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Introduction 
 
A suite of eleven drill core samples from the “S41” prospect western Victoria was 
submitted for petrographic preparation, description and interpretation. Samples were 
from DDH STDD001 at S41 at downhole depths between 129.2 m and 397 m. All 
samples appeared to be strongly hydrothermally altered, with all containing 
disseminated sulphides (pyrite) and some also having prominent pyrite-rich veining. 
All samples were fresh, with no indications of imposed supergene alteration. 
 
Handspecimen logging notes and photographs of the drill core samples were 
provided, together with comprehensive geochemical data for the metre intervals from 
where the samples (which were generally <10 cm long) were derived. 
 
Petrographic sections were prepared by Adelaide Petrographic Laboratories Pty Ltd, 
with polished thin sections (PTS) being prepared from seven samples and standard 
thin sections (TS) from four samples. Subsequently, PTS were examined microscopically 
in transmitted and reflected light, and TS in transmitted and oblique reflected light, 
with representative photomicrographs of textural and mineralogical characteristics 
being taken. Several samples were tested with dilute HCl to check carbonate 
speciation. All samples were measured for magnetic susceptibility, but were found to 
have very low susceptibility.  
 
The purpose of the petrographic work was to identify the primary rock types and the 
nature of imposed hydrothermal alteration, veining and mineralisation. 
 
 
Summary descriptions of samples are listed following: 
 
STDD001 129.2 m  PTS 
Summary: Strongly argillic altered, porphyritic andesite. The original rock contained scattered 
phenocrysts of plagioclase and a ferromagnesian phase (e.g. pyroxene), with a few small FeTi oxide 
microphenocrysts in a fine grained feldspathic groundmass. Imposed alteration led to replacement by 
an assemblage of fine grained illite-sericite, quartz, a low-birefringent clay phase (e.g. kaolinite), fine 
grained pyrite, a little leucoxene and trace carbonate. A diffuse vein containing disseminated fine to 
medium grained pyrite cuts the rock and there are also a few thin veinlets of quartz ± pyrite.  
 
STDD001 184.75 m PTS 
Summary: Coarse volcanic breccia, probably of andesitic composition, and with strong argillic alteration. 
Relict texture is moderately well preserved, indicating that there are scattered porphyritic fragments in 
a fine grained, perhaps originally tuffaceous matrix (with vitriclastic component). The porphyritic rock 
contained plagioclase and likely pyroxene phenocrysts in a fine grained groundmass. Imposed alteration 
affected all components, although there is local preservation of plagioclase. The developed alteration 
assemblage is dominated by fine grained illite-sericite and subordinate quartz, with minor carbonate 
and disseminated pyrite, with the altered rock cut by thin, sub-planar to anastomosing carbonate veins.  
 
STDD001 228.8 m  PTS 
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Summary: Coarse volcanic breccia, with a matrix-supported texture and containing fragments of 
porphyritic andesite in a finer grained matrix of smaller fragments, individual (liberated) mineral grains 
and interstitial tuffaceous material. Fragments contained phenocrystal grains of plagioclase, pyroxene 
and FeTi oxide in a fine grained groundmass. The breccia had strong argillic alteration imposed and 
although there is minor preservation of plagioclase, the remainder of the rock was replaced by a fine 
grained assemblage of illite-sericite, a low-birefringent clay (e.g. kaolinite) and quartz, with minor 
disseminated pyrite (concentrated into the breccia matrix), chlorite and leucoxene (at former FeTi oxides 
sites). A few thin discontinuous veins of quartz, and of carbonate, cut the altered rock.  
 
STDD001 282.1 m  PTS 
Summary: Strongly altered porphyritic andesite, with considerable diffuse veining. The original rock 
contained scattered phenocrystal grains of plagioclase, pyroxene and minor microphenocrysts of FeTi 
oxide in a fine grained groundmass of likely feldspathic composition. Alteration of argillic type was 
imposed, resulting in replacement of most primary igneous minerals, although minor plagioclase is 
retained. The pervasive alteration assemblage is dominated by fine grained illite-sericite and quartz, 
with subordinate carbonate (calcite), minor pyrite, chlorite and leucoxene. Veining is irregular to sub-
planar and dominated by quartz and subordinate calcite and pyrite. No particulate gold, or arsenopyrite, 
were observed in the sample, and anomalous values of Au and As in the rock could be accommodated 
in pyrite.  
 
STDD001 320.9 m  PTS 
Summary: Microporphyritic igneous rock, possibly of former andesitic type, with very strong argillic 
alteration and considerable veining. The protolith appears to have contained rather sparse 
microphenocrysts that included plagioclase, pyroxene and FeTi oxide in a fine grained, perhaps 
feldspathic composition groundmass. Imposed alteration led to complete replacement by an 
assemblage of fine grained illite-sericite and quartz, with minor patchy carbonate and disseminated 
pyrite, as well as a trace of leucoxene. Veins locally merge into small zones of hydrothermal micro-
breccia and contain varying proportions of quartz, carbonate (dolomite), illite-sericite, pyrite and trace 
chalcopyrite. Dolomite and illite-sericite tend to be interstitial to quartz, occurring as infill, whereas 
sulphides are mostly enclosed by quartz. No particulate gold, or arsenopyrite, were observed.  
 
STDD001 330.2 m  TS 
Summary: Strongly altered and veined porphyritic igneous rock, possibly of former andesitic type. Relict 
texture is locally moderately preserved, but in places, it has been obliterated due to alteration and 
veining. The original rock contained sparsely scattered phenocrystal grains of plagioclase and pyroxene, 
with smaller grains of FeTi oxide, in a fine grained groundmass, perhaps of feldspathic composition. 
Imposed alteration is of argillic type, with total replacement of the protolith by fine grained illite-sericite, 
quartz and a low-birefringent clay phase (e.g. kaolinite), plus minor carbonate and a little pyrite, 
leucoxene and hematite. An early phase of veining contains abundant carbonate (calcite), subordinate 
quartz and a little pyrite, and these are cut by thinner veins of carbonate (ankerite) and minor hematite.  
 
STDD001 336.9 m  PTS 
Summary: Intermediate to felsic composition, lithic-dominated tuff, with strong argillic alteration and a 
weakly imposed foliation. Relict texture is moderately preserved, indicating that the original rock 
contained abundant volcanic lithic fragments (some formerly being porphyritic) and a minor inventory 
of mineral grains in a fine grained tuffaceous matrix, some of which could have been vitriclastic. The 
imposed alteration led to replacement by a fine grained assemblage of illite-sericite and subordinate 
quartz, carbonate (dolomite) and minor to strongly disseminated pyrite, and a little leucoxene. Pyrite 
aggregates locally form composites with carbonate. Foliation is defined by preferred orientation of illite-
sericite and there are a few narrow, discontinuous carbonate veins. 
 
STDD001 352.0 m  PTS 
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Summary: Coarse volcanic fragmental rock, e.g. lithic-dominated tuff, with strong argillic alteration and 
considerable vein emplacement. Relict texture is moderately preserved, indicating that the rock was 
clast-supported and composed of abundant fine grained, commonly porphyritic, volcanic fragments, 
originally of likely intermediate composition. The rock was altered to an assemblage with fine grained 
illite-sericite and quartz, as well as less common carbonate, chlorite, minor disseminated pyrite and a 
little leucoxene. There was minor development of interstitial aggregates of quartz and carbonate. The 
rock was cut by prominent veining of pyrite, quartz, carbonate (calcite) and barite, with quartz and 
carbonate commonly having extensional fibre growth texture. These veins are cut by a few narrow 
ankerite veins. 
 
STDD001 356.9 m  PTS 
Summary: Porphyritic andesite, locally fragmented, with strong overprinting alteration of argillic type 
and associated vein emplacement. The original rock contained rather sparsely scattered phenocrysts of 
plagioclase and ferromagnesian material (e.g. pyroxene) and a few small grains of FeTi oxide in a fine 
grained groundmass. Imposed alteration led to almost complete replacement of primary minerals (a 
little plagioclase is preserved), with formation of a fine grained assemblage of illite-sericite and quartz. 
Patchy carbonate (mostly calcite) occurs, together with minor disseminated pyrite and a little leucoxene. 
In fragmented zones, there is minor interstitial quartz and carbonate. A major vein cuts the altered rock, 
containing pyrite, carbonate (calcite), lesser quartz and traces of galena, chalcopyrite and sphalerite. 
Other thin carbonate veins are also present. 
 
STDD001 384.0 m  PTS 
Summary: The sample is largely composed of vein material, but there are small amounts of adhering 
host rock that are intensely hydrothermally altered, as well as being micro-brecciated and sheared. 
There was replacement of the originally porphyritic protolith by fine grained illite-sericite and quartz, 
with minor carbonate, chlorite, pyrite and leucoxene. The major vein contains abundant pyrite and 
carbonate (calcite), with subordinate quartz (commonly with fibre growth texture), minor low-Fe 
sphalerite and traces of galena, chalcopyrite and arsenopyrite. Vein textures imply that veining occurred 
prior to, or during deformation, with pyrite being fractured and quartz and carbonate occurring as 
“pressure shadows” about large pyrite masses. Sphalerite and galena have textures indicating that they 
were paragenetically later than pyrite. 
 
STDD001 397.0 m  TS 
Summary: Strongly argillic altered, coarse lithic tuff, perhaps originally of andesitic composition. Relict 
clast-supported fragmental texture is moderately preserved, indicating an abundance of volcanic 
fragments, many of which retain porphyritic texture, and a smaller proportion of finer grained tuffaceous 
matrix. Imposed alteration caused replacement by an assemblage with considerable fine grained illite-
sericite, quartz, chlorite and a clay phase (e.g. kaolinite), with minor carbonate (calcite), albite, pyrite and 
leucoxene. Minor fine grained quartz veining was emplaced, followed by wider, medium to coarse calcite 
veins. Elevated Mn content of the rock is probably accommodated in calcite. 
 
 
 
 
Interpretation and comment 
 
Primary rock types 
 
Each of the samples in the suite are similar, being of andesitic volcanic type, but there 
are two evident groupings: one appears to be of coherent, porphyritic type, and the 
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other represents a coarse fragmental, e.g. a lithic-dominated tuff, with a matrix- to 
clast-supported texture and fragments dominated by porphyritic andesite. Relict 
textures in these rock types are mostly moderately to moderately well preserved, 
although primary characteristics are more obliterated in STDD001/320.9 m and 
STDD001/384.0 m due to the intensity of imposed alteration and veining. 
 
The coherent andesite is porphyritic, with scattered to sparse phenocrysts, almost all 
of which are altered. Pseudomorphs after phenocrysts indicate that plagioclase was 
the most common type, being typically blocky to tabular in form and up to several 
millimetres across. In a few samples, there is minor preservation of plagioclase, albeit 
some could be albitised.  There are also less common pseudomorphs after a blocky 
ferromagnesian phase, with relict shapes consistent with the original mineral being a 
pyroxene. There are also pseudomorphs after microphenocrysts of former FeTi oxide. 
Clusters of the phenocrystal phases occur in a few samples. The phenocrysts were 
enclosed in a fine grained groundmass, considered to have largely been of feldspathic 
composition, but typically strongly altered. The lithic-dominated tuff samples have 
fragments of andesite (some of which were evidently porphyritic and similar to the 
coherent rock), accompanied in some rocks by a small population of individual 
(liberated) mineral grains, and enclosed in a finer grained tuffaceous matrix, which 
could have included a vitriclastic component (e.g. in STDD001/336.9 m). 
 
No other primary rock type was recognised in the sample suite.  
 
 
Hydrothermal alteration  
 
Samples in the suite all have similar hydrothermal alteration imposed, with effects 
ranging from strong to intense. The observed alteration assemblage (see below) is 
consistent with argillic type and in most rocks, the alteration is complete, with no 
preservation of primary igneous phases. As mentioned above, a few samples do 
contain a little remnant plagioclase, although some might be albitised (e.g. in 
STDD001/397.0 m). Original plagioclase (phenocrysts and groundmass material) was 
mostly replaced by a fine grained phase suggested to be illite-sericite, together with 
local carbonate and quartz. Original pyroxene was typically replaced by quartz, with 
varying amounts of associated carbonate, illite-sericite, chlorite and pyrite, and FeTi 
oxide was replaced by leucoxene ± pyrite. Groundmass material was replaced by fine 
grained illite-sericite and granular quartz, in places with substantial amounts of a low-
birefringent clay phase (e.g. kaolinite) and/or chlorite, carbonate, disseminated pyrite 
and a little leucoxene. A little hematite forms part of the alteration in STDD001/330.2 
m, and in STDD001/336.9 m, there are a few composite aggregates of pyrite + 
carbonate. Speciation of carbonate in the alteration assemblages appears to vary 
between calcite and dolomite. 
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In a couple of samples, e.g. STDD001/336.9 m and STDD001/384.0 m, the 
hydrothermal assemblages are locally weakly foliated, suggesting that there was 
deformation imposed during or following alteration. This observation is also consistent 
with the observation that some veins host fractured pyrite and local infill of fibre 
growth texture and “pressure shadow” quartz. 
 
Veining 
 
All samples contain veins, ranging from a few narrow types, to prominent major veins 
up to several millimetres to >1 cm in width, and in STDD001/320.9 m, there is local 
merging into hydrothermal breccia. Most veining is probably related (genetically) to 
argillic alteration of enclosing host rock. Two major types of veins are recognised: 
those that are sulphide (generally pyrite)-bearing, and those that contain carbonate ± 
quartz (and no sulphides). 
 
Prominent sub-planar sulphide-rich veins occur in STDD001/352.0 m, STDD001/356.9 
m and STDD001/384.0 m (with the last sample being largely constituted of vein 
material), and with smaller examples occurring in STDD001/320.9 m, STDD001/129.2 
m and STDD001/282.1 m. This type of veining typically contains abundant pyrite 
(ranging from fine through to coarse grained and commonly fractured), with 
associated carbonate (calcite or dolomite) and quartz (in places having extensional 
fibre growth texture about pyrite masses).  In STDD001/352.0 m, medium grained 
prismatic barite is locally common in the pyrite-rich vein. Small amounts of base metal 
sulphides are recognised as components in these veins, with a trace of chalcopyrite 
occurring in STDD001/320.9 m and galena, Fe-poor sphalerite and chalcopyrite 
occurring in STDD001/356.9 m and STDD001/384.0 m (and rare arsenopyrite in the 
latter). These occurrences are described further below. 
 
Other veining in the samples ranges from narrow, quartz-rich types, to those with 
carbonate + quartz, and carbonate only. Several samples have apparently later (i.e. 
post-sulphide-bearing veining) thin veins of ankeritic carbonate (e.g. in 
STDD001/330.2 m, STDD001/352.0 m) and in STDD001/397.0 m, prominent veining is 
by white to pale pink calcite. Elevated Mn values in this sample (and in STDD001/352.0 
m and STDD001/356.9 m) could imply that at least some of the carbonate present is a 
manganoan variety (e.g. manganoan calcite).  
 
Mineralisation 
 
All samples in the suite contain sulphide minerals, mostly pyrite, ranging from minor 
(<5%) through to major amounts (up to 25%) in the samples with large components 
of sulphide-rich vein material (STDD001/352.0 m, STDD001/356.9 m, STDD001/384.0 
m). Apart from occurring in veins, pyrite is also a common disseminated constituent in 
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the alteration assemblage, typically being in the few % range and being fine grained, 
although uncommonly, somewhat coarser and porphyroblastic. 
 
Pyrite is the dominant constituent in the sulphide-rich veins, where it ranges from fine 
through to coarse grained, and in places can be fractured. In the latter situation, pyrite 
can be invaded by paragenetically later carbonate, quartz, and in STDD001/356.9 m 
and STDD001/384.0 m, by base metal sulphides. Discrete grains and aggregates of Fe-
poor sphalerite occur irregularly in STDD001/384.0 m (estimated at 2% in the sample), 
enclosing traces of chalcopyrite and galena, and pyrite in this sample also has a trace 
of galena and chalcopyrite occurring along fractures. A single grain of arsenopyrite 
was observed in a composite with pyrite. In STDD001/356.9 m, small amounts (<1%) 
of galena and chalcopyrite occur interstitially to pyrite, as well as filling fractures, and 
accompanied by rare small grains of Fe-poor sphalerite. 
 
Several samples in the suite contain strongly anomalous values of Au, and to a lesser 
extent, As (e.g. STDD001/282.1 m, STDD001/320.9 m, STDD001/384.0). Despite 
examination under high power, no discrete particles of gold were recognised and it is 
suggested that Au and As values might be largely accommodated in pyrite. 
 
Comment  
 
Samples in the suite have a consistent composition of protolith material (andesite, as 
coherent porphyritic rock and as coarse fragmental) as well as a consistent type of 
imposed hydrothermal alteration (strong to intense argillic). There are disseminated 
and vein-hosted sulphides, mostly pyrite, with only a couple of samples having any 
base metal sulphides (minor, at most, Fe-poor sphalerite, galena and chalcopyrite), and 
although anomalous Au values occur, no particulate gold was observed. Barite was 
identified in one of the vein assemblages. 
 
The alteration, vein and mineralisation assemblage is interpreted as indicating a 
relatively low temperature of formation (e.g. <250°C) and with significant CO2 activity. 
The commonly carbonate-pyrite (trace base metal) assemblage and minor Mn 
enrichment suggest affinities to the “carbonate-base metal” type of epithermal system, 
although vein textures do not have strong textural analogies to those found in 
epithermal systems. The vein and alteration styles do not match those in the more 
proximal (“hotter”) parts of porphyry CuAu systems, but could have analogies to the 
peripheral zones, i.e. relatively distal to an intrusive source. These is no evidence in the 
veining for overprinting of initially higher temperature components, e.g. argillic 
alteration superimposed on initial potassic (-sodic, or sodic-calcic) alteration.   
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STDD001 129.2 m  PTS 
Summary: Strongly argillic altered, porphyritic andesite. The original rock contained scattered 
phenocrysts of plagioclase and a ferromagnesian phase (e.g. pyroxene), with a few small FeTi oxide 
microphenocrysts in a fine grained feldspathic groundmass. Imposed alteration led to replacement by 
an assemblage of fine grained illite-sericite, quartz, a low-birefringent clay phase (e.g. kaolinite), fine 
grained pyrite, a little leucoxene and trace carbonate. A diffuse vein containing disseminated fine to 
medium grained pyrite cuts the rock and there are also a few thin veinlets of quartz ± pyrite.  
 
Handspecimen: The drill core sample is composed of a strongly altered, porphyritic intermediate 
igneous rock, e.g. of andesitic type (Fig. 1). There are scattered creamy coloured altered feldspar (e.g. 
plagioclase) phenocrysts up to 6 mm across, and a few darker pseudomorphic aggregates up to 3 mm 
across that could be after former ferromagnesian grains. The phenocrystal phases occurred in a fine 
grained grey groundmass, now altered (Fig. 1). Pervasive alteration in the rock could include fine grained 
sericite/clay and there is a little fine grained pyrite, together with a diffuse vein of fine grained pyrite up 
to 3 mm wide at a low angle to the core axis (Fig. 1). The sample is essentially non-magnetic, with 
susceptibility of <10 x 10-5 SI. 
 

 
 
Petrographic description 
a) Primary rock characteristics: In the section, relict porphyritic texture is moderately well preserved (Figs 
2, 3). There are scattered pseudomorphs after former blocky to tabular feldspar (plagioclase) 
phenocrysts  up to 6 mm long and also after blocky ferromagnesian phenocrysts (probably pyroxene 
originally) up to 2.5 mm across (Fig. 2). There are a few clusters, originally of pyroxene and plagioclase 
up to several millimetres across, and altered microphenocrysts of former FeTi oxide, all enclosed in a 
fine grained, formerly feldspathic groundmass.  
 
b) Alteration and structure: Strong pervasive hydrothermal alteration was imposed. Almost all feldspar 
phenocrysts were altered, and although a little plagioclase is locally preserved, most was replaced by 
fine grained aggregates of illite-sericite, with minor quartz and a trace of carbonate (Figs 2, 3). Original 
interpreted pyroxene phenocrysts were replaced by fine grained quartz, sericite and pyrite, and FeTi 
oxide by leucoxene ± pyrite. In the groundmass, there was total replacement by fine grained illite-
sericite, a low-birefringent clay phase (e.g. kaolinite), quartz and disseminated fine grained pyrite (Figs 
2, 3). The altered rock is cut by a diffuse vein up to 2.5 mm wide containing strongly disseminated, fine 
to medium grained pyrite (Fig. 3). Elsewhere, there are a few small, discontinuous veinlets of quartz ± 
pyrite, and the rock is cut by a single thin carbonate vein. The observed alteration assemblage is 
regarded as being of argillic type.  
 
c) Mineralisation: As part of the pervasive alteration, minor fine grained pyrite formed as a component 
in the altered groundmass and at former ferromagnesian and FeTi oxide sites. The diffuse vein contains 
abundant fine grained pyrite, with a few larger aggregates up to 0.5 mm across (Fig. 3) and the small, 
discontinuous quartz veins also contain a little pyrite. 
 
Mineral Mode (by volume): illite-sericite 40%, quartz 28%, clay (kaolinite) 25%, pyrite 5%, plagioclase 
and leucoxene each 1% and a trace of carbonate. 

Fig. 1: Cut surface of drill core 
of argillic altered, porphyritic 
andesite. The white 
pseudomorphs are altered 
plagioclase phenocrysts, 
enclosed in a fine grained 
altered groundmass that hosts 
a dark bronze-grey diffuse 
pyrite vein (lower). 
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Interpretation and comment: It is interpreted that the sample represents a former porphyritic andesite 
that experienced strong argillic alteration. It formerly contained scattered phenocrysts of plagioclase 
and a ferromagnesian phase (e.g. pyroxene), with a few small FeTi oxide microphenocrysts in a fine 
grained feldspathic groundmass. The imposed alteration caused replacement by an assemblage of fine 
grained illite-sericite, quartz, a low-birefringent clay phase (e.g. kaolinite), pyrite, a little leucoxene and 
trace carbonate. A diffuse vein containing disseminated fine to medium grained pyrite cuts the rock and 
there are also a few thin veinlets of quartz ± pyrite.  
 

 
 

 
 
  

Fig. 2: Pseudomorphs after 
former plagioclase 
phenocrysts (replaced by 
illite-sericite and a little 
quartz) and after pyroxene 
(dark, upper) in a clay-
altered groundmass. 
Transmitted light, crossed 
polarisers, field of view 2 
mm across. 
 

Fig. 3: Diffuse vein of pyrite 
(black) cutting altered 
porphyritic andesite, with 
former plagioclase 
phenocrysts replaced by 
illite-sericite. Plane 
polarised transmitted light, 
field of view 2 mm across. 
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STDD001 184.75 m PTS 
Summary: Coarse volcanic breccia, probably of andesitic composition, and with strong argillic alteration. 
Relict texture is moderately well preserved, indicating that there are scattered porphyritic fragments in 
a fine grained, perhaps originally tuffaceous matrix (with vitriclastic component). The porphyritic rock 
contained plagioclase and likely pyroxene phenocrysts in a fine grained groundmass. Imposed alteration 
affected all components, although there is local preservation of plagioclase. The developed alteration 
assemblage is dominated by fine grained illite-sericite and subordinate quartz, with minor carbonate 
and disseminated pyrite, with the altered rock cut by thin, sub-planar to anastomosing carbonate veins.  
 
Handspecimen: The drill core sample is composed of a coarse volcanic breccia (Fig. 4). It contains 
scattered angular to sub-rounded fragments of altered, porphyritic intermediate igneous rock (e.g. 
andesite) up to 2.5 cm across that range from whitish through pale grey to grey, set in a fine grained, 
darker grey matrix (Fig. 4). The fragments contain scattered altered feldspar phenocrysts up to 4 mm 
across in a fine grained groundmass. The breccia matrix could be of former fine grained tuffaceous type, 
but the rock overall is strongly altered, probably to clay/sericite and quartz, with a little pyrite, and 
hosting a few thin, pale brown carbonate veins (Fig. 4). The sample is essentially non-magnetic, with 
susceptibility of <10 x 10-5 SI. 
 

 
 
Petrographic description 
a) Primary rock characteristics: In the section, relict coarsely fragmental texture is moderately well 
preserved, despite strong hydrothermal alteration. There are angular to sub-rounded volcanic 
fragments up to 2.5 cm across in a fine grained matrix with the overall texture ranging from matrix- to 
clast-supported (Fig. 5). Larger fragments have relict porphyritic texture and smaller fragments are 
typically more homogeneous, but this might simply reflect the possibility that smaller fragments were 
composed of the fine grained groundmass component of the porphyritic volcanic. In the porphyritic 
fragments, there are scattered pseudomorphs up to 3.5 mm long after original plagioclase phenocrysts 
(a little plagioclase is, however, preserved) and after a former blocky ferromagnesian phase (probably 
pyroxene) and also after microphenocrysts of former FeTi oxide (Fig. 6). The phenocrystal phases 
occurred in a fine grained, feldspathic composition groundmass (Fig. 6). Volcanic fragments are 
enclosed in a fine grained, probably originally tuffaceous matrix, occupying about half of the rock 
volume (Fig. 5). The matrix could have had a significant vitriclastic component as well as small mineral 
grains. The preserved primary characteristics of the rock indicate that it represents an andesitic 
composition volcanic breccia.  
 
b) Alteration and structure: Strong pervasive hydrothermal alteration was imposed. Although a little 
phenocrystal plagioclase remains, most was replaced by fine grained illite-sericite, as well as a little 
quartz and carbonate. Former pyroxene grains were replaced by quartz, with minor illite-sericite and 
pyrite, and FeTi oxide was replaced by leucoxene (Figs 5, 6). The matrix component, and the groundmass 
within porphyritic volcanic fragments, was replaced by illite-sericite, with minor quartz, carbonate and 
pyrite, and the altered rock was pervaded by numerous sub-planar to anastomosing veins of fine 
grained carbonate up to 0.5 mm wide. The alteration assemblage is viewed as being of argillic type.  
 

Fig. 4: Coarse volcanic 
breccia with porphyritic 
andesite fragments in a 
dark grey altered matrix, 
with thin carbonate 
veining. 
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c) Mineralisation: Minor fine grained pyrite (in aggregates up to 0.2 mm across) formed as part of the 
pervasive alteration, being disseminated in the matrix component, at former pyroxene sites, and locally 
concentrated around the margins of volcanic fragments. 
 
Mineral Mode (by volume): illite-sericite 55%, quartz 32%, carbonate 8%, plagioclase and pyrite each 
2% and 1% leucoxene. 
 
Interpretation and comment: It is interpreted that the sample is a strongly argillically altered, coarse 
volcanic breccia, probably of original andesitic composition. Relict texture is moderately well preserved, 
indicating that there are scattered porphyritic fragments in a fine grained, perhaps originally tuffaceous 
matrix (with vitriclastic component). The porphyritic rock contained plagioclase and likely pyroxene 
phenocrysts in a fine grained groundmass. Imposed alteration affected all components, although there 
is local preservation of plagioclase. The alteration assemblage is dominated by fine grained illite-sericite 
and subordinate quartz, with minor carbonate and disseminated pyrite, with the altered rock cut by thin, 
sub-planar to anastomosing carbonate veins.  
 

 
 

 

Fig. 5: Strongly altered 
volcanic fragments (upper 
right, left) in a finer grained 
tuffaceous matrix, with the 
rock having alteration to 
quartz and illite-sericite, 
and a little pyrite (black). 
Transmitted light, crossed 
polarisers, field of view 2 
mm across. 
 

Fig. 6: Portion of a large 
porphyritic fragment, with 
pseudomorphs after 
plagioclase (left) and small 
subhedra of pyroxene. 
Pervasive alteration is to 
illite-sericite and quartz. 
Plane polarised transmitted 
light, field of view 2 mm 
across. 
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STDD001 228.8 m  PTS 
Summary: Coarse volcanic breccia, with a matrix-supported texture and containing fragments of 
porphyritic andesite in a finer grained matrix of smaller fragments, individual (liberated) mineral grains 
and interstitial tuffaceous material. Fragments contained phenocrystal grains of plagioclase, pyroxene 
and FeTi oxide in a fine grained groundmass. The breccia had strong argillic alteration imposed and 
although there is minor preservation of plagioclase, the remainder of the rock was replaced by a fine 
grained assemblage of illite-sericite, a low-birefringent clay (e.g. kaolinite) and quartz, with minor 
disseminated pyrite (concentrated into the breccia matrix), chlorite and leucoxene (at former FeTi oxides 
sites). A few thin discontinuous veins of quartz, and of carbonate, cut the altered rock.  
 
Handspecimen: The drill core sample is composed of a coarse, matrix-supported volcanic breccia (Fig. 
7). It contains pale grey-green, angular fragments up to several centimetres across of altered porphyritic 
volcanic rock in a fine grained, dark grey, altered matrix (Fig. 7). Fragments appear to contain scattered 
altered feldspar phenocrysts in a fine grained groundmass. The rock could have strong pervasive 
development of clay/sericite, with minor chlorite, quartz and finely disseminated pyrite. A few small 
reddish diffuse zones might have hematite pigmentation, and the rock is cut by a couple of white 
carbonate veins up to 1.5 mm wide at a high angle to the core axis. The sample is essentially non-
magnetic, with susceptibility of <10 x 10-5 SI. 
 

 
 
Petrographic description 
a) Primary rock characteristics: In the section, relict texture is moderately well preserved. There are 
scattered coarse angular volcanic fragments up to 3 cm across, and a matrix, occupying about half of 
the sample, consisting of smaller volcanic fragments (e.g. <2 mm across), individual (liberated) altered 
mineral grains and possible fine grained interstitial tuffaceous material that is strongly altered (Fig. 8). 
Volcanic fragments are typically porphyritic, containing scattered phenocrystal grains of plagioclase 
(mostly altered and up to 3 mm across), less common ferromagnesian material (probably pyroxene, 
judging from relict pseudomorphic shapes) and minor FeTi oxide (altered) in a fine grained, altered 
groundmass, perhaps originally of feldspathic composition (Fig. 9). The fragments are interpreted as 
originally being of porphyritic pyroxene andesite and the rock as a whole is a matrix-supported volcanic 
breccia.  
 
b) Alteration and structure: Strong pervasive hydrothermal alteration was imposed, although there is 
minor preservation of phenocrystal and groundmass plagioclase in the volcanic fragments. Alteration 
of plagioclase and groundmass feldspar was mostly to fine grained illite-sericite, with minor quartz and 
a trace of carbonate, but in the groundmass, there is also a substantial volume of low-birefringent clay 
(e.g. kaolinite). Original pyroxene grains were replaced by quartz, with local chlorite, illite-sericite, pyrite 
and trace hematite, and FeTi oxide was replaced by leucoxene and pyrite. The breccia matrix was altered 
to abundant illite-sericite and lesser amounts of clay, quartz, chlorite, disseminated pyrite and trace 
leucoxene (Fig. 8). A few thin (<0.1 mm) discontinuous quartz veins cut the rock and there are also a 
few thin, fine grained carbonate veins, with one associated with a narrow, sheared zone containing illite-
seriicte. The alteration assemblage is viewed as being of argillic type.  
 

Fig. 7: Coarse volcanic 
breccia with pale grey-
green porphyritic andesite 
fragments in a dark grey 
altered matrix, pigmented 
by fine grained pyrite. 



 16 

c) Mineralisation: As part of the pervasive alteration, minor fine grained pyrite developed, being more 
common in the altered breccia matrix (Fig. 8). 
 
Mineral Mode (by volume): illite-sericite 40%, quartz and clay (kaolinite) each 20%, plagioclase 10%, 
chlorite 4%, pyrite 3%, leucoxene 2%, carbonate 1% and a trace of hematite. 
 
Interpretation and comment: It is interpreted that the sample represents a strongly hydrothermally 
altered, coarse volcanic breccia, with a matrix-supported texture and containing fragments of 
porphyritic andesite in a finer grained matrix of smaller fragments, individual (liberated) mineral grains 
and interstitial tuffaceous material. Fragments contained phenocrystal grains of plagioclase, pyroxene 
and FeTi oxide in a fine grained groundmass. Argillic alteration was imposed on the breccia and 
although there is minor preservation of plagioclase, the remainder of the rock was replaced by a fine 
grained assemblage of illite-sericite, low-birefringent clay (e.g. kaolinite) and quartz, with minor 
disseminated pyrite (concentrated into the breccia matrix), chlorite and leucoxene (at former FeTi oxides 
sites). A few thin discontinuous veins of quartz, and of carbonate, cut the altered rock.  
 

 
 

 

Fig. 8: Breccia matrix with 
small volcanic fragments 
adjacent to larger, 
porphyritic fragments 
(upper and right).  The rock 
has an alteration 
assemblage of illite-sericite, 
clay, quartz, minor chlorite 
(slightly greenish) and 
pyrite (black) concentrated 
in the breccia matrix. Plane 
polarised transmitted light, 
field of view 2 mm across. 
 

Fig. 9: Portion of a large 
porphyritic fragment, with 
pseudomorphs after 
plagioclase (left) and a 
small pyroxene grain (right) 
in a fine grained 
groundmass. Pervasive 
alteration is to illite-sericite, 
clay and quartz, with the 
dark grains being 
leucoxene. Plane polarised 
transmitted light, field of 
view 2 mm across. 
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STDD001 282.1 m  PTS 
Summary: Strongly altered porphyritic andesite, with considerable diffuse veining. The original rock 
contained scattered phenocrystal grains of plagioclase, pyroxene and minor microphenocrysts of FeTi 
oxide in a fine grained groundmass of likely feldspathic composition. Alteration of argillic type was 
imposed, resulting in replacement of most primary igneous minerals, although minor plagioclase is 
retained. The pervasive alteration assemblage is dominated by fine grained illite-sericite and quartz, 
with subordinate carbonate (calcite), minor pyrite, chlorite and leucoxene. Veining is irregular to sub-
planar and dominated by quartz and subordinate calcite and pyrite. No particulate gold, or arsenopyrite, 
were observed in the sample, and anomalous values of Au and As in the rock could be accommodated 
in pyrite.  
 
Handspecimen: The drill core sample is composed of a strongly altered, porphyritic volcanic rock, 
perhaps originally of andesitic type. It contains scattered pale creamy to pale pink-orange feldspar 
phenocrysts (e.g. plagioclase) up to 5 mm long and smaller, dark grey-green, altered ferromagnesian 
phenocrysts, in an altered, grey-green, fine grained groundmass, perhaps originally of feldspathic 
composition (Fig. 10). The rock could have alteration to clay/sericite, quartz, minor carbonate, chlorite 
and disseminated pyrite, and is cut by a few veins up to 3 mm wide containing pale grey quartz, 
carbonate and minor pyrite, and which are at varying angles to the core axis (Fig. 10). Testing of the 
section offcut with dilute HCl gave a strong reaction on carbonate, indicating that it is calcite. The sample 
is essentially non-magnetic, with susceptibility of <10 x 10-5 SI. 
 

 
 
Petrographic description 
a) Primary rock characteristics: In the section, relict porphyritic texture is moderately well preserved, 
although in places, it is obscured by considerable amounts of diffuse veining. The protolith contained 
scattered blocky to tabular plagioclase phenocrysts up to 3.5 mm long and ferromagnesian phenocrysts 
(probably pyroxene, judging from relict shapes) up to 2 mm across, together with a few 
microphenocrysts of FeTi oxide in a fine grained groundmass, perhaps originally of feldspathic 
composition (Fig. 11). From the relict characteristics, the protolith is interpreted as a porphyritic 
pyroxene andesite.  
 
b) Alteration and structure: The original rock experienced strong hydrothermal alteration and 
considerable vein emplacement. Although there is some preservation of plagioclase in phenocrysts and 
in the groundmass, much was replaced by fine grained aggregates of illite-sericite, commonly 
associated with medium grained carbonate (calcite) and local quartz, with original pyroxene being 
replaced by quartz, pyrite, illite-sericite and chlorite, and FeTi oxide by leucoxene and pyrite (Fig. 11). 
The original groundmass was replaced by varying proportions of fine grained illite-sericite and quartz, 
with minor patchy carbonate, chlorite and pyrite. A few diffuse irregular to sub-planar veins up to 3 mm 
wide cut the altered rock, containing varying proportions of fine to medium grained quartz and calcite, 
with minor disseminations and elongate aggregates of pyrite (Figs 11, 12). These veins are locally cut 
by a few thin carbonate veins. The observed alteration assemblage is considered to be of argillic type. 
 
c) Mineralisation: Minor disseminated pyrite occurs as part of the alteration assemblage and is 
commonly concentrated at former pyroxene sites (Fig. 11). It also occurs relatively abundantly in the 

Fig. 10: Porphyritic 
andesite with strong 
argillic alteration and 
cut by diffuse pale grey 
veining of quartz, with 
minor calcite and 
pyrite. 
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quartz-calcite veining, where it forms aggregates up to 2 mm long, as well as disseminations (Fig. 12). 
In places, pyrite forms elongate grains that could be pseudomorphic after former pyrrhotite or 
marcasite. No arsenopyrite or particulate gold were observed in the section and high Au and As values 
could be accommodated in pyrite. 
 
Mineral Mode (by volume): illite-sericite 40%, quartz 35%, carbonate (calcite) 10%, plagioclase 7%, pyrite 
4%, chlorite 3%, leucoxene 1%. 
 
Interpretation and comment: It is interpreted that the sample represents a former porphyritic pyroxene 
andesite that experienced strong argillic alteration and emplacement of veining. It formerly contained 
scattered phenocrystal grains of plagioclase, pyroxene and minor microphenocrysts of FeTi oxide in a 
fine grained groundmass of likely feldspathic composition. Imposition of alteration led to replacement 
of most primary igneous minerals, although minor plagioclase is retained. The pervasive alteration 
assemblage is dominated by fine grained illite-sericite and quartz, with subordinate carbonate (calcite), 
minor pyrite, chlorite and leucoxene. Veining is irregular to sub-planar and dominated by quartz and 
subordinate calcite and pyrite. No particulate gold, or arsenopyrite, were observed in the sample, and 
anomalous values of Au and As in the rock could be accommodated in pyrite.  
 

 
 

Fig. 11: Relict porphyritic 
texture in altered andesite, 
with a small quartz-pyrite 
vein at lower left. A former 
pyroxene phenocryst was 
replaced by quartz, pyrite 
(black) and chlorite at right, 
and a small tabular grain 
replaced by calcite at 
centre left. Plane polarised 
transmitted light, field of 
view 2 mm across. 
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Fig. 12: Portion of a quartz-
pyrite vein cutting altered 
andesite. The elongate 
pyrite aggregate has slight 
colour variation due to 
incipient tarnishing (i.e. 
arsenopyrite is not 
present). Plane polarised 
reflected light, field of view 
2 mm across. 
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STDD001 320.9 m  PTS 
Summary: Microporphyritic igneous rock, possibly of former andesitic type, with very strong argillic 
alteration and considerable veining. The protolith appears to have contained rather sparse 
microphenocrysts that included plagioclase, pyroxene and FeTi oxide in a fine grained, perhaps 
feldspathic composition groundmass. Imposed alteration led to complete replacement by an 
assemblage of fine grained illite-sericite and quartz, with minor patchy carbonate and disseminated 
pyrite, as well as a trace of leucoxene. Veins locally merge into small zones of hydrothermal micro-
breccia and contain varying proportions of quartz, carbonate (dolomite), illite-sericite, pyrite and trace 
chalcopyrite. Dolomite and illite-sericite tend to be interstitial to quartz, occurring as infill, whereas 
sulphides are mostly enclosed by quartz. No particulate gold, or arsenopyrite, were observed.  
 
Handspecimen: The drill core sample is composed of a pale creamy-grey, strongly altered porphyritic 
volcanic rock, perhaps originally of intermediate composition. In places, local brecciated texture is 
apparent, and the rock has scattered small altered phenocrysts (maybe originally feldspar) in a fine 
grained groundmass (Fig. 13). Pervasive alteration could be of clay-sericite type and there are a few 
veins at moderate to high angles to the core axis (Fig. 13). Veins are up to several millimetres wide and 
apparently zoned, with dark grey bordering masses of quartz and pyrite, and infill of whitish carbonate 
and fine grained clay (Fig. 13). Testing of the section offcut with dilute HCl gave no reaction on 
carbonate, indicating that it could be dolomite. The sample is essentially non-magnetic, with 
susceptibility of <10 x 10-5 SI. 
 

 
 
Petrographic description 
a) Primary rock characteristics: In the section, it is apparent that the rock represents the product of very 
strong hydrothermal alteration and veining, and relict texture is at best, only moderately preserved (Fig. 
14). The protolith was originally microporphyritic and there are relatively sparse pseudomorphs after 
small phenocrystal phases (up to 1 mm across) that could have included plagioclase and pyrite, and 
uncommon FeTi oxide, all enclosed in a fine grained groundmass that was probably of feldspathic 
composition (Fig. 14). The vestiges of primary characteristics are interpreted to indicate that the 
protolith was a sparsely microporphyritic andesite.  
 
b) Alteration and structure: Very strong hydrothermal alteration and considerable veining occurred and 
the protolith was totally reconstituted. There was replacement by a dominant assemblage of fine 
grained illite-sericite and quartz, with minor patchy carbonate, disseminated pyrite and a little leucoxene 
(at former FeTi oxide sites) (Figs 14, 15). Diffuse to well-defined veins occur, up to 5 mm wide and locally 
merging into small zones of hydrothermal micro-breccia (i.e. containing small fragments of altered host 
rock). Veins contain varying proportions of fine to medium grained quartz, infill carbonate (dolomite) 
and illite-sericite, and pyrite, with a trace of associated chalcopyrite (Figs 15, 16). The sulphide minerals 
are mostly hosted in quartz, and locally in dolomite. The observed alteration in the sample is considered 
to be of argillic type. 
 
c) Mineralisation: In the altered host rock, there is minor disseminated pyrite, in the altered groundmass 
and at former pyroxene and FeTi oxide sites. Most sulphides, however, occur in the quartz-dolomite-

Fig. 13: Very strongly 
argillic altered andesite, 
cut by veins of quartz 
(made dark by included 
pyrite), and infill whitish 
carbonate and illite-
sericite. 
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dominated veins, where fine to medium grained pyrite aggregates are up to 3 mm long and 
accompanied by a trace of chalcopyrite. No particulate gold, or arsenopyrite, were observed and values 
of Au and As in the sample could be accommodated in pyrite. 
 
Mineral Mode (by volume): quartz 50%, illite-sericite 35%, carbonate (dolomite) 10%, pyrite 5% and 
traces of leucoxene and chalcopyrite. 
 
Interpretation and comment: It is interpreted that the sample is a very strongly argillic altered and veined 
microporphyritic andesitic rock. It contained rather sparse microphenocrysts that included plagioclase, 
pyroxene and FeTi oxide in a fine grained, perhaps feldspathic composition groundmass. Imposed 
alteration caused complete replacement by an assemblage of fine grained illite-sericite and quartz, 
minor patchy carbonate and disseminated pyrite, as well as a trace of leucoxene. Veins locally merge 
into small zones of hydrothermal micro-breccia and contain varying proportions of quartz, carbonate 
(dolomite), illite-sericite, pyrite and trace chalcopyrite. Dolomite and illite-sericite tend to be interstitial 
to quartz, occurring as infill, whereas sulphides are mostly enclosed by quartz. No particulate gold, or 
arsenopyrite, were observed.  
 

 
 

Fig. 14: Relict 
microporphyritic texture, 
with the andesitic protolith 
being very strongly altered 
to quartz and illite-sericite, 
and minor pyrite (black). 
Plane polarised transmitted 
light, field of view 2 mm 
across. 
 

Fig. 15: Zoned vein 
showing infill dolomite 
(pale brownish), border by 
prismatic quartz and a little 
pyrite (black) cutting 
strongly altered host rock 
composed of illite-sericite, 
quartz and a little pyrite. 
Transmitted light, crossed 
polarisers, field of view 2 
mm across. 
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Fig. 16: Pyrite aggregate, 
with a trace of associated 
chalcopyrite (tiny yellow 
grains just right of centre) 
hosted in vein quartz.  
Plane polarised reflected 
light, field of view 2 mm 
across. 
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STDD001 330.2 m  TS 
Summary: Strongly altered and veined porphyritic igneous rock, possibly of former andesitic type. Relict 
texture is locally moderately preserved, but in places, it has been obliterated due to alteration and 
veining. The original rock contained sparsely scattered phenocrystal grains of plagioclase and pyroxene, 
with smaller grains of FeTi oxide, in a fine grained groundmass, perhaps of feldspathic composition. 
Imposed alteration is of argillic type, with total replacement of the protolith by fine grained illite-sericite, 
quartz and a low-birefringent clay phase (e.g. kaolinite), plus minor carbonate and a little pyrite, 
leucoxene and hematite. An early phase of veining contains abundant carbonate (calcite), subordinate 
quartz and a little pyrite, and these are cut by thinner veins of carbonate (ankerite) and minor hematite.  
 
Handspecimen: The drill core sample is composed mostly of a strongly altered, grey porphyritic volcanic 
rock, perhaps originally of andesitic type., and containing pseudomorphs after former feldspar 
phenocrysts up to 2.5 mm across (Fig. 17). The rock could have pervasive alteration to clay/sericite, 
quartz and carbonate, with a little patchy red-brown hematite pigmentation and trace finely 
disseminated pyrite (Fig. 17). The rock is cut by irregular white veins up to a few millimetres wide of 
quartz and carbonate, and of pale brown, thin carbonate veins (Fig. 17). The latter appear to be 
associated with pale grey-green alteration zones (Fig. 17). Testing of the section offcut with dilute HCl 
gave a strong reaction on white carbonate, indicating that it is calcite, but little reaction on pale brown 
carbonate, suggesting that it could be ankerite. The sample is essentially non-magnetic, with 
susceptibility of <10 x 10-5 SI. 
 

 
 
Petrographic description 
a) Primary rock characteristics: In the section, it is apparent that the rock is very strongly hydrothermally 
altered and cut by several veins. In places, the rock has a moderately preserved relict porphyritic texture, 
but commonly, there was partial obliteration due to the intensity of alteration and veining (Fig. 18). The 
protolith was relatively sparsely porphyritic, containing blocky feldspar (e.g. plagioclase) phenocrysts up 
to 2.5 mm across, a few ferromagnesian phenocrysts (e.g. pyroxene, based on relict shapes) up to 1 mm, 
and smaller grains, up to 0.5 mm, of FeTi oxide, all enclosed in a fine grained groundmass, probably of 
feldspathic type (Fig. 18). From the preserved primary characteristics, the protolith is interpreted as 
being a porphyritic andesite.  
 
b) Alteration and structure: Very strong hydrothermal alteration and considerable veining were imposed 
on the protolith (Fig. 19). There was total reconstitution of the protolith and replacement by a fine 
grained assemblage of illite-sericite and quartz, but with patchy zones with evidently considerable 
amounts of fine grained, low-birefringent clay (e.g. kaolinite), and with minor carbonate, disseminated 
pyrite, a little leucoxene ± pyrite at former FeTi oxide sites, and a little hematite. It is notable that 
interpreted original plagioclase was largely replaced by carbonate (calcite). Two apparent sets of veins 
were emplaced (Fig. 19). There are a couple of earlier veins up to several millimetres wide containing 
dominant medium to coarse grained calcite, local quartz and a little pyrite (Fig. 19). These veins (and 
the host rock) were subsequently cut by sub-planar, thin veins of carbonate (e.g. ankerite) up to 0.5 mm 
wide (Fig. 19), in places accompanied by strong hematite pigmentation. Locally, the sample displays an 
incipient foliation, defined by alignment of thin illite-sericite concentrations. The pervasive alteration in 
the rock is consistent with argillic type. 

Fig. 17: Strongly argillic 
altered porphyritic 
andesite, with white 
calcite-quartz vein at 
right, thin pale brown 
ankerite veins associated 
with red-brown hematite 
and clay alteration. 
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c) Mineralisation: The sample contains a little disseminated pyrite, in aggregates up to 0.4 mm across, 
as part of the pervasive alteration, and locally enclosed in the calcite-quartz veining. 
 
Mineral Mode (by volume): quartz 40%, carbonate (calcite > ankerite) 22%, clay (kaolinite) 20%, illite-
sericite 15%, pyrite, leucoxene and hematite each 1%. 
 
Interpretation and comment: It is interpreted that the sample represents a porphyritic andesite that 
experienced very strong hydrothermal alteration of argillic type, as well as veining. Relict texture is 
locally moderately preserved, but in places, it has been obliterated due to alteration and veining. The 
protolith contained sparsely scattered phenocrystal grains of plagioclase and pyroxene, with smaller 
grains of FeTi oxide, in a fine grained groundmass, perhaps of feldspathic composition. Imposed 
alteration caused total replacement of the protolith by fine grained illite-sericite, quartz and a low-
birefringent clay phase (e.g. kaolinite), plus minor carbonate and a little pyrite, leucoxene and hematite. 
An early phase of veining contains abundant carbonate (calcite), subordinate quartz and a little pyrite, 
and these are cut by thinner veins of carbonate (ankerite) and minor hematite.  
 

 
 

Fig. 18: Vaguely preserved 
porphyritic texture in 
altered andesite, with 
imposed alteration 
including illite-sericite, 
quartz and pyrite (black). 
Plane polarised transmitted 
light, field of view 2 mm 
across. 
 

Fig. 19: Intensely altered 
host rock (left), replaced by 
fine grained quartz, clay 
and illite-sericite, cut by a 
diffuse quartz-calcite vein 
(right) and by later thin 
veins of pale brown 
ankerite. Transmitted light, 
crossed polarisers, field of 
view 2 mm across. 
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STDD001 336.9 m  PTS 
Summary: Intermediate to felsic composition, lithic-dominated tuff, with strong argillic alteration and a 
weakly imposed foliation. Relict texture is moderately preserved, indicating that the original rock 
contained abundant volcanic lithic fragments (some formerly being porphyritic) and a minor inventory 
of mineral grains in a fine grained tuffaceous matrix, some of which could have been vitriclastic. The 
imposed alteration led to replacement by a fine grained assemblage of illite-sericite and subordinate 
quartz, carbonate (dolomite) and minor to strongly disseminated pyrite, and a little leucoxene. Pyrite 
aggregates locally form composites with carbonate. Foliation is defined by preferred orientation of illite-
sericite and there are a few narrow, discontinuous carbonate veins. 
 
Handspecimen: The drill core sample is composed of a grey, relatively coarse grained fragmental 
volcanic rock, e.g. lithic tuff. Volcanic fragments are up to several millimetres across, with some retaining 
a relict porphyritic texture. They are accompanied by altered individual mineral grains (e.g. former 
feldspar) and occur in a finer grained matrix (Fig. 20). The rock has strong alteration, probably to 
clay/sericite, as well as to quartz, carbonate and pyrite (Fig. 20). A weak foliation is apparent, at a 
moderate angle to the core axis (Fig. 20). Testing of the section offcut with dilute HCl did not give a 
reaction on carbonate, indicating that it could be dolomite. The sample is essentially non-magnetic, with 
susceptibility of <10 x 10-5 SI. 
 

 
 
Petrographic description 
a) Primary rock characteristics: In the section, relict texture is moderately preserved, but it is evident that 
the rock is strongly altered, as well as being weakly deformed. The rock retains a matrix-supported 
texture and contains abundant sub-rounded to angular altered volcanic lithic fragments up to several 
millimetres across, together with a minor proportion of mineral grains (e.g. altered feldspar and FeTi 
oxide, as well as a little quartz) in a finer grained tuffaceous matrix and in part could have contained a 
vitriclastic component (Fig. 21). The bulk composition of the rock is interpreted to have been of 
intermediate to felsic type, with the sample representing a lithic-dominated tuff.  
 
b) Alteration and structure: Strong pervasive hydrothermal alteration was imposed on the pyroclastic 
protolith. There was replacement by a fine grained assemblage of illite-sericite, with lesser amounts of 
quartz, carbonate (e.g. dolomite), minor to strongly disseminated pyrite and a little leucoxene (at former 
FeTi oxide sites) (Fig. 21). Some lithic grains were strongly replaced by quartz, whereas others are 
dominated by illite-sericite. Larger pyrite aggregates (up to 1.5 mm) are commonly in composites with 
carbonate (Fig. 22). In parts of the sample, a weak foliation has formed in the altered matrix, defined by 
preferred orientation of illite-sericite. A few discontinuous veins of carbonate up to 0.5 mm wide occur, 
being generally co-planar with the foliation. The alteration assemblage in the rock is consistent with 
argillic type. 

Fig. 20: Strongly argillic altered tuff with weak 
foliation and replacement by illite-sericite, 
quartz, carbonate and pyrite. 
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c) Mineralisation: Minor to locally abundant pyrite has developed as part of the strong alteration. It is 
mostly fine grained, but there are a few aggregates up to 1.5 mm across, with pyrite locally forming 
composites with carbonate (Fig. 22). 
 
Mineral Mode (by volume): illite-sericite 55%, quartz 25%, carbonate (dolomite) 12%, pyrite 7% and 
leucoxene 1%. 
 
Interpretation and comment: It is interpreted that the sample is a strongly argillic altered, intermediate 
to felsic composition, lithic-dominated tuff. Relict texture is moderately preserved, indicating that the 
protolith contained abundant volcanic lithic fragments (some formerly being porphyritic) and a minor 
inventory of mineral grains in a fine grained tuffaceous matrix, some of which could have been 
vitriclastic. Imposed alteration resulted in replacement by a fine grained assemblage of illite-sericite and 
subordinate quartz, carbonate (dolomite) and minor to strongly disseminated pyrite, and a little 
leucoxene. Pyrite aggregates locally form composites with carbonate. A weak foliation is locally present 
and defined by preferred orientation of illite-sericite. A few narrow, discontinuous carbonate veins occur, 
largely co-planar with the foliation. 
 

 
 

Fig. 21: Relict fragmental 
texture in altered tuff, with 
volcanic lithic grains and a 
few small mineral grains 
that include quartz. The 
rock is altered to an 
assemblage of illite-sericite, 
quartz and disseminated 
pyrite (black). Plane 
polarised transmitted light, 
field of view 2 mm across. 
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Fig. 22: Strongly 
disseminated pyrite, locally 
forming growth zoned 
composites with carbonate. 
Plane polarised reflected 
light, field of view 2 mm 
across. 
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STDD001 352.0 m  PTS 
Summary: Coarse volcanic fragmental rock, e.g. lithic-dominated tuff, with strong argillic alteration and 
considerable vein emplacement. Relict texture is moderately preserved, indicating that the rock was 
clast-supported and composed of abundant fine grained, commonly porphyritic, volcanic fragments, 
originally of likely intermediate composition. The rock was altered to an assemblage with fine grained 
illite-sericite and quartz, as well as less common carbonate, chlorite, minor disseminated pyrite and a 
little leucoxene. There was minor development of interstitial aggregates of quartz and carbonate. The 
rock was cut by prominent veining of pyrite, quartz, carbonate (calcite) and barite, with quartz and 
carbonate commonly having extensional fibre growth texture. These veins are cut by a few narrow 
ankerite veins. 
 
Handspecimen: The drill core sample is composed of a clast-supported, coarse volcanic fragmental rock. 
It is pale green-grey to grey in colour, with abundant angular to sub-rounded volcanic fragments up to 
8 mm across, some of which retain relict porphyritic texture, e.g. with altered feldspars in a fine grained 
groundmass) (Fig. 23). There is apparent strong hydrothermal alteration with replacement by 
clay/sericite, quartz, minor carbonate, chlorite and disseminated pyrite, with the rock being cut by a 
couple of sub-planar veins up to 6 mm wide that are at a moderate angle to the core axis (Fig. 23). 
Larger veins contain pyrite, carbonate and quartz, whereas there are a couple of later, sub-planar pale 
brown carbonate veins (Fig. 23). Testing of the section offcut with dilute HCl gave a strong reaction on 
carbonate in the pyritic veins, indicating that it is calcite, but the pale brown veins did not react, 
indicating that they could be of ankerite composition. The sample is essentially non-magnetic, with 
susceptibility of <10 x 10-5 SI. 
 

 
 
Petrographic description 
a) Primary rock characteristics: In the section, it is evident that the rock is strongly altered and veined, 
and relict texture is only moderately preserved, but indicates that the protolith was coarsely fragmental, 
with a clast-supported texture (Fig. 24). Fragments are up to several millimetres across and where relict 
texture is discernable, appear to be mostly of fine grained volcanic type, many of which are porphyritic 
(e.g. having has plagioclase phenocrysts up to 3 mm long, as well as smaller possible former pyroxene 
and FeTi oxide grains). Interstitial to lithic fragments, there is a small population of individual (liberated) 
mineral grains and a small amount of possible finer tuffaceous material. The preserved primary 
characteristics of the rock are interpreted to indicate that it represents a former coarse lithic tuff. As little 
or no primary quartz is recognised, the original rock could have been of intermediate (e.g. andesitic) 
composition.  
 
b) Alteration and structure: Strong pervasive hydrothermal alteration was imposed and several veins 
emplaced. The replacement alteration assemblage is dominated by fine grained illite-sericite and 
patchily abundant quartz, with generally minor carbonate, chlorite, disseminated pyrite and a little 
leucoxene (Fig. 24). Some altered fragments are dominated by granular quartz. Interstitial to some 
fragments, there is minor veinlike hydrothermal infill of quartz and carbonate (Fig. 24), and the rock is 
cut by a couple of sub-planar veins up to 8 mm wide as well as an irregular patch ~6 mm across, 
containing fine through to coarse grained pyrite, infill fine to medium grained quartz and carbonate 
(calcite), and scattered decussate aggregates and prismatic grains of barite up to 2 mm long (Fig. 25). 

Fig. 23: Coarse volcanic 
lithic tuff with strong 
argillic alteration, and 
cut by pyrite-rich veins 
and later, thin 
carbonate (ankerite) 
veins. 
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Quartz and calcite in these masses typically have extensional fibre growth textures (Fig. 25). 
Subsequently, a few sub-planar carbonate veins (e.g. ankerite) up to 0.8 mm wide were emplaced. The 
alteration assemblage in the rock is consistent with argillic type. 
 
c) Mineralisation: Locally abundant pyrite occurs in the large veins, forming aggregates up to several 
millimetres across (Fig. 25). A little disseminated pyrite occurs throughout the altered host rock. No 
other sulphide minerals were observed. 
 
Mineral Mode (by volume): illite-sericite 35%, quartz 30%, pyrite 15%, carbonate (calcite > ankerite) 
10%, chlorite 5%, barite 4% and leucoxene 1%. 
 
Interpretation and comment: It is interpreted that the sample represents a strongly argillic altered and 
significantly veined, coarse volcanic fragmental rock, e.g. lithic-dominated tuff. Relict texture is 
moderately preserved, indicating that the rock was clast-supported and composed of abundant fine 
grained, commonly porphyritic, volcanic fragments, originally of likely intermediate (e.g. andesitic) 
composition. The rock was altered to an assemblage containing fine grained illite-sericite and quartz, 
less common carbonate, chlorite, minor disseminated pyrite and a little leucoxene. There was minor 
development of interstitial aggregates of quartz and carbonate. The rock was cut by prominent veining 
of pyrite, quartz, carbonate (calcite) and barite, with quartz and carbonate commonly having extensional 
fibre growth texture. These veins are cut by a few narrow ankerite veins. 
 

 
 

Fig. 24: Large clast-
supported texture in coarse 
tuff, with pervasive 
alteration to illite-sericite, 
quartz, minor carbonate, 
chlorite, pyrite and 
leucoxene. The clearer infill 
zones are composed of 
quartz and minor 
carbonate. Plane polarised 
transmitted light, field of 
view 2 mm across. 
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Fig. 25: Part of a large vein 
containing pyrite (black) 
fibre growth texture calcite 
and quartz, and at upper 
right, blocky grains of 
barite. At top, the strongly 
altered host rock occurs. 
Transmitted light, crossed 
polarisers, field of view 2 
mm across. 
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STDD001 356.9 m  PTS 
Summary: Porphyritic andesite, locally fragmented, with strong overprinting alteration of argillic type 
and associated vein emplacement. The original rock contained rather sparsely scattered phenocrysts of 
plagioclase and ferromagnesian material (e.g. pyroxene) and a few small grains of FeTi oxide in a fine 
grained groundmass. Imposed alteration led to almost complete replacement of primary minerals (a 
little plagioclase is preserved), with formation of a fine grained assemblage of illite-sericite and quartz. 
Patchy carbonate (mostly calcite) occurs, together with minor disseminated pyrite and a little leucoxene. 
In fragmented zones, there is minor interstitial quartz and carbonate. A major vein cuts the altered rock, 
containing pyrite, carbonate (calcite), lesser quartz and traces of galena, chalcopyrite and sphalerite. 
Other thin carbonate veins are also present. 
 
Handspecimen: The drill core sample is composed of a grey to pale orange-grey, strongly altered 
porphyritic igneous rock, formerly containing scattered feldspar phenocrysts up to 3 mm long in a fine 
grained groundmass, which locally appears to be fragmented (Fig. 26). The protolith is speculated to 
have been of andesitic type. Pervasive alteration could include clay/sericite, quartz and carbonate, plus 
a little disseminated pyrite. A prominent sub-planar vein, up to 5 mm wide, occurs at a moderate angle 
to the core axis, and contains pyrite and pale orange to grey carbonate and quartz (Fig. 26). About the 
vein, there is a diffuse pale orange-grey alteration selvedge several millimetres wide, probably 
containing considerable carbonate and clay/sericite (Fig. 26). Testing of the section offcut with dilute 
HCl gave a strong reaction on carbonate in the pyritic vein, indicating that it is calcite. The sample is 
essentially non-magnetic, with susceptibility of <10 x 10-5 SI. 
 

 
 
Petrographic description 
a) Primary rock characteristics: In the section, it is evident that the rock represents the product of strong 
hydrothermal alteration and veining, and generally, relict texture is only moderately preserved, and 
where strongly veined, largely obliterated. Where recognisable, the relict texture indicates that the 
protolith was porphyritic, with scattered tabular to blocky plagioclase phenocrysts up to 2.5 mm across, 
associated with a few pseudomorphs after smaller grains of ferromagnesian material (e.g. pyroxene) 
and FeTi oxide, set in a fine grained groundmass (Fig. 27). In places, it is apparent that the groundmass 
is fragmented, forming local micro-breccia (Fig. 27). The preserved primary characteristics imply that 
the protolith was a porphyritic andesite, locally fragmented.  
 

Fig. 26: Strongly altered 
porphyritic andesite, cut by a 
pyrite-carbonate-quartz vein. 
The andesite is locally 
fragmented and altered to illite-
sericite, quartz and carbonate. 
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b) Alteration and structure: Strong pervasive hydrothermal alteration was imposed on the protolith, with 
a major vein and a few minor veins being emplaced. There was strong replacement of the rock by a fine 
grained assemblage of illite-sericite and quartz, patchy carbonate (mostly calcite), minor disseminated 
pyrite and a little leucoxene. There is local retention of plagioclase, but most was replaced by illite-
sericite and carbonate (Fig. 27). Small micro-brecciated zones tend to have fine grained interstitial quartz 
(Fig. 27). Minor veining by quartz and/or carbonate (could include ankerite) has occurred, together with 
emplacement of a major sub-planar vein up to 6 mm wide that contains pyrite, carbonate (calcite), lesser 
quartz (commonly with fibre growth texture) and traces of galena, chalcopyrite and rare sphalerite, 
tending to be closely associated with pyrite (Figs 28, 29. The alteration assemblage in the rock is 
consistent with argillic type. 
 
c) Mineralisation: Minor disseminated pyrite occurs as part of the pervasive alteration, but there is 
abundant medium to coarse grained pyrite within a large vein that it up to 6 mm wide (Fig. 28). Pyrite 
is locally fractured and can be associated with small amounts of galena and chalcopyrite (around pyrite 
margins and filling fractures) and a tiny trace of sphalerite (Fig. 29). The base metal sulphides form 
aggregates up to 0.2 mm across and can also be included in adjacent carbonate and quartz. No discrete 
Ag-rich mineral phase was identified, but Ag could be accommodated in galena or in an unrecognised 
Ag-bearing sulphosalt phase. 
 
Mineral Mode (by volume): illite-sericite 35%, quartz 30%, carbonate (calcite > ankerite) 20%, pyrite 
12%, plagioclase 2%, leucoxene 1% and traces of galena, chalcopyrite and sphalerite. 
 
Interpretation and comment: It is interpreted that the sample is a strongly argillic altered and veined 
porphyritic andesite that is locally fragmented. It formerly contained rather sparsely scattered 
phenocrysts of plagioclase and ferromagnesian material (e.g. pyroxene) and a few small grains of FeTi 
oxide in a fine grained groundmass. Imposed alteration caused almost complete replacement of primary 
minerals (a little plagioclase is preserved), with replacement by illite-sericite and quartz, patchy 
carbonate (mostly calcite) and minor disseminated pyrite and a little leucoxene. In fragmented zones, 
there is minor interstitial quartz and carbonate. A major vein cuts the altered rock, containing pyrite, 
carbonate (calcite), lesser quartz and traces of galena, chalcopyrite and sphalerite. Other thin carbonate 
veins are also present. 
 

 
 

Fig. 27: Strongly altered 
porphyritic andesite, with 
local fragmentation (upper 
left) and invasion by fine 
grained quartz. Pervasive 
alteration in the rock is to 
illite-sericite, quartz, 
carbonate (note 
replacement of plagioclase 
at right) and pyrite (black). 
Transmitted light, crossed 
polarisers, field of view 2 
mm across. 
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Fig. 28: Vein array with thin 
carbonate types at left 
(maybe ankerite) and a 
major vein of pyrite (black), 
fibre texture quartz and 
calcite. Transmitted light, 
crossed polarisers, field of 
view 2 mm across. 
 

Fig. 29: Vein-hosted pyrite 
aggregate (pale creamy) 
with fracturing and local 
invasion by galena (pale 
silvery grey). Plane 
polarised reflected light, 
field of view 0.5 mm across. 
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STDD001 384.0 m  PTS 
Summary: The sample is largely composed of vein material, but there are small amounts of adhering 
host rock that are intensely hydrothermally altered, as well as being micro-brecciated and sheared. 
There was replacement of the originally porphyritic protolith by fine grained illite-sericite and quartz, 
with minor carbonate, chlorite, pyrite and leucoxene. The major vein contains abundant pyrite and 
carbonate (calcite), with subordinate quartz (commonly with fibre growth texture), minor low-Fe 
sphalerite and traces of galena, chalcopyrite and arsenopyrite. Vein textures imply that veining occurred 
prior to, or during deformation, with pyrite being fractured and quartz and carbonate occurring as 
“pressure shadows” about large pyrite masses. Sphalerite and galena have textures indicating that they 
were paragenetically later than pyrite. 
 
Handspecimen: The drill core sample is composed mostly of vein material, being ~1.5 cm wide and 
containing abundant fractured pyrite and interstitial white carbonate (Fig. 30). The vein is at ~30° to the 
core axis and is enclosed by thin, khaki-coloured selvedges of weakly foliated, intensely altered host 
rock (Fig. 30). No relict texture is recognised in the latter, which appears to be dominated by fine grained 
sericite and a little disseminated pyrite. Testing of the section offcut with dilute HCl gave a strong 
reaction on carbonate in the vein, indicating that it is calcite. The sample is essentially non-magnetic, 
with susceptibility of <10 x 10-5 SI. 
 

 
 
Petrographic description 
a) Primary rock characteristics: In the section, the majority of the sample (estimated 85%) represents 
vein infill ~2 cm wide. There are small amounts of sheared and micro-brecciated host rock adhering to 
the vein, mostly with no recognised relict texture. Locally, however, it is apparent that there are vestiges 
of relict porphyritic texture, with pseudomorphs after small former phenocrystal grains of feldspar, 
ferromagnesian material and FeTi oxide in a fine grained groundmass. It is thus speculated that the 
protolith might have been of porphyritic andesitic type, similar to other samples in the suite.  
 
b) Alteration and structure: The protolith was subject to intense hydrothermal alteration of argillic type, 
together with deformation and emplacement of a major vein (Fig. 31). The host rock was replaced by 
fine grained illite-sericite and quartz, with minor carbonate, chlorite, disseminated pyrite and a trace of 
leucoxene (Fig. 31). In places, micro-brecciated texture is apparent, as well as shearing (foliation 
development). The major vein was emplaced co-planar with foliation, with it containing abundant 
medium to coarse grained pyrite, interstitial carbonate (calcite), quartz (commonly with fibre growth 
texture and as pressure shadows about pyrite masses), minor Fe-poor sphalerite and traces of galena, 
chalcopyrite and arsenopyrite (Figs 31, 32). Vein-hosted pyrite is locally fractured and invaded by calcite, 
quartz and base metal sulphides. Vein textures imply that it was emplaced either concurrent with, or 
prior to, deformation. 
 
c) Mineralisation: The sample contains abundant sulphides, mostly in the major vein. Here, medium to 
coarse grained pyrite is typically semi-massive and locally fractured, with invasion by calcite, quartz and 
base metal sulphides. Textures suggest local replacement of pyrite by paragenetically later sphalerite 
and galena. The vein also hosts discrete aggregates of Fe-poor sphalerite up to 3 mm across, with 

Fig. 30: Calcite-pyrite vein 
material, with adhering sheared 
and intensely altered host rock 
(upper). 
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individual grains up to 1 mm, and containing rare small inclusions of galena and chalcopyrite (Fig. 32). 
A single grain of arsenopyrite ~0.2 mm across is observed in a composite with pyrite.  
 
Mineral Mode (by volume): carbonate (calcite) 45%, pyrite 25%, quartz 15%, illite-sericite 12%, sphalerite 
2%, chlorite 1% and traces of leucoxene, galena, chalcopyrite and arsenopyrite. 
 
Interpretation and comment: It is interpreted that the sample represents mostly vein material, but there 
is a small amount of adhering host rock that are intensely hydrothermally altered, as well as being micro-
brecciated and sheared. The originally porphyritic protolith was replaced by illite-sericite and quartz, 
minor carbonate, chlorite, pyrite and leucoxene. The major vein contains abundant pyrite and carbonate 
(calcite), subordinate quartz (commonly with fibre growth texture), minor low-Fe sphalerite and traces 
of galena, chalcopyrite and arsenopyrite. Vein textures imply that veining occurred prior to, or during 
deformation, with pyrite being fractured and quartz and carbonate occurring as “pressure shadows” 
about large pyrite masses. Sphalerite and galena have textures indicating that they were paragenetically 
later than pyrite. 
 

 
 

 

Fig. 31: Strongly altered 
porphyritic host rock with 
replacement by quartz, 
illite-sericite and minor 
carbonate (right), abutting 
against vein filling of pyrite 
(black), quartz (in part with 
fibre growth texture) and 
minor carbonate. 
Transmitted light, crossed 
polarisers, field of view 2 
mm across. 
 

Fig. 32: Pyrite (pale creamy) 
adjacent to sphalerite (mid 
grey) that is hosted in 
calcite and quartz (dark). 
Plane polarised reflected 
light, field of view 1 mm 
across. 
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STDD001 397.0 m  TS 
Summary: Strongly argillic altered, coarse lithic tuff, perhaps originally of andesitic composition. Relict 
clast-supported fragmental texture is moderately preserved, indicating an abundance of volcanic 
fragments, many of which retain porphyritic texture, and a smaller proportion of finer grained tuffaceous 
matrix. Imposed alteration caused replacement by an assemblage with considerable fine grained illite-
sericite, quartz, chlorite and a clay phase (e.g. kaolinite), with minor carbonate (calcite), albite, pyrite and 
leucoxene. Minor fine grained quartz veining was emplaced, followed by wider, medium to coarse calcite 
veins. Elevated Mn content of the rock is probably accommodated in calcite. 
 
Handspecimen: The drill core sample is composed of a grey-green, strongly altered, coarsely fragmental 
volcanic rock (Fig. 33). It retains a clast-supported texture, with irregular shaped volcanic fragments 
(some being porphyritic) up to 1 cm across, perhaps originally of intermediate composition (Fig. 33). 
Imposed altered caused replacement by clay/sericite, carbonate and chlorite, with a little disseminated 
pyrite. The rock was veined, mostly at low angles to the core axis, by white to pale pink, medium to 
coarse grained carbonate in masses up to 1 cm wide (Fig. 33). Testing of the section offcut with dilute 
HCl gave a strong reaction on carbonate in the vein, indicating that it is calcite. The sample is essentially 
non-magnetic, with susceptibility of <10 x 10-5 SI. 
 

 
 
Petrographic description 
a) Primary rock characteristics: In the section, relict clast-supported coarse fragmental texture is 
moderately preserved (Fig. 34), despite strong alteration and veining. Volcanic lithic fragments are 
angular to sub-rounded and up to 1.5 cm long, with many having relict porphyritic texture (e.g. formerly 
with sparse plagioclase and ferromagnesian phenocrysts in a fine grained groundmass) (Fig. 34). There 
was also a subordinate proportion of finer grained, probably tuffaceous matrix. It is speculated that the 
original rock type constituting the fragments was largely of andesitic type and that the rock represents 
a coarse lithic tuff. 
 
b) Alteration and structure: Strong pervasive hydrothermal alteration was imposed and a few veins 
emplaced. Lithic fragments and matrix were replaced by varying amounts of fine grained illite-sericite, 
quartz (some fragments are dominated by finely granular quartz), chlorite, a low-birefringent clay phase 
(e.g. kaolinite) and carbonate, with minor disseminated pyrite and leucoxene (Figs 34, 35). Some 
fragments retain minor plagioclase, perhaps albitised. Minor initial narrow quartz veining occurred, but 
this was followed by volumetrically abundant sub-planar veins of medium to coarse grained calcite 
(perhaps a manganoan type) (Fig. 35). The alteration assemblage is consistent with argillic type. 
 
c) Mineralisation: As part of the pervasive alteration, minor disseminated pyrite formed, with individual 
grains up to 0.4 mm across.  
 
Mineral Mode (by volume): carbonate (calcite), illite-sericite and quartz each 25%, chlorite and clay 
(kaolinite) each 10%, plagioclase (albite) 3% and 1% each of pyrite and leucoxene. 
 
Interpretation and comment: It is interpreted that the sample is a coarse lithic tuff, perhaps originally of 
andesitic composition, and having strong argillic alteration. Relict clast-supported fragmental texture is 

Fig. 33: Strongly altered 
coarse andesitic fragmental 
rock cut by white to pale 
pink carbonate veining. 
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moderately preserved, indicating an abundance of volcanic fragments, many of which retain porphyritic 
texture. There is also a subsidiary proportion of finer grained tuffaceous matrix. Imposed alteration 
resulted in replacement by an assemblage of fine grained illite-sericite, quartz, chlorite and a clay phase 
(e.g. kaolinite), with minor carbonate (calcite), albite, pyrite and leucoxene. Minor fine grained quartz 
veining was emplaced, followed by wider, medium to coarse calcite veins. The elevated Mn content of 
the rock is probably accommodated in calcite. 
 

 
 

 
 
 
 
 
 
 
 
 

Fig. 35: Calcite veining in-
between volcanic 
fragments replaced by 
quartz and chlorite (left) 
and chlorite + clay (right). 
Transmitted light, crossed 
polarisers, field of view 2 
mm across. 
 

Fig. 34: Relict fragmental 
texture, with volcanic 
fragments replaced by 
illite-sericite, quartz and 
local albite, carbonate and 
chlorite, enclosed by an 
altered matrix that is rich in 
chlorite and clay. 
Transmitted light, crossed 
polarisers, field of view 2 
mm across. 
 


