
Plate 3.1 

a. Andesitc clast. R39517. crossed polars, xl7.2 magnification. 

b. Pyroxene andesite clast. a = augite, o = orthopyroxene? 
(see text for discussion). R39309. plane polarised light, 
xl7.3 magnification. 

c. Hornblende andesite clast. R39314. crossed polars, 
xl6.4 magnification. 

d. Hornblende andesite clast. R39308. plane polarised light, 
xl6.9 magnification. 

e. Dacite clast. plagioclase, quartz, hornblende (h). R39316. 
plane polarised light, xl7.3 magnification. 

f. Detail ot quartz from R39316. Note rounding and fractures of 
large grain. Parting along these fractures during 
sedimentation produces the sharp cornered irregular quartz 
fragments common in the sandstones, plane polarised light, 
xl6.7 magnification. 

g. Detail of ash flow tuff clast with plagioclase crystals and 
now devitrified glass shards and volcanic ash. R39319. 
plane polarised light, xl7.8 magnification. 

h. Granodiorite clast. altered plagioclase (P) with a K-feldspar 
rim (K), and quartz. R39322. crossed polars, xl7.1 magnification. 
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c. Aph initio and Fine-grained Volcanics: 

The aphanitic and fine-grained volcanic lithologies include 

both felsitic and microlitic varieties. Rare phenocrysts, usually 

quartz or plagioclase, may be present. Clasts of both acid and inter-

mediate aspect occur. Staining indicated the presence of K-feldspar 

as a devitrification product. 

d. Pyroc 1'astios: 

The pyroclastic lithologies examined are mainly lithic 

crystal, lithic, or crystal tuffs with subordinate vitric tuffs. 

Textural evidence suggests they are of both ash fall and ash flow origin 
(Plate 5.1). 

Compositionally, the tuffs are of andesitic and dacitic aspect, 

containing crystals of plagioclase (oligoclase and andesine), quartz, 

augite and hornblende, along with igneous lithic fragments and devitrified 

glass shards, in a fine-grained to cryptocrystalline groundmass. The 

types of igneous lithic fragments are varied and include pilotaxitic, 

hyalopi1itic, hvaloophitic, intersertal, vitrophyric and now devitrified 

originally holohyaline fragments. They suggest derivation from a source 

of primarily andesitic composition. 

e. Intiusives: 

The intrusive lithologies arc predominantly granodiorite, with 

minor adamellite and tonalite and rare diorite (Fig. 3.1a). These rocks 

are mostly medium grained with hypidiomorphic granular textures. They 

may be equigranular or porphyritic (Plates 3.1,3.2). The latter usually 

possess plagioclase and occasional quartz phenocrysts, which may be in 

excess of 5 mm in size, in a groundmass that is either finer-grained 

equigranular or granophyric. Foliated clasts are absent. 

Compositionally, all contain abundant plagioclase, usually 

andesine, lesser K-feldspar, usually orthoclase with rare microcline, and 

quartz. The plagioclase is frequently zoned (Plate 3.2a). The quartz 

content ranges from 14.2% to a very high 48.9% (Table 3.2b), while the 

ratio of K-feldspar to total feldspar indicates a range in rock type 

from adamellite to tonalite with granodiorites the most common. The 

variation in composition is illustrated in Fig. 3.1a. The quartz and 

orthoclase usually occur as an interstitial phase, in many instances 



Plate 3.2 

a. Granodiorite clast with zoned plagioclase, quartz and 
hornblende (h). R39323. crossed polars, xl6.6 magnification. 

b. Granodiorite clast with well developed granophyric intergrowth 
between the plagioclase crystals. R39304. crossed polars, 
xl5.3 magnification. 

c. Porphyritic granodiorite clast with plagioclase "phenocrysts" 
in a quartz-plagioclase-orthoclase "groundmass". R39306. 
crossed polars, xl7 magnification. 

d. As above. 

e. Sedimentary clast. Sandstone showing stratification and 
fossil fragment (arrowed). R39318. plane polarised light, 
xl6.5 magnification. 

f. Sedimentary lithic fragment (1), volcanic derived sandstone 
with chlorite cement. R39269. plane polarised light, 
x!6.8 magnification. 

g. Devitrified holohyaline lithic fragment, mosaic of quartz 
feldspar and some turbid cryptocrystalline material. 
R39288. crossed polars, xl7.2 magnification. 

h. Devitrified holohyaline lithic fragment, as 3.2g but finer. 
R39288. crossed polars, xl6.8 magnification. 
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exhibiting a well developed granophyric texture (Plate 3.2b). Orthoclase 
also mantles larger plagioclase crystals (Plate 3.1h). 

The ferromagnesian mineral content of the rocks ranges from 
0.5% to 23.8°o (Table 3.2b). Hornblende, actinolite, biotite and rare 

pyroxene, often altering to amphibole, are the characteristic ferromagnesian 
minerals. Accessory minerals include iron oxides, sphene, zircon, epidote 
and rare apatite. The feldspars may often be heavily kaolinised and 
sericitised. 

f . Sedimentary Clasts: 

These aie mostly coarse sand to pebble grade sediments of 
volcanic provenance. They contain mainly lithic fragments of intermediate 
volcanic affinities, with plagioclase (generally andesine) as the most 
common detrital mineral species. Quartz and augite occur as minor 
components of these rocks. The detrital grains are mostly angular to 
subangular. 

The most distinctive feature of these rocks is their matrix free 
condition, with a continuous framework being bound by cements. The 
cementing minerals include epidote, chlorite, calcite, quartz and prehnite. 
Several of the specimens exhibit stratification. Others (e.g. R39318, 
R39321) contain marine fossil fragments, including echinoid spines, 
brachiopod fragments and a coral fragment (Plate 3.2e). 

D. SANDSTONE PETROGRAPtlY 
1. Introduction: 

The sandstones of the Keepit Conglomerate are quartz poor 
arenites consisting predominantly of volcanic lithic fragments and 
plagioclase (Table 3.3). They are classified as labile arenites of 
the lithic and felspatholithic arenite varieties (Fig. 3.3). The lithic 
fragment and detrital mineral, population of these arenites reflect 
derivation from the same source as the conglomerate clasts. The detrital 
components range from angular to subrounded (range 1.0 to 4.0 on the 
p scale of Folk (1968)), with occasional very angular or rounded grains. 
This is in contrast to the high degree of rounding commonly exhibited 
by the pebbles, cobbles and boulders of the conglomerates (Chapter S). 
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Fig. 3.3 

KB: 

MLQ and QFR triangular diagrams (after Crook, 
1960c) for representative sandstone specimens of the 

Keepit Conglomerate. The asterisk indicates a matrix 

sample from a facies I- matrix supported coarse conglomerate, 

the arrow indicates a matrix sample from a facies E clast 
supported coarse conglomerate. 

a) MLQ diagram, field 1 = labile arenites 

h) QI-R diagram, field 1 = feldspatholi thic arenites, 
field 2 = lithic arenites 

M = matrix 

L = labile? - lithic fragments (except intrafoiniational 

sedimentary fragments), feldspar, ferromagnesian minerals, 
epidote-quartz fragments 

Q = monocr>rstalline and polycrystal 1 ine quartz type 1 
F = feldspar 

R = lithic fragments - volcanic, intrusive, sedimentary 

except 1ntraformational fragments), metamorphic, epidote-

quartz fragments, polycrystalline quartz types 2 and 3 

Feldspar and quartz within lithic fragments are assigned to the 
categories8"16 C a t eS o ry> and the feldspar or quartz 

Note the sandstones arc matrix free, with the exception of 
labile frllSUP!>r!edi C°arSe con8-'omci'nt;e matrix sample, labile feldspatholithic and lithic arenites. 
@ = 2 points ® = mean. 
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2. Litliic Fragments 

The lithic fragments constitute from 41.61 to 87.63 by volume 
of the sandstones (Table 3.3). Within the sandstones studied the lithic 
fragments range from fine sand to pebble grade (Udden-Wentworth grade 
scale). They are dominantlv of intermediate volcanic aspect. 

The lithic fragments are the finer fraction of a gradational 
series which coarsens up to the clasts of the conglomerates. Due to 

their small size, and the frequent lack of phenocrysts in the volcanic 
types they may not be classified on the basis of their composition as readily 
as the larger clasts. The lithic fragment types have therefore been 
differentiated and described on the basis of their textures in thin section. 
There is a certain amount of subjectivity in the textural classification 
of the volcanic lithic fragments due to gradation between the different 
types. 

Ihree basic groups of lithic fragments are present: 

1. holocrystalline, hemicrvstalline and now devitrified holohyaline 
volcanics; 

2. pyroclastics; 

3. holocrystalline intrusives. 

The volcanics are the dominant group and include a variety of 
textural types of which hyalopilitic, pilotaxitic, intersertal, vitro-
phyric and devitrified holohyaline are the most common. Subordinate 
textural types include felsophyric, felted, trachytic, orthophyric, 
hyaloophitic and perlitic and flow banded varieties of the devitrified 
holohyaline type. 

The pyroclastic group includes minor eutaxitic and vitroclastic 
textural types. Hypidiomorphic granular, allotriomorphic granular and 
granophvric are the common textural types of holocrvstalline intrusive 
lithic fragments. Sedimentary lithic fragments are dominantly intra-
formational mudstone clasts. These are not considered in this discussion. 
A chlorite cemented sand grade lithic fragment occurs in R39269 (Plate 
3.2f). 

The degree of rounding of the lithic fragments ranges predominantly 
from subangular to subrounded. In some sandstones compaction is quite 
marked and sutured grain contacts may be observed. Some lithic fragments 



exhibit very ragged edges. This is probably the result of* post deposit-
ional modification of the lithic fragment. 

The various types of lithic fragments are briefly described 

below. 

a. Volcanic Lithic Fragments 
(i) Devitri fie a Ho Iohualine (Plate 3.2,3.3): These are lithic 

fragments assumed to have been originally holohyaline and now completely 
devitrified. They may contain occasional microlites or laths of feldspar. 
The nature of the devitrification product is variable, but is basically 
a fine-grained mosaic of quartz and feldspar occasionally with minor patches 
of cryptocrvstal1ine chlorite. Finer grained to cryptocrystal1ine varieties 
exist, and include quartzofeldspathic devitrification products, chlorite, 
zeolite (laumontite?), and a dark turbid cryptocrvstalline material. Fine 
opaques occur within the devitrified mass. F.pidote is present in a few 
cases (e.g. R39281, R39257). 

Amygdaloidal structure is present in a number of devitrified 
holohyaline lithic fragments, the amygdales consisting of chlorite, quartz 
or calcite. Flow banded and perl itic devitrified holohyaline lithic 
fragments are present as minor textural types (Plate 3.3a,b). The flow 
banded lithic fragments usually exhibit layers of fine-grained to crypto-
crystal line devitrified glass. The coarser layers are usually felsitic. 
Chlorite and fine-grained opaques may also be present. Perlitic lithic 
fragments consist of now devitrified glass exhibiting spherical cracks. 
Both chlorite and calcite occur as replacement of the original glass. 

A variant of the devitrified holohyaline lithic fragment type is 
one where the original glass is replaced by chlorite. Within these lithic 
fragments the chlorite exhibits variation in grainsize and habit. Plagio-
clase laths or microlites occur in some chloritic lithic fragments as a 
minor component. An internal structure suggestive of a pumiceous texture 
may be seen in a few examples, while one fragment exhibits a perlitic 
texture, with the cracks defined by chlorite of different habit to that of 
the remainder of the lithic fragment (Plate 3.3b). These grains are of 
irregular shape. The ragged nature of the boundaries of many chloritic 
lithic fragments is attributed to post-depositional modification. 

(ii) Vitrophy He (Plate 3.3): Vitrophyric lithic fragments 
consist of microphenocrysts within a now devitrified groundmass. The 



Plate 5.3 

a. Flow banded devitrified holohvaline lithic fragment. 
R59288. plane polarised light, x!6.8 magnification. 

h. Devitrified holohvaline lithic fragment, now chlorite, 
showing a perlitic texture. R59275. crossed polars, 
x2b magnification. 

c. Vitrophyric lithic fragment; plagioclase microphenocrysts 
and small amygdales evident. Note carbonate cement about 
the grain. R59268. plane polarised light, x!5 magnification. 

d. I'elsophyric lithic fragment with resorbed quartz 
microphenocryst. Grain surrounded by a turbid carbonate 
cement. R39275. crossed polars, x27 magnification. 

e. I'elsophyric lithic fragment. Detail showing quartz with 
beard-like overgrowths. R59255. crossed polars, xl7 magnification. 

f. flyalopilitic lithic fragment. Microlites of feldspar in a now 
devitrified glassy matrix. Plagioclase microphenocrysts 
present. R39281. plane polarised light, xl6.9 magnification. 

g. Pilotaxitic lithic fragment. Flow aligned feldspar microlites 
and a slender plagioclase microphenocryst. R59276. crossed 
polars, xl7.1 magnification. 

h. Hyaloophitic lithic fragment. Detail showing plagioclase 
microphenocrysts, and feldspar laths enclosed in chlorite 
after volcanic glass. R39269. plane polarised light, 
xl7.1 magnification. 



Plate 3.3 
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microphcnocrysts arc plagioclase, and minor chloritiscd ferromagnesian 

minerals. The groundmass is usually cryptocrystalline and may consist 

of a turbid brown material with or without chloritic patches, a dark 

brown iron rich groundmass, chloritic minerals, and occasionally micro-

crystalline mosaics of zeolite and chlorite with or without the turbid 

brown cryptocrystalline material. Porphyritic, glomeroporphyritic and 

occasional seriate textures characterise the vitrophyric type lithic 
fragments. 

(Hi) Felsophyric (Plate 3.3): Felsophyric lithic fragments 

consist of fine-grained mosaics of quartz and feldspar, with occasional 

small patches of chlorite or opaque minerals present. The grain size of 

the mosaic is variable. Porphyritic and occasional glomeroporphyritic 

textures occur, with microphenocrysts including quartz, plagioclase, 

hornblende and a pyroxene. Material similar to the felsitic groundmass 

occurs as one of the types of devitrified holohyaline lithic fragments 

and probably represents in part non-porphyritic portions of felsophyric 
source rocks. 

(iv) Hyalopilitic (Plate 3.3): Hyalopi1itic lithic fragments 

consist of feldspar microlites in a now devitrified glassy matrix. In 

some instances the microlites may be flow aligned. The devitrification 

products include chlorite (often cryptocrystalline), zeolites (usuallv 

laumontite), a turbid brown cryptocrystalline material and occasional patches 

of quartz. Sjme hyalopilitic fragments contain microphenocrysts, usually 

of plagioclase, and may occasionally be glomeroporphyritic. Amygdaloidal 
hyalopilitic fragments also occur. 

(v) Pilotaxi tic (Plate 3.3): The pilotaxitic lithic fragments 

are essentially holocrystalline with a subparallel arrangement of the 

abundant feldspar microlites. Micro- or cryptocrystalline chlorite, or 

zeolite may fill the small interstices between the microlites. Where the 

microlites are more dispersed and are partly or completely enclosed by 

chloritic material (devitrified glass?) the texture approaches and grades 

into hyalopilitic textures. Variants consisting of tightly packed flow 

aligned feldspar laths, as opposed to microlites, have been termed trachytic. 

Felted lithic fragments are those in which the tightly packed feldspar 

microlites are randomly arranged. The pilotaxitic lithic fragments may 

exhibit both porphyritic and glomeroporphyritic textures. 
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(vi) finaloophitic (Plate 3.3): Hyaloophitic lithic fragments 
consist of feldspar laths enclosed in now devitrified volcanic glass. In 
most instances the glass has been replaced by chlorite. Patches of a 
cryptocrystalline turbid brown material may also be present. This textural 
type is gradational with intersertal types, by an increase in the 
concentration of the feldspar crystals and a corresponding decrease in the 
amount of now devitrified glass. The plagioclase laths in the hyaloophitic 
lithic fragments may be either flow aligned or randomly oriented. 

(vii) Intersertal (Plate 3.4): Intersertal lithic fragments 
consist of closely packed feldspar laths with the interstices filled with 
cryptocrystal1ine or microcrystalline chlorite, zeolites, or less commonly, 
a turbid brown material or opaques. Small grains of sphene may also occur 
within the interstices. Occasional ferromagnesian minerals, usually 
altered, may occur. Microphenocrysts of plagioclase are present in some 
of the Intersertal fragments. 

b. Pyroc las tic 

Although not strictly a textural type, the term pyroclastic has 
been applied to that group of lithic fragment types which contain lithic, 
crystal and vitric material in a micro- to cryptocrystalline mesostasis. 
The lithic material is predominantly of internediate volcanic aspect, 
with plagioclase and occasional pyroxene being the major minerals present. 
These pyroclastic lithic fragments are mainly lithic tuffs with minor 
crystal and vitric detritus. Vitroclastic and eutaxitic textural types 
are rare. 

c. Microphenocrysts of the Volcanic and Pyroclastic Lithic Fragments 

The microphenocrysts within the volcanic lithic fragments are 
predominantly andesine and oligoclase (Michel-Levy method), with less common 
quartz, amphibole and pyroxene. Plagioclase is commonly twinned, rarely 
zoned, and often contains abundant irregular blebs of chlorite which is 
probably replacing original volcanic glass inclusions. A chlorite rich 
core is often surrounded by a zone relatively free of such inclusions. 
Potassium feldspar was not observed, despite staining with sodium cobalt-
initrite. 

Quartz occurs in a number of lithic fragments as discrete 
phenocrysts. Such are often with pronounced fractures, embayed and rounded 



Plate 5.4 

a. Intersertal lithic fragment. R39269. plane polarised light, 
x\b.5 magnification. 

h. Intersertal lithic fragment, note small pyroxene and opaque 
grains between the feldspar laths. Dark, turbid material 
between the detrital grains is fine, granular sphene. 
R59209. plane polarised light, xl7 magnification. 

c. Detrital plagioclase showing core with numerous patches of 
chlorite and a chlorite free rim. (Honeycombed structure). 
R59294. plane polarised light, xl7.2 magnification. 

d. Euhedral, hexagonal, detrital quartz, detrital hornblende (h). 
R39275. plane polarised, x28 magnification. 

e. Detrital augite. Note lack of alteration and the essentially 
euhedral form. R59286. plane polarised light, x27 magnification. 

f. Detrital hornblende. Note lack of alteration and the 
essentially euhedral form. Note also fossil fragment (0 
and the muddy matrix (m). R39261. plane polarised light, 
x26 magnification. 

g. Detrital plagioclase (P) showing an essentially euhedral 
form. Note augite grain in lower left corner. R59255. 
plane polarised light, x20 magnification. 

h. Laumontite cement (L). R39288. plane polarised light, 
x25 magnification. 



Plate 3.4 
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due to resorption, and occasionally have beard-like overgrowths (Plate 
3.5e). Hxtinotion is characteristically nonundulose, and the grains 
are essentially free of inclusions. In one felsophvric lithic fragment 
quartz, hornblende and pyroxene phcnocrysts are present (R39273). 

The ferromagnesian minerals include both amphibole and pyroxene. 

They are often partially or completely altered, usually to chlorite, 
being recognisable in many instances only by their characteristic forms. 
Both hornblende and augite occur as unaltered grains. In some lithic 
fragments unaltered clinopyroxene occurs along with a second completely 

altered orthopyroxene(?) (p. 44). 

d. Ho 1 ocrystalline. Lithic Fragments 

Two dominant textural types of holocrysta'l line lithic fragments, 
encompassing a variety of compositional types, may be recognised. They 
are fine-grained hvpidiomorphic granular and allotriomorphic granular. 
In addition, a third less common granophyric type may be present. 
Texturally, these fragments resemble the finer-grained portions of the 

intrusive clasts (page 47). 

Compos itionally, they may contain any of the following minerals: 
plagioclase (andesine, minor oligoclase), orthoclase, quartz, hornblende, 
actinolite, biotite, chloritised ferromagnesian minerals, rare augite, 
and accessor)' opaque oxides, sphene and zircon. The feldspar is usually 

heavily altered to sericite and kaolinite. 

An unusual holocrystalline lithic fragment occurs in R39275. 

It consists of equant quartz grains less than 0.05 mm in size with straight 
grain boundaries and nonundulose extinction, often rimmed by fine micaceous 
minerals. Within this granoblastic matrix, and imparting a porphvroblastic 
texture to it, occur very ragged chloritised ferromagnesian minerals up 
to 0.5 mm in size and containing fine opaque inclusions. This is possibly 
a hornfels derived by contact metamorphism of an amphibole(?) bearing 

siliceous volcanic rock. 

3. Detrital Minerals 

a. Feldspar 
Detrital feldspar constitutes 4.3% to 39.7% by volume of the rocks 

studied (Table 3.3). The feldspar is virtually all plagioclase of andesine 
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and oligoclase composition (Table 5.1). Extremely rare detrital 
microcline was recorded only in R39264 and R39270. The virtual absence 
of K-feldspar as a detrital mineral despite its occurrence in plutonic 
clast types probably reflects its small size and irregular form (i.e. 
in granophyric texture) in these rocks. 

Plagioclase twinning is predominantly of the albite type. 
Carlsbad, carlsbad-albite and albite-pericline twin types are less 
common. Tn some specimens untwinned plagioclase may be common. Zoning, 
both in the detrital plagioclase and in plagioclases within the lithic 
fragments, is not common. Mien present, the zoning is either normal or 
oscillatory. Inclusion zoning of the honeycombed structure type (Kuno, 
1950, p.968) is common in some specimens (Plate 3.4c). 

The plagioclase grains range from 0.1 mm to 1.5 mm, occasionally 
reaching 2 mm in size. Grains are predominantly subangular to subrounded, 
although angular grains may be common in some samples. Many of the grains 
are only slightly rounded subhedral, or occasionally euhedral, prismatic 
shaped crystals (Plate 3.4g,h). Other grains may be more irregular in 
shape. 

The plagioclase is either fresh or altered to varying degrees. 
Sericitisation and kaolinisation of feldspars is common. Albitisation 
also occurs. Calcite, laumontite, and to a lesser degree, prehnite, occur 
as alteration products of the feldspars. Epidote alteration of feldspar 
was rarely observed. 

b. Quartz 

Both monocrystalline and subordinate polycrystalline varieties 
of quartz occur as detrital grains within the Keepit Conglomerate sandstones. 

(i) Monocrystalline Quartz: Detrital monocrystalline quartz 
ranges from 0.11 to 6.2% by volume of the sandstones (Table 3.3). The 
grains are predominantly of volcanic and igneous intrusive origin. 

The quartz grains may be either water clear with no inclusions 
or contain variable amounts of fine dust-like particles and fluid inclusions 
usually arranged in trails across the grain. Quartz within both volcanic 
and intrusive rock types was seen to contain inclusions, the latter 
usually containing the most. Extinction is usually nonundulose with 
only a few grains showing undulose extinction. 




