.01
201
0.02
2.24
0.00
0.00
0.00
5.92

0.47
0.42
321

0.83
0.00
9.82

Chl 26
+Au

23.28
0.00
26.51
0.00
28.35
032
11.60
0.00
0.00
0.00
0.00
90.07
6.24
2.42
1.58
4.00
1.67
0.00
0.00
2,46
0.03
1.80
0.00
0.00
0.00
5.96

0.58
043
331

0.96
0.00
9.96

9.97



Al

Sample:
Lithology:
Anaglysis No,
Chlorite Type

8i02
Tio2
Al203
Cr203
FeO
MnO
MgO
CaO
Na20
K20

F
Total

Silv
AllV

T site
AlVI
Ti
Cr3+
Fe2+
Mn2+
Mg
Ca
Na

K

O site

XFa
Al/(Al+Fo+Mg)
T(0)

XCht
iNcat
non-ifi

1.00
0.00
10.00

0.41
313
0.94

0.00
9.94

Chi3

0.97
0.00
9.96

0.52
0.41
313

0.86
0.00
9.96

Chi 5

24.75
0.00
24,18

25.58
0.208
12.61
0.12
0.00
0.05
0.00
87.62
6.33
2.61
1.39
4.00
1.61
0.00
0.01
225
0.02
1.98
0.01
0.00
0.01
5.89

0.83
0.41

0.88
0.02
9.87

Chie

23.51

24.71

0.82
0.42

0.95

9.94

9.91

Chig
+Au

0.09
0.42
325

0.99
0.00
9.98

1.67

2.65
0.01
1.60
0.00
0.00
0.00
5.93

0.82
0.43
316

0.93
0.00
9.93

Chi 17
L

23.58
0.00
25.56
0.00
28.87
0.16
11.68
0.00
0.00

Chi 18
+Au

2293
0.00
25.39
0.00
31.01
0.12
9.63
0.00
0.00
0.00
0.00
89.58
6.39

097

9.97

Cht 10
+Au

24.32
0.00
25.03
0.00
24,05
0.20
13.82

042
315

0.94

9.93

Chl 11
+Au

24.46
0.00
25.54
0.00
27.04
0.18
12.01
0.00
0.00
0.00
0.00
89.23
6.24
254
1.46
4.00
1.67
0.00
0.00
2.35
0.02
1.86
0.00
0.00
0.00
5.89

0.60
0.43
307

0.90
0.00
9.89

Chi 12
+Au

23.58
0.00
25.68
0.00
30.12
0.18
10.53

1.64

0.00
264
0.02
1.64
0.00
0.00

5.94

0.02
0.43
317

0.95
0.00
9.94

Chi 13
+Au

23.71

0.67
0.43
319

0.94
0.00
9.93

Chi 19
+Au

24,22
0.00
24.82
0.00
25.82
0.24
13.22
0.00
0.00
0.00
0.00
88.02
6.30
254
1.46
4.00
1.61
0.00
0.00
224
0.02
2.08
0.00
0.00
0.00
5.93

0.62
0.42
312
0.93

0.00
9.93



Sample:
Lithology:
Analysis No.
Chiorite Type

Si02
Ti02
Ai203
Cr203
FeO
MnO
MgO
Ca0
Na20
K20

F
Total

Siv
AllV

T site
AVI
Ti
Cr3+
Fe2+
Mn2+
Mg
Ca
Na

K

O site

XFe
Al/(Al+Fe + Mg)
T(°C)

XCh
ifl cat
non-ift

VHG066
VCR

Chl 1
[}

23.88
0.00
21.96
0.00
36.81
0.17
7.88
0.05
0.00
0.00
0.00
90.53
6.52
2.50
1.41
4.00
1.40
0.00
0.00
3.4
0.02
1.24
0.01
0.00

0.00 .

6.00

0.73
0.38
281

1.00
0.01
10.00

Chi 2
+Py

23.05
0.08
21.53
0.00
36.33
0.12
6.75

0.00
0.00
0.00
87.94
6.74
2.58
1.42
4.00
1.43
0.01
0.00
kXN
0.01
1.13
0.01
0.00
0.00
5.99

0.75
0.39
280

0.98
0.01
9.98

Chi 3

+Py

24.01
0.00
22.30
0.00
37.09
0.15
7.38
0.00
0.00

0.00
80.91
6.49
2.59
1.41
4.00
1.43
0.00
0.00
3.35
0.01
1.18
0.00
0.00

5.99

0.74
0.39
279

0.99
0.00
9.99

Chi 4

24.12
0.00
22.49
0.00
36.84
0.16
7.21
0.00
0.00
0.00
0.00

6.49
2.80
1.40
4.00
1.47
0.00
0.00
3.33
0.01
1.18
0.00
0.00
0.00
5.97

0.74
0.39
277

0.97
0.00
9.97

Chis
]

2443
0.00
22.00

36.97
0.00
7.18
0.07
0.00
0.00
0.00

90.65
8.50
264
1.36
4.00
1.45
0.00
0.00
3.34
0.00
1.18
0.01
0.00
0.00
5.96

0.74
0.38
269

0.95
0.01
9.95

1.42

0.00
3.43

1.15
0.00
0.00

6.01

0.75
0.38
284

1.00
0.00
10.00

Sample: VHG085

Lithology VCR
Chi1  cn2
f i
2366 2332
000 000
2173 2209
000 000
3220 3485
0.39 0.17
972 837
000 000
000 000
000 000
000 000
87.79  88.80
659  6.60
260 258
140 144
400 400
1.41 1.42
000 000
000  0.00
296 320
004 002
159 197
000 000
000  0.00
0.00 000
800  6.01
0685 070
038 038
287 290
100 1.00
000 000
1000  10.00

Chi3
I

23.97
0.00
22.60
0.00
32.40
0.55
9.52
0.00
0.00
0.00
0.00
88.44
8.55
2.55
1.45
4.00
1.45
0.00
0.00
295
0.05
1.55
0.00
0.00
0.00
6.00

0.68
0.39
297
1.00

0.00
10.00

Chi 4
L]

22.12
0.00
23.28
0.00
35.53
0.39
6.27
0.18
0.00
0.00
0.00
87.77
6.73
248
1.682
4.00
1.56
0.00

3.33
0.04
1.05
0.02
0.00
0.00
5.99

0.76
0.41

0.97
0.02
9.97

Chi 5
H

23.58
0.00
22.51
0.00
33.75
0.31
8.20
0.00
0.00
0.00
0.00
88.35
6.59
2.59
1.41
4.00
1.50
0.00
0.00
3.10
0.03
1.34
0.00
0.00
0.00
5.96

0.70
0.40
285

0.98
0.00
9.96

Chig
I

26.90
0.00
20.15
0.47
30.29
0.35
10.40
0.00
0.00
0.00
0.00

8.42
2.87
1.13
4.00
1.41
0.00
0.04
2.70
0.03
1.65
0.00
0.00

584

0.62
0.37
231

0.85
0.00
9.84

Chi7
1

24.92
0.00
20.00
0.00
31.62
0.37
10.92
0.00
0.00
0.00
0.00
87.83
6.56
2.72
1.28
4.00
1.29
0.00
0.00
2.89
0.03
1.78
0.00
0.00
0.00
5.99

0.62
0.36
264

0.99
0.00
9.99

Chig
1]

23.37
0.00
22.08
0.14
35.52
0.19
7.76
0.00
0.00
0.00
0.00
89.06
6.60
2.57
1.43
4.00
1.43
0.00
0.01
3.2
0.02
1.27
0.00
0.00
0.00
6.00

0.72
0.39
287

1.00
0.00 .
10.00



8ample:
Lithology:
Analysis No,
Chiorita Type

Si02
Tio2
Al203
Cr203
FeO
MnO
MgO
CaO
Na20
K20

F
Total

Silv
AV

T site
AIV§
Ti
Cra+
Fe2+
Mn2+
Mg
Ca
Na

K

O site

XFe
AV/(A)+Fe +Mg)
T(%

XChi
i/t cat
non-ifl

VHQ087
VCR
Chi 1
"

25.32
0,00
24.99
0.00
26.08
021
12.96
0.00
0.00
0.00
0.00
89.56
6.18
2.60
1.40
4.00
1.63
0.00

224
0.02
1.99
0.00
0.00
0.00
5.88

0.53
0.42
207
0.89

9.88

Chi 2
]

2478
0.00
25.19
0.00
26.67
0.22
12.79
0.00
0.00
0.00
0.00
69.65
6.20
2.56
1.44
4.00
1.62
0.00
0.00

0.02
1.97
0.00

0.00
5.91

0.54
0.42

0.92
0.00
9.91

Chi 3

25.27
0.00
25.19
0.00
26.35
0.25
12.85
0.00.
0.068
0.06
0.00
90.03
8.18
259
1.41
4.00
1.63
0.00
0.00
2.26
0.02
1.96
0.00
0.01
0.01
5.90

0.54
042

0.89
0.02
9.88

Chi 4
It

24.67
0.00
24.98
0.00
26.09
0.19
12.66

0.00
0.00
0.00
88.79
6.25
2.58
1.44
4.00
1.683
0.00

227
0.02
1.99
0.00
0.00

5.90
0.53
0.42

305
0.91

9.90

Chis
"

2428
0.00
24.62
0.00

' 26.44

0.17
12.98
0.00

0.00
0.00
88.49
6.29
254
1.46
4.00
1.58
0.00
0.00
2.32

203
0.00
0.00
0.00
594

0.53
0.41
310

0.94
0.00
9.94

Chis
[}

24.66

24.19
0.00
28.04
0.23
11.23

0.58
0.42

0.88
0.03
9.87

Chi7
"

23.50

23.79
0.00
27.43
0.24
11.58
0.00

0.00
0.00
88.52
6.50
2.54
1.46
4.00
1.58
0.00
0.00
2.48

1.686
0.00
0.00
0.00
5.94

0.57
0.41

0.95
0.00
9.94

Sample:

Lithology:
Chi 1
olowe to
Au
23.78
0.00
24.73
0.10
33.70
0.20
7.76
0.00
0.00
0.00
0.00
90.27
6.41
2.53
1.47
4.00
1.64
0.00
0.01
3.00
0.02
1.23
0.00
0.00
0.00
591

0.71
0.42

295 -

0.91
0.00
9.91

VHG088
VCR

Chi 2
alose to
Au
2377
0.00
24.58
0.14
34.54
0.20
8.20
0.00
0.00
0.00
0.00
91.43
8.35
2.51
149
4.00
1.58
0.00
0.01
3.08
0.02
1.29
0.00
0.00
0.00
5.95

0.70
0.41

0.95
0.00
9.95

Chi3

23.59
0.00
24.54
0.08
34.35
0.18
'8.25
0.00

0.00
0.00
00.99
6.38
2.50
1.50
4.00
1.68
0.00
0.01
3.05

1.31
0.00
0.00
0.00
5.96

0.70
0.41
302

0.96
0.00
9.96

Chi 4

24.20
0.53
23.68
0.12
35.19
0.19
8.28
0.14
0.00
0.00
0.00
92.51
8.30
254
1.46
4.00
1.49
0.04
0.a1
3.09
0.02
1.29
0.02
0.00
0.00
595

0.70
0.40
295

0.94
0.02
9.93

Chl 5

23.45

24.14
0.29
32.85
0.14
8.36
0.00
0.00
0.00
0.00

89.23

6.47
253
1.47
4.00
1.59
0.00

0.02

2.96
0.01
1.34
0.00
0.00
0.00
5.93

0.69

0.42

0.94

9.93

Chi 6
]

23.43
0.00
23.20
0.00
35.13
0.19
8.10
0.00
0.00
0.00
0.00
90.05
6.50
253
1.47

1.49

0.71
0.40
1205

0.99
0.00
9.99

Chi7
+Py

24.19
0.00
24.34
0.00
20.13
0.14
11.48

0.00
0.00
0.00
89.26

2.55
1.45
4.00
1.57
0.00
0.00
2.58
0.01
1.80
0.00
0.00
0.00
5.94

0.59
0.41
304

0.95
0.00
9.94

0.57
0.40

0.95
0.00
9.95

Chi9
+Au

24.07
0.00
24.38
0.00
31.01
0.14
10.92
0.14
0.00
0.00
0.00
90.64
6.30
2.52
1.48
4.00
1.53
0.00
0.00
272
0.01
1.70
0.02
0.00
0.00
5.98

0.61
0.40

0.97
0.02
9.96

Chi 10
Vein

24.14
0.00
24.40
0.00
29.61
0.18
11.78
0.00
0.00
0.00
0.00
90.09
68.28
2.52
1.48
4.00
1.53
0.00
0.00
2.59
0.01
1.84
0.00
0.00
0.00
5.97

0.59
0.40

0.97
0.00
9.97

Chi 11
Vein

2424
0.00
24138
0.00

' 208.88

0.13
12.07
0.00
0.00
0.00
0.00
89.25
8.31
255
1.45
4.00
1.54

0.57
0.40

0.96
0.00
9.96

Cchi 12
+Py

23.95
0.00
23.78
0.00
3197
0.15
10.49
0.00
0.00

0.00
89.54
6.38
2.54
1.46
4.00
1.52
0.00
0.00
277
0.01
1.68
0.00
0.00

5.97

0.63
0.40
301

0.97
0.00
9.97



Sample:
Lithology:
Analysis No.
Chiorite Type

Si02
Tio2
Al203
Cr203
FeO
MnO
MgOo
Cal
Na20
K20

F
Total

Siv
Alfv

T site
Atvi
Ti
Cr3+
Fe2+
Mn2+
Mg
Ca
Na

K

O site

XFe
Al/(Al +Fe +Mg)
T(0)

XChi
it cat
non-i/}

VHG091(B)
VCR
Chig

+Au

2224
0.00

0.64
0.46
318

0.87
0.00
9.86

Chl 7
+Au

23.10
1.15
23.79
0.23
23.33
0.68
12.69
0.14
0.08
0.00
0.00
85.17
6.50
2.50
1.50
4.00
1.53
0.09

2.1
0.08
2.05
0.02
0.02
0.00
5.90

0.51
0.42
321

0.87
0.03
9.86

Chl 9
+Au

20.36
0.00
24.10
0.00
24.04
0.20
12.40
0.00
0.00

0.00
90.10
6.01
293
1.07
4.00
1.77
0.00
0.00
2.01
0.02
1.85
0.00
0.00
0.00
5.85

0.52
0.42
227

0.68
0.00
9.65

Chi10

24.42
0.00
25.04
0.00
25.64
0.26
12.73
0.00
0.00
0.00
0.00
88.08
6.29
2.56
1.44
4.00
1.68

0.00
2.24
0.02
1.99
0.00
0.00
0.00
5.90

0.53
0.42
307
0.91

9.90

Chi 11
+Py

24.32
0.00
25.41
0.13

0.20
13.07
0.00
0.00

0.00
89.13
6.23
2.52
1.48
4.00
1.62
0.00
0.01
225
0.02
2.02

0.00
0.00

0.53
0.42
315

0.93
0.00
9.92

Chi 12
+Au

23.98
0.00
25.32
0.00
27.30
o021
11.33
0.00
0.00
0.00
0.00
88.14

253
1.47
4.00
1.68
0.00

241
0.02
1.78
0.00
0.00
0.00
5.89

0.57
0.43

0.90
0.00
9.69

Chl 13
+Au

23.75
0.00
25.62
0.00
25.68
0.27
12.74
0.00
0.00
0.00
0.00
88.04
6.30
2.49
1.51
4.00
1.66
0.00
0.00
2.25
0.02
1.99
0.00
0.00
0.00
5.93

0.53
0.43
321

0.93
0.00
9.93

Chl 14
(]

25.04
0.00

'25.20

0.00
25.12
0.28
13.53
0.00
0.00
0.00
0.00
89.17
6.18
2.58
1.42
4.00
1.63
0.00
0.00
2.16
0.02
207
0.00
0.00
0.00
5.89

0.51
0.42
304

0.80
0.00
9.89

Chl 15
]

24.26
0.00
25.13
0.00
25.31
0.19
13.35
0.00
0.00
0.00
0.00
68.24
8.27
2.53
1.47
4.00
1.62
0.00
0.00
2.21
0.02
2,08
0.00
0.00
0.00
5.92

0.52
0.42
314

0.93
0.00
9.92

0.51
0.42
316

‘093
0.00
9.93

Cht 17
]

23.62
0.00
2478
0.00
25.01
0.22
12.46
0.00
0.00
0.00
0.00
86.09
6.43
253
1.47

1.68
0.00
0.00
224
0.02
1.99
0.00
0.00
0.00
5.91

0.53
0.43
313

0.91
0.00
2.91

Sample:

Lithology:
Chl1
It

23.03
0.00
24.23
0.1
32,33
0.26
9.18
0.00
0.00
0.00
0.00
89.12
6.47
2,48
1.52
4.00
1.56
0.00
0.01
291
0.02
1.47
0.00
0.00
0.00
588

0.66
0.41

310
0.98

9.98

VHG092
VCR
Chl 3
L}

23.80
0.00
24.17
0.00
31.61
0.26
9.62
0.00
0.00
0.00
0.00
89.46
6.41
254

0.95
0.00
9.94

Chia
H

2219

0.67
0.40

0.86
0.01
0.96

0.97
0.00
9.98

Chi7
H

23.85
0.00
25.68
0.00
29.84
0.30
11.08
0.00
0.00
0.00
0.00
90.75
6.24
2.48
1.52
4.00
1.62
0.00
0.00
259
0.03
1.7
0.00
0.00
0.00
5.95

0.60
0.42
317

0.96
0.00
8.95



Sample:
Lithology:
Anatysis No.
Chiorite Type

Siv
AV

T site
AVI
T
Cr3+
Fe2+
Mn2+
Mg
Ca
Na

K

O site

XFe
Al/(Al+Fe + Mg)
T (O

XChl
i cat
non-ifl

VHQA083(A)
VCR

Chi1
"

227
0.00
0.00
0.00
5.90

0.45
0.43

0.91
0.00
9.90

Chi2

24.70
0.00
27.05
0.58
21.89
0.27
15.88

0.00
0.00
0.00
90.37
6.00
247
1.53
4.00
1.65

0.05
1.83
0.02
2.38
0.00
0.00
0.00
5.92

0.44
0.43

0.92
0.00
9.92

Chi3
+Au

25.09
0.00
26.85
0.57
22.68
0.22
15.35
0.00
0.00
0.00
0.00
90.76
5.99

1.60
4.00
1.66
0.00
0.04
1.89

2.28
0.00
0.00
0.00
5.90

0.45
0.43
325

0.91
0.00
9.90

Cht 4
+Au

24.70
0.00
26.11
0.00
28.00
0.28
13.36

0.00
0.00
0.00
90.45
6.12
2.52
1.48
4.00
1.85
0.00
0.00
221
0.02
2.03
0.00
0.00
0.00
5.92

0.52
0.42
316

0.92
0.00
9.92

Chig
+Au

24.76
0.00
27.03
0.43
273
0.30
15.25
0.00
0.00
0.00
0.00
90.50
6.02
2.48
1.52
4.00
1.67
0.00
0.03
1.90
0.03
228
0.00
0.00
0.00
5.91

0.46
0.43

0.92
0.00
9.91

Chi7

24.96

0.47
0.44
327

0.90
0.00
9.90

Chl 8

2527

27.23
0.23
23.93

14.49
0.00
0.00
0.00
0.00

91.44
5.97
2,51
1.49
4.00
1.70
0.00
0.02
1.99
0.02
2.15
0.00
0.00
0.00
5.88

0.48
0.44

fcval
0.89

0.00
9.88

Chi 9

25.19

27.55
0.22
23.95
0.21
14.28
0.00
0.00
0.00
0.00
91.40
5.97
2.50
1.50
4.00
1.73
0.00
0.02
1.99
0.02
212
0.00
0.00
0.00
5.87

0.48
0.44
322

0.88
0.00
9.87

Chi 10
+Au

24.98
0.00
27.19
0.38
23.08
0.22
15.52
0.00
0.00
0.00
0.00
91.35
5.6
2.48
1.52
4.00
1.66
0.00
0.03
1.92
0.02
230
0.00
0.00
0.00
5.92

0.45
0.43

0.92
0.00
9.92

Chi 11
v

25.12
0.00
26.61
0.28
21.45
0.21
15.82
0.00
0.08
0.00
0.00
89.57
6.03
2.52
1.48
4.00
1.67
0.00
0.02
1.80
0.02
237
0.00
0.02
0.00
5.80

0.43
0.43
323

0.89
0.02
9.88

- chi2

+Au

24.45

27.68
0.22
21.67
0.32
15.96
0.00
0.00
0.00
0.00
80.70
597
243

1.57

4.00
1.70
0.00
0.02
1.82
0.03
2.36
0.00
0.00
0.00
5.93

0.43
0.44
342

0.3
0.00
9.93

Chl 13

2474
0.00
26.67
0.29
23.10
0.24
15.89
0.00
0.00
0.00
0.00
90.93
6.00
2.47
1.53
4.00
1.81
0.00
0.02
1.93
0.02
236
0.00
0.00
0.00
5.95

0.45
0.42

0.95
0.00
9.95

Chl 14
It

24.88
0.00
27.85
0.13
22.64
0.29
15.48
0.00
0.00
0.00
0.00
91.52
5.94
2.46
1.54
4.00
1.70
0.00
0.01
1.90
0.02
2.28
0.00
0.00
0.00
5.91

0.45
0.44
335

0.92
0.00
9.91

Chi 15
in Apatite

24.50
0.00
25.86
0.17
24.16
0.30
14.65

0.00
0.00
0.00
89.63
6.13
2.50
1.50
4.00
1.61

0.01
2.08
0.03
223

0.00
0.00
5.94

0.48
0.42
323
0.94

0.00
9.94

1.81

0.42
0.42

0.95
0.00
9.95

Chi 17
il

25.02
0.00
26.32
0.00
24.41
0.20
14.82
0.00
0.00
0.00
0.00
90.77
6.04
2.62
1.48
4.00
1.83
0.00
0.00
2.05
0.02
222
0.00
0.00
0.00
5.92

0.48
042
320

0.83
0.00
9.92

Chi 18
"

24,91
0.00
25.79
0.09
24.30
0.34
15.26
0.00
0.00
0.00
0.00
90.69
6.06
2.61
1.49
4.00
1.568
0.00
0.01
2.05
0.03
229

- 0.00
0.00
0.00
5.95

0.47
041
322

0.86
0.00
9.95



Sample:
Lithology:
Analysis No.
Chiorits Type

Sio2
TiO2
AI203
Cr203
FeO
MnO
MgO
CaO
Na20
K20
F
Total

:]\Y
AllV

T alte
AV
Ti
Cr3+
Fe2+
Mn2+
Mg
Ca
Na

K

O slte

XFe
Al/(Al+Fo + Mg
T (O

XChi
ift cat
non-ifl

VHE083(8)
VCR

Chi1
]

24.56
0.00
28.47
0.00
2829
0.28
12.40
0.00
0.00
0.00
0.00
88.00
0.24
2.88
1.48
4.00
1.07
0.00
0.00
228
0.02
1.92
0.00
0.00
0.00
5.60

0.54
0.4
307

0.80
0.00
0.88

Chl 2
+Ay

24.00

2812
0.00
21
0.14
14.53

0.47
0.4

37
0.80

0.00
0.80

Chi 3
+Au

2433
0.00
25.30
0.17
21,70
0.18
15.48
0.00
0.00
0.00
0.00
87.23
6.23
2.02
1.48
4.00
1.84
0.00
0.01
1.0
0.02
238
0.00
0.00
0.00
0.02

0.44
0.42

322
0.83

8.82

Chia
+Au

24.02
0.00
2654
o.21
21.80
015
15.65
0.00
0.00
0.00
0.00
88.27
6.14

1.48
4.00
1.83
0.00
0.02
1.80
0.01
238
0.00
0.00
0.00
0.00

0.44
317
0.01

0.00
8.90

Chi s
+Au+Py

24.20
0.00
27.03
0.20
223
0.24
15.06

333
0.91

8.91

n.67
0.42
0.43

318
0.88

9.87

Chi7
+Au

24.24
28.81

0.12
2027

14.25

Chi g
+Au+Py

24,45
0.00
27.03
0.00
210
0.27
18.00
0.00
0.00
0.00
0.00
88.01
8.10
248
1.82
4.00
172
0.00
0.00
1.88
0.02
227
0.00
0.00
0.00
5.00

0.45
0.44
20

0.91
0.00
9.80

Chi g
+Au

2452

27.60

14.00

Chl 10
+Auy

24.92
0.00
28.59
0.17

20.68-

0.28
18.26
0.00
0.00
0.00
0.00
89.11
8.08
M
1.48
4.00
1.67
0.00
0.0t
1.76
0.02
2.44

Chl 11
+Au

24.91
0.00
28.34
0.18
20.81
023
16.23
0.00
0.00
0.00
0.00
88.68
8.08
2582
1.48
4.00
1.88
0.00
0.01
1.78
0.02
2.48
0.00
0.00
0.00
9.90
0.42
0.43
a2
0.91

9.80

Chi 12
+Au

25.14
0.00
26.30
0.17
21.08
0.33
15.15
0.00
0.00
0.00
0.00
88.15
8.12
2.68
1.44
4.00
1.72
0.00
0.01
1.78
0.03
2.30
0.00
0.00
0.00
BA8

044
0.44
ne

0.87
0.00
8.85

ple:

ology:

Cht 1
+Py

2368

24.01
0.17
33.24
0.17
8.91
0.00
0.00
0.00
0.00
90.18
8.41

VHGO085
VCR
Chi 2

Jos
0.87

0.87

0.70
0.42

0.6
0.00
0.96

Chis
n

2R.74

24.39
0.12
32.18
0.18
225
0.00
0.00
0.00
0.00
89.86
6.39
283
147
4.00
1.58
0.00
0.01
2.88
0.02
1.47
0.00
0.00
0.00
5.04

0.88
0.41
30

0.85
0.00
8.04

Chie
"

23.08
0.00
2420
0.08
3478
0.18
7.38
0.00
0.00
0.00
0.00
89.73
6.60
2.50
1.60
4.00
1.00

. 0.00

0.01
3.14
0.02
1.10
0.00
0.00
0.00
5,08

0.73
0.42
301

0.98
0.00
0.65

CM?7

0.87
0.00
08.87

10.00

Chie
n

2387

23.83
0.28
33.28
020
08.07
0.00
0.00
0.00
0.00
90.30
8.41
254
1.48
4.00
1.81
0.00
0.02
297
0.02
1.44
0.00
0.00
0.00
8.00

0.87
0.40

0.96
0.00
0.96

Chi 10
[

2383
0.00
2434
0.30
3200
0.18
2.43
0.00
0.00
0.00
0.00
89.e7
8.28
281
1.48
4.00
1.86
0.00
0.03
283
0.02
1.48
0.00
0.00
0.00
8.68

0.68
0.41
308

o.es
0.00
0.06

Chi 11
i

2438
0.00
23
0.78

- 32.84

0.16
9.17
0.00
0.00

0.00
89.81
6.48
262
1.38
4.00
1.44
0.00
0.08
285
0.01
1.47
0.00
0.00
0.00
8.04

0.67
0.38

0.84
0.00
2.84



Sample:
Lithology:
Analysis No.
Chlorite Type

Sio2
TiO2
Al203
Cr203
FeO
MnO
MgO
Ca0
Na20
K20

F
Total

Silv
Aliv

T site
AV
Ti
Cr3+
Fe2+
Mn2+
Mg
Ca
Na

K

O site

XFe
Al/(Al+Feo +Mg)
T¢0)

XChi
Il cat
non-ift

VHG103
VCR
Chi 1

24.81
0.00
25.08
0.00
24,53
0.24
13.38
0.00
0.00
0.00
0.00
88.92
6.18

1.70

0.51
0.43
310

0.89
0.00
9.88

Cht 2
L}

23.93
0.00
25.73
0.00
24.78
0.17
13.96

0.50
0.42

0.95

9.95

Chl 3

24.08

221
0.02
210
0.00
0.00

5.94
0.81
0.42

0.95
0.00
9.94

217
0.00
0.00
0.00
5.93

0.49
0.43
325

0.93
0.00
9.93

Chi 5

25.02
0.00
28.79
0.00
25.33
0.19
14.17
0.00
0.00
0.00
0.00
81.50
6.01
2.50
1.50
4.00
1.67
0.00
0.00
212
0.02
21
0.00
0.00
0.00
5.92

0.50
0.43

321
0.92

0.92

Chie

23.74
0.00
24.37
0.00
23.16
0.18
13.92

0.00
0.00
0.00
85.37
6.43
2.54
1.46
4,00
1.61
0.00
0.00
2.07
0.02
2.22
0.00
0.00
0.00
5.92

0.48
0.42
316

0.93
0.00
0.92

Ch 7
v

24.55
0.00
25.79
0.00
2494
0.16
13.98
0.00
0.00

0.00
89.42
6.16
252
1.48
4.00
1.63
0.00

2.14
0.01
2.14
0.00
0.00
0.00
5.92

0.50
0.42
318

0.83

© 0.00

9.92

Chi 10
]

2411
0.00
25.35
0.00
24.29
0.29
13.42
0.06
0.00
0.07
0.00
87.59
6.29
2.52
1.48
4.00
1.85
0.00
0.00
2.13
0,03
2.09
0.01
0.00
0.01
5.92

0.50
0.43
316

0.91
0.02
9.90

Chl 11
+Au

25.05
0.00
27.13
0.00
24.02
0.25
14.45
0.07
0.00
0.04
0.00
91.01
6.01
2.51
1.49
4.00
1.70
0.00
0.00
2.01
0.02
2.15
0.01

0.00 -

0.01
5.90

0.48
0.43
322

0.90
0.01
9.89

Chi 12
+Au

22.67
0.00
25.42
0.00
25.22
0.29
13.16
0.00
0.00
0.00
0.00
86.76
6.41
242
1.58
4.00
1.82
0.00
0.00
225
0.03
200
0.00
0.00
0.00
5.98

0.52
0.42
337

0.98
0.00
9.98

Cht 13
+Au

24.50
0.00
25.00
0.00
23.40
0.23
14.32
0.00
0.08
0.00
0.00
87.53

6.28 .

255
1.45
4.00
1.62
0.00
0.00
204
0.02
222
0.00
0.02
0.00
5.92

0.48
0.42
313

0.91
0.02
9.90

Chi 14
I

24.05
0.00
26.39
0.00
24.79
0.24
14.12
0.05
0.00
0.00
0.00
89.64
6.15
2.46
1.54

1.685
0.00
0.00
212
0.02
2.15
0.01
0.00
0.00
5.95

0.50
0.43

0.95
0.01
9.94

Chi 15
+Au

24.90
0.00
26.87
0.00
23.40
0.22
13.92
0.00
0.00
0.00
0.00
89.31
6.10
2.53
1.47
4.00
1.75
0.00
0.00
1.99
0.02
2.1
0.00
0.00
0.00
5.88

0.49
0.44
317

0.87
0.00
9.86

Chi 18
+Au

24.20
0.00
25.80
0.09
23.94
0.25
13.92
0.00
0.00
0.00
0.00
88.20
6.23
2.51
1.49
4.00
1.66
0.00
0.01
207
0.02
215
0.00
0.00
0.00
5.91

0.49
0.43
a

0.92
0.00
9.91

Chi 17

24.59
0.00
26.38
0.00
25.31
0.25
13.77

6.11

0.51
0.43
321

0.92
0.01
9.92



Sample;
Lithology:
Analysis No.
Chlorite Type

Si02
TiO2
Al203
Cr203
FeO
MnO
MgO
Cal
Na20
K20

F
Total

Siv
Al

T site
AIVI
T
Cr3+
Fe2+
Mn2+
Mg
Ca
Na

K

O site

XFe
Al/(Al+Fe+Mg
T ()

XChl
il cat
non-ift

VH@106
VCRA

Chi1
+Sph

9.89

Chis

25.50
0.00
28.57

26.37
0.16
11.65

0.00
0.00
0.00
80.31
6.11
259
1.41

1.78
0.00
0.00
224
0.01
1.77
0.0t
0.00
0.00
5.81

0.56
0.44

0.82
0.01
9.81

0.43
318

0.93

9.92

0.57
0.43

0.89
0.00
0.88

0.90
0.00
0.89

Chi 10
|

23.76
0.00
26.83

26.71
0.17
12.65
0.00
0.00
0.00
0.00
00.12
8.17
244

4.00
1.69

0.00
229
0.01
1.94
0.00
0.00
0.00
5.94

0.54
0.43

0.94
0.00
9.84

0.80
0.00
9.89

Chi 12
. H

24.72
0.00
25.60
0.00
26.33
0.14
12.72
0.00
0.00
0.00
0.00
89.51

Chi 13
+Py

0.57
0.43

0.85
0.01
9.83

Chi 14

0.92

9.91

Sample:

Lithology:

Chi1

0.67
0.42

314
0.88

0.0

VHQ107
VCR
Cht2
It

0.80
0.02
8.78



Bample:
Lithology:
Analysis No.
Chiorite Type

Si02
Tio2
Al203
Cr203
FeO
MnO
MgO
Ca0
Na20

Total

Silv
ANV
T site
AVI

Cr3+
Fe2+
Mn2+
Mg
Ca
Na

K

O site

XFe
Al/(Al+Fe+Mg)
T(0)

XChi
It cat
non-i/t

VHG120
VCR

Chi 2

]

24.94
0.00
24.47
0.17

0.30
9.40
0.10
0.00
0.00
0.00
91.76
8.24
2.59
1.41
4.00
1.59
0.00
0.01
2.81
0.03
1.48
0.01
0.00
0.00
5.91

0.66
0.41

287
0.91

0.01
9.80

Chie

23.72

23.64
0.58
32.13
0.42

0.66
0.41

0.95
0.01
9.94

Chi7

23.00
0.00
2411
0.10
36.42
0.23
7.35
0.00

0.00
0.00
.21
6.45
247
1.53
4.00
1.52
0.00
0.01
3.27
0.02
1.18
0.00
0.00
0.00
6.00

0.74
0.41

1.00
0.00
10.00

Chi 10
"

23.30
0.00
23.59
0.00
35.38
0.22
7.61
0.00
0.00
0.00
0.00
80.10
6.50
2.52
1.48
4.00
1.53
0.00
0.00
3.20
0.02
1.23
0.00
0.00
0.00
5.98

0.72
0.40
297

0.88
0.00
9.98

Chi 11

24.74
0.00
23.19
0.08
32.96
0.29
9.66
0.00
0.00
0.00
0.00
980.92
6.34
281
1.39
4.00
1.49
0.00
0.01
2
0.03
1.52
0.00
0.00
0.00
5.95

0.66
0.39
284

0.95
0.00
9.95

Sample: VHG125

Lithology: VCR
Chit 1 Chi3
11} 1
22.87 2268
0.00 0.00
25.94 26.25
0.00 0.00
31.73 32.80
0.25 0.19
9.28 8.85
0.09 0.00
0.00 0.00
0.00 0.00
0.00 0.00
80.18 80.97
6.38 6.33
242 241
1.58 1.59
4.00 4.00
1.66 1.67
0.00 0.00
0.00 0.00
20 2.869
0.02 0.02
1468 1.39
0.01 0.00
0.00 0.00
0.00 0.00
5.96 5.96
0.66 0.68
0.43 0.43
324 325
0.96 0.96
0.01 0.00
9.95 9.96

Chi 4
+QGn

24.22
0.00
2599
0.00
26.69
0.21
13.33
0.00
0.00
0.00
0.00
90.44
8.15
248
1.52
4.00
1.62
0.00

228
0.02

0.00
0.00
0.00
5.95

0.53
0.42
323

0.96
0.00
9.95

Chis
+Au

24.92
0.00
24.52
0.00
26.07

14.24
0.00
0.00
0.00
0.00

89.97
6.17
2.56
1.44
4.00
1.52
0.00
0.00
224
0.02
2.18

0.00 -

0.00
0.00
5.9

0.51
0.40

0.96
0.00
9.96

232
0.02
2.02
0.00
0.00
0.00
5.95

0.53
0.42
317

0.96
0.00
9.95

Chi7

24.48
0.00
25.92
0.00
27.83
0.27
12.65
0.00
0.00
0.00
0.00
81.13
6.14

1.50
4.00
1.62
0.00
0.00
238
0.02
1.82
0.00
0.00
0.00
5.94

0.55
0.42

317
0.95

0.00
9.94

Chi 8
+Au

24.63
0.00
25.87
0.00
26.94
0.24
14.09
0.00
0.00
0.00
0.00
81.77
6.08
2.49
1.51
4.00
1.58
0.00
0.00
227
0.02
212

0.00
0.00
5.8

0.52
0.41
323

0.8
0.00
0.98

Chi9
+Qn

23.82
0.00
24.37
0.00
26.45
0.18
12.75
0.00
0.00
0.00
0.00
B7.55
6.37
2.53
1.47
4.00
1.57
0.00
0.00
235
0.01
2.02
0.00
0.00
0.00
5.95

0.54
0.41
312
0.95

0.00
8.95

Chi 10
+Au

24.44
0.00
25.80
0.11
26.08
0.20
13.02
0.00
0.00
0.00
0.00
88.73
6.18
2.51
1.49
4.00
1.65
0.00
0.01
224
0.02
1.99
0.00
0.00
0.00
5.91

0.53
0.43
316

0.92
0.00
9.91

Chi 11
]

24.41
0.00
25.12
0.00
26.59
0.22
13.03
0.13
0.00
0.00
0.00
88.50
6.22
253
1.47
4.00
1.60
0.00
0.00
2.30
0.02
2.01
0.01
0.00
0.00
5.94

0.53
0.42
312

064
0.01
9.83

Chi 12
v

24.10
0.00
24.81
0.00
25.69
0.23
13.19
0.00
0.00
0.00
0.00
88.02
8.31
2.53
1.47
4.00
1.60
0.00
0.00
226
0.02
2.068
0.00
0.00
0.00
5.94

0.52
0.42
313

0.94
0.00
9.94

Chi 13

24.42
0.00
25.72
0.00
25.41
0.19
14.76
0.00
0.00
0.00
0.00
90.50
6.11
2.48
1.52
4.00
1.56
0.00

2.16
0.02
224
0.00
0.00
0.00
5.98

0.49
0.41
326

0.98
0.00
.98

Chi 14

24.40
0.00
25.70
0.00
26.95
0.19
13.08
0.00
0.00
0.00
0.00
80.32
6.17
2,50
1.50
4.00
1.61
0.00
0.00
231
0.02
2,00
0.00
0.00
0.00
5.94

0.54
0.42
317

0.95
0.00 -
0.684



Sample:
Lithology:
Analysis No.
Chlorite Type

Sio2
Tio2
Al203
Cr203
FeO
MnO
MgO
Ca0
Na20
K20

O site

XFe
Ai/(At+ Fa+ Mg)
T(C)

XChl
ifl cat
non-ifl

VHG@130
VCR
Chi 2
i

Chiad
"

22.91
0.00
24.10
0.41
37.53
0.00
6.76
0.08
0.00
0.00
0.00
91.77
6.45
248
1.54

1. 51
0.00

3 37
0.00
1.08
0.01
0.00
0.00
6.00

0.76
0.41

0.9
0.01
9.99

3.27

117
0.00
0.00

597

0.74
0.40
297

0.98
0.00
9.97

Sample:
Lithology:
Chi 1
Ii

23.39
0.00
24,62
0.08
32.13
0.29
10.26
0.10

VHG131
VCR

Chi 2

Vein

2285
0.00
23.90
0.00
32.56
0.25
9.29
0.18
0.00

0.66
0.41
312

0.9
0.02
9.99

0.69
0.41
314

0.99
0.01
9.99

Chi 4
+Py

23.47

24.54
0.14
34.06
0.18
8.74
0.07
0.00
0.00
0.00
91.20
8.36
2.49
1.51

1. 55
0.00
0.01
3.02
0.02
1.38
0.01
0.00
0.00
598

0.69
0.41
307

0.97
0.01
9.97

Chl§
L}

23.38
0.00
24.94
0.00
33.77
0.22
8.89
0.00

0.00
0.00
91.18
6.35
2.47
1.53
4.00
1.57
0.00
0.00

- 2.98

0.02
1.40
0.00

0.00
5.98

0.68
041
312

0.98
0.00
9.98

Chi 8
+Au

23.60
0.00
24.85
0.00

33.63.

0.15
8.64
0.00
0.07
0.00
0.00
90.84
6.36
2.50

4.00
1.60
0.00
0.00
298
0.01
1.36
0.00
0.01

5.96

0.69
0.42
" 305

0.95
0.01
9.95

Sample: VHG135
Lithology: VCR
Chit Chi2
i [}
23.69 23.55
0.00 0.00
24.60 2512
0.00 0.00
33.91 34.35
0.21 0.15
8.77 8.81
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
91.18 91.78
8.35 8.32
2.50 2.48
1.50 1.52
4.00 4.00
1.57 1.59
0.00 0.00
0.00 0.00
3.00 3.02
0.02 0.01
1.38 1.35
0.00 0.00
0.00 0.00
0.00 0.00
5.96 5.97
0.68 0.69
0.41 0.42
304 309
0.97 0.97
0.00 0.00
9.96 9.97

0.02

0.67
0.42
315

Chl 4
]

23.50
0.00
24.54
0.00
33.70
0.16
8.65
0.00
0.00
0.00
0.00
80.55
6.39
2.50
1.50

1.58
0.00
0.00
3.00
0.01
1.37
0.00
0.00
0.00
5.0

0.69
0.41

0.96
0.00
9.96

1.41
0.00
- 0.00

5.99
0.68

0.41
307

1.18
0.00
0.00

5.98

0.73
0.42
315

0.99
0.00
9.98

Chl7

23.94

25.07

[oame:

Cht2

23.37

0.71
0.40

0.99
0.01
9.99

VHQ136
VCR

Chi 3

|

24,00
0.00
23.97
0.00
34.97
0.16
8.68
0.08
0.00
0.00
0.00
91.86
6.34
2.53
1.47
4.00
1.51
0.00
0.00
3.08
0.01
1.36
0.01
0.00
0.00
5.98

0.69
0.40
297

0.98
0.01
9.97

Chia

23.23

23.84
0.00
34.57
0.18
8.52
0.13

Chi 6
1

23.11
0.00
23.82
0.00
35.09
0.00
797
0.09
0.00
0.00
0.00
89.78
6.52
2.5
1.49
4.00
1.61
0.00
0.00
3.18
0.00
129
0.01

0.71
0.40
301

0.99
0.01
9.68

Chi 10

0.71
0.41
307

0.99
0.00
9.99



Sample:
Lithology:
Analysis No.
Chlorite Type

Si02
Tio2
Al203
Cr203
FeO
MnO
MgO
Ca0
Na20
K20

F
Total

Siv
AilV

T site
AvI
T
Crd+
Fa2+
Mn2+
Mg
Ca
Na

K

O site

XFe
Al/(A1+ Fe+Mg)
T¢C)

XChi
il cat
non-ift

VHG147(A)
VCR (10cm below top contact)

Ch1 Cht2 Ch3
] " ]
2345 2353 2381
0.00 0.00 0.00
2451 2471 2437
0.00 0.00 0.00
31.78 3321 .M
0.18 0.17 0.22
9.88 8.87 1051
0.00 0.00 0.13
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
8078 9049 9075
6.39 6.38 6.32
2.49 2,50 250
1.81 1.50 1.80
4.00 4.00 4.00
1.57 1.59 1.52
0.00 0.00 0.00
0,00 0.00 0.00
2.63 208 279
0.02 0.02 0.02
1.56 1.40 1.65
0.00 0.00 0.01
0.00 0.00 0.00
0.00 0.00 0.00
5.97 5.96 5.99
0.64 0.68 0.63
0.41 0.42 0.41
310 306 309
0.97 0.96 0.98
0.00 0.00 0.01
0.97 9.96 9.98

Chl 4
]

23.46
0.00
24.24
0.1
32.57
0.19
8.13
0.00
0.00
0.00
0.00
69.70
6.43
2.51
1.49
4.00
1.56
0.00
0.01
2.3
0.02
1.46
0.00
0.00
0.00
5.96

0.67
0.41
304

0.96
0.00
9.96

Chl 5
i

23.48
0.00
23.91
0.00
32.42
0.22
8.39
0.05
0.00
0.00
0.00
89.47
8.44
2.52
1.48
4.00
1.54
0.00
0.00
2.01
0.02
1.50
0.01
0.00
0.00
597

0.66
0.41

0.97
0.01
9.97

Chi 8
]

23.84
0.00
23.59
o1
31.85
0.20
9.99
0.00
0.00
0.00
0.00
80.58
6.41
254
1.48
4.00
1.51
0.00
0.01
284
0.02
1.59
0.00
0.00
0.00
5.97

0.64
0.40

0.97
0.00
9.97

Cht 7

23.25
0.00
23.16
0.44
30.69
0.20
10.57
0.00
0.00
0.00
0.00
88.31
6.49
2.51
1.49
4.00
1.46
0.00
0.04
277
0.02
1.70
0.00
0.00
0.00
5.99

0.62
0.40

0.99
0.00
9.99

Chi 8
]

24.02
0.00
2284
1.07
30.75
0.18
11.27
0.00
0.00
0.00
0.00
90.11
6.36
2.54
1.468
4.00
1.39
0.00
0.0
272
0.01
1.78
0.00
0.00
0.00
5.99

0.60
0.39

0.99
0.00
9.99

chl 9

24.23
0.00
24.47
0.31
30.97
0.19
11.24
0.00
0.00
0.00
0.00
91.41
6.24
.2.51
1.49
4.00
1.51
0.00
0.03
289
0.02
1.74
0.00
0.00
0.00
5.8

0.61
0.40

0.98
0.00
9.98

Chi 4
Ll

23.29
0.00
25.15
0.70
33.62
0.18
7.65
0.00
0.00
0.00
0.00
80.57
6.40
248
1.62
4.00
1.63
0.00
0.06
2.99
0.01
1.21
0.00
0.00
0.00
5.91

0.71
0.43
306

0.92
0.00

Sample:  VHA148(B)
Lithology: VCR (1m below top contact)

Chi 1 Chi 2 Chl 3
] [} [}
23.23 22.83 23.13
0.00 0.00 0.00
24.79 24.46 24.65
0.16 0.54 0.42
33.73 32.46 32.48
0.14 0.17 0.16
7.33 8.98 0.35
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
80.38 89.44 80.17
6.48 6.48 6.39
2.51 2.45 2.46
1.49 1.58 1.54
4.00 4.00 4.00
1.66 1.55 1.55
0.00 0.00 0.00
0.01 0.08 0.04
3.04 2.92 2.89
0.01 0.02 0.01
1.18 1.44 1.48
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
5.91 5.97 597
0.72 0.87 0.66
0.43 0.42 0.41
300 315 315
0.92 0.88 0.98
0.00 0.00 0.00
9.91 9.97 9.97

9.91

Cht 5

23.38
0.00
24,85
0.50
33.53
0.19
7.04
0.00
0.00
0.00
0.00
90.39
8.41
2.49
1.51
4.00
1.62
0.00
0.04
2.99
0.02
1.26
0.00
0.00
0.00
593

0.70
0.42

0.93
0.00
9.93

Chi 6
]

23.31
0.00
25.16
0.32
32.73
0.17
8.97
0.00
0.00
0.00
0.00
90.66
6.38
2.47
1.53
4.00
1.60
0.00
0.03
289
0.02
1.41
0.00
0.00
0.00
595

0.67
0.42

313
0.96

9.95

Chi7
+Po

233
0.00
24.75
0.24
33.36
0.19
7.54
0.00
0.00
0.00
0.00
88.41
8.57
244
1.56
4.00
1.63
0.00
0.02
.08
0.02
1.23
0.00
0.00
0.00
5.95

0.71
0.43
314

0.96
0.00
9.95

Chi 8
[

23.25
0.00
24.42
0.28
32.88
0.17
8.53
0.00
0.00
0.00
0.00
89.51
6.45
2.50
1.50
4.00
1.59
0.00
0.02
295
0.02
1.37
0.00
0.00
0.00
5.95

0.68
0.42

0.95
0.00
9.95

Chig
L]

22.98

25.66
0.30
34.57
0.00
6.97
0.00
0.00
0.00
0.00
90.38
6.43
248
1.64
4.00
1.68
0.00
0.03
3.00
0.00
1.11
0.00
0.00
0.00
5.92

0.74
0.43
308

0.92
0.00
9.92



Sampte: VHA152(A)
Lithology: VCR (10cm below top contact)
Analysis No. CM 1 Chiz Chl 3
Chiorite Type +Co Vn 4 [
8i02 23.25 24.52 23.94
Tio2 0.00 0.00 0.00
Al203 24.26 21.96 22.59
Cr203 0.07 0.00 0.00
FeO 34.19 34.21 33.53
MnO 0.20 0.16 0.26
MgO 8.00 9.50 9.07
Ca0 0.00 0.00 0.00
No20 0.00 0.00 0.00
K20 0.00 0.00 0.00
F 0.00 0.00 0.00
Total 89.97 90.35 89.39
6.48 6.43 6.49
Silv 2.50 2.62 259
AllV 1.50 1.38 1.41
7 site 4.00 4.00 4.00
AVI 1.58 1.40 1.46
T 0.00 0.00 0.00
Cr3+ 0.01 0.00 0.00
Fa2+ 3.08 3.08 3.03
Mn2+ 0.02 0.01 0.02
Mg 1.28 1.62 1.48
Ca 0.00 0.00 0.00
Na 0.00 0.00 0.00
K 0.00 0.00 0.00
O site 5.96 5980 5.98
XFe 0.71 0.67 0.67
AV(AI+Fo+Mg)  0.41 0.38 0.39
302 279 287
XChl 0.98 0.89 0.98
i cat 0.00 0.00 0.00
- non-i/l 9.96 9.9 9.98

Chi 4
1]

23.61
0.00
23.33
0.08
33.41
0.17
8.81
0.00
0.00
0.00
0.00
89.61
6.46
2.56
1.44
4.00
1.52
0.00
0.01
3.00
0.02
1.41
0.00
0.00
0.00
5.96

0.68
0.40

0.06
0.00
9.96

Chi 5
"

23.86
0.00
274
0.00
33.45
0.21
8.97
0.00
0.00
0.00
0.00
89.23
6.50
2.58
1.42
4.00
1.48
0.00
0.00
3.03
0.02
1.45
0.00
0.00
0.00
5.97

0.68
0.39
288

0.97
0.00
9.97

Chig
Vn a4

23.96
0.00
23.63
0.00
33.48
0.21
8.73
0.00
0.00
0.00
0.00
89.98
6.43
2.56
1.44
4.00
1.54
0.00
0.00
299

1.39
0.00
0.00
0.00
5.95

0.68
0.40
201

0.95
0.00
9.95

Chi 7
1

24.63
0.07
21.20
0.48
32.68
o021
10.30
0.10
0.00

0.00
89.57
6.46
2.65
1.35
4.00
1.33
0.01
0.04
293
0.02
1.65
0.01
0.00
0.00
5.99

0.64
0.37
277

0.98
0.01
9.98

Chi 8
VN1

24.20
0.00
23.01
0.00
33.06
0.19
9.18
0.00
0.00
0.00
0.00
89.62
6.44
2.60
1.40
4.00
1.50
0.00
0.00
2.96
0.02
1.46
0.00
0.00
0.00
5.95

0.67
0.40
286

0.95

0.00

9.95

Chi9
VN1

24.40
0.00
21.90
0.00
32.47
0.18
10.44
0.00
0.00
0.00
0.00
89.36
6.45
2.82
1.38
4.00
1.39
0.00
0.00
2.92
0.01
1.67
0.00
0.00

5.99

0.64
0.38
283

0.99
0.00
9.99

Chl 10
]

24.24
0.00
22.26
0.00
33.43
0.18
9.58
0.00
0.00
0.00
0.00
89.69
6.48
2.81
1.39
4.00
1.43
0.00
0.00
3.01
0.02
1.63
0.00
0.00
0.00
5.98

0.66
0.38
284

0.98
0.00
9.98

Chi 12
vn1

25.08
0.00
22.08
0.00
31.48
0.14
11.28
0.00
0.00
0.00
0.00
90.04
6.35
2.685
1.35
4.00
1.40
0.00
0.00
278
0.01
1.78
0.00
0.00
0.00
5.97

0.61
0.38
279

0.88
0.00
9.97

Chi 13
Vn 1

24.89
0.00
21.18
0.00
3222
0.20
10.63
0.00
0.00
0.00
0.00
89.10
6.46
268
1.32
4.00
1.36
0.00
0.00
2.90
0.02
1.70
0.00
0.00
0.00
5.98

0.63
0.37
272

0.98

0.00 -

9.98

Chi 14
I

24.28
0.00
23.47
0.00
32.24
0.00
9.87
0.00
0.00
0.00
0.00
89.86
6.39
2.58
1.42
4.00
1.52
0.00
0.00
2.87
0.00
1.56
0.00
0.00
0.00
5.95

0.65
0.40
201

0.95
0.00
9.95

Chl 15
Vn2

25.05
0.00
21.93
0.00
32.32
0.00
10.64
0.00
0.00
0.00
0.00
89.94
6.38
2.66
1.34
4.00
1.41
0.00
0.00
287
0.00
1.68
0.00
0.00
0.00
5.97

0.63
0.38
275

0.97
0.00
9.97

Chi 16
+Au

5.97

0.66
0.39
290

0.97
0.00
9.97

Chi 17
+Au

2.67

0.02
1.684
0.00
0.00
0.00
5.99

0.65
0.37
272
0.89

0.00
9.99

Chi 18
vn3

24.04
0.00
22.10
0.00
32.93
0.19
9.75
0.00
0.00
0.00
0.00
89.01
6.50
2.60
1.40
4.00
1.42
0.00

2,98
0.02
1.57
0.00
0.00
0.00
5.99

0.85
0.38
286

0.99
0.00
9.99



Sample:
Lithology:
Analysis No.
Chiorite Type

8102
T2
Al203
Cr203
FeO
MnO
MgOo
Ca0
Na20
K20

F
Total

8iv

T aite

XFe
Al/(AL+Fo s Mg)
1%

XChi
il cat
non-ifl

VHG150(8)

VCR {30cm up from bottom contact)
-Chl 1 Chl 2 Chl 3 Chi4
f [ t +Pyvn
22,00 23.67 23.07 2382
0.00 0.00 0.00 0.00
28186 2473 24.04 2554
0.18 0.15 0.27 0.13
32.21 3373 3248 33.98
0.17 0.13 0.46 0.18
7.41 7.28 8.45 7.08
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
89.03 89.89 88.47 90.43
6.50 6.43 8.83 6.40
248 256 2.5¢ 2.50
1.52 1.48 1.40 1.50
4.00 4.00 4.00 4.00
1.69 1.88 1.59 1.7
0.00 0.00 0.00 0.00
0.0t 0.01 0.02 0.01
3.00 3,02 2.5 3.03
0.02 0.01 0.0% 0.02
1.19 118 1.87 1.12
0.00 0,00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
5.0 .88 5.64 5.89
0.72 072 0.68 073
0.43 0.43 0.42 0.44
307 280 303 269
0.82 0.89 0.83 0.90
0.00 0.00 0,00 0.00
0.91 9.8 9.94 9.89

Chis

391

0.70

289

0.82

0.00
9.91

Chig
+Py

223
0.00
24.28
0.33
33.24
0.00
8.8
0.00
0.00
0.00
0.00
80.41
e.47
2.%0
1.50
4.00
1.58
0.00
0.03
2.99
0.00
1.34
0.00
0.00
0.00
5.94

0.89
0.42
303

0.95
0.00
9.04

Chi ¢

0.77
041
208

0.08
0.00
9.08

kampte: VHG 153(A)
ogy:  VCR with siderite

Cht 2
n

274
0.00
23.8%
0.00
39.15
0.00
5.87
0,00
0.00
0.00
0.00
1.3
8,54
2.47
1.53
4.00
1.53
0.00
0.00
.58
0.00
0.90
0.00
0.00
0.00
6.00

0 80
0.4t
209

1.00
0.00
10.00

Chi 3
]

23.28
0.00
23.84
0.00
37.48
0.00
8.23
0.00
0.00
0.00
0.00
90.91
6.50
292
1.48
4.00
1.38
0.00
0.00
3.39
0.00
1.02
0.00
0.00
0.00
8.98

0.77
041

0.97
0.00
9.688

Chig

23.38
0.00
24.19
0.00
3r7.72
0.18
0.28
0.00
0.00
0.00
0.00
81.75
8.44
251
1.40
4.00
1.56
0.00
0.00
3.38
0.02
1.00
0.00
0.00
0.00
3.97

0.77
Q.41

0.97
0.00
0.87

Chis

2N

24.07
0.00
38.62
0.00
b6

0.00
0.00
0.00
91.05
854
4y
1.83
4.00
1.56
0.00

3.51
0.00
0.62
0.00
0.00
0.00

0.79
0.41
301

0.89
0.00
9.89

Cchig

2289
0.00
24.04
0.00
38.27
.12
8.78
0.00
0.00
0.00
0.00
2111
8.52

1.52
4.00
1.66
0.00
0.00
3.47
0.01
0.84
0.00
0.00
0.00
5.08

0.79
0.41

0.88
0.00
9.08

Chi7

22
0.00
2362
1.51
38.57
0.00
8,24
0.00
0.00
0.00
0.00
21.14
8.57
243
1.87
4,00
1.47
0.00
0.13
3,53
0.00
0.68
0.00
0.00
0.00
508

0.80
0.41

0.99
0.00
9.88

VYHG158

Chi 1 chl 2
0 1]
2418 24.01
0.00 0.00
2030 2840
0.00 0.00
2758 27.74
0.18 0.25
10 47 11.02
0.06 0.00
0.00 0.00
0.00 0.00
0.00 0.00
88.67  @9.48
8.29 8.25
25 2.50
1.47 1.50
4.00 4.00
1.77 1.74
0.00 0.00
0.01 0.00
2.41 2.49
002 0.02
1.63 k2
0.01 0.00
0.00 0.00
0.00 0.00
LY 8.88
0.60 0.58
0.43 0.44
308 314
0.85 0.89
0.0t 0.00
9.64 .88

Chi 3
"

. 2405

0.00
28.20

27.38
.21
11.08
0.00
0.00
0.00
0.00
87.98
a.38
254
1.46
4.00
1.70
0.00
0.00
242
0.02
1.74
0.00
0.00
0.00

0.58
0.43

0.88
0.00
9.88

%qmplo:
Ithology:  VCR (10cm up from bottem cortact)

Chl 4
+Pyvn

24,26
0.00
2807
0.00
27.68
0.1
10.08
0.00
0.00
0.00
0.00

- 89.73

8.22
2.51
1.48
4.00

1.7

0.00
0.00
239
0.01
1.68
0.00
0.00
0.00
5.60

0.58
044
k1¥

0.87
0.00

Chis
+Py

24.88
0.00
28.16
0.00
721
0.24
10,84

0.83
0.00
9.61

Chig cn7
+Py in brece.z.
24.40 24.51
0.00 0.00
25.68 28.89
0.00 0.08
27.08 27.37
018 0.20
11.12 11.28
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
88.61 89.11
8.28 a.28
2.55 258
1.45 1.48
4.00 4.00
1.74 1.7
0.00 0.00
0.00 0.01
2237 2.38
0.02 0.02
1.73 1.73
0.00 0.00
0.00 0.00
0.00 0.00
585 8.7
0.58 0.58
0.44 0.43
303 309
0.87 0.88
0.00 0.00
9.85 9.67

Chig
+Py

24.07
0.00
78.68
0.07
27.69
o
10.78
0.00
0.00
0.00

89.58
8.33
283
1.47
4.00
\al
0.00
0.01
248
0.02
1.80
0.00
0.00
0.00
508

" 0.50

0.e0
0.00
9.88

5.81

0.57

0.43

0.83

9.81

0.57

0.6

9.84



Sample: VHG1588(8) . Isampte:  VHG162

Lithology: VCR with siderite Lithology: VCR
Analysis No. Chit Chi2 Chi3 Chi4a Chb Che chi 7 Chl o chig  Chi10 CM1 ChW2 Chi3 Chia ChiB Chie Chi7{tar Chi8 Chis Chi10 Chi11 Chi12 Chl13 Chi14
Chiorite Typs (] 1] ] ] i It 1 1 +Py  +PyVn ] ] " 1 n (] 1 vn1 Va1 vn1 ] vn2 vn2 H
8102 2248 225 240 287 288 2274 23.07 2240 2483 2826 2317 2332 2242 2313 2314 2307 2285 2364 221 20603 2275 2317 2268 23.61
Tio2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
N203 2364 2383 2260 2310 2384 2028 23.08 23.80 28.48 25.48 2411 2480 2453 2454 2413 2401 2457 2804 2480 2385 2358 2400 2445 2381
Cr203 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
FeO 3819 3868 3858 3837 3802 37.90 38.01 .02 26.30 27.18 3677 3588 3345 3565 3574 3502 3839 3538 3B44 3522 3619 3662 2 IST2 3805
MnO . 0.00 0.18 0.00 0.00 0.00 0.13 0.00 0.00 0.13 0.17 0.14 0.23 0.13 0.20 0.14 0.13 0.12 0.21 0.19 0.18 0.18 0.00 0.13 0.00
MgO 5690 a.01 5.53 5.81 8.00 5.69 8.2 6.11 1" 11,52 7.43 7.0 7.40 7.41 7.21 7.22 7.02 7.47 7.28 7.87 7.07 7.33 7.41 7.85
Ca0 0.07 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.00 0.00 0.00 0.00 0.00 0.00
Na20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
K20 0.00 0.00 0.00 0.00 0.00 0.00 0,00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
F 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Totat 8007 6954 8911 6015 6051  89.92 81.15 .20  88.85 80.59 9162 9132 9005 6083 90038 9037 9005 9180 9102 9102 8872 9132 9137 91.02
6.61 6.61 8.71 8.61 6,56 8.61 6.50 6.62 8.22 8.20 8.43 8.41 6.42 8.44 8.49 6.49 8.50 8.35 8.42 6.40 8.81 8.41 6.39 6.44
= 247 248 2.50 2.51 2.47 2.50 2.50 2.48 257 2.81 2.48 2.48 2.50 248 2.80 2.48 2.48 2.50 2.48 2.5 2.50 247 | 232 283
AV 153 1.52 1.50 1.48 153 1.50 1.50 1.52 143 1.39 152 1.51 1.50 182 1.50 1.51 1.82 1.50 152 1.45 1.50 153 1.48 147
T site 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4,00 4.00 4.00 4.00 4.00
AVt 1.54 157 1.48 1.51 1.84 1.52 1.56 1.57 1.81 174 1.52 162 1.58 1.58 1.87 1.55 1.61 1.62 1.81 158 1.58 1.60 1.58 1.53
n 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cra+ 0.00 0.00 0.00 0.00 0.00 0,00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe2+ 351 3.40 3.80 353 a.47 348 3.44 3.90 2.28 235 328 3.20 a7 318 3 2.28 3.20 313 317 314 324 3.20 3.18 3.23
Mn2+ 0.00 0.01 0.00 0.00 0.00 0.01 0.00 0.00 0.01 0.01 0.01 0.02 0.01 002 00t 0.01 0.01 0.02 0.02 0.01 0.01 0.00 0.01 0.00
Mg 0.83 0.60 0.82 0.68 0.8 0.87 069 1.00 1.72 177 1.18 11 1.18 1.18 1.18 1.18 113 1.18 118 125 1.18 1.18 117 121
Ca 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 0.01 0.00 0.00 0.00 0.00 0.00 0.00
Na 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
K 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Osite 8.00 5.97 8.01 5.09 5.09 5.9 5.08 6.88 5.81 5.84 8.00 5.05 %.85 8.97 5.7 5.90 5.66 5.4 5.88 585 3.97 5.87 5.8% 5.97
XFe . 0.78 0.78 0.80 0.78 0.78 0.78 0.78 0.77 0.57 0.57 0.74 0.74 073 073 0.74 0.74 0.74 0.73 0.73 0.72 0.74 0.73 073 0.73
NJAL+Fo+Mg 0.41 0.41 0.40 0.40 0.41 0.40 0.44 0.41 0.45 0.43 0.40 0.42 0.42 0.41 0.41 0.41 0.42 0.42 0.42 0.41 0.41 0.42 0.41 0.40
T 300 300 269 202 301 08 07 201 300 202 04 302 300 308 300 301 303 301 308 01 200 308 00 204
XChi 089 0.68 1.00 0.89 0.99 0.99 0.68 0.88 0.83 0.88 1.00 0.85 0.86 0.97 067 0.08 086 0.94 0.88 085 0.07 0.87 0.68 0.87
1N cat 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 ©0.00 0.00 0.00 0.00 0.00 0.00
non-if 0.09 8.87 1000 8.0 9.9 8.9 .68 9.8 9.81 8.84 10.00 9.8 8.9 8.7 8.97 9.98 8.6 8.84 8.6 8.8 8.67 8.87 9.85 9.87



Sample:
Lithotogy:
Analysis No.
Chiorite Type

Si02
Ti02
Ai203
Cr203
FeD
MnO
MgO
Ca0
Na20
K20

F
Total

Siv
AV

T site
AIVI
T
Cra3+
Fe2+
Mn2+
Mg
Ca
Na

K

O site

XFe
Al/{Al+Fe+Mg)
T(T)

XChl
ifl cat
non-ifl

VHG164
VCR

ch 1
]

Chi 2
+Au

22.89
0.00
22.12
0.16
38.89

4.85
0.00
0.00

0.00
88,91
6.74
2.57
143
4.00
1.49
0.00
0.01
3.65
0.00
0.81
0.00
0.00

5.96
0.82
0.40

278

0.97
0.00

Chi 3
"

23.38
0.00
21.54
0.14
39.25

0.97

9.97

Chi 4
i

22.87
0.00
23.91

38.95
0.15
6.00
0.00
0.00

0.00
89.88
8.57
2.50
1.50
4.00
1.58
0.00
0.00
3.38
0.01
0.98

0.00 .

0.00
0.00
5.96
0.78
0.41
0.96

9.96

0.78
0.41

0.06
0.00
9.96

Chi 8
1l

22.79
0.00
2.7
0.15
38.40

5.90
0.00
0.00
0.00
0.00
88.95
8.63
2.51
1.49
4.00
1.60
0.00
0.01
3.38
0.00
0.97
0.00

0.00
5.94

0.78
0.42

0.94
0.00
9.94

Chi7
+Po

2242

24.25
0.09
37.19
0.00
5.86

0.00
0.00

89.81
6.59
246
1.54

1.59
0.00
0.01
3.41
0.00
0.96
0.00
0.00
0.00
5.97

0.78
0.42

0.97
0.00
9.97

Chl 8
L]

22.83
0.00
23.73
0.00
37.14
0.13
6.07
0.00
0.00
0.00
0.00
89.90
6.58
2.50
1.50
4.00
1.56
0.00
0.00
3.40
0.01
0.99
0.00
0.00

5.97
0.77

0.4t

0.97
0.00
9.97

Chi9

22,98
0.00
23.78
0.00
38.03
0.00
5.82
0.00
0.00
0.00
0.00
80.61
6.55
2.50
1.50
4.00
1.56
0.00

3.47
0.00
0.95

0.00
0.00
5.97

0.79
0.41

097
0.00
9.97

8ample: VHG170
Lithology: VCR
Chi 1 Chi 2
1 ]
24.12 23.97
0.00 0.00
26.09 25.57
000  0.00
2926 30.20
0.19 0.00
11.02 9.85
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
90.68 89.59
6.21 6.32
249 2.52
1.51 1.48
4.00 4.00
1.67 1.89
0.00 0.00
0.00 0.00
253 2.68
0.02 0.00
1.70 1.54
0.00 0.00
0.00 0.00
0.00 0.00
5.92 5.89
0.60 0.63
0.43 0.43
314 305
0.92 0.90
000  0.00
9.92 9.89

Chi3
1]

22.90
0.00
25.48
0.00
30.41
0.13
9.59
0.00
0.00
0.00
0.00
88.51

245

0.94
0.00
9.94

Chi 4
+Py

23.96
0.00
25.99
0.00
29.05

1 10.79

0.00
0.00
0.00
0.00
89.79
8.27
2.50
1.50

1.69
0.00
0.00
253
0.00
1.68
0.00
0.00
0.00
5.80

0.60
0.43

312
0.91

0.00
9.80

Chl'5

23.46
0.00
26.07
0.00
30.26
0.00
9.99
0.00
0.00
0.00

89.78

6.31
2.47
1.53

1.70
0.00
0.00
2.66
0.00
1.56
0.00
0.00

5.92

0.63
0.43
317

0.93
0.00
9.92

Sample:

Lithology:

Chi 1
I

23.61
0.00
25.60
0.08
28.96
0.16
10.88
0.00
0.00
0.00
0.00
89.29
8.32
2.48
1.52
4.00
1.66
0.00
0.01
2.55
0.01
1.70

0.93

9.93

VHQ173(B)
VCR

Chi 2
+On+8p

23.49
0.00
24.50
0.00
33.13
0.17
1.77
0.00
0.00
0.00
0.00
89.08

Cht3
+Qn

23.35

24.90
0.00
20.00
0.26
10.78

0.00
0.00
0.00
88.20
6.41
2.49
1.51
4.00
1.82

0.95
0.00
9.94

Chl 4
[t}

22,60
0.00
26.13

32.47
0.17
6.98
0.00
0.00

0.00
88.35
6.52
245
1.55
4.00
1.79
0.00
0.00
2.94
0.02
1.13
0.00
0.00

5.88

0.72
045
311

0.89
0.00
9.68



Sample:
Lithology:
Analysis No.
Chiorite Type

Si02
TiOo2
Al203
Cr203
FeO
MnO
MgO
Cal
Na20
K20
F
Total

Silv
AllV
T site
AlVI
Ti
Cra+
Fe2+
Mn2+
Mg
Ca
Na

K

O site -

XFe
All(Al+Fe+Mg)
T(%)

XCh!
it cat
non-i/l

VHGO017
FW: Contact Z.

Chi1 Chi2

i I
2472 2422
158  0.00
2563 28.50
008 0.00
2814 2825
021 0.6
1058  11.10
000 0.00
000 000
000 000
000 000
90.84 90.32
816 6.20
253 250
147 150
400 400
162 173
012 000
001 000
241 244
002 001
162 1.7
000 000
000 000
000 0.00
580 589
080 059
043 044
305 314
081 080
000 0.00
980 9.89

Chi 3

23.35
0.00

2401

0.00
28.97

10 25
0.12
0.00
0.08
0.00

87.68
6.44
250

4.00
1.65
0.00
0.00
260
0.02
1.64
0.01

0.01
5.93

0.61
043
310

081
0.02
9.91

Ch 8
"

2384
0.00
25.01
0.00
20.47
0.19
10.65
0.08
0.00
0.00
0.00
89.04
6.36
250
1.50

1.62
0.00
0.00
261
002

0 01
0.00

594

0.61
0.42
mn

0.94
0.01
9.93

Chi 8
]

2321
0.00
24.82
0.00
2957
0.16
10.13
0.07
0.00
0.00
0.00
87.96

2 49
1.61
4.00
164
0.00
0.00
266
0.01
1.682
0.04
0.00
0.00
5.94

0.62
0.42
312

0.94
0.01
9.93

Chi9
"

2462
25.96

0.00
29.41

10 25

0.87

Chi10
I

24.31

0.00
28.46

0.91

Chi 11
]

23.87

1001

989

Chi12
]

2511
0.00
26.69
0.00
29.26
0.18
10.99
0.08
0.06
0.00
0.00
92.38
6.07
254
1.48

4.00 .

1.72
0.00
0.00
247
0.02
1.66
0.01
0.01
0.00
5.88

0.60
0.44
304

0.87
0.02
9.86

Chl 13
U

2414
0.00
25.83
0.00
30.09
0.28

1017

0.00
0.00
0.00
0.00
90.49
8.26
25
1.49
4.00
1.68

0.00

0.00
262
0.02
1.58
0.00
0.00
0.00
5.80

0.62
0.43
- 307

0.91
0.00
9.80

Chi 14
1

25.13
0.00
28.44
0.00
28.45
0.17

0.81

9.80

Chl 15
i

0.62
0.43
307

0.91
0.00

990 .

Chi 18
I

2327
0.00

0.00
29.52
0.15
0.88
0.08

0.00
0.00

6.54
253
1.47
4.00
1.80
0.00
0.00

0.01
1.682
0.01
0.00
0.00
5.03

0.62
0.42

0.93
0.01
9.93



Sample:
Lithology:
Analysis No.
Chlorite Type

Sio2
Tio2
Ai203
Cr203
FeO
MnO
MgO
Ca0O
Na20
K20

F
Total

Siv
AV

T site
Avi
Ti
Cr3+
Fe2+
Mn2+
Mg
Ca
Na

K

O site

XFa
Al/(Al+Fe+Mg
T(0)

XChi
it cat
non-ifl

VHG058
FW: Contact Z.
Chi1 Chi 2
| It

24.87 2634
0.00 0.00
26.80 268.77
0.10 0.00
2425 24.41
0.27 1032
14.24 13.91
0.00 0.08
0.00 0.00
0.00 0.00
0.00 0.00
8053 90.81
6.08 6.03
251 2.54
1.49 1.46
4.00 4.00
1.69 1.71
0.00 0.00
0.01 0.00
204 2.05
0.02 0.03
2.14 2.08
0.00 0.01
0.00 0.00
0.00 0.00
5.90 5.88
0.49 0.50
0.43 0.43
322 313
0.81 0.88
0.00 0.01
0.90 9.87

9.87

9.89

Sample: VHQ063(B)

Lithology FW: Contact Z.

Chi 2
]

25.08
0.00

2725

0.15
23.91
0.19
14.37

Chi 3
L

047

0.79
0.03
8.77

Chi g
I

25.52 -

0.00

0.48
0.45
316

0.82
0.04
9.80

0.48
0.44
37

0.87
0.02
0.86

=
Chl 7 Chi 18

mple: VHG074

ology: FW: Contact Z.

o

23.98
0.00
24.39
0.00
25.76
0.25
13.85
0.00
0.00
0.00
0.00
88.23
6.30

Chi 19
]

24.22
0.00
24.82
0.00
25.52

Chl 20
L}

24.49
0.00
24.00
0.24
25.05

9.85

Sample: VHGO096

Lithology: FW: Contact 2.

Chi 1

2.31
0.00
25.53
0.08
26.80
0.18
11.22
0.05
0.00
0.05
0.00
87.20
6.41
2.49
1.51
4.00
1.70
0.00
0.01
239
0.01
1.78
0.01
0.00
0.01
5.91

0.57
0.43
318

0.90
0.01
9.89

Chl 2

Chid

23.25

0.84

9.82

0.82
0.01
9.81

0.87

9.868



Sampie:
Lithology:
Analysis No.
Chlorite Type

8io2
Ti02
Al203
Cr203
FeO
MnO
MgO
Ca0
Na20
K20

F
Total

Silv
AllV

T site
AVI
Ti
Cra+
Fa2+
Mn2+
Mg
Ca
Na

K

O site

Xfe
Al/(AI+Fo+Mg)
T%C)

XChl
i/l cat
non-ifl

VHGO091(8)
FW: Contact Z

Cht 1 Chi2
§ [}

24.45 24.40
0.00 0.00

25.39 25.29
0.09 0.09

240 25.14
0.17 0.17

14.37 13.45
0.00 0.00
0.00 0.00
0.00 0.06
0.00 0.00

88.78 88.60
6.18 6.24
2.52 2.53
1.48 1.47
4.00 4.00
1.61 1.63
0.00 0.00
0.01 0.01
2.10 2.18
0.01 0.01
2.2 2.08
0.00 0.00
0.00 0.00
0.00 0.01
593 5.92
0.49 0.51
0.42 0.42
318 314
0.94 0.92
0.00 0.01
8.93 8.81

Chi3
]

24.27
0.00
25.68
0.14
24.74

12.71
0.00
0.00
0.13
0.00

87.89
8.27

1.47
4.00
1.70
0.00
0.01
2.18
0.02
1.98

0.00
0.02

0.52
0.43

312
0.88

9.88

Chis
]

2478
0.1
25.48
0.09
24.52

13.35

88.58

0.51
043

0.89
0.00
9.88

88.70
6.21
2.52
1.48
4.00
1.66
0.00
0.01
213
0.02
208
0.00
0.00
0.00

0.51
0.43

316
0.91

9.90

Chi17
]

25.24
0.00
26.11
0.00
26.75
0.24
12.68
0.00

0.88
0.02

mple: VHG125
Lithology: FW:Contact Z.
Chi15 Chi18
] 0
24.18 24.59
0.00 0.00
25.95 26.24
0.00 0.09
26.69 26.26
0.23 0.25
13.46 14.13
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
80.51 91.56
6.15 6.08
2.47 2.48
1.53 1.52
4.00 4.00
1.60 1.80
0.00 0.00
0.00 0.01
228 221
0.02 0.02
2.05 212
0.00 0.00
0.00 0.00
0.00 0.00
5.96 5.96
0.53 0.51
0.42 0.42
325 325
0.96 0.96
000 000
9.96 9.068

9.87

Chi 18
i}

24.28
0.00
26.20
0.00
26.20
0.24
13.48
0.00
0.00
0.00
0.00
90.35
8.14
2.48

0.52
0.42

324
0.95

9.84

Chi 19

24.40
0.00
2583
0.09
26.95
0.18
13.13
0.00
0.00
0.00
0.00

6.18
250
1.50
4.00
1.61
0.00
0.01
2.3
0.02
2.00
0.00
0.00

594

0.54
0.42
319

0.95
0.00
9.64

Chi g
+Qn

23.73
0.00
25.20
0.00
31.07
0.00
822
0.00

0.87
0.00

mple: VHG170
Lithology FW: Contact Z.
Chig Chli 7
] 1
23.54 23.48
0.00 0.00
25.81 26.17
0.00 0.00
31.81 32.99
0.18 0.14
9.42 7.18
0.00 0.08
0.00 0.00
0.00 0.05
0.00 0.00
90.74 80.05
8.30 8.30 .
2.47 249
1.53 1.51
4.00 4.00
1.66 1.77
0.00 0.00
0.00 0.00
279 293
0.01 0.01
1.47 1.14
0.00 00t
0.00 0.00
0.00 0.01
5.94 5.87
0.65 0.72
0.43 0.45
314 302
0.94 0.87
0.00 0.01
9.94 g9.86

9.85

Chig
1]

23.45
0.00
25.96
0.00
30.73

Chl 10
"

23.66

26.03
0.00
29.71
0.18

0.00
0.00
0.00
0.00
89.42
8.32
2.49
1.51
4.00
1.72
0.00
0.00
2.82
0.02
1.54
0.00
0.00

5.89

0.63
0.44
312

0.90
0.00
9.89



Sample:
Lithology:
Analysis No.
Chlorite Type

Si02
Ti02
Al203
Cr203
FeO
MnO
MgO
Cao
Na20
K20

F
Total

Silv
AllvV
T site
AlVI
Ti
Cr3+
Fe2+
Mn2+
Mg
Ca
Na

K

O site

XFe
Al/(Al+Fe+Mg)
T (°C)

XChi
il cat
non-ifl

VHG028
HW: Contact Z.

Chi1  Chi2
2453 2397
000 0.00
2508 2416
000 0.08
2008 2033
018 0.00
1166 11.88
000 0.00
000 0.00
000 0.00
000 000
90.50 8942
62 633
254 252
1.46 1.48
400 4.00
1.80 1.52
000 0.0
000 o0.01
252 258
0.01 0.00
1.80 1.86
000 000
000 0.00
000 000
583 597
058 -~ 058
0.41 0.40
305 309
094 098
000 000
083 997

Sample: VHGO045

Lithology: HW: Contact Z.

Chi1

24.80
0.00
23.87
0.11
30.01
0.25
11.95

0.96
0.01
9.96

Chi2

25.36

5.97

0.51
037
281

097
0.01
9.06

Chi3

2432
0.00
2487
0.13
28.46
0.14
1216
0.00
0.00

1.00
0.00
10.00

0.96
0.00
9.96



Sample:
Lithology:
Analysis No.
Chiorite Type

Si02
Ti02
Al203
Cr203
FeO
MnO
MgO

Total

Sitv
Allv

T site
AVI
Ti
Cr3+
Fe2+
Mn2+
Mg
Ca
Na

K

Q site

XFo
Al/(Al +Fe+Mg)
T ()

XChi
ift cat
non-ifl

VHGO55(A)

HW: Contact 2.
chi e Chi7
23.73 23.68

0.00 0.00
24.06 24.42
0.15 0.15
31.24 31.45
0.13 0.00
10.64 10.27
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
89.95 90.17
6.36 6.34
2.91 2.52
1.49 1.48
4.00 4.00
1.51 1.56
0.00 0.00
0.01 0.01
.77 2.77
0.01 0.00
1.68 1.61
0.00 0.00
0.00 0.00
0.00 0.00
5.98 5.06
0.62 0.63
0.40 0.41
Jo8 305
0.68 0.96
0.00 0.00
9.99 9.9¢

Cht9

23.84
0.28

2463

0.00
30.52
0.00
10.61
0.00
0.00
0.00
0.00
89.68
6.34
2.50
1.50
4.00
1.56
0.02
0.00
270
0.00
1.67
0.00
0.00
0.00
5.85

0.62
0.41
312

0.96
0.00
9.95

Chl 10

24 57
0.00
24.65
0.09
32.55
0.00
8.65
0.00
0.00
0.00
0.00
91.51
6.26
2.58
1.44
4.00
1.68
0.00
0.01

0.00
1.50
0.00
0.00

5.92

0.65
0.41
295

0.93
0.00
9.92

Chi 3
vn

23.09
0.00
2557
0.00
20.79
0.22
09.95
0.00
0.00
0.00
0.00
88.62
6.41
2.48
1.54
4.00
1.68
0.00
0.00
2.66
0.02
1.58
0.00
0.00
0.00
5.63

0.80
0.43
302

0.94
0.00

Sample: VHQG171
Lithology: HW: Contact Z.

Ch1  Chi2
Amyg  Amyg
2400 23.49
0.00 0.00
2585 2555
0.00 0.08
28.53  28.10
0.24 0.17
1085 10.73
0.00 0.00
0.00 0.00
0.09 0.00
0.00 0.00
89.36 B89.12
6.29 6.34
2.51 2.48
1.49 1.82
4.00 4.00
1.68 1.65
0.00 0.00
0.00 0.01
2.50 2.57
0.02 0.02
1.69 1.69
0.00 0.00
0.00 0.00
0.01 0.00
591 5.83
0.60 0.60
0.43 0.43
310 - 317
0.90 0.94
0.01 0.00
9.89 9.93

993

Chi 4
Amyg

24.01
0.00
25.43
0.00
28.34
0.24
11.33
0.00
0.00
0.07
0.00
89.42
6.28
2.51
1.49
4.00
1.85
0.00
0.00
2.48
0.02
1.77
0.00
0.00
0.01
5.92

0.58
0.42
an

0.92
0.01
9.91

Chl 5
Amyg

23.93

24.80

0.02
117
0.00
0.00
0.00
5.94

0.59
0.42
308

0.94
0.00
9.94

chi6
Amyg

2441
0.00
24.77
0.08
28.71

11.47
0.08
0.00
0.00
0.00

89.73
6.28
2.55
1.45
4.00
1.60
0.00
0.01
2.51
0.02
1.79
0.01
0.00
0.00
5.83

0.58
0.42

0.93
0.01
9.92



8ample:
Lithology:
Analysis No.
Chiorite Type

Si02
Ti0o2
Al203
Cr203
FeO
MnO
MgOo
CaO
Na20
K20

F
Total

SilvV
AllV
T site
AVI|
Ti
Cr3+
Fe2+
Mn2+
Mg
Ca
Na

K

O site

XFe
Al/(Al+Fa+Mg)
T(%)

XChi
ifl cat
non-ifl

VHG047

HW: Dark Pheno Zone

Chi1

25.24
0.30
2278
1.47
28.78
0.00
14.23
0.00
0.00
0.00
0.00
80.77

258

0.51
0.38

0.88
0.00
9.95

Chi 2

2576
0.00
22.49
025
2576
0.13

Chi 3

2588
0.00
2420
0.00
26.05
0.12
14.44
0.12

Chi4 Ch5 Chis6
around Cc¢

2558 2525 2583
1.81 0.5 0.00
2173 2345 23.22
0.11 037 0.38
2578 2690 2615
0.00 0.14 0.00
1603 1418 1352
0.18 0.00 0.08
0.00 0.00 0.00
000 0.06 0.00
000 000 0.00
9022 9090 B89.18
6.16 6.14 6.22
262 258 267
1.38 1.42 1.33
4.00 4.00 4.00
1.26 1.40 1.51
0.14 0.04 0.00
0.01 0.03 0.03

049 052 0.52
0.37 0.39 0.39

0.61 085 090
0.02 0.01 0.01
9.91 9.94 9.89

Chig8

26.15

23.17

Cchig

26.56
0.13
2257
0.63

Chi 10

25.15
0.27
2373
0.75
28.79
0.00
14.36
0.11
0.00
0.00
0.00
91.16
6.12
256
1.44
4.00
1.41
0.02
0.08
228
0.00
218

Chi 11

30.28

Chi1a

2526
0.55
23.45
037

0.95
0.01

9.94

0.52
0.39
283

0.90
0.01
9.89

0.92
0.02
9.91



Sample: VHG082 i‘lmplo: VHGE083 fBampie: vHGOB4 p.mph; VHG084(A)
Chig

Lithology: HW: Black Phenocryst Z. thology: HW: Black Phenocryst Z. Ithology: HW: Contact Z. Lithology: HW: Contact 2.
Analysis No. Chit  Chi2 Cm3 Chl4a Chis Chi2 Chia Chtd Chi8 Chi6 Chi7 Chit Chi2 Chia Chi4 ChiIs ChB8 Chi? Chit Chia Chia Chida Chi8 Chig Chi7
Chlothe Type
9i02 30.39 i 2468 25.19 2437 2481 24,53 2443 2443 24.10 2388 2408 2434 23.93 23.88 24.43 24.03 2444 2481 2417 24.41 23.60 24.24 24.47 2428 2478 24,88
Tio? 0.00 0.00 0.28 0.00 0.17 0.00 0.10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
A1203 2208 23850 2220 2477 2423 24.21 23.00 23.07 25.32 2458 2430 23.8% 25.18 2643 2443 2583 2549 2824 24.81 2482 24685 2478 2653 2438 20.21 24,87
Cre03 0.00 0.00 0.00 0.00 0.00 0.00 1.54 0.69 0.08 0.48 0.08 0.40 0.00 0.1t 0.00 0.00 0.00 0.10 0.00 0.00 0.00 0.00 0.00 0.09 0.22 0,13
FeQ 221 2482 28.01 2509 2497 24.93 2533 28.87 2523 2848 26.00 28.44 28.14 28.28 20.10 27.68 27.84 2780 28.48 28.70 28.22 26.82 27.39 27.88 206.96 21.58
MnO 017 0.00 0.00 0.00 0.23 0.12 0.18 0.22 0.18 0.19 0.17 0.2t 0.18 0.17 0.24 0.14 0.15 0.24 0.24 0.22 0.2t 0.16 0.29 0.2 0.28 0.22
MgO 13.88 14.18 14,88 14.10 14.84 14,35 13.44 14.27 12.88 13.14 13.81 13.60 11.81 11.72 12.68 11.52 11.72 1217 12.47 11.81 11,82 11.58 12.18 12.81 11.52 1214
CeO 0.30 0.12 0.12 0.07 0.17 0.44 0.00 0.00 0.00 0.00 0.19 0.00 0.00 0.00 0.00 0.00 0.00 0.08 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Na20O 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
K20 0.08 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.22 0.00
F 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 90.00 0636 8474 8840 89.24 86.68 80.09 68.48 B87.84 A8.74 88 01 88.80 69.04 80.087 89.79 88.98 8934 0021 90.14 90.08 8860 80.37 89.84 a9.71 80.18 89.52
6.00 6,24 6023 6.25 8.20 4.20 832 6.30 8.30 8.29 829 8.20 8.31 a.27 8.26 8.20 8.28 6.20 6.24 628 0.33 8.268 8.21 8.20 817 4.28
StV 3.03 2.56 261 2.54 2% 258 2.57 208 253 250 252 285 2.51 249 2,54 2.5 2.54 254 289 2.84 20 2.82 253 28 284 2,88
AllV 0.87 1.44 1.39 1.48 1.44 1,45 1.4 1.44 1.47 1.50 1.48 1.45 1.49 1.51 1.48 1.48 1.46 1.48 1.49 1,48 1.48 1.48 1.47 1.47 1.48 1.44
T site 4.00 400 4,00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4,00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00
AM 1.63 1.87 1.46 1.37 1.5 1.52 1.44 1.42 1.88 1.54 1,82 1.49 1.83 1.82 1.84 1.68 1.87 1.81 1.53 1.5¢ 1.89 1.56 1.84 1.82 1.72 1.60
T 0.00 0.00 0.02 0.00 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cr3+ 0.00 0.00 0.00 0.00 0.00 0.00 0.13 0.05 0.01 0.04 0.01 0.03 0.00 0.01 0.00- 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.01 0.02 0.01
Fe2+ 1.94 218 2.17 2.18 2.13 2.17 223 227 221 232 228 2.31 2.47 247 2.45 2.42 2.40 2.40 2.47 250 248 2.58 237 243 232 240
Mn2+ 0.01 0.00 0.00 0.00 0.02 0.01 0.01 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.01 0.01 0.02 0.02 0.02 0.02 0.01 0.03 0.02 0.02 0.02
Mg 2.08 2.20 2.30 2.19 228 2.23 211 223 20 208 2.18 2.11 1.82 1.82 1.8 1.80 1.82 1.87 1.683 1.83 1.88 1.80 1.87 1.89 1.78 1.88
Ca 0.03 0.01 0.01 0.01 0.02 0.05 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 000 000 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Na 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
¥ 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00
O site 5.68 8.94 5.05 8.668 LX: ] 5.08 5.92 8.09 501 3.80 5.69 597 5.83 5.84 5.08 $5.80 5.88 8.02 507 5.04 563 5.98 56,01 8.97 5.686 5.01
XFe 0.48 0.50 0.49 0.0 0.40 0.49 0.51 0.50 0.52 0.53 0.51 0.52 0.58 058 0.56 0.57 0.57 0.56 0.56 0.58 0.87 0.59 0.56 0.55 0.57 0.56
Al/(Al+Fa+ Mg 0.39 0.41 0.38 0.41 0.40 0.40 0.40 0.29 0.43 0.41% 0.40 0.40 0.42 0.42 0.41 0.43 0.43 0.42 0.41 0.41 0.42 0.41 0.42 0.40 0.44 0.42
T(C 210 08 300 314 310 an 305 308 314 310 37 310 312 318 307 312 308 307 314 07 314 308 310 31 308 304
XChi 0.67 0.83 - 0.84 0.95 0.85 0.84 0.63 0.99 0.91 0.88 0.87 0.67 0.84 0.64 0.68 0.81 0.80 0.92 0.97 0.84 0.98 0.08 0.2 0.97 0.85 0.2
il ent 0.04 00 0.01 0.01 0.02 0.08 0.00 0.00 [eXe}} 000 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0,00
non-if 0.64 9.02 0.04 9.94 0.04 0.83 9.02 0.60 0.00 0.60 0.07 9.07 .93 0.04 8.00 800 .60 002 [X:74 0.04 [X: 1. ] 090 %.01 0.97 0.84 0.01




Sample:
Lithology:
Analysis No.
Chlorita Type

Si02
Tio2
Ai203
Cr203
FeO
MnO
Mgo
CaO
Na20
K20

F
Total

Silv
AllV
T site
AVI
Ti
Cr3+
Fe2+
Mn2+
Mg
Ca
Na

K

O site

XFe
Al/(Al+Fe+ Mg)
o0

XChl
il cat
non-ifl

VHG128 .
HW 150m above VCR
Chi 1 Chi 2
Amyg  Amyg
2571 25.85
0.00 0.00
20.57 2058
0.00 0.00
3245  33.08
0.29 0.32
11.51 11.70
0.08 0.07
0.00 0.00
0.00 0.00
0.00 0.00
9061 9156
6.35 8.30
2.72 2.7
1.28 1.20
4.00 4.00
1.28 1.25
0.00 0.00
0.00 0.00
2.87 2.90
0.03 0.03
1.81 1.83
0.01 0.01
0.00 0.00
0.00 0.00
6.00 6.02
0.61 0.81
0.35 0.35
265 266
0.00 1.00
0.01 0.01
8.99  10.00

0.62
0.36
271

1.00
0.01
10.00

Chi 4

25.47
0.00
21.14
0.00
32.64
0.33
11.19
0.14
0.00
0.00
0.00
90.91
6.34
2.69
1.31
4.00
1.32
0.00
0.00
288
0.03
1.76
0.02
0.00
0.00
6.00

0.62
0.36
270

0.99
0.02
9.99

Lithofogy: HW > 200m above VCR

mple:  VHG183
Chi 1 Chi 2
2522 25.86
0.00 0.00
21.33 20.59
0.00 0.00
27.97 28.85
0.31 0.29
14.14 13.78
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
88.97 80.37
6.33 6.32
2.68 2.72
134 1.28
4.00 4.00
1.31 1.28
0.00 0.00
0.00 0.00
2.46 2.54
0.03 0.03
2.22 2.16
0.00 0.00
0.00 0.00
0.00 0.00
6.02 6.00
0.53 0.54
0.36 0.35
288 271
1.00 1.00
0.00 0.00
10.00 10.00

Chi 4

25.96
0.00
20.23
0.00
28.90
0.27
13.94
0.00
0.00
0.00
0.00
89.30
6.33
274
1.26
4.00
1.25
0.00
0.00
2.55
0.02
2.19
0.00
0.00
0.00
6.01

0.54
0.35
268

1.00
0.00
10.00

Chl 6

26.32
0.00
20.23
0.00
28.40
0.28
1417
0.05
0.00
0.00
0.00

89.45

6.30
2.76
1.24
4.00
1.26
0.00
0.00
2.49
0.02
221
0.01
0.00
0.00
5.99

0.53
0.35
264

0.99
0.01
9.99

Chi7

26.57
0.00
20.33
0.00
28.46
0.27
14.03
0.00
0.00
0.00
0.00
89.66
6.28
278
1.22
4.00
-1.28
0.00
0.00
249
0.02
218
0.00
0.00
0.00
5.97

0.53
0.35

0.98
0.00
9.97



Sample: VHG038

Uthology: Bedding paraliel Qv
Analysis No. Chi 1 Chi 2
Chlorita Type

8i02 22,88 23.00
TiQ2 0.08 0.19 .
AI203 212 22185
Cr203 0.00 0.15
FeO 2668 29.88
MnO 0.16 0.12
MgOo 10.682 0.97
Ca0 0.13 0.10
Na20 0.00 0.05
K20 - 0.00 0.00
F 0.00 0.00
Total 8455 85.61
8.74 6.69
Sifv 2.56 2.56
ANV 1.44 144
T site 4,00 4.00
Alvi 1.49 1.47
Ti 0.01 0.02
Cr3+ 0.00 0.0
Fe2+ 269 2.78
Mn2+ 0.02 0.01
Mg 1.78 1.65
Ca 0.02 0.01
Na 0.00 0.01
K 0.00 0.00
O shta 8.87 8.97
XFa 0.60 0.63
A(AI+Fe+Mg 040  0.40
Tt 208 207
XChi 0.98 0.95
i/l cat 0.02 0.02
non-ifl 9.08 9.65

0.97

.97

Lithology: Qtz/Cc/Cpy Vein In FW

Sample: VHG137
Chi 1 Chi2
+Co +Co
24.03 24.69
0.00 0.00
24.23 24.07
0.00 0.00
2053 2953
0.20 0.16
11.76 12.13
0.07 0.06
0.00 0.00
0.00 0.00
0.00 0.00
89.82 90.64
6.31 6.24
2.52 2.56
1.48 1.44
4.00 4.00
1.52 1.51
0.00 0.00
0.00 0.00
2.59 2.56
0.02 0.01
1.84 1.88
0.01 0.01
0.00 0.00
0.00 0.00
5.08 597
0.58 0.58
0.40 0.40
308 301
0.98 0.96
0.01 0.01
9.97 9.96

Chi 3
+Cpy

2420
0.00
23.88
0.00
30.73

Chi 4
+Cpy

24.18

Chis

23.79

23.37
0.00
32.52
0.14

0.67
0.40

205

0.97

9.97

ple:
ILithoIogy: Bed|| QV + PTin VCR

VHG185
Chi1  chi2
2437  24.08
000 000
25.05 2427
026 065
2891 29.00
034 034
1108 11.28
008 007
000 000
000 000
000  0.00
9037 89.65
624 632
253 253
1.47 147
400 4.00
1.63 1.54
000 000
002 005
2.51 2.55
003 003
1M 176
0.01 0.0
000  0.00
000 000
5.91 5.94
059 059
042  0.41
307 307
0.91 0.94
0.0 0.01
990 994

Chl 3

24.51
0.00
25.33
0.00
20.23
0.30
11.84
0.00
0.00
0.00
0.00
90.98
6.19
253
1.47
4.00
1.60
0.00
0.00
2.52
0.03
1.78
0.00
0.00
0.00
6.93

0.80
0.42
288

0.94
0.00
9.93

Chia

2401
0.00
26.19
0.00
27.54

0.95

9.95

Chig

0.57
0.42
307

0.93
0.01
9.92

'Sample: VHG168
Lithology PT/Cc Vein at VCR-HW contact

Chl 1

24,40
0.00
25.38
0.00
30.21
0.18
10.54
0.07

0.92
0.01
9.91

Chi 2

24.08

0.94
0.02
9.93

Chi3

2433
0.40
2622
0.00
30.46
0.19
10.66
01
0.00
0.00
0.00

Chi 4

23.28
0.00
24,38
0.08
2091
0.16
10.27
0.08
0.00
0.00
0.00
88.11
6.46
2,50



Sample: VHQ189

) Sample: VHQ172
Lithology: In QV pan of PT/QV Lithology Qtz/Cc vein at VCR-FW contact
Analysis No. Chtt - Chl2 Chi 3 Chi 4 Chi § Chig Chi 7 Chi 8 Chi® Chi10  Chi 11 Chi16 Cni18 Chi17 Ch 18 Chi 1 Chi2 Chi 3 Chl 4 Chi 6 Chie
Chiorite Type  'Blue Chi 'Blue Chl 'Blue Chi 'Biue Chi 'Blue Chi "Blue Chl 'Blue Ch! 'Brwn'C 'Brwn’ C ‘Brwn' C 'Brwn' C ‘Brwn’ Vn 'Brwn’ Vn 'Brwn’ Vn '‘Brwn’ C
Si02 24.05 23.82 24.05 23.21 24.29 23.77 2465 26.83 2585 26.48 24.61 25.97 25.67 24.79 25.36 23.86 23.55 24.21 23.28 23.54 24.10
Tio2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Al203 25.84 26.18 25.98 20.05 20.13 26.07 25.61 26.14 25.60 25.81 25.60 25.14 24.01 22.57 25.93 25.53 25.98 25.67 26.06 25.44 25.23
Cr203 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.19 0.16 0.09 0.13 0.10 0.1
FeQ 31.33 31.23 20.76 30.92 31.59 20.95 31.81 30.41 31.68 29.81 33.46 J2.67 J2.10 33.54 31.04 26.37 27.53 27.01 28.21 27.03 27.25
MnO 0.17 0.00 0.16 0.17 021 0.14 0.13 0.14 0.19 0.14 0.19 0.14 0.14 0.13 0.20 0.00 0.22 0.20 0.21 0.00 0.18
MgO 8.06 8.35 8.85 8.85 8.45 9.22 7.72 8.75 6.58 6.67 8,32 8.04 8.73 8.47 6.38 12.00 1117 11.77 11.14 12.19 12.32
Ca0 0.00 0.00 0.00 0.00 0.00 0.00 0.08 0.18 0.15 0.13 - 0.13 0.00 0.00 0.00 0.15 0.00 0.00 0.00 0.00 0.00 0.00
Na20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
K20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.26 0.21 0.05 0.00 0.00 0.00 0.00 0.08 0.00 0.00 0.05 0.00 0.00 0.00
F 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 * 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 89.45 89.58 88.80 89.20 90.87 89.15 89.88 90.71 90.46 89.07 90.31 91.96 90.65 89.50 89.14 87.95 88.61 89.00 89.01 88.30 89.19
6.37 6.35 6.36 6.39 6.28 835 8.33 6.19 6.27 6.20 68.37 6.19 6.29 6.46 6.35 6.32 6.32 6.27 6.32 6.33 6.27
Silv 2.55 2.52 2.55 2.47 2.54 251 2.60 2.76 2.70 277 2.61 2.68 2.69 2.66 2.68 251 248 2.52 2.45 248 251
Allv 1.45 1.48 1.45 1.53 1.46 1.49 1.40 1.24 1.30 123 1.39 1.32 1.31 1.34 1.32 1.49 1.52 1.48 1.55 1.52 1.49
T st 4,00 4.00 4.00 4.00 4,00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4,00 4.00 4.00
AVt 1.78 1.78 1.79 1.73 1.76 1.76 1.78 1.94 1.87 1.88 1.81 1.73 1.65 1.52 1.91 1.68 1.70 1.68 1.68 1.64 1.62
Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cr3+ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.01 0.01 0.01 0.01 0.01
Fea2+ 2.78 2.76 2.63 278 2.78 263 2.80 2.62 2. 2.61 2.86 2.82 2.81 3.01 2.78 2.32 2.42 2.38 2.48 2.38 238
Mn2+ 0.02 0.00 °  o0.01 0.02 0.02 0.01 0.01 0.01 0.02 0.01 0.02 0.01 0.01 0.01 0.02 0.00 0.02 0.02 0.02 0.00 0.02
Mg 127 1.3 1.40 1.40 1.32 1.45 1.21 1.04 1.02 1.04 - 1.00 1.24 136 1.36 1.01 1.88 1.75 1.83 1.7 1.9 1.91
Cn 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.02 0.02 0.01 0.01 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00
Na 0.00 0.00 0.00 000 . 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
K 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.03 0.01 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.01 0.00 0.00 0.00
O site 5.84 5.85 583 - 5.90 5.85 5.87 5.81 5.88 573 5.64 5.80 5.80 5.83 5.91 5.7 5.90 5.91 5.90 593 5.94 5.93
XFe 0.68 0.68 0.80 0.66 0.68 0.65 0.70 0.72 0.73 0.71 0.75 "0.70 0.87 0.69 0.73 0.55 0.58 0.80 0.59 0.55 0.55
Al/(Al+Fe+Mg) 0.44 0.44 0.45 0.44 0.44 0.44 0.44 0.46 0.46 0.47 0.45 0.43 0.42 0.40 0.46 043 0.44 0.43 0.43 0.42 0.42
T(P) 294 301 284 313 297 306 282 245 258 244 276 266 266 269 261 4 319 288 325 321 314
XChl 0.85% 0.88 0.85 0.91 0.88 0.88 0.82 0.64 0.71 0.85 0.80 0.81 0.85 0.91 0.71 0.91 091 0.90 0.94 0.64 0.94
ifl cat 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.05 0.04 0.02 0.01 0.00 0.00 0.00 0.03 0.00' 0.00 0.01 0.00 0.00 0.00
non-i/) 9.84 - 9.85 9.83 9.90 9.85 9.87 9.81 9.61 9.68 9.62 9.78 9.80 9.83 9.91 8.68 9.90 9.91 9.89 9.93 9.94 9.93




Bample: VHG163(A) Sample: VHQ163(B)

Lithology: Aurferous QV with Gn, 8ph - Lithology: Auriterous QV with Gn, Sph, Au
Analysis No. Chi 1t Chi 2 Chi 3 Chl 4 Cht s Chié Chi? Chi g Chig Chl 10 Chi 1 Chi 2 Cht3 Chl g Cchis Chie Chi7 Chis - Chie Chit0
Chlorite Type +Py ? +Auy
Sio2 23.54 24.19 24,27 24.08 24.42 23.63 23.95 23.84 23.69 2399} 2337 23.98 24.12 24.47 24.16 23.97 24.29 24.22 24.48 23.99
TiOo2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Al203 26.51 26.14 26.05 26.41 26.41 28.34 26.15 26.18 26.11 26.46 25.35 25.47 26.02 25.52 26.83 26.81 2542 2520 24.35 26.48
Cr203 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.27 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
FeQ 26.43 26,67 27.68 21.57 26.10 28.30 28.42 27.48 27.39 27.22 31.08 27.47 26.48 25.63 2543 26.45 30.80 28.60 29.69 27.22
MnO 0.27 0.17 0.16 0.18 0.20 0.19 0.18 0.23 0.20 017 0.23 0.13 0.20 0.1 0.27 0.24 017 0.18 0.18 0.17
MgO 12.71 12.56 11,82 11.95 13.04 11.69 11.72 11.99 11.99 12.22 973 12.20 12.83 13.40 12.98 1262 - 1048 11.19 10.86 1222
Ca0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000} 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Na20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 '0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.00 0.00 0.00 0.00
K20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
F 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 89.48 89.73 85.96 90.17 90.17 90.15 90.43 89.68 89.38  90.08 90.01 89.25 89.63 89.33 89.65 80.14 01.17 89.37 89.54 90.08
6.22 6.20 8.21 6.19 8.14 6.23 8.21 8.23 8.25 6.19 6.35 8.27 8.20 6.20 6.16 8.16 6.23 68.29 6.32 6.19
Silv 2.44 249 2.514 2.48 2.50 2.45 2.47 247 2.47 2.47 2.47 2.50 249 2.52 2.48 2.46 2.52 2.54 257 247
AlV 1.56 1.51 1.49 1.52 1.50 1.55 1.53 1.53 1.53 1.53 1.53 1.50 1.51 1.46 1.52 1.54 1.48 1.46 1.8 1.53
T site 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00
AlVI 1.67 1.67 1.68 1.89 1.68 1.87 1.68 1.68 1.67 1.69 1.62 1.63 1.65 1.63 1.72 1.70 1.62 1.85 1.59 1.69
T 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cr3+ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00. 0.00
Fe2+ 229 2.30 2.39 2.38 223 2.45 2.46 238 2.38 2.34 274 2.40 228 221 2.18 2.27 267 2.50 2.61 2.4
Mn2 + 0.02 0.01 0.014 0.02 0.02 0.02 0.02 0.02 0.02 0.01 0.02 0.01 0.02 0.03 0.02 0.02 0.01 0.01 0.02 0.01
Mg 1.06 1.83 1.82 1.84 1.99 .81 1.60 1.84 1.88 1.88 1.53 1.80 1.97 2.08 1.98 1.93 1.82 1.76 1.70 1.88
Ca 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Na 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00
K 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
O site 5.95 5.92 5.91 592 5.91 594 5.93 5.93 593 5.92 5.04 593 593 5.92 5.90 593 5.93 5.91 5.92 5.92
XFe 0.54 0.54 0.57 0.56 0.53 0.58 0.58 0.56 0.56 0.56 0.64 0.56 0.54 0.52 0.52 0.54 0.62 0.59 0.81 0.58
Al/(Al +Fe + Mg) 0.43 0.43 0.43 0.43 0.43 0.43 0.43 0.43 0.43 0.43 0.42 0.42 0.43 0.42 0.44 0.44 0.42 0.42 0.41 0.43
T(0) 331 319 314 320 320 ‘325 320 321 323 J23 315 316 321 315 J24 J27 306 306 297 323
XChi 0.95 0.92 0.91 0.92 0.92 0.85 0.94 0.93 0.94 0.93 0.95 0.94 0.93 0.93 0.91 0.92 0.94 0.92 0.83 0.93
ift cat 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00
non-ifl 9.95 9.92 9.01 9.92 .91 9.94 993 9.93 0.93 9.92 9.64 9.93 9.93 9.92 9.90 9.82 9.83 9.91 9.92 9.92




Sampile: VHA177 Sample: VHG182

Lithology: QV: Buffelsdoorn Fault Lithology: QV: New Year's Fault .
Analysis No, Chtt Chl2 Chi3 Chla Chi5 cChig Chi 1 Chl2 Chi3 Chl4 Chis Chig
Chlorite Type
8i02 2518 2541 2486 2500 2530 2439 2526 2411 2498 2461 2402 2435
TI02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
AI203 2350 2365 2343 2363 2342 241 2407 2480 2458 2472 2497 2473
Cr203 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
FeO 27.08 2713 2646 2726 2672 26.43 2845 2073 2978 2869 2094 2927
MnO 0.20 0.18 0.20 0.18 0.16 0.26 0.15 0.17 0.21 0.00 0.17 0.22
MgO 1282 1343 1417 1330 1369  13.41 1271 1122 1074 1184 1108 1148
Ca0 0.08 0.08 0.08 0.1 0.00 0.12 0.00 0.00 0.08 0.00 0.00 0.05
Na20 “0.00 0.00 0.00 0.00 0.00 0.00 0.13 0.00 . 0.00 0.00 0.00 0.00
K20 0.00 0.00 0.00 0.00 0.00 0.00 0.09 0.00 0.00 0.07 0.00 0.00
F 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 8899 8986 6918 8957 8038 8872 9086 89.73 8953 8993 9016  90.08
8.27 6.21 8.25 8.24 8.23 6.29 6.18 6.31 6.33 6.25 8.28 8.27
Silv 263 262 259 2.61 263 2.55 260 2.53 255 2.56 251 2.54
AV 1.37 1.38 1.41 1.39 1.37 1.45 1.40 1.47 1.45 1.44 1.49 146
T site 4,00 4.00 4.00 4.00 4.00 4,00 4.00 4.00 4.00 400  4.00 4.00
AIVI 1,53 1.50 1.46 1.50 1.49 1.53 1.51 1.57 1.60 1.59 1.59 1.58
Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cra3+ 0,00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe2+ 2.36 234 2.30 2937 2.32 2.3 245 261 2,62 2.49 2.62 255
Mn2+ 0.02 0.02 0.02 0.02 0.01 0.02 0.01 0.02 0.02 0.00 0.02 0.02
Mg 2.01 2.07 2.20 2.06 2.11 2.09 1.95 1.76 1.69 1.83 1.72 1.78
Ca 0.01 0.01 0.01 0.01 0.00 0.01 0.00 0.00 0.01 0.00 0.00 0.01
Na 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.00
K 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.01 0.00 0.00
O site 5.93 5.94 5.98 5.95 5.94 5.97 5.96 5.95 5.93 5.93 5.95 5.94
XFe 0.54 0.53 0.80 0.53 0.52 0.53 0.56 0.60 0.80 0.58 0.60 0.59
. A(A+Fe+Mg)  0.40 0.40 0.39 0.40 0.39 0.40 0.40 0.41 0.41 0.41 0.41 0.41
T () 291 292 275 206 292 308 298 306 284 302 309 305
XChi 0.92 0.94 0.98 0.95 094 096 0.93 0.95 0.93 0.93 0.95 0.94
i cat 0.0 0.0 0.01 0.01 0.00 0.01 0.04 0.00 0.0t 0.01 0.00 0.01
non-ifl 9.92 9.93 9.97 9.94 9.94 9.95 9.92 9.95 9.92 9.92 9.95 9.94



Bample:
Lithology:
Analysis No.:
Chilarite Type

8102

XFe
Al/(Al +Fe +Mg)
10

XChl
i/ cat
non-iA

VHG018

FW Pseudotachylit
chil chi2

] [
2072 2418
024 000
27.24 2480
000 017
2368 2080
018 0.4
1054 923
007 0.0
0.00 0.00
011 000
000 000
88.75 6527
811 653
272 263
128 137
400 400
190 182
002 000
000 001
201 242
001 001
160 180
001 001
000 000
001 000
8.64 877
058 062
047 045
an 283
065 078
002 001
062 070

[Sempie:  VHG122

Chig
PT

23.07
0.00
208.19

0.00
33.%0

. 8.1
0.73
310

0.69

0.88

Chl 7
PT

24.21

0.00
24.26

081

9.81

Lithology: FW Pseudotachylite

Chl e
PT

2058
0.10
23.98
0.00
30.28
0.20

[sample:  vHG 128

Lithology: Pasudotachyilte (top contact)

Chl 1 Chi 2 Chi 3 Chi 4
+Py

2430 2438 2413 . 2408
241 000 000 000
2300 2438 2483 2517
011 000 000 000
2841 3084 30.16 3018
012 012 017  0.18

8.78 9.04 .94 0.87

Cht 8

26.58
0.00
2435
0.15
28.01

Jsampis: w128
Lithology: Pseudotachyite (bottom contact)
Chi 2 Chi 3 Chi 4 Chi g Cchie

2413 2400 2067 2385 2378
000 000 000 000 1.08
2513 2802 2879 2572 25.80
000 012 000 000 0.5
3144 3200 3108 3088 3283
017 019 020 018 000
960 660 928 948 664
000 012 000 000 O.11
000 - 000 000 000 008
000 018 000 000 008
000 000 000 000  0.00
90.48 9017 9000 6988 9027
830 637 633 833 638

0.82 0.61 0.91 0.62 0.78
0.00 0.04 0.00 000 0.03
9.91 9.80 8.81 9.91 8.77

fsample: vHGO27
Lithology Ultramylonite (top contact)
Chia |

Chi 1

24.21
0.00
24,27
0.14
28.03
0.00
11.83

0.94
0.01
9.83

Chi2

4.19
0.00

yeliow

Chig

2404

0.59
0.40

0.98
0.00
8.98

Chis

24.40



Sample
Litholngy
Anatysls Ney
Chionte Type

Sio2
TiO2
Al203
Cr203
FeO
MnO
Vg0
Ca0
Na20
K20

F
Total

Siv
ANV

I oits
Al
Ti
Cra+
FeZ+
Mn2 +
Mg
Ca
Na

K

O site

XFe
Al/(Al +Fe +Mg)
T

XCht
il cat
non-if|

VHG0O23
Dyke

Chi 1
Veln

2425

0.54
0.41

I
064

6.84

Chl 2
Veln

0.53
0.41

0.01
0.01
9.1

0.54
0.41
k1L ]
0.68

0.96

Chi g

0.56
0.41

312
0.94

0.63

0.56
0.41

313
095

6.95

0.56
0.4

313
0.64

9.94

Chi 7

0.56
0.41

32
0.93

0.93

Chi 3

[Sample: VHG133
Lithology: Dyke (8m wice)

Chit Cht 2
28.13 26.85
0.00 000
21.17 20.81
0.13 010
30.19 20.61
0.2 0.27
13.13 13.88
0.05 0.00
0.00 0.00
0.00 000
0.00 000
91.0t B1 40
6.24 6.20
271 275
1.268 12n
4.00 4.00
1.30 125
0.00 0.00
0.01 0.01
2.62 258
0.02 0.02
2.03 2.13
0.01 0.00
0.00 0.00
0.00 0.00
5.99 5.89
0.58 0.85
0.38 0.35
271 264
088 100
0.01 0.00
.98 9.69

Chl 4

26.22
0.00
20.80
0.08
26.28
025
13.87
0.00
0.00
0.00

90.81
8.24
2.72
128
4.00
128

0.0t
254
0.02
2,15
0.00
0.00

6.00

0.54
0.35
271

1.00
000
10.00

lsampte:  VHG134

Chi 3

100
0.01
10.00

Lithology: Dyke (20cm wide)
Chl 1 (93,10
20.04 20.53

0.00 0.00
16.25 1870
0.37 038
23.81 2496
0.00 0.00
18.60 19.13
0.00 009
000 0.00
0.00 000
0.00 000
89.16 00.78
6.18 607
2.68 2.99
102 101
400 400
0.64 0.98
0.00 0.00
0.03 0.03
2.04 2.1
0.00 0.00
3.0t 2689
0.00. 0.0t
0.00 0.00
0.00 0.00
8.02 8.01
0.40 0.42
0.26 0.28
220 228
1.00 1.00
0.00 0.01
10.00 10.00

Chi 4

0.41
0.28

230
1.00

10.00

Chi 3

0.88
0.01
6.66

VHG 138

mple:
fthology: Dyke {60cm wide)
Cht s

Cht 2

25.21

0.50
0.44

310
0.88

9.85

Ch! 3

25,07
0.00
28.51
0.00
24.65

0.50

318

0.80

9.80

Chl 4

Chi t

0.58
0.45

325
0.80

9.689

VHG142

Chi 2

ample:
ithology: Dyke (1.2m wide)

Chi 3

Chi 4

0.84
0.01
9,83



Carbonate Analyses



-
3
B
h
Y
5
"

SAMPLE Ca Fe Mg
VHGO45 (HW: Contact 2.)
Ce1 95.55 2.37 098

Ce2 96.40 2.20 0.80
Ce3 95.29 2.7 112
Cod 89.12 4.13 335
CeS 93.97 222 118
Ce6 96.09 2.67 1.18

Ce7 9260 284 142
VHGOS5{A) (HW: Contact Z)

Cet 9282 399 081
Ce2 - 9263 396 068
Ces 0153 434  1.0¢
VHG 128 (Psoudotachylite)

Cot 9553 168 078
Cc2 9646 147 056
Ced 9263 264 108
Ces 92.01 3.01 1.33
VHG137 (Qtz/Calcite Vein)

Cot 9898 087 033
Ce2 9703 114 056
Ces3 9636 120 060
Ce4 95.18  2.14 132
Cos 9619 143 060
Ccs 9859 095 057
VHG168 (PT/Caicite Vein)

Cet 95.81 136 061
Ce2 9572 133 049
Ce3 9747 080 045
Co4 e7.12 128 075
Ces 9532 180 085
Ccs 9574 102 058
Ce7 9705 101  0G51
VHG172 (Qtz/Calcite Vein) ‘
Cet- 96.31 113 036
Ce2 9578 132 045
Ce3 947 18 08
Ced 9688 111 000
VHG177 (Buffelsdoom Fit Zone)

Cet 9570 227 035
Ce2 9644 054 000
Ced 9755 104 QOO
Cos 9824 212 027
Ce6 9739 064 000
Cc7 M98 246 036
VHG178(B) (Nooitgedacht Fit Zone)

Cet 96.76 087 068
Cec2 9892 000 D000
Ce3 9893 000 000
Cod 9863 000 QOO
Cos 9870 000 000
Ccs 9786 055 Q00
Ce7 9657 o6 ae2
Ce8 o8s

87.07 1.02

Mn

0.52
118
1.48
187
1.7
1.64
1.87

1.34
142
1.78

1.28
047
133
1.35

0.6
0.64
0.48
1.13
0.50
0.68

135
2.08
1.43
1.90
267
2.41

1.67
1.10
1.41
1.88

0.00
1.08
149
135
118
1.8

127
033
088
0.88
121
138
in
118

Tota!

WA
10088
100.58

98.17

99.12
101.78

08.73

99.06
98.69
88.70

99.23
8898
87.68
87.70

99.11
99.37
98.62
89.77
98.42
100.79

100.73

88.89
100.88
100.58
100.07
100.02
100.98

99.47
98.65
98.59
99.85

98.32
89.04
100.08
99.98
99.19
99.43

99.58
99.75
99.91
99.52
99.91
99.79
88.99
99.90

in amygdale
with qz in amygdale

vein
vein

rim around qtz clast

around py
in qz clast

around hex qtz
around cc vn
cc vein

cc vein

opaque

gﬁi

BN



SAMPLE Ca Fe Mg Mn Total Comments

VHG 153(A) (Fe-metasomatised VCR)

Sid 1 048 9458 123 082 97.1

Sid 3 043 9577 055 122 9797

Sid 4 037 9844 051 084 100.16 nxtchl
Sid5 058 9755 084 155 10052 inqkz

Sid 6 046 9779 053 112 9990 core —\
Sid 7 060 9709 065 141 9975 middle >
Sid 8 032 9805 138 068 10043 rim —f
Sid 9 034 9802 114 048 9998

Sid 10 073 9707 069 153 10002

Sid 11 096 9625 350 094 101.65

Sid 12 120 9362 405 123 100.10 —\
Sid 13 036 9868 078 070 10052 same as sid 11
Sid 12A 033 9729 058 071 9891 —f
Sid 14 030 9880 039 108 10057

Sid 15 046 9690 277 096 101.09

Sid16 051 9716 212 086 10065

Sid 17 032 9789 107 063 9991 core -\
Sid 17A 100 9455 371 122 10048 rim ~f
Sid 18 065 9814 081 149 101.09 core —\
Sid 18A 049 9756 . 040 083 9928 middle \
Sid 188 086 9565 38 118 10151 rim [/
Sid 18C 032 G878 08 060 10056 rim -/

VHG158(B) (Fe-metasomatised VCR)

Sid1 029 9891 062 073 10055
Sid2 027 9876 034 083 10020

Sid3 075 9674 055 152 9956 around chi

Sid4 032 9937 042 091 101.02 -

Sid5 028 9694 041 086 9849

side 036 9688 042 104 9870 small xtis around sid5
VHG164 (Fe-metasomatized VCR)

Ank 1 5005 277 1613 258 10153

Ank 2 50.10 3273 1623 - 237 10143

Sid 3 065 9621 28 062 10034

Sid 4 107 941 392 125 10165

Ank 5 4920 2980 1563 , 421 9884

Sid 6 036 9836 038 059 99.69 closetosid5

Sid 7 033 8075 984 715 98.07 tinylaths @ edge sid 6
Sid8 019 9908 052 08 10062

Sid9 151 8725 1101 000 9977 fim —\

Sid 10 055 9712 08 168 10020 core —/

Sid 11 034 9871 053 084 10042

Sid 12 0290 9693 036 099 9857

Sid 13 039 9502 .225 063 9829 aroundchi

Sid 14 039 9691 034 104 9868 aroundchl

Sid 15 027 9754 03% 071 9891 aroundAu

Ank 16 4965 3223 1622 198 10008

Sid 17 046 9759 238 083 101.36

Sid 18 033 9773 058 078 99.42

Cc 19 9699 066 099 245 101.09 cc vein'

Cc20 9665 063 099 216 10049 cc'vein'

Ce 21 8304 267 083 404 100.74 cc'vein'

Sid 22 1.13 8583 1.08 209 100.13 ndC



Gold Particle Analyses



Rl e B IV S .

SAMPLE VHGO21

Gold Analysis No. & Comments
Gold 1 (in Chi)
Gold 2/4 (in Chf)

SAMPLE VHG046

Gold Analysis No. & Comments
Gold 1 (Chi)

Gold 2 {crack in Py)

Gold 4 (on Carbon)

SAMPLE: VHG062

Goid Analysis No. & Comments
Gold 1 + Cpy (Rim around Py)
Gold 2 (Qtz)

Gold 3 (Chl/Qtz)

Gold 4 (edge of cubic Py)
Gold 5 (Chl/Qtz)

Gold 6 (Chl)

Gold 7 (porous Py)

Gold 8 (Chi)

Gold 9 (edge of Py)

Gold 10 (Qtz)

Goid 11 (Qtz)

Goid 13 (in Chl next to Carbon)
Gold 14 (porous Py)

Gold 15 (Qtz next to Ch)

Gold 16 (Chl vein)

Gold 1 (Qtz)

Gold 2 (Qtz w Chl)

Gold 3 (Qtz w Chl)

Gold 4 (Qtz)

Gold 5 (porous Py)

Goid 6 (Porous Py)

Goid 7 Chi)

Gold 8 (Qtz)

Au
87.67
88.29

88.61
88.3
92.52

88.62
88.19
89.98
88.79
89.82
88.97
89.58
89.26
88.52
88.71
894
89.1
89.78
90.2
87.27
90.13
89.59
88.66
89.89
89.39
89.32
89.74
89.45

Ag
8.7
827

Ag
8.34
8.27
6.66

Ag
7.07
6.27
6.68

6.7

6.7
6.78
6.61
6.53
6.94
6.68
6.53

6.54

6.9
8.81
7.6

6.43 -

6.59
6.52
6.34
7.18
7.05
6.63

6.9

Hg
3.98
3.88

Hg
3.87
3.99
224

4.76
4.71

44
492
4.74
4.74
453
462
452
483
482
3.48
424
1.06
4.76
4.77
4.59
4.64
4.69

48
4.76
465

47

TOTAL Fineness
100.35 910
100.44 914

TOTAL Fineness
100.82 o14
100.56 914
101.42 933

TOTAL Fineness
100.45 926
99.17 934
101.06 931
100.41 830
101.26 831
100.49 929
100.72 931
100.41 932
100.98 928
100.22 930
100.75 932
99.12 932
100.92 929
100.07 o911
99.63 920
101.33 933
100.77 a31
89.82 831
100.92 934
101.37 926
101.13 27
101.02 ‘93t
101.05 e 2, 2

Corresp.
Chi Anal.
Chis
Chie

Chi Anal.
Chi 5&6
Chil 586
Chi 10

Corresp.
Chi Anal.
Chi g

chi7
chl7
Chi7

Chi18 77

Chig
Chi3
Chi 3

Chi207?
Chi20?
Chi19
chi 19



TRV A Ry BN 7

SAMPLE VHGO63(A)

Gold Analysis & Commants
Gold 1 (vein in Py)

Gold 2 (Chi)

Gold 3 (Chi)

Gold 4 (Chi)

Gold 5 (attached to Py)
Gold 6 (crack in Py)
Gold 7 (Py)

Goki 8 (Chi)

Gold 9 (Chi)

Gold 10 (Chi)

Gold 11 (Py)

Gold 12 {next to Py + ?)
Gold 13 (Chi)

Gold 14 (Chi)

Gold 15 (next to Py)
Gold 16 (next to Py)
Gold 17 (next to Py)
Gold 18 {in Chi)

Gold 13 (Py)

"Gold 20 (Chi)

Gold 21 (crack in Py)
Gold 22 (Chi)

Gold 1 (Otz)

Gold 2 (Qtz)

Gold 4 (Chi)

Gold 5 (Chi)

Gold 6 (Chi)

Gold 7 (Qt2)

Gold 8 (Py)

Gold 10 (Qtz)

SAMPLE VHGO74

Gold Analysis No. & Comments
Gold 1 (next to Chi+-Py) R
Gold 2 (next to Chi+-Py) R
Gold 3 (next to Chi+-Py) R
Gold 4 (nextto Chi+-Py) R
Gold 5810 (Chi) Y

Gold 6 (Py)

Gold7 (Py) R

Gold 8 (Py)

Gold 9 (Py)

Gold 11 (Qtz nextto Chl) R
Gold 13 (Chi)

Gold 14/15(ChindPy) Y+R
Gold 16 (Qtz next to Ch)
Gold 17 (Qtz)

Gold 18 (Chl)
Gold19/20(Qtz) Y+ R
Gold22 (Chi/Qtz) Y +R
Gold 23 (ChifQtz) Y+ R
Gold 25 (Chi/Qtz) Y +R
Gold 26 (Chi/Qtz)

Gold 28 (Chi/Qtz)

Gold 31 (Chi/Qtz) Y

Gold 32 (nextto Gn?) Y
Gold 33 (Chi/Qtz) R

Y - yellow tinge
R - distinct reddish tinge

Au
87.66
88.75

895
88.77

§7.86
83.44
88.84
88.18
87.87
8853
88.38
87.81
89.14
87.75
89.56
88.68
88.81
88.29
88.35

88.8
88.88
91.44
88.89
88.61
89.38
89.01

88.9
88.55

88.6

.03
82.51
82.59
84.62
87.38
89.45
88.77
91.16
92.88
87.06
86.46
85.53
91.64
87.29
88.37
88.31

B8.1
87.23

873
87.93

88.54
89.83

Ag
7.31
7.31
7.32
7.24
7.25
7.55

75
7.21
7.39
7.24
7.31
7.32

75

85
7.54
6.69
7.16
7.86
7.56
7.47
7.3
7.18
7.37
7.39
7.32
7.38
7.36

74
7.18

1.1
11.03
11.16
10.92
1.76
8.38
8.22
6.87
6.03
7.02
7.75
9.65
6.55
6.49
7.7
6.85
7.41
7.01
7.88
759
7.14
129
726
6.51

Hg
4.78
4.86
4.58
4.79
4.59
475
4.67
4.76
4.65
4.63

48
4T
479
2.69
493
459
4.53
4.77
4.62

49
4.78
4.38
1.97
2.24
4.63
459
4.73
4.76
478
4.88

Hg

5.46
5.53
577
547
209
2.12
0.83
1.02
5.18
5.06
5.37
5.599
1.66
519
5.48
5.47
5.52
513
5.18
526
5.58
5.31
428

TOTAL

99.75
100.92

101.4

100.8

99.84
100.16
100.61
100.81
100.22

99.94
100.64
100.47

100.1
100.33
100.22
100.84
100.37
101.44
100.47
100.73
100.89
100.45
100.78

98.52
100.56
101.35

101.1
101.06
100.51
100.48

TOTAL
935

9328
101.31
100.61

99.92
100.11

98.86

99.93

99.26

9.27
100.55
100.43

93.79
100.18

100.7
101.19
100.63
100.24
100.07
100.33
101.12
101.11
10062

Fineness
923
924
924
925
924
921
922
925
923

ﬁﬁﬁ&@%@&&%@ﬁQ%%Q%?%ﬁ%ﬁﬁg

Corresp.
Chl Anal.

Chi7, 8,9
10, 11

Chi 17818
Ch! 17818
Chi 17818
Chi 17218
Cht 17818

Chi 23
Chi 23
Chi 23
Chi22
Chi22
Chi22
Chi 22
Chi 22
Ch22
Chi7-11
Chi 7-11
Chi 7-11
Chl 7-11
Chi7-11
Chi 7-11

?

?

Corresp.
Chl Anal. .
Chi 889
Chi 889
Chi 889
Chi 889
Chi 883

Chi 889
Chi 889
Chi 889
Chi 8&9
Chi 889
Chi17
Chi18
Chl 18
Chit13
Chi 20
Chi 20
Chi 20
Ch20

Chi 12
Chi 10811
Chi 10811

Chi19



A T, o v e 4 - .

SAMPLE VHGO088

Gold Analysis No. & Comment
Gold 1 (next to Py)

Gold 2 (Ch! next to Cc vein)
Gold 3 (Chi)

SAMPLE VHG091(B)

Gold Analysis No. & Comment
Gold 2 (Chi/Qtz)

Gold 3

Gold 5 (Chl/Qtz)

Gold 6 (Chi/Qtz)

Gold 7 (Pyr next to Py)

Goid 11 (Chi/Qtz)

SAMPLE VHGO93(A)

Gold Analysis No.& Comment
Gold 1 (Chl/Qtz)

Golid 2 (Qtz)

Gold 3 (Qtz)

Goid 4 (Chl)

Gold 5 (next to Chi)
Gold 6 (Chl +Py)

Gold 7 (Qtz)

Gold 8 (Ch! +Py)

Gold 9 (Chi +Py)

Gold 10 (Chi +Py)

Gold 11 (Chl +Py)

Gold 14 (Chi +Py)

Gold 15 (Qtz)

Gold 16 (Qtz)

Gold 17 (Qtz)

Gold 18 (with Py +Pyr)
Gold 20 (next to Py)
Gold 22 (Chi next to Py)
Gold 23 (next to Py)
Gold 25 (next to Py)
Gold 26 (Chi/Qtz)

Gold 27/28 (Chl/Qz next to Py
Gold 30 {next to Py)
Gold 32 (Qtz)

Gold 33 (Chl/Qtz)

Gold 34 (Chi/Qtz)

Gold 35 (Chl)

Gold 36 (Qtz)

Gold 37/43 (Pyr vein)

Au
88.47
89.58
86.15

Au
85.11
86.71
85.62
87.67
85.93
86.12

Au
90.65
91.23
90.82
88.63
89.63
87.94
88.03
89.33
88.23

89.3
89.94
89.75
91.08
91.99

921
87.94
88.97
88.37
89.71

89.53

89.8
89.82
89.49
87.79
89.01
87.17
88.81
90.66

Ag
8.25
6.92
9.33

Ag
10.44
8.82
9.86

8.73
7.89

Ag
6.78
6.22
8.59
6.94
7.05
712

6.9
6.97
7.33
7.32

71

7.1
7.95
6.94
6.82
7.27
7.08
6.76
717
7.07
7.07
6.93
6.77
6.82

6.5
6.93
725
747
6.94

3.85
369
4.06

Hg
4.59
365
413
4.85
453
465

Hg
363
1.63
1.23
4.38
448
441
427
4.37
433
4.45
4.21
4.31
209
212

1.7
4.72
448
4.42
4.45
4.32
444
4.69
4.36
4.32
4.62
299
419
437
241

Corresp.

TOTAL Fineness ChlAnal.

100.67
100.19
99.54

TOTAL
100.14
99.18
99 61
100.52
93.19
98.66

TOTAL
101.06
99.08
100.64
99.85
101.16
9947
932
100.67
99.89
101.07
10125
101.16
101.12
101.05
100.62
99.93
100.53
99.55
101.33
101.39
101.04
101.42
100.95
100.63
98.91
98.93
98.61
100.65
100.01

915
928
902

Fineness
891
908
897
916
908
916

Chl 182
Chig
Chi 1&2

ChlAna!
Chl6
Chi6
Chi6
Chi 12
Chi 11

Chl 9&13

Chi Anal



SAMPLE VHG093(B)

Gold Analysis Na & Comments
Gold 1 (Chi + Py)
Goid 2 (Chl)
Gold 4 (Qtz)
Gold 5 (Q1z)
Gold & (Qtz next to Py)
Gold 7 (Qt2)
Gold 8 (Qtz)
Gold 9 (Py)
Goid 10 (Py)
Gold 11 (Py)
Gold 12 (Qtz)
Gold 13 (Qtz)
Goid 14 (Qtz)
Gold 15 (Qtz)
Gold 16 (Qtz)
Gold 18 (Q1z)
Gold 19 (Qtz)
Gold 20 (Qtz)
Gold 21 (Qtz2)
Gold 22 (Qtz)
Gold 23 (Chl next to Py)
Gold 24 (next to Py}
Gold 25 (Chi next to Py)
Gold 26 (Chi/Q1z}
Gold 27 (Qtz)
Gold 28 (Chi/Qtz)
Gold 29 (Qtz)
Gold 30 (Qtz)
Gold 31 (Qtz)
Gold 32 (Chl/Qtz rim around Py)
Gold 33 (Chi/Qtz)
Gold 34 (Chi/Qtz)
Gold 35 (next to Py)
Gold 36 (Chi/Qtz)
Gold 37 (ChyQtz next to Py)
Gold 38 (Chi/Qtz)
Gold 39 (Qtz)
Gold 40 (Q2)
Gold 41 (Chi/Qtz)
Gold 42 (Chl/Qtz)
Gold 44 (Chi/Qtz)
Gold 45 (Chi/Qtz)
Gold 46 (Chi/Qtz)
Gold 47 (Ch/Qtz)
Gold 48 (Chl)
Gold 49 (Chl next to Py)
Gold 50 (Qtz)
Goid 51 (Chi next to Py)
Gold 52 (with Pyr 7 in vein 7)
Goid 83 (Chl/Qtz)
Gold 54 (Qtz)
Gold 55 (Chi/Qtz)
Gold 56 (Chl next to Py)
Gold 57 (porous Py)
Gold 58 (Cpy +Py)
Goid 59 (next to Py)
Gold 60 (next to Py)
Gold 61 (Qtz)
Gold 62 (Py)

Au
87.81
86.39
87.55
86.16
86.98
90.25
90.46
87.41
87.18
87.13
85.98
87.43

873
87.23
88.07
86.72
86.63
88.41
89.49
§7.21
88.34
87.48
87.54
87.69
91.33
80.79
90.46

92.6
88.34
87.67
90.38
90.59
87.63
89.73
88.34
87.83
90.62
87.84
86.86
88.96
87.17
87.37
87.55
91.76
87.55
87.98
90.68

g7.29

872
87.52
88.75
90.04
87.28
86.07
87.04
86.73
88.06
91.09
86.58

Ag
8.37

795
9.32
7.85
797
856
835
76
7.52
77
85
8.47
7.59
83
7.62
7.76
876
769
78
726
75
768
7.5
755
7.01
.13
8.45
673
73
7.65
745
6.59
7.74
7.4
7.3
7.04
71
723
808
41
8.11
(A4
7.97
719
807

759
743
7.74
7.56
799
808

8.1
726
745
n

855

Hg
4.94
4.81
2.79
5.82

48
1.03
0.97
5.13
488
494
5.19
474
485
4.86

48
5.05
417
318
276
455
438
4.35
445

44
0.84
1.02
0.87
0.85
478
437

1.88
4.44
236
4.52

38
203
41
4.13
437
477

43
4.46
0.93
4.65

44
267

45
495
455
488
215
4.51

45
4.46

443
0.64
449

TOTAL
101.12
99.15
99.66
99.83
99.75
99.84
100.78
100.14
99.58
99.77
99.67
100.64
99.74
100.39
100.49
99.53
99.56
99.28
100.05
99.02
100.22
99.51
99.49
99.64
99.18
100.94
99.78
100.18
100.42
99.69
98.83
99.06
99.81
99.49
100.59
98.67
99.75
99.78
99.07
100.74
100.05
99.38
99.98
99.88
100.27
100.61
100.27
99.38
99.58
99.81
101.18
100.18
99.87
98.67
98.76
98.52
100.26
99.93
89.62

Fineness Chi Anal

913
916

916
916

s83228882

BB S2 BB 2R BRR28882 8888828

s3288223R82

Chi2
Chi2

Chi 384
Chi 384
Chi 384
Chi 384
Chi 384
Chi 384
Chi 324
Chi 384
Chi 384
Chi 324

Chi 5
Chis
Chis
Chi7
Chl 7
Chi7
Chig
Chig
Chig
Chig
Chl 10
Chi 10
Cni12

Chl 11
Chi 11

Chig
Chig
Ch9



SAMPLE VHGO095

Gold Analysis No.& Comment

Gold 1 (naxt to Py)
Gold 2 {(next to Py)
Gotd 3 (next to Py)

Gold 4/5 (next to Ru+Pyr)

SAMPLE VHG103

Gold Analysis No.& Comment

Gold 3 (Qtz +-Chl)
Gold 5 (Qtz)

Gold 6 (Qtz)

Gold 7 (Qtz)

Gold 9 (Chi)

Gold 10 (Chl)

Gold 11 (Chl)

Gold 12 (Chl)

Gold 14 (Chl)

Gold 15 (Chi)

Gold 16 (Qtz)

Golid 17 (Qtz)

Gold 18 (Chi)

Goid 19 (attached Py)
Gold 20 (in Py)

Goid 21 (Qt2)

Goid 22 (attached Py)
Goid 23 (Chl)

Gold 25/27 (in Gers)
Goid 28 (in Py 77)
Gold 29 (Chi)

Gold 30 (Qtz)

Gold 31 (Qt2)

Goid 32/34 (Qtz)

SAMPLE VHG10S

Gold Analysis No. & Comment

Goid 1 (Chi nxt Py)
Gold 3 (C nodule)

Gold 4/5 (Chl @ edge of 2nd

Gold 6 (Chi nxt Py)
Gold 7 (Chl in Qtz)

Gold 8 (Py nxt C nodule)
Gold 9/12 (in Qtz w Chi)

Gold 13 (Chl nxt Qtz)
Gold 14/16 (Chl)
Gold 17 (Chl nxt Py)

Au
87.39
8627

88.2
8§7.28

88.41
9263
88.11
87.82
88.48
88.55
88.49
88.83
87.71
88.06
88.17
87.32
86.87
87.06
87.23
87.85
88.23
88.47
88.08

86.8
87.57
86.57
87.59
88.79

86.49
86.18
8§7.92
88.41
88.41
87.51
88.01
88.91
87.63
87.39

Ag Hg
917 42
818 4.1
865 4.16
837 433

Ag  Hg
726 499

72 093
8.11 5.02
807 S04
809 449

82 458
821 479
803 44

81 5.06
8.31 47
7.51 4.61
802 452
787 532
802 458
838 466
812 541
819 . 469
797 S04
813 488
824 471
829 4.83
842 498
839 466
769 425

Ag  Hg
856 447
816 424
671 440
710 443
751 442
754 439
719 467
721 457
725 474
737 456

TOTAL
100.76
98.56
101.01
93.98

TOTAL
100.66
100.76
10124
100.93
101.06
101.34
101.49
101.26
100.87
101.07
100.29

99.86
100.06

99.66
10027
101.38
101.11
101.48
101.09

99.75
100.69

997
100.64
100.73

TOTAL
99.52
98.58
99.03
99.94

100.34
99.44
99.87

100.69
99.62
99,32

Fineness

913
9
912

Fineness
924
928
916
916
916
g15
g15
917
915
914

916
917
916
912
915
915
917
915
913
914
911
913

Fineness
910

w24

Chi Anal.

Corresp.
Chi Anal.
Chi 11
Chi 11
Chi 11
Chi 11
Chi 13& 16
Chl 13& 16
Chi 13& 16
Chi 13& 16
Chi 13& 16
Chi 13& 16
Chi 13& 16
Chl 13& 16
Chl 13& 16
Chi 13& 16
Chi 13& 16
Ch! 13& 16

Chf 14& 15

Chi Anal.

Cht12
Chi 12
Chi 12



SAMPLE VHG107

Gold Anglysis & Comments
Gold 1 (Q)

Gold 2 (Q)

Gokd 3 (Qtz)
Gold 4/6 (Chi

Goid 7/8 (@ Qtz margn)
Gold10 (@ Qtz margn)
Gold 11 (O}

Gold 12 (attached Py)
Gold 13 (Py)
Gold 14 (Ot}

Gold 15 {attached Py)
Gold 16 (Otz)

Gold 18 (@ Qtz margn)
Gold 19/24 (@Qtz margn)
Gold26 (Qtz margn wChi)
Gold27 (Qtz margn wChi)
Gokd28 (in Qtz closeto C)
Gold29 {@ Qtz margn)
Gold30 (in Chi ma C)
Gold31 (in Chi nxt C)
Gold 32 (Qtz)
Gold 33 ()
Gold 34 (Chi)
Gold 35 (Otz)

Gold 36/41 (@Qtz margn)
Gold 43 (Py)

SAMPLE VHG120

Gold Analysis No. & Comments

Gold 2 (P}
Gold 4 (rot Py)
Gold 5 (nxt Py)
Gold 6 (Py)

Goid 7/11 (between Py)
Goid 14/15 (in Py)
Goid 17 (in Py)

Gold 19/26 (nxt Py +- Qtz)

SAMPLE VHG125

Gold Analysis No. & Comments

Gold 5 (Chl)
Gold 6 (Chi)

Gold 7 (Chl rod Qt2)
Gold 8 (in Py)

Gold9 (on Chitwirl in Qtz)
Gold10 (w Chi in Qtz)
Gokd 11 (Chi)

Gold 12 {w Py in Chl)
Gold13 (WPyr?? in Qtz)
Gokd 14 (Py)
Gold 15 (Chi)
Gold 16 (Py)
Gold17 (in Qtz w Chi)
Gold 18 (Chl)
Gold 20 (Chi)
Gold 21 (Chl)
Gold 22 (Chl)

Au
88.98
88.61
8§7.67

879
ess2
87.52
8.3
88.11
87.04
88.14

Ag
8.77
8.64
8.63
8.46
8.50

86
8.34
8.36
8.77
8.98

85
8.35
8.38
8.68

87

8.6
8.51
8.1
8.03
7.73
8.76
9.03

88

79
843
9.39

8.09

757

8.02
8.01
796
7.98
7.87
7.75

6.83
762
6.7
7.67
6.85
6.19
764
7.48
758
7.38
8.
713
707
737

71
875

281
4.05
3.086
3.94
3.96

48
3
441
391
4.12
4.02
4.14
425
3.97
435
422
4.18
4.08
379

4.02
1.82
4.1
3.98
39
42

4.01
3.86
383

40t
3
389
4.01

1.35
4.85

4.7
463
1.77
434

4.81
462
4.79
443
4.56

462
473

47
472

Corresp.

TOTAL Fineness ChiAnsl

100.56
1013
99.56
100.3

101.07

100.92

101.48

100.88
99.72

1014
9.8

100.51

101.16
101.1

101.35

100.45

100.59
100.2
69.99

101.06

100.84
1013
99.83

- 10023

100.9
10021

TOTAL
101.34
100.67
100.51
101.39
101.18
101.18
10129
101.03

TOTAL
9989
101.35
99.96
100.5
100.53
100.86

100.5
10024
100.66
100.56

8.7
101.44

1014
100.08
100.03

910
911
9t
812
- 912
811
915
913
908
908
911
913
914
20

910

911
912
916
917

810

918
913

Fineness
a7

917
918
918
918
919

Fineness
831

B8RS EERRREEEES

Chi5
Chis

1

CHi Anal.
CH1
Chit
cui2

CH4s5

Chi4sS

CH4ss

Chieo

cHse

cHise
cnse



IR

SAMPLE VHG130

Gold Analysis No. & Comment
Gold 2 (in Chi 77)
Gold3/4GnChE?? ot Pyr?)
Gold 5 (n Pyr 79)
Goid 6 (i Chi 27)
Gold 7 (Py)

Gold 8 (Qt7)

Gold 9 (Qtz)

Gold 10/16 {Qtz rixt Chi)
Gokd 17 (Py)

SAMPLE VHG13

Gold Analysis No. & Commert
Goid 2/3 (in round Py)
Gold 5 (Py)

Gold 7 (w Gnin Py)
Gokd 8 (Chl)

Gold 9/10 (w Cpy in Py)
Gold 11 {Qtz)
Gold 12 (Ch wOt)
Gold 13 (Ch)
Gold 14 (Chi/Qtz)

Goid 15 (Qiz w Ch))
Gold17 {Qtz margn wChi)
Gold 18 (Qt2)
Gokd20 (wChi attchd Py)
Gold 22 (w Chi atichd Py)

SAMPLE VHG150(B)

Gold Analysis No. & Comment
Gold 1 (Q)
Goid 2/8 (in Otz +-w Py)
Gold 8 (Chi rct Qt2)

Goid 10/12 (QR)

SAMPLE VHG184

Qold Analysis No. & Comment
Gold 1/3 (in Sid)
Gold 4 (n Sid)
Gold 5/8 (Chiw 7?)

Gold 7/8 (rut sheared Sid/Chi
Gold 8 (C nodule @ edge qtz)
Gold 10 {C nodule @ edge gt
Gold 11 (C nodule @ edge gt
Gold 12 (Qtz)

Gold 13 (Sid)

Gold 14 (Si)

Gold 15/16 (Sid @ edge C no
Gold 17/18 (in Sid)

Gold 19 (C nodule)

Gold 20 (C nodule w Gn)
Gold 22/23 (Edge C nodule w
Gold 24 (Edge C nodule w Sid
Gold 25 (Edge C+Sid, w Gn)
Gold 26 (Sid)

Gold 27 (Edge C nodule w Sid
Gold 28 (n Sid w Gn)
Gold 29 (Sid)

Gold 30 (Sid @ edge C nodul
Gold 31 (Chi ? amongst Sid)
Gold 32/34 (in Sid w Chl arou

Au
8982

88.85
88.58
89.93
83.48

895
88.59

88.14
88.15
86.19

89.19

86.69
8727
87.79
88.84
89.06
86.91
85.31

88.13

876
88.12

87.1%

Ag
8.03

7.81
757

8.02
8.76
8.04

79
8.16

9.01
9.24
8.69
8.68
8.81
8.68
9.42
8.26
9.08
9.85
9.31
9.46
8.53

8.3

77
773
7.8
7.48

Hg

3.45
3.3
345

23
1.85

.85

3.99
4.08
5.62
4.77
5.67
1.99
482
467
4.36
3.67
2.88
1.72
4866
499

3.61
3.88
3.66
3.69

4.99
4.67
4.55
4.96
4.24
3.95
3.44
3.08
491
4.50
4.61
468
3.67
391
4.07
3.0
3.65
4.78

4.56
4.76
4N
4.7%
485

Corresp.

TOTAL Fineness Chi Anal.
100.85 918
101.08 920
99.78 a2
100.31 7
100.14 "7
100.99 911
100.37 S08
100.79 919
100.4 916

4]

TOTAL
101.14
101.47
100.5
100.92
101.02
99.86
100.89
100.62
100.72
101.31
101.03
100.24
100.3
98.6

n

§§§§§§§ﬁ§§§§§§§

Chié
Chi6
Chie
Chlg
Chié
Cchi6
chis
Chig
Chis

TOTAL
99.44
99.83
99.12
95.29

Chi Anal.

ﬁﬁ%ﬁg

g
2
{

8
-4
ﬁﬂﬂﬁ?@ﬁﬁ8§§§ﬂ§§§§§288§555
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SAMPLE VHG163(B)

Corresp.
Gold Analysis No. & Comment Au Ag Hg TOTAL Fineness ChiAnal.
QV Gold 1/3 (w Sph nxt Chi) 86.60 9.50 4.03 100.13 901 Chis
QV Gold 4/6 (w Gn nxt Chi?) 85.66 9.50 424 99.40 900
QV Gold 7 (w Sph nxt Qtz) 86.44 9.64 428 100.36 900
SAMPLE VHG163(C)
Corresp.
Gold Analysis No. & Comment Au Ag Hg TOTAL Fineness ChiAnal.
QV Golid 1 (f gr Qtz) 88.02 7.28 4.18 99.48 924
QV Gold 2 (f gr Qtz) 88.02 7.56 409 ° 9967 921
QV Gold 3/4 (Qtz w Gn) 88.18 7.34 4.17 99.69 923
QV Gold 5 (Qtz w Gn) 89.24 7.52 4.03 100.79 822
QV Gold 6 (f gr Qtz) 88.79 7.76 424 10079 920
Qv Golid 7 (Qtz) 87.95 7.37 4.05 99.37 923
QV Gold 8 (Qtz) 88.88 7.27 3.91 100.06 924
QV Gold 9/11 (nxt Gn, Large 88.97 7.13 4.07 100.17 926
QV Gold 12 89.84 7.03 3.87 100.74 927
QV Gold 13/14 (close to Qtz) 89.17 6.90 411 100.18 828
QV Gold 15 (w Gn close to Qt 87.95 7.02 4.06 99.03 926
QV Goid 16 (Qtz) 88.52 7.01 3.97 99.50 927
QV Goid 17/18 (Qtz) 88.84 7.21 412 100.17 925
QV Gold 19/23 (away fromGn  89.05 6.79 3.90 99.74 929
QV Gold 24/25 (nxt Brav?) 88.92 6.63 419 99.74 931
QV Gold 26 (in Gn + Brav?) 88.07 7.01 410 99.18 926
QV Gold 27 (Qtz) 88.07 6.91 411 99.09 927
QV Gold 28 (edge Gn w Qiz) 89.30 6.96 . 402 10028 928
QV Gold 28 (Qzt) 88.26 7.09 4.09 99.44 926
QV Gold 30 (Qtz) 88.09 7.50 409 ° 99.68 922
QV Gold 31 (nxt Gn) 89.25 6.58 422  100.05 931
QV Gold 32 (nxt Brav?) 88.64 6.99 4.29 99.92 927
QV Gold 33/34 (Qtz) 88.49 7.05 395 99.49 926
QV Gold 35 (Gn) 88.52 7.13 3.80 99.45 925
QV Gold 36/37 (w Gn in Qtz) 88.51 6.93 418 99.62 927
QV Goid 38 (Qtz) 8827 6.84 3.94 99.05 928

QV Gold 39 (Qtz) 8899  6.90 404  99.93 928



APPENDIX D
Fluid Inclusion Microthermometric Techni

Method

The sample material was in the form of thin (<100 pm) polished wafers. Temperatures of phase
changes were obtained with a FLUID INC.-adapted U.S.G.S. gas-flow heating-freezing system
which operates by passing cooled N, gas or heated air directly above and beneath the sample. The
system was calibrated using synthetic fluid inclusions in quartz provided by SYNFLINC (Sterner
and Bodnar, 1984), at -56.6°C (triple point of CQ,), 0.0°C (triple point of pure H,0), and 374.1°C
(critical point of pure H,0). Reproducibility of measurements during calibration was always within
0.2°C of the -56.6°C standard, within 0.1°C of the 0.0°C standard, and within 1°C of the 374.1°C
standard. Accuracy of the system is estimated to be better than + 0.2°C below 0°C, and better than
+ 1°C on heating the sample, as long as the thermocouple tip is not farther than 2.5 mm from the

fluid inclusion studied.
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Bedding paraliel QV
Sampie No. Size (um) V/L (%)

VHG 038

VHG 055(B)
(Qz/Cc vein)

MO WEHENWNOODINWWSLELENNLENOADOAENNDNONDOO

b OOON®

-—h

OO NN .t O O 0 O M M M ®OWO®NOMDMO®POO®EO

-k

- - b b ek b
(=2 I = T = B = R~ ]

10
15
10

10
15

Te

<311
<297

Tm

1.8
34

3.1
29
3.2
387
1.3
33
28
29
26

3.2

w

25
24

0.9

37
3.2

2.6

117
119
128
127
132
137
148
125
136
139
137
104

111
101
155
142

97
i21
115
113
115
107
111
118
101
118

130
113
213
165

Salinity

3.06
556

5.11
4.80
5.26
6.01
224
5.41
465
4.80
434
4.96

5.26

4.96
4.96

4.18
403

157

6.01
526

424

]
]
"
]

Comments
Y
\ Along microfract
/
-f
-

fibrous xstal



Bedding parallel QV

Sample No. Size (um) VAL (%) Te Tm Th Salinity Type Comments
VHG 087 3 10 1.7 132 290 i

3 15 1.8 140 3.06 ] -\ Along inc traif

4 10 19 137 323 n -

4 8 3 210 4.96 | Y

3 10 37 205 6.01 [ X

5 10 31 48 759 i \

3 10 4 6.45 1 > Along inc trail

3 10 43 688 it / (60 to QV margin)

3 10 4.8 759 1 /

3 10 45 7.47 1 ~

4 10 15 134 257 -

4 12 17 124 2.90 I \

3 12 15 134 257 i > Same inc trail

4 15 . 17 135 2.90 1 [ (edi])

3 10 1.8 134 3.06 ] -

3 10 12 137 207 | Y

3 10 1.2 147 2.07 i \ Same inc trail

2 10 1.1 "145 1.91 ] ] Ped |))

2 12 1.3 140 224 o

3 10 2 139 3839 R}

3 10 22 143 3.71 1 \

5 10 2.1 136 355 i \

3 10 2 149 3.39 il > Same inc trail

3 10 2 141 339 ] / (bed i)

3 10 2.1 153 355 i /

3 10 2 144 3.39 oo

4 to 135 || I

5 10 1.6 154 274 ] \

4 15 1.6 143 274 1 > Same inc trail

3 10 15 146 257 n / (ed )]

4 12 135 B o

4 10 1.8 135 3.06 n -\

2 10 16 144 274 0 \ Same inc trail

5 8 1.4 138 241 ] / (ed|])

3 10 1.6 145 274 n o



Bedding paraliel QV
Sampie No. Size (um) VA (%)

VHG 137
{Qz/Cc vem)

ol
D ONNONSNNOAONOBOLDOOOODOODON OO OOON

-—h

15
15
10
10
10
12
12

10
10
15
10
15
12
15
15
15
12
15
15
15
20
15
15
15

<-34.2

29

1.9
23
26
25
25
26

23
22
23

148
125
146
142
135
142
148
145
133
143
136
132
129
131

121

167
1556
136
147
167
168
148
154
169
166

Salinity
an

3.39
3.39
4.18
403
403
4.03
403
3.87
3.7
418

4.80

3.23
3.87
4.34
4.18
4.18
434

3.87
.7
3.87

Comments

fibrous xstal

> Along microfract

ALl

\ Along microfract
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Bedding paraliel QV

Sampie No. Size (um) VL (%)

VHG 168 8
8
10
15
15
15
10

-

DO OUU AN NNNEDODODOOODDDNNOUVOOEADOOLNGOAEONOWOGLKOO
-
(1) N0 meo

135
1S
18
15
15
13
135
12
15
18
15
15
12
s
122
1]
12
12
135
15
13
12
12
12
18
13

VHG 172

VD WE EBOUWAUAEEODLLAEAEELEDIELONONL LU

Te

<-28.8

<-33.1
<-30

<-28.1

<324
<-35.7

<-838
<-30.7
<307

<-20.7

<-30.4

<-31.2

<318

<284
<-289

Tm

38

38
3.7
3.8
2.2
2.8

2.8
2.8
27
24
23
25
23

13
33
29
3.1
31
32
3.0
33

18
17

27
27
24
28
24

27

1.8
17
16

Th
182
170
183
184
162
158

129

121
119

173
1585

120
128
133

97
114
125
129
104
134
141
133
143
134
148
102
132
127
128
130

1989
178
176
175
146
157
142
152
142
160
137
160
161
158

182

170
155
166
156
165
149
182
181
129

139

Satinity
6.74
6.45
496
4.34
5.56
5.26
4.80
465
465
449
434
434
448
418
339
3.39
3.39
418

8.45
.18

e1e
8.0t
s.16
3N
4.65
496
496
434
4.65
4.49
4.03
3.87
4.18
387

- 5.41
4.80
5.1
5.1t
52¢
498
541
an
3.08

kW)
465
4.99
4.9
403
4.00
4.03
4.00
40

SEE

Type

== E =S =R

= mMS S oS3 oSommom

Comments

> Along 'shafiow’
—~/ microfract plane

-\
> Along 'shaliow’
~/ perp. QV margin 7?

Aniso xstal attached to inc
-\
> Same microfracture
— (A5 to QV margin)
=
\ Close gp along microfract
/ (perp to QV margin)

\
\inone loosegpinqtz gr
!
!/
-
-
\

1 All in one gp (possibly along
/ microfract | | QV margin)

> All along microtract
{ {perp to OV mergin)
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Bedding perpendicutar QV
Sample No. Size (um)

VHG Ot8

VHG 039

DO OO OEAAWDD AN SEEWVLHIEEWNSENLEOG WL

M A B U OWLMOEDWWE2ADLNNAEDONODLEEONON®®

VL%

10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
S
5
€
10
10
8

10
10
10

Te

-10.2
<28
<24

-22.6

<-20

<23

<-21.8

<-25

<318
<-29

<-21.9

249

L2

<-22.1

<-21.8

<228

<-254

Tm

45
4.4
0.7
9.8
42
48
49
5.3
53
44
49
59
6.3

48
3.7

44
8.7
44
4.4
4.8
4.7

2.6
29
26
23
4.1
45
43
2.4
25
286
29
3.2

31
3.2
39
8.1
3.1
31

42
25
26
29
28
27
238
28

136
130
109

122
120
o8
108
105
87
106
1381

182

129
124
128
87
87
106

131

132

138
147
128
155
14
107
107
106
149
115

149
149
164
185
164

‘167

164
163
165
164
116
141
148

148
143

160
137
180
174

717
7.02
15.62
w72
674
7.58
173

828
702
7.3
9.08
9.60
1049
7.31
8.01
8.45
7.02
13.62
7.02
7.02
7.59
745

434
4.80
434
3.87
659
717

‘8.88
403
418
434
4.80
526
496
496
511
5.26
6.30
s.1
5.11
5.11

6.74
4.18
4.34
4.80
4.65
4.49
4.85
4.80

Comments
-\ Same trail

-\ Same trail

> Same trail

> Along microfract
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Bedding perpendicular QV

Sample No. Size (um)

VHG 093(A)

3
4
6
5
L]
4
4
4

VHG 174 9

n
o0 o

b L o b bSO OOOO

-—h
a2 OO NUOOMNWLRWWEOOLVM

- .

VL%

12
10
10
8
8
10
8
8

Te

-28.1
<-30.2
<-29.7
<-30.1

<-30

<-30

<-28.1
<-31.8
«<-35.2

<-30.5
<-28.9
<-30.5

<295

<34
<-31.1
<-33.7
<-34.5

<-36.5

Tm

26
2.6
29
3.1

26
286
28

25
24
2.2
24
28

2.4
29
33
25
83
37
35
38
38
33
3.1
25

31
3e

26

28
4.8
3.1
33
3.8
34

Th

181
127
154
141
107
107
117
112

129
157
110
135
1438
159
138
142
131

123

127

83

149
144
142
151
125

127
146

138 .

123
134

133
128
imm
126
135
116

Salinity

4.34
4.34
4.80
5.1
4.96
434
4.34
4.65

4.18
4.08
3n
4.03
4.65
3.7
4.03
4.80
5.41
4.18
541
6.01
5.7
6.16
6.30
5.41
5.11
418
496
5.1
6.30
3.87
4.34

496 .

4.65
7.59
511
541
5.86
5.56
4.96
4.96
4.98

Type Xstal ? Comments

- 80 xstal

it e Xstal shape

i

1}

it

#

i

i

f =

i \

[ > Elongate incs |}

[} { to QV margin

n ~

i -\ Blongate incs | |

# — to QV margin

] Y

il > Elongate incs | |

a — to QV margin

fl

" 4

[ > Along same microfract

! — |} QV margin

i

]

n —\

il > Along same microfract

i ~{ || QV margin

1

f -

it i\

i1 > All nsame QV

i i Qtz grain

] —

]

]

il

[

] 2

H] \ Towards centre
h / ot QV grain

1

L



Bedding perpendicular QV

Sample No. Size (um) VIL% Te Tm Th Salinity Type  Xstal? Comments
VHG 180 2 10 23 134 3.87 il -\
2 10 23 139 3.87 ] ~I
4 15 -36.6 26 159 4.34 ] -\
4 12 2.8 161 4.65 il \
3 15 25 148 4.18 It > 2 Gps of gen
2 15 2.8 147 4.65 ] / angularincs
2 10 2 145 3.39 ! -/
4 8 114 i1l Aniso -\ together
4 10 29 127 4.80 ] gr aniso -/
4 15 -325 23 186 3.87 ] -\
3 15 -311 2.8 150 4.65 Il \ together
3 12 2.7 134 4.49 i /
3 10 -31.7 2.2 114 3.71 ] -/
5 12 -30 2.1 153 " -\
3 10 3 157 n > together
5 18 3.2 178 Il -~/
2 15 2.6 Il -\
4 12 2.2 128 iI > together
3 10 <-26.6 25 158 I -~/
7 15 -304 2.4 136 ] -\
3 15 26 127 ] \ together
3 15 2.2 149 Il /
3 18 27 167 ] -/
5 8 -62.6 v -\ CO2-rich inclusions
10 8 29 v -/



R

k74

Auriferous QV

Sampie No.

VHG 163(A)
Marginal Zone

Size (um)

© o ;o

1

[~}

WwWbhH NN LN

1

[~}

NN e

ﬂaommbma’m&&whmmmm

-
(=]

[ I I I Y I

VAL %

Te

<-36

<-42
<-39.2
<389
<-36

<-36.9

<-39.8

<-36.5
<-40.1
<-39.8

Tm

34
29
35
44
45
3.1
29
42
3.8
2.8

3.9
3.8
38
3.8
46
3.8
3.8
27

3.0
3.6

33
43
39
32
51

29

49
34

1.9
42
41
3.6
39
29
34
14

43

Th
138

136
130
123

131
137

126
122
129
135
133
143
141
133
104

191
191
210
212

214
190
198
211
213
224
244

189
168

173
212

169

Salinity

5.56
4.80
5.7
7.02
747
5.1
4.80
6.74
6.18
4.65
6.45
6.30
6.16
6.16
6.16
7.31
6.16
8.16
4.49

4.96
5.86

541
6.88
6.30
528
8.00

4.80

.73
5.56
4.96
3.23
6.74
6.59
5.86
6.30
4.80
556
24

Comments
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Aurlferous QV

Sampile No.

VHG 163(A)
Central Zone

Size (um)

L b b OO N

1

N N O 0N 0O

- -t
O O ~N~NO

~N O LN A OOO

10

o ;o om

10
15
10
12
12
15
18
10
12
15
10
12
12
10
10
10
15

Te

- 445

<38
<-37.6
<-366

<-39.2
<-38.9

<-40
<362
<-40
<-40
<-383

<-36.2
<414

<402

<39

<-39.1
<416

Th

136
129
116
Lk
17
135

116

128
120
120
144
133
134
135

138
118
144
151
112
143
139

117

108

Salinity

9.34
7.86
4.96
4.96

5.56
8.95
5.41
4.80
4.65
759
5.86
5.86
6.16
5.86
5.11

6.74
5.41
9.47
7.45
5.71
5.56
6.01

6.45
5.86
5.41

9.73
4.96
5.7

5.56

Type



Nooitgedacht Fauit QV

Sample No. Size (um) V/L. (%) Te Tm Th Salinity  Type Comments
VHG 178(B) 5 10 34 171 556 TR
5 15 2.7 150 449 1l \
5 1§ 38 6.16 i - > inloose gp
6 10 <335 89 109 6.30 i /
10 12 <369 83 5.41 |
4 10 3.8 17 6.16 [
3 15 46 218 7.3t ] \
3 12 4 179 645 i > in microfract at 45
3 15 33 187 5.41 i / to QVmargin
4 15 47 201 7.45 (| )
7 20 as 152 5.71 ]
9 ‘8 35 158 5.71 u
4 10 145 )
4 15 38 180 6.16 ]
4 12 32 126 5.26 i
4 15 32 171 526 ]
5 15 189 i
6 8 594 11 N A
5 85 565 11 v \
6 60 565 13 v > CO2-ich inclusions
5 75 17 v /
6 80 566 >=31 20 v



DR Ptk A

VCR Quertzite Fluld inclusions

Sample No. Size um) VAL (%) Te Tm Th  Safinity Type Comments
VHG 055(B) 4 12 24 : 403 ll -\
a 15 <-28.7 28 169 465 4] \ Along microfract
3 15 168 tt !
6 10 <214 26 434 1] -
4 10 <271 3.8 131 6.16 1§
3 10 15 257 1
13 18 2.8 157 4.65 -1 -\
5 15 29 154 4.80 1] \ Along microfract
4 10 28 164 4.65 i !
6 10 <-282 29 150 480 n
5 12 <-21.8 2.6 148 434 ]
6 10 27 170 449 ]
5 18 28 192 465 i \
5 8 27.7 28 163 465 [} I
9 25 24 177 4.03 1 - :
13 15 28 197 4.65 (1] w Cc attached to incs
5 15 28 140 4.65 ] -\ wCe attached to incs
10 15 196 i) ~f '
6 8 25 4.18 i
5 8 a7 6.01 A
12 15 27 1563 449 ] A
5 10 31 137 5.1 il \ Along microfract
8 8 2.6 141 434 ] !
5 8 3 182 4.96 B ~f
8 10 <214 25 4.18 1t -\
3 10 25 4.18 fit > In same grain as previous
5 12 3.2 163 526 m- -
8 8 24 4.03 i
4 15 3.6 5.86 It -\
11 20 <237 32 204 526 n
3 8 3 4.96 i \
3 8 <252 2.3 147 387 ]
4 8 28 168 465 i \ all together along
3 8 <-295 3.1 5.1 it | same fracture plane
4 8 3.2 216 526 n in qz grain
10 20 38 252 6.16 n !
3 15 3.9 217 6.30 i
4 25 256 i
5 18 24 v
3 15 20 v > CO2-ich inclusions
3 15 24 v o
VHG 063(A) ] 15 .33 5.41 "
s 10 35 5.7 B . C
[ 10 29 40 = \ Along same microfract '
6 8 <-28 33 123 541 n i S
6 10 <-28 3.3 127 541 B 4
5 15 24 403 i
5 10 <-28 2.6 123 434 i1}
38 10 128 n
3 10 24 121 4.03 )]
4 10 <29 36 8 5.86 g
4 ‘B

8 1.4 129 241



e

VCR Quartzite Fluid inclusions

Sample No. Size (um) V/L (%) Te Tm Th Salinity  Type Comments
VHG 074 7 8 3.2 125 5.26 n
4 10 153 it -\ along same microfract
2 15 28 159 4.65 m -/
5 10 85 132 5.7 ]
VHG 093(A) 5 '3 4.96 ]
3 18 3 148 496 W
5 15 <313 28 136 4.65 "
3 15 <-23 3.2 128 5.26 ]
5 12 <313 31 5.11 I
7 15 <307 25 163 4.18 il
6 20 <-25 28 4.65 ill
4 10 3.1 152 5.11 I
6 8 80 It
7 15 36 192 5.86 It -\ In gtz gr containing Au
6 15 4 162 6.45 n -~/
5 10 4.1 194 6.59 ] In gtz gr comtaining Au
VHG 033(B) 6 12 42 . 6.74 i}
5 12 144 i
5 10 1.8 120 3.06 m
5 10 1.8 159 3.06 ]}
5 8 5.2 96 8.14 1]
4 8 86 {[]]
8 8 29 126 4.80 11}
5 10 3 161 4.96 1] -\
4 10 32 153 5.26 ] > together
6 10 25 161 4.18 | -/
7 6 <-29 2 3.39 fl
5 6 <31 42 99 6.74 n
3 8 38 98 6.16 n
7 10 3 126 4.96 ]
8 <-295 32 140 5.26 (] -\
5 8 <-295 3.2 5.26 ] \ Along microfract
5 8 34 145 5.56 H / ’
5 10 2.8 143 4.65 in -/
6 8 29 118 4.80 i
4 8 <-295 34 133 556 1 -\
4 10 137 H \ Along microfract
4 8 «-285 33 5.41 m '
3 10 <-295 8.2 131 5.26 H -~/
VHG 130 3 18 144 ]
5 10 128 5 -\ togsther



ELPPRIPEG, - o

VCR Quartzite Fluid Inclusions

Sample No. Size (um) V/L (%) Te Tm Th Salinity Type Comments
VHG 131 6 10 28 4.65 m
8 10 2 142 3.39 fil
7 10 152 it
5 12 <228 14 154 241 i
5 15 26 4.34 m
5 15 <25 24 148 4.03 i
5 10 141 [
5 10 1.7 138 2.90 i
7 10 15 152 257 n
3 8 124 m
5 10 <28 2 125 339 1]
3 10 1.6 124 2.74 ]
4 10 23 139 3.87 ]
VHG 158(B) 5 15 18 151 3.06 I -\ together
3 15 1.8 3.06 u -/
5 12 153 mo =\
4 15 152 n \
5 15 12 168 2.07 i} > together in group
4 12 <<277 16 156 2.74 1 /
4 12 1.3 132 224 il -f
6 8 <26 1.6 138 274 ]
4 10 15 145 257 ]
3 18 24 147 4.03 I -\
3 15 2 144 3.39 ] \ In gtz gr along
4 15 0.8 164 1.40 m / microfract
6 15 1.6 153 274 1 -/
10 10 0.7 143 122 i
5 10 16 152 2.74 1l -\ togethar
3 12 2.1 157 355 I -/
6 20 26 434 m -\
4 15 25 178 4.18 ] > Along microfract
9 15 23 185 3.87 m o -
6 18 2 189 3.39 I -\
4 18 23 174 3as7 \ In Zone with sc {aths
4 15 29 161 4.80 ] | inqzgr
4 18 22 153 3.71 o~
7 10 0.6 136 1.05 i with sid xstal
7 20 0.7 143 122 1]
5 15 2.1 168 355 M -\ ingizgrnxtiotype i chl
6 18 16 157 274 m



APPENDIX E

SEM-Cathodoluminescence Study

The instrument which was used for the SEM-CL investigation is a Cambridge Stereoscan S440 -
scanning electron microscope housed at the Electron Microscope Unit, University of Cape Town.

Method

Carbon-coated chips of polished sections were mserted mto the specimen chamber and bombarded
with electrons using a tungsten filament. The beam current and acceleration voltage for the
acquisition of CL spectra varied from 35 - 840 nA and 10 - 15 kV, respectively. The grating of
the Oxford monochromator (used for the acquisition of CL spectra) was 1200/mm, with the slits
variable from 10 pmto 5 mm. The resolution of the monochromator is 0.5 mm and the dispersion

1s estimated at 1.8 nm/mm.

Step-scanning was done m 3 nm mtervals in the wavelength range of 400 - 700 nm. The resultant
photon mtensities were corrected for the response finction of the photomultiplier tube by dividing
- the measured intensity by a factor at given wavelength (see Table E1). '



Table E1: Wavelength correction curve applied to
correct for photomuitiplier tube sensitivity.

Wavelength Factor| Wavelength Factor
nm ' nm
400 3966 553 22745
403 4290 556 - 22744
406 4614 559 22744
409 4938 562 22720
412 5262 565 22684
415 5586 568 22648
. 418 5910 571 22612
421 6296 574 22576
424 6804 577 22540
427 7312 580 22501
430 7820 583 22377
433 8328 586 22253
436 8836 589 22129
439 9344 592 22005
442 9857 595 21881
445 10370 598 21757
448 10883 601 21634
451 11396 604 21515
454 11909 607 21396
457 12422 610 21277
460 12935 613 21158
463 13416 616 21039
466 13896 619 20920
469 14376 622 20727
- 472 14856 625 20492
475 15336 628 20257
478 15816 631 - 20022
481 16273 634 19787
484 16692 637 19552
487 17111 640 19317
490 17530 643 19012
493 17949 646 - 18707
496 18368 649 18402
499 18787 652 18097
502 19159 655 17792
505 19510 658 17487
508 19861 661 17198
511 20212 664 16931
514 20563 667 16664
517 20914 670 16397
520 21265 673 16130
523 21487 676 15863
526 21709 679 15596
529 21931 682 15322
532 22153 685 15046
- 535 22375 688| 14770
538 22597 691 14494
541 22747 694 14218
544 22747 697 13942
547 22746 700 13566
550 22746 ‘




Spectra corrected for photomuttiplier tube sensitivity (Fig.8.1 (o).

Sampte No| VHGOS3(A) VHG158(B) vnswa(symb No.| vrHGoSs(A) VHG158(B) VHGISS(E)

Curve No. | (Q281) LB13) (L5S2) No. | (Q231) (LB13) {L5S2)
400 21506 17487 1760t 550 4976 2206 4061
403 20524 16725 17234 553 5088 = 2266 4188
408 18831 15878 16561 558 5150 2295 4382
409 17798 15244 15691 559 5188 2370 “rn
412 16895 14416 15056 562 5205 2400 4652 -
415 15988 136861 14268 565 5334 2458 4738
418 14830 12849 13633 568 5396 2510 4902
421 13674 12103 12590 571 5437 2572 4962
424 12568 11855 11828 574 85425 . 2638 5160
427 11696 10583 10918 577 5386 2675 5158
430 10950 9817 10115 580 5468 2740 5352
433 10308 9139 9340 583 5575 2779 5358
436 8619 8547 8840 586 5590 2828 5562
439 8908 7917 8117 589 5604 2888 5591
442 8173 7419 7747 892 5543 2918 5723
445 7773 8932 7170 595 | 5560 2082 sT14
448" 7511 6482 6847 568 5625 8001 5850
451 7102 6107 6348 601 5742 8025 5935
454 6748 5710 €089 604 5757 8056 5941
457 6337 5403 5681 607 5766 3062 6059
460 6025 5107 5418 610 5728 3106 6056
463 5814 4846 5155 613 5864 3104 6200
486 5608 4548 4899 616 8060 3103 &7
469 5384 4292 4634 819 6116 3099 6373
472 5162 4038 4447 622 6226 3096 6306
475 497 " 3840 4249 625 6274 s121 €516
476 4803 3825 4072 628 6375 s118 518
481 4714 9445 3895 631 8514 3112 6521
484 4588 3274 3704 634 6598 3115 8598
487 4516 3074 3596 637 8570 3103 6m8
490 4387 2936 3445 640 6520 3080 67124
493 | 4284 2823 8371 843 6420 - 3090 -sal ]
496 4248 2672 3264 646 8370 3047 6859
499 4230 2570 3208 849 6330 3017 6527
502 4174 2446 s109 852 6220 2085 - 6559
505 4187 2354 3095 655 6022 2941 €361
508 4185 2284 3063 858 5822 2893 6358
511 4150 2216 3025 661 5722 2839 6069
514 4134 - . 2154 3001 664 5598 2783 5991
517 4179 210t 3082 667 5393 2733 576t
520 4252 2083 3090 670 5192 2649 5819
523 4312 2062 3152 873 4971 2603 5378
526 4354 2036 8208 676 4786 2525 5239
529 4420 2052 8292 678 4898 2473 5012
532 4499 2060 3364 682 4502 2412 4845
535 4583 2064 3487 685 4356 2340 4683
838 4630 207t 3568 688 | 4004 2320 4444
541 4699 2006 3650 €91 8928 2249 £349
544 4770 2114 3780 694 3877 2202 4137
547 4847 2148 3908 697 azes 2173 4063




Spectra corrected for photamuttiplier tube sensitivity (Fig.8.1(b))

Sampie No| VHG173(B) VHG173(B) mmwmleuo VHG173(8) VHG173(B) VHGOSS(A)

Curve No. 52) (1452 83 No. | (3s89) (T452) (Q483)
400 4863 4988 4758 550 2102 2515 2866
403 4624 4764 4668 553 2144 2631 2890
406 4308 4436 4504 556 2213 2783 2037
409 4077 4024 4311 559 2243 2887 2931
412 3781 3756 4194 562 2301 3069 2990
415 3486 3468 3998 565 2340 3185 2952
418 3266 3187 3750 568 2388 3320 2961
421 3040 2808 3583 57 2409 3460 2972
424 2834 2723 8345 574 2437 3588 2984
427 2696 2489 3220 577 2483 3696 2977
430 2550 2347 3070 580 2491 3856 3032
433 2356 2225 2942 583 2516 3992 2980
436 2287 2108 2897 586 257 4120 2967
439 2161 2006 2793 589 2508 4237 2048
442 2097 1899 2703 592 2815 4335 2946
445 2020 1805 2648 595 2629 4414 2653
448 1941 1744 2621 596 . 2671 4484 2928
451 1874 1657 2568 601 2680 4555 2047
454 1828 1628 2511 604 2678 4624 2972
457 1773 1572 2500 607 2745 4668 3006
460 1735 1489 2455 810 2786 4ns 3056
463 1678 1454 2444 813 2822 4752 3151
466 1653 1418 2404 616 . 2858 4762 3227
469 1630 1400 2418 619 2007 4790 3335
472 1605 1368 2371 622 2953 4790 3465
475 1578 1327 2380 625 3016 4807 3597
478 1568 1298 2355 628 3038 4809 3727
481 1553 1286 2379 631 3098 4817 3821
484 1538 1279 2365 634 3104 4807 3871
487 1529 1259 2356 637 3145 4791 3920
490 1504 1238 2384 640 3152 4778 3963
493 1505 © 1237 2380 643 3108 4733 3941
496 1532 1249 2391 646 3080 4720 3856
499 1518 1259 2994 649 3081 4685 3852
502 1525 1264 2402 652 2994 4641 3782
505 1524 1297 2398 655 2935 4597 3661
508 1539 1338 2420 658 2856 4551 8583
511 1562 1378 2441 661 2796 4461 3477
514 1598 1411 2479 664 2726 4358 3381
517 1610 1468 2505 867 2684 4267 3225
520 1650 1527 2549 670 2576 4186 3100
523| 1685 1592 2587 673 2522 4038 2973
526 1708 1680 2617 676 2435 3967 2840
529 1785 1783 2652 679 2392 3832 2713
532 1814 1851 2704 882 2322 3752 2596
535 1848 1935 2703 885 2228 see7 2484
538 1888 2017 2743 888 2218 3533 2389
541 1939 2140 2762 691 2111 3416 2269
544 | - 1993 2246 2818 894 2070 3328 2202
547 2062 2391 2865 697 2017 3222 2156




Spectra corrected for photomultipiier tube ssnsitivity (Fig.9.1(c))

SampieNo.| VHG181  VHGIS1  VHGIT2 VHGIS3(A) No.l VHGIS1  VHGISI  VHGIT2 VHGIGMA)
Curve No. (8181) (S252) R154) (J19) No. (S181) (S252) {R154) {9)
400 4131 7048 3322 7326 350 2027 1676 2265 2407
403 3931 6858 3208 7504 853 2134 1695 2388 2499
408 3798 6200 s108 7311 558 2194 1760 2489 2521
409 3632 5384 2896 6885 550 2318 1807 2638 2630
a2 3401 5358 2744 6334 582 2432 1850 2683 2617
a5 nrn 5036 2590 5861 565 2498 1963 2823 2774
@18 3012 4687 2430 5308 568 2619 1899 2880 2718
421 2743 4250 2248 4832 571 2723 1952 3030 2860
424 2604 3917 2109 4388 574 2802 2012 3087 2798
427 2420 36807 1954 3978 577 2865 2081 3232 2844
430 2283 3359 1804 3702 580 3014 2056 3274 2846
433 2139 3138 1757 3464 583 3091 2035 3431 2894
436 2037 2009 1684 3221 586 3162 2109 84868 2909
439 1926 2740 1659 3070 589 3252 2183 3620 2939
442 1848 2588 1531 2872 592 8338 2197 3638 2057
445 1761 2448 1472 2741 595 3430 £220 3767 2939
448 1683 2302 1418 2618 508 3519 2187 L 144! 3008
451 1633 2167 1380 2537 601 3575 2213 8873 2958
454 1585 2079 1346 2364 604 3627 2287 3947 3032
457 1518 1985 1281 2321 607 3679 2328 4001 2045
460 1467 1899 1263 2243 610 3680 2361 4053 3080
463 1425 1862 1237 2152 813 3731 2399 4030 3047
466 1397 1 1229 2095 818 3781 2438 4073 3198
469 1337 1699 1199 2006 819 3733 2490 4059 3152
472 1306 1641 1190 1959 622 3778 2589 4142 3358
475 1265 1608 1144 1934 625 3807 26847 4081 3203
478 1236 157 1148 1830 628 3802 2680 4183 3510
481 1231 1532 1143 1824 631 3761 2689 4084 3454
484 1223 1501 1148 1779 634 3822 2734 4151 3562
487 1185 1467 151 1767 637 3763 2810 4010 3557
490 1183 1424 1147 1745 840 3719 2897 4099 3556
493 1182 1404 un 1702 643 3748 2609 3987 3516
496 179 1388 1168 1719 848 3741 2778 39908 3492
499 1160 1365 1185 1698 849 3840 2721 8921 482
502 1168 1381 1196 1734 852 3634 2679 3885 3360
505 1176 1945 1231 1714 655 3619 2679 3785 3341
508 1191 1347 1258 1753 658 8509 2633 3728 3225
511 1208 1352 1298 1739 861 8449 2600 3353 3189
514 1240 1357 1316 1783 864 3439 2512 3498 3033
517 1275 1362 1395 1810 667 3309 2407 3385 2990
520 1819 1382 1425 1871 870 8230 2389 3305 2798
523 1361 1897 1508 1905 673 3183 2327 3112 2802
528 1428 1427 1580 1948 678 3118 271 3067 2620
529 1472 1450 1642 2027 o9 2091 2227 2931 2614
532 1533 1479 1723 2064 682 2978 2101 2821 2443
535 1609 1499 1811 2128 35 2084 2080 2707 2431
538 1661 1523 1908 2153 688 2802 2017 2581 2291
541 1749 1578 2005 2241 691 2717 1999 2501 2244
544 1841 1607 2076 2288 94 2728 1967 2388 2147
547 1906 16861 2178 2363 697 2608 1902 2291 2126




Spectra corrected for photormultipiler hube senettivity (Fig.9.2(a))

Sample No.| VHG093(A) VHGOIS(A) No] VHGO93(A) VHGOO3(A)

Curve No. {P581) P5S2) No. (P331) (P552)
400 4656 2696 550 727 508
403 4496 2340 553 750 530
408 4322 2227 556 767 544
409 1N 2148 559 775 544
412 3877 1988 562 802 557
415 3718 1861 885 817 582
418 3445 1760 568 827 589
421 3278 1670 571 830 588
424 3055 1584 574 859 587
427 2846 1421 577 870 603
430 2643 1844 580 879 619
433 2420 1236 583 887 627
436 2268 1160 586 913 836
439 2088 1067 589 929 646
442 1860 1002 592 $40 861
445 1856 870 595 973
448 1712 915 598 1004 683
451 1618 856 801 994 674
454 1514 805 804 o1
457 1433 780 607 o988 697
460 1349 750 610 1022 701
463 1200 706 613 1056 697
468 1215 678 816 1028 703
469 1153 864 619 1057 708
472 1098 €29 622 1071 724
475 1051 602 625{ 1068 738
478 993 581 628 1108 728
481 948 567 831 1103 733
484 904 552 634 1102 729
487 903 536 637 1119 728
490 834 508 640 1141 753
493 804 507 643 1116 746
496 775 491 646 1108 735
499 753 475 649 1065 737
502 740 470 852 1082 715
505 722 467 855 1054 696
508 692 463 658 1043 716
511 682 458 661 1004 697
514 670 445 664 984 683
517 657 450 867 977 684
520 668 450 670 927 666
523 854 456 673 931 642
526 661 461 676 910 639
529 664 461 1 868 635
532 679 462 882 856 617
538 669 474 688 853 600
538 685 475 88 822 505
541 695 485 a91 787 590
544 721 498 604 768 882
547 714 517 697 756 871




Spectra carrected for photomuttiplier tube senslthity (Fig.9.2(b))

Sample No| VHGO93(A) VHGOS3(A) VHGOSS(A)jSample No | VHGO03(A) VHGOSS(A) VHGOOS(A
Curve No. | (P5S3) (PSS4) (PBSY) No. | (PS5893) (P3S4) _ (Pes3)
400 | 2408 1789 3308 550 868 - 825 887
403 2318 1732 3204 553 884 538 892
406 2189 1667 so11 556 913 549 918
409 2034 1562 2819 559 943 572 993
412 1840 1469 2600 582 965 591 947
415 1740 1394 2580 565 1002 502 981
418 1633 1296 2391 568 1019 811 985
421 1530 1194 2225 [75) 1040 627 985
424 1429 1104 2041 574 1064 632 1026
427 1332 1028 1888 577 1004 645 1027
430 1256 958 1796 580 1112 €57 1051
433 1194 878 1668 583 1126 665 1061
436 1112 858 1596 586 1154 676 1088
439 1056 795 1492 589 "3 660 1102
442 999 754 1411 502 191 693 1108
445 952 726 1348 505 1222 ad! 1125
448 891 662 1280 558 1223 708 1163
451 873 864 1223 &0t 1235 748 1163
454 836 830 1161 604 1250 737 1180
457 790 589 - 1120 607 1275 738 1166
460 779 569 1088 610 1309 748 1183
463 752 558 1043 613 1325 768 1208
466 723 539 1011 616 1902 782 1218
469 712 535 979 619 1326 781 1222
472 690 523 954 622 1356 787 1257
475 72 504 927 625 1370 812 1258
478 643 495 918 628 1366 822 1272
481 " 636 468 8686 631 1408 830 1286
484 628 463 862 634 1390 821 1289
487 609 454 84S 637 1376 841 1301
480 599 445 824 840 1387 842 1296
493 588 442 73 643 1389 835 1290
466 588 434 784 848 1363 837 1261
499 589 431 774 649 1339 833 1287
502 583 430 761 652 1310 823 1292
505 584 420 772 655 1286 817 1263
' 508 585 418 748 €58 1263 790 1263
511 595 415 748 | 061 1232 782 1227
514 608 422 738 064 1201 779 1233
517 615 408 738 867 1168 773 1208
520 641 432 754 670 1131 745 1168
523 €56 434 761 673 1093 718 1167
526 679 448 768 &8 1062 716 1172
529 693 465 ™2 &% 1037 601 1145
532 708 457 794 682 1001 877 1108
535 775 465 7% e85 979 14] 1123
538 751 47 08 | 688 958 661 1085
541 785 485 21 | o1 923 844 1092
544 809 502 834 04 871 851 1075
547 828 503 259 97 868 630 1073




Spectra corrected for photomultiplier tube sensitivity (Fig9.3)

Sample No ] VHGOB3(A) VHGOBS(A) wsm(wmpu No|VHGOB3(A) VHGOSS(A) VHGOSS(A)
CuveNo. | (@2s3)  (Qes4)  (Q3S1) No. | (@2s3) (@@S4)  (QsSY)
400 17544 9050 9355 550 4620 4526 4251
403 18687 8537 8915 ‘853 4756 4850 4380
406 15812 7855 8233 556 4838 4208 4497
409 14274 7404 7764 559 4875 o 4628
a2 13452 8812 7167 562 4905 4983 4671
415 12727 6395 6558 565 4972 4571 4693
418 12002 £951 6144 568 5101 5058 4775
421 11108 5504 5536 571 5174 5192 4878
424 10181 5136 5168 574 5205 5282 4983
427 9388 4863 4827 577 5184 5280 4961
430 8810 4692 4574 580 5166 5278 4957
433 8278 4457 4335 583 5272 5285 5014
436 7810 4205 4072 586 5397 5392 5149
az9| 7283 4042 3905 589 5449 5525 5285
442 6740 3848 3750 592 s414 5545 5189
445 6353 srs2 3661 595 5387 536 5195
448 6081 3650 3502 598 5451 5450 5200
451 5838 3529 3415 601 5557 5536 5352
454 5538 3425 a315 804 5650 5709 5447
457 5250 3338 3223 607 5657 5788 5409
460 5022 3264 3150 610 5644 5829 5397
463 4790 3228 3082 613 5641 5797 5502
486 4659 3183 3017 816 5812 5901 5667
489 4494 3116 2080 819 8026 €077 5792
472 4358 3044 2806 622 6111 =70 5800
475 4215 3068 2019 625 6185 &383 5848
478 4094 3008 2883 628 6158 8445 5987
481 3957 2880 2869 631 6206 8400 6107
484 3921 2085 2854 834 6441 585 6176
487 3855 2994 2835 637 6498 875 6127
490 am 2985 2891 840 6410 6844 6042
493 3703 3013 2888 643 6316 es19 6020
496 3653 3044 2890 846 6188 €361 6046
499 3608 3084 2934 849 6189 8252 5968
502 3621 s102 2955 652 6122 6267 5768
505 3622 3147 3001 855 5980 8160 5651
- 508 3612 3203 3036 658 5768 8008 5500
511 3634 3263 3083 661 5562 5749 8432
514 3641 3308 3142 684 5445 5540 5329
517 3691 3390 3241 667 5351 5472 5088
520 3778 3508 3305 670 5182 5379 4916
523 3863 3842 3378 673 4985 5153 4754
526 3908 3720 3490 676 4629 923 4674
529 3864 3813 3577 é7% 4551 4671 4519
532 4078 3904 3s6s 682 4438 4560 4275
535 4156 4012 3767 885 4309 “70 4130
538 4248 4133 3843 688 4124 4338 3976
541 4319 4224 3945 091 3925 4102 3885
544 4402 4357 4108 694 3772 3947 - 3799
547 4499 4420 4183 697 3674 3791 3591




Spectra corrected for photomuitiplier tube senstitivity (Fig.94)

Sample No| VHG173(B) VHG173(B) VHG173(B) VHG173(8) te No| VHG173(B) VHG173(B) VHG173(B) VHGI7TS®)
CuvoNo. | (T4S1)  (T4S2)  (T4S3)  (T4SY) No. | (Tas1)  (TaS2) (TSI}  (T4S4)
200 18263 4088 4399 7966 550 3040 2515 2273 774
403 17763 4764 4380 7883 533 3144 2631 2382 2989
408 17166 4438 4221 7574 556 3218 2783 477 4120
400 16405 4024 3997 73862 850 3345 2887 2508 4405
“2 15796 3756 3823 7220 562 3440 3068 2680 4816
415 14952 3468 3599 o884 568 3se9 3185 2757 4831
418 14229 3187 3426 e8es 568 3670 3320 2867 5050
421 13408 2906 3141 6143 571 s789 3460 2954 5257
424 12578 2723 2884 5668 574 3898 3588 3045 5389
427 11703 2489 2646 5181 577 4014 366 3135 5687
430 10848 2347 2417 4682 580 ar4s 3856 3228 5867
433 10221 2225 2295 4333 583 4230 3992 3327 6017
438 9517 2108 2208 4004 586 447 4120 3409 6203
439 2831 2006 2057 2903 889 4428 4237 3492 6438
“2 8252 1899 1997 3655 502 4544 4335 3580 6588
445 7780 1805 1882 482 595 4388 aa14 %77 6735
s 7265 1744 1807 3817 5908 4063 4484 790 6888
451 €838 1657 1754 3149 601 4783 4555 3838 7017
454 s4a4 1628 1673 3018 604 4783 4624 3934 7064
457 6057 1572 1604 2848 607 4817 4668 4001 7208
460 5734 1489 1565 2740 610 4836 418 4057 7168
463 5413 1454 1498 2627 613 4849 4752 4084 7230
466 5114 1419 1463 2553 616 4895 4762 4131 7314
prs 4785 1400 1438 2449 69| aa20 4780 4158 7398
ar2 4564 1368 1402 2390 622 4910 4780 4202 7468
475 4340 1827 1336 2316 625 €915 4807 4249 7475
478 4127 1208 1355 2242 628 4925 4800 4263 7456
481 3914 1286 1304 2157 631 4956 4817 4244 7643
484 s721 1279 1302 2122 634 4920 4807 4257 7672
487 3se7 1259 1270 2060 837 4956 4791 4208 ma2
490 423 1238 1258 2027 640 «318 4778 4192 7673
493 3260 1237 1233 1997 643 4907 4733 4163 7640
496 3100 1249 1247 1977 a6 4902 4720 4112 7816
499 2982 1259 1256 1984 649 4840 4685 4047 7584
502 2000 1264 1260 1962 652 4810 4641 4011 7490
505 2807 1207 1276 1983 655 4728 4597 3961 7426
508 2742 1338 1283 1992 656 4627 4551 2914 7332
511 2673 1878 1296 2054 061 4547 4461 3811 7193
514 2617 1411 1351 2105 664 4457 4358 s708 7111
517 2588 1468 1391 2182 867 4315 4267 3836 8940
520 2580 1527 1441 2270 670 4202 4188 3604 ea46
523 2605 1592 1489 2351 e73 4099 4038 461 0867
526 2594 1690 1588 2472 676 4030 3967 3420 6458
529 2509 17839 1643 2602 7% 3904 3832 3366 380
532 2634 1851 1701 2748 682 s782 3752 3308 8161
535 2685 1935 1782 2904 685 3684 3667 3239 6004
538 2724 2017 1870 3005 838 3618 3533 3128 5808
541 2808 2140 1960 3189 891 3497 3416 3003 5620
544 2866 2246 2072 3379 654 3412 3328 3004 5488
547 2941 2391 2172 3569 697 3343 3222 2955 5332




Spectra corrected for photomultiplier Webe sansitivity (Fig.9.5)

Sample No| VHG183(A) VHG163(A) VIHIG163(A} VHG183(A)[Sampie No VHG163(A) VHG183{A) VHGIGS{A) VHGIE(A)
CuveNo | WAY) __ (M2) QA7) UAB) No | (A1) (A2 (An  gae)

400 6945 4270 0880 5432 350 1859 221 1473 1563
403 6768 6347 6290 5505 533 1911 2213 1428 1600
406 6314 5068 5833 5204 556 1049 2310 1482 1675
409 5803 3503 54628 4925 558 1978 238t 1469 1687
412 5520 5144 5175 4518 562 200 2358 1449 1734
413 5216 4890 4985 4284 568 2055 2480 1474 1787
418 5100 4672 4824 4016 568 2096 2444 14938 1792
421 4807 4400 4348 3874 571 2088 2485 1485 1834
424 4353 4029 4001 8408 574 187 2209 1490 t868
427 4184 4003 3774 3182 577 1885 2290 1508 1910
430 3682 3517 3850 2990 580 1937 2372 151 1951
433 3050 3431 3432 2856 583 2198 2453 1507 1968
436 2778 3267 3230 2755 588 2224 2531 1507 2025
439 2720 3014 3054 2541 589 2268 2557 1505 2031
442 2579 2885 2977 2464 502 2208 2630 1541 2072
445 2392 2754 2008 2328 505 2357 2664 156835 2081
448 2293 2688 2601 2221 508 238 2697 1558 2138
451 2164 2603 2300 2130 801 2387 2877 1540 2150
454 2102 2585 2205 2069 604 2408 2848 1555 2193
457 2050 2437 2120 1908 807 2439 3100 1546 2170
460 2010 2357 2208 1895 610 2462 3082 1567 221
463 1965 2306 2141 1835 613 2445 3142 1600 2218
466 1886 2129 2017 1702 ¢816 2524 316S 1507 2239
469 1836 2182 1967 1699 618 2513 3182 1618 2244
472 1768 2127 1864 1634 622 2515 3240 1628 2263
475 1707 2021 1837 1604 825 2585 3308 1883 2334
478 1673 20068 1829 1582 828 2633 3323 1727 2335
481 1720 1870 1718 1531 631 2625 33687 1738 2349
484 1870 1977 1713 1503 634 2618 3408 1754 2366
487 1819 1888 1651 1489 637 2620 3372 1747 2369
490 1650 1898 1633 1431 640 2646 3313 1798 2357
493 1604 1880 1589 1413 643 2634 3194 1789 2373
486 1568 1868 1585 1380 846 2641 3002 1815 2379
499 1533 1842 157 1375 649 2616 2019 1788 2396
502 1483 1878 1533 1353 852 2607 2038 1807 2407
505 1461 1840 1532 1312 655 2498 2829 1800 2424
508 1450 1835 1541 1354 658 2187 3188 1793 2438
511 1433 1839 1491 1324 661 2380 3210 1780 2428
514 1423 1833 1496 1309 684 2504 3135 179 2400
517 1410 1856 1406 1313 687 2443 3121 1756 2350
520 1458 1854 1471 1314 670 2411 3074 1744 2326
523 1473 1880 1477 1326 673 2372 3023 1845 2319
526 1470 1907 1448 1324 876 2399 3002 1826 2308
529 1475 1932 1438 1332 678 2377 2953 1811 2301
532 1482 1941 1451 1384 882 2344 2922 1786 2310
535 1490 1977 1447 1398 (] 2328 2830 1798 2250
538 1468 1087 1430 1423 688 2307 2843 10822 2234
541 1700 2054 1440 1481 601 2282 2824 176 2182
544 1818 20738 1474 1496 694 2252 2™ 1708 2184
547 1885 2164 1457 1512 €97 2237 2760 1802 2136

700 2248 2767 1803 2134




Spectra corrected for photomuttiplier tube sensitivity (Fig-9.8(a))

Sample No| VHG131 VHG1S1 Synth Oz Synth Otz No| vHGIS1  VHGIM SO Sth Qe
CurveNo. | (MA4) (MAS) @21) @z3y) No. | g (MAS) @z1) @z3)
400 10788 11159 6473 6064 850 1830 1693 4474 3763
403 10482 10634 6046 6395 553 1890 1733 4700 3888
406 10041 10165 5551 5394 558 1954 1779 4407 3919
409 9530 9648 5251 5401 550 1997 1841 4514 3977
412 9081 9142 3074 5006 562 2057 1888 8167 4053
415 8854 8728 4750 4629 565 2130 1897 5602 412%
418 8236 8316 4452 4394 568 2155 1979 5755 4170
421 7763 7730 4215 4052 571 2224 2022 5836 4230
424 7110 7213 3931 3728 574 2200 2076 5983 4264
427 6812 &721 3640 3450 577 2342 2118 216 4269
430 6193 6239 3301 3363 580 2370 2182 6347 4358
433 5741 5830 3036 3035 583 2437 2222 8498 4075
438 5366 5458 2807 2780 586 2473 2286 8217 4063
439 5065 5009 2664 27117 589 2517 2340 5085 4073
442 4745 4793 2567 2589 502 2569 2385 8134 4058
445 4404 4491 2467 2490 595 2508 2415 6949 4057
448 4172 4242 2411 2591 598 2632 2450 7071 4022
451 3919 3981 2339 2460 801 2089 2477 7115 4055
454 3707 3748 2264 2307 804 2697 2532 7091 4067
457 3485 3547 2207 2249 607 2711 2553 7182 4098
480 3304 3359 2314 2221 610 2713 2565 7225 4138
463 3107 3167 2117 2281 613 2740 2573 7255 4180
468 2961 3028 2135 2211 616 2744 2622 7278 4238
469 2830 2852 2143 2147 619 2739 2622 7338 4301
472 2654 2710 2039 2118 622 2788 2650 7362 4366
475 2526 2588 2034 2106 825 2787 2642 7374 4475
478 2411 2455 1991 2096 626 2806 2631 7348 4560
481 2296 2340 1990 2115 631 2800 2653 7374 4606
484 2195 2233 2006 2108 634 2808 2688 7373
487 2097 2113 2010 2126 637 2816 2658 7281 4649
480 2012 2048 2040 2138 640 2606 2638 7216 46834
493 1945 1963 2077 2159 643 2765 2631 7071 4574
1889 1889 2121 2176 646 2764 2632 6983 4515
499 179 1808 2172 2210 849 2758 2603 8804 4389
502 1745 1757 2201 2269 652 2704 2558 8871 4343
505 1713 1699 2288 2339 855 2088 2525 0510 4191
508 1651 1648 2353 2371 658 2631 2484 6318 4310
511 1653 1612 2420 2438 o81 2585 2483 8097 4030
514 1623 1580 2517 2510 864 2510 2413 5022 4020
517 1604 1560 2621 2608 687 2457 2354 5727 3935
520 1574 1548 2740 2687 670 2418 2322 8511 3822
523 1577 1515 2853 2722 673 2346 2274 5317 3675
528 1594 1538 3005 2617 676 2204 2227 5087 3530
529 1598 1528 3130 2891 7% 2242 2185 4805 3425
532 1608 1518 3318 29060 682 2188 2124 4679 3276
535 1653 1549 3513 3059 685 2156 2115 4489 2771
538 1085 1850 3664 3183 888 2109 2037 4349 2238
541 1686 1560 3788 3434 o1 2048 2022 4007 2295
1743 1607 4008 3528 694 2007 1985 ss80 2178
547 1802 1657 4249 3670 897 1985 1952 3688 2036
' 700 1951 1921 473 1919




Spectra correctsd for photomuliiplier tube sensitivity (Fig.2.6(b))

Sampie No| VHG163(A) msmwmhm VHG1ES(A) VHG163(A)
Curve No. (583) BY) Ne. (JBS) SJBG!

400 6754 7810 $50 1271 2002
403 6127 7763 553 1273 2052
406 5800 7280 556 1273 2118
409 5446 7299 559 1262 2065
412 5233 6963 562 1256 2059
415 4827 6879 585 1236 2077
418 4591 6385 568 1257 2045
a1 4453 5976 571 1226 2039
424 4138 5647 574 1250 2002
427 3753 5305 577 1256 2030
430 3515 5007 580 1239 2004
433 - 3294 4672 583 1230 2021
436 3108 4488 566 1253 2017
439 3015 42n 589 1238 2022
442 2817 4069 552 1253 2009
445 2688 3897 595 1261 2029
448 2532 3721 598 1254 2049
451 2442 3595 601 1275 2053
454 2344 3472 - a04 1291 2135
457 2246 3309 607 1292 2034
480 2109 8222 610 1285 2019
463 2068 3146 613 1285 2010
466 2000 3036 616 1318 2102
469 1062 2983 619 1320 2160
472 1855 2857 822 1351 2156
475 1781 2754 825 1375 2207
478 1724 2727 628 1398 2288
481 1700 2645 631 1439 2270
484 1662 2604 634 1474 2354
487 1633 2572 637 1553 2407
480 1605 2476 640 1508 2418
493 1533 2424 643 1499 2432
496 1528 2443 846 1551 2424
499 147 2344 649 1520 2442
502 1472 2375 652 1546 2405
505 1422 2357 ess 1563 2424
508 1415 2302 658 1560 2345
511 1405 2280 661 1617 2360
514 1396 2260 664 1584 2324
517 1364 2174 067 1598 2312
520 1340 2217 €70 1589 2281
523 1300 2156 673 1578 2262
526 1205 - 2182 676 1602 2198
529 1300 2138 679 1548 2220
532 1284 2065 ee2 1556 2254
535 1280 2008 685 1523 2191
538 1278 2094 688 1500 2190
541 1810 2041 001 1513 2193
544 1258 . 2078 004 1497 2224
547 1253 2108 a7 1524 2224

700 1516 2206




Spectra comrectsd for photomuttipiler Ribe sensitivity (Fig.9.8(c))

Sampie No| VHGOS2 VHGOS2 VHGOSS(A) VHGOSI(A) No| VHGOS2 VHGOS2 VHGOSBS(A) VHGOSS(A)
CurveNo. | MNC1) (NCA)  (Q4S1)  (Q4SS) no. | ey (NCA)  (04S1)  (oass)
400 479 2505 8621 5288 550 1426 700 3569 3707
403 427 2463 6348 5082 ss3 1427 7s 3848 3754
406 3073 2274 6059 4990 556 1423 731 718 3813
409 3707 2080 5618 4742 559 1505 761 3796 3893
412 se4s 2013 5300 4889 se2 1688 818 3o 3951
415 3848 1881 5088 4494 585 1881 838 4003 3982
418 3684 1808 452 4395 568 1952 8se 4133 2992
421 3278 1658 4443 “72 sM 1952 867 4238 3993
424 2701 1556 4033 3935 574 2081 898 4328 €067
427 2479 1435 3627 3711 577 2163 920 4428 4070
430 2227 1347 3382 3561 580 2124 958 4506 4056
433 2159 1285 3171 3452 583 2179 963 4515 4051
436 2213 1205 3030 3351 se6 212 988 4529 4112
4s9 2294 1154 2906 3289 589 2247 996 4557 @179
442 2231 1107 2799 s172 582 2260 1033 4554 4180
445 2202 1043 2674 3100 595 2318 1060 4569 4205
448 2025 977 2579 3062 2363 1072 4805 4248
451 1765 959 2537 3026 o1 2367 1078 4858 a3
454 1553 882 2450 2053 604 2393 1118 4738 4350
457 1725 891 2368 2877 607 2365 127 4812 A314
460 1813 855 2315 2838 610 2392 1140 4898 4322
463 1760 812 2280 2812 613 2432 1035 5009 4337
466 1786 794 2232 2797 616 2424 1144 5112 4407
469 1561 ™m 2205 2768 619 2430 1168 5203 4509
472 1783 732 2182 2763 622 2514 1190 5257 4565
475 2105 77 2139 2682 825 2496 1205 5292 4891
478 2159 o4 2107 2665 628 2499 1251 5363 4841
481 2129 679 2108 2651 631 2517 1226 5412 4922
484 2090 652 2104 2670 634 2550 1287 5404 4968
487 2058 643 2094 2692 637 2536 1248 5402 4975
490 1979 639 2128 2699 640 2561 1221 5388 4979
483 1858 624 2147 2708 643 2565 1200 5333 5002
496 1630 607 2154 2732 646 2523 1110 5324 4915
499 1642 508 2174 2746 [ 2538 1007 5285 4779
502 1669 €02 2200 2773 es2 2503 208 5259 4098
505 1673 582 2274 2844 655 2486 911 5156 4641
508 1611 572 2330 2696 es8 2515 861 5052 4470
511 1474 582 2374 2045 661 | - 2438 911 4916 4347
514 1301 574 2441 2963 664 2419 849 4738 4214
517 1179 574 2438 3008 667 2416 1069 4578 4139
520 1154 583 2542 3083 670 2495 862 4383 4039
523 1275 573 2637 3088 673 2487 849 4188 3921
526 1233 504 2725 3154 676 2412 836 4012 8792
529 1153 600 2830 3219 679 2303 790 3861 3843
532 1155 600 2910 3308 682 2211 754 3732 3485
535 1222 615 3024 3364 e85 2376 733 3588 3371
538 1299 633 3137 3419 688 2452 797 3494 3243
541 1375 647 3251 3508 01 2450 700 3376 3063
544 1431 81 3379 3820 4 2425 737 3262 2057
547 1423 674 3481 3625 &7 2448 m 3154 2054
700 2448 671






