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Introduction 
 
Eleven rocks samples from outcrops of the Carboniferous age Eagleton 
Volcanics, north of Raymond Terrace, NSW, were submitted for petrographic 
preparation, description and interpretation, with specific comments to be made 
on rock quality and suitability for construction purposes (e.g. for engineering 
and aggregate use). Samples appeared relatively fresh and most only had slight 
surface indications of imposed weathering effects, and the degree of fracturing 
was low to negligible on the scale of the handspecimens. The rocks appeared 
to range from felsic (e.g. rhyolitic) to intermediate (e.g. andesitic) in composition 
and most were evidently porphyritic. Samples were sent to Petrographic 
International Pty Ltd in Brisbane for preparation of standard thin sections (TS). 
 
Subsequently, the TS were examined microscopically in transmitted and oblique 
reflected light and representative photomicrographs taken of mineralogical and 
textural characteristics. Each sample was measured for magnetic susceptibility 
and all section offcuts were treated with hydrofluoric acid and sodium 
cobaltinitrite to test for the presence of K-feldspar. It should be noted that 
identification of fine grained layer silicate mineral phases is limited 
petrographically, so that assessment of individual sample descriptions needs to 
be mindful of this fact. This is applicable to phases stated as follows: chlorite-
smectite, illite-smectite, illite-sericite and kaolinite. Quantitative determination 
of such phases would need to be performed by XRD or a spectral method using 
PIMA or TerraSpec. 
 
Parameters for observation of rock quality include the presence of fractures, the 
presence of significant amounts of fine grained layer silicates that have been 
derived by imposed alteration of the rocks (e.g. by metamorphism/diagenesis, 
hydrothermal alteration and weathering), especially the swelling clay varieties 
(e.g. smectite), and the concentration of such phases on planar structures. 
 
Summary descriptions of the samples 
 
Summary descriptions are listed following, with detailed descriptions and 
photomicrographs in a later part of the report. 
 
Sample 3 TS 
Summary: Strongly porphyritic rhyodacite, containing abundant phenocrysts of quartz, K-
feldspar and plagioclase, as well as a few partly altered grains of biotite, in a former glassy, 
fluidal groundmass. The rock also contained a few microphenocrysts of FeTi oxide 
(titanomagnetite) and another possible ferromagnesian phase, possibly pyroxene. The rock has 
experienced diagenetic alteration that has resulted in complete devitrification of the 
groundmass and replacement by fine grained alkali feldspar (commonly with radial growth 
texture) and minor quartz. Plagioclase phenocrysts are locally replaced by sericite, and biotite 
(and the other possible ferromagnesian phase) is commonly replaced by sericite and hematite. 



Slight clay clouding of K-feldspar phenocrysts and groundmass feldspar has occurred, but the 
amount of clay is minor. The rock remains strong and competent, there are no planar 
discontinuities. 
 
Sample 15 TS 
Summary: Fragmented vitric-crystal welded tuff (ignimbrite) of rhyolite composition, showing 
overprinting diagenetic alteration effects and mild weathering. There are rather sparsely 
scattered small phenocrystal grains of quartz (commonly shattered), K-feldspar and minor 
biotite in a matrix dominated by small vitriclastic particles (including former glass shards) that 
have been welded. The rock was subsequently evidently fragmented to form generally angular 
fragments enclosed in a finely vitriclastic matrix. Imposed alteration led to replacement of 
former vitric material by fine grained alkali feldspar (perhaps with K-feldspar > albite) and 
quartz, with minor celadonite. A little sericite and hematite have developed from biotite and K-
feldspar grains, and with slight hematite dusting and clay development in the matrix. Slight 
weathering effects are indicated by a little fracture-controlled goethite staining. The rock 
remains massive, hard and competent, with no alignment of the small amount of layer silicate 
material and only a couple of minor fractures. 
 
H2 TS 
Summary: Medium to coarse grained vitric (-crystal) felsic tuff, probably of rhyodacite 
composition, and with pervasive alteration that has led to devitrification. The rock has well 
preserved vitriclastic texture, with abundant apparently non-welded vitriclasts, including a few 
larger, aligned fragments. There are also sparse phenocrystal grains, including plagioclase and 
less common quartz and K-feldspar. Devitrification has led to replacement of former glassy 
material to fine grained alkali feldspar (probably sodic plagioclase ~ K-feldspar), along with 
subordinate fine grained clay (e.g. illite-smectite) and quartz, with much of the former vitriclastic 
material being finely dusted by hematite and/or goethite. Feldspar phenocrysts are clouded by 
clay alteration (maybe kaolinite). Although the rock is relatively massive and has no mesoscopic 
fracturing, there is pervasive clay alteration and this factor would potentially reduce rock quality. 
 
H3 TS 
Summary: Massive, strongly porphyritic hornblende-biotite dacite, showing moderate pervasive 
alteration of diagenetic type. The rock retains abundant phenocrysts of plagioclase and less 
common phenocrysts of quartz, hornblende and biotite, although the last phase is almost 
completely altered. There are also a few microphenocrysts of FeTi oxide (titanomagnetite) and 
rare clinopyroxene, with the phenocrystal phases occurring in what would have been a slightly 
fluidal, glassy or aphanitic feldspathic groundmass. Imposed alteration caused replacement of 
the groundmass, mostly by very fine grained alkali feldspar. Primary ferromagnesian phases 
were variably replaced by fine grained chlorite-smectite (particularly biotite) and minor 
hematite. Similarly, FeTi oxide was partly replaced by hematite, and plagioclase shows generally 
minor replacement by chlorite-smectite. The rock has no obvious planar discontinuities and 
although there is significant development of alteration-derived chlorite-sericite, there is no 
concentration of this phase in through-going structures, or development of preferred 
orientation. The rock could remain moderately suitable for construction purposes, although the 
occurrence of a smectite-type clay phase could be deleterious.  
 
H6 TS 
Summary: Moderately altered, coarse lithic-crystal tuff, likely to be of andesitic composition. 
The rock has scattered fragments of porphyritic andesitic rock and disaggregated individual 
mineral grains in a fine grained tuffaceous material. Prior to fragmentation, it is evident that the 
original rock contained phenocrysts of plagioclase and less common pyroxene, in a fine grained 
feldspathic groundmass, with sparse microphenocrysts of FeTi oxide (titanomagnetite). 



Fragmentation led to development of irregular to elongate volcanic lithic fragments and 
individual mineral grains (plagioclase, pyroxene, a little FeTi oxide and traces of quartz, K-
feldspar and apatite), hosted in a fine, tuffaceous matrix. Pervasive alteration probably a result 
of diagenesis and slight weathering, caused replacement of interpreted pyroxene by celadonite, 
hematite and goethite. FeTi oxide was partly replaced by hematite and plagioclase by celadonite 
and a little illite-sericite. The fine grained tuffaceous matrix was replaced by very fine alkali 
feldspar (includes albite and K-feldspar), a chlorite-smectite phase and hematite. The rock 
remains massive and hard, with no planar discontinuities or alignment of layer silicates, but rock 
quality could be degraded by the possible presence of minor smectite.  
 
NT2 TS 
Summary: Massive crystal-vitric tuff, probably ignimbritic, and of rhyodacite composition, 
showing mild pervasive diagenetic alteration. The rock retains abundant phenocrystal grains of 
plagioclase and quartz, with less common biotite, and a few microphenocrysts of FeTi oxide 
(titanomagnetite) and hornblende. There are abundant vitriclasts and a few porphyritic and 
fluidal texture volcanic lithic fragments, all hosted in a finer grained vitriclastic matrix. Overall, 
there is only weak alignment of components. Pervasive alteration led to devitrification of all 
former glassy material and replacement by fine grained alkali feldspar, minor quartz, clay 
(maybe illite-smectite) and hematite. Plagioclase phenocrysts are also locally altered to clay and 
illite-sericite, with biotite being largely replaced by illite-sericite and hematite. Slight weathering 
effects are also apparent, with goethite impregnation of the altered matrix. The rock remains 
hard and competent, and despite the minor amount of layer silicate material, it could be 
generally suitable for construction purposes.  
 
NTA1 TS 
Summary: Massive vitric-crystal tuff or ignimbrite, with a composition ranging between quartz 
latite and rhyodacite, and showing moderate diagenetic alteration. There are scattered 
phenocrystal grains of plagioclase and minor amounts of ferromagnesian minerals, quartz and 
FeTi oxide (titanomagnetite). Most ferromagnesian phases are altered, but there is a trace of 
relict hornblende and it can be inferred from relict shapes that pyroxene and biotite also 
occurred. The rock has a large matrix component, with relict texture indicating that it was 
dominated by fine vitriclastic material (e.g. some preservation of glass shard texture). Pervasive 
alteration caused replacement of vitriclastic material by very fine grained alkali feldspar, minor 
amounts of a chlorite-smectite phase and quartz. Plagioclase phenocrysts are mildly altered to 
illite-sericite and chlorite-smectite, and most ferromagnesian material was replaced by chlorite-
smectite, celadonite and trace hematite. Slight weathering effects are apparent with 
development of a little goethite. The rock is massive, hard and unfractured, and there is no 
alignment of alteration-derived layer silicates.  
 
ST8 TS 
Summary: Massive ignimbrite of rhyodacite composition and showing moderate pervasive 
diagenetic alteration. The rock retains scattered phenocrystal grains of quartz, K-feldspar and 
plagioclase, but more sparsely distributed former ferromagnesian grains (biotite, possible 
pyroxene) are completely altered. There are also a few small grains of FeTi oxide 
(titanomagnetite). The phenocrystal grains occur in a vitriclastic matrix that shows welded 
texture (including fluidal structures and glass shards). Imposed alteration led to replacement of 
vitriclastic material by very fine grained alkali feldspar, plus minor quartz and clay (illite-
smectite). Feldspar phenocrysts are slightly altered to illite-sericite and/or clay, and all 
ferromagnesian material is replaced by illite-sericite and trace hematite and leucoxene. Slight 
weathering effects are manifest in the sample by minor goethite aggregates and impregnations. 
The rock has no planar structures and there is no alignment of alteration-derived layer silicates. 



It remains hard and competent and despite the development of minor layer silicates, the rock 
is probably largely suitable for construction purposes. 
 
T1 TS 
Summary: Strongly porphyritic, fluidal texture rhyodacite, with mild diagenetic alteration. The 
rock has abundantly scattered phenocrysts of quartz, plagioclase and K-feldspar, with former 
smaller, less common biotite phenocrysts being completely altered. The rock also contains a 
few, partly altered microphenocrysts of FeTi oxide (titanomagnetite), all hosted within a fluidal 
texture, formerly glassy groundmass. Pervasive alteration led to replacement of all glassy 
material by fine grained alkali feldspar, a little quartz, clay and hematite dusting. Feldspar 
phenocrysts show slight replacement by illite-sericite and clay, and all former biotite was 
replaced by illite-sericite, and traces of leucoxene and hematite. The rock is not fractured and 
it remains massive and hard. Despite the development of minor layer silicates, the rock is 
probably largely suitable for construction purposes. 
 
T5 TS 
Summary: Crystal-vitric-lithic tuff of rhyodacite composition and showing moderate pervasive 
diagenetic alteration and slight weathering effects. There are abundant phenocrystal grains of 
plagioclase and quartz, less common biotite (now all altered), hornblende and FeTi oxide 
(titanomagnetite), plus a few volcanic lithic grains in a finer grained, originally vitriclastic-
dominated matrix. There is little indication of welding or flow foliation in the matrix. Alteration 
caused replacement of all biotite and some hornblende by fine grained clay (chlorite-smectite), 
illite-sericite and hematite. Similarly, plagioclase shows local alteration to the same phases, and 
in the matrix, there was total replacement of vitriclastic material by fine grained alkali feldspar, 
minor quartz, clay and a little hematite dusting. The presence of goethite, mostly at 
ferromagnesian sites, is an indication of imposed weathering. The rock has no fractures and 
there are no planar concentrations of alteration-derived layer silicate phases. Despite the 
occurrence of minor layer silicate development, the rock is probably relatively suitable for 
construction purposes. 
 
T24 TS 
Summary: Porphyritic two-pyroxene andesite with a partly glassy groundmass. The rock is 
largely fresh and there is little indication of devitrification of groundmass material. The rock 
contains scattered phenocrysts of plagioclase, orthopyroxene and clinopyroxene, with a few 
micro-enclaves rich in pyroxenes. There are also sparsely scattered small grains of FeTi oxide 
(titanomagnetite). In the groundmass, glass hosts tiny microlites of plagioclase and tiny 
granules of titanomagnetite. A couple of thin fractures occur, containing fine grained clay, and 
bordered by slight impregnation of the rock by hematite/goethite dusting. The rock is generally 
massive and hard. If the few fractures can be avoided, the rock would be suitable for 
construction purposes. 
 

 
Interpretation and comment 
 
The sample suite consists of massive, commonly strongly porphyritic, felsic to 
intermediate volcanic rocks, with some interpreted to represent coherent 
magmatic rocks (e.g. lavas) and others considered to be pyroclastic products. 
Most have experienced mild to moderate diagenetic alteration and have slight 
weathering effects imposed. On the scale of the samples, almost all are 
unfractured and hard. 



 
There is an evident compositional range in the samples, manifest by variations 
in colour (paler to darker), proportions of quartz, plagioclase and K-feldspar, 
and the amounts of associated ferromagnesian phases, i.e. smaller in more felsic 
types and larger in intermediate types. It is interpreted from primary mineralogy 
that there is a range in rock type from rhyolite composition (e.g. sample 15), 
through rhyodacite (the most common type; in samples 3, H2, NT2, ST8, T1, T5) 
to dacite (sample H3), quartz latite (or “mafic” rhyodacite; sample NTA1) and 
andesite (samples H6, T24). Interpreted coherent (e.g. lava) samples are 3, H3, 
T1 and T24, with the others interpreted as pyroclastics including welded 
(ignimbritic) types (e.g. 15, NT2, NTA1 and ST8) and non-welded (vitric-crystal 
tuff) types (e.g. H2, H6, T1 and T5). The distinction between coherent and 
pyroclastic type is made on the basis of groundmass/matrix textures. Coherent 
rocks would have contained a massive to flow foliated glassy groundmass, but 
with no indications of fine scale fragmentation (i.e. presence of vitriclasts). The 
pyroclastic rocks have matrix material that includes obvious vitriclasts (some of 
which preserve glass shard textures, fluidal textured fragments, including some 
with flattening alignment) and locally, volcanic lithic fragments. In sample 15, it 
is apparent that subsequent to the development of an ignimbrite texture, the 
rock was later fragmented. 
 
Phenocrystal grains are generally abundant in the samples (ranging up to 60-
70%) and include plagioclase and quartz (most common, although quartz is 
lacking in the andesitic composition rocks), K-feldspar (only in some samples, 
e.g. rhyolite, rhyodacite), biotite (in many samples, but commonly altered), 
hornblende (in a few of the rhyodacite and dacite samples), pyroxenes (mostly 
in the andesites, e.g. T24) and FeTi oxide (titanomagnetite). Accessory traces of 
apatite and zircon are recognised in most samples. Coherent groundmass and 
vitriclastic material probably ranges from quartzofeldspathic composition (in 
the felsic rocks) to feldspathic (in the andesitic rocks) and staining of the section 
offcuts indicates that this fine grained material has a range from minor K-
feldspar (e.g. in T24) to abundant (maybe up to 30-40%) in some of the more 
felsic compositions. In T24, there is interpreted primary glass preserved in the 
groundmass, whereas in all other samples former coherent glass or vitriclasts 
have been completely replaced. 
 
All samples in the suite, except T24, show imposed effects of diagenetic 
alteration and in some cases, slight weathering. T24 is unusual in that it 
preserves considerable glass in the groundmass and appears to have escaped 
most of the overprinting effects. In all other samples, former glassy groundmass 
or vitriclastic material has been replaced. The products of devitrification are 
typically dominated by fine grained alkali feldspar (with varying proportions of 
K-feldspar versus albite), commonly as very finely granular material, but in 



places forming sub-radiating aggregates. The proportion of this type of fine 
grained feldspar compared to other minor products of glass replacement (fine 
grained quartz, clay phases and ultrafine hematite pigmentation) is generally 
greatly dominant and this would have a bearing on rock strength and durability. 
Clay phases could include chlorite-smectite (typically of green, khaki and brown 
colouration) and illite-smectite. Phenocrystal grains of plagioclase, although 
commonly relatively fresh, also show replacement by small amounts of illite-
sericite, and locally by significant chlorite-smectite, as well as a little hematite 
dusting. K-feldspar phenocrystal grains are generally little-altered, apart from 
slight clay clouding (maybe kaolinite) and hematite dusting. Original igneous 
ferromagnesian grains are commonly partly to completely altered (although as 
previously mentioned, in T24, fresh orthopyroxene and clinopyroxene are 
retained). Biotite is typically replaced by illite-sericite, but other products 
include chlorite-smectite, hematite and a little leucoxene. Hornblende and 
pyroxene also tend to have replacement by hematite, celadonite, chlorite-
smectite and illite-sericite. Igneous titanomagnetite, although preserved in 
most samples, also shows variable replacement by hematite. It should be noted 
that the presence of hematite as an alteration product in most samples is not 
ascribed to overprinting weathering effects, but to diagenetic (burial) alteration 
occurring under oxidising conditions. 
 
Alteration due to weathering is indicated by slight development of goethite in 
many of the samples. This occurs as fine dusting in the groundmass/vitriclastic 
matrix material as well as impregnations at altered ferromagnesian sites (mainly 
altered biotite). There does not appear to be any significant development of 
additional clay, e.g. from replacement of feldspar.  
 
On the scale of the samples examined, there is very little evidence of fracturing, 
and in fluidal texture groundmass or ignimbritic material, there is little 
development of preferred orientation, i.e. that would provide potential planes 
of weakness in the rocks. Sample 15 shows a couple of late thin fractures, along 
which a little weathering-derived goethite has permeated, and in T24, a couple 
of narrow fractures are filled by fine grained clay (maybe kaolinite) and there is 
a little associated impregnation of the rock by dusty hematite/goethite. 
 
In most samples in the suite, it is deduced that rock quality, as defined by 
potential use for construction purposes, would range from moderately good 
through to high quality. The criteria would include the presence or absence of 
close-spaced fracturing (essentially nil in all samples), the proportion of 
alteration-derived fine grained layer silicate minerals (with a focus on reactive 
clay material such as smectite), the disposition of such minerals, e.g. as 
concentrations and along planar structures, and the degree of weathering (low 
to negligible in all samples). Quality criteria are outlined in the table below, and 



the score is an estimate, based on the petrographic observations, of rock 
quality. 
 

Sample Rock type Perceived quality Quality score 
3 rhyodacite good-high 8-9 
15 fragmented rhyolite 

ignimbrite good-high 8-9 
H2 rhyodacite tuff moderate 5 
H3 dacite moderate-good 7 
H6 andesite tuff moderate-good 7 

NT2 rhyodacite ignimbrite moderate-good 7 
NTA1 quartz latite-rhyodacite 

tuff moderate-good 7-8 
ST8 rhyodacite ignimbrite moderate-good 7-8 
T1 rhyodacite good 8 
T5 rhyodacite tuff good 8 
T24 andesite high 9 

 
The higher the score, the better the quality. Sample H2 contains a higher 
proportion of clay phases than the other samples, and it appears as a 
consequence to be somewhat softer, so is given a lower score. 
 
 
 
 
 
 
 
 
 
 
  



 

 
Individual sample 

descriptions 



Sample 3 TS 
Summary: Strongly porphyritic rhyodacite, containing abundant phenocrysts of quartz, K-
feldspar and plagioclase, as well as a few partly altered grains of biotite, in a former glassy, 
fluidal groundmass. The rock also contained a few microphenocrysts of FeTi oxide 
(titanomagnetite) and another possible ferromagnesian phase, possibly pyroxene. The rock has 
experienced diagenetic alteration that has resulted in complete devitrification of the 
groundmass and replacement by fine grained alkali feldspar (commonly with radial growth 
texture) and minor quartz. Plagioclase phenocrysts are locally replaced by sericite, and biotite 
(and the other possible ferromagnesian phase) is commonly replaced by sericite and hematite. 
Slight clay clouding of K-feldspar phenocrysts and groundmass feldspar has occurred, but the 
amount of clay is minor. The rock remains strong and competent, there are no planar 
discontinuities. 
 
Handspecimen: The sample is composed of a massive, strongly porphyritic, but otherwise fine 
grained felsic igneous rock, maybe representing a lava or shallow intrusive. It contains scattered 
grey quartz phenocrysts and pale pink feldspar phenocrysts, each up to a few millimetres across, 
and uncommon smaller black ferromagnesian phenocrysts (e.g. biotite) in a fine grained, pale 
pink quartzofeldspathic groundmass. Staining of the section offcut with sodium cobaltinitrite 
showed that the groundmass contains a moderate amount of K-feldspar and that some of the 
phenocrysts are also K-feldspar. The sample is moderately magnetic with susceptibility up to 
220 x 10-5 SI. 
 
Petrographic description 
a) Primary rock characteristics: In the section, it is apparent that the rock is strongly porphyritic 
(crowded porphyry texture), with about 50 volume % phenocrysts. There are scattered 
phenocrysts of quartz up to 3.5 mm across (commonly embayed), K-feldspar up to 4 mm, 
plagioclase up to 3 mm and less common (and smaller) phenocrysts of biotite up to 1.5 mm 
long (Figs 1, 2). The rock also contains sparse microphenocrysts of FeTi oxide (titanomagnetite), 
uncommon pseudomorphic aggregates after another possible ferromagnesian phase (e.g. 
pyroxene) and rare zircon. The phenocrystal phases occurred in a formerly fluidal texture, glassy 
groundmass of quartzofeldspathic composition (Fig. 1). The mineralogical and textural 
characteristics of the rock indicate that it is a porphyritic rhyodacite. 
 
b) Alteration and structure: The igneous rock experienced mild alteration, most likely of 
diagenetic (burial metamorphic) type. This has resulted in complete modification of the 
groundmass, with replacement of interpreted former glass by abundant fine to medium grained 
alkali feldspar (probably K-feldspar and albite) and minor quartz. The feldspars commonly form 
sub-radiating to radiating aggregates of acicular grains up to 1 mm across, as well as finely 
granular material (Figs 1, 2). Imposed alteration also led to local replacement of plagioclase 
phenocrysts by fine grained sericite aggregates. Much original biotite and all interpreted 
microphenocrysts of the other possible ferromagnesian phase, were replaced by sericite and 
hematite. Similarly, there was considerable hematite replacement of FeTi oxide. K-feldspar 
(phenocrysts and groundmass) was lightly clouded by clay alteration (probably kaolinite). The 
rock remains massive and there are no planar structures on the scale of the section, and 
weathering effects are minimal. 
 
Mineral Mode (by volume): alkali feldspar 40%, plagioclase 30%, quartz 25%, sericite 2%, biotite, 
hematite and clay (kaolinite) each 1% and traces of FeTi oxide (titanomagnetite) and zircon. 
 
Interpretation and comment: It is interpreted that the sample is a porphyritic rhyodacite. 
Abundant phenocrysts of quartz and feldspars are accompanied by a few smaller biotite grains, 
enclosed in a formerly glassy, fluidal texture, quartzofeldspathic groundmass. Imposed 



diagenetic alteration led to devitrification of the groundmass and production of abundant alkali 
feldspar. There was also minor development of fine grained sericite, hematite and clay (e.g. 
kaolinite). The layer silicates do not have any preferred orientation and the rock does not exhibit 
any planar structures. It remains hard and competent and could be suitable for engineering and 
construction purposes. 
 

 
 
Fig. 1: Relict fluidal texture in the groundmass, replaced largely by alkali feldspar and slightly 
clouded by ultrafine clay and hematite. The groundmass encloses phenocrysts of quartz (left) 
and feldspar (upper). Plane polarised transmitted light, field of view 2 mm across. 
 



 
 
Fig. 2: Phenocrystal grains of quartz (white) feldspars (upper left), biotite (lower left and right) 
and FeTi oxide (black) in devitrified groundmass, now replaced by low-birefringent and locally 
sub-radiating aggregates of alkali feldspar. Transmitted light, crossed polarisers, field of view 2 
mm across. 
  



Sample 15 TS 
Summary: Fragmented vitric-crystal welded tuff (ignimbrite) of rhyolite composition, showing 
overprinting diagenetic alteration effects and mild weathering. There are rather sparsely 
scattered small phenocrystal grains of quartz (commonly shattered), K-feldspar and minor 
biotite in a matrix dominated by small vitriclastic particles (including former glass shards) that 
have been welded. The rock was subsequently evidently fragmented to form generally angular 
fragments enclosed in a finely vitriclastic matrix. Imposed alteration led to replacement of 
former vitric material by fine grained alkali feldspar (perhaps with K-feldspar > albite) and 
quartz, with minor celadonite. A little sericite and hematite have developed from biotite and K-
feldspar grains, and with slight hematite dusting and clay development in the matrix. Slight 
weathering effects are indicated by a little fracture-controlled goethite staining. The rock 
remains massive, hard and competent, with no alignment of the small amount of layer silicate 
material and only a couple of minor fractures. 
 
Handspecimen: The sample is composed of a massive, porphyritic felsic volcanic rock. It 
contains scattered small (<2 mm) pink feldspar and translucent grey quartz and a few black 
biotite phenocrysts in a fine grained grey quartzofeldspathic groundmass. The latter has a 
diffusely fragmental texture, with angular to sub-rounded fragments up to several millimetres 
across. The sample shows slight weathering effects with a little orange-brown goethite on 
exterior surfaces and thin fractures. Staining of the section offcut with sodium cobaltinitrite 
showed that the groundmass contains abundant K-feldspar and that some of the phenocrysts 
are also K-feldspar. The sample is weakly magnetic with susceptibility up to 70 x 10-5 SI. 
 
Petrographic description 
a) Primary rock characteristics: In the section, the rock is relatively sparsely porphyritic, with 
scattered quartz phenocrystal grains up to 1.5 mm across (that are commonly shattered), K-
feldspar up to 2 mm and a few, mostly altered biotite grains up to 1.5 mm across (Fig. 3). There 
are also uncommon microphenocrysts of FeTi oxide (titanomagnetite) up to 0.2 mm and rare 
zircon. These phases occur in a now devitrified fine grained vitriclastic matrix (Fig.3). In the latter, 
relict texture is moderately preserved and shows that there were small glass shards and other 
small vitriclasts (<0.3 mm) that were associated with small feldspar grains and trace FeTi oxide, 
with all being welded together (Figs 3, 4). Subsequently, the rock was evidently fragmented, 
with formation of irregular, sub-rounded and angular fragments up to several millimetres across 
of vitric-crystal welded tuff (ignimbrite) incorporated into a finer grained vitriclastic-dominated 
matrix that occupies about half of the sample. The preserved primary characteristics indicate 
that the rock is a fragmented ignimbrite (vitric-crystal welded tuff) of rhyolite composition. 
 
b) Alteration and structure: The original pyroclastic rock evidently experienced diagenetic 
(burial metamorphic) alteration, leading to devitrification of the vitriclastic matrix component 
and replacement by abundant fine grained alkali feldspar (probably with K-feldspar > albite), 
subordinate quartz, minor celadonite and trace hematite (Fig. 2). Most biotite was replaced by 
sericite and hematite, and there was a small amount of sericite and hematite developed from 
K-feldspar phenocrysts, and hematite also formed from FeTi oxide. Possible slight clay alteration 
(e.g. kaolinite) of feldspar also occurred (e.g. clouding effect). Effects of local mild weathering 
are restricted to a little goethite staining, mostly along a couple of late, thin fractures. 
 
Mineral Mode (by volume): alkali feldspar (probably K-feldspar > albite) 65%, quartz 30%, 
celadonite 2%, sericite and hematite each 1% and traces of biotite, FeTi oxide (titanomagnetite), 
zircon, clay (kaolinite) and goethite. 
 
Interpretation and comment: It is interpreted that the sample represents a fragmented rhyolitic 
composition vitric-crystal welded tuff (ignimbrite) that has undergone diagenetic alteration 



such that former vitric material was replaced by fine grained alkali feldspar, quartz, a little 
celadonite, sericite and hematite. A trace of possible clay (kaolinite) and goethite have also 
developed. The layer silicates do not have any preferred orientation and there are very few 
planar structures. It remains hard and competent and could be suitable for engineering and 
construction purposes. 
 

 
 
Fig. 3: Sparse phenocrystal grains of quartz (lower right), K-feldspar (upper right) and altered 
biotite (upper left) in altered fine grained vitriclastic matrix (now mostly alkali feldspar and 
quartz). Plane polarised transmitted light, field of view 2 mm across. 
 



 
 
Fig. 4: Part of an ignimbrite fragment (lower) showing possible relict glass shard texture and 
slight development of celadonite (greenish), enclosed by altered fine vitriclastic material and 
small alkali feldspar grains. Faint pink-brown colour due to hematite. Plane polarised 
transmitted light, field of view 1 mm across.  



H2 TS 
Summary: Medium to coarse grained vitric (-crystal) felsic tuff, probably of rhyodacite 
composition, and with pervasive alteration that has led to devitrification. The rock has well 
preserved vitriclastic texture, with abundant apparently non-welded vitriclasts, including a few 
larger, aligned fragments. There are also sparse phenocrystal grains, including plagioclase and 
less common quartz and K-feldspar. Devitrification has led to replacement of former glassy 
material to fine grained alkali feldspar (probably sodic plagioclase = K-feldspar), along with 
subordinate fine grained clay (e.g. illite-smectite) and quartz, with much of the former vitriclastic 
material being finely dusted by hematite and/or goethite. Feldspar phenocrysts are clouded by 
clay alteration (maybe kaolinite). Although the rock is relatively massive and has no mesoscopic 
fracturing, there is pervasive clay alteration and this factor would potentially reduce rock quality. 
 
Handspecimen: The sample is composed of a relatively massive, slightly weathered, pink-brown, 
fine grained felsic volcanic rock, with an appearance suggesting that it is of pyroclastic type. It 
has a few elongate, pale creamy coloured vitriclasts up to 1.5 cm in length, and sparse 
phenocrystal grains of pale creamy feldspar (up to 3 mm) and a few dark quartz grains up to 1 
mm across. The matrix is weakly foliated (?flow foliation) and probably of quartzofeldspathic 
composition and dominated by vitriclastic material. Staining of the section offcut with sodium 
cobaltinitrite showed that the matrix contains a moderate amount of K-feldspar and that some 
of the phenocrysts are also K-feldspar. 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 to coarse grained vitriclastic texture 
is well preserved (Fig. 5) although all original glassy material has been replaced. The rock 
formerly contained abundant, relatively tightly packed vitriclasts (glass shard texture, pumice 
bubble cavities) in the size range ~0.1-2 mm *Fig. 5), with a weak alignment in places. There are 
also larger, elongate and aligned vitriclasts up to 1.5 cm long, and a few phenocrystal grains, 
occurring as isolated entities as well as being components of larger vitriclasts. The phenocrystal 
grains are mostly plagioclase (up to 2.5 mm across), but there are also a few quartz grains (up 
to 1.5 mm) and K-feldspar (up to 2 mm) and rare small altered ferromagnesian grains (e.g. 
biotite) and FeTi oxide. Relict textures of vitriclastic material (Fig. 5) are not convincing to 
indicate that welding has occurred (e.g. strong alignment, flattening effects) and hence the 
sample is interpreted as a felsic vitric (-crystal) tuff. It is probably of rhyodacitic composition. 
 
b) Alteration and structure: The original pyroclastic rock experienced pervasive diagenetic 
(burial) alteration, resulting in all former vitric material being replaced by fine grained alkali 
feldspar (granular to sub-radiating textures are common), subordinate fine grained clay (e.g. 
illite-smectite) and quartz (e.g. filling pumice bubble cavities) (Fig. 6). Throughout much of the 
altered vitriclastic material, there is pervasive orange pigmentation by hematite and/or goethite 
(Fig. 5).  Feldspar phenocrysts are clouded by weak clay alteration, e.g. kaolinite (Fig. 5). No 
through-going fractures are observed and there is no apparent preferred orientation of 
alteration minerals. Some of the clay development in the sample might be due to later imposed 
weathering effects. 
 
Mineral Mode (by volume): alkali feldspar (probably K-feldspar = sodic plagioclase) 60%, clay 
minerals (illite-smectite >> kaolinite) 20%, quartz 18%, hematite/goethite 2% and a trace of 
FeTi oxide. 
 
Interpretation and comment: It is interpreted that the sample represents a devitrified, former 
rhyodacite composition, medium to coarse vitric (-crystal) tuff. The alteration process has led 
to replacement of former glassy material by abundant alkali feldspar, subordinate clay 



(probably illite-smectite) and quartz. Slight weathering effects have also occurred. The clay 
phases do not have any preferred orientation and there no planar structures recognised. 
Although the rock is massive and relatively hard, the amount of clay development could have 
a deleterious effect on rock quality. 
 

 
 
Fig. 5: Relict vitriclastic texture, with former glass shards and pumiceous fragments, and at right, 
a clay-clouded plagioclase phenocrystal grain. At left, quartz fills a pumice bubble cavity. The 
rock is pervasively altered to fine grained alkali feldspar and subordinate clay (illite0smectite), 
with the orange colour due to hematite/goethite pigmentation. Plane polarised transmitted 
light, field of view 2 mm across. 
 



 
 
Fig. 6: Detail of vitriclastic texture showing former glassy fragments replaced by fine grained 
alkali feldspar, clay and quartz, and pigmented brownish by hematite/goethite. Transmitted 
light, crossed polarisers, field of view 1 mm across. 
  



H3 TS 
Summary: Massive, strongly porphyritic hornblende-biotite dacite, showing moderate pervasive 
alteration of diagenetic type. The rock retains abundant phenocrysts of plagioclase and less 
common phenocrysts of quartz, hornblende and biotite, although the last phase is almost 
completely altered. There are also a few microphenocrysts of FeTi oxide (titanomagnetite) and 
rare clinopyroxene, with the phenocrystal phases occurring in what would have been a slightly 
fluidal, glassy or aphanitic feldspathic groundmass. Imposed alteration caused replacement of 
the groundmass, mostly by very fine grained alkali feldspar. Primary ferromagnesian phases 
were variably replaced by fine grained chlorite-smectite (particularly biotite) and minor 
hematite. Similarly, FeTi oxide was partly replaced by hematite, and plagioclase shows generally 
minor replacement by chlorite-smectite. The rock has no obvious planar discontinuities and 
although there is significant development of alteration-derived chlorite-smectite, there is no 
concentration of this phase in through-going structures, or development of preferred 
orientation. The rock could remain moderately suitable for construction purposes, although the 
occurrence of a smectite-type clay phase could be deleterious.  
 
Handspecimen: The sample is composed of a massive, strongly porphyritic felsic volcanic rock. 
It contains abundant pale grey to grey-green, partly altered feldspar (plagioclase) phenocrysts 
as well as dark translucent quartz and a few black ferromagnesian phenocrysts, each up to a 
few millimetres across, set in a fine grained, brown-grey feldspathic groundmass. A couple of 
slightly darker grey, porphyritic enclaves up to 2 cm across occur. Staining of the section offcut 
with sodium cobaltinitrite showed that there is a moderate amount of K-feldspar in the 
groundmass. The sample is strongly magnetic with susceptibility up to 1790 x 10-5 SI, indicating 
that there is minor disseminated magnetite. 
 
Petrographic description 
a) Primary rock characteristics: In the section, it is apparent that the rock is strongly porphyritic 
(“crowded phenocryst texture”), with an estimated 60% of phenocrysts and the remainder being 
fine grained groundmass (Fig. 7). There are abundant blocky plagioclase phenocrysts up to 3 
mm across, accompanied by less common quartz (up to 4.5 mm), khaki-green hornblende (up 
to 3.5 mm, but mostly <1.5 mm) and biotite (up to 2 mm) phenocrysts, along with a few 
microphenocrysts of FeTi oxide (titanomagnetite, up to 0.7 mm across) and rare clinopyroxene 
(Fig. 7). The groundmass enclosing the phenocrysts is very fine grained and locally has fluidal 
texture, suggesting that it was originally glassy to aphanitic. The groundmass contains traces of 
FeTi oxide and apatite and is likely to be of feldspathic composition, with considerable K-
feldspar. From the preserved primary mineralogy and texture, the sample is interpreted as a 
strongly porphyritic hornblende-biotite dacite. There is no strong indication that the rock 
represents a pyroclastic product. 
 
b) Alteration and structure: Moderate pervasive diagenetic alteration was imposed on the 
igneous rock, with this causing rather strong replacement of ferromagnesian phenocrysts 
(particularly biotite), local moderate alteration of plagioclase phenocrysts (Figs 7, 8) and FeTi 
oxide. The groundmass was pervasively replaced by very fine grained alkali feldspar (includes 
K-feldspar and albite), minor turbid greenish chlorite-smectite and a little dusty hematite 
pigmentation. Ferromagnesian grains were variably replaced (complete in the case of biotite) 
by khaki-green, fine grained chlorite-smectite and minor hematite. FeTi oxide was partly 
replaced by hematite and there has also been patchy replacement of plagioclase (mostly core 
zones) by chlorite-smectite (Fig. 8) and a trace of illite-sericite. The proportion of fine grained 
layer silicate material (mostly chlorite-smectite) in the sample is relatively minor and none 
appears to be concentrated on to through-going planar structures, or has a preferred 
orientation. 
 



Mineral Mode (by volume): plagioclase 50%, alkali feldspar (probably K-feldspar and albite) 
20%, quartz 13%, chlorite-smectite 10%, hornblende, FeTi oxide (titanomagnetite) and hematite 
each 2% and traces of clinopyroxene, illite-sericite and apatite. 
 
Interpretation and comment: It is interpreted that the sample represents a massive, strongly 
porphyritic hornblende-biotite dacite. The rock does exhibit moderate diagenetic alteration that 
has resulted in formation of minor fine grained chlorite-smectite, derived from replacement of 
plagioclase, ferromagnesian material and the groundmass. The rock has no observed planar 
discontinuities, and no preferred orientation of the layer silicate phase. Generally, the rock is 
hard and competent, but the presence of minor smectite could be a deleterious factor for rock 
quality. 
 

 
 
Fig. 7: Strongly porphyritic texture with plagioclase and quartz (clear), greenish hornblende 
(with dark hematite alteration rim) and dark (altered) biotite at left, and small black FeTi oxide 
grain. Fine grained groundmass is brown. Plane polarised transmitted light, field of view 2 mm 
across. 
 



 
 
Fig. 8: Detail showing partial replacement of a large plagioclase phenocryst by greenish chlorite-
smectite. Plane polarised transmitted light, field of view 2 mm across. 
  



H6 TS 
Summary: Moderately altered, coarse lithic-crystal tuff, likely to be of andesitic composition. 
The rock has scattered fragments of porphyritic andesitic rock and disaggregated individual 
mineral grains in a fine grained tuffaceous material. Prior to fragmentation, it is evident that the 
original rock contained phenocrysts of plagioclase and less common pyroxene, in a fine grained 
feldspathic groundmass, with sparse microphenocrysts of FeTi oxide (titanomagnetite). 
Fragmentation led to development of irregular to elongate volcanic lithic fragments and 
individual mineral grains (plagioclase, pyroxene, a little FeTi oxide and traces of quartz, K-
feldspar and apatite), hosted in a fine, tuffaceous matrix. Pervasive alteration probably a result 
of diagenesis and slight weathering, caused replacement of interpreted pyroxene by celadonite, 
hematite and goethite. FeTi oxide was partly replaced by hematite and plagioclase by celadonite 
and a little illite-sericite. The fine grained tuffaceous matrix was replaced by very fine alkali 
feldspar (includes albite and K-feldspar), a chlorite-smectite phase and hematite. The rock 
remains massive and hard, with no planar discontinuities or alignment of layer silicates, but rock 
quality could be degraded by the possible presence of minor smectite.  
 
Handspecimen: The sample is composed of a massive, dark grey, porphyritic and apparently 
fragmental intermediate volcanic rock (e.g. of andesitic type). It contains scattered irregular to 
angular porphyritic volcanic lithic fragments up to 1.5 cm across that appear to be of similar 
composition to the remainder of the rock. Throughout, there are scattered whitish plagioclase 
phenocrystal grains and small black grains up to 1 mm of a likely ferromagnesian phase, in a 
fine grained matrix. Locally, lithic fragments have a reddish-brown colour due to hematite 
pigmentation. Staining of the section offcut with sodium cobaltinitrite showed that there is a 
minor amount of K-feldspar in the groundmass. The sample is moderately magnetic with 
susceptibility up to 270 x 10-5 SI. 
 
Petrographic description 
a) Primary rock characteristics: In the section, it is apparent that the sample is a rather coarse 
volcanic fragmental, with a matrix-supported texture. It contains scattered irregular to elongate 
lithic fragments up to 1.5 cm across of porphyritic andesitic rock as well as abundant discrete 
mineral grains up to 2.5 mm across, in a finer grained matrix of probable tuffaceous character. 
The mineralogy of the porphyritic fragments and the enclosing host rock is the same, with 
scattered phenocrystal grains of plagioclase, a former ferromagnesian phase, a few 
microphenocrysts of FeTi oxide (e.g. titanomagnetite, up to 0.4 mm) and rare grains of quartz, 
K-feldspar and apatite (Fig. 9). The ferromagnesian phase was probably pyroxene, judging by 
relict shape (grains up to 2 mm), but the phase is now completely altered (Fig. 9). The fine 
tuffaceous matrix is now altered and finely recrystallised, but would have been of feldspathic 
type (e.g. plagioclase > K-feldspar), with minor ferromagnesian material and FeTi oxide. From 
the relict characteristics, the rock is interpreted as a lithic-crystal tuff of andesitic composition. 
 
b) Alteration and structure: The rock has experienced pervasive moderate diagenetic alteration, 
as well as mild weathering effects. All former ferromagnesian material was pseudomorphically 
replaced by aggregates of fine grained celadonite, commonly fringed by hematite and/or 
goethite (Fig. 9). Plagioclase has also been mildly replaced by celadonite and a little illite-
sericite, and FeTi oxide by hematite. In the matrix, there was recrystallization to very fine grained 
alkali feldspar (probably albite > K-feldspar) and minor pale greenish chlorite-smectite and 
hematite dusting. Although there is minor development of fine grained layer silicate material 
developed as part of the imposed alteration, none occurs concentrated along planar structures, 
or exhibits a preferred orientation. Generally, the rock remains hard and massive. 
 



Mineral Mode (by volume): plagioclase (includes albite) 75%, alkali feldspar (probably K-
feldspar) 10%, celadonite 5% chlorite-smectite and hematite each 3% quartz, FeTi oxide 
(titanomagnetite), goethite and illite-sericite each 1% and a trace of apatite. 
 
Interpretation and comment: It is interpreted that the sample is a massive, rather coarse 
andesitic composition lithic-crystal tuff. It has moderate pervasive diagenetic alteration and 
mild weathering effects, but alteration products that include the layer silicate phases celadonite 
and chlorite-smectite do not have any preferred orientation, or are concentrated along any 
planar discontinuities. Generally, the rock is hard and competent, but the presence of minor 
smectite could be a deleterious factor for rock quality. 
 

 
 
Fig. 9: Portion of an altered porphyritic andesite fragment at right, with a pseudomorph after a 
pyroxene phenocryst (now replaced by green celadonite), bordering on to a finer grained 
tuffaceous matrix at left. Small black grains are FeTi oxide, variably replaced by hematite. Plane 
polarised transmitted light, field of view 2 mm across. 
 
  



NT2 TS 
Summary: Massive crystal-vitric tuff, probably ignimbritic, and of rhyodacite composition, 
showing mild pervasive diagenetic alteration. The rock retains abundant phenocrystal grains of 
plagioclase and quartz, with less common biotite, and a few microphenocrysts of FeTi oxide 
(titanomagnetite) and hornblende. There are abundant vitriclasts and a few porphyritic and 
fluidal texture volcanic lithic fragments, all hosted in a finer grained vitriclastic matrix. Overall, 
there is only weak alignment of components. Pervasive alteration led to devitrification of all 
former glassy material and replacement by fine grained alkali feldspar, minor quartz, clay 
(maybe illite-smectite) and hematite. Plagioclase phenocrysts are also locally altered to clay and 
illite-sericite, with biotite being largely replaced by illite-sericite and hematite. Slight weathering 
effects are also apparent, with goethite impregnation of the altered matrix. The rock remains 
hard and competent, and despite the minor amount of layer silicate material, it could be 
generally suitable for construction purposes.  
 
Handspecimen: The sample is composed of a massive, strongly porphyritic, dark grey-brown 
felsic volcanic rock. It contains abundant pale grey to reddish-brown feldspar and dark 
translucent quartz phenocrysts, each up to a few millimetres across, as well as sparse black 
ferromagnesian phenocrysts (e.g. biotite), set in a fine grained groundmass of probable 
quartzofeldspathic composition. There are no diagnostic indications as to whether the rock 
represents a coherent lava or shallow intrusive, or might be a pyroclastic product. Staining of 
the section offcut with sodium cobaltinitrite showed that there is a moderate amount of K-
feldspar in the groundmass. The sample is moderately magnetic with susceptibility up to 700 x 
10-5 SI. 
 
Petrographic description 
a) Primary rock characteristics: In the section, it is evident that the primary texture is well 
preserved and the rock is probably of pyroclastic type. It contains abundant phenocrystal grains 
of plagioclase (up to 3 mm across) and quartz (up to 4 mm), with less common biotite (up to 2 
mm and mostly altered) as well as smaller, uncommon grains of FeTi oxide (titanomagnetite, 
up to 0.8 mm) and rare khaki-green hornblende, apatite and zircon (Fig. 10). There are abundant 
elongate and irregular flow-aligned vitriclasts up to several millimetres long and a few 
porphyritic and locally fluidal texture felsic volcanic lithic fragments (Fig. 10). These components 
are estimated to constitute ~70% of the rock, with the remainder considered to be finer grained 
vitriclastic material. There is some alignment in the matrix and the rock could have a welded 
texture, such that it could be interpreted as being ignimbritic. Alternatively, the rock could be 
termed a crystal-vitric tuff. The mineral assemblage is consistent with a rhyodacite composition. 
 
b) Alteration and structure: The pyroclastic rock underwent pervasive moderate diagenetic 
alteration, resulting in replacement of all former vitriclastic material by fine grained alkali 
feldspar (maybe K-feldspar in similar amount of albitic plagioclase) and minor quartz, clay (e.g. 
illite-smectite) and hematite dusting. Plagioclase phenocrysts are generally slightly altered to 
hematite-dusted clay and minor illite-sericite, and biotite is largely altered to illite-sericite, 
hematite and clay. It is also observed that FeTi oxide and hornblende grains are partly replaced 
by hematite. Slight weathering effects are apparent in the rock, with mild pervasive orange-
brown goethite pigmentation of the matrix. The rock remains massive and no fractures are 
observed. There is no alignment of fine grained layer silicate alteration products. 
 
Mineral Mode (by volume): plagioclase (includes albite) 40%, quartz 25%, alkali feldspar 
(probably K-feldspar) 20%, illite-sericite and clay (illite-smectite) each 5%, hematite 2%, biotite, 
FeTi oxide (titanomagnetite) and goethite each 1% and traces of hornblende, apatite and zircon. 
 



Interpretation and comment: It is interpreted that the sample is a massive, rhyodacitic 
ignimbrite (alternatively a crystal-vitric tuff). It remains hard and competent and despite 
overprinting mild diagenetic alteration and slight weathering effects, the content of fine 
grained, layer silicate phases remains modest. These include illite-sericite and a clay phase (e.g. 
illite-smectite), but there is no alignment or concentrations of these phases and the rock is 
unfractured. Consequently, the rock could be generally suitable for construction purposes.  
 
 

 
 
Fig. 10: Typical texture of ignimbrite, with scattered mineral grains (quartz, plagioclase, altered 
biotite) in a vitriclastic matrix showing some flow alignment. The matrix has been replaced by 
fine grained alkali feldspar, minor quartz and clay, and has hematite/goethite pigmentation. 
Plane polarised transmitted light, field of view 2 mm across. 
 
  



NTA1 TS 
Summary: Massive vitric-crystal tuff or ignimbrite, with a composition ranging between quartz 
latite and rhyodacite, and showing moderate diagenetic alteration. There are scattered 
phenocrystal grains of plagioclase and minor amounts of ferromagnesian minerals, quartz and 
FeTi oxide (titanomagnetite). Most ferromagnesian phases are altered, but there is a trace of 
relict hornblende and it can be inferred from relict shapes that pyroxene and biotite also 
occurred. The rock has a large matrix component, with relict texture indicating that it was 
dominated by fine vitriclastic material (e.g. some preservation of glass shard texture). Pervasive 
alteration caused replacement of vitriclastic material by very fine grained alkali feldspar, minor 
amounts of a chlorite-smectite phase and quartz. Plagioclase phenocrysts are mildly altered to 
illite-sericite and chlorite-smectite, and most ferromagnesian material was replaced by chlorite-
smectite, celadonite and trace hematite. Slight weathering effects are apparent with 
development of a little goethite. The rock is massive, hard and unfractured, and there is no 
alignment of alteration-derived layer silicates.  
 
Handspecimen: The sample is composed of a massive, moderately porphyritic, intermediate to 
felsic, fine grained igneous rock. It contains scattered pale grey feldspar (plagioclase) 
phenocrysts up to 3 mm across, a few smaller black ferromagnesian phenocrysts and one or 
two apparent volcanic lithic fragments, set in a fine grained, khaki-grey fine grained 
groundmass, probably of strongly feldspathic composition. It is possible that the rock might 
represent a pyroclastic. Staining of the section offcut with sodium cobaltinitrite showed that the 
groundmass contains rather abundant K-feldspar. The sample is moderately to strongly 
magnetic with susceptibility up to 1080 x 10-5 SI. 
 
Petrographic description 
a) Primary rock characteristics: In the section, it is apparent that the rock is moderately 
porphyritic, with scattered blocky plagioclase phenocrystal grains up to 2.5 mm across (Fig. 11). 
There are also a few small phenocrystal grains (up to 1 mm) of quartz and ferromagnesian 
phases, as well as smaller and sparser grains of FeTi oxide (titanomagnetite) and traces of 
apatite and zircon. Most of the ferromagnesian phases are altered, but there are traces of khaki-
green hornblende. Relict shapes after other ferromagnesian grains suggest that pyroxene might 
have been relatively common and that there were a few small grains of biotite (Fig. 11). A single 
recrystallised lithic fragment (~3 mm long) is present, maybe of volcanic material but strong 
recrystallised. The remainder of the sample, occupying ~75% is considered to represent former 
vitriclastic material. It was fine grained and although altered and finely recrystallised, does have 
local preservation of relict glass shard texture (Fig. 11), and shows weak flow alignment in 
places. It is likely that the vitriclastic material was of feldspathic composition (including 
considerable K-feldspar). From the preserved primary characteristics, the rock is interpreted as 
an ignimbrite of intermediate to felsic composition (e.g. quartz latite to rhyodacite), although 
alternatively, if the matrix vitriclastic material is not welded, then the rock could be termed a 
vitric-crystal tuff. 
 
b) Alteration and structure: The pyroclastic rock experienced pervasive moderate diagenetic 
alteration, with replacement of all vitriclastic material by very fine grained alkali feldspar 
(probably with K-feldspar > albite) and minor amounts of a clay-type phase (e.g. chlorite-
smectite) and quartz. Most original ferromagnesian grains were replaced, with development of 
chlorite-smectite and a little celadonite (Fig. 11), with associated hematite, goethite and trace 
leucoxene. Plagioclase phenocrysts are commonly clouded by development of a little fine 
grained illite-smectite and patchy chlorite-smectite. Slight weathering effects have also been 
imposed, as indicated by a little goethite development in the groundmass and at 
ferromagnesian sites. No planar structures are recognised and the fine grained layer silicate 
alteration phases do not form concentrations or are aligned. 



 
Mineral Mode (by volume): plagioclase (includes albite) 45%, alkali feldspar 40%, chlorite-
smectite 6%, quartz 5%, illite-sericite, celadonite and FeTi oxide (titanomagnetite) each 1% and 
traces of hornblende, apatite, zircon, hematite, leucoxene and goethite. 
 
Interpretation and comment: It is interpreted that the sample is a massive ignimbrite of quartz 
latite to rhyodacite composition (or alternatively a vitric-crystal tuff). It remains hard and 
competent and despite overprinting mild diagenetic alteration and slight weathering effects, 
the content of fine grained, layer silicate phases is relatively small. These include chlorite-
smectite, illite-sericite and celadonite, but there is no alignment or concentrations of these 
phases and the rock is unfractured. Consequently, the rock could be generally suitable for 
construction purposes.  
 

 
 
Fig. 11: Typical texture of ignimbrite, with dominant matrix vitriclastic material, now replaced by 
fine grained alkali feldspar and minor chlorite-smectite (turbid, brownish). The clear grains are 
quartz, black grains are titanomagnetite and small khaki-green aggregates are chlorite-smectite 
± celadonite alteration masses after former pyroxene grains. Plane polarised transmitted light, 
field of view 2 mm across. 
 
  



ST8 TS 
Summary: Massive ignimbrite of rhyodacite composition and showing moderate pervasive 
diagenetic alteration. The rock retains scattered phenocrystal grains of quartz, K-feldspar and 
plagioclase, but more sparsely distributed former ferromagnesian grains (biotite, possible 
pyroxene) are completely altered. There are also a few small grains of FeTi oxide 
(titanomagnetite). The phenocrystal grains occur in a vitriclastic matrix that shows welded 
texture (including fluidal structures and glass shards). Imposed alteration led to replacement of 
vitriclastic material by very fine grained alkali feldspar, plus minor quartz and clay (illite-
smectite). Feldspar phenocrysts are slightly altered to illite-sericite and/or clay, and all 
ferromagnesian material is replaced by illite-sericite and trace hematite and leucoxene. Slight 
weathering effects are manifest in the sample by minor goethite aggregates and impregnations. 
The rock has no planar structures and there is no alignment of alteration-derived layer silicates. 
It remains hard and competent and despite the development of minor layer silicates, the rock 
is probably largely suitable for construction purposes. 
 
Handspecimen: The sample is composed of a massive, strongly porphyritic, felsic volcanic rock. 
Textures are not diagnostic as to whether it represents a lava or pyroclastic. It is evident that 
there are abundant phenocrystal grains up to 4 mm across that include white and pale pink 
feldspar, dark translucent quartz and a few smaller black ferromagnesian grains, occurring in a 
fine grained, pink-brown groundmass of quartzofeldspathic composition. Staining of the 
section offcut with sodium cobaltinitrite showed that there is a moderate amount of K-feldspar 
in the groundmass and that some phenocrysts are also K-feldspar. The sample is moderately to 
strongly magnetic with susceptibility up to 1070 x 10-5 SI. 
 
Petrographic description 
a) Primary rock characteristics: In the section, relict texture is rather well preserved and indicates 
that the rock represents a welded pyroclastic type, i.e. ignimbrite. There are scattered 
phenocrystal grains of quartz (up to 3 mm across), K-feldspar (up to 2.5 mm) and plagioclase 
(up to 3 mm), as well as a few pseudomorphic aggregates after ferromagnesian grains (Fig. 12). 
Relict shapes indicate that most of the latter were originally biotite (up to 1.5 mm long), with 
rare possible pyroxene. The rock also has a few sparse grains of FeTi oxide (titanomagnetite) up 
to 0.3 mm across and a trace of zircon and apatite. The remainder of the sample, occupying 
~60%, is interpreted to have been fine to medium grained vitriclastic material, probably welded 
into a locally fluidal texture, and locally preserving relict glass shard texture (Fig. 12). The 
vitriclastic material was of quartzofeldspathic composition and the sample as a whole is 
interpreted to be of rhyodacite composition. 
 
b) Alteration and structure: Moderate pervasive diagenetic alteration was imposed on the 
pyroclastic rock. Vitriclastic material was totally replaced by very finely granular alkali feldspar 
(perhaps K-feldspar = albite) with minor quartz and pale khaki coloured clay (e.g. illite-smectite). 
Plagioclase grains were mildly replaced by fine grained illite-sericite and clay, K-feldspar is 
slightly clouded by clay, and all former ferromagnesian material was replaced by illite-sericite 
and minor hematite and leucoxene. Titanomagnetite was partly replaced by hematite. Slight 
weathering effects were also imposed on the rock, with goethite aggregates developing at 
former ferromagnesian sites and weakly throughout the altered matrix. No planar structures 
are recognised and the fine grained layer silicate alteration phases do not form concentrations 
or show alignment. 
 
Mineral Mode (by volume): alkali feldspar 35%, plagioclase (includes albite) 30%, quartz 25%, 
clays (e.g. illite-smectite, possible kaolinite) 5%, illite-sericite 3%, FeTi oxide (titanomagnetite) 
and goethite each 1% and traces of apatite, zircon, leucoxene and hematite. 
 



Interpretation and comment: It is interpreted that the sample is a massive ignimbrite of 
rhyodacite composition. It remains hard and competent and despite overprinting mild 
diagenetic alteration and slight weathering effects, the content of fine grained, layer silicate 
phases is minor. These include possible illite-smectite, illite-sericite and kaolinite, but there is 
no alignment or concentrations of these phases and the rock is unfractured. Consequently, the 
rock could be generally suitable for construction purposes.  
 

 
 
Fig. 12: Small phenocrystal grains of plagioclase (turbid pale grey), quartz (clear) and altered 
biotite (black) in a former vitriclastic matrix, with slight fluidal and possible glass shard texture, 
and replaced by very fine alkali feldspar and minor clay. Plane polarised transmitted light, field 
of view 2 mm across. 
 
  



T1 TS 
Summary: Strongly porphyritic, fluidal texture rhyodacite, with mild diagenetic alteration. The 
rock has abundantly scattered phenocrysts of quartz, plagioclase and K-feldspar, with former 
smaller, less common biotite phenocrysts being completely altered. The rock also contains a 
few, partly altered microphenocrysts of FeTi oxide (titanomagnetite), all hosted within a fluidal 
texture, formerly glassy groundmass. Pervasive alteration led to replacement of all glassy 
material by fine grained alkali feldspar, a little quartz, clay and hematite dusting. Feldspar 
phenocrysts show slight replacement by illite-sericite and clay, and all former biotite was 
replaced by illite-sericite, and traces of leucoxene and hematite. The rock is not fractured and 
it remains massive and hard. Despite the development of minor layer silicates, the rock is 
probably largely suitable for construction purposes. 
 
Handspecimen: The sample is composed of a massive, strongly porphyritic, felsic volcanic rock, 
containing scattered pink and pale grey feldspar phenocrysts, dark translucent quartz 
phenocrysts and a few smaller black ferromagnesian phenocrysts in a fine grained, reddish-
brown groundmass, probably of quartzofeldspathic composition. Staining of the section offcut 
with sodium cobaltinitrite showed that there is a moderate amount of K-feldspar in the 
groundmass and that some phenocrysts are also K-feldspar. The sample is moderately magnetic 
with susceptibility up to 160 x 10-5 SI. A pink weathering rind up to several millimetres thick 
encloses fresher rock. 
 
Petrographic description 
a) Primary rock characteristics: In the section, porphyritic and fluidal groundmass textures are 
well preserved (Fig. 13). Phenocrysts are abundant, forming ~50% of the rock, with quartz, K-
feldspar and plagioclase all being up to 3-4 mm across (Fig. 13). Originally, there were also a 
few biotite phenocrysts up to 2 mm across, but these are now altered. Sparse FeTi oxide 
(titanomagnetite) grains up to 0.8 mm across occur and there are traces of zircon and apatite. 
Phenocrysts are enclosed in a formerly glassy, fluidal texture groundmass (Fig. 13), probably of 
quartzofeldspathic composition. A couple of partly disaggregated feldspar-phyric felsic volcanic 
fragments up to a few millimetres long are also entrained. There is no indication that the 
groundmass represents former vitriclastic material. The primary characteristics of the rock 
indicate that it represents a strongly porphyritic rhyodacite. 
 
b) Alteration and structure: Mild diagenetic alteration was imposed on the rock, with this 
causing all former glassy groundmass to be replaced by very fine grained alkali feldspar 
(probably K-feldspar in similar amount to albite), with minor quartz, a clay phase (maybe illite-
smectite) and trace hematite dusting (Fig. 13). Feldspar phenocrysts are slightly altered to illite-
sericite, clay and hematite dusting, all former biotite was replaced by illite-sericite and a little 
leucoxene and hematite, and igneous FeTi oxide is also partly altered to hematite. Slight 
weathering effects are apparent, with weak goethite pigmentation of the groundmass (locally 
stronger in places) and with a little goethite development at altered biotite sites. No planar 
structures are recognised and the fine grained layer silicate alteration phases do not form 
concentrations or show alignment. 
 
Mineral Mode (by volume): plagioclase (includes albite) 32%, alkali feldspar and quartz each 
30%, clay (e.g. illite-smectite) and illite-sericite 5%, hematite and goethite each 1% and traces 
of FeTi oxide (titanomagnetite) apatite, zircon and leucoxene. 
 
Interpretation and comment: It is interpreted that the sample is a massive, strongly porphyritic 
rhyodacite. There are no planar structures, or concentrations of alteration-derived, fine grained 
layer silicates. Finely banded fluidal texture does not have a significant planar fabric. The rock 
is hard and competent and only has mild diagenetic alteration and slight weathering effects, 



and the content of fine grained, layer silicate phases is minor. Consequently, the rock could be 
generally suitable for construction purposes.  
 

 
 
Fig. 13: Phenocrysts of feldspar (slightly turbid and tending to be blocky), quartz (clear at right) 
and altered biotite (dark aggregates at left) in a formerly glassy, fluidal texture groundmass, 
now dominated by very fine grained alkali feldspar, and with slight dusting by hematite. Plane 
polarised transmitted light, field of view 2 mm across. 
 
  



T5 TS 
Summary: Crystal-vitric (-lithic) tuff of rhyodacite composition and showing moderate pervasive 
diagenetic alteration and slight weathering effects. There are abundant phenocrystal grains of 
plagioclase and quartz, less common biotite (now all altered), hornblende and FeTi oxide 
(titanomagnetite), plus a few volcanic lithic grains in a finer grained, originally vitriclastic-
dominated matrix. There is little indication of welding or flow foliation in the matrix. Alteration 
caused replacement of all biotite and some hornblende by fine grained clay (chlorite-smectite), 
illite-sericite and hematite. Similarly, plagioclase shows local alteration to the same phases, and 
in the matrix, there was total replacement of vitriclastic material by fine grained alkali feldspar, 
minor quartz, clay and a little hematite dusting. The presence of goethite, mostly at 
ferromagnesian sites, is an indication of imposed weathering. The rock has no fractures and 
there are no planar concentrations of alteration-derived layer silicate phases. Despite the 
occurrence of minor layer silicate development, the rock is probably relatively suitable for 
construction purposes. 
 
Handspecimen: The sample is composed of a massive, strongly porphyritic, felsic volcanic rock. 
Textures are not definitive as to whether the rock represents a lava or a pyroclastic type. There 
are abundant pale grey feldspar and less common dark translucent quartz, and black 
ferromagnesian phenocrysts (e.g. hornblende, biotite) each up to a few millimetres across, 
occurring in a fine grained grey groundmass, probably of quartzofeldspathic composition. 
Staining of the section offcut with sodium cobaltinitrite showed that there is a moderate 
amount of K-feldspar in the groundmass. The sample is strongly magnetic with susceptibility 
up to 2040 x 10-5 SI. 
 
Petrographic description 
a) Primary rock characteristics: In the section, there are abundant phenocrystal grains, 
constituting an estimated 50-60% of the rock (Fig. 14). These are dominated by plagioclase (up 
to 3.5 mm across) and quartz (up to 4.5 mm), with less common biotite (up to 2.5 mm and 
completely altered), green hornblende (up to 1.5 mm) and rare K-feldspar and clinopyroxene 
(hosted in plagioclase and associated with hornblende) (Figs 14, 15). There are also a few 
microphenocrysts up to 0.8 mm across of FeTi oxide (titanomagnetite) and traces of apatite and 
zircon. The rock also has a few volcanic lithic grains up to a few millimetres across, with the 
remainder interpreted as matrix, consisting of finer grained vitriclastic material (Fig. 14), in which 
there is little indication of welding or significant fluidal texture. The rock is interpreted as a 
crystal-vitric (-lithic) tuff of rhyodacite composition. 
 
b) Alteration and structure: Pervasive moderate diagenetic alteration and slight weathering 
effects were imposed. All original biotite and some hornblende were replaced by a clay phase 
(e.g. chlorite-smectite) as well as illite-sericite and hematite. Plagioclase is locally strongly 
replaced by chlorite-smectite and a little illite-sericite and trace hematite, and igneous FeTi 
oxide was partly replaced by hematite. The vitriclastic matrix was replaced by fine grained alkali 
feldspar, in places forming radial-textured aggregates (Fig. 15), as well as minor patchy quartz 
and a little chlorite-smectite. Minor goethite aggregates have developed as a result of imposed 
weathering, mostly apparent at ferromagnesian sites. The rock is not fractured and there are no 
planar concentrations of alteration-derived layer silicate minerals. 
 
Mineral Mode (by volume): plagioclase (includes albite) 40%, quartz 25%, alkali feldspar 20%, 
clay (e.g. chlorite-smectite) 7%, hornblende 3%, illite-sericite 2%, FeTi oxide (titanomagnetite), 
hematite and goethite each 1% and traces of clinopyroxene, apatite and zircon. 
 
Interpretation and comment: It is interpreted that the sample is a massive crystal-vitric (-lithic) 
tuff of rhyodacite composition. Although there has been moderate diagenetic alteration, the 



amount of derived fine grained layer silicates (chlorite-smectite and illite-sericite) is minor and 
there are no concentrations of fine grained layer silicates. The rock is hard and competent and 
unfractured. Consequently, it could be generally suitable for construction purposes.  
 

 
 
Fig. 14: Phenocrystal grains of plagioclase (slightly turbid, but clear), quartz (clear at right), partly 
altered hornblende (khaki-green at left) and altered biotite (dark at left). and small grains of 
FeTi oxide (black) in a vitriclastic matrix that has been replaced by alkali feldspar and pigmented 
by hematite. Plane polarised transmitted light, field of view 2 mm across. 
 



 
 
Fig. 15: Matrix material replaced by sub-radiating aggregate of alkali feldspar and a little quartz 
(paler grey) abutting at left against phenocrystal grains of plagioclase (white) and hornblende 
(yellow). Transmitted light, crossed polarisers, field of view 1 mm across. 
  



T24 TS 
Summary: Porphyritic two-pyroxene andesite with a partly glassy groundmass. The rock is 
largely fresh and there is little indication of devitrification of groundmass material. The rock 
contains scattered phenocrysts of plagioclase, orthopyroxene and clinopyroxene, with a few 
micro-enclaves rich in pyroxenes. There are also sparsely scattered small grains of FeTi oxide 
(titanomagnetite). In the groundmass, glass hosts tiny microlites of plagioclase and tiny 
granules of titanomagnetite. A couple of thin fractures occur, containing fine grained clay, and 
bordered by slight impregnation of the rock by hematite/goethite dusting. The rock is generally 
massive and hard. If the few fractures can be avoided, the rock would be suitable for 
construction purposes. 
 
Handspecimen: The sample is composed of a massive, strongly porphyritic, dark grey 
intermediate volcanic rock, e.g. andesite. It contains abundant pale grey plagioclase 
phenocrysts up to 4 mm long and smaller black ferromagnesian grains (e.g. pyroxene) in a fine 
grained, maybe glassy, feldspathic groundmass. The rock has a little fracture-controlled, as well 
as patchy, red-brown hematite pigmentation, but otherwise appears to be fresh. Staining of the 
section offcut with sodium cobaltinitrite showed that there is minor K-feldspar in the 
groundmass. The sample is moderately magnetic with susceptibility up to 780 x 10-5 SI. 
 
Petrographic description 
a) Primary rock characteristics: In the section, the rock is largely fresh and displays a strongly 
porphyritic texture (estimated 40-50% phenocrysts) and a very fine grained, probably partly 
glassy groundmass (Fig. 16). There are abundant blocky to tabular plagioclase phenocrysts up 
to 3.5 mm long and generally smaller pyroxene phenocrysts (orthopyroxene > clinopyroxene) 
generally up to 1.5 mm across, but locally up to 2.5 mm, and containing a few small inclusions 
of FeTi oxide (titanomagnetite) (Fig. 16) Orthopyroxene is probably hypersthene and 
clinopyroxene is probably augite. There are also a few clusters (micro-enclaves) of pyroxenes ± 
plagioclase ± FeTi oxide up to 4 mm across. Plagioclase phenocrysts locally enclose small 
pyroxene inclusions. The groundmass is interpreted to be dominated by clear to pale grey glass 
(isotropic under crossed polarisers), containing tiny plagioclase microlites and granules of FeTi 
oxide and rare pyroxene (Fig. 16). The glass would have a strongly feldspathic composition, with 
plagioclase >> K-feldspar). The mineralogy and texture of the rock indicate that it is a 
porphyritic two-pyroxene andesite. 
 
b) Alteration and structure: The rock remains largely fresh and groundmass glass appears to 
have not been significantly devitrified. Plagioclase and pyroxene grains are unaltered (Fig. 16). 
In part of the sample, there are a couple of sub-parallel fractures now filled by thin veins (<0.1 
mm wide) containing fine grained clay (e.g. kaolinite), bordered by diffuse zones of red-orange 
pigmentation by dusty hematite and/or goethite. Elsewhere in the sample, there are also a few 
irregular patches of hematite/goethite pigmentation in the groundmass. 
 
Mineral Mode (by volume): plagioclase 40%, glass 40% (including ~5% K-feldspar component), 
orthopyroxene 12%, clinopyroxene 5%, FeTi oxide (titanomagnetite) 2%, hematite + goethite 
1% and a trace of clay. 
 
Interpretation and comment: It is interpreted that the sample is a massive, partly glassy, 
porphyritic two-pyroxene andesite. The rock is largely fresh and if the few narrow fractures 
containing trace clay and bordered by Fe oxide pigmentation can be avoided, then the rock 
should be suitable for construction purposes. The interpreted groundmass glass component is 
of feldspathic composition and unlikely to react rapidly to form swelling clays.  
 



 
 
Fig. 16: Typical texture of porphyritic andesite, showing small plagioclase phenocrysts (clear), 
pyroxene phenocrysts (very pale greenish and brownish) and small grains of titanomagnetite 
(black) in a partly glassy groundmass. Plane polarised transmitted light, field of view 2 mm 
across. 
 
 


