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Introduction 
 
A suite of nine drill core samples from the Cambrian age Stavely Belt in western Victoria 
was submitted for petrographic preparation, description and interpretation. They were 
the from Thursdays Gossan project, from drill holes SMD044 (3 samples), SMD159 (1 
sample), SMD173 (4 samples) and SMD182 (1 sample). All samples were fresh and were 
from deep intervals between 416.1 m and 695.25 m downhole, with most containing 
minor through to abundant sulphide minerals.  Handspecimen photos and 
accompanying logging notes and questions for the samples were provided. 
 
Petrographic sections were prepared at Thin Section Australia Pty Ltd in Brisbane, with 
polished thin sections (PTS) being prepared from eight samples and a standard thin 
section (TS) from the remaining one sample. Subsequently, PTS were examined 
microscopically in transmitted and reflected light, and TS in transmitted and oblique 
reflected light. A couple of samples were tested with dilute HCl to check carbonate 
speciation. All samples were measured for magnetic susceptibility and representative 
photomicrographs of textural and mineralogical characteristics were taken. 
 
The purpose of the petrographic work was mainly to identify the primary rock types, 
imposed hydrothermal alteration and the nature of the mineralisation, especially in 
conspicuously sulphide-mineralised samples. 
 
 
Summary descriptions of samples are listed following: 
 
SMD044 670.5 m  PTS 
Summary: Metamorphosed and hydrothermally altered and veined ultramafic rock. There is no 
recognised relict texture from a protolith, but there are a few small relict chromite grains, attesting to 
the ultramafic nature of the protolith. There was replacement by a rather heterogeneous assemblage 
containing chlorite, talc, quartz, finely disseminated magnetite, a little carbonate and anhydrite, and 
minor hematite overprinting magnetite. Several diffuse veins cut this assemblage, in places bordered 
by zones of enhanced quartz content. The veining contains fine to medium grained quartz, fine grained 
hematite, patchily distributed carbonate and anhydrite, and in little bornite and chalcopyrite, but with 
one vein merging into a large aggregate of chalcopyrite + bornite, and fringing hematite, enclosed by 
talc, chlorite, quartz, anhydrite and carbonate. Throughout the rock, anhydrite is variably retrogressed 
to gypsum. 
 
SMD044 671.5 m  PTS 
Summary: Possible matrix-supported fragmental rock of ultramafic igneous composition and containing 
a quartz-rich mass that could either represent disrupted vein material and an intensely altered lithic 
fragment of obscure origin. Metamorphism and hydrothermal alteration with influx of Fe, Cu, S and CO2 
under oxidising conditions were imposed on to the protolith. The fragmental rock has scattered small 
relict grains of chromite, attesting to an ultramafic derivation, with these grains rimmed by magnetite 
and enclosed in an assemblage of chlorite and talc, with locally common carbonate, anhydrite and 
quartz, minor hematite and a few aggregates of hematite with bornite and trace chalcocite. The quartz-
rich mass originally contained blady texture amphibole, since retrogressed to carbonate, as well as 
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containing aggregates of chalcopyrite + bornite + hematite, minor anhydrite, talc and chlorite. This 
mass lacks relict chromite. 
 
SMD044 675.25 m PTS 
Summary: Coarse polymict sedimentary breccia with a largely clast-supported texture. Relict 
characteristics are poorly through to rather well preserved and indicate that sub-rounded to angular 
fragments were of diverse types, including siltstone and sandstone (with detrital quartz and plagioclase 
grains), intermediate volcanic and ultramafic rock (including sparse relict chromite grains). There was a 
minor proportion of siltstone matrix. The breccia experienced moderate through to intense effects of 
hydrothermal alteration, with local vein emplacement. The alteration assemblage includes abundant 
chlorite (particularly in ultramafic composition material), carbonate, albite, quartz, sericite, epidote, 
anhydrite and chalcopyrite, with trace pyrite and rutile. Veins are dominated by carbonate and anhydrite, 
with local chalcopyrite and chlorite. 
 
SMD159 476.55 m PTS 
Summary: Chalcopyrite-hematite rock, with minor interstitial quartz, minor magnetite associated with 
hematite, and pyrite with chalcopyrite. The rock is dominated by medium to coarse grained hematite 
and infill chalcopyrite, with quartz and trace chlorite also occurring interstitially. Although no diagnostic 
relict texture is recognised from a protolith, there are a few relict chromite grains present and these 
attest to an ultramafic composition protolith that was subject to almost total hydrothermal replacement. 
Minor magnetite is associated with hematite and although textural relations are equivocal, it can be 
implied that magnetite could have replaced hematite, which is typically blocky through to prismatic in 
form, although there is a small zone of finer grained platy specular type. 
 
SMD173 416.1 m  PTS 
Summary: Heterogeneous hydrothermal assemblage of specular hematite, commonly enclosing 
magnetite, intergrown with pyrite, chalcopyrite and quartz, with minor carbonate associated with quartz 
and hematite. The rock is largely medium to coarse grained and has no relict texture from a protolith, 
being the product of intense hydrothermal replacement as well as infill. There are, however, a few relict 
grains of chromite present and their occurrence indicated that the protolith must have been of 
ultramafic type. Hematite-magnetite relationships are equivocal, but in places, it is inferred that 
hematite has replaced magnetite. Chalcopyrite is paragenetically later than hematite (-magnetite) and 
pyrite. 
 
SMD173 441.9 m  PTS 
Summary: Strongly altered porphyritic microdiorite or andesite, containing a few irregular shaped 
xenoliths that include possible ultramafic rock and diorite/gabbroic rock. Relict texture is moderately 
preserved, indicating that the host rock contained scattered phenocrysts of feldspar (e.g. plagioclase) 
and ferromagnesian material in a fine grained groundmass with a few small FeTi oxide grains. 
Interpreted ultramafic composition xenoliths retain a few small relict chromite grains. The sample as a 
whole was replaced by abundant chlorite and quartz, with minor sericite (mostly at former plagioclase 
phenocryst sites) and traces of rutile, chalcopyrite and pyrite. Ultramafic xenoliths were largely replaced 
by chlorite. Several veins were emplaced, containing fine to medium grained quartz, with patchy chlorite 
and a few aggregates of chalcopyrite and pyrite. 
 
SMD173 458.85 m TS 
Summary: Contact between coarse grained gabbro and porphyritic microdiorite, with both rocks 
overprinted by strong propylitic alteration. Timing relations between the two rock types is not 
established, with the contact being sharp and sub-planar. The interpreted gabbro was formerly 
composed of rather coarse grained plagioclase, pyroxene and hornblende, with trace biotite and apatite. 
The porphyritic microdiorite contained phenocrysts of plagioclase and hornblende in a finer grained 
groundmass of plagioclase with minor hornblende, biotite, quartz and trace apatite and FeTi oxide. The 
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imposition of alteration led to replacement by an assemblage of fine grained sericite (mostly at 
plagioclase sites), chlorite (mostly at ferromagnesian sites), carbonate, albite and quartz (each in the 
microdiorite) and a little leucoxene. A single vein occurs, containing carbonate and sericite. 
 
SMD173 470.8 m  PTS 
Summary: Porphyritic microdiorite or andesite, with strong propylitic alteration and local zones of 
deformation (microbrecciation) and veining. There is no strong indication that two different rock types 
occur, with apparent variations in characteristics due to differences in alteration. Relict porphyritic 
texture is generally moderately preserved, indicating that the protolith contained plagioclase and 
ferromagnesian (e.g. hornblende) phenocrysts in a fine grained, commonly granular texture 
groundmass. The imposed alteration caused replacement by fine grained chlorite, quartz and sericite, a 
little carbonate and trace rutile, pyrite and chalcopyrite. There are local zones of more intense 
replacement by chlorite, or by quartz, associated with deformation, with these and associated minor 
quartz veining locally containing aggregates of chalcopyrite and pyrite. 
 
SMD182 423.4 m  PTS 
Summary: Medium to coarse grained quartz-hematite-pyrite-chalcopyrite rock, being the product of 
intense hydrothermal replacement and infill of an ultramafic composition protolith. No relict texture 
from the protolith occurs, but there are a couple of preserved relict chromite grains. Quartz occurs 
interstitially to the other phases and is commonly intergrown with blady texture hematite. This phase is 
also intergrown with pyrite, and both pyrite and hematite are paragenetically earlier than patchily 
abundant chalcopyrite. 
 
Interpretation and comment 
 
Samples in the suite represent a group of strongly to intensely hydrothermally altered 
intermediate, mafic and ultramafic composition igneous rocks, as well as a coarse 
sedimentary breccia. Many of the samples contain considerable amounts of Fe oxide 
minerals and/or sulphide minerals and represent the products of intense hydrothermal 
replacement as well as local infill. 
 
Five of the samples (SMD044/670.5 m, SMD044/671.5 m, SMD159/475.55 m, 
SMD173/416.1 m and SMD182/423.4 m) are interpreted to represent the product of 
intense hydrothermal replacement and infill of former ultramafic rock protoliths, 
although no relict texture is recognised. Each sample, however, contains sparse relict 
grains of chromite, locally up to 1 mm across, and the occurrence of this phase (and 
its grainsize) is proof of the ultramafic nature of the protolith. Sample SMD044/675.25 
m is interpreted as a largely clast-supported sedimentary breccia, containing polymict 
fragments that include clastic sedimentary rocks (siltstone and sandstone with detrital 
quartz and plagioclase grains), intermediate volcanic rock and ultramafic rock (again 
with relict chromite grains), hosted in a small volume of siltstone matrix. Samples 
SMD173/441.9 m, SMD173/458.85 m and SMD173/470.8 m each contain a porphyritic 
intermediate composition igneous rock, interpreted as microdiorite or andesite, and 
formerly containing plagioclase and possible hornblende phenocrysts in a finer 
grained groundmass of plagioclase, with minor ferromagnesian material (locally 
includes biotite), quartz, FeTi oxide and apatite. Porphyritic microdiorite/andesite in 
SMD173/441.9 m also contains apparent xenoliths of altered ultramafic rock (with relict 
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chromite) and altered diorite/gabbro. In SMD173/458.85 m, porphyritic microdiorite 
has a sharp contact against altered gabbro that formerly contained rather coarse 
plagioclase, pyroxene, hornblende and trace biotite and apatite. 
 
Each of the interpreted ultramafic composition host rocks is intensely hydrothermally 
altered. Samples SMD044/670.5 m and SMD044/671.5 m have replacement of the 
protoliths by assemblages that include chlorite, talc, carbonate, anhydrite, quartz and 
hematite. Magnetite is patchily abundant in the former sample, and is present in small 
amounts in the latter, where it typically rims relict chromite. A little bornite and trace 
associated chalcocite is part of the replacement assemblage in the latter sample. Major 
veining occurs in SMD044/670.5 m where there are types with quartz-hematite 
(carbonate-anhydrite-bornite-chalcopyrite) and chalcopyrite-bornite-hematite with 
fringing masses of talc, chlorite, quartz, anhydrite and carbonate. In SMD044/671.5 m, 
there is a quartz-rich aggregate that might represent a disrupted vein, or alternatively 
a fragment of intensely altered rock of obscure type. This aggregate also originally 
contained amphibole (subsequently retrogressed to carbonate), as well as 
chalcopyrite, bornite, hematite, anhydrite, talc and carbonate. In both of the above 
samples, there is minor retrograde replacement of anhydrite by gypsum. In the other 
three ultramafic protolith samples (SMD159/475.55 m, SMD173/416.1 m and 
SMD182/423.4 m), there was total replacement, except for the occurrence of trace 
relict chromite, by an assemblage dominated by quartz, specular hematite (in places 
with associated minor to rather common fine grained magnetite), pyrite and 
chalcopyrite. Minor carbonate occurs in association with quartz and hematite in 
SMD173/416.1 m, and trace chlorite is observed in SMD159/475.55 m. Relations 
between magnetite and hematite are contradictory, with some indications of hematite 
having replaced magnetite, and vice versa; perhaps the two phases might have 
crystallised more or less contemporaneously. Hematite commonly forms bladed 
texture masses, intergrown with quartz, pyrite and chalcopyrite, with chalcopyrite also 
being texturally paragenetically later than pyrite and the Fe oxides.  
 
In the ultramafic protolith samples, there was evident hydrothermal introduction of Fe, 
Cu, S and locally CO2, with strong (complete) depletion of Mg (and other components 
such as Ca, Al, Ni) in SMD159/475.55 m, SMD173/416.1 m and SMD182/423.4 m.  
Alteration of the ultramafic rocks evidently took place under rather oxidising 
conditions (e.g. stability of hematite and anhydrite). 
 
In the other samples, SMD044/675.25 m (sedimentary breccia), SMD173/441.9 m, 
SMD173/458.85 m and SMD173/470.8 m (dominated by microdiorite with local 
gabbro), imposed alteration is largely of strong propylitic type. In the first of these 
samples, the replacement assemblage is dominated by chlorite, accompanied by 
carbonate, albite, quartz, sericite, anhydrite, epidote and chalcopyrite, whereas in the 
other three samples, chlorite, sericite and quartz tend to prevail, with albite and 
carbonate in SMD173/458.85 m, and a little chalcopyrite, pyrite and rutile in the others. 
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Veining occurs locally in these samples, ranging from chlorite and/or quartz, to 
carbonate ± anhydrite or sericite, and with local chalcopyrite ± pyrite. Evidently, Cu, 
Fe, S and CO2 were added to the protoliths of these samples. 
 
Each sample, except SMD173/458.85 m, contains sulphide minerals, ranging from 
minor to abundant, with the ultramafic protolith samples also containing hematite (± 
magnetite) in minor to abundant amounts, as well as retaining traces of relict chromite 
from the protoliths. In sulphide-mineralised rocks, chalcopyrite is commonly the most 
abundant sulphide mineral, ranging from an estimated 2% up to 50% in 
SMD159/476.55 m. Chalcopyrite tends to be paragenetically later than associated 
pyrite and Fe oxide phases, but in SMD044/670.5 m and SMD044/671.5 m, it has co-
crystallised with bornite (estimated 1-2%), with traces of phases including chalcocite, 
covellite, sphalerite and galena accompanying bornite. Pyrite is absent in these two 
samples, but is rather abundant (up to estimated 23%) in the intensely altered 
ultramafic samples SMD159/475.55 m, SMD173/416.1 m and SMD182/423.4 m. In the 
sedimentary breccia SMD044/675.25 m and microdiorite-dominated samples 
SMD173/441.9 m and SMD173/470.8 m, veins occur hosting some of the sulphides, 
mostly chalcopyrite, but with local pyrite.   No other sulphide minerals (or particulate 
gold) were observed in the sample suite. 
 
Disseminated finely granular magnetite is relatively abundant and part of the 
replacement assemblage in SMD044/670.5 m, but in nearby sample SMD044/671.5 m, 
it is restricted to mostly occurring as thin rims on relict chromite grains. In the 
ultramafic protolith samples SMD159/476.55m and SMD173/416.1 m, up to several 
percent magnetite occurs in intimate association with hematite, where, as mentioned 
above, relations between magnetite and hematite are contradictory, with some 
indications of hematite having replaced magnetite, and vice versa. Hematite occurs in 
relatively minor amounts in SMD044/670.5 m and SMD044/671.5 m, mostly in 
aggregates associated with chalcopyrite, bornite and chalcocite. It is more abundant 
in SMD159/476.55m, SMD173/416.1 m and SMD182/423.4 m (up to estimated 35%) 
where it forms aggregates of fine through to coarse grained bladed texture material 
(specularite) as well as blocky to prismatic grains (in places closely associated with 
magnetite). 
 
The sample suite has demonstrated that the higher grade mineralisation (e.g. with up 
to several % Cu) forming the Cayley Lode material is controlled by the occurrence of 
intensely hydrothermally replaced ultramafic rock. Evidently, this rock type was 
receptive to reaction with potentially acidic, relatively oxidising and perhaps moderate 
temperature hydrothermal fluids, by providing a chemically strongly contrasting rock 
type, e.g. relatively alkaline (Mg-rich), reducing and structurally accessible. 
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SMD044 670.5 m  PTS 
Summary: Metamorphosed and hydrothermally altered and veined ultramafic rock. There is no 
recognised relict texture from a protolith, but there are a few small relict chromite grains, attesting to 
the ultramafic nature of the protolith. There was replacement by a rather heterogeneous assemblage 
containing chlorite, talc, quartz, finely disseminated magnetite, a little carbonate and anhydrite, and 
minor hematite overprinting magnetite. Several diffuse veins cut this assemblage, in places bordered 
by zones of enhanced quartz content. The veining contains fine to medium grained quartz, fine grained 
hematite, patchily distributed carbonate and anhydrite, and in little bornite and chalcopyrite, but with 
one vein merging into a large aggregate of chalcopyrite + bornite, and fringing hematite, enclosed by 
talc, chlorite, quartz, anhydrite and carbonate. Throughout the rock, anhydrite is variably retrogressed 
to gypsum. 
 
Handspecimen: The drill core sample is composed of a dark grey to grey-green, slightly foliated 
metamorphic rock, cut by a few veins and hosting a chalcopyrite-bornite aggregate (Fig. 1). The rock 
evidently contains considerable chlorite, as well as quartz and fine grained magnetite, with no obvious 
relict texture from a protolith. There are a few diffuse sub-planar to irregular veins up to 2 mm wide at 
varying angles to the core axis that contain quartz, carbonate and fine grained hematite, merging into 
the chalcopyrite-bornite aggregate that also has a little associated hematite (Fig. 1). There is another 
sub-planar vein at ~45° to the core axis, up to 4 mm wide that is filled by fibrous white gypsum (Fig. 1). 
The sample is very strongly magnetic, with susceptibility up to 1400 x 10-4 SI, due to the presence of a 
considerable disseminated magnetite. 
 

 
 
Fig. 1: Cut surface of drill core showing chalcopyrite-bornite aggregate associated with quartz-hematite-
carbonate-anhydrite veining in altered ultramafic host rock that is replaced by chlorite, talc, quartz and 
magnetite. At far right is part of a gypsum vein. 
 
Petrographic description 
a) Primary rock characteristics: In the section, no diagnostic relict texture after a protolith is recognised, 
with the host rock being largely reconstituted due to overprinting effects of metamorphism, 
hydrothermal alteration and veining. There are, however, sparsely scattered small relict chromite grains 
(up to 0.2 mm) across, mantled by magnetite (Fig. 2). Their presence and the fact that the major 
replacement assemblage of talc, chlorite, magnetite and quartz (with minor carbonate and anhydrite) is 
rich in Mg, Fe (Ca), is interpreted to indicate that the protolith was of ultramafic igneous type. No Ti 
minerals were observed (e.g. ilmenite, titanite, rutile) and hence the Ti content of the rock is unlikely to 
accord with that of a basaltic composition protolith.  
 
b) Alteration and structure: Protolith material was subjected to metamorphism, hydrothermal alteration 
and veining, with complete reconstitution, except for the trace relict chromite grains that are typically 
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overgrown by magnetite (Fig. 2). The dominant replacement assemblage contains varying proportions 
of rather fine grained talc and chlorite, patchy fine to medium grained quartz, finely disseminated, 
irregularly distributed magnetite, and in places, minor carbonate and anhydrite (Fig. 3). Fine grained 
hematite commonly overprints magnetite (Fig. 2). Diffuse veining up to several millimetres wide occurs, 
in places bordered by increased amounts of quartz (i.e. silicification), and with the veins containing 
varying proportions of quartz, carbonate and anhydrite (each can be abundant), fine grained hematite 
and a few small aggregates of bornite ± chalcopyrite (Fig. 4) and in one part of the sample, veining 
merges into a large aggregate (~1 cm across) of intergrown chalcopyrite and bornite, partly fringed by 
fine grained hematite aggregates (Fig. 5) and enclosed by aggregates of talc, chlorite, quartz, anhydrite 
and carbonate. Overall, there is a relatively close association between sulphides and hematite. 
Throughout the rock, anhydrite is variably retrogressed to gypsum. Assuming an ultramafic composition 
protolith, there must have been hydrothermal introduction of Fe, Cu, S and CO2, under rather oxidising 
conditions.  
 
c) Mineralisation: The sample retains sparse small grains of relict chromite up to 0.2 mm across, attesting 
to the ultramafic composition of the protolith. Considerable fine grained, irregularly disseminated 
magnetite developed as part of the metamorphic assemblage, locally enclosing chromite, and in turn, 
magnetite is locally overgrown by hematite (Fig. 2). An interpreted hydrothermal influx is considered to 
be responsible for the development of fine grained hematite, commonly occurring in diffuse veins and 
associated with a little bornite ± chalcopyrite (Fig. 4). Similarly, one hematite-bearing vein merges into 
a large composite chalcopyrite-bornite aggregate, partly fringed by hematite masses (Fig. 5). Bornite 
hosts rare tiny inclusions of sphalerite, galena and covellite. The sulphide-hematite association is 
indicative of crystallisation under oxidising conditions. 
 

 
 

Fig. 2: Relict chromite 
grains (pale grey), rimmed 
by magnetite (pale 
brownish grey) and with 
magnetite at right partly 
replaced by hematite (pale 
bluish grey). Plane 
polarised reflected light, 
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Mineral Mode (by volume): quartz and chlorite each 25%, talc 23%, magnetite and carbonate each 6%, 
hematite 5%, chalcopyrite 4%, anhydrite 3%, bornite 2%, gypsum 1% and traces of chromite, sphalerite, 
galena and covellite. 
 
Interpretation and comment: It is interpreted that the sample is a former ultramafic igneous rock that 
experienced metamorphism, hydrothermal alteration and veining. No relict texture from a protolith is 
recognised, but there are a few small relict chromite grains, attesting to the ultramafic composition. 
There was replacement by an assemblage of chlorite, talc, quartz, finely disseminated magnetite, a little 
carbonate and anhydrite, and minor hematite overprinting magnetite. Several diffuse veins cut this 
assemblage, in places bordered by zones of enhanced quartz content. The veining contains quartz, fine 
grained hematite, patchily distributed carbonate and anhydrite, and in little bornite and chalcopyrite, 
but with one vein merging into a large aggregate of chalcopyrite + bornite, and fringing hematite, 
enclosed by talc, chlorite, quartz, anhydrite and carbonate. Throughout the rock, anhydrite is variably 
retrogressed to gypsum. 
 

 
 

Fig. 3: Host rock 
replacement assemblage of 
talc (pale bright colours), 
chlorite (dark at left), quartz 
(right) and granular 
magnetite (black, upper). 
Transmitted light, crossed 
polarisers, field of view 2 

  
 

Fig. 4: Part of a veinlike 
aggregate containing 
quartz, elongate masses of 
fine grained hematite 
(black) and anhydrite 
(bright colours). 
Transmitted light, crossed 
polarisers, field of view 2 
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Fig. 5: Part of a large 
composite aggregate of 
chalcopyrite and bornite, 
fringed at left by finely 
bladed texture (specular) 
hematite. Plane polarised 
reflected light, field of view 
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SMD044 671.5 m  PTS 
Summary: Possible matrix-supported fragmental rock of ultramafic igneous composition and containing 
a quartz-rich mass that could either represent disrupted vein material and an intensely altered lithic 
fragment of obscure origin. Metamorphism and hydrothermal alteration with influx of Fe, Cu, S and CO2 
under oxidising conditions were imposed on to the protolith. The fragmental rock has scattered small 
relict grains of chromite, attesting to an ultramafic derivation, with these grains rimmed by magnetite 
and enclosed in an assemblage of chlorite and talc, with locally common carbonate, anhydrite and 
quartz, minor hematite and a few aggregates of hematite with bornite and trace chalcocite. The quartz-
rich mass originally contained blady texture amphibole, since retrogressed to carbonate, as well as 
containing aggregates of chalcopyrite + bornite + hematite, minor anhydrite, talc and chlorite. This 
mass lacks relict chromite. 
 
Handspecimen: The drill core sample is composed of a fine grained, dark grey-green, locally weakly 
foliated metamorphic rock, containing a pale grey, veinlike to irregular mass of medium grained quartz, 
carbonate, chalcopyrite and minor bornite that is ~3.5 cm across (Fig. 6). On the scale of the sample, it 
is not resolved that this mass represents a breccia fragment. Elsewhere in the sample, there are a few 
other pale-coloured fragments, hosted in a matrix that could contain abundant chlorite + talc and a 
trace of bornite (Fig. 6). In the quartz-carbonate aggregate, sulphide-rich masses are up to 1.5 cm across 
(Fig. 6). The sample has variable magnetic susceptibility, ranging from ~300 x 10-5 SI on the pale domain, 
up to 920 x 10-5 SI on the host rock, indicating the presence of a trace of magnetite. 
 

 
 
Fig. 6: Cut surface of drill core showing an apparent fragment of quartz-carbonate rock containing 
chalcopyrite and minor bornite, thinly rimmed by carbonate, and hosted in a dark grey-green rock that 
also has apparent fragmental texture. This host rock is of ultramafic composition, with trace relict 
chromite and a replacement assemblage of chlorite and talc, and lesser amounts of carbonate, 
anhydrite, quartz, hematite and a little bornite. 
 
Petrographic description 
a) Primary rock characteristics: In the section, about half of the sample represents the pale coloured 
domain in handspecimen, appearing to represent vein material, but alternatively it could be intensely 
altered rock of obscure type. The remainder of the rock could represent a matrix-supported, rather 
coarse fragmental, with angular to sub-rounded fragments up to several millimetres across in a fine 
grained altered and recrystallised matrix (Fig. 7). No definite relict texture is recognised in the fragments 
or matrix, but there are sparsely disseminated relict chromite grains that are up to 0.3 mm across and 
rimmed by magnetite, in some of the fragments and the matrix (Fig. 8). Their presence suggests an 
ultramafic igneous composition. The fragments and matrix contain a replacement assemblage with 
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varying amounts of talc and chlorite, with local (in places, abundant) quartz, carbonate and anhydrite, 
minor hematite and sulphides (mostly bornite, see below). This assemblage is evidently Mg-rich, with 
significant Fe and Ca, and is consistent with derivation from a protolith of ultramafic igneous 
composition. The large pale domain in handspecimen is rich in quartz, with subordinate amounts of 
carbonate, chalcopyrite and minor bornite, hematite, anhydrite, talc and chlorite (and formerly 
contained considerable amphibole, now retrogressed) (Fig. 9). This mass lacks chromite and if it 
represents a former lithic fragment, it was not of ultramafic composition.  
 
b) Alteration and structure: The fragmental texture rock was replaced (due to imposed metamorphism 
and hydrothermal alteration) by a generally fine grained assemblage of irregularly distributed chlorite 
and talc, with minor (although locally abundant) quartz, carbonate and anhydrite, minor hematite and 
a few composite aggregates of fine grained bladed (specular) hematite ± bornite ± chalcocite, quartz 
and anhydrite (Figs 7, 8). The large quartz-rich domain contains medium to coarse inequigranular quartz, 
originally intergrown with locally common bladed texture amphibole, talc, chalcopyrite, bornite, 
hematite, anhydrite, a little chlorite and trace chalcocite (Figs 9, 10). All former amphibole was 
subsequently retrogressively replaced by carbonate, and the quartz-rich domain is bordered by an 
enveloping zone of fine grained carbonate ± anhydrite. In places in the sample, anhydrite was 
retrogressively replaced by gypsum. Assuming a largely ultramafic composition protolith, there must 
have been hydrothermal introduction of Fe, Cu, S and CO2, under relatively oxidising conditions.  
 
c) Mineralisation: The sample retains sparse small grains of relict chromite up to 0.3 mm across, typically 
thinly rimmed by magnetite (Fig. 8), attesting to the ultramafic composition of the protolith, although 
chromite is absent in the quartz-rich domain. In the remainder of the rock, there is a little discrete 
magnetite, locally altered to hematite. Discrete aggregates of fine grained hematite are scattered in 
both the quartz-rich and ultramafic domains, with abundant associated chalcopyrite and bornite 
(aggregates up to several millimetres across) in the former (Fig. 10), and locally forming composites with 
bornite ± chalcocite in the latter (Fig. 8).  
 

 
 
Mineral Mode (by volume): quartz 35%, talc and chlorite each 20%, carbonate 10%, hematite, anhydrite 
and chalcopyrite each 4%, magnetite, bornite and gypsum each 1% and traces of chromite and 
chalcocite. 
 
Interpretation and comment: It is interpreted that the sample represents a possible matrix-supported 
fragmental rock of ultramafic igneous composition that contains a quartz-rich mass, either representing 

Fig. 7: Possible ultramafic 
composition fragment, 
now replaced by chlorite 
and minor talc (upper) in 
an altered matric of talc, 
anhydrite and minor 
carbonate (lower). 
Transmitted light, crossed 
polarisers, field of view 2 
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disrupted vein material and an intensely altered lithic fragment of obscure origin. Metamorphism and 
hydrothermal alteration, with influx of Fe, Cu, S and CO2 under oxidising conditions, were imposed on 
to the protolith. The fragmental rock retains scattered small relict grains of chromite, attesting to an 
ultramafic derivation, with these grains rimmed by magnetite and enclosed by an assemblage of chlorite 
and talc, with locally common carbonate, anhydrite and quartz, minor hematite and a few aggregates 
of hematite with bornite and trace chalcocite. The quartz-rich mass originally contained blady texture 
amphibole, since retrogressed to carbonate, as well as containing aggregates of chalcopyrite + bornite 
+ hematite, minor anhydrite, talc and chlorite. This mass lacks relict chromite. 
 
 
 

 

 

Fig. 8: Aggregate of blady 
texture hematite (upper), 
bornite (mauve-pink) with 
associated intergrown 
chalcocite (very pale grey) 
that encloses a few small 
relict grains of chromite 
(mid grey) surrounded by 
magnetite (pale brown-
grey). Plane polarised 
reflected light, field of view 
   

 

Fig. 9: Part of the quartz-
rich domain in which 
quartz (left) is associated 
with anhydrite (bright 
colours) and carbonate 
pseudomorphs after former 
bladed amphibole. 
Transmitted light, crossed 
polarisers, field of view 2 
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Fig. 10: Composite 
aggregate of chalcopyrite 
and bornite, with a small 
mass of finely bladed 
texture (specular) hematite 
at lower left). Plane 
polarised reflected light, 
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SMD044 675.25 m PTS 
Summary: Coarse polymict sedimentary breccia with a largely clast-supported texture. Relict 
characteristics are poorly through to rather well preserved and indicate that sub-rounded to angular 
fragments were of diverse types, including siltstone and sandstone (with detrital quartz and plagioclase 
grains), intermediate volcanic and ultramafic rock (including sparse relict chromite grains). There was a 
minor proportion of siltstone matrix. The breccia experienced moderate through to intense effects of 
hydrothermal alteration, with local vein emplacement. The alteration assemblage includes abundant 
chlorite (particularly in ultramafic composition material), carbonate, albite, quartz, sericite, epidote, 
anhydrite and chalcopyrite, with trace pyrite and rutile. Veins are dominated by carbonate and anhydrite, 
with local chalcopyrite and chlorite. 
 
Handspecimen: The drill core sample is composed of a breccia, containing sub-rounded to angular lithic 
fragments of diverse types up to several centimetres across, including sandstone, finer grained siltstone, 
and possible mafic igneous rock. Interstitial to the fragments is finer grained, strongly altered siltstone 
(Fig. 11). The breccia is largely clast-supported and ranges from dark grey-green to pale grey in colour 
(e.g. siltstone and sandstone fragments, with these probably having considerable quartz ± feldspar) (Fig. 
11). Alteration of the rock appears to be focussed on certain fragments (?mafic) and matrix, with strong 
development of fine grained chlorite and patchy chalcopyrite (Fig. 11). There are also a few white, sub-
planar carbonate veins up to 2 mm wide. The sample is essentially non-magnetic, with susceptibility of 
<10 x 10-5 SI. 
 

 
 
Fig. 11: Cut surface of drill core displaying breccia texture (largely clast-supported) with a diversity of 
fragment types (siltstone, sandstone, intermediate volcanic, ultramafic) and imposed alteration (mostly 
chlorite), but with patchy chalcopyrite, and at left, veining by white carbonate and anhydrite. 
 
Petrographic description 
a) Primary rock characteristics: In the section, the rock is evidently a coarse fragmental, with overprinting 
effects of hydrothermal alteration. Fragments are up to 3 cm across, angular to sub-rounded and appear 
to be relatively tightly packed, with only a small matrix component (Fig. 12). Primary characteristics of 
fragments vary in amount of preservation, ranging from moderately well retained primary detrital grain 
texture in matrix- to grain-supported sandstone and siltstone, moderate retention of sub-trachytic 
texture in altered intermediate volcanic material, through to essentially no preservation in altered 
ultramafic igneous rock, except for the retention of sparse scattered relict chromite grains up to 0.3 mm 
across (Fig. 13). The sandstone and siltstone fragments, as well as the minor proportion of matrix 
(composed of siltstone) have detrital quartz and altered plagioclase detrital grains (up to 1 mm across 
in the sandstone), with a trace of detrital zircon and a fine grained altered and recrystallised matrix. 
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From the preserved primary characteristics, the rock is interpreted as a coarse polymict sedimentary 
breccia. 
 
b) Alteration and structure: Pervasive alteration was imposed on the breccia, with effects ranging from 
moderate to intense, and accompanied in part of the rock was emplacement of several veins up to 3 
mm wide. Ultramafic composition fragments were replaced by chlorite, epidote, carbonate, anhydrite 
and chalcopyrite, with trace pyrite (Fig. 13). Clastic sedimentary and volcanic fragments, and the breccia 
matrix, were altered to varying proportions of fine grained chlorite, quartz, carbonate, albite, sericite 
and a little epidote, anhydrite, chalcopyrite and trace rutile (Fig. 12). Veins contain medium grained 
carbonate and anhydrite, locally with chalcopyrite and chlorite (Fig. 14). The alteration and vein 
assemblage indicate that there was hydrothermal introduction of Ca, Cu, S, CO2 and possibly Fe, under 
relatively oxidising conditions.  
 
c) Mineralisation: One of the ultramafic composition fragments retains sparse grains of relict chromite 
up to 0.3 mm across (Fig. 13). In this fragment, locally abundant chalcopyrite formed as part of the 
replacement assemblage (Fig. 13), in places incorporating paragenetically earlier grains of pyrite up to 
0.6 mm across. Elsewhere in the sample, veins locally contain minor chalcopyrite and there are scattered 
chalcopyrite aggregates up to 2 mm across in altered lithic fragments.  
 

 
 

Fig. 12: Heterogeneous 
breccia containing detrital 
grains of siltstone (left), 
altered intermediate 
volcanic (right), altered 
ultramafic rock (replaced 
by chlorite, upper) and a 
single detrital quartz grain 
(lower). Transmitted light, 
crossed polarisers  field of 

    
 

Fig. 13: Relict chromite 
grains (pale grey, high 
relief) in altered ultramafic 
fragment, containing 
chalcopyrite (yellow), 
chlorite and epidote (high 
relief at left). Plane 
polarised reflected light, 
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Mineral Mode (by volume): quartz 45%, chlorite 25%, plagioclase (albite) 7%, carbonate and chalcopyrite 
each 6%, anhydrite 5%, epidote 4%, sericite 2% and traces of chromite, pyrite, zircon and rutile. 
 
Interpretation and comment: It is interpreted that the sample is a hydrothermally altered and locally 
veined, coarse polymict sedimentary breccia with a largely clast-supported texture. Relict characteristics 
are poorly through to rather well preserved and indicate that sub-rounded to angular fragments were 
of diverse types, including siltstone and sandstone (with detrital quartz and plagioclase grains), 
intermediate volcanic and ultramafic rock (including sparse relict chromite grains). There was a minor 
proportion of siltstone matrix. Hydrothermal alteration produced moderate through to intense effects, 
forming an assemblage that includes abundant chlorite (particularly in ultramafic composition material), 
carbonate, albite, quartz, sericite, epidote, anhydrite and chalcopyrite, with trace pyrite and rutile. Veins 
are dominated by carbonate and anhydrite, with local chalcopyrite and chlorite. 
 

 
 
  

Fig. 14: Part of a vein 
containing carbonate (pale 
brown, twinned), anhydrite 
(bright colours) and 
chalcopyrite (black) 
bordering on to strongly 
chlorite-altered host rock 
(upper). Transmitted light, 
crossed polarisers, field of 
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SMD159 476.55 m PTS 
Summary: Chalcopyrite-hematite rock, with minor interstitial quartz, minor magnetite associated with 
hematite, and pyrite with chalcopyrite. The rock is dominated by medium to coarse grained hematite 
and infill chalcopyrite, with quartz and trace chlorite also occurring interstitially. Although no diagnostic 
relict texture is recognised from a protolith, there are a few relict chromite grains present and these 
attest to an ultramafic composition protolith that was subject to almost total hydrothermal replacement. 
Minor magnetite is associated with hematite and although textural relations are equivocal, it can be 
implied that magnetite could have replaced hematite, which is typically blocky through to prismatic in 
form, although there is a small zone of finer grained platy specular type. 
 
Handspecimen: The drill core sample is composed of a massive, medium to coarse grained rock 
consisting of platy/blady texture hematite (specular type) and interspersed aggregates of chalcopyrite 
(Fig. 15), with a little pale grey quartz occurring interstitially and a few aggregates of pyrite enclosed by 
chalcopyrite. The sample is strongly magnetic, with susceptibility up to 3730 x 10-5 SI, indicating that 
minor magnetite must occur. 
 

 
 
Fig. 15: Cut surface of drill core composed of medium to coarse grained chalcopyrite and specular 
hematite. 
 
Petrographic description 
a) Primary rock characteristics: In the section, the sample is dominated by medium to coarse grained 
hematite and chalcopyrite, with minor interstitial quartz, minor magnetite associated with hematite, 
minor pyrite associated with chalcopyrite and traces of chlorite and anhydrite. No relict texture after a 
protolith is recognised and the rock represents the product of intense hydrothermal replacement. There 
are, however, three relict grains of chromite present, up to 0.7 mm across (Fig. 16) and their presence 
indicates that the protolith must have been of ultramafic igneous type. 
 
b) Alteration and structure: The rock is composed of a hydrothermal assemblage formed by almost total 
replacement of an ultramafic composition protolith. It contains abundant medium to coarse grained, 
stubby blocky to elongate prismatic grains of hematite (up to 3.5 mm), with a small zone of fine grained 
platy/blady texture hematite. Minor magnetite is associated with the coarser hematite and although 
relations between the two Fe oxides is mostly equivocal, in places it appears likely that magnetite has 
replaced hematite (Fig. 17). Interstitial to hematite (+ magnetite) is abundant medium to coarse grained 
chalcopyrite, and scattered aggregates of fine to medium grained quartz (up to 5 mm across). In a few 
places, a trace of chlorite occurs interstitial to hematite and a couple of small grains of anhydrite are 
observed enclosed in chalcopyrite. Minor pyrite also occurs, hosted in chalcopyrite, with a few 
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aggregates concentrated at the margins of quartz aggregates (Fig. 18). The observed replacement 
assemblage implies strong hydrothermal introduction of Fe, Cu and S, and assuming an ultramafic 
composition host, loss of silica and Mg.  
 
c) Mineralisation: Three relict grains of chromite up to 0.7 mm across were observed (Fig. 16), attesting 
to the ultramafic nature of the protolith. The rock contains abundant hematite, with textures ranging 
from fine grained platy/blady (minor) to abundant coarser grained (up to 3.5 mm) tabular to elongate 
prismatic grains, and in places with minor associated magnetite (Fig. 17). As mentioned above, hematite-
magnetite relations are equivocal, but some aggregates imply that magnetite has replaced hematite. 
Abundant chalcopyrite occurs interstitial to hematite (+ magnetite) in masses up to 2 cm across (Figs 
16, 17, 18). Minor pyrite occurs mostly in chalcopyrite in aggregates up to 3 mm across and individual 
grains up to 1.5 mm across, in places concentrated along the margins of quartz aggregates (Fig. 18). 
Chalcopyrite appears to be paragenetically later than hematite (+ magnetite) and pyrite.  
 

 
 

 
 

Fig. 16: Subhedral relict 
chromite grain (centre) 
mantled by hematite (pale 
grey) and hosted in 
chalcopyrite (yellow). Plane 
polarised reflected light, 
field of view 2 mm across. 
 

Fig. 17: Blocky hematite 
grains (pale grey) with 
possible replacement by 
magnetite (pale brown-
grey) adjacent to 
chalcopyrite (yellow). Plane 
polarised reflected light, 
field of view 2 mm across. 
 



 23 

Mineral Mode (by volume): chalcopyrite 50%, hematite 35%, quartz 10%, pyrite 3%, magnetite 2% and 
traces of chlorite, chromite and anhydrite. 
 
Interpretation and comment: It is interpreted that the sample represents a former ultramafic protolith 
that was subject to intense hydrothermal replacement to form a chalcopyrite-hematite rock, with minor 
interstitial quartz, minor magnetite associated with hematite, and pyrite with chalcopyrite. Medium to 
coarse grained hematite and infill chalcopyrite are abundant, with quartz and trace chlorite also 
occurring interstitially. Although no diagnostic relict texture is recognised from a protolith, there are a 
few relict chromite grains present and these attest to an ultramafic composition protolith that was 
subject to almost total hydrothermal replacement. Minor magnetite is associated with hematite and 
although textural relations are equivocal, it can be implied that magnetite could have replaced hematite, 
which is typically blocky through to prismatic in form, although there is a small zone of finer grained 
platy specular type. 
 

 
 
  

Fig. 18: Concentration of 
pyrite grains (pale creamy) 
along the margin of a 
quartz aggregate (dark, 
upper), with adjacent 
chalcopyrite (yellow) and 
hematite (paler grey). Plane 
polarised reflected light, 
fi ld f i  2   
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SMD173 416.1 m  PTS 
Summary: Heterogeneous hydrothermal assemblage of specular hematite, commonly enclosing 
magnetite, intergrown with pyrite, chalcopyrite and quartz, with minor carbonate associated with quartz 
and hematite. The rock is largely medium to coarse grained and has no relict texture from a protolith, 
being the product of intense hydrothermal replacement as well as infill. There are, however, a few relict 
grains of chromite present and their occurrence indicated that the protolith must have been of 
ultramafic type. Hematite-magnetite relationships are equivocal, but in places, it is inferred that 
hematite has replaced magnetite. Chalcopyrite is paragenetically later than hematite (-magnetite) and 
pyrite. 
 
Handspecimen: The drill core sample is composed of a heterogeneous rock that has compositional 
domains varying from being rich in medium to coarse grained, locally vuggy milky to grey quartz, grey-
silvery specular hematite, pyrite and chalcopyrite, with intergradations between these domains (Fig. 19). 
No relict texture after a protolith is recognised and the rock could be the product of intense 
hydrothermal replacement and infill. The sample is very strongly magnetic, with susceptibility up to 3130 
x 10-4 SI, indicating the presence of considerable magnetite, probably closely associated with hematite. 
 

 
 
Fig. 19: Cut surface of drill core composed of a heterogeneous hydrothermal assemblage of medium to 
coarse grained hematite (dark and including local magnetite), pyrite, chalcopyrite and quartz. 
 
Petrographic description 
a) Primary rock characteristics: In the section, the rock is dominated by quartz, hematite, pyrite and 
chalcopyrite, with considerable magnetite associated with hematite and a few patches of carbonate 
associated with quartz and hematite. No relict texture from a protolith is recognised, but there are a few 
relict grains of chromite up to 0.7 mm across (Fig. 20) and their presence indicates that the protolith 
must have been of ultramafic type and subject to intense hydrothermal replacement and in places, infill. 
 
b) Alteration and structure: The rock is dominated by patchily distributed masses of medium to coarse 
grained quartz, pyrite, hematite and chalcopyrite, with minor to locally common, fine grained magnetite 
associated with some of the hematite aggregates (Figs 20, 21, 22). Quartz occurs interstitial to hematite 
(-magnetite) and pyrite, in masses up to 2 cm across, forming inequigranular grains up to a few 
millimetres across and locally enclosing aggregates of medium grained carbonate. Some of the hematite 
aggregates also enclosed intergrown carbonate. Relict chromite grains are hosted in quartz, Fe oxides 
and sulphides (Fig. 20). Pyrite ranges from disseminated to massive, forming aggregates up to 2 cm 
wide and chalcopyrite is locally abundant (aggregates up to 1 cm across) interstitial to hematite (-
magnetite) and pyrite (Figs 21, 22). The morphology of hematite varies from being finer grained and of 
platy/blady texture, to coarser grained, blocky to prismatic grains up to 2 mm long (Figs 20, 21, 22). 
Magnetite tends to be more common is associated with the coarser type of hematite (Figs 20, 22) and 
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although textural relationships are inconsistent, there is a general indication that hematite could have 
replaced magnetite (Figs 20, 22). The observed replacement assemblage implies strong hydrothermal 
introduction under rather oxidising conditions, of Fe, Cu and S, and assuming an ultramafic composition 
host, loss of silica and Mg.  
 
c) Mineralisation: The sample contains abundant hematite, in places with associated fine grained 
magnetite, and intergrown with pyrite and chalcopyrite (Figs 20, 21, 22). As mentioned above, there is 
a range of hematite morphology, and relationships with magnetite remain equivocal, although in places 
it seems likely that hematite has replaced magnetite (Figs 20, 22). Locally abundant chalcopyrite appears 
to be paragenetically later than hematite (-magnetite) and pyrite (Fig. 21). A few relict grains of chromite 
occur, hosted in sulphides, quartz and hematite (-magnetite) (Fig. 20).  
 

 
 

 
 
Mineral Mode (by volume): quartz 45%, pyrite 23%, hematite 15%, chalcopyrite 8%, magnetite 6%, 
carbonate 3% and a trace of chromite. 
 

Fig. 20: Relict chromite 
grain (grey, centre-right) 
hosted in pyrite, in which 
there is intergrown 
composite bladed grains 
of hematite (pale bluish-
grey) and magnetite (pale 
brown-grey). Plane 
polarised reflected light, 

      
 

Fig. 21: Paragenetically 
later chalcopyrite (yellow), 
enclosing bladed hematite 
and a single small grain of 
pyrite (pale creamy). Plane 
polarised reflected light, 
fi ld f i  2   
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Interpretation and comment: It is interpreted that the sample is a hydrothermal assemblage derived 
from the intense replacement of a former ultramafic protolith. Although no diagnostic relict texture is 
recognised from a protolith, there are a few relict chromite grains present and these attest to an 
ultramafic composition protolith. The hydrothermal replacement formed a heterogeneous, mostly 
medium to coarse grained assemblage of quartz, pyrite, hematite, chalcopyrite, magnetite and minor 
carbonate. Magnetite is associated with hematite and although textural relations are equivocal, it can 
be implied that magnetite could have replaced hematite, which is typically blocky through to prismatic 
in form, although there is a small zone of finer grained platy specular type. Carbonate is associated with 
quartz and hematite, and chalcopyrite is paragenetically later than pyrite and commonly intergrown 
hematite (-magnetite). 
 

 
 
  

Fig. 22: Blady texture 
composites of hematite 
and magnetite hosted in 
pyrite and with minor 
interstitial quartz and 
chalcopyrite at right. 
Textures could indicate 
that hematite has replaced 

tit  Pl  l i d 
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SMD173 441.9 m  PTS 
Summary: Strongly altered porphyritic microdiorite or andesite, containing a few irregular shaped 
xenoliths that include possible ultramafic rock and diorite/gabbroic rock. Relict texture is moderately 
preserved, indicating that the host rock contained scattered phenocrysts of feldspar (e.g. plagioclase) 
and ferromagnesian material in a fine grained groundmass with a few small FeTi oxide grains. 
Interpreted ultramafic composition xenoliths retain a few small relict chromite grains. The sample as a 
whole was replaced by abundant chlorite and quartz, with minor sericite (mostly at former plagioclase 
phenocryst sites) and traces of rutile, chalcopyrite and pyrite. Ultramafic xenoliths were largely replaced 
by chlorite. Several veins were emplaced, containing fine to medium grained quartz, with patchy chlorite 
and a few aggregates of chalcopyrite and pyrite. 
 
Handspecimen: The drill core sample is composed of a dark grey-green, strongly altered, apparently 
mafic igneous rock, with a moderately preserved relict porphyritic texture and cut by a few veins (Fig. 
23). There are scattered pseudomorphic aggregates up to a few millimetres across up to a few 
millimetres across after possible former feldspar and/or ferromagnesian phenocrysts in a fine grained 
groundmass. The rock is evidently strongly altered to chlorite, with apparent concentrations of this 
phase in a few irregular dark aggregates (Fig. 23). There are a few sub-planar veins up to 2 mm wide 
containing grey quartz, with irregularly scattered chalcopyrite and pyrite aggregates up to 1 cm across 
(Fig. 23). The sample is very weakly magnetic, with susceptibility up to 30 x 10-5 SI. 
 

 
 
Fig. 23: Cut surface of drill core composed of strongly chlorite-altered porphyritic microdiorite or 
andesite. Dark aggregates are chlorite-altered ultramafic rock. Small amounts of chalcopyrite and pyrite 
are mostly associated with quartz-rich veining. 
 
Petrographic description 
a) Primary rock characteristics: In the section, relict texture is moderately preserved (Fig. 24). This 
indicates that the majority of the sample was a porphyritic, intermediate to mafic composition igneous 
rock in which there are a few compositionally and texturally different fragments (possibly xenoliths) of 
altered ultramafic rock and mafic igneous rock that are up to 2.5 cm across. All components of the 
sample are strongly hydrothermally altered and hosts several veins. The apparent host rock originally 
contained scattered phenocrysts of blocky feldspar (plagioclase) up to 3 mm across, and of former 
ferromagnesian material also up to 3 mm across (maybe originally hornblende, pyroxene) in a fine 
grained groundmass that included sparse small grains of FeTi oxide (Fig. 24). This rock type could be of 
intermediate composition and perhaps represents a porphyritic microdiorite or andesite originally. 
Apparent xenoliths include a type that is intensely altered, with no relict texture except for the 
occurrence of rare relict chromite grains up to 0.3 mm across (Fig. 25); these are interpreted to represent 
former ultramafic fragments. Another type had intergrown medium to coarse grained blocky feldspar 
(plagioclase) and ferromagnesian material, and are speculated to represent gabbro or diorite. 
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b) Alteration and structure: The sample as a whole exhibits strong to intense hydrothermal alteration, 
with emplacement of a few veins. Original feldspar (plagioclase) phenocrysts were replaced by sericite 
and a little quartz and chlorite. Ferromagnesian grains were replaced by chlorite and traces of rutile, 
pyrite and chalcopyrite, and FeTi oxide was replaced by rutile (Fig. 24). The groundmass was replaced 
by fine grained quartz, chlorite, minor sericite and trace chalcopyrite and pyrite. Interpreted ultramafic 
composition xenoliths were replaced by abundant chlorite, with local quartz and trace chalcopyrite and 
pyrite (Fig. 25). Veins are up to 4 mm wide and contain fine to medium grained quartz, patchy fine 
grained chlorite and minor to locally abundant pyrite and chalcopyrite, in aggregates to 1 cm long (Fig. 
26). Alteration could be considered as being of strong propylitic type. 
 
c) Mineralisation: There are a few small relict chromite grains, mostly in interpreted altered ultramafic 
xenoliths. In altered host rock and xenoliths, there are traces of chalcopyrite and pyrite, mostly at altered 
ferromagnesian sites and altered groundmass. Most sulphides occur in the veins, where chalcopyrite 
and pyrite are locally abundant, forming medium grained composite aggregates up to 1 cm across (Fig. 
26).  
 
Mineral Mode (by volume): quartz 50%, chlorite 35%, sericite 10%, chalcopyrite 3%, pyrite 2% and traces 
of rutile and chromite. 
 

 
 

Fig. 24: Relict porphyritic 
texture in microdiorite or 
andesite, with 
pseudomorphs after 
former ferromagnesian 
grains (replaced by 
chlorite) and plagioclase 
(replaced by sericite) in an 
altered groundmass, with 
the black aggregates 
being rutile. Plane 

   
      

 

Fig. 25: Portion of an 
ultramafic composition 
xenolith containing a relict 
chromite grain (dark) and 
replaced by pale green 
chlorite, abutting altered 
microdiorite/andesite. 
Plane polarised 
transmitted light, field of 
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Interpretation and comment: It is interpreted that the sample represents a porphyritic microdiorite or 
andesite, containing a few irregular shaped xenoliths that include possible ultramafic rock and 
diorite/gabbroic rock, all of which have been strongly altered. Relict texture is moderately preserved, 
indicating that the host rock contained scattered phenocrysts of feldspar (e.g. plagioclase) and 
ferromagnesian material in a fine grained groundmass with a few small FeTi oxide grains. Interpreted 
ultramafic composition xenoliths retain a few small relict chromite grains. The sample as a whole was 
replaced by abundant chlorite and quartz, with minor sericite (mostly at former plagioclase phenocryst 
sites) and traces of rutile, chalcopyrite and pyrite. Ultramafic xenoliths were largely replaced by chlorite. 
Several veins were emplaced, containing quartz, patchy chlorite and a few aggregates of chalcopyrite 
and pyrite. 
 

 
 
 
  

Fig. 26: Portion of a vein 
assemblage with a large 
composite aggregate of 
pyrite (creamy) and 
chalcopyrite (yellow) 
intergrown with quartz 
(dark). Plane polarised 
reflected light, field of view 
2   
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SMD173 458.85 m TS 
Summary: Contact between coarse grained gabbro and porphyritic microdiorite, with both rocks 
overprinted by strong propylitic alteration. Timing relations between the two rock types is not 
established, with the contact being sharp and sub-planar. The interpreted gabbro was formerly 
composed of rather coarse grained plagioclase, pyroxene and hornblende, with trace biotite and apatite. 
The porphyritic microdiorite contained phenocrysts of plagioclase and hornblende in a finer grained 
groundmass of plagioclase with minor hornblende, biotite, quartz and trace apatite and FeTi oxide. The 
imposition of alteration led to replacement by an assemblage of fine grained sericite (mostly at 
plagioclase sites), chlorite (mostly at ferromagnesian sites), carbonate, albite and quartz (each in the 
microdiorite) and a little leucoxene. A single vein occurs, containing carbonate and sericite. 
 
Handspecimen: The drill core sample is composed of two different, dark grey-green, altered igneous 
rock types, with a sharp sub-planar contact between the two at ~25° to the core axis (Fig. 27). The 
majority rock type appears to be coarse grained, but strongly altered, with apparent pseudomorphs 
after former feldspar and ferromagnesian grains up to a few millimetres across (Fig. 27). The protolith 
appears to have been of mafic type, e.g. gabbro. The minority rock type has porphyritic texture and is 
slightly paler in colour, with scattered white feldspar phenocrysts (e.g. plagioclase) up to 3 mm across 
in a finer grained groundmass that also contains ferromagnesian material (Fig. 27). Both rock types are 
probably strongly altered, with replacement by sericite, chlorite and carbonate, and is cut by a few white 
carbonate veins at a moderate angle to the core axis. Testing of the section offcut with dilute HCl gave 
a strong reaction on carbonate, indicating that it is calcite. The sample is very weakly magnetic, with 
susceptibility up to 30 x 10-5 SI. 
 

 
 
Fig. 27: Cut surface of drill core that is composed mostly of altered gabbro, but with a sharp contact at 
right against porphyritic microdiorite (with white plagioclase phenocrysts). Both rock types are strongly 
altered to a propylitic assemblage of sericite, chlorite, carbonate (albite, quartz, leucoxene). 
 
Petrographic description 
a) Primary rock characteristics: In the section, there is a sharp, sub-planar contact between two 
contrasting igneous rock types, both of which are strongly altered. It is not possible on the scale of the 
section to determine timing relations between the two rock types. A majority rock type, occupying ~60% 
of the section, has moderate preservation of relict coarse grained igneous texture indicating that it was 
formerly composed of interlocking grains of feldspar (e.g. plagioclase), ferromagnesian material (relict 
shapes imply that pyroxene and hornblende were possibly present) and traces of apatite and biotite 
(Fig. 28). From the relict characteristics, this rock type is interpreted as a gabbro. The other (minority) 
rock type was porphyritic, with scattered blocky plagioclase phenocrysts up to 3 mm across and there 
are also pesudomorphs after former ferromagnesian (e.g. hornblende) phenocrysts up to 2.5 mm long, 
enclosed in a fine to medium groundmass that was originally composed of abundant plagioclase, with 
minor hornblende, biotite, quartz and traces of FeTi oxide and apatite (Fig. 29). This rock type is 
interpreted as a porphyritic microdiorite. 
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b) Alteration and structure: Both rock types are strongly affected by alteration of propylitic type (Figs 
28, 29). In the gabbro, original interpreted plagioclase was replaced by fine grained sericite aggregates, 
locally accompanied by carbonate. Ferromagnesian material was replaced by chlorite and carbonate, 
with minor leucoxene, although trace biotite is retained. In the microdiorite, plagioclase phenocrysts 
were albitised, as well as being replaced locally by carbonate and sericite, and ferromagnesian material 
(except trace biotite) was replaced by chlorite ± carbonate ± leucoxene, and FeTi oxide was replaced by 
leucoxene. In the groundmass, an assemblage of albite, sericite, carbonate, chlorite and quartz formed 
(Fig. 29). A single vein occurs, hosted mostly in the microdiorite, being up to 0.5 mm wide and containing 
carbonate and sericite. 
 
c) Mineralisation: No sulphide minerals were observed in the section.  
 
Mineral Mode (by volume): sericite 40%, chlorite and carbonate (calcite) each 20%, plagioclase (albite) 
15%, quartz 4%, leucoxene 1% and traces of biotite and apatite. 
 
Interpretation and comment: It is interpreted that the sample displays a sharp contact between coarse 
grained gabbro and porphyritic microdiorite, with both rocks affected by strong propylitic alteration. 
Timing relations between the two rock types are not resolved, with the contact being sharp and sub-
planar. The interpreted gabbro was composed of plagioclase, pyroxene and hornblende, with trace 
biotite and apatite. The porphyritic microdiorite contained phenocrysts of plagioclase and hornblende 
in a finer grained groundmass of plagioclase, with minor hornblende, biotite, quartz and trace apatite 
and FeTi oxide. The imposed alteration caused replacement by an assemblage of fine grained sericite 
(mostly at plagioclase sites), chlorite (mostly at ferromagnesian sites), carbonate, albite and quartz (each 
in the microdiorite) and a little leucoxene. A single vein occurs, containing carbonate and sericite. 
 

 
 

Fig. 28: Altered gabbro, 
with pseudomorphic 
aggregates after former 
plagioclase (upper, now 
sericite-dominated), 
hornblende (left) and 
pyroxene (lower right), 
both of which were 
replaced by chlorite and a 
little leucoxene (dark). 
Plane polarised 

    
    

 

Fig. 29: Altered 
microdiorite, with part of a 
chlorite-altered 
hornblende phenocryst 
(dark at top) and 
plagioclase phenocrysts 
(replaced by albite, sericite 
and carbonate) in a fine 
grained altered 
groundmass. Transmitted 
light  crossed polarisers  
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SMD173 470.8 m  PTS 
Summary: Porphyritic microdiorite or andesite, with strong propylitic alteration and local zones of 
deformation (microbrecciation) and veining. There is no strong indication that two different rock types 
occur, with apparent variations in characteristics due to differences in alteration. Relict porphyritic 
texture is generally moderately preserved, indicating that the protolith contained plagioclase and 
ferromagnesian (e.g. hornblende) phenocrysts in a fine grained, commonly granular texture 
groundmass. The imposed alteration caused replacement by fine grained chlorite, quartz and sericite, a 
little carbonate and trace rutile, pyrite and chalcopyrite. There are local zones of more intense 
replacement by chlorite, or by quartz, associated with deformation, with these and associated minor 
quartz veining locally containing aggregates of chalcopyrite and pyrite. 
 
Handspecimen: The drill core sample is composed of a dark grey-green, strongly altered porphyritic 
igneous rock of apparent intermediate to mafic type. Relict texture is at best, only moderately preserved, 
with possible altered phenocrysts of feldspar ± ferromagnesian material in a fine grained groundmass 
(Fig. 30). Alteration has formed considerable chlorite and sericite, with local quartz-rich and chlorite-rich 
patches and minor veins, some of which are associated with chalcopyrite and pyrite (Fig. 30). The sample 
is essentially non-magnetic, with susceptibility of <10 x 10-5 SI. 
 

 
 
Fig. 30: Cut surface of drill core of altered porphyritic microdiorite, with a zone of stronger alteration at 
right (chlorite development) associated with a vein of chalcopyrite, pyrite and quartz. 
 
Petrographic description 
a) Primary rock characteristics: In the section, it is evident that the rock is strongly altered, with local 
zones of deformation (microbrecciation), but generally, relict porphyritic texture is moderately 
preserved (Fig. 31). There is no strong textural indication for the occurrence of two different rock types, 
with apparent variation due to different intensities and types of alteration. The protolith formerly 
contained scattered blocky plagioclase phenocrysts up to 4 mm across and smaller phenocrysts of a 
blocky to prismatic ferromagnesian phenocryst (e.g. hornblende) up to 2 mm long, enclosed in a fine 
grained, commonly granular texture groundmass, originally with abundant feldspar (e.g. plagioclase), 
ferromagnesian material, minor quartz and traces of FeTi oxide and apatite (Fig. 31). The preserved 
primary characteristics of the rock are interpreted to indicate that the protolith was a porphyritic 
microdiorite or andesite. 
 
b) Alteration and structure: Strong pervasive alteration of propylitic type was imposed, with local zones 
of deformation (micro-brecciation) occurring, with associated veining (Fig. 32). The alteration led to all 
former plagioclase being replaced by fine grained sericite ± quartz, ferromagnesian material by chlorite 
and/or quartz, with trace rutile and pyrite, and the groundmass being replaced by chlorite, sericite, 
quartz and traces of rutile, chalcopyrite and pyrite (Fig. 31). In a couple of places, the groundmass also 
hosts a few aggregates of carbonate up to 1.5 mm across. Locally, in more deformed zones, there is 
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increased replacement by chlorite, or by quartz (silicification), with minor sericite. Minor discontinuous 
and locally diffuse veining up to 3 mm wide occurs, varying from quartz-rich to chlorite-rich and 
containing a few aggregates of chalcopyrite and pyrite (Fig. 32). 
 
c) Mineralisation: The rock contains minor chalcopyrite and pyrite in aggregates up to a few millimetres 
across, mostly associated with brecciated and strongly altered zones and in veins (Fig. 32).  
 
Mineral Mode (by volume): quartz 40%, chlorite 35%, sericite 21%, chalcopyrite 2%, pyrite and carbonate 
each 1% and traces of rutile and apatite. 
 
Interpretation and comment: It is interpreted that the sample represents a strongly altered porphyritic 
microdiorite or andesite. There is no convincing indication that two different rock types occur, with 
apparent variations in characteristics due to differences in alteration. Relict porphyritic texture is 
generally moderately preserved, indicating that the protolith contained plagioclase and ferromagnesian 
(e.g. hornblende) phenocrysts in a fine grained, commonly granular texture groundmass. Strong 
propylitic alteration, local zones of deformation (microbrecciation) and veining were imposed, leading 
to replacement of the protolith by chlorite, quartz and sericite, a little carbonate and trace rutile, pyrite 
and chalcopyrite. There are local zones of more intense replacement by chlorite, or by quartz, associated 
with deformation, with these and associated minor quartz veining locally containing aggregates of 
chalcopyrite and pyrite. 
 

 
 

Fig. 31: Relict porphyritic 
texture in altered 
microdiorite, showing 
sericitised plagioclase 
phenocrysts and at left, a 
ferromagnesian 
phenocryst replaced by 
quartz and chlorite. The 
original groundmass was 
replaced by chlorite, 
sericite and quartz. 
Transmitted light, crossed 

     
  

 

Fig. 32: Vein containing 
chalcopyrite, pyrite and 
quartz cutting a 
microbrecciated zone with 
intense chlorite-quartz 
alteration. Plane polarised 
reflected light, field of view 
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SMD182 423.4 m  PTS 
Summary: Medium to coarse grained quartz-hematite-pyrite-chalcopyrite rock, being the product of 
intense hydrothermal replacement and infill of an ultramafic composition protolith. No relict texture 
from the protolith occurs, but there are a couple of preserved relict chromite grains. Quartz occurs 
interstitially to the other phases and is commonly intergrown with blady texture hematite. This phase is 
also intergrown with pyrite, and both pyrite and hematite are paragenetically earlier than patchily 
abundant chalcopyrite. 
 
Handspecimen: The drill core sample is composed of a slightly vuggy, hydrothermal rock containing 
medium to coarse grained pyrite, chalcopyrite and specular hematite, with interstitial pale grey quartz 
(Fig. 33). Aggregates dominated by pyrite or chalcopyrite are up to 1.5 cm across. No relict texture from 
a protolith is recognised and the rock is regarded as being the product of intense hydrothermal 
replacement and infill of a protolith whose original nature is obscure. There are local zones of crude 
mineralogical banding (Fig. 33). The sample is weakly to moderately magnetic, with susceptibility up to 
140 x 10-5 SI. 
 

 
 
Fig. 33: Cut surface of drill core composed of hydrothermally replaced and infilled rock composed of 
quartz, hematite, pyrite and chalcopyrite, with a few scattered vughs. 
 
Petrographic description 
a) Primary rock characteristics: In the section, no definite relict texture is recognised and the rock is 
considered to be the product of intense hydrothermal alteration and infill. There are, however, two 
grains of relict chromite present, up to 1 mm across (Fig. 34) and their occurrence indicates that the 
protolith must have been of ultramafic type. 
 
b) Alteration and structure: An interpreted ultramafic composition protolith was subject to intense 
hydrothermal replacement and infill, with formation of an assemblage of generally medium to coarse 
grained quartz, hematite (specular type), pyrite and chalcopyrite. Two relict grains of chromite are 
preserved from the protolith. There is abundant blady texture hematite, with grains up to 3 mm long, 
intergrown with quartz and pyrite, and locally with chalcopyrite (Figs 35, 36). Pyrite forms individual 
grains up to 3 mm across and aggregates up to 1 cm across. It, together with hematite, are 
paragenetically earlier than patchily abundant chalcopyrite, forming aggregates up to 1.5 mm across 
(Fig. 36). Quartz is medium to coarse grained (up to 3 mm grainsize) and occurs interstitially to the other 
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components, although commonly intergrown with hematite (Fig. 35). Crude mineralogical banding, on 
a scale of up to several millimetres wide occurs, with varying amounts of chalcopyrite, quartz, or 
hematite ± pyrite. These do not reflect any precursor rock type and are interpreted to be the result of 
hydrothermal growth banding. 
 
c) Mineralisation: The sample contains abundant blady texture hematite (specularite) in grains up to 3 
mm long, commonly intergrown with quartz and pyrite (Figs 35, 36). There is patchily abundant pyrite, 
forming anhedral to subhedral grains up to 3 mm across, as well as larger aggregates, with it, and 
associated hematite, occurring as paragenetically earlier grains within chalcopyrite (Fig. 36), with the 
latter forming aggregates up to 1.5 cm across.  
 
Mineral Mode (by volume): quartz 50%, chalcopyrite 18%, hematite 17%, pyrite 15% and a trace of 
chromite. 
 

 
 

 
 

Fig. 34: Relict chromite 
(fractured, mid grey, upper 
right) hosted in quartz 
with adjacent bladed 
hematite (pale grey) and 
near pyrite (left) and 
chalcopyrite (lower right). 
Plane polarised reflected 
light, field of view 2 mm 

 
 

Fig. 35: Bladed hematite 
(black and red) intergrown 
with medium grained 
quartz (clear). Plane 
polarised transmitted light, 
field of view 2 mm across. 
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Interpretation and comment: It is interpreted that the sample represents the product of intense 
hydrothermal replacement and infill of a former ultramafic protolith. No relict texture of the latter 
occurs, but there are a couple of grains of relict chromite. The rock was replaced and infilled by a 
hydrothermal assemblage of medium to coarse grained quartz, hematite (specularite), pyrite and 
chalcopyrite. Quartz occurs interstitially to the other phases and is commonly intergrown with blady 
texture hematite. This phase is also intergrown with pyrite, and both pyrite and hematite are 
paragenetically earlier than patchily abundant chalcopyrite. 
 
 

 
 
 
 
 
 

Fig. 36: Pyrite grains (pale 
creamy) with a little 
intergrown bladed 
hematite (pale grey at left) 
and partly enclosed by 
chalcopyrite (yellow). Plane 
polarised reflected light, 
field of view 2 mm across. 
 


