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Introduction 
 
A suite of ten air core samples from regional targets in western Victoria was submitted 
for petrographic preparation, description and interpretation. Samples were from three 
prospect areas (Fairview – 3 samples, Northern Flexure – 1 sample and S41 – 6 
samples). They were from seven different drill holes at varying depths from 29-30 m 
to 141-142 m downhole. Several samples appeared to be strongly hydrothermally 
altered and disseminated and veinlet sulphides were visible macroscopically in some. 
A few samples had slight indications of supergene alteration due to the presence of 
goethite and one sample was evidently clay-rich and perhaps a product of deep 
supergene alteration. 
 
Handspecimen logging notes for the air core samples were provided. Petrographic 
sections were prepared at Thin Section Australia Pty Ltd in Brisbane, with polished thin 
sections (PTS) being prepared from six 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. A few 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, 
but also to assess the nature of imposed hydrothermal alteration and mineralisation. 
 
 
Summary descriptions of samples are listed following: 
 
STAC0105 29-30 m (Fairview) PTS 
Summary: Medium grained dolerite with overprinting effects of very low grade metamorphism, 
hydrothermal flux and veining. Relict texture is moderately preserved, inferring that the original rock 
had a sub-ophitic texture and was composed of plagioclase and intergrown ferromagnesian material, 
probably clinopyroxene. The rock was altered to an assemblage of actinolite and albite, and with 
considerable fine grained sericite at plagioclase sites, as well as a trace of titanite. Sparsely scattered 
throughout the rock are irregular aggregates and a couple of diffuse, sub-planar veins containing 
varying proportions of chalcopyrite, pyrite and pumpellyite, with trace titanite and epidote. One 
aggregate contains molybdenite. The sulphide-bearing aggregates and veins are cut by a few sub-
planar veins of prehnite and trace carbonate. The metamorphic mineral assemblage in the rock is 
consistent with prehnite-pumpellyite facies and there must have been hydrothermal introduction of S, 
Fe, Cu and Mo, and mobility of Ca.  
 
STAC0106 29-30 m (Fairview) PTS 
Summary: Hydrothermally altered and veined serpentinite, with overprinting mild supergene alteration. 
The rock is mostly foliated (schistose), but there is local preservation of relict “mesh texture” zones after 
original olivine, and the rock retains sparse grains of relict chromite. The original serpentinite was 
evidently deformed and perhaps hydrothermally altered and/or metamorphosed to form a largely 
foliated assemblage of talc and subordinate serpentine (maybe antigorite). No carbonate was 
recognised. An array of relatively narrow quartz veins was emplaced, largely co-planar with foliation. 
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The imposition of supergene alteration led to mild degradation of talc to a clay phase (maybe smectite) 
and formation of a little patchy goethite impregnation.  
 
STAC0106 47-48 m (Fairview) TS 
Summary: Relatively fine grained dolerite, with moderately well preserved relict texture and some 
retention of igneous clinopyroxene, with the rock cut by irregular to veinlike zones of hydrothermal 
breccia. The original rock contained abundant plagioclase (commonly in lath-like form) intergrown, in 
places sub-ophitically, with clinopyroxene. Low grade metamorphism was imposed (at prehnite-
pumpellyite to lower greenschist facies), leading to albitisation of plagioclase and formation of a 
subordinate amount of chlorite, with a little sericite, carbonate, prehnite and quartz. Breccia zones 
contain small angular fragments of the host rock, and infill by medium grained prehnite, commonly 
darkly pigmented by ultrafine hematite, and also containing a little irregularly distributed pyrite.  
 
STGAC061 33-34 m (Northern Flexure) TS 
Summary: Coarsely porphyritic dacite with strong pervasive propylitic alteration. Relict texture is 
moderately well preserved, indicating that the original rock contained scattered plagioclase and smaller 
ferromagnesian phenocrysts in a fine grained quartzofeldspathic groundmass (mostly plagioclase, alkali 
feldspar, quartz). There are also a few microphenocrysts of FeTi oxide, apatite and quartz. All plagioclase 
and ferromagnesian phases are altered but relict pseudomorphic shapes of the latter infer that 
hornblende and biotite formerly occurred. The imposed alteration led to plagioclase being replaced by 
albite and variable amounts of sericite and carbonate, as well as ferromagnesian phases being replaced 
by chlorite, sericite, carbonate and leucoxene. FeTi oxide (titanomagnetite) was largely replaced by 
hematite. No sulphide minerals were recognised.  
 
STAC0115 124-125 m (S41)  TS 
Summary: Matrix- to clast-supported breccia containing porphyritic volcanic fragments of possible 
former andesite to dacite composition. The fragments and matrix of the breccia are strongly altered, 
but relict texture within fragments is moderately preserved, suggesting that the parent rock contained 
scattered plagioclase phenocrysts and a few smaller phenocrystal grains of ferromagnesian material, 
FeTi oxide and quartz in a fine grained groundmass. Imposed alteration was of strong argillic type, 
leading to replacement of the fragments by quartz, a clay phase (kaolinite), carbonate 
(dolomite/ankerite), sericite, minor leucoxene and residual albite. The breccia matrix is composed of a 
fine grained mass of quartz, clay and carbonate, and darkly pigmented by fine grained disseminated 
pyrite. A few thin veins of quartz ± carbonate cut the breccia.  
 
STAC0115 141-142 m (S41)  PTS 
Summary: Very strongly hydrothermally altered porphyritic igneous rock, possibly formerly of dacite 
type. Relict texture is moderately preserved, indicating that the protolith contained scattered 
phenocrysts of plagioclase and ferromagnesian material (could have been hornblende and/or 
pyroxene), with a few microphenocrysts of FeTi oxide (titanomagnetite) and quartz. At former 
ferromagnesian sites, there are small inclusions of FeTi oxide and apatite. The phenocrystal phases 
occurred in a fine grained groundmass of likely quartzofeldspathic composition. Alteration is of 
propylitic type and resulted in formation of an assemblage of chlorite, sericite, carbonate (calcite) and 
quartz, with minor hematite and a tiny trace of chalcopyrite (at former ferromagnesian sites). A few veins 
cut the altered rock, containing calcite (-quartz-chlorite-sericite). The sample does not represent a 
hydrothermal breccia. 
 
STAC0120 107-108 m (S41)  PTS 
Summary: Strongly porphyritic dacite with overprinting effects of strong hydrothermal alteration of a 
type interpreted to be intermediate between phyllic and propylitic types, and local vein emplacement. 
Relict texture is moderately well preserved, indicating that there were scattered feldspar (probably 
plagioclase) phenocrysts, with a few ferromagnesian phenocrysts (all altered), as well as a few small 
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microphenocrysts of FeTi oxide (all altered) and rare quartz. These occurred in a fine grained 
groundmass, probably of former quartzofeldspathic composition. Former feldspar phenocrysts were 
totally replaced by carbonate (dolomite) and sericite, with ferromagnesian material being replaced by 
sericite, chlorite, carbonate and pyrite, and FeTi oxide by rutile ± pyrite. In the groundmass, there was 
replacement by fine grained quartz, with minor sericite and a little pyrite and rutile. A few veins occur, 
mostly containing carbonate (dolomite) and minor sericite. 
 
STAC0120 124-125 m (S41)  PTS 
Summary: Strongly hydrothermally altered and veined tuff, with local vaguely preserved relict 
fragmental texture, a few small pseudomorphs after former plagioclase and a trace of relict quartz. 
Fragments could have been elongate and occurred in a finer grained tuffaceous matrix. It is speculated 
that the protolith was of felsic to intermediate composition. It was replaced by a generally fine grained 
assemblage with abundant quartz and carbonate (dolomite), with subordinate low-birefringent clay (e.g. 
kaolinite) and sericite, and disseminated pyrite. A little albite could be retained at altered plagioclase 
sites and in the recrystallised matrix. The altered rock is cut by a few veins of carbonate (dolomite) and 
pyrite. 
 
STAC0122 80-81 m (S41) PTS 
Summary: Rather coarsely porphyritic dacite, with moderate to strong propylitic alteration. Relict texture 
is moderately well preserved, showing that the protolith contained scattered plagioclase phenocryst (in 
which there is some preservation of igneous twinning and zoning), together with phenocrysts of 
ferromagnesian phases (probably hornblende and pyrite, based on relict shape, but now completely 
altered) and a few small microphenocrysts of FeTi oxide, quartz and apatite. The phenocrystal phases 
occurred in a fine grained, quartzofeldspathic composition groundmass. The imposed alteration led to 
all ferromagnesian phases being replaced by chlorite and/or sericite, with scattered pyrite and trace 
rutile. Plagioclase was variably replaced by sericite and a little pyrite, and FeTi oxide by rutile ± pyrite. A 
couple of thin, discontinuous veinlets of sericite + pyrite cut the altered rock. 
 
STAC0124 86-88 m (S41) TS 
Summary: Very strongly altered rock, tentatively considered to represent a former porphyritic andesite. 
Relict texture is poorly to moderately preserved and there is no retention of primary igneous minerals. 
The protolith would have contained scattered phenocrysts of plagioclase and a ferromagnesian phase 
(maybe pyroxene) and a few microphenocrysts of FeTi oxide in a fine grained groundmass. There is no 
textural or mineralogical evidence that the protolith was of gabbroic type. The protolith was affected by 
argillic alteration, causing total replacement by varying proportions of fine grained chlorite-smectite, 
quartz and illite, with a little albite, carbonate and leucoxene. A few thin, discontinuous veins occur, 
containing chlorite-smectite, quartz or carbonate. The alteration is interpreted to have been due to deep 
supergene processes. 
 
 
 
Interpretation and comment 
 
Primary rock types 
 
Each of the samples represents a likely igneous rock protolith, although sample 
STAC0120/124 m could represent a pyroclastic rock (tuff) and STAC0115/124 m could 
be a volcanic breccia (i.e. formed by juvenile processes). There is a range of 
preservation of primary texture and mineralogy, i.e. from those with at least 
moderately well preserved texture and local retention of primary igneous minerals, 
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through to those in which there is almost complete destruction of the primary 
characteristics. 
 
Several samples are interpreted as having had protoliths of porphyritic dacite to 
andesite type, commonly with a substantial inventory of relatively coarse phenocrysts 
(e.g. up to 40-50 volume %). These samples are STGAC061/33 m, STAC0115/124 m (a 
volcanic breccia), STAC0115/141 m, STAC0120/107 m, STAC0122/80 m and 
STAC0124/86 m. The original rocks were characterised by having phenocrysts of 
plagioclase and ferromagnesian phases (could have included hornblende, pyroxene, 
uncommon biotite, but now all altered) and sparse microphenocrysts that included 
FeTi oxide (e.g. titanomagnetite), quartz and apatite. Former fine grained groundmass 
material could have included plagioclase, alkali feldspar and quartz. The interpreted 
tuff (STAC0120/124 m) could have had a protolith of similar felsic to intermediate 
composition. Samples STAC0105/29 m and STAC0106/47 m are interpreted to have 
had dolerite protoliths. Relict textures are moderately well preserved, indicating that 
they contained primary plagioclase and a ferromagnesian phase (e.g. clinopyroxene) 
in places showing sub-ophitic intergrowth. Sample STAC0106/29 m was derived from 
a serpentinite, in turn most likely having an olivine-rich peridotite protolith. This 
sample has a little relict “mesh” and foliated texture and retains a few grains of relict 
chromite, attesting to the ultramafic parentage. 
 
There was no relict textural or mineralogical evidence for sample STAC0124/86 m to 
had had a gabbro protolith. Similarly, sample STAC0115/141 m does not represent a 
hydrothermal breccia. The apparent small scattered “fragments” are illusory and are in 
fact rather large, altered phenocrystal grains of plagioclase. 
 
Imposed alteration and veining 
 
All original rock types were modified by imposed processes that can be identified as 
low grade metamorphic, hydrothermal and deep supergene. Sample STAC0105/29 m 
has apparent overlapping effects of metamorphism (at apparent very low grade, i.e. 
prehnite-pumpellyite facies) and hydrothermal influx. The original dolerite was 
replaced by an assemblage of actinolite, albite and sericite, with a little titanite, but 
with small irregular aggregates, grading into veins, containing pumpellyite that is 
intergrown with chalcopyrite, pyrite, and in one aggregate, molybdenite. The altered 
and mineralised rock was subsequently cut by veining by prehnite and a little 
carbonate. In dolerite STAC0106/47 m, there was replacement of the protolith by albite 
+ chlorite, with minor sericite, prehnite, carbonate and quartz, and veining/local 
hydrothermal breccia infill by prehnite and a little hematite and pyrite. In both of these 
rocks, although alteration could be due to metamorphism, the assemblage is also 
broadly consistent with propylitic type and clearly has involved hydrothermal influx of 
S and mobility of Ca, and with Cu and trace Mo being added in STAC0105/29 m. The 
ultramafic protolith in STAC0106/29 m underwent initial serpentinization with possible 
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metamorphism causing talc formation and subsequent hydrothermal quartz veining 
that is mostly co-planar with the prior foliation. 
 
The porphyritic dacite to andesite composition rocks, include the possible volcanic 
breccia and tuff, experienced hydrothermal alterations of largely propylitic to argillic 
types. Due to the similarity of propylitic alteration assemblages to those of low grade 
metamorphism, it is not possible in these rocks to substantiate evidence for prior (or 
later imposed) low grade metamorphism. Propylitic (to transitional phyllic type) 
alteration is interpreted to occur in STGAC061/33 m), STAC0115/141 m, STAC0120/107 
m and STAC0122/80 m, with replacement of primary igneous phases by minerals 
including carbonate (dolomite or calcite), chlorite, sericite, albite, quartz and pyrite, 
with trace rutile/leucoxene and chalcopyrite. In the sample with alteration transitional 
to phyllic type (STAC0120/107 m), all original feldspar was destroyed and the 
assemblage is dominated by quartz, carbonate (dolomite) and sericite. In these 
samples, minor veining occurs, containing carbonate, sericite, chlorite, quartz or pyrite. 
 
Strong argillic alteration is interpreted to be imposed on the protoliths in 
STAC0115/124 m, STAC0120/124 m and STAC0124/86 m. In the first two of these 
samples, there was replacement by quartz, clay (kaolinite) and carbonate (dolomite), 
with sericite and pyrite, and a little albite, chlorite and rutile. Small infill zones (minor 
breccia and veining) contain carbonate, quartz, pyrite and kaolinite. In STAC0124/86 
m, intense replacement by fine grained quartz, chlorite-smectite and illite occurred, 
accompanied by a little carbonate and leucoxene. This assemblage is viewed as being 
a product of deep supergene alteration and could represent a type of saprolite. 
 
In the samples with interpreted propylitic and argillic alteration, due to variable 
feldspar breakdown as well as hydrothermal development of carbonate and pyrite, 
there must have been loss of Na and gain of S, Ca (± Mg, Fe), compared to original 
protolith compositions. 
 
Mineralisation 
 
Several samples in the suite contain minor sulphide minerals, but only one 
(STAC0105/29 m) contains significant mineralisation, i.e. it contains an estimated 3% 
disseminated and vein-hosted chalcopyrite, as well as one aggregate ~1 mm across 
with molybdenite. Chalcopyrite-bearing veins and aggregates are also accompanied 
by minor pyrite. Although this type of mineralisation could be considered as having 
some affinity to that in a porphyry Cu (-Mo) system, the sulphides are intergrown with 
pumpellyite (only), a mineral that would be highly atypical in that type of intrusion-
driven system. There could, however, always be development of unique styles! 
 
Altered dolerite sample STAC0106/47 m has a little fine grained pyrite, associated with 
ultrafine hematite in a prehnite vein. Several of the porphyritic dacite/andesite samples 
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contain an estimated 3-6% pyrite (and in a couple, a tiny trace of chalcopyrite) as part 
of the propylitic and argillic alteration, and associated minor veining. A characteristic 
in some of these altered rocks, is the common concentration of alteration-derived 
pyrite at former ferromagnesian sites.   
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descriptions 



 10 

STAC0105 29-30 m (Fairview) PTS 
Summary: Medium grained dolerite with overprinting effects of very low grade metamorphism, 
hydrothermal flux and veining. Relict texture is moderately preserved, inferring that the original rock 
had a sub-ophitic texture and was composed of plagioclase and intergrown ferromagnesian material, 
probably clinopyroxene. The rock was altered to an assemblage of actinolite and albite, and with 
considerable fine grained sericite at plagioclase sites, as well as a trace of titanite. Sparsely scattered 
throughout the rock are irregular aggregates and a couple of diffuse, sub-planar veins containing 
varying proportions of chalcopyrite, pyrite and pumpellyite, with trace titanite and epidote. One 
aggregate contains molybdenite. The sulphide-bearing aggregates and veins are cut by a few sub-
planar veins of prehnite and trace carbonate. The metamorphic mineral assemblage in the rock is 
consistent with prehnite-pumpellyite facies and there must have been hydrothermal introduction of S, 
Fe, Cu and Mo, and mobility of Ca.  
 
Handspecimen: The air core sample is composed of a massive, fine to medium grained, grey-green 
altered igneous rock, perhaps formerly of mafic composition. Vaguely preserved relict texture occurs, 
inferring that the protolith contained ferromagnesian material and feldspar, but with likely alteration to 
actinolite. A little disseminated fine grained chalcopyrite occurs and the rock is cut by thin sub-planar 
veining of chalcopyrite and pyrite, as well as by a white vein up to 1.5 mm wide. The latter could be 
feldspar or a calc-silicate phase (e.g. prehnite). The sample is essentially non-magnetic, with 
susceptibility of <10 x 10-5 SI. 
 
Petrographic description 
a) Primary rock characteristics: In the section, relict medium grained igneous texture is moderately 
preserved, although it is evident that the rock is strongly altered. The relict characteristics infer that 
there was intergrowth between plagioclase (elongate grains up to 1 mm) and a former ferromagnesian 
phase (e.g. clinopyroxene, but now completely altered). The relict texture and inferred primary 
mineralogy are consistent with that of a sub-ophitic dolerite (Fig. 1).  
 
b) Alteration and structure: A mafic igneous protolith (dolerite) was subject to metamorphic 
recrystallisation, as well as significant hydrothermal flux and veining. Original interpreted clinopyroxene 
was replaced by pale green actinolite, and plagioclase was largely replaced by albite and fine grained 
sericite (Fig. 1). A little disseminated titanite also formed. Sparsely scattered throughout are irregular to 
spheroidal shaped replacement aggregates up to 1.5 mm across, as well as a few veins up to 1 mm wide 
of fine grained chalcopyrite, pumpellyite and local pyrite, as well as individual small isolated grains of 
chalcopyrite and pyrite, and a single aggregate of molybdenite ~1 mm across (Figs 1, 2, 3). In the 
sulphide-bearing veins, there are also traces of titanite and epidote. The sulphide-bearing aggregates 
and veins are cut by a few sub-planar veins (one up to 1.5 mm wide, the others narrow and <0.2 mm) 
containing fine to medium grained prehnite and a little carbonate. The metamorphic mineral 
assemblage and veining probably formed under prehnite-pumpellyite facies conditions, with evident 
hydrothermal introduction of S, Cu, Fe and trace Mo, and mobility of Ca.  
 
c) Mineralisation: The sample contains scattered irregular to spheroidal aggregates up to 1.5 mm across, 
as well as a few veins up to 1 mm wide containing varying proportions of chalcopyrite and pyrite that 
are typically intergrown with pumpellyite (Figs 1, 2). There is also small discrete disseminated grains of 
chalcopyrite and pyrite, and a single aggregate of flaky molybdenite ~1 mm across occurs (Fig. 3). 
 
Mineral Mode (by volume): actinolite 50%, plagioclase (includes albite) 25%, sericite 12%, prehnite 5%, 
pumpellyite and chalcopyrite each 3%, pyrite 1% and traces of carbonate, titanite, epidote and 
molybdenite. 
 
Interpretation and comment: It is interpreted that the sample represents a former medium grained 
dolerite with imposed effects of prehnite-pumpellyite facies metamorphism, hydrothermal flux and 
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veining. Relict sub-ophitic texture is moderately preserved, inferring that the original rock was 
composed of plagioclase and intergrown ferromagnesian material, probably clinopyroxene. It was 
altered to an assemblage of actinolite, albite and sericite, and trace titanite. Sparsely scattered 
throughout the rock are irregular aggregates and a couple of diffuse, sub-planar veins containing 
varying proportions of chalcopyrite, pyrite and pumpellyite, with trace titanite and epidote. One 
aggregate contains molybdenite. The sulphide-bearing aggregates and veins are cut by a few sub-
planar veins of prehnite and trace carbonate. The metamorphic mineral assemblage in the rock is 
consistent with prehnite-pumpellyite facies and there must have been hydrothermal introduction of S, 
Fe, Cu and Mo, and mobility of Ca. 
 

 

 

Fig. 1: Diffuse aggregates 
of very pale green 
pumpellyite and 
chalcopyrite (black) in 
altered dolerite consisting 
of pale green actinolite and 
turbid aggregates of albite 
and sericite that have 
replaced plagioclase. Plane 
polarised transmitted light  

      
 

Fig. 2: Diffuse veinlike 
aggregate of chalcopyrite 
(yellow) and pyrite (Pale 
creamy), with a little 
pumpellyite and titanite in 
altered dolerite. Plane 
polarised reflected light, 
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STAC0106 29-30 m (Fairview) PTS 
Summary: Hydrothermally altered and veined serpentinite, with overprinting mild supergene alteration. 
The rock is mostly foliated (schistose), but there is local preservation of relict “mesh texture” zones after 
original olivine, and the rock retains sparse grains of relict chromite. The original serpentinite was 
evidently deformed and perhaps hydrothermally altered and/or metamorphosed to form a largely 
foliated assemblage of talc and subordinate serpentine (maybe antigorite). No carbonate was 
recognised. An array of relatively narrow quartz veins was emplaced, largely co-planar with foliation. 
The imposition of supergene alteration led to mild degradation of talc to a clay phase (maybe smectite) 
and formation of a little patchy goethite impregnation.  
 
Handspecimen: The air core sample is composed of a creamy to pale grey coloured, fine grained foliated 
rock, evidently pervasively affected by mild supergene alteration. The sample is relatively soft and could 
contain considerable talc and/or clay, with a few isolated black grains of likely relict chromite up to 1 
mm across. Foliation is approximately co-planar with the core axis and the rock is invaded by a sub-
parallel array of fine grained grey quartz veins up to 1.5 mm wide. The sample is essentially non-
magnetic, with susceptibility of <10 x 10-5 SI. 
 
Petrographic description 
a) Primary rock characteristics: In the section, the rock is a foliated aggregate, dominated by talc, with 
subordinate serpentine and sparsely distributed relict chromite grains up to 1.5 mm across (Fig. 4). In 
places, relict “mesh texture” after former olivine is preserved (Fig. 4), but in much of the sample, the 
protolith was deformed, developing a foliated texture and being invaded by quartz veining (Fig. 5). The 
talc-serpentine assemblage, presence of relict chromite and local preservation of mesh texture 
(characteristic of many peridotitic rocks), indicate that the rock is an altered serpentinite (from a 
peridotitic protolith).   
 
b) Alteration and structure: It is interpreted that a peridotitic protolith was initially serpentinised, then 
affected by penetrative deformation and hydrothermal flux and/or low grade metamorphism, so as to 
be replaced by abundant fine to medium grained talc and subordinate serpentine (perhaps antigorite) 
(Fig. 5). An anastomosing, weak to moderate foliation is commonly apparent, defined by preferred 
orientation of the layer silicate phases (Fig. 5). Original larger chromite grains are locally fractured. The 
foliated rock was invaded by considerable veining, mostly co-planar with foliation, but locally 
transgressive (Fig. 5). Veins are up to 1.5 mm wide and contain fine to medium grained quartz that has 
a texture characteristic of “shallow level” epithermal deposition. No carbonate was recognised in the 
host rock or veins. The rock was later affected by mild supergene alteration, with slight degradation of 

Fig. 3: Aggregate of flaky 
molybdenite (silvery grey) 
and trace chalcopyrite 
(yellow) in altered dolerite. 
Plane polarised reflected 
light, field of view 1.5 mm 
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talc to a clay phase (e.g. smectite) with a little goethite impregnation, locally concentrated into foliation-
concordant zones. In one of the quartz veins, a trace of an original sulphide mineral (e.g. pyrite) 
occurred, but was replaced by supergene goethite. 
 
c) Mineralisation: The sample contains sparse relict grains of chromite that were inherited from the 
peridotitic protolith. These grains are up to 1.5 mm across, locally fractured and have a dark red-brown 
colour in transmitted light, suggesting a relatively high Cr content. In one of the quartz veins, there 
could have been a trace of pyrite, subsequently replaced by supergene goethite. 
 
Mineral Mode (by volume): talc 60%, serpentine 25%, quartz 10%, clay 3% and 1% each of chromite and 
goethite. 
 
Interpretation and comment: It is interpreted that the sample is a hydrothermally altered and veined 
serpentinite, with overprinting mild supergene alteration. Although there is local preservation of relict 
“mesh texture” zones after original olivine, and retains sparse grains of relict chromite, much of the rock 
was evidently deformed and perhaps hydrothermally altered and/or metamorphosed to form a largely 
foliated assemblage of talc and subordinate serpentine (maybe antigorite). No carbonate was 
recognised. The altered rock was invaded by array of quartz veins, largely co-planar with foliation, but 
locally transgressive. The imposition of supergene alteration caused mild degradation of talc to a clay 
phase (maybe smectite) and formation of a little patchy goethite impregnation.  
 

 
 

Fig. 4: Relict subhedral 
chromite grains (pale grey) 
in “mesh textured” 
serpentinite that is now 
altered and dominated by 
talc and cut by a thin 
anastomosing quartz vein 
at left. Plane polarised 
reflected light, field of view 
   

 

Fig. 5: Weakly foliated, talc-
rich altered serpentinite, 
with quartz veining co-
planar with foliation. The 
black grain is relict 
chromite. Transmitted light, 
crossed polarisers, field of 
view 2 mm across. 
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STAC0106 47-48 m (Fairview) TS 
Summary: Relatively fine grained dolerite, with moderately well preserved relict texture and some 
retention of igneous clinopyroxene, with the rock cut by irregular to veinlike zones of hydrothermal 
breccia. The original rock contained abundant plagioclase (commonly in lath-like form) intergrown, in 
places sub-ophitically, with clinopyroxene. Low grade metamorphism was imposed (at prehnite-
pumpellyite to lower greenschist facies), leading to albitisation of plagioclase and formation of a 
subordinate amount of chlorite, with a little sericite, carbonate, prehnite and quartz. Breccia zones 
contain small angular fragments of the host rock, and infill by medium grained prehnite, commonly 
darkly pigmented by ultrafine hematite, and also containing a little irregularly distributed pyrite.  
 
Handspecimen: The air core sample is composed of a dark green-grey, altered igneous rock of mafic to 
intermediate composition. It is fine to medium grained and could contain feldspar and ferromagnesian 
material, but likely overprinted by development of fine grained chlorite. The rock is cut by apparent 
breccia veins up to 1 cm wide. These contain small, angular fragments of the host rock in a dark grey to 
faintly purplish grey matrix, some of which appears to be crystalline. The sample is essentially non-
magnetic, with susceptibility of <10 x 10-5 SI. 
 
Petrographic description 
a) Primary rock characteristics: In the section, approximately 20% of the sample constitutes masses of 
microbreccia, containing angular fragments up to several millimetres across. The fragments are 
compositionally and texturally the same as the enclosing host rock. The latter has moderately well 
preserved relict texture and primary mineralogy. In the host rock, there is abundant plagioclase (in lath-
like to blocky form and in grains up to 1.5 mm long) that is intergrown (in places sub-ophitically) with 
clinopyroxene (probably augite, forming elongate grains up to 1 mm long) (Fig. 6). The preserved 
primary characteristics of the rock are interpreted to indicate that it is a relatively fine grained dolerite.   
 
b) Alteration and structure: The mafic igneous protolith was affected by low grade metamorphism and 
development of a type of hydrothermal breccia in veinlike to irregular masses up to 1 cm across. 
Although much igneous clinopyroxene is preserved, original plagioclase was albitised and also slightly 
flecked by sericite. Interstitial to plagioclase and clinopyroxene, there was development of patchy fine 
grained chlorite, with a little carbonate, quartz and prehnite. Breccia fragments are up to several 
millimetres across and have the same alteration as elsewhere in the sample, although albite, prehnite 
and chlorite could be more prevalent. Infill of the breccia and associated thin veins is by medium grained 
prehnite, commonly strongly (darkly) pigmented by ultrafine hematite and also containing irregularly 
scattered fine grained pyrite, locally forming aggregates up to 1 mm across (Figs 6, 7). The alteration 
and infill assemblage could have formed under prehnite-pumpellyite to lower greenschist facies 
conditions that were evidently relatively oxidising and associated with considerable hydrothermal 
mobility of Ca and introduction of a little CO2 and S. In the breccia zone, there is a trace of orange-
brown supergene goethite, probably developed by oxidation of pyrite. 
 
c) Mineralisation: In the prehnite-rich breccia infill and immediately adjacent host rock, a small amount 
of finely disseminated pyrite developed, locally forming aggregates up to 1 mm across (Fig. 7). 
 
Mineral Mode (by volume): plagioclase (albite) 60%, prehnite 13%, clinopyroxene 12%, chlorite 10%, 
sericite, carbonate, quartz, hematite and pyrite each 1% and a trace of goethite. 
 
Interpretation and comment: It is interpreted that the sample represents a low grade metamorphosed 
and locally hydrothermally brecciated dolerite. It has moderately well preserved relict texture indicating 
that it contained abundant plagioclase (commonly in lath-like form) intergrown, in places sub-
ophitically, with clinopyroxene (which is commonly preserved). Metamorphism at prehnite-pumpellyite 
to lower greenschist facies, resulted in albitisation of plagioclase and formation of a subordinate amount 
of chlorite, with a little sericite, carbonate, prehnite and quartz. Breccia zones contain small angular 
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fragments of the host rock, and infill by medium grained prehnite, commonly darkly pigmented by 
ultrafine hematite, and also containing a little irregularly distributed pyrite.  
 
 

 
 

 
 
  

Fig. 6: Relict texture in 
dolerite, showing albitised 
plagioclase intergrown 
sub-ophitically with 
clinopyroxene (orange at 
right). At top is portion of a 
prehnite vein. Small black 
grain is pyrite.  Transmitted 
light, crossed polarisers, 
f  f     
 

Fig. 7: Breccia fragments of 
dolerite (pale) with 
adjacent breccia infill of 
darkly (hematite)-
pigmented prehnite infill 
with disseminated pyrite. 
Minor pyrite also occurs in 
the dolerite fragments. 
Plane polarised oblique 
reflected light  field of view 
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STGAC061 33-34 m (Northern Flexure) TS 
Summary: Coarsely porphyritic dacite with strong pervasive propylitic alteration. Relict texture is 
moderately well preserved, indicating that the original rock contained scattered plagioclase and smaller 
ferromagnesian phenocrysts in a fine grained quartzofeldspathic groundmass (mostly plagioclase, alkali 
feldspar, quartz). There are also a few microphenocrysts of FeTi oxide, apatite and quartz. All plagioclase 
and ferromagnesian phases are altered but relict pseudomorphic shapes of the latter infer that 
hornblende and biotite formerly occurred. The imposed alteration led to plagioclase being replaced by 
albite and variable amounts of sericite and carbonate, as well as ferromagnesian phases being replaced 
by chlorite, sericite, carbonate and leucoxene. FeTi oxide (titanomagnetite) was largely replaced by 
hematite. No sulphide minerals were recognised.  
 
Handspecimen: The air core sample is composed of a massive, conspicuously porphyritic felsic igneous 
rock. It contains strongly scattered pale orange altered feldspar (probably plagioclase) phenocrysts up 
to a few millimetres across, as well as a minor amount of smaller, dark grey-green altered 
ferromagnesian phenocrysts and a few microphenocrysts of FeTi oxide and quartz. The phenocrystal 
phases occur in a fine grained, dark grey, quartzofeldspathic composition groundmass. The rock could 
have pervasive moderate alteration with development of sericite from plagioclase and chlorite from 
ferromagnesian grains. The rock also appears to be slightly weathered, with a little orange-brown 
goethite staining. The sample is weakly to moderately magnetic, with susceptibility up to 110 x 10-5 SI. 
 
Petrographic description 
a) Primary rock characteristics: In the section, relict rather coarsely porphyritic texture is moderately well 
preserved (Fig. 8). There are scattered pseudomorphs after former blocky plagioclase phenocrysts up to 
several millimetres across, as well as after smaller, generally elongate ferromagnesian phenocrysts (up 
to 2.5 mm long) (Fig. 8). Relict shapes of the latter infer that hornblende and biotite formerly occurred. 
The rock also has a few microphenocrysts of FeTi oxide (e.g. formerly titanomagnetite, up to 0.5 mm 
across), apatite and rare quartz. The phenocrystal phases occupy ~40% of the rock and are enclosed in 
a fine grained, partly recrystallised granular texture groundmass that is composed of plagioclase, alkali 
feldspar and quartz, with minor ferromagnesian material (probably mostly originally biotite) (Fig. 8). The 
preserved primary characteristics of the rock are interpreted to indicate that it represents a porphyritic 
dacite.   
 
b) Alteration and structure: Rather strong pervasive alteration was imposed on the igneous protolith. 
All original plagioclase was replaced by albite, with variable development of fine grained sericite and 
patchy carbonate (Fig. 8). Some plagioclase phenocrysts are strongly replaced by sericite. All igneous 
ferromagnesian material was altered, with replacement by chlorite, local sericite and carbonate, and a 
trace of leucoxene (Fig. 8). Most igneous FeTi oxide was altered to hematite and trace leucoxene. In the 
groundmass, there was minor development of chlorite, sericite and carbonate. The observed alteration 
assemblage is consistent with propylitic type and has involved minor CO2 introduction. The sample has 
indication of slight supergene alteration, mostly expressed as trace goethite impregnation of sericite at 
plagioclase phenocryst sites. 
 
c) Mineralisation: No sulphide minerals were observed. Most igneous FeTi oxide was replaced by 
hematite. 
 
Mineral Mode (by volume): plagioclase (albite) 45%, alkali feldspar 20%, quartz, chlorite and sericite 
each 10%, carbonate 3%, hematite 1% and traces of titanomagnetite, apatite, leucoxene and goethite. 
 
Interpretation and comment: It is interpreted that the sample is a pervasively altered porphyritic dacite. 
Relict texture is moderately well preserved, indicating that the dacite contained scattered plagioclase 
and smaller ferromagnesian phenocrysts in a fine grained quartzofeldspathic groundmass (mostly 
plagioclase, alkali feldspar, quartz). There are also a few microphenocrysts of FeTi oxide, apatite and 
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quartz. All plagioclase and ferromagnesian phases are altered but relict pseudomorphic shapes of the 
latter infer that hornblende and biotite formerly occurred. Imposed alteration of propylitic type caused 
plagioclase to be replaced by albite and variable amounts of sericite and carbonate, as well as 
ferromagnesian phases being replaced by chlorite, sericite, carbonate and leucoxene. FeTi oxide 
(titanomagnetite) was largely replaced by hematite. No sulphide minerals were recognised.  
 
 
 

 
  

Fig. 8: Albitised plagioclase 
phenocryst (upper) that is 
also flecked by sericite, 
with nearby pseudomorphs 
of chlorite ± carbonate 
after ferromagnesian 
phenocrysts in a finely 
granular groundmass of 
quartzofeldspathic 
composition.  Transmitted 
light, crossed polarisers, 
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STAC0115 124-125 m (S41)  TS 
Summary: Matrix- to clast-supported breccia containing porphyritic volcanic fragments of possible 
former andesite to dacite composition. The fragments and matrix of the breccia are strongly altered, 
but relict texture within fragments is moderately preserved, suggesting that the parent rock contained 
scattered plagioclase phenocrysts and a few smaller phenocrystal grains of ferromagnesian material, 
FeTi oxide and quartz in a fine grained groundmass. Imposed alteration was of strong argillic type, 
leading to replacement of the fragments by quartz, a clay phase (kaolinite), carbonate 
(dolomite/ankerite), sericite, minor leucoxene and residual albite. The breccia matrix is composed of a 
fine grained mass of quartz, clay and carbonate, and darkly pigmented by fine grained disseminated 
pyrite. A few thin veins of quartz ± carbonate cut the breccia.  
 
Handspecimen: The air core sample is composed of a matrix-supported breccia. It contains angular to 
sub-rounded, creamy coloured altered fragments up to 2.5 cm across in a fine grained, dark grey matrix. 
Fragments are fine grained and some have a possible relict porphyritic texture, with altered feldspar 
phenocrysts. There could be pervasive alteration of the fragments to sericite, quartz and possible 
carbonate, and the dark colour of the breccia matrix could be due to the occurrence of finely dispersed 
pyrite. Testing of the section offcut with dilute HCl did not produce any reaction. The sample is 
essentially non-magnetic, with susceptibility of <10 x 10-5 SI. 
 
Petrographic description 
a) Primary rock characteristics: In the section, the rock is a breccia with a matrix- to clast-supported 
texture. Fragments are angular to sub-rounded and up to 2.5 cm across, but are commonly significantly 
smaller (Fig. 9). Most appear to be composed of a strongly altered, porphyritic volcanic rock and there 
are individual mineral grains, i.e. liberated phenocrystal plagioclase and rare quartz. The volcanic rock 
fragments have scattered blocky plagioclase phenocrysts up to 4 mm long as well as uncommon altered 
microphenocrysts of former ferromagnesian material (e.g. pyroxene) and FeTi oxide, and rare relict 
quartz, enclosed in a fine grained groundmass (Fig. 10). From the preserved primary characteristics, it is 
interpreted that the original rock that constituted the breccia fragments was a porphyritic andesite or 
dacite.   
 
b) Alteration and structure: An original intermediate to felsic and porphyritic volcanic rock was 
brecciated, maybe by juvenile processes (i.e. it could be a volcanic breccia) and subsequently subject to 
strong hydrothermal alteration. Original plagioclase phenocrysts were initially albitised, but then further 
replaced by varying proportions of carbonate (dolomite/ankerite) and sericite, with local quartz (Fig. 
10). A similar assemblage occurs at altered ferromagnesian sites and igneous FeTi oxide was replaced 
by leucoxene. Groundmass material was replaced by fine grained quartz, patchy low-birefringent clay 
(e.g. kaolinite) and carbonate, with a trace of leucoxene and pyrite. The breccia matrix is dominated by 
fine grained quartz and disseminated pyrite, clay and carbonate (Fig. 9). Several thin veins of fine grained 
quartz ± carbonate cut across the breccia fragments and matrix. The alteration and infill assemblage 
could be viewed as being of argillic type. 
 
c) Mineralisation: The altered breccia contains minor pyrite, mostly fine grained and as a significant 
component of the breccia matrix. Largest pyrite aggregates are up to 0.4 mm across. 
 
Mineral Mode (by volume): quartz 50%, clay (kaolinite) 20%, carbonate (dolomite/ankerite) 15%, sericite 
10%, pyrite 3% and 1% each of albite and leucoxene. 
 
Interpretation and comment: It is interpreted that the sample represents a strongly hydrothermally 
altered, matrix- to clast-supported breccia containing porphyritic volcanic fragments of possible former 
andesite to dacite composition. Relict texture within fragments is moderately preserved, implying that 
the parent rock contained scattered plagioclase phenocrysts and a few smaller phenocrystal grains of 
ferromagnesian material, FeTi oxide and quartz in a fine grained groundmass. Imposed alteration was 
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of strong argillic type, causing replacement of fragments by quartz, a clay phase (kaolinite), carbonate 
(dolomite/ankerite), sericite, minor leucoxene and residual albite. The breccia matrix is composed of fine 
grained quartz, clay and carbonate, and darkly pigmented by fine grained disseminated pyrite. A few 
thin veins of quartz ± carbonate cut the breccia.  
 
 
 

 
 

 
 
  

Fig. 9: Altered porphyritic 
volcanic rock as breccia 
fragments enclosed by a 
fine grained altered matrix 
that is darkly pigmented by 
fine grained pyrite. 
Fragments are altered to 
quartz, sericite, clay and 
carbonate.  Transmitted 
light  crossed polarisers  

      
 

Fig. 10: Relict porphyritic 
texture within a breccia 
fragment. Former 
plagioclase phenocrysts are 
altered to sericite and 
carbonate. The dark 
groundmass contains 
quartz, clay and carbonate.  
Transmitted light, crossed 
polarisers  field of view 2 
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STAC0115 141-142 m (S41)  PTS 
Summary: Very strongly hydrothermally altered porphyritic igneous rock, possibly formerly of dacite 
type. Relict texture is moderately preserved, indicating that the protolith contained scattered 
phenocrysts of plagioclase and ferromagnesian material (could have been hornblende and/or 
pyroxene), with a few microphenocrysts of FeTi oxide (titanomagnetite) and quartz. At former 
ferromagnesian sites, there are small inclusions of FeTi oxide and apatite. The phenocrystal phases 
occurred in a fine grained groundmass of likely quartzofeldspathic composition. Alteration is of 
propylitic type and resulted in formation of an assemblage of chlorite, sericite, carbonate (calcite) and 
quartz, with minor hematite and a tiny trace of chalcopyrite (at former ferromagnesian sites). A few veins 
cut the altered rock, containing calcite (-quartz-chlorite-sericite). The sample does not represent a 
hydrothermal breccia. 
 
Handspecimen: The air core sample is composed of a massive, strongly porphyritic intermediate to felsic 
igneous rock, with strongly imposed alteration. It contains scattered pale yellow-grey altered feldspar 
(e.g. plagioclase) phenocrysts up to 4 mm long and less common green-grey altered ferromagnesian 
phenocrysts, enclosed in a fine grained grey groundmass. The rock could have alteration to sericite, 
chlorite and carbonate. Testing of the section offcut with dilute HCl gave a strong reaction, indicating 
that the carbonate is calcite. The sample is moderately magnetic, with susceptibility up to 230 x 10-5 SI. 
 
Petrographic description 
a) Primary rock characteristics: In the section, relict rather coarsely porphyritic texture is moderately 
preserved, but it is evident that the rock is very strongly altered. There are scattered pseudomorphs 
after interpreted former blocky to tabular phenocrysts of plagioclase (up to 4 mm long) and after former 
ferromagnesian phenocrysts up to 3 mm long (Fig. 11). Relict shapes of the latter are not particularly 
diagnostic, but it is suggested that hornblende and/or pyroxene would have occurred. At former 
ferromagnesian sites it is common to observe inclusions of partly altered FeTi oxide (e.g. 
titanomagnetite) up to 0.6 mm across and small relict apatite grains (Figs 11, 12). The phenocryst phases 
occur in a fine grained groundmass of possible former quartzofeldspathic composition that also 
contains sparse small microphenocrysts of FeTi oxide, quartz and altered ferromagnesian material. From 
the preserved primary characteristics, the original rock is interpreted as a porphyritic dacite. The sample 
does not represent a hydrothermal breccia.  
 
b) Alteration and structure: The igneous protolith was subjected to very strong hydrothermal alteration 
and emplacement of a few veins. Interpreted former plagioclase and ferromagnesian phenocrysts were 
replaced by varying amounts of carbonate (calcite), sericite and chlorite, with a little quartz (Fig. 11). 
Ferromagnesian sites (typified by occurrence of relict FeTi oxide and apatite inclusions) tend to have a 
higher proportion of chlorite. Igneous FeTi oxide was largely replaced by hematite and in the 
groundmass, there was replacement by a fine grained assemblage of quartz, chlorite, carbonate and 
sericite. Rare chalcopyrite is observed at a few of the altered ferromagnesian sites (Fig. 12). Veins cutting 
the altered rock are up to 1.5 mm wide and are dominated by fine to medium grained carbonate 
(calcite), in places with a little fringing quartz, and elsewhere minor sericite and chlorite. The alteration 
assemblage in the sample is consistent with propylitic type and indicative of hydrothermal introduction 
of CO2 and Ca. 
 
c) Mineralisation: Rare small grains of chalcopyrite (up to 0.1 mm across) occur as part of the alteration, 
mostly found at former ferromagnesian sites (Fig. 12). 
 
Mineral Mode (by volume): chlorite 35%, quartz 25%, sericite 20%, carbonate (calcite) 18%, hematite 2% 
and traces of titanomagnetite, apatite and chalcopyrite. 
 
Interpretation and comment: It is interpreted that the sample is a porphyritic dacite with very strong 
propylitic alteration. Relict texture is moderately preserved, indicating that the protolith contained 
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scattered phenocrysts of plagioclase and ferromagnesian material (could have been hornblende and/or 
pyroxene), with a few microphenocrysts of FeTi oxide (titanomagnetite) and quartz. At former 
ferromagnesian sites, there are small inclusions of FeTi oxide and apatite. The phenocrystal phases 
occurred in a fine grained groundmass of likely quartzofeldspathic composition. Imposition of alteration 
caused development of an assemblage of chlorite, sericite, carbonate (calcite) and quartz, with minor 
hematite and a tiny trace of chalcopyrite (at former ferromagnesian sites). A few veins cut the altered 
rock, containing calcite (-quartz-chlorite-sericite). The sample does not represent a hydrothermal 
breccia. 
 
 

 
 

 
 
  

Fig. 11: Relict porphyritic 
texture in strongly altered 
dacite, showing carbonate-
dominated pseudomorphs 
after plagioclase 
phenocrysts (right) and 
portion of a large, altered 
ferromagnesian phenocryst 
(left) with FeTi oxide 
inclusions (black). This 
phenocryst was replaced by 
chlorite, sericite and 
carbonate. Plane polarised 

    
    

 

Fig. 12: Site of former large 
ferromagnesian phenocryst 
replaced by chlorite and 
sericite (dark) and hosting 
a couple of grains of FeTi 
oxide, largely replaced by 
hematite (pale grey) and at 
far right, a tiny grain of 
chalcopyrite.  Plane 
polarised reflected light, 
field of view 1.5 mm across. 
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STAC0120 107-108 m (S41)  PTS 
Summary: Strongly porphyritic dacite with overprinting effects of strong hydrothermal alteration of a 
type interpreted to be intermediate between phyllic and propylitic types, and local vein emplacement. 
Relict texture is moderately well preserved, indicating that there were scattered feldspar (probably 
plagioclase) phenocrysts, with a few ferromagnesian phenocrysts (all altered), as well as a few small 
microphenocrysts of FeTi oxide (all altered) and rare quartz. These occurred in a fine grained 
groundmass, probably of former quartzofeldspathic composition. Former feldspar phenocrysts were 
totally replaced by carbonate (dolomite) and sericite, with ferromagnesian material being replaced by 
sericite, chlorite, carbonate and pyrite, and FeTi oxide by rutile ± pyrite. In the groundmass, there was 
replacement by fine grained quartz, with minor sericite and a little pyrite and rutile. A few veins occur, 
mostly containing carbonate (dolomite) and minor sericite. 
 
Handspecimen: The air core sample is composed of a strongly altered, strongly porphyritic felsic igneous 
rock. It has scattered prominent white pseudomorphs after former phenocrystal feldspar grains up to 6 
mm across, and there are a few smaller greenish pseudomorphs after former ferromagnesian 
phenocrysts. Rare small relict quartz phenocrysts (to 1 mm) are also present, all enclosed in a fine 
grained, grey, altered groundmass, probably composed largely of quartz, with minor sericite and 
disseminated pyrite. The large pseudomorphs after former feldspar phenocrysts could be composed of 
sericite and/or carbonate, and at ferromagnesian sites, minor chlorite has formed. A discontinuous white 
carbonate vein up to 3 mm wide cuts the altered rock. Testing of the section offcut with dilute HCl gave 
little reaction, indicating that the carbonate 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 rather porphyritic texture is moderately well 
preserved, but the the rock is very strongly altered (Fig. 13). There are scattered pseudomorphs after 
former blocky feldspar phenocrysts (e.g. plagioclase, up to 5.5 mm across) (Fig. 13) and much less 
common pseudomorphs after former ferromagnesian grains up to a few millimetres across. The latter 
sites also locally contain small, altered FeTi oxide grains and a trace of apatite. The sample also contains 
a couple of relict quartz microphenocrysts up to 0.8 mm across (Fig. 13) and smaller grains of former 
FeTi oxide. The above phenocryst phases occurred in a fine grained groundmass, probably of 
quartzofeldspathic composition originally and now completely altered (Fig. 13). From the preserved 
primary characteristics, the protolith is interpreted as a porphyritic dacite.  
 
b) Alteration and structure: The porphyritic igneous protolith was affected to very strong hydrothermal 
alteration and local vein emplacement. Interpreted former plagioclase phenocrysts were completely 
replaced by varying amounts of carbonate (dolomite) and sericite, with a little pyrite (Fig. 13). Former 
ferromagnesian grains were replaced by sericite ± chlorite, with minor carbonate and pyrite, and a trace 
of rutile, and igneous FeTi oxide was replaced by rutile ± pyrite (Fig. 14). The original fine grained 
groundmass is relatively heterogeneous and although fine grained and of granular texture, it ranges 
from quartz-rich, to quartz + sericite, and with a little carbonate and pyrite (Fig. 13). The altered rock is 
cut by a prominent vein up to 3 mm wide containing fine to medium grained carbonate (dolomite) and 
subordinate sericite, and elsewhere there are a couple of thin veins of carbonate, or of quartz. The 
alteration assemblage in the sample is viewed as being of a transitional type between phyllic and 
propylitic type, and with hydrothermal introduction of CO2, S, Ca and Mg. 
 
c) Mineralisation: The altered rock contains disseminated pyrite, forming subhedra up to 0.8 mm across, 
at altered phenocryst sites and in the groundmass (Figs 13, 14). Rare tiny grains of chalcopyrite are also 
observed as part of the alteration at former phenocryst sites. 
 
Mineral Mode (by volume): quartz 45%, carbonate (dolomite) 25%, sericite 20%, chlorite and pyrite each 
5% and traces of rutile, chalcopyrite and apatite. 
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Interpretation and comment: It is interpreted that the sample represents a strongly hydrothermally 
altered, porphyritic dacite. Relict texture is moderately well preserved, indicating that there were 
scattered feldspar (probably plagioclase) phenocrysts, with a few ferromagnesian phenocrysts (all 
altered), as well as a few small microphenocrysts of FeTi oxide (all altered) and rare quartz. These 
occurred in a fine grained groundmass, probably of former quartzofeldspathic composition. The 
protolith experienced alteration of a transitional type between phyllic and propylitic. Former feldspar 
phenocrysts were totally replaced by carbonate (dolomite) and sericite, with ferromagnesian material 
being replaced by sericite, chlorite, carbonate and pyrite, and FeTi oxide by rutile ± pyrite. In the 
groundmass, there was replacement by fine grained quartz, with minor sericite and a little pyrite and 
rutile. A few veins occur, mostly containing carbonate (dolomite) and minor sericite. 
 

 
 

 
 
  

Fig. 13: Relict porphyritic 
texture in strongly altered 
dacite, showing carbonate-
dominated pseudomorphs 
after plagioclase 
phenocrysts (right) and 
portion of a large, altered 
ferromagnesian phenocryst 
(left) with FeTi oxide 
inclusions (black). This 
phenocryst was replaced by 
chlorite, sericite and 
carbonate. Transmitted 

   
      

 

Fig. 14: Site of former large 
ferromagnesian phenocryst 
replaced by chlorite and 
sericite (dark) and hosting 
pyrite grains (pale creamy) 
and small aggregates of  
altered FeTi oxide, now 
replaced by fine grained 
rutile.  Plane polarised 
reflected light  field of view 
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STAC0120 124-125 m (S41)  PTS 
Summary: Strongly hydrothermally altered and veined tuff, with local vaguely preserved relict 
fragmental texture, a few small pseudomorphs after former plagioclase and a trace of relict quartz. 
Fragments could have been elongate and occurred in a finer grained tuffaceous matrix. It is speculated 
that the protolith was of felsic to intermediate composition. It was replaced by a generally fine grained 
assemblage with abundant quartz and carbonate (dolomite), with subordinate low-birefringent clay (e.g. 
kaolinite) and sericite, and disseminated pyrite. A little albite could be retained at altered plagioclase 
sites and in the recrystallised matrix. The altered rock is cut by a few veins of carbonate (dolomite) and 
pyrite. 
 
Handspecimen: The air core sample is composed of a weakly banded, pale creamy-grey to grey, strongly 
altered rock. No definite relict texture is recognised, but it is speculated that there are elongated diffuse 
fragments up to 2 cm across. The rock probably has alteration to fine grained quartz, carbonate, 
sericite/clay and minor disseminated pyrite. A couple of diffuse veins up to 2 mm wide occur, containing 
carbonate and pyrite, with these occurring co-planar with banding. Testing of the section offcut with 
dilute HCl gave little reaction, indicating that the carbonate 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, there is little definite indication of relict texture. There are 
a few outlines after diffuse lithic fragments up to several millimetres across, some of which have sparse 
altered plagioclase grains and rare small quartz grains. Much of the rock is speculated to represent 
tuffaceous material, subsequently strongly altered (Fig. 15). There is no definite evidence about the prior 
composition of the tuffaceous protolith, but perhaps an intermediate to felsic composition is plausible. 
 
b) Alteration and structure: Strong pervasive hydrothermal alteration was imposed and all primary 
phases were altered (except trace volcanic quartz). There are a couple of small plagioclase grains that 
were replaced by albite ± carbonate ± sericite, but all other tuffaceous and coarser fragmentary material 
was replaced by fine grained quartz, a patchy low-birefringent clay phase (e.g. kaolinite), sericite and 
carbonate (e.g. at some former feldspar sites), minor disseminated pyrite and a trace of chlorite and 
rutile (Fig. 15). It is likely that minor granular albite accompanies quartz, sericite and carbonate in the 
alteration assemblage. Several sub-planar, diffuse to well defined veins up to 3 mm wide cut the altered 
rock and contain fine to medium grained carbonate (dolomite), scattered pyrite and a trace of quartz 
(Fig. 16). The alteration assemblage is viewed as being of argillic type, and was accompanied by 
considerable hydrothermal introduction of CO2, S, Ca and Mg. 
 
c) Mineralisation: As part of the strong alteration and veining, there is minor pyrite throughout, forming 
grains up to 1 mm across in the veins. 
 
Mineral Mode (by volume): quartz 40%, carbonate (dolomite) 33%, sericite and clay (kaolinite) each 10%, 
pyrite 5%, albite 2% and traces of chlorite and rutile. 
 
Interpretation and comment: It is interpreted that the sample is a strongly hydrothermally altered and 
veined tuff, with local vaguely preserved relict fragmental texture, a few small pseudomorphs after 
former plagioclase and a trace of relict quartz. Fragments could have been elongate and occurred in a 
finer grained tuffaceous matrix. It is speculated that the protolith was of felsic to intermediate 
composition. It was replaced by an argillic assemblage of abundant quartz and carbonate (dolomite), 
subordinate low-birefringent clay (e.g. kaolinite) and sericite, and disseminated pyrite. A little albite 
could be retained at altered plagioclase sites and in the recrystallised matrix. The altered rock is cut by 
a few veins of carbonate (dolomite) and pyrite. 
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Fig. 15: Relict possible 
fragmental texture in tuff, 
having a replacement 
assemblage of fine 
grained quartz, minor 
sericite, a few carbonate 
aggregates (pale pink to 
pale green) and trace 
pyrite (black). Transmitted 
light, crossed polarisers, 

      
 

Fig. 16: Veining by 
carbonate (smooth) and 
pyrite (whitish) in strongly 
altered tuff that also has 
disseminated pyrite.  Plane 
polarised reflected light, 
field of view 2 mm across  
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STAC0122 80-81 m (S41) PTS 
Summary: Rather coarsely porphyritic dacite, with moderate to strong propylitic alteration. Relict texture 
is moderately well preserved, showing that the protolith contained scattered plagioclase phenocryst (in 
which there is some preservation of igneous twinning and zoning), together with phenocrysts of 
ferromagnesian phases (probably hornblende and pyroxene, based on relict shape, but now completely 
altered) and a few small microphenocrysts of FeTi oxide, quartz and apatite. The phenocrystal phases 
occurred in a fine grained, quartzofeldspathic composition groundmass. The imposed alteration led to 
all ferromagnesian phases being replaced by chlorite and/or sericite, with scattered pyrite and trace 
rutile. Plagioclase was variably replaced by sericite and a little pyrite, and FeTi oxide by rutile ± pyrite. A 
couple of thin, discontinuous veinlets of sericite + pyrite cut the altered rock. 
 
Handspecimen: The air core sample is composed of a massive, hydrothermally altered, porphyritic felsic 
to intermediate igneous rock. It is characterised by scattered white, variably altered, feldspar 
phenocrysts (e.g. plagioclase) up to 5 mm across and there are scattered grey-green pseudomorphs 
after former ferromagnesian phenocrysts, all enclosed in a fine grained, grey groundmass, perhaps of 
quartzofeldspathic composition. Imposed alteration could have formed sericite from feldspar 
phenocrysts and chlorite at ferromagnesian sites. Disseminated pyrite, in grains up to 1 mm across, 
occurs throughout. The sample is essentially non-magnetic, with susceptibility of <10 x 10-5 SI. 
 
Petrographic description 
a) Primary rock characteristics: In the section, relict rather coarsely porphyritic texture is moderately well 
preserved (Fig. 17). The rock contains scattered blocky plagioclase phenocrysts up to 5 mm across, 
commonly preserved  relict igneous zoning and twinning. There are also scattered pseudomorphs after 
former blocky to prismatic ferromagnesian phenocrysts up to 3 mm long, with relict shapes inferring 
that pyroxene and hornblende were formerly present (Figs 17, 18). The rock also contains a few small a 
few small microphenocrysts of FeTi oxide (now altered), quartz and apatite. The phenocrystal phases 
occurred in a fine grained groundmass of likely quartzofeldspathic composition and containing finely 
recrystallised plagioclase, alkali feldspar and quartz (Fig. 17). The preserved primary characteristics of 
the rock are interpreted to indicate that the protolith was a porphyritic dacite. 
 
b) Alteration and structure: Moderate to strong hydrothermal alteration was imposed on the porphyritic 
igneous rock. Plagioclase has variable replacement by fine grained sericite and a little pyrite (Fig. 17). 
All former ferromagnesian material was altered, with replacement by chlorite and/or sericite, and 
typically with scattered pyrite and a trace of rutile (Figs 17, 18), and original igneous FeTi oxide was 
replaced by rutile ± pyrite. In the groundmass, apart from fine grained recrystallisation of feldspar and 
quartz, a little fine grained chlorite, sericite and pyrite developed. The altered rock hosts a couple of 
thin, discontinuous veins up to 0.2 mm wide that contain sericite and pyrite. The observed alteration 
assemblage is consistent with propylitic type. 
 
c) Mineralisation: The alteration assemblage contains minor disseminated pyrite, scattered throughout, 
but tending to be concentrated at former ferromagnesian phenocryst sites (Figs 17, 18), where there is 
also a tiny trace of chalcopyrite. Largest pyrite grains are up to 0.6 mm across and aggregates up to 1.5 
mm across. 
 
Mineral Mode (by volume): plagioclase 40%, quartz and alkali feldspar each 15%, sericite 13%, chlorite 
10%, pyrite 6% and traces of rutile, apatite and chalcopyrite. 
 
Interpretation and comment: It is interpreted that the sample represents a porphyritic dacite, with 
moderate to strong propylitic alteration. Relict texture is moderately well preserved, showing that the 
protolith contained scattered rather coarse plagioclase phenocryst (in which there is some preservation 
of igneous twinning and zoning), and phenocrysts of ferromagnesian phases (probably hornblende and 
pyroxene, based on relict shape, but now completely altered) and a few small microphenocrysts of FeTi 
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oxide, quartz and apatite. The phenocrystal phases occurred in a fine grained, quartzofeldspathic 
composition groundmass. Imposed alteration resulted in all ferromagnesian phases being replaced by 
chlorite and/or sericite, with scattered pyrite and trace rutile. Plagioclase was variably replaced by 
sericite and a little pyrite, and FeTi oxide by rutile ± pyrite. A couple of thin, discontinuous veinlets of 
sericite + pyrite cut the altered rock. 
 

 
 

 
 
 
  

Fig. 17: Altered porphyritic 
dacite with part of a 
plagioclase phenocryst at 
right, showing sericite 
alteration. The dark 
aggregates are sites of 
former ferromagnesian 
grains (probably pyroxene) 
replaced by chlorite and 
pyrite. Transmitted light, 
crossed polarisers, field of 
view 2 mm across. 
 

Fig. 18: Pseudomorph after 
a subhedral hornblende 
phenocryst that was 
replaced by chlorite 
(darker, low relief) and 
pyrite (creamy).  Plane 
polarised reflected light, 
field of view 2 mm across. 
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STAC0124 86-88 m (S41) TS 
Summary: Very strongly altered rock, tentatively considered to represent a former porphyritic andesite. 
Relict texture is poorly to moderately preserved and there is no retention of primary igneous minerals. 
The protolith would have contained scattered phenocrysts of plagioclase and a ferromagnesian phase 
(maybe pyroxene) and a few microphenocrysts of FeTi oxide in a fine grained groundmass. There is no 
textural or mineralogical evidence that the protolith was of gabbroic type. The protolith was affected by 
argillic alteration, causing total replacement by varying proportions of fine grained chlorite-smectite, 
quartz and illite, with a little albite, carbonate and leucoxene. A few thin, discontinuous veins occur, 
containing chlorite-smectite, quartz or carbonate. The alteration is interpreted to have been due to deep 
supergene processes. 
 
Handspecimen: The air core drill chips are composed of a soft, apparently clay-altered igneous rock, 
with a moderately preserved relict porphyritic texture. There are scattered, pale creamy coloured, altered 
feldspar phenocrysts and greenish, altered ferromagnesian phenocrysts, in a fine grained, pale grey-
green altered groundmass. Apart from clay (e.g. smectite) development, it is likely that chlorite also 
occurs. 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 poorly to moderately preserved, 
but it is evident that the original rock was almost completely altered. There are scattered pseudomorphs 
after former plagioclase phenocrysts up to 4 mm long, in which a few have small amounts of preserved 
plagioclase (maybe albitised) (Fig. 19). There are also a few pseudomorphs after former blocky 
ferromagnesian phenocrysts up to 2.5 mm across (Fig. 19). Relict shapes of the latter could imply that 
the original phenocryst phase was pyroxene. These sites locally contain inclusions of altered FeTi oxide 
and rare relict apatite. Elsewhere in the rock, there are a few altered microphenocrysts of FeTi oxide up 
to 0.6 mm across. The phenocrystal phases occurred in a fine grained groundmass, but due to the 
intensity of alteration, its original nature remains obscure. There is no evidence, however, from relict 
texture, or any relict minerals, for the protolith to have been a relatively coarse grained mafic igneous 
rock, e.g. gabbro, and it is tentatively considered that the protolith was more likely a porphyritic 
andesite. 
 
b) Alteration and structure: The igneous protolith experienced very strong argillic alteration. There was 
replacement by abundant fine grained clay (illite) and clay-chlorite (e.g. chlorite-smectite phase), as well 
as fine grained quartz and a little carbonate and leucoxene (at former FeTi oxide sites). Interpreted 
plagioclase (maybe albitised) is locally preserved, but most was replaced by mixtures of illite, quartz, 
chlorite-smectite and trace carbonate (Fig. 19). Ferromagnesian grains were replaced by chlorite-
smectite and a little quartz and carbonate (Fig. 19) and in the original groundmass, there was 
replacement by abundant chlorite-smectite, lesser quartz and a little carbonate. A few thin, 
discontinuous and anastomosing veinlets occur, mostly containing chlorite-smectite, but a few (and up 
to 0.5 mm wide) also contain quartz (chalcedonic form) and carbonate. It is proposed that the observed 
alteration in the sample was caused by deep supergene processes. 
 
c) Mineralisation: The sample has no evidence for the occurrence of sulphide minerals. 
 
Mineral Mode (by volume): chlorite-smectite 50%, quartz 30%, clay (illite) 15%, carbonate and 
plagioclase (includes albite) each 2%, leucoxene 1% and a trace of apatite. 
 
Interpretation and comment: It is interpreted that the sample is considered to represent a former 
porphyritic andesite that was affected by very strong argillic alteration that was likely a result of deep 
supergene processes. Relict texture is poorly to moderately preserved and there is no retention of 
primary igneous minerals. The protolith would have contained scattered phenocrysts of plagioclase and 
a ferromagnesian phase (maybe pyroxene) and a few microphenocrysts of FeTi oxide in a fine grained 
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groundmass. There is no textural or mineralogical evidence that the protolith was of gabbroic type. The 
imposed alteration resulted in total replacement by varying proportions of chlorite-smectite, quartz and 
illite, with a little albite, carbonate and leucoxene. A few thin, discontinuous veins occur, containing 
chlorite-smectite, quartz or carbonate. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 19: Argillically altered 
porphyritic andesite with 
plagioclase phenocrysts 
replaced by illite + quartz, 
and pyroxene phenocryst 
(lower right) replaced by 
greenish chlorite-smectite. 
The fine grained 
groundmass is altered to 
quartz and chlorite-
smectite. Transmitted 
light, crossed polarisers, 

      
 


