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Chapter 4

FACIES ARCHITECTURE AND SETTING  OF THE
KOONGIE PARK FORMATION AT KOONGIE PARK

4.1  INTRODUCTION

Facies identification, mapping and detailed section and core logging combined with petrography of

the Koongie Park Formation (KPF) at Koongie Park have identified a Palaeoproterozoic

extensional, continental margin basin sequence. This succession contains mafic and felsic volcanic

and sedimentary rocks. In Chapter 2, the KPF is divided into informal lower and upper units, with

the Onedin Member recognised in the upper portion of the stratigraphy (Orth 1997). This chapter

introduces the lithofacies recognised within the KPF. A facies approach is appropriate in altered

and metamorphosed successions, such as the KPF, and can constrain the original rock types and

their volcanic and sedimentary setting. Twenty-four facies are identified in the KPF at Koongie

Park (Tables 4.1–4.8, Appendix 5). The facies are divided into seven main facies associations which

are described in Section 4.3 of this chapter. The descriptions are each followed by an interpretation

of the depositional environment of the facies association. These include sub-seafloor felsic

complexes and quiet, deep-water sedimentary environments. Analysis of the facies provides an

understanding of provenance, emplacement and transportation processes for the facies associations

and their implications for the timing of events and the filling of the basin. These are documented

in Section 4.4. With this framework, Section 4.5 explores the depositional environment,

palaeogeography, palaeovolcanology, and evolution of KPF in the study area. Constraints on the

tectonic setting, provided by the lithofacies are listed in Section 4.6. The final section (4.7)

examines the impact of this work on exploration models and the suitability of the setting of the

KPF to develop VHMS-type base metal deposits.

4.2  FACIES OF THE KPF

Of the twenty-four facies recognised in the KPF, some are unique to either the upper or lower

stratigraphic units, whereas others are common to both (Chapter 2, Table 2.2).

Six volcanic facies compose mafic and felsic intrusions and possibly lavas. The mafic units are

basalt and dolerite and the felsic units are rhyolite to rhyodacite. This is a bimodal succession with

no andesite (Chapter 6). The volcaniclastic facies include syn-eruptive, pyroclast-rich units, a

possible megabreccia related to collapse or channel-fill, pumice breccia, peperite associated with

felsic intrusions and carbonate-altered, shard-rich, water-settled fallout deposits.  The origins of

two facies, the monomictic banded-sandstone-clast breccia and the silicified breccia, are enigmatic.

The 11 sedimentary facies include nine siliciclastic facies and two non-siliciclastic or chemical

sedimentary facies. These are chert and ironstone facies. The siliciclastic facies encompass three
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coarse siliciclastic facies: debris flow pebbly sandstone; turbidite sandstone and mudstone; and

granule conglomerate turbidites. The other six siliciclastic facies are fine-grained: siliceous

sandstone-mudstone facies, thinly bedded to cross-bedded fine sandstone and mudstone facies,

mudstone facies, thinly bedded to laminated grey mudstone and fine sandstone facies, calcareous

mudstone facies and black mudstone with cherty nodules facies. Many of the fine-grained facies are

restricted to the Onedin Member and cannot be distinguished from mudstone facies away from

drillcore. Origins for these include deposition from low-density turbidity currents and suspension

settling of mud and ash. Many features of these facies can be attributed to diagenetic processes. The

origins of some remain ambiguous.

A summary of all these facies and their main characteristics are presented in Tables 4.1–4.8

with more detailed systematic descriptions and interpretations in Appendix 5.

4.3  FACIES ASSOCIATIONS

The facies found in the study area can be grouped into seven facies associations (Tables 4.1–4.7).

The two volcanic facies associations are dominated by coherent volcanic rocks. These are the mafic

facies association and the rhyolite facies association. The mafic facies association includes basalt

facies, dolerite and intercalated sedimentary units (Table 4.1). Rhyolite, minor rhyodacite and the

mixed perlite breccia and siliceous mudstone facies are included in the rhyolite facies association

(Table 4.2).

Volcanic detritus dominates the quartz-bearing mudstone facies associated with quartz-

bearing mudstone breccia near Onedin, which make up the quartz-bearing mudstone facies

association (Table 4.3).

One coarse-grained and three fine-grained sedimentary facies associations dominate the KPF.

Most are siliciclastic rocks with some chemical sedimentary rocks. Volcanic clasts are common in

these associations in the upper KPF. Coarse-grained units of the interbedded, graded sandstone and

mudstone facies intercalated with the granule conglomerate facies are included in the coarse-

grained sedimentary facies association (Table 4.4). Fine-grained sedimentary facies association I is

found throughout the KPF and is dominated by mudstone and interbedded graded sandstone and

mudstone facies with some chert, ironstone and minor beds of poorly sorted, lithic-rich, pebbly

sandstone (Table 4.5). Fine-grained sedimentary facies association II is composed of thinly bedded

to cross-bedded fine sandstone and mudstone and siliceous sandstone-mudstone with mudstone,

minor interbedded graded sandstone and mudstone, chert and ironstone (Table 4.6). Fine-grained

sedimentary facies association III comprises the Onedin Member of the KPF and also occurs near

other prospects. It includes mudstone, ironstone and chert as well as thinly bedded to laminated,

grey mudstone and fine sandstone, black mudstone with cherty nodules, shard-rich sandstone and

calcareous mudstone (Table 4.7).

Three facies are not assigned to any facies associations. These are the pumice breccia found in

the hinge area of the Moola Bulla Formation synform (GR 4047 6376), the monomictic banded-

sandstone-clast breccia facies north of Onedin and the silicified breccia at Sandiego. All are

restricted lenses, found in single outcrops. Detailed descriptions of these facies are presented in

Appendix 5 and summarised in Table 4.8.
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Facies Distribution Geometry Relationships Description Interpretation

Basalt Mainly in the
lower KPF,
but also as late
dykes at the
prospects.
Major
locations:
north of
Gosford; 5.5
km north of
Sandiego; and
near Hanging
Tree.

Large bodies
north of
Sandiego
(largest body 3
km x 1.5 km).
Thin extensive
units north of
Gosford (2-10
m x 200 m).
Small bodies
20 m x 20 m
near Hanging
Tree.

Amongst
interbedded
graded sandstone
and mudstone,
dolerite, and
poorly sorted,
lithic-rich pebbly
sandstone. No
contacts exposed.
Basalt dykes
intrude all other
facies including
dolerite at, and
north of Gosford.

North of Gosford  rapid
changes in grain-size
from cryptocrystalline
basalt to microdolerite;
amygdaloidal dykes.
Elsewhere monotonous
and fine-grained.
Pillows and arcuate
fracture sets, often
infilled with silica near
the margin of the large
body north of Sandiego.
Also in this unit altered
perlite.

Extrusive or
intrusive units :
rapid change in
crystal-size in some
north of Gosford
may indicate, at
least, a partially
intrusive nature.
Pillows present in
the large body
north of Sandiego
suggest subaqueous
extrusion.

Dolerite Usually found
as float on
black soil
plains, as
north and west
of Sandiego.
Limited
outcrop north
of Gosford,
southwest of
Onedin South
and near
Puseye.

Unable to
determine the
dimensions of
these
units due to
poor outcrop.

Fine-grained
margin crosscuts
granule
conglomerate and
interbedded
graded sandstone
and mudstone
southwest of
Onedin South.
Possibly cross-cut
by amygdaloidal
basalt at and
north of Gosford.

Fine to coarse grained
(0.2-4 mm) interlocking
ferromagnesian minerals
and intervening
feldspar. All are
metamorphosed so that
the ferromagnesian
minerals are now
hornblende and the
feldspar now albite,
minor quartz and
carbonate.

Late intrusions,
intruded by later
basalt dykes.

Inter-
bedded
graded
sandstone
and
mudstone

Throughout
the KPF.
Extensive.

Well exposed
in a creek
north of
Sandiego (GR
4119 7350).
Thickness
difficult to
measure due to
abundant fold
repetitions.
Elongate unit
in the upper
KPF northeast
of Gosford:
1.5 km long
and 30 m
thick.

Associated with
basalt, mudstone
and chert  in the
lower KPF. In the
upper KPF, it is
intercalatedwith
the granule
conglomerate
facies, siliceous
sandstone-
mudstone facies,
quartz-bearing
mudstone facies,
ironstone and
chert. Intruded
by aphyric and
quartz-phyric
rhyolite facies
and dolerite.

Coarse to fine
sandstone, normally
graded with occasional
intraclasts near the base.
Plane and ripple cross-
bedding and cross-
laminations in fine
sandstone and
mudstone. Minor
undisturbed mudstone
at the top. Beds less
than 0.3 m thick
dominate the lower
KPF, but well exposed
thick (2 m thick) beds
are present in the upper
KPF. In some areas, the
fine-grained component
increases upsequence.
Include channel-fill,
cross-bedded sandstone

Deposited from
sandy and silty
turbidity currents
(Bouma divisions a,
b, c  d).
Subaqueous,
below-wave-base
deposition.

Table 4.1  Summary of the main facies in the mafic facies association:
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Table 4.2  Summary of the features of the rhyolite facies association

Facies Distribution Geometry Relationships Description Interpretation

Aphyric
rhyolite.

Predominantly
in the upper
KPF. Scattered
throughout the
area; forms a
prominent unit
in the Onedin-
Rockhole area.

Pods and
lenses, up to
3 km long
and a few
metres to
200 m thick.

Associated with a
wide variety of
lithologies
including quartz
-phyric rhyolite
and many of the
sedimentary
facies; upper &
lower contacts
can be sharp,
cross-cutting,
brecciated or
peperitic.

Aphyric rhyolite contains a
number of zones composed
of spherulitic,
amygdaloidal, lithophysae-
rich, perlitic, granular and
flow banded rhyolite. In
the sill between Rockhole
and Onedin, a systematic
variation in these textures
is apparent, with a lower
granular zone, a middle
zone of scattered
spherulites and an upper
zone of abundant vesicles,
lithophysae and
spherulites. Outcrops are
massive and display
curviplanar fractures; they
can range from red, yellow
to pink, white and grey in
colour. Spherulites where
present range in size up to
5 mm across. Lithophysae
can be several centimetres
across.

Rhyolite to
rhyodacite
intrusions;
shallow and syn-
sedimentary,
possibly sub-
volcanic often
sills.

Quartz-
phyric
rhyolite.

Upper KPF:
throughout the
study area; forms
large units
between
Rockhole and
Gosford, south
of Onedin and
northwest of
Sandiego.

Units up to
1 km long
and 200 m
thick, with
abundant
thin (1-2 m)
dyke-like
units.

Associated with
aphyric rhyolite
and various
sedimentary
facies; upper &
lower contacts
are lobe-like;
contacts are
sharp,
brecciated,
peperitic and
cross-cutting.

Quartz size and abundance
vary. Phenocrysts range
from less than 0.5 mm to 2
mm,  sparse distribution 1-
5% but occasionally more
abundant (10%). Round
quartz amygdales near the
outer edges of units along
with spherulites and
perlite. Outcrops are
granular or massive with
curviplanar fractures. Most
of the quartz is blue with
square cross-sections
common.
A variant north of
Rockhole contains quartz-
feldspar aggregates (<3 mm
across).

Intrusive
coherent rhyolite
to rhyodacite;
possibly
synsedimentary
& subvolcanic.

Feldspar-
phyric
rhyolite.

Upper KPF.
Restricted to 4
intersections in
SND 5 at
Sandiego.

Intersections
vary from
10-60 m
thick. Extent
and
morphology
are
unknown.

Peperitic upper
contacts with
laminated black
to grey
mudstone and
fine sandstone.

Hand specimens
dominated by perlite and
spherulites. Granular
appearance and ‘bird-eyes’
formed by biotite around
fine-grained groundmass.
Large (<3 mm, <3%)
simple twinned K-feldspar
form the main phenocryst
phase. Abundant round,
polycrystalline, quartz-
filled amygdales.

Rhyolite/rhyo-
dacite intrusions.
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Table 4.2  cont.

Facies Distribution Geometry Relationships Description Interpretation

Quartz-
feldspar
porphyry.

Upper KPF.
Three locations:
north of
Sandiego, float
west of Sandiego
and north of
Rockhole.

Small lenses
or scattered
float, unit
north of
Rockhole
about 2 m
radius.

Float amongst
dolerite
southwest of
Sandiego;
isolated hill of
outcrop north of
Sandiego; small
lens intruded
aphyric rhyolite
in the Rockhole
area.

Coarse quartz and feldspar
(<5 mm) evenly distributed
in a dark, fine-grained
groundmass in the float
west of Sandiego; smaller
quartz and feldspar laths in
the outcrop north of
Sandiego; abundant quartz
and euhedral feldspar (< 5
mm,  25%) in the intrusive
pod in the Rockhole area.

Intrusive where
relationships can
be determined;
small quartz-
feldspar
porphyry ‘pipe’
near Rockhole.

Mixed
perlite
breccia
and
siliceous
mudstone.

Upper KPF.
Excellent
examples
between Onedin
and Rockhole,
especially in
drillholes.

Lenses up to
5 m thick
and 50 m
long.

Always found
gradational to
and between
aphyric, quartz-
or feldspar-
phyric rhyolite
and mudstone or
thinly bedded to
laminated grey
mudstone and
fine-grained
sandstone,
siliceous
sandstone-
mudstone facies
and interbedded
graded sandstone
and mudstone.

Open framework of
triangular to trapezoidal
dark (or red at the surface)
perlite (<10 cm long)
enclosed in a siliceous fine-
grained matrix. Fragment
edges wispy and blocky.
Few or no phenocrysts in
the rhyolite clasts. Where
present they are quartz
(<2 mm, <3%,).

Peperite formed
by mingling of
the hot rhyolitic
to rhyodacitic
intrusions
(generally sills)
and wet
unconsolidated
host sediments.
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Table 4.3  Summary of the features of the quartz-bearing mudstone facies association

Facies Distri-
bution

Geometry Relationships Description Interpreta-
tion

Quartz-
bearing
mudstone.

Upper
KPF,
between
Rockhole
and
Onedin,
north of
Gosford
and
Rockhole,
north of
Puseye and
at
Sandiego.

Most extensive  (3
km) and thickest
(200 m) between
Onedin and
Rockhole. Tabular
beds. Around
Gosford, beds vary
from 3 to 60 m
thick. At Sandiego,
the unit beneath
the main eastern
sulfide zones is at
least 200-300 m
thick and the
overlying units are
thinner (50-60 m).
The upper unit in
SND 1 is up to
150 m thick. At
Puseye, the exact
thickness of the
unit cannot be
determined, but
outcrops extend
over 700 m
(width) over 700
m strike length
and probably
occupy the core of
a  fold.
Beds (7 m thick)
are found in the
area south of the
Moola Bulla
Formation
synform.

Between Rockhole and
Onedin, it overlies chert,
mudstone, ironstone and
a lens of monomictic
banded-sandstone-clast
breccia and is overlain or
faulted against the
Onedin Member. It
forms the footwall to
base metal occurrences at
the prospects.
It is intercalated with,
and gradational to,
quartz-bearing mudstone
breccia, mudstone and
poorly sorted, lithic-rich
pebbly sandstone near
Onedin. In the Gosford
area, it is intercalated
with interbedded graded
sandstone and
mudstone, mudstone
and siliceous sandstone
mudstone facies. It is
intruded by aphyric and
quartz-phyric rhyolite
facies and dolerite north
of Gosford. Contacts are
sharp. In DDH 10 at
Sandiego, it displays a
baked contact with
overlying mudstone.
Elsewhere it faulted
against or intercalated
with interbedded graded
sandstone and mudstone
or sulfide minerals or
biotite schist or
carbonate. The hanging
wall at Sandiego is
faulted against the host
unit to the massive
sulfide lenses. This unit
contains thinly bedded
to laminated grey
sandstone and mudstone
facies.

Bimodal quartz with
large crystals 2-8 mm
and smaller (< 1 mm)
crystals. The quartz
appears blue in some
altered rocks. Basal
units near Rockhole,
contains large (<1.5 m
long) slabs of chert.
Normal grading is
present in some beds
(e.g., Sandiego
footwall GD 26, SND
1, north of Gosford,
south of the Moola
Bulla synform) but
most are massive with
subtle variations in the
quartz content and
lithic clast size.  Quartz
is generally finer-
grained at  Sandiego (<
3mm) where quartz
occurs with feldspar in
some well cleaved
areas. Pumice apparent
in the upper portion of
SND 1. Pumice does
not appear welded or
strongly deformed.

High-density
sediment
gravity flow
volcaniclastic
deposit.

At Sandiego,
includes
quartz-phyric
rhyolite,
pumice
breccia and
volcaniclastic
mass-flow
deposit.

.
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Table 4.3  cont.

Facies Distri-
bution

Geometry Relationships Description Interpreta-
tion

Quartz-
bearing
mudstone
breccia.

Upper
KPF,
north of
Onedin
(section
9), north
(section 6)
and west
of DDH
16A, and
near
Rockhole
(section
2).

100 m x 100 m
along strike (north
of Onedin); 100 m
x 350 m (north of
DDH 16A) and
40 x 250 m  (west
of DDH 16A).

Near to aphyric and/or
quartz-phyric rhyolite
facies; gradational to
quartz-bearing
mudstone. Associated
with mudstone,
interbedded graded
sandstone and mudstone
and quartz-bearing
mudstone facies. The
unit west of DDH 16A
is gradational to quartz-
phyric rhyolite.

West of DDH 16 the
facies is composed of
an open framework of
angular clasts (<0.5
m), of quartz-bearing
mudstone supported
by a matrix of
mudstone.

Elsewhere, complex
and rapid variations in
lithology over metres.
Variably abundant
mudstone, aphyric or
quartz-phyric rhyolite,
chert and quartz-
bearing mudstone
outcrops. Outcrops
can be dominated by a
single lithology, but
some have clasts of one
supported by another.
For example, the main
variant is an open
framework of quartz-
bearing mudstone
clasts in a mudstone or
granular matrix. Clasts
can be  up to boulder
size. Quartz in these
clasts is 4-2 mm
diameter and can be
irregular shapes, with
ragged or cuspate
margins.

West of DDH
16A, the
quartz bearing
mudstone
breccia is
gradational to
a quartz-
bearing
rhyolite and is
interpreted as
stoped blocks
of quartz-
bearing
mudstone in a
quartz-bearing
rhyolite
intrusion.

Other units
have a more
complex
origin:
possibilities
include
intrusion of a
megabreccia
or intrusion of
disrupted
channel-fill.

Mudstone
facies.

Extensive
throughou
t the KPF.

Tabular sequences
up to 5 m thick
and may extend up
to 3 km.

Associated with all other
facies and  intercalated
with most other
sedimentary facies.
Contacts can be sharp
and erosive (granule
conglomerate facies) or
gradational
(interbedded, graded
sandstone and mudstone
facies). Gradational to
mixed perlite-siliceous
mudstone breccia.
Aphyric and quartz-
phyric rhyolite intrude
the mudstone with some
peperitic contacts.
Dolerite has sharp cross-
cutting contacts.

Mudstone includes
ferruginous and pyritic
mudstone. In many
areas, it may
encompass other fine-
grained facies, as these
cannot be
distinguished in
weathered or partially
lateritised surface
outcrops. Red, pink,
brown green in lower
KPF; black to grey in
core. Pseudomorphed
pyrite cubes common
north of Onedin.

Subaqueous
below-storm-
wave-base
sedimentation
. Either water
settled or low-
density
turbidity
currents.
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Facies Distribution Geometry Relationships Description Interpretation

Granule
conglomerate.

Upper KPF,
south of Onedin
and Gosford;
Highway area,
scattered outcrop
towards
Sandiego. Minor
unit at Atlantis.

Traced over
1.5 km and
about 5 m
thick. Lens at
Atlantis.

Interbedded with
interbedded
graded sandstone
and mudstone and
mudstone, with
sharp or erosive
contacts. Sharp,
intrusive contact
with dolerite.
Associated with
siliceous
sandstone-
mudstone facies
and aphyric and
quartz-phyric
rhyolite.
Intercalated with
mudstone and
chert at Atlantis.

Coarse to
medium graded
sandstone and
granule
conglomerate
with basal
intraclasts. Grade
up into laminated
medium to fine-
sandstone and
minor mudstone.
A few beds
display reverse
grading. Beds
0.5–1.5 m thick
with sharp,
slightly erosive
basal contacts.

Deposited from
erosive, non-
channellised
sediment gravity
mass flow.

Interbedded,
graded
sandstone and
mudstone (see
Table 4.1).

Mudstone (see
Table 4.3).

Table 4.4  Summary of the features of the coarse-grained sedimentary facies association.
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Table 4.5  Summary of the features of the fine-grained sedimentary facies association I.

Facies Distribution Geometry Relationships Description Interpretation

Poorly
sorted,
lithic-rich
pebbly
sandstone.

Throughout
the KPF.
Three
occurrences:
one north of
Gosford, one
north of
Sandiego
and one
southwest of
DDH 16A
near
Onedin.

Elongate beds <1
m thick extend for
at least 50 m along
strike north of
Gosford; one bed
near Onedin is 2-5
m thick and
extends for 200 m.

North of Gosford,
associated with basalt
and thinly bedded to
laminated, grey
mudstone and fine
sandstone; contacts not
exposed. North of
Sandiego, intercalated
with silicified
sandstone and basalt.
Near Onedin,
underlain by mudstone
and chert and overlain
by mudstone and
quartz-bearing
mudstone. Contacts
are sharp. Along strike
interfingers with
mudstone, abuts
aphyric and quartz-
phyric rhyolite facies.

Pebbles of, chert,
slabs of laminated
mudstone and
felsic volcanic
clasts in a
sandstone matrix.
The unit is poorly
sorted. Fragments
angular to well
rounded. Light
coloured felsic,
volcanic clasts
contain
bupyromidal and
embayed quartz
crystals (<2 mm
<1%). Some are
aphyric. Sandstone
matrix can be
coarse to fine and
appears to be
composed of chert,
mudstone with
some quartz and
feldspar fragments.

Deposited
from high-
energy
sediment
gravity flow,
which ripped
up uncon-
solidated
substrate
during an
erosive phase.
Some clasts
have a volcanic
origin.

Chert. Throughout
KPF.
Important
component
of the
Onedin
Member.
Extensive.
Prominent
outcrop even
in highly
weathered
areas.  At
and near
prospects:
Gosford,
Onedin,
Sandiego
and
Rockhole.

Lenses and beds of
chert are generally
less than 30 m
thick. In the lower
KPF, up to 0.3 m
thick, highly
contorted and
difficult to trace
over any distance.
At the prospects,
beds are strongly
folded, but can be
traced over 100 m.
Chert, north of the
Moola Bulla
Formation is up to
30 m thick and 50
m long. South of
Sandiego beds can
be up to 1-3 m
thick, but traceable
over 100 m.

In the lower KPF,
chert is associated with
ferruginous mudstone.
No other units outcrop
in these areas. In the
upper KPF, it is
associated with
ironstone, thinly
bedded to laminated
grey mudstone and
fine sandstone, black
mudstone with cherty
nodules, shard-rich
sandstone and
calcareous mudstone
(now carbonate). It
also occurs with
mudstone, interbedded
graded sandstone and
mudstone and quartz-
bearing mudstone.
Near Rockhole, it is
laterally gradational to
ironstone facies. Chert
is interbedded with
mudstone and
ironstone between
Onedin and Sandiego.

Chert can be
white, grey, black,
pink, yellow to red
when ferruginous.
South of Sandiego,
there are abundant
lenses and beds of
black chert with
mudstone and
sandstone. The
chert is spongy and
occasionally
gossanous,
indicating that
some minerals
have been
weathered out of
the units. White to
grey chert occurs
at the main
prospects as
contorted beds and
elongate lenses. It
can display
bedding and
laminae.

Inorganic silica
deposition
caused by silica
supersaturatio
n in local
waters. Quiet
conditions
with low
terriginous
input.
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Table 4.5  cont.

Facies Distribution Geometry Relationships Description Interpretation

Ironstone. Mainly
upper KPF;
important
component
of the
Onedin
Member.
Found at
Rockhole,
Onedin,
Sandiego
and
Gosford.
Abundant
units
between
Onedin and
Sandiego,
and Onedin
and
Rockhole.
Thin units at
Hanging
Tree and
further
south. Some
may be
buried and
laterally
equivalent to
black chert
at the
surface,
south of
Sandiego,
north of
Sandiego
and Gosford
where strong
magnetic
anomalies
occur in the
lower KPF.

Tabular (0.1-1.5
m thick) beds,
commonly
contorted. Beds
can be traced over
500 m and
ironstone and
associated
lithologies
traceable over
distances of up to
3 km.

Ironstone is closely
associated with chert
and in one case, near
Rockhole is laterally
equivalent. Also
associated with thinly
bedded to laminated
grey mudstone and
fine sandstone, black
mudstone with cherty
nodules and shard-rich
sandstone and
calcareous mudstone
(now carbonate).  In
other areas, it is
associated with
interbedded graded
sandstone and
mudstone and
mudstone. Contacts
are sharp. South of
Gosford one unit
pinches out laterally
within aphyric
rhyolite.

Composed of
alternating laminae
and very thin beds
(< 30 mm) of chert
and magnetite or
magnetite mixed
with haematite or
in some cases,
chert and iron-
rich silicate
minerals, such as
ripidolite,
grunerite and
stilpnomelane.
Magnetite
alternates with
carbonate-rich
bands in core.
Some chert
nodules.

Deposited
during a
period of slow
sedimentation.
Composition
(Appendix 6)
indicates both
hydrothermal
and
terrigenous
sources for the
ironstone.
Upwelling,
iron-rich, deep
basinal waters
may have had
a hydrothermal
origin and
some local
hydrothermal
sources cannot
be discounted.
Fe depositing
during
fluctuating
oxidation
conditions
with silica
during periods
of silica
saturation.

Interbedded graded sandstone and mudstone (see Table 4.1 ).

Mudstone (see Table 4.3).
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Facies. Distribution. Geometry. Relationships. Description. Interpretation.

Thinly
bedded to
cross-bedded,
fine sandstone
and
mudstone.

Upper KPF;
restricted to the
Rockhole area.

Lenses, but
locally appear
tabular.

Overlies Onedin
Member below
aphyric rhyolite.
Overlies and is
laterally
gradational to
mudstone,
siliceous
sandstone-
mudstone and
chert. Sharp
contacts with
interbedded
graded sandstone
and mudstone
beds.

Beds up to 300
mm thick and
laminae of red
mudstone
alternate with
laminae of fine,
white sandstone.
Beds are siliceous.
Cross-beds are
tabular with
angles of repose
at 15º to 30º

Tractional
deposition.
Could be in a
shallow, low
energy,
subaqueous
environment, but
all other facies
suggest deep,
below storm-
wave-base
deposition.
Tractional deep
water processes
include deep
ocean currents,
such as
contourites, or
deposition from a
depletive waxing
sediment-gravity
flow or waves
from refracted
from the main
sediment gravity
flow.

Siliceous
sandstone-
mudstone.

Upper KPF,
Onedin-
Rockhole-
Gosford area,
extending south.

Difficult to
follow, but
may originally
have been
elongate,
locally
tabular.

Intercalated with
interbedded
graded sandstone
and mudstone
facies, minor
granular
conglomerate
facies and
mudstone facies.
Forms screens
between aphyric
and quartz-phyric
rhyolite.
Gradational to
mixed perlite-
siliceous
mudstone facies.

Thin beds of
siliceous, fine
sandstone
interbedded with
laminae and thin
beds of mudstone
(green in core and
red at the
surface). Beds are
defined by
changes in
abundance and
grain-size of
angular quartz
versus chlorite-
white mica.
Minor scours at
the base of some
sandstone beds.
One outcrop
massive.

Suspension
settled or low-
density turbidity
current.
Abundant silica
may reflect
original abundant
silicic glass.

Interbedded graded sandstone and mudstone (see Table 4.1).
Mudstone (see Table 4.5).
Chert (see Table 4.5).
Ironstone (see Table 4.5)

Table 4.6  Summary of the features of the fine-grained sedimentary facies association II.
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Table 4.7  Summary of the features of the fine-grained sedimentary facies association III.

Facies. Distribution. Geometry. Relationships. Description. Interpretation.

Shard-rich
sandstone.

Restricted to the
Onedin Member
at Onedin. One
interval with
sporadic
occurrences
(KPD 31 310-
320  m).

Unknown.
From a 10 m-
thick section
now carbonate
with minor
chlorite.

Associated with
thinly bedded to
laminated grey
mudstone and
fine sandstone,
calcareous
mudstone chert,
mudstone and
ironstone.

Bubble-wall shard, Y-
shaped and double Y-
shaped shards. The latter
display delicate curved
glassy bridges between
two ruptured bubble-
walls.  These are up to 1
mm across and 1.5 mm
long. Uncompacted and
undistorted. Fine-
grained carbonate
between the shards.

Shard-forming
eruption. Not
abraded during
transport and
probably settled
directly through
the water
column.
Alteration
preserved the
texture of the
glass prior to
compaction.

Thinly
bedded to
laminated
grey
mudstone
and fine
sandstone.

Only in drillcore
from Sandiego,
Onedin, Onedin
South, Gosford
and Rockhole
(possibly very
extensive and
equivalent to
mudstone facies).
At Onedin,
Onedin South,
Rockhole and
Gosford it forms
between 1% and
8% of the
Onedin Member.
Found in one
outcrop north of
Gosford.

Geometry of
the facies is
poorly known:
in core, up to
50 m thick
(SND 5)
intervals occur.
These appear to
be thickened by
folding and
faulting.

Interbedded with
chert, ironstone,
mudstone and
black mudstone
with cherty
nodules.
Associated with
shard-rich
sandstone and
calcareous
mudstone (now
carbonate), but
relationship are
uncertain.
Intruded by
aphyric, quartz-
phyric and
feldspar-phyric
rhyolite facies,
peperitic in
places.

Beds vary from 50-80
mm to laminae of fine-
grained, graded
sandstone with grey
mudstone (when fresh)
and black mudstone.
Some sandstone bases
scour underlying
mudstone. Soft-
sediment
deformation/dewatering
features include ball and
pillow structures and
diastasis cracks filled
with sandstone from
overlying beds. Syn-
sedimentary faults are
common. Sulfide
minerals common in
this facies.

Low-density
turbidity current
deposited fine
sandstone, and
mudstone,
interspersed with
background
sedimentation of
mudstone. Some
organic
component may
indicate a
reducing
(anoxic?)
environment.

Calcar-
eous
mudstone.

Restricted to the
Onedin Member
at Onedin,
Rockhole and
Gosford. Also at
Sandiego and as
extensive thin
beds above the
Onedin Member
in the Rockhole
area.

Elongate,
locally thin
tabular bodies.
Near Rockhole
3 m thick x 300
m along strike.

In the Onedin
Member,
associated with
thinly bedded to
laminated grey
mudstone and
fine sandstone,
chert, mudstone
and ironstone.
Above the
Onedin Member
intercalated with
interbedded
graded sandstone
and mudstone,
and siliceous
sandstone-
mudstone.

In the Onedin Member,
identified by early, small
dolomite crystals which
appear to have grown
uninhibited in a mud.
Now carbonate+
chlorite+talc+
±quartz±sulfide. Above
the Onedin Member, it
is a carbonate-rich
turbidite. Quartz crystals
comprise the normally
graded medium- to fine
sandstone base, overlain
by laminated and cross-
laminated calcareous
fine- sandstone and
mudstone. Marked by
shallow (< 2 mm)
rillenkarren.

Controversial:
small dolomite
rhombs may be
early sedimentary
dolomite, related
to diagenesis or
early alteration in
mud or ash.

Unit above the
Onedin Member
near Rockhole
deposited by a
low-density
turbidity current.
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Facies. Distribution. Geometry. Relationships. Description. Interpretation.

Pumice
breccia.

Upper KPF. In
the hinge zone of
the late stage fold
of the Moola
Bulla Formation
in the south of
the study area
(GR 4047 6376).

Lens 8 m x
40 m.

Abuts aphyric
rhyolite. Contact
is irregular, but
not gradational.

Angular, blocky
fragments (<10 cm)
composed of
parallel siliceous
striae or
laminations.
Fragments are
rectangular and
randomly oriented.
These clasts are
interpreted as
pumice clasts.
Varies from open to
closed framework in
a sandy matrix. The
matrix contains
minor angular dense
lithic clasts and
quartz crystals.

Resedimented
pumice, possibly
a talus breccia.

Monomictic
banded-
sandstone-
clast breccia.

Only one
location northeast
of Onedin,
logged in section
5.

Lens 15-20
m thick x
60 m long.

Overlies
mudstone,
interbedded
graded sandstone
and mudstone. Is
overlain by
quartz-bearing
mudstone.
Contacts are
sharp.

Angular, blocky
fragments (< 0.2 m
across) with red
striae or laminations
(<1 mm wide). No
crystals. Dominated
by rectangular-
shaped clasts which
are randomly
oriented. Matrix-
poor with only
minor silica matrix
near the top.

Autobrecciated
flow banded lava;
or sedimentary
collapse breccia.

Silicified
breccia.

Upper KPF.
Only one
location 50 m
west of Sandiego.

Round
outcrop 2
m diameter.

No contacts
visible, no
relationships
established.

White rock with
casts (< 3 cm) of
striated fragments
displaying random
orientations. Casts
hosted in
cryptocrystalline
silica matrix.

Pumice or
sediment-
fragment rich
breccia.

Table 4.8  Summary of the features of the other facies.

Table 4.7 cont.

Facies. Distribution. Geometry. Relationships. Description. Interpretation.

Black
mudstone
with
cherty
nodules.

At Onedin,
Sandiego and
Gosford, both in
core and
outcrops. Part of
the Onedin
Member in the
Onedin-
Rockhole-
Gosford area.

Lenses: very
thin (< 30 mm)
beds or lenses,
traceable over a
few metres.

Interbedded with
thinly bedded to
laminated grey
mudstone and
fine sandstone.
Associated with
beds of chert,
mudstone and
ironstone and
lenses of shard-
rich sandstone,
calcareous
mudstone and
massive sulfide.

Thin beds of black
mudstone in core, red
mudstone or mudstone
at the surface, with
elongate (< 30 mm long)
nodules and irregular
patches of chert. Chert
nodules are bedding
parallel. Edges are
round. Outer fine-
grained recrystallised
rim (< 2 mm wide) also
can contain other
minerals such as
chlorite.

 Suspension
sedimentation in
a quiet, possibly
anoxic
environment.
Nodules are
diagenetic and
formed below the
sediment-water
interface from
silica-rich waters
moving through
the mudstone.

Mudstone (see Table 4.5).

Chert (see Table 4.5).

Ironstone (see Table 4.5)
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All the facies associations are described below. Each section includes the distribution and

geometry of the facies association, and the contact relationships of the facies association, followed

by a description of the facies association, including a summary of important features of some of the

characteristic facies. Each section ends with an interpretation of the facies association.

4.3.1 MAFIC FACIES ASSOCIATION

The mafic facies association include the three main areas of basalt facies, which incorporate pillow

basalt and minor basalt breccia, later intrusive dolerite and late-stage cross-cutting basalt dykes.

The basalt units are surrounded by interbedded graded sandstone and mudstone facies, mudstone

facies and minor poorly sorted, lithic-rich pebbly sandstone facies. Sedimentary facies are also

intercalated with the basalt facies north of Sandiego (Table 4.1).

Distribution, geometry and relationships

Two main areas of basalt facies are restricted to the lower KPF: north of Gosford and 5.5 km north

of Sandiego. Basalt is also present in the upper KPF near Hanging Tree. The largest body is north

of Sandiego (3 km x 1.5 km). Tabular basalt occurs north of Gosford (2–10 m thick and

continuous over two hundred metres ), whereas small (20 m x 20 m) units occur at Hanging Tree.

All are surrounded by interbedded graded sandstone and mudstone facies, mudstone, chert and

dolerite. Relationships between these units and the surrounding rocks remain enigmatic, due to

poor outcrop and complex folding. However, the basalt units north of Gosford follow the trend of

the bedding with no obvious alteration of the surrounding sedimentary rocks. Two intervals of

sedimentary facies less than 20 m thick are intercalated with the basalt north of Sandiego. Silicified

poorly sorted, lithic-rich pebbly sandstone facies and mudstone predominate.

Despite broad areas of dolerite mapped by previous authors (Sewell 1999), dolerite outcrop is

minor. Dolerite float is common on the black soil plains north and west of Sandiego, north of

Gosford and in the vicinity of Puseye. Excellent exposures occur in creeks north of Gosford and

between Onedin South and Sandiego (GR 426 720). In the latter creek section, dolerite becomes

finer grained towards its margin, which sharply cuts bedding in the surrounding sedimentary rocks.

North of Gosford dolerite is found amongst basalt, but no contacts are exposed. At Gosford,

dolerite is cross-cut by  basalt dykes that are also intersected in drillcore at Onedin.

Descriptions

Randomly oriented to aligned feldspar laths (<0.5 mm long) are surrounded by unoriented

amphibole of similar size and opaque minerals (5–7%, <0.2 mm). The green to blue amphibole can

pseudomorph pyroxene and a few form garbenschieffer bundles up to 2 mm long (Purvis 1992).

Some basalt is porphyritic, with scattered (<1%) randomly oriented large (<0.2 mm) feldspar laths

in a groundmass of fine-grained (< 0.04 mm) feldspar and amphibole. Accessory minerals include

sphene, rutile, leucoxene and a radioactive mineral, possibly allanite.

Outcrops are round and black or red, some displaying white feldspar laths on weathered

surfaces. Pillow basalt is only found near the eastern margin of the large unit north of Sandiego.

These display fine-grained margins with silica between the pillows. The pillow shape is variable

with some oval-shaped pillows 1 m across and other ‘mattress’ and irregular shaped pillows around

them (Fig. 4.1A). Vesicles make up 10-15% of the pillows, but are concentrated near the pillow



75

margins. Elsewhere and in other basalt bodies, vesicles make up less than 5% of the rock. Vesicles

are filled by silica. Chlorite amygdales occur in the basalt at Hanging Tree.

Basalt breccia is gradational to massive basalt in a small unit north of Sandiego and in the

tabular units north of Gosford. The breccia north of Gosford contains irregular-shaped, angular to

round, highly vesicular basalt fragments, which display striated surfaces (Fig. 4.1B). The striae can

be continuous across several clasts. Pillow fragments up to 30 cm across are present. A north

trending, ≤ 1 m wide linear basalt pseudobreccia composed of ragged and angular, green perlite

clasts in a white quartz+albite and chlorite matrix, divides two areas of coherent basalt within the

large basalt unit north of Sandiego (GR 390 765, Figs 4.1C, D).

The silicified poorly sorted, lithic-rich pebbly sandstone facies, intercalated with the basalt in

the unit north of Sandiego, is characterised by elongate, bedded, fine sandstone and mudstone

fragments up to 4 cm long. Clast edges appear wispy on the broken margins and are surrounded by

a matrix of irregular-shaped quartz crystals and epidote. The quartz crystals are internally

polycrystalline.

Dolerite varies from fine- to coarse-grained (0.5–5 mm long crystals) with interlocking

ferromagnesian minerals altered to hornblende (see Chapter 3). The hornblende needles form

bunches with interlocking feldspar crystals. Most of the feldspar is now altered to albite, oligoclase,

labradorite, carbonate and quartz (Chapter 3). Accessory minerals include ilmenite, sphene,

rutile(?).

All the late-stage basalt dykes at Onedin are altered with the original textures and mineralogy

obliterated (Chapter 7). At Gosford, one dyke intruding dolerite is intersected. The basalt is

porphyritic with feldspar crystals (less than 2 mm long), displaying Carlsbad and albite twinning,

set in a fine-grained groundmass. This groundmass is now altered to chlorite, biotite and feldspar

with scattered opaques, epidote and carbonate.

Interpretation

The amygdaloidal nature of many of the basaltic units indicates that they are coherent lavas or

shallow intrusions derived from degassing magma. The small lenses at Hanging Tree and those

north of Gosford may be valley-fill lavas, although the possibility of an intrusive origin cannot be

ruled out.

Interpretations of  the large basalt unit north of Sandiego

1. Near the margin of the unit, arcuate silica-filled fractures outline ‘mattress-shaped’ and ovoid

pillows. This is confirmed by the increase in vesicles outwards and abundant fractures

perpendicular to pillow margins. Inter-pillow spaces are filled by later quartz and not by

sediment, which may indicate eruption on the seafloor rather than intrusion or burial into a

soft sediment substrate (Yamagishi 1985, Walker 1992a, Waters & Wallace 1992).

2. Arcuate fractures in the fine-grained, non-vesicular basalt near the centre of the unit north of

Sandiego resemble features described from basalt transitional between massive and pillow

basalts in subaqueous Archaean lavas of the Rouyn-Noranda area of Canada (Dimroth et al.

1978). These authors proposed that the fractures represent the cooling cracks around welded
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Figure 4.1  Features of the basalt facies
(A) Pillows in basalt north of Sandiego. Note the ovoid to round (p) and ‘mattress’ shaped pillows (m). Silica
occurs at the edges of the pillows (arrow). Hammer in photograph is 33 cm long  (GR 3992 7624).
(B) Tabular basalt breccia among sedimentary rocks and basalt north of Gosford. Occasional pillows are
present (outlined) and striae run across the outcrop (dashed  black lines mark a few). Irregular-shaped clasts
are flattened parallel to the outcrop (GR 4461 7646).
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(C) Basalt pseudo-breccia within basalt north of Sandiego. It is composed of abundant angular pseudo-clasts
in a fine-grained, recessive matrix (GR 3900 7650).
(D) Close-up of cut slab of the breccia depicted in C. This is a pseudo-breccia formed by the overprinting of
alteration on perlite. The main pseudo-clasts are composed of chlorite+silica alteration patches (i) which
have been overprinted by later white albite+sericite alteration (ii). Only small cores of the early alteration are
preserved. The later albite+sericite alteration appears to follow perlitic cracks (arrowed, right side of
photograph). Chlorite alteration (iii) overprints the previous events. Scale at the top is in centimetres below
and inches above.
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megapillows, up to 5 m in diameter. The lack of glass around these fractures indicates that the

whole of the body cooled as a single unit.

3. The tabular basalt breccia is interpreted to be a pseudobreccia, composed of perlite overprinted

by silica and chlorite alteration. Differential weathering of the chlorite and silica has enhanced

the breccia appearance of the rock (Fig. 4.1D). Perlite indicates that the precursor basalt was

glassy. It may mark the glassy edge of one unit that has been intruded or overlapped by later

basalt. It could also be a glassy zone of basalt quenching  (Yamagishi & Goto 1992) along a

linear fracture with subsequent hydrothermal circulation along the fault causing the complex

overprinting alteration types which form the pseudobreccia (Yang & McPhie 2000).

4. Thin successions of intercalated volcaniclastic and sedimentary units could be sedimentary

screens between intrusions or interbedded sediments.

Uncertain younging direction and obscured contact relationship between basalt facies and the

surrounding sedimentary facies preclude distinguishing lavas from intrusions, but abundant pillows

and the lack of sediment infilling inter-pillow spaces suggest that the pillowed outer edges of the

unit north of Sandiego at least flowed onto the seafloor. The large size of the unit (3 km x 1.5 km)

north of Sandiego suggests that it could be a local basaltic volcanic centre.

Interpretations of  the basalt north of Gosford

Some tabular basalt units north of Gosford display striae similar to ropy surfaces present in

subaqueous basalt (Lonsdale 1977). The striae could also be toothpaste textures, or corrugations,

similar to those found on the outer surface of pillows (Ballard & Moore 1977, Yamagishi 1985,

Rowland & Walker 1987) and on many deep-sea basalt lavas, where rapid quenching preserves

grooves formed as the extruding lava scrapes against irregularities at the orifice (Appelgate &

Embley 1992, Gregg & Chadwick 1998). These features are enhanced by alteration. In either case,

these are consistent with basalt eruption onto the seafloor rather than intrusion.

Tabular outcrops of basalt breccia contain pillow fragments indicating that some portions are

part of a pillow breccia.  The coherent portions of the breccia display an irregular surface where

each ‘clast’ displays striae. These are not true clasts as they are similar to the rest of the basalt, with

more abundant vesicles near their outer margins. They are similar in appearance to the irregular

surfaces of the analogue pillowed lavas produced during experiments by Fink & Griffith (1992),

where wax is pushed through a rift-like structure into a tank of cold water.

Despite this morphology, the surface features lack chilled margins or tiny normal joints. They

are also centimetre scale. Walker (1992a) maintains that such small pillows are unlikely, and

suggests that those described in the literature (Fridleiffsson 1982) may have an alternative origin.

Overall the irregular surfaces look more like apophyses than pillows. They may be squeeze-up

features where lava is forced out through cracks in a chilled skin or represent basalt intruded into

hyaloclastite or sediment, which was subsequently eroded (Gibson 1999). It is also possible that

this is where a lava flow overrode an irregular substrate, resulting in an irregular surface and striae.

Insufficient data on the facies relationships of this unit and surrounding facies  limit the ability to

determine the origin of this breccia.
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Where contacts between dolerite and surrounding units can be found, the dolerite intrudes

the surrounding rocks and displays a chilled margin. This relationship indicates that the host

sequence was cooler than the dolerite magma. Later basalt dykes intrude dolerite and other rock

types in the Koongie Park area with sharp contacts. These indicate that the KPF was lithified prior

to the intrusion of the later phases of mafic volcanism.

4.3.2 RHYOLITE FACIES ASSOCIATION

Rhyolite facies association includes aphyric, quartz-phyric, feldspar-phyric and minor quartz-

feldspar porphyry facies. Although altered, immobile element geochemistry indicates that these are

rhyolite to rhyodacite (Chapter 6). These facies commonly occur together as intrusive complexes,

especially aphyric and quartz-phyric rhyolite. They are found throughout the area in the upper

KPF and are well exposed in the Onedin-Rockhole-Gosford area. The margins of some coherent

rhyolite units are gradational to mixed perlite breccia and siliceous mudstone facies (Table 4.2).

Where relationships with the surrounding sedimentary facies can be established, these units are

invariably intrusive.

Distribution, geometry and relationships

The rhyolite facies association is characteristic of the upper KPF. It forms extensive tabular,

irregular-shaped and small cross-cutting units. Some units display bedding parallel, tabular

geometry with sporadic apophyses, which cross-cut and intrude up into overlying units, e.g., north

of Onedin (Onedin-Rockhole-Gosford map, backpocket). Lateral thickness variations occur within

units, in some cases caused by amalgamation of intrusions. One of the largest units is 3 km long,

aphyric and parallel to bedding between Onedin South and Rockhole. It ranges from 180 m thick

in the Rockhole area to 50 m thick in the Onedin area. The margins of this unit grade into mixed

perlite breccia and siliceous mudstone facies. Others are up to 1 km long and 300 m wide. Small

units about 100 m x 200 m are common in the Atlantis area.

Rhyolite units can intrude and cross-cut one another. Small coherent rhyolite units cross-cut

earlier more extensive tabular rhyolite, indicating the composite nature of many of the outcrops

(Fig. 4.2). North of Rockhole, an oval-shaped (10 x 30 m) quartz-feldspar porphyry sharply cross-

cuts the surrounding aphyric rhyolite (Fig. 4.2).

Complex relationships exist between sedimentary facies and the coherent rhyolite facies

association. Sedimentary rock lenses (20–200 m long) ‘float’ in coherent rhyolite. Abundant

partially intruded sedimentary screens are surrounded by coherent rhyolite facies (Fig. 4.2). Edges

of coherent rhyolite units can be sharp and linear against enclosing sedimentary facies, form pillows

or lobes into the surrounding sedimentary facies (Fig. 4.3) or grade into mixed perlite breccia and

siliceous mudstone facies and then sedimentary facies.

Description

The rhyolite facies association forms prominent, massive, round to blocky outcrops which compose

small hills and rises. Internal curviplanar joints are common (Fig. 4.4A). Outcrops are red, pink,

yellow or grey and appear similar to fine silicified sandstone (Fig 4.4B), with some scattered quartz,

or quartz and altered feldspar crystals, or altered spherulites.
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Figure 4.2  Detailed maps of the relationships between coherent rhyolite (massive, granular, curvilinear
fractured, spherulitic and amygdaloidal and granular lithologies) and sedimentary rocks including
mudstone, interbedded graded sandstone and mudstone, ironstone and chert facies. (A) North of Rockhole,
(B) West of Rockhole and (C) South of Onedin. Portions are covered by laterite.
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Figure 4.3  Sketch of lobate margins of the quartz-phyric rhyolite facies.
(A) Lobate top of the quartz-phyric rhyolite found cross-cutting quartz-bearing mudstone near Rockhole.
Note the veinlets of silica and white mudstone at the contact, which indicate that lava heated the
volcaniclastic unit at the contact (e.g., Stosiuk et al. 1996). Abundant quartz amygdales are present in the
rhyolite. Mudstone clasts are in the rhyolite and fragments of rhyolite occur within the surrounding quartz-
bearing mudstone. Younging towards the observer (GR 4754 7515).
(B) Lobate base of a quartz-phyric rhyolite north of Onedin in contact with mudstone and interbedded
ironstone (younging in direction of the arrow). The mudstone contains elongate casts which were probably
originally anhydrite. Quartz veinlets occur in the rhyolite and extend into the surrounding mudstone.
Quartz amygdales are abundant in the lobes and become smaller toward the lobe edges (GR 4513 7420).
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Figure 4.4  Textural features of the rhyolite facies association:
(A) Outcrop pattern of aphyric rhyolite facies at Sandiego. Note characteristic curviplanar fracture pattern
and massive appearance of this facies (GR 3975 6887).
(B) Subdued outcrop of granular aphyric rhyolite facies. Horizontal colour banding is due to weathering.
This rock appears similar to sandstone, but on closer inspection the granularity is caused by small
spherulites. Near Great Northern Highway, west of Koongie Park Homestead (GR 4382 7105).
(C) Specimens of amygdaloidal aphyric and quartz-phyric rhyolite. Round to oval silica amygdales give the
rock a superficial appearance of pebbly mudstone. Specimens from south west of Gosford (GR 4533 7507).
(D) Abundant large spherulites within 1 m of the base of an aphyric rhyolite north of Onedin. The body
becomes granular away from the contact and towards the contact spherulites become smaller (GR 4545
7376).
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Spherical to elliptical amygdales are common on the margins of the rhyolite (Fig. 4.4C),

invariably composed of quartz at the surface and quartz, carbonate, chlorite and white mica below

the weathered zone (in drillcore). Lithophysae with vesicle cores, now composed of quartz, are up

to 50 mm across in some units. Spherulites are abundant in the coherent rhyolite facies association

(Fig. 4.4D). Within 1 m of basal contacts, spherulites can occur in closely packed groups, with

single spherulites up to 1.5 mm across. Elsewhere, scattered spherulites 1–8 mm across are

common. Perlitic fractures are present as layers within and on the edges of some units. Flow

banding is rare. It is found in a small quartz-phyric rhyolite at Gosford and in portions of the

aphyric rhyolite above the Onedin type section (GR 4586 7369, Chapter 5, Fig 5.1).

The rhyolite facies association include aphyric rhyolite, quartz-phyric rhyolite with small (less

than 1 mm), scattered (5 %), square or embayed, blue or transparent quartz crystals and feldspar-

phyric rhyolite/rhyodacite with euhedral, twinned K-feldspar and plagioclase phenocrysts (3%,  less

than 3 mm diameter). Abundant (25%) coarse quartz and feldspar phenocrysts (4–5 mm diameter)

are restricted to the quartz-feldspar porphyry. One variant, gradational with quartz-phyric rhyolite,

northeast of Rockhole (GR 4775 7658), contains aggregates of large quartz and feldspar (less than

3 mm) which may be xenocrysts. The groundmass of the rhyolite/rhyodacite is composed of fine

quartz and feldspar with some white mica and chlorite. The groundmass displays textures such as

perlite, quartz-feldspar spherulites, micropoikilitic or snow-flake and rare granophyric textures.

In the Onedin area, an extensive tabular aphyric rhyolite displays along-strike layering of these

features, consistent over at least 500 m (Chapter 5). Five main zones are recognisable: (1) 1–3 m

basal contact zone with abundant spherulites; (2) the overlying 10 m-thick, lower granular zone,

characterised by granophyric textures; (3) the 10–15 m-thick middle zone, composed of scattered

spherulites and amygdales; (4) the upper 20 m-thick complex layered zone, composed by layers of

perlite, spherulites, lithophysae and amygdales; and (5) the upper contact zone, which grades into

the mixed perlite breccia and siliceous mudstone facies.

Interpretation

Where relationships between the coherent rhyolite facies association and the surrounding

sedimentary facies can be established, the rhyolite units are intrusions. Many display cross-cutting

contacts with sedimentary rocks. Even bedding-parallel units, such as the aphyric rhyolite between

Rockhole and Onedin, display an upper contact gradational to mixed perlite breccia and siliceous

mudstone facies, interpreted to be peperite. The upper peperitic contact indicates that this body is

a sill (or burrowing lava). Peperite also indicates that the enclosing sediments were wet and

unconsolidated, so intrusion was essentially syn-sedimentary.

The presence of several different facies within any body indicates that these are intrusive

complexes. For example, north of Rockhole, the quartz-feldspar porphyry is surrounded by aphyric

and quartz-phyric rhyolite which it appears to have intruded.

Although rhyolite outcrops are less abundant and  smaller at Atlantis than at Onedin and

Sandiego, this may be a function of the preservation rather than a true indication of original

dimensions. Rocks in this area are altered and poorly exposed.
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4.3.3 QUARTZ-BEARING MUDSTONE FACIES ASSOCIATION

The quartz-bearing mudstone facies association is composed of the quartz-bearing mudstone facies,

quartz-bearing mudstone breccia facies and mudstone facies (Table 4.3). It is restricted to the upper

KPF and found in the Onedin-Rockhole-Gosford, Sandiego and Atlantis areas and in the hinge of

the FMB2 south of the Moola Bulla Formation.

Distribution, geometry and relationships

Quartz-bearing mudstone facies is more widespread than the associated quartz-bearing mudstone

breccia, which is restricted to the Onedin area. The quartz-bearing mudstone facies is found

between Onedin and Rockhole, north and east of Gosford, Sandiego, south of the hinge of the

Moola Bulla Formation FMB2 fold and around Atlantis. It forms elongate tabular units, up to 200

m thick, which can be traced for up to 3 km in the Onedin-Rockhole area. Detail sections have

been measured through this unit (Fig. 4.5). These reveal changes in thickness of this unit from 180

m thick near Rockhole to 80 m thick north of Onedin and 200 m thick near Onedin. North and

northeast of Gosford, the quartz-bearing mudstone sequence is 1 km long and 70-100 m thick

(Fig. 4.5). At Sandiego the quartz-bearing mudstone facies forms discontinuous outcrops over

1.2 km along strike and is up to 150 m thick in the footwall to the ore lenses. In the hanging wall

to the Sandiego prospect, the quartz-bearing mudstone facies is approximately 100 m thick and

outcrops in the southwest of the prospect.

South of the Moola Bulla Formation fold (FMB2) the quartz-bearing mudstone facies forms a

sequence up to 20 m thick which can be traced over 100 m along strike. In the Atlantis area, the

quartz-bearing mudstone facies covers an area 700 m x 700 m north of Puseye and thin beds (<1 m

thick) occur at Earthdam.

The quartz-bearing mudstone breccia facies is found in three main areas near Onedin, north

of Onedin (section 9), north of DDH 16A (section 6) with minor occurrences in section 2, near

Rockhole. North of Onedin the unit is 100 m across and can be traced for 100 m along strike

(section 9, Fig. 4.5). North of DDH 16A, outcrops over 100 m are part of this unit which can be

traced for 350 m along strike. The quartz-bearing mudstone breccia facies is present at, or close to,

the edges of units of aphyric and/or quartz-phyric rhyolite facies and is associated with mudstone,

interbedded graded sandstone and mudstone and quartz-bearing mudstone facies.

North of Gosford, at Sandiego, south of the Moola Bulla Formation fold (FMB2) and in the

Atlantis areas, the quartz-bearing mudstone facies is interbedded with mudstone and chert facies

and intruded by aphyric and quartz-phyric rhyolite and dolerite. At Rockhole the thick quartz-

bearing mudstone facies is intruded by quartz-phyric rhyolite, overlies chert, mudstone and

ironstone facies and underlies the Onedin Member. Lateral changes occur south towards Onedin

and around the FKP2 fold at Rockhole. Towards Onedin, the quartz-bearing mudstone is

intercalated with quartz-bearing mudstone breccia, mudstone and interbedded graded sandstone

and mudstone facies (Fig. 4.5). On the northern limb of the fold at Rockhole, the quartz-bearing

mudstone facies is entirely absent.
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Description

The quartz-bearing mudstone facies association is dominated by the quartz-bearing mudstone

facies. This facies is composed of an open framework of volcanic quartz crystals, either bipyramidal,

round, embayed and/or cracked, set in a matrix of quartz, chlorite and white mica, which weathers

red in the oxidised zone (Figs 4.6A, B). Exceptions occur near the base of the facies where coarse

quartz crystals form a coarse sandstone to granule conglomerate matrix which supports very large

lithic clasts (Fig 4.6C).

Near base metal deposits (Onedin/Sandiego/Gosford) quartz is blue. Blue crystals are

commonly zoned with milky rings. Quartz crystals comprise 5–25% of the rock. They have a

bimodal size distribution with large crystals generally between 2–5 mm, although some can reach 8

mm in diameter, and small crystals less than or equal to 1 mm in diameter. Fluctuations in the

quartz crystal abundance and the lithic clast size are apparent in detailed sections in the unit

between Onedin and Rockhole (Fig. 4.5) and clusters of quartz are common (Fig. 4.6A). In the

Onedin-Rockhole and Gosford areas, large quartz crystals are typically bipyramidal, with more

abundant fine-grained (1 mm) quartz irregular in shape. Of the larger quartz crystal population,

the largest crystals (<8 mm) are in the Onedin-Rockhole and Gosford areas, 3–4 mm crystals in the

unit south of the Moola Bulla Formation and near Puseye and smaller crystals (2–3 mm) at

Sandiego.

Lithic fragments are also present scattered in variable amounts throughout the unit. These are

angular to round and range between 3 mm and 1.5 m in maximum dimension. The majority are

locally derived fragments of chert, sandstone and mudstone, and can include quartzite pebbles and

felsic volcanic clasts (Fig. 4.6D). Away from highly altered area, as south of the Moola Bulla

Formation FMB2 fold area, tube pumice can be recognised. Pumice clasts are also present in the

quartz-bearing mudstone facies which forms the hanging wall to ore deposits at Sandiego

(Fig 4.6E). Here the quartz is less abundant (<5%) than in the footwall, where normally graded

beds up to several metres thick comprise the upper portions of the quartz-bearing mudstone.

Perlite is present at Onedin (Fig 4.6F).

The quartz-bearing mudstone breccia facies is an open framework of pebbles, cobbles and

even boulders of quartz-bearing mudstone ‘floating’ in a matrix of fine sandstone or mudstone.

These can be angular, irregular or lozenge-shaped. The quartz-bearing mudstone clasts are similar

to the associated quartz-bearing mudstone facies, although some clasts contain more abundant

(<50%) and coarser quartz crystals  (<6–8 mm). Smaller mudstone and chert fragments may also

be present. The unit near Onedin and DDH 16A is more complex. It contains four main

lithologies: quartz-bearing mudstone, mudstone, chert and granular rocks similar to parts of the

aphyric rhyolite. These lithologies display complicated relationships. Quartz-bearing mudstone can

enclose granular rocks and visa versa. Mudstone can have sharp or interpenetrating contacts with

quartz-bearing mudstone facies and granular rocks. Mudstone clasts can occur within quartz-

bearing mudstone facies (Fig. 4.7). Rapid variations occur from one lithology to another over 1–5

m distances.

The quartz-bearing mudstone breccia facies at the top of the quartz-bearing mudstone facies

in section 2 is composed of clasts that are different from quartz-bearing mudstone. The clasts

contain fewer and smaller volcanic quartz crystals (<5 %, <2 mm). Large (<5 mm diameter) round
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vesicles, filled with quartz, comprise up to 45% of the clasts. Clasts have wispy or sharp margins.

The matrix is fine sandstone and mudstone.

Geochemistry

Six samples of the quartz-bearing mudstone facies were analysed from three beds in DDH 16A,

near Onedin and one from the upper, highly altered portion of the footwall, where thin beds of

quartz-bearing mudstone are intercalated with sandstone and mudstone (bed 4, Fig. 4.8A).

Analyses of major and immobile trace elements on ICPMS (Appendix 7) were conducted on the

samples taken approximately every 20–30 m through the footwall.

Samples contain similar abundances of Al2O3 (11–13 wt %) and variable abundance of Zr

(145–180 ppm), Y (8–60 ppm) and Nb (10–25 ppm, Fig 4.8). TiO2, Nb, Y and Zr are all elevated

in the uppermost bed 4. In bed 1, Y and Nb display an overall increase in abundance upwards. In

bed 3, Nb content does not fluctuate; Y displays increased abundance up the bed, and Zr an overall

decreased abundance up through the bed.

Comparison of the quartz-bearing mudstone facies with two mudstone specimens and

samples of rhyolite indicates that they are most similar to the sedimentary rocks (Fig. 4.8B). They

contain less Zr than the rhyolites, but display a higher Ti/Zr ratio (Fig. 4.8B). All the samples,

including the sedimentary rocks, have similar Zr/Nb ratios (0.24–1.88).

Interpretation

Interpretations for this facies association are equivocal. At Sandiego, there is evidence that pumice

breccia (Fig. 4.6E), quartz-phyric rhyolite with mixed upper contacts and normally graded mass-

flow deposits overprinted by alteration are all part of this facies association.

In the Onedin-Rockhole-Gosford area, the quartz-bearing mudstone facies is best explained as

a deposit from sediment gravity flows dominated by volcanic detritus. Fluctuations in lithic and

crystal abundance and size, as well as irregular distribution of quartz crystal clusters, suggest

varying flow conditions or vertical aggradation from a flow or sequence of flows. This is supported

by lateral facies variation from the thick, uninterrupted unit at Rockhole to near Onedin where it is

intercalated with mudstone and quartz-bearing mudstone breccia. Similar sediment gravity flow

deposits can be formed during subaqueous eruptions (Kokelaar & Busby 1992, Kano 1996, Kano

et al. 1996) or when pyroclastic flows enter the sea (Cas & Wright 1991, Mandeville et al. 1996).

Although the quartz-bearing mudstone facies is dominated by volcanic detritus, evident from

abundant bipyramidal quartz and angular volcanic quartz, fragments of chert and rounded

quartzite clasts indicate a varied source. Angular crystals indicate that these components did not

remain in surface environments for extended periods of time. These features are consistent with

either a pyroclast-rich sediment gravity flow from subaqueous eruption, a pyroclastic flow entering

the sea and incorporating clasts during flow, or represent resedimented volcanogenic sediments.

Although glassy portions of the quartz-bearing mudstone near Onedin may indicate hot

pyroclastic components (Fig. 4.6F), their origin is far from clear. They may be within glassy clasts,

part of an intrusion into the quartz-bearing mudstone facies, or the remnant of local welding of hot

glass shards. Even if these are altered glassy clasts, they may not have been hot when they were

incorporated into quartz-bearing mudstone.
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Figure 4.6  Features of the quartz-bearing mudstone facies.
(A) Close-up of core shows a sharp contact between quartz-bearing mudstone facies (upper part of the core)
with a fine-grained unit without quartz (lower part of the core). The quartz-bearing mudstone facies is
composed of large and small quartz crystals, which occur in a fine-grained quartz+chlorite+white-mica
matrix. Note the quartz clusters near the top, and the broken quartz (arrowed) in the quartz-bearing
mudstone (DDH 16A, 240 m).
(B) Embayed quartz (q) in photomicrograph of quartz-bearing mudstone facies near Onedin, is typical
volcanic quartz. It is surrounded by a finely crystalline quartz groundmass with some white mica (w) (DDH
16A, 98 m, x 25, x nicols).
(C) Large clasts of laminated chert in a matrix of quartz sandstone in a basal part of the quartz-bearing
mudstone facies, section 2 near Rockhole (see Figure 4.5, section 2, 1500 mm lithic fragments). Younging is
down the photograph, away from the chert block.

↑↑
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Figure 4.6 cont.

(D) A mixture of angular clasts with less abundant rounded clasts (circled) in quartz-bearing mudstone
matrix. Note the different orientations of the large banded sandstone blocks (b) and jigsaw-fit of the fine-
grained sandstone clast on the right (j). This may be within a channel structure eroded into quartz-bearing
mudstone facies northwest of Onedin (GR 4502 7374).
(E) Variously aligned domains (arrowed) defined by alternating recrystallised quartz (transparent) and
biotite/chlorite (dark minerals) outline tube vesicle alignment in pumice fragments, quartz-bearing
mudstone facies at Sandiego. These are part of the hanging wall at the southern end of the prospect (SND 1
180 m). One of the pumice fragments contains a quartz phenocryst (q). This rock was cut perpendicular to
the strong metamorphic foliation in the sample (SND 1, 180 m, x 50, ppl).
(F) Perlitic areas (arrowed) in quartz-bearing mudstone from the footwall at Onedin. Perlite defined by early
fine-grained silica alteration overprinted by white-mica alteration (KPD 35, 132.5m). Scale shows
centimetres on the left and inches on the right.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




