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ABSTRACT

This petrological study of A.0.G. Kirkham No. 1 Well forms part of
a systematic study of selected wells for a review of the Sydney Basin,
currently being undertaken by the Sedimentary Basins Study Group of the
Petroleum Exploration Branch.

Thirty-nine lithologic units were distinguished in the well and
these were grouped into sixteen lithogenetic units. This subdivision is
compared with that of Bradley (A.0.G., 1964) in figure 1. Interpreted
lithology; environment of deposition and provenance of sediments is summar-
ised in figure 2. The surface outcrop is in Wianamatta Group and the well
penetrates approximately 8350' of Triassic and Permian sediments before

presumed volcanic basement. Total depth is 8406'.

GENERAL INFORMATION

Well Data

Well Name, No.: A.0.G. Kirkham No. 1

Operating Company: Australian 0il and Gas Corporation Limited

Location: Lat. and Long.: 34°01'39"S, 150942'27"E
1:250,000 sheet: Wollongong, SI56-9 (grid
ref. 37047966). About 2 miles north of
Camden, N.S.W.

Elevation: : Ground level 270.8' a.s.l.
Kelly Bushing 282.8' a.s.l. (datum for well)

Total Depth: 8406' (Driller)

8403" .(Schlumberger)

Date Drilled: 16/7/64 to 4/10/64



Logging: 1) Wire Line: Run 1. Gamma Ray 101-2375"

E-log 307'-2402!
Microlog-Caliper 307'-2402"
Sonic 307'-2402"
Run 2. E-log 2402'-5429"
Microlog 2402?—5429'
Sonic-Gamma Ray 2402'-5422!
Run 3. Gamma Ray 5300'-8395!
Neutron 1050"'-2400"
Sonic 5350'-8396'
Caliper 2398'-8396'
Microlog 5350t -8402!
Induction-E-log 51001 -8402'

ii) Cuttings and core description at well-site by A.J. Wright and K.
Bradley.

iii) Gas content of drilling mud continuously recorded by automatic
gas detector.

iv). Rate of penetration iog.

‘v) Deviation surveys, taken at frequent intervals using a Totco
drift recorder dropped through the drill-pipe prior to tripping
for bit changes.

vi) .Temperature Surveys; Bottom hole temperatures were recorded
during wire-line logging operations. |

Formation Testing: D.S.T. No. 1, 2105'-2316': Mis-run
D.S.T. No. 2, 5182'-5207': Abandoned
D.S.T. No. 3, 5144'-5207': Recovered 100'
of slightly gas

cut mud.



Hydrocarbon'Shows: ' 1170'-2280"': numerous minor shows (Narrabeen
¥ Gp.)
2450'-4920': numerous small shows (Upper
A. Coal Measures)
5195'-5197")
5995 )
7170'-7430')
7940 -8000')
8300'-8350'): minor shows (Upper Marine Series)
Sampling: i)  Drill cuttings were collected at the shéle shaker for every
10! intervﬁl drilled. Samples were washed and air-dried.
- ii) 27 cores'were cut for a total footage of 260'0".
~ 26 cores were recovered, aggregating 218'10", or 84.2% of
! cored footage.
'iii) 26 éide-wall cores.were taken, but only 18 were recovered,
mostly with poor or fair recovery.
Major Reference used in Prgsent Study
Bradley, K., 1964 - Well Completion Report, A.0.G. Kirkham No. 1,
Sydney - Basin, New South Wales.
Australian 0il and Gas Corporation Limited
(unpublished).
Summary of Major References
"The well was spudded in Triassic Wianamatta Group. After pene-
‘ trating 370' of this unit the drill passed through 646' of Triassic Hawkesbury
v Sandstone and 1437' of Triassic Narrabeen Group before entering Permian Strata

at 2453'. It then penetrated 1416' of Permian 'Upper Coal Measures' and 4479!
of Permian 'Upper Marine Series' before encountering volcanic rock at 8356'.

The hole was terminated at a depth of 8406'.
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Several minor gas occurrences were recorded while drilling the
Narrabeen Group and the Permian coal and carbonaceous shale sequences.
Several sandstone sections were drill stem tested following small gas shows
but results were negative. Little evidence of porosity was noted in any
sandstone sections.

No significant hydrocarbon shows were detected and the bore hole
was subsequently plugged and abandoned."

Material Available for Study

Cuttings: 0'-8406' (T.D.) at 10' intervals and at 5' intervals
over coted sections,
Drill Cores: Compiete core recovery, except for a few inches
from cores 21 and 27.
Side-wall Cores: Cores 6, 8, 10, 13, 17, 22.

Logs: See "Well Data".

Methods Used

| All cuttings.samples were examined under a low power binocular
microscope, and thin sections made from selected intervals were examined
under a petrologic mocroscope. The resulfs were plotted, with wire-line
log and other information, on "petrographic well log" sheets at a scale
of 1"$100', subsequently reduced to 1":200' (plates 1A-1E). Calcimetry
was carried out by G. Parker. .

Drill cores were longitudinaliy sectioned and examined under
the binocular micposcope. Thin sections were examined from each core.
The results were plotted on "petrographic core log" sheets at a scale of
1cm:1', subsequentl& reduced to 1cm:2; (plates 24-2G). Side wall samples

were also examined and logged.



For grainsize classification, the modified Wentworth-Udden scale
of Laﬁe et ai (1947) was used. The sandstone classification of Pettijohn
(1957) was used fo: specific rock ﬁames, with the following modifications:

a) To partly recéncile the sandstone classification of Pettijohn
with the sedimentary aggregate classification of Folk (19;;3, which was also
used, all material of less than sand-size was classed as "detrital matrix"
and the upper limit of this in the graywacke field was made 50%.

b) The term "quartz graywacke" was used to distinguish those
quartz-rich rocks (send and gravel composed of more than 75% quartz) in
which detrital matrix was prominent (15-50% of total rock).

.The lithologic column was interpreted, using cuttings and core logs,
wire-line logs and other information. Thirty-nine rock units were recognised
in the well. They have been grouped into sixteen major units on the basis of
common interpreted environment of deposition or related sequence of such
environments. The relationship of these units to the formal nomenclature
adopted in the Cémpany report is shown in text-figure 1.

Text-figure 2 summarises the interpreted lithology, environment
of depoéition and provenance of the sediments. These results are commented
on in the final section in this record. Enyironments of deposition are of
necessity highlj speculati&e, but some ideas may be fruitful.

GEOLOGY

UNIT Km1 (plate 14)

This unit extends from the surface to about 10'. It consists of
gray sandy clay with limonite nodules and represents surface weathering and
soil formation on the underlying shale sequence. It may also be in part

alluvial in origin.



 UNITS Km2-5 (plate 1A)

This sequence is 340' thick, extending from 10' to 350', it consists
of carbonaceous siltstone, mudstone and claystone with lesser interbedded
protoquartzite, mainly in the upper part. Lovering (1954) proposed an
estuarine environment for the Wianamatta Group, with which this section
has been eqﬁated by the Company. |

UNIT Km2 (plate 1A)

Characteristics: This unit, 150' thick, extends from 10' to 160' and consists

of dark gray carbonaceous illitic fine siltstone with calcite, siderite and
rare pyrite cement, grading to carbonaceous illitic claystone with sideﬁite
nodules, interbedded with well-sorted coarse siltstone and light gray fine
protoquartzite with kaolinite, calcite and siderite cement.

Environment and Provenance: The general fine grainsize suggests gentle

current activity, with occasional periods of stronger activity resulting in
sandstone deposition. The presence of pyrite, siderite and abundant
carbonaceous maferial implies a reducing environment, as does the presence
of rare.glaucdnite, which also indicates marine conditions. Plagioclase,
orthoclase, chert, argillite ap&'siliceous voicanic rock fragments in
sandstones of the unit suggest“a mixed granitic, sedimentary and ancient
volcanic provenance, although the possibility of solely recycled sedimentary
material is not ruled out.

UNIT Km3 (plate 14)

Characteristics: This unit, 12' thick, extends from 160' to 172' and consists

_of light gray, fine, chert-rich protoquartzite, similar to that of the over=~
lying unit. It appears to mark the lower limit of this particular lithology

in the major unit Km2-5.
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Boundary Criteria: The upper boundary is marked by a sharp increase in the

proportion of fine protoquartzite in the cuttings, with a corresponding decrease
in gamma ray intensity from the overlying siltstone of Km2. It is differentiated

from similar sandstone beds in unit Km2 by its greater thickmess.

Environment and Provenance: Moderate current activity and provenance as for
unit Km2.

UNIT Km4 (plate 14)

Characteristics: This unit, 128' thick, extends from 172' to 300' and consists

of dark gray carbonaceous illitic fine siltstone and mudstone with siderite
nodules, interbedded in the upper half with well-sorted coarse siltstone to
very fine protoquartzite, with calcite and siderite cement.

Boundary Criteria: The upper boundary is marked by a change from Km3 fine

protoquartzite to coarse siltstone in the cuttings, with a corresponding
increase in gamma ray intensity.

Environment and Provenance: The general fine grainsize of these sediments

indicates éenfle current activity, increasing periodically during deposition
of the upper part of the unit. Reducing conditions are implied by the
presence of siderite and abundant carbonaceous material. Provenance was as
for unit Km2.

UNIT Km5 (plate 1A)

Characteristics: This unit, 50' thick, extends from 300' to 350° and consists

of grayish black claystone with minor quartz silt, carbonaceous fragments and
siderite nodules.

Boundary Criteria: The upper boundary of the unit is marked by a change from

Km4 fine siltstone to claystone. Any corresponding increase in gamma ray inten-
sity is masked by the change in intensity due to the passage of the logging

instrument from uncased to cased hole.



8.

Environment and Provenance: The uniform very fine grainsize of these

sediments implies very gentle current activity, possibly in a protected
lagoon, lake or marine basin. The presence of siderite and carbonaceous
“material suggests a reducing environment in the sediment.

UNITS Km6-10 (plates 14, 2A)

This sequence is 668' thick, and extends from 350' to 1018'; it
consists of fine to coarse slightly pebbly orthoquartzite and protoquartzite
with lesser interbedded siltstone, mudstone and claystone, the distribution
of which, together with grainsize variations, serves to subdivide the major
unit. The sandstones are characterised by the presence of flakes of detrital
graphite which, together with their mineralogical maturity, serves to
distinguish them from other sediments in the well.

Environment of deposition is uncertain, but moderaté to strong
current activity and a weak reducing environment probably prevailed, most
likely in fresh water. The interval approximates that equated with the
Triassic Hawkesbury Sandstoné by the Company, the upper boundary here being
placed 20' higher than in the Company interpretation.

UNIT Km6 (plate 14)

Characteristics: This unit, 20' thick, extends from 350' to 370', and

éonsists of very fine to fine orthoquartzite (1ight olive gray) grading
upwards to brownish black micaceous sandy coarse siltstone. The siltstone,
which has siderite, quartz and kaolinite cement, contains muscovite, rare
orthoclase and abundant sedimentary rock fragments, while the sandstone,
with calcite, sidérite'and quartz cement, appears more mineralogically
mature, lacking feldspar and rock fragments.

Boundary Criteria: The upper boundary is taken as the transition from

siltstone to Km5 claystone. This is marked by an increase in radioactivity

and decrease in resistivity.



Environment and Provenance: The unit represents a transition between the

lithologies of the major units Km6-10 and Km2-5, in both grainsize and
provenance. It may represent reworking of Hawkesbury Sandstone sediments
with initiation of Wianamatta Group sedimentation, or it may be the vertical
expression of a migrating lateral facies relationship, in which the area of
‘Wianamatta sedimentation flanked that of Hawkesbury sedimentation.

UNIT Km7 (plate 14)

Characteristics: This unit is 110" thick, and extends from 370' to 480'. It

consists of light gray coarse orthoquartzite with kaolinite and quartz
overgrowth cement, with minor interbedded grayish black sideritic siltstone.
Detrital graphite occurs below 390'. Cuttings are largely disaggregated, loose

sand grains.

Boundary Criteria: ' The upper boundary is taken as the upper limit of coarse
sandstone, this being marked by decrease in radioactivity and negative deviation
on the S.P. log, from the readings in sandstone of Km6, these changes probably
being due to a lower content of cement and clay matrix in the coarse sandstone.

Environment and Provenance: The general coarse grain size of these sediments

suggests a high energy environment of deposition. The presence of graphite
suggests de® ation from a terrain with metamorphosed coal or carbonaceous
sediments.

UNIT Km8 (plate 14)

Characteristics: This unit, 335' thick, extends from 480' to 815'. It consists

of fine to coarse quartz-rich protoquartzite, some slightly pebbly, with kaolinite,
quartz, calcite, siderite and, rarely, pyrite cement in varying proportions,
interbedded with brownish gray to grayish black sandy illitic siltstone and mud-

stone, commonly micaceous and carbonaceous, with siderite cement. Calcimetry tests
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indicate that the proportion of calcite cement in sandstone increases near
the base of the unit. Detrital components of the sandstone include common
and metamorphic quartz, chert, siliceous acid volcanic rock fragments,
argillite, muscovite, graphite and rare orthoclase.

" Boundary Criteria: The upper boundary is marked by a decrease in sandstone

grainsize from that of unit Km7, by an increase in radicactivity into Km8,
indicating interbedded argillaceous rocks, and by a decrease in resistivity
and return to baseline of the S.P. log trace.

Environment and Provenance: The interbedded nature of this sequénce suggests

current activity varying from weak to strong. These rocks, despite the miner-
alogic maturity which makes interpretation difficult, appear to have been
derived from a mixed regional metamorphic, sedimentary, and possibly granitic

terrain.

UNIT Km9 (plate 14)

Characteristics: This unit, 90' thick, extends from 815' to 905'. It

consists of light gray to light brownish gray medium to coarse protoquartzite,
some}slightly pebbly, with quartz overgrowth, kaolinite, calcite, siderite and
rare pyrite cement. Graphite is a conspicuous detrital component. The gamma
ray log indicates minor interbedded siltstone.

Boundary Criteria: The upper boundary of the unit is marked by a sharp decrease

in radioactivity readings from those of unit Km8, with a sharp increase in
resistivity and S.P. log deviation at the same depth.

Environment and Provenance: The unit is similar in grain-size and lithology

to unit Km7, and a similar environment of deposition is envisaged. Provenance
as for unit Km8.

UNIT Km10 (plates 14, 24)

Characteristics: This unit is 113' thick and extends from 905' to 1018'. It

consists of light gray fine to coarse protoquartzite, some slightly pebbly,
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finer towards the base of the unit, interbedded with grayish black kaolinitic
mudstone. Core 1 (979'-989'), cut in pebbly to silty very fine to coarse
orthoquartzite to protoquartzite, displays cross-bedded sedimentation units
ranging in thickness from 1" to 2'8". Detrital components include common,
(simple unstrained quartz of uncertain provenance), vein, metamorphic and
volcanic quartz, pale green and gray chert, brown argillite, quartz-muscovite
schist, graphiteAand illitic clay; cement consists of guartz overgrowth, calcite,
siderite and kaolinite (well-crystallised, colourless) patches.

Boundary Criteria: The upper boundary is marked by an increase in radiocactivity

from that of unit Km9, implying interbedded mudstone, and a decrease in
resistivity and S.P. log deviation.

Environment and Provenance: Lithologically, the unit is similar to Km8 and

a similar environment of deposition is suggested. Provenance appears to have
been a mixed metamorphic and sedimentary terrain.

UNITS Km11-13 (plate 14)

This sequence is 257' thick, extending from 1018' to 1275'. It
contains a variety of lithologies, including carbonaceous siltstone, kaolinitic,
pellet claystone, pebbly sandstone, etc., and separates the major sandstone uni ts
Km6-10 and Km14 (corresponding, reépeétivély, to the Hawkesbury‘Sandstone and
part of the Narrabeen Group in the Company interpretation). The section has
been included in the Narrabeen Group by the Company. A variety of environments
of depoéition is likely for this complex unit, ranging from river point-bar to
lacustrine. Provenance appears to have been a mixed acid volcanic, sedimentary

and possibly granitic source, similar to that of Km14, belcw.
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UNIT Km11 (plate 1A)

Characteristics: This unit, 71' thick, extends from 1018°' to 1089', and

consists of brownish black to brownish gray, siderite-cemented micaceous,
carbonzceous, sandy fine to medium siltstone interbedded with light olive
gray éilty very fine protoquartzite. Detrital components of the sandstone
include'common'énd metamorphic quértz, chert, argillite, siliceous volcanic
rock fragmgnts,_quartz-muscovite schist, muscovite, biotite, etc.,; cements

are calcite, kaolinite and quartz.

Boundary Criteria: The upper boundary is marked by an increase in radioactivity
from unit Km10, an increase in resistivity, and a decrease in S.P. log deviation.

Environment and Provenance: The presence of siderite and carbonaceous material

iﬁ this unit'suégests reducing poﬁditions; the general fine grainsize together
with the fine interbedding revealed by the gamma ray loé suggests intermittent
weak current activity.. In the absence of marine fossils a lacustrine environment
of deposition is .suggested for the unit.

o The sandstone of the unit appears to have been derived from a mixed
sedimentaxy/'loﬁ grade metamorphic, acid volcanic and possibly granitic terrain.
UNIT Km12 (plate 14)

Characteristics: This unit, 71"thick, extends from 1089' to 1160'. It consists,
in order of increasing depth, of the following sequence:
10' Light brownish gray sandy pellet claystone: this has brown
kéolinite pellets in a sandy brown kaolinite matrix partly
-3 cemented by siderite and recrystallised colourless kaolinite.
20' Light gray, grading to deep readish brown pellet claystone:
> this has kaolinite peilets in a partly recrystallised kaolinite
- matrix with siderite patches, impregnated with haematite ‘in the

case of the reddish brown claystone.
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6', Deep reddish brown's;ndy mudstone grading to pink and green
fine subgra&wacke, with siderite and quartz cement, clay matrix.
. Detrital components iﬁclude common, volcanic and metamorphic
Quartz, siliceous volcanic rock fragments ("cherty"), jasper,
rare orthoclase, etc. .
30! Deep reddish brown kaolinitic claystone, possibly pelletal
| (masked by haematite).
5' * Multicoloured medium subgraywacke, as 6' interval above.
Gamma ray log readings in the claystone parts of the above sequence are low,
indicating a low K- content of the clay. .
Boundary Criteria: The upper boundary of the unit is marked by the change
from Km11 sandy siltstone and silty sandstone to sandy pellet claystone:
this boundary is believed to occur at 1089', as a high radioactivity reading
vimmediately above this level is believed to be inconsistent with the clay

mineralogy of the unit.

Environmént énd Provenance: The pellet claystones of this unit appear to be
véry similar to the clay pellet conglomerates described and discussed by
Carozii (1960, p. 151). Thése are supposed to be of intraformational origin:
layers.of clay deposited'on flood piains were subject to desiccation. The )
resultant clay fiakes were rounded in transport and redeposited with a clay
matrix by running water. Diagenetic alteration appears to be common in such
foéks: kaolinite ié first_recnystallised and later, diaspore may be formed,

Thus the unit may be the result of deposition on a floodplain subject
to desiccation. .The coarser sediments would represent channel or crevasse sands
of the major fiver, or of tributory streams. +

Sandstones of the unit appear to have been derived from a mixed

acid volcanic, sedimentazy/'metamorphic, and possibly granitic terrain.
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UNIT Km13 (plate 1A)

Characteristics: This unit of varied lithology, 115' thick, extends from

1160' to 1275'. It is proposed to include all the sediments of the interval

in which red claystones and mudstones occur below unit Km12. With increasing
depth, the sequence is brownish black carbonaceous fine siltstone, light'gray
very fine to medium protoquartzite (slightly pebbly), deep reddish brown mudstone,
brownish black carbonaceous coarse siltstone to silty very fine protoquartzite,
deep reddish brown mudstone, olive gray to brownish black carbonaceous fine
siltstone.

Boundary Criteria: The upper boundary is marked by change in lithology from

Km12 claystone to carbonaceous siltstone, apparently corresponding to a sharp

increase in radioactivity and resistivity into unit Km13.

Environment and Provenance: There appear to be four reddish-brown mudstone/
-claystone units (including Km12), each underlain successively by carbonaceous
siltsfone and slightly pebbly sandstone. These fining-upwards sequences suggest
the point-bar deposits of a meandering river (successively "channel" and
"overbank" deposits).

The sandstone of this unit is much more quartz—riqh than the
subgraywacke of unit Km12, but appears to bave been derived from a similar
source area with acid volcanic and sedimentary rocks. Green "chert" is a
characteristic componenf of both.

UNIT Kmi4 (plates 1A, 1B, 24)

This unit corresponds to part of the Narrabeen Group recognised

by the Company.
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Characteristics: The unit is 850' thick and extends from 1275' to 2125'. It

consists_oflé variety of interbedded séndstones, siltstones and mudstones.
Approximately seventeen fining upwards sequences can be recognised, comprising

the whole of the unit. The presence of these sequences is especially noticeable
in the cuttings grain-size log. A typical sequence, 50' thick, would consist

of 35'. of pebbly coarse sandstone grading upwards through medium and fine slightly
A pebbly sandstone to very fine sandstone, followed by 15' of sandy siltstone and
mudstone. |

Sandstones of the unit vary from light gray to light olive gray in
colour. Pétrolbgically they vary with increasing depth from protoquartzite to
subgraywacke, if a high proportion of the fine grained siliceous fragments
commonly termed “chert“ are regarded as volcanic rock fragments. There is
evidence for fhis assignation in the presence of phenocrysts and relict flow
bandiﬁg in some fragments.' If this_component is counted as chert and included
wifh éﬁarfé in dete#mining the classification, the sandstones vary from chert-
rich érthoqﬁartzite fo‘protoquartzite.

Other detrital components include common, vein and metamorphic.quartz,
fadiolarian chert, jasper, argillite, carbonaceous material, sideritic siltstone
intraclasts, eté., withlillitic clay matrix. Cementing minerals include siderite,
calcite, quartz oveigrowth and colourless vermicular kaolinite. Some siderite
laminaé in cores appear to be detrital. Picotite is an interesting rare heavy
hineral accessory. |

Siltstones and mudstones of the unit vary in colour from brownish
black to blive gray and greenish gray. They are generally carbonaceous,
micaceous, have illitic clay and siderite cement, sometimes siderite nodules.
The three cores cut in the unit display the range of rock-types present.-

Sedimentary structures include cross-bedding, wavy bedding, normally graded
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bedding (waning current type), and rare burrows (in siltstone and silty sandstone).
These cores and the wire-line logs show the sharp variations in lithology over
small intervals which are characteristic of the unit.

From the S.P. log, resistivity log, neutron log and core.analyses,
sandstones of the unit appear to have medium porosity. The two higher cores
cut in.the unit are the only ones in the well in which measurable permeability

was detected (2-22 md.)..

Boundary_Criteria: The upper boundary is taken as the base of a carbonaceous
siltstone unit underlying the lowest reddish brown mudstone of unit Km13. This
siltstone may be recognised on the gamma ray log by its high radioactivity in
contrast to that of sandstone immediately below.

Environment and Provenance: The fining-upwards sequences, sequences of

sedimentary structures seen in cores, and lithologies of the unit are
consistent with deposition of‘point bars by a meandering river, the volume of
overbank sedimeets being restricted. The presence of siderite and carbonaceous
material implies reducing conditions duringiﬁepositiop of at least the finer
sediments of the sequence.

The sedimehté #ppéar to have been derived from a dominantly acid
volcanic (ancient) and sédimentary/low grade metamorphic terrain. Possibly,
granites may have supplied much of the quartz. The presence of picotite
implies ultrabgsic rocks in the source area (these could be serpentinisad)

(Kerr, 1959, p. 200).

UNITS Km15-16 (plates 1B, 2B, 2C)

This sequence is 329' thick and extends.from 2125' to 2454'. 1t
conéisfé of conglomerate, pebbly subgraywacke, sandy siltstone and illitic
claystone. Thé sandy sediments appear to have a similar provenance to
major units Km14 and Km11-13, the presence of green and red "chert" and the

heavy mineral picotite being characteristic.



17.

Although there is a higher proportion of sediments of silt-size and
finer in.this ﬁéjor ﬁnit, a similar envifonment of deposition to that of unit
Km14 is envisaged.

The interval has been included in the Triassic Narrabeen Group by
the Company.

© DNIT Km15 (plates 1B, 2B)

Characteristics: This unit, 238' thick, extends from 2125' to 2263'. It

.appears to consiét, like unit Km15, of a number of fining-upwards sequences,
here five in number; - These are differentiatedlfrom those of unit Km14 by the
greatep,thickness and finer grainsize of the siltstone -mudstone - claystone
parts of each sequénée. This cﬁaracteristic is readily seen in the gamma ray
log.

| .A typical sequencé consists of light gray pebbly medium subgraywacke
grading upwards tq siightly pebbly fine to very fiﬁe subgraywacke, succeeded
by olive. gray sandy siltstone, mudstone and greenish gray claystone. The
central éequence of the 5 in the uﬁit has approximately 20' of conglomerate
as its:basal part.

Detiital componentg of mediumbsubgraywacke from core 5 include
common;vvein;’volcahié énd metamorphic Quartz, many varieties of chert,
argillite, siltstone, quartz-muscovite schist, muscovite, plagioclase,
abundant siliceéus volcaﬁic iock fragments, zircon, leucoxene, picotite
(angulari, chlorité etc., with sericitic clay and silt matrix. Cementing
minerals include siderite, calcite and quartz. Some siderite appears to
be detrital.

The finer sediments of the ﬁnit have illitic clay, are slightly
micaceous (muscovite) and carbonaceous (finely divided fragments), and

commonly have sand-size siderite nodules.
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Sedimentary structures in core.5 include cross-bedding and graded

bedding (waning current type). Sedimentation units commonly have eroded tops.

Boundary Criteria: The upper boundary is taken as the top of a prominent
interval of greenish gray claystone and sandy siltstone in the cuttings,

corresponding to a marked increase in radioactivity.

Environment and Provenance: A fluviatile point-bar environment of deposition
is envisaged for this unit, as for. unit Kﬁ14, the proportion of "overbank"
sediments being greater than in the latter. Provenance as for unit Km14.

UNIT Kmi6 (plates 1B, 2B, 2C)

Characteristics: This unit, 91' thick, extends from 2363' to 2454'; it

consists of bréwnish gray'fo Brownish black slightly carbonaceous sandy
siltstone with minor médium gray very fine to fine subgraywacké. Siltstone
varies from very fine to coarse silt in grainsize, with a small proportion of
very fine to fine sand; cementing minerals include siderite, calcite.

Detrital components qf the subgraywacke include quartz, chert,
siliceous voléénic rock'fragments, quartz-muscovite schist, argillite,
oligoclase-andesine, muscovite, rare ortbodlase, chlorite, tourmaling,
picotite, zircon, biotite, rutile, magnetite, 1§§coxene, sphene, etc.,
with sericitic clay and silt matrix; cementing minerals include calcite,
siderite, quartz.

'Cores 6, 7 and 8 (2401'-2461') provide a near-continuous section
of the lower half of the unit. Thin beds of subgraywacke are intercalated in
an essentially siltstone sequence. Sedimentary structures in the siltstone
include wavy bedding, small-sqale cross-bedding, burrows, convolute lamination;

subgraywacke units generally consist of a single cross-bedded set.
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Boundary Criteria: The upper boundary is marked by an increase in radioactivity

from that of sandstone of unit Km15. The sustained high gamma-ray reading
through the unit serves to distinguish it from the interbedded sandstone-
siltstone unit Km15.

Environment and Provenance: The presence of siderite and carbonaceous material,

together with the grainsize pattern, suggests a reducing environment with gentle
current activity. The presende of burrows and rare rootlet zones suggest periods
of slow or non-deposition. 4 river flood-plain environment of deposition is
believed to be consistent with these factors, and the suggested environments
of units Km15 and Km17.

| -The provenance of the sediments appears to be similar to that of
unit Km15, being mixed siliceous volcanic, sedimentary/low grade metamorphic,

ultrabasic, and prbbably also granitic.

UNITS Km17-19 (plates 1B, 2C)

This major wnit is 232' thick, extending from 2454' to 2686', and
comprises a complex sequence of subgraywacke, sandy siltstone, mudstone and
coal. The provenance of these sediments appears to be slightly different
from that of units Km15-16, above, in that, while siliceous volcanics are
dominant, these are mainly in neutral shades, nbt'green or red. Picotite
was'not seen. Feldspar and granitic rock fragments are abundant, implying
a granitic source. Unit Km16 probably has a transitional provenance.

The major unit comprises three units, each with a coal seam or
series of seams at the top. The two upper units are sandy, the lower silty.
The units immediately below, Km20, Km21 and Km22 show a similar sequence, the
units Km20 and Km21 being sandy like Km17 and Km18, and unit Km22 being silty
like Km19. Thus two major units with similar sequences, Km17-19 and Km20-22

were formed, each major unit possibly a cyclothem.
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As the whole of the sequence Km20-22 and Km17-19 is believed to
have been deposited in fluviatile/paludal environments, the reason for this
apparent cyclicity is obscure. It may be related to two phases of delta
development further downstream. The Company has included the sequence in
the Permian Illawarré Coal Measures.

UNIT Km17 (plates 1B, 2C)

Characteristics: This unit, 79' thick and extending from 2454' to 2533',

consists of, in order of increasing depth, black bituminous coal, brownish
black carbonaceous fine siltstone, carbonaceous fine silty sandstone and
sandy siltstone, hedium gray very fine to medium subgraywacke. Cuttings
samples ha?é én anomalously high proportion of coal and coaly mudstone,
presumably due tb caving of the coal seam. Detrital components of the‘
subgraywacke include common, metamorphic and volcanic quartz, chert,
abundant éiiiceous volcanic rock fragments, argillite, micropegmatite,
granitic rock fragments, micré}ine, orthoclase, oligoclase, etc., cementing
minerals include recrystallised illite, siderite and quartz overgrowth.

Cores 8 and 9 were cut in the upper part of the unit, from the
top (2454') t§ 2481'.. Sedimentary structures in core 9 include wavy bedding
and cross-bedding (large and small scale). A rootlet zone occurs immediately
below the coal seam.

Boundary Criteria: The upper boundary is taken as the transition from

siltstone of unit Km16 to coal, the boundary being intersected in core 8.
The sonic, gamma ray and resistivity logs all show pronounced changes at
this level.

Environment and Provenance: The sequence of lithologies and associated

sedimentary structures'in core 9 suggest a river point bar-levee-backswamp

sequence of depositional environments.
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The sediments appéar to have been derived from a mixed siliceous
volcanic, sedimentary/low grade metamorphic and granitic terrain.

UNIT Km18 (plate 1B)

Characteristics: This unit, 73' thick, extends from 2533' to 2606'. The

lithological sequence has been largely deduced from the wire-line logs, as

the cuttings samples are non-representative because of cavings from the

coal seams. The sequence appears to be as follows (with increasing depth):
black coal, brownish black sandy siltstone, light gray fine subgraywacke, black
coal, brownish black sandy siltstone grading to mudstone.

Boundary Criteria: The upper boundary is taken as the top of the major coal

seam between 2533' and 254{?. This is marked by a sharp increase in resistivity
" from the values of Km17, and sharp decreases in gamma ray and sonic log readings.

Environment and Provenance: Environment of deposition is uncertain, but

probably ranged from fluviatile to paludal. Provenance was as for unit Km17,
i.e. a volcanic, sedimentary/low grade metamorphic and granitic terrain.

UNIT Km19 (plate 1B)

Characteristics: This unit is 80' thick and extends from 2606' to 2686'.

It consists of 5 black coal seams with interbedded brownish black sandy
siltstone and coaly mudstone. Seams are thicker towards the top of the
unit. Cuttings in this interval are again non-representative because of

caving from the coal seams.

Boundary Q;;teplg: The upper bound;ry is taken as the top of the uppermost
(and thickest) coal seam included in tﬁe unit. This is marked on the
resistivity log by a sharp increase in resigtivity from the siltstone of
Km18 to the coal. The sonic log also shows a pronounced deflection, while

the gamma ray log peak is less marked, possibly because the seam is thin.
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Environment and Provenance: The fine grainsize and coal seams of the unit

indicate gentle current activity. These may be river floodplain ("overbank")
and swamp-deposits. Provenance is uncertain, probably as for units Km17 and
Km18, i.e. a volcanic, sedimentary/low grade metamorphic and granitic terrain.

UNITS Km20-22 (plate 1B)

This major unit, 284' thick, extends from 2686' to 2970'. As
mentioned ébove, it appears to contain a similar sequence to the overlying.
major unit Km17-19. Thus it comprises three units, each with a coal seam or
series of seams.at'the top. The two upper units are sandy, the lower silty,
as in Km17-19. Provenance appears to be similar to that of units Km17-19.
The upper two units have béen included in the Permian Illawarra Coal Measures
by the Company.

UNIT Km20 (plate 1B)

Characteristics: Thié unit, 69' thick, extends from 2686' to 2755'. It

consists, in descénﬁing ofder, of interbedded black coal and brownish black
slightly sandy carbonaceous siltstone, and light gray fine subgraywacke with
illitic clay matrix and calcite cemenf;

Boundary Criteria: The upper boundary is taken as the transition from coaly
mudstone of unit Km19 to sandy siltsfbne. This is marked by a decrease in
radioactivity (gamma ray log) and an increase in resistivity.

Environment and Provenance: The sequence of rock-types in the unit is

 suggestive of a river point-bar sequence, the coal being deposited in a
backswamp environment. Provenance was as for unit Km17, i.e. siliceous

wd
(altered). volcanic, sedimentary/low grade metamorphiékgranitic.
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UNIT Km21 (plate 1B)

Characteristics: This unit, 54' thick, extends from 2755' to 2809'. It

consists of the following sequence (descending order): black coal, medium
dark gray carbonaceous siltstone, light-gray fine subgraywacke with inter-
bedded siltstone towards the base.

Boundary Criteria: The upper boundary is taken as the top of the major

coal séam between 2755' énd 2763'. This is marked by a decrease in
radioactivity from that of sandstone above (Km20), increase in resistivity,
and decrease in sdnic log reading;
Environment aﬁd Provenaﬁ&e: As for Km20.
UNITVKm22 (plate 1B)
Chérﬁcteristics: This uﬂit, 161' thick, extends from 2809' to 2970'. 1In
descending sequence, it‘consists of interbedded Slack coal, medium dark
gray carbonaceous sandy siltstone (with siderite cement) and light gray
~ fine subgraywacke (with calcite cement), foilowed by carbonaceous sandy
siltstone, siltstone, illitic mudstone, a thin. coal seam and sideritic
sandy siltsfone. The lower coal sSeam was recognised only from its low
sonic velocity.
Boundary Criteria: The upper boundary is takén as the top of the top coal
seam of the interbedded sequence in the upper part of the unit, this being
clearly marked on the sonic log by a sharp decrease in sonic velocity from
the sandstone of unit Km21 above. Theré is also an increase in resistivity.
Any coal seam should show you the changes mentioned.

Environment and Provenance: This unit appears more complex than that

immediately above. Similarity of lithologies, however, suggests a general
fluvial-paludal enyironment. Provenance was as for Km20, i.e. a siliceous

volcanic, sedimentary/low grade metamorphic and granitic terrain.
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UNITS Km23-24 gglates 1B, 2D)

This major unit, 242' thick, extends from 2970 to 3212'. It
is basically a siltstone-very fine sandstone sequence, but conglomerate,
siltstone and coal occur at the top. This latter sequence is divided off
as a separate unit. The sequence is believed to be deltaic in origin,
environments ranging from prodelta slope through delta platform, river
mouth bar and beach to swamp. The whole sequence may represent a single
delta similar to the Holocene Niger delta (Ailen, 1964). Provenance appears
to have been volcanic, granitic, sedimentary/low grade metamorphic.

In the Company interpretation, the sequence forms part of the
Permian Cumberland Coal Measures.

UNIT Km23 (plate 1B)

Characteristics: This unit, 32' thick, extends from 2970' to 3002'. It

consists, in descending order, of black bituminous coal, brownish black
slightly sandy siltstone (carbonaceous, with siderite cement), light gray
oligomict conglomerate (quartz, calcite, siderite cement).

Boundary Criteria: The upper boundary is taken as the top of the coal seam

at 2970', this being marked in the wire-line logs by increased resistivity,
decreased radioactivity and sonic velocity, from the readings in the overlying
siltstone/mudstone of unit Km22.

Environment and Provenance: These sediments are believed to represent the

topset facies of a deltaic sequence which includes the underlying unit Km24.
Environments of deposition méy have included, from the base of the unit,
river mouth bar or beach, lagoon and coal’swamp.

The sediments appear more mineralogically mature than those of
oveflying units, and a similar provenance to that of unit Km24 is envisaged:
volcanic, granitic, minor sedimentary: the granitic contribution being more

important than in major units Km17-19 and Km20-22.
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UNIT Km24 (plates 1B, 2D)

Characteristics: This unit, 210' thick, extends from 3002' to 3212'. It

consists of interbedded brownish black slightly sandy siltstone (siderite,
calcite, pyrite cement), brownish gray sandy siltstone to silty very fine
subgraywacke, light brownish gray fine subgraywacke (calcite, siderite,
pyrite cement).

Core 10 (3005'-3015') was cut near the top of the unit in brownish

black carbonaceous very fine siltstone and olive gray sandy coarse siltstone

-to very fine'subgfaywacke. Detrital components include quartz, siliceous

and feldspathic volcanic rock fragments, orthoclase, plagioclase, granitic

‘rock fragments, clay pellets; chert, argillite, quartz-muscovite schist,

muscovite, biotite, zircon, tourmaline, etc., cellular plant fragments,
brown montmorillonitic clay. Cementing minerals include well-crystallised
illite, calcite, and siderite nodules. Sedimentary structures include fine
lamination, small-scale cross-bedding, wavy bedding and rare burréwsa A
carboﬁised glossopterid leaf fossil was seen at 3013'5".

Boundary Criteria: The upper boundary is taken as the base of the conglomerate

of unit Km23. This is marked on the wire-line logs by a decrease in resistivity
and sonic velocity and increase in radioactivity on going from conglomerate to

siltstone of Km24.

Environment and Provenance: The presence of pyrite, siderite and abundant

carbonaceous material indicates reducing conditions in the sediment. Sediments
of the unit are believed to represent pro-delta slope and delta platform
environments, i.e. the "foreset" beds of a delta. Provenance was from a

mixed volcanic, granitic and sedimentary/low grade metamorphic terrain.
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UNITS Km25-26 (plates 1B, 2D)

This major unit extends from 3212' to 3470 and.is 258' thick.
The sequence is similér to that of Km23-24 in that it consists of a silty
lower section and conglomeratic upper section with a coal seam at top.
Like Km23-24 the sequence is believed to be deltaic in origin, representing
a series of "foreset"and "topset" environments. Provenance of the sediments
appears to have been similar to that of units Km23-24, the granitic contribution
possibly being greater. The sequence has been included in the Permian
Cumberland Coal Measures by the Company.

UNIT Km25 (plate 1B)

Characteristics: This unit, 79' thick, extends from 3212' to 3291'. In

descending order, it consists of black bituminous coal, brownish black coaly
mudstone, light gray oligomict conglomerate (some sandy) with interbedded
dark gray carbonaceous siltstone, sandy siltstone, pebbly subgraywacke with
quartz, calcite, siderite, illitic cléy, pyrite cement.

Boundary Criteria: The upper boundary is taken as the top of the coal seam

at 3212', this being marked by an increase in resistivity and decrease in
radioactivity and sonic velocity on passing from siltstone of unit Km24 to

the coal.

Environment and Provenance: This sequence is believed to represent, like
uﬁit Km23, a variety of "topset" environments of a deltaic complex, including
river mouth bar/beach, lagoon and swamp. Provenance was apparently from
volcanic, granitic and sedimentary/low grade metamorbhic terrain.

L

UNIT Km26 (plates 1B, 2D)

Characteristics: This unit, 179' thick, extends from 3291' to 3470'. It

consists of grayish black pebbly medium lithic graywacke with mudstone wisps
grading downwards to brownish black sandy medium siltstone with siderite cement.

Wire-line logs indicate thin coal seams at 3292' and 3422'.
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Core 11 (3295'-3305'), cut near the top of the unit, consists of
dark gray pebbly coarse to fine lithic graywacke with mudstone wisps. Pebbles
consist of quartz, pyritic chert, rare green chert, acid volcanic rock, white
quartzose sandstone, shale, argillite. Sand-size detrital components include
vein, volcanic and common (plutonic) quartz, metaquartzite, orthoclase,
microoline, quartzose siltstone, granite, porphyritic acid volcanic rocks,
chert, argillite, etc., with rare green clgy-mineral pellets, possibly
glauconite. S8ilt, carbonaceous:material and brown montmorillgnitic clay
comprise the matrix, while cementing minerals include well-crystallised
illitic clay, pyrite and two generations of calcite.

" Sedimentary structures seen in the core include wavy, dis-
continuous mudstone laminae and deformed small-scale cross-bedding.
Disrupted grains seen in thin section also suggest post-depositional
deformation.

Boundary Criteria: The upper boundary is taken as the base of the well
sorted pebbly subgraywacke of unit Km25. This is marked by a decrease

in resistivity and increase in radioactivity in passing into the graywacke
of Km26.

Environment and Provenance: Poor sorting and deformed cross-bedding in

core 11 suggest turbidity current deposition. This might result from loading
of poorly consolidated fine-grained deposits by coarser sediments, with
consequent slumping and turbidity current formation. The presence of

pyrite and siderite suggest reducing conditions, as does the presence of
glauconite, which, although allochthonous, probably indicates a marine
environment. As mentioned above, the sequence Km25-26 is believed to be
deltaic in origin - the sediments of Km26 appear to represent the marine pro-

delta slope environment. The thin coal seams may easily be allochthonous.
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The sediments were.derived from acid volcanic (ancient), granitic and
sedimentary/low grade metamorphic sources.

UNIT Km27 (plates 1B, 1C, 2D)

This sequence has been included in the basal part of the Permian
Cumberland Coal Measures by the Company.

Characteristics: The unit is 413' thick, extending from 3470' to 3833'. It

consists of a variety of lithologies, including black coal, brownish black
coaly mudstone, brownish black to dark gray carbonaceous siltstone, some

sandy (pyrite, siderite, calcite cement), light gray to greenish or brownish
gray slightly silty very fine to fine volcanic subgraywacke (calcite, siderite,
pyrite cement). Tbere are at least 21 coal seams in the unit, ranginé in
thickness up to about 5', thicker seams being mainly in the section below
3647 .

Core 12 (3688'-3698') recovered a section immediately below a coal
seam. In order of increasing depth, the core comprises olive black carbonaceous
medium siltstone (with lamination, wavy bedding, small scale cross-bedding,
loading structures), olive gray silty fine to medium volcanic subgraywacke
(horizontal lamination), olive gray to brownish gray fine subgraywacke (small
scale cross-bedding), olive gray fine to medium subgraywacke (large scale
cross-bedding). Detrital componehts of the sandstone include minor quartz,
plagioclase (oligoclase-andesine), orthoclase, rare feldspar-glass volcanic
rock fragments, abundant feldspathic volcanic rock fragments, minor chert,
granitic rock ffagments, muscovite, biotite, chlorite, earbonaceous fragments,
with minor brown clay matrix. Calcite cement is abundant, commonly replacing
feldspar; siderite is also present.

Boundary Criteria: The upper boundary of the unit is taken as the top of a

sandstone bed at 3470', this being the upper limit of the sandy sequence of
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Km27. The boundary is marked by an increase in resistivity and sonic velocity
and decrease in radioactivity on passing into the sandstone from the siltstone

of Km26.

Environment and Provenance: The occurrence of pyrite, siderite and
carbonaceous material suggests a generally reducing environment. Fluctuating
current activity is shown by the variation in grainsize. .The sequence in

core 12 represents sediments deposited by currents of successively lower
competence, suggestive of a river point-bar environment. A river floodplain
environment is consistent with the available evidence. Saﬁdstone at the top

of the unit may be the result of reworking of sediment during the subsequent
marine(?) transgression. The sediments were mainly derived from a contemporary
intermediate volcanic source, with minor sedimentary, granitic and ancient
volcanic contribution.

UNIT Km28 (plates 1C, 2D, 2E)

This sequence was regarded by the Company as equivalent to the
Budgong Sandstone Member of the Berry Shale, a formation in the Permian
Shoalhaven Group.

Characteristics: The unit extends from 3883' to 4270' and is 387' thick.
It consists of silty to clean very fine to fine sandstone, with lesser sandy
siltstone, mudstone and claystone.

Core 13 (3955'-3965') cut in the upper part of the unit, consists
of olive black to dark greenish gray slightly carbonaceous fine siltstone
(chlorite, calcite cement) and dark greenish gray fine and very fine arkose.
Detrital components of the arkose include rare (2-3%) volcanic quartz, andesine,
rare orthoclase, feldspathic volcanic rock fragments, some glassy volcanic
rock fragments, silica spherulites, siltstone intraclasts, biotite, muscovite,

leucoxene, sphene, magnetite, zircon, etc. A feature of the rock is the well
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crystallised chlorite cement; later calcite cement is also present, and some
sphene may be authigenic. Sedimentary structures include lamination, small
scale cross-bedding, wavyvbedding, loading structures, raré burrows.

Side-wall core 22 (4159') is similar to core 13, but rock fragments
predominate, making it a subgraywacke.

Core 14 (4210'-4220') consists of dark gray very fine feldspathic
graywacke to sandy coarse siltstone. Detrital components include quartz
(about 50%), oligoclase, microline, siliceous fine-grained volcanic rock
fragments, siltstone intraclasts, biotite, muscovite, carbonaceous fragments,
with illitic clay matrix. There is minor pyrite cement and calcite replacing
feldspar. Sedimentary structures include abundant burrows and wavy bedding,
and foraminifera (some arenaceous) are common.

A thin section of sandstone from 4090'-4100' has about 55% quartz
and is an arkose. Thus there appears to be considerable variation in
mineralogy of the sandstones of the unit. The distribution of abundant
chlorite cement is shown on the composite well log; other cements include
_ calcite, pyrite and siderite. Siltsténes have similar cementing minerals.
The claystones, of which £here are three distinct beds in the unit, are
illitic, and have biotitevflakes.

Boundary Criteria: The upper boundary‘is taken as the base of the lowest

coal seam in the coal measure sequence above (Km27). This is best marked
on the sonic log, by an increase of sonic velocity in passing from coal to

sandstone of Km28.

Environment and Provenance: The presence of foraminifera in core 14 suggests
a marine environment for at least part of the unit. Chlorite probably forms
on marine diagenesis, particularly in lagoonal or near-shore marine environments

(Folk, 1965, p. 95). These features, the textural uniformity of the unit, and
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the proximity of presumed terrestial deposits (Km27) suggest that the sediments
of the unit were deposited in a near-shore marine or lagoonal environment. The
claystones, somewhat problematical, may be reworked volcanic ash deposits.

Variation in mineralogy of the sandstones suggests two source areas,
one of contemporary intermediate volcanic activity, the other a mixed gramitic,
ancieﬁt volcanic and:sedimentary/low grade metamorphic terrain.

UNITS Km29-33 (plates 1C, 1D, 2E, 2F)

This sequence extends from 4270' to 5963', and is 1693' thick. It
correspon&s with the silty section recognised by the Company as equivalent to
the Permian Berry Shale (Shoalhaven Group). The sandy section at the top of
this formation is here separated as a major unit (Km28). The section consists
mainly of sandy siltstone and silty sandstone, with lesser mudstone, claystone
and pebbly sandstone (uni;'Km30). All units are believed to be marine, from the
occurrence of marine fossils, and glauconite in Km32 and Km33, but no marine
indicator was recognised in Km30. Gentle current activity appears to have.
prevailed during deposition of the sequence, except for unit 30 (moderate to
strong current activity), and the cores show much reworking of the sediment
by organisms. The occurrence of scattered pebbles in the fine grained
sediments, up to about 4600', suggests possible ice rafting of coarse material.
Reducing conditions in the sediment resulted in precipitation of pyrite,

siderite and minor calcite.

UNIT Km29 (plates 1C, 2E)

Characteristics: The unit extends from 4270' to 5143', and is 873' thick.

In order of increasing depth it consists of brownish black mudstone and slightly
sandy fine to medium siltstone grading downwards into slightly pebbly sandy

coarse siltstone to silty very fine sandstone. There is a slight decrease in
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model grainsize to medium silt near the base of the unit. Sediments are
slightly pebbly below about 4600'; all are carbonaceous and have siderite,
pyrite and calcite cement, the proportion of siderite increasing with depth.

Core 15 (4620'-4630') consists of olive to brownish black slightly
pebbly silty protoquartzite grading to sandy coarse siltstone. Pebbles include
quartz, black chert, argillite, microgranite, gray siliceous volcanic rock |
fragments. Other detrital components include qu;rtz, plagioclase, orthoclase,
muscovite, volcanic rock fragments, argillitg, quartz-muscovite schist, pyritic
quartz siltstone, rare glauconite, carbonaceous fFagments, etc., with brown
illitic clay matrix. Cementing minerals are calcite and minor pyrite.
Sedimentary structures include lamination, wavy bedding, burrows, and
bioturbation.

Core 16 (4927'-4934') consists of slightlyvpebbly very fine lithic
graywacke to protoquartzite, grading to sandy coarse siltstone. Detrital
components.are similar to core 15,'but there is a slightly greater proportion
of feldspar and rock fragments. Sedimentary struttures include lamination,
wavy bedding, small-scale cross-bedding. P

Large brachiopod shells (disarticulated) occur in core 15.

Boundary Criteria: The upper boundary is taken as the transition from silty

sandstone of unit Km28 to mudstone and sandy siltstone at;thé top of Km29.
This is marked by a small increase in radioactivity, separating intervals
of the gamma ray log with different characteristics: large fluctugtions in
Km28, smaller fluctuations in Km29. The resistivity log shows a similar
change in character, but the boundary is not so well marked.

Environment and Provenance: Uniformity of lithology suggests essentially the

same environment of deposition for the whole unit) with minor decrease in
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average current velocity up the section. The presence of brachiopods and
burrows indicates a marine environment at legst at times not toxic to
animal life, although the presence of glauconite, pyrite and siderite suggests
reducing conditions below the sediment/water interface. Pebbles, which occur
up to at least the level of core 15 (4620'-4630') are not consistent as traction
- current deposited matérial with the fine grainsize of the sediment bulk. A
special mechanism of transport, such as ice or tree-root rafting is envisaged
for their occurrence.

The sediments appear to have been derived from a mixed granitic,
ancient.acid volcanic and sedimentary/low grade  metamorphic terrain.

UNIT Km30 (plates 1C, 2E, 2F)

Characteristics: This unit, 120' thick, extends from 5143' to 5263'. It

consists of 6live-gray slightly pebbly fine to medium protoquartzite, with
minor.oligomiqt conglomerate and brownish black sandy siltstone (siderite
cement). Sandstone cementing minerals include guartz overgrowth, calcite,
siderite, pyrite, dawsonite (seen only in core 17). Mean model gféinsize
decreases dovn the unit from medium to fine sand-size.

Cére 17 (5197'-5207') consists of fine to medium protoquartzite
tololigomiot conglomerate, some silty. Pebbles include milky quartz, black
chert, quartzose sandstone, gray porphyritic acid volcanics, pyritic arkose,
porphyritiq microgranite, greenish_gray siltstone. Other detrital components
include vein, metamorphic and common quartz, chert, quartz muscovite schist,
siltstone, volcanic rock fragments, rare orthoclase and plagioclasé, with
.illitic clay matrix. Cementing minerals comprise qua;tz overgrowth, minor
calcite, and radial fibrous aggregates of dawsonite, some replacing feldspar.
Sedimentary structures include graded bedding (waxing and waning current types),

wavy bedding, burrows.
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Boundary Criteria: The upper boundary is taken as the transition from sandy

medium siltstone to slightly pebbly fine sandstone. Appearance of the latter
lithology in cuttings at 5120', and the gradational change seen in the gamma
ray log, suggest this transition may be intercalated sandétone and siltstone.
However, there is an abrupt increase in the proportion of sandstone in the
cuttings at 5150', at which level there is also a sharp increase in resistivity
(5143'). Thus, although there may be a few thin beds of sandstone above 5143",
it seems reasonable to place the boundary at 5143'. '

Environment and Provenance: The sedimentary structures in core 17 suggest

périods of moderate to.strong current activity, resulting in sediments of varying
grainsize, alternating with periqu of quiescence in which burrowing took place.‘
No specific indicators of a marine environment (e.g. fossils) were seen, but
the occurrence of marine units above and below (Km29 and Km31) suggests such
an environment, perhaps a barrier beach/bar complex.

The sediments wére derived from a sedimentary/low grade metémorphic,
ancient acid volcanic and granitic terrain.

This section was regarded by the Company as equivalent to the
Kedumba Creek Sandstone Member of the Berry Shale.

UNIT Km31 (plates 1C, 1D, 2F)

Characteristics: The wnit extendé from 5263' to 5850' and is 587! Epick.

It is made ub from two intervals of slightly different gross lithology. The
uéper, 5263'-5420', consists of brownish black sandy medium to fine siltstone,
with lesser mudstone and claystone, all carbonaceous. Cementing minerals
include pyrite, siderite and calcite. Shell fragments occur in the cuttings

from this interval.
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The lower section consists of brownish black slightly pebbly
sandy coarse siltstone to silty very fine sandstone, with lesser sandy
medium siltsfone, all carbonaceocus. Cementing minerals include pyrite,
siderite and calcite: the proportion of calcite increases with depth,
some occurring as vein filling. Shell fragments occur in the cuttings
at the top of the section, brachiopod, pelecypod and indeterminate
calcareous fossil‘fragments in core 18.

Core 18, 5678'-5688', consists of grayish black pebbly, sandy
coarse siltstone. Pebbles include grgy pyritic siltstone, fine orthoquartzite,
milky and clear quartz, carbonaceous siltstone, buff-coloured pyritic quartz-
feldspar porphyry. Finer detrital components include quartz, volcanic rock
fragments, siltstone, argillite, chert, plagioclase, orthoclase, microcline,
muscovite, biotite, carbonaceous fragments, etc., with illitic clgy matrix.
Cementing miﬁerals include minor calcite, siderite and pyrite cement.’
Sedimentary structures inciude lamination and wavy bedding.

Boundary Criteria: The upper boundary is taken as the transition from pebbly

protoquartzite to sandy medium siltstone, this being marked by a sharp-increase
in radioactivity and decrease in resistivity and sonic velocity at about 5263'.
Unlike the upper Boundary of unit Km30, the lower boundary of unit Km30 is

not intercalated or gradational in 1ithology.

Environment and Provenance: The uniformity of lithology of the unit suggests

a similar environment of deposition for the whole unit, except that the upper
section (5263' to 5420') may have been deposited in a more sheltered environment.
From the fine grainsize, currents were gentle, pebbles (as in core 18) probably
being rafted by ice.or tree-roots. The occurrence of marine fossils ﬁith
articulated shells in core 18 indicates a marine environment and little transport.
The presence of pyrite and siderite indicates reducing conditions in the substrate.
Provenance for the unit appears to have been similar to that of Km30 and Km29,

namely a mixed sedimentary, granitic and ancient acid volcanic provenance.



36.

UNIT Km32 (plate 1D)

Characteristics: This thin unit, 42' thick, extends from 5850' to 5892'.

It consists of olive gray to brownish gray slightly silty fine to very fine
protoquartzite, divided by a central section of sandy siltstone. The

sands tone is characterised by the presence of ﬁp to about 5% of alloch-
thonous glauconite. Other detrital components include metamorphic, vein,
volcanic and common quartz, siliceous volcanic rock fragments, chert,
orthoclase, . plagioclase, quartz-muscovite schist, chert, muscovite, etc.
Cementing minerals include quartz, calcite, siderite, pyrite.

Boundary Criteria: The upper boundary is taken as the transition from

silty very fine sandstone and sandy coarse siltstone of Km31 to slightly
silty fine to very fine glauconitic sandstone. This is best marked in

the wire line logs by a decrease in radioactivity at about 5850°'.

Environment and Provenance: Fine grainsize implies gentle current
activity. The presence of glauconite indicatesva marine environment with
reducing conditions and slow deposition. The presence of siderite and
pyrite also indicates reducing conditions in the sediment.

»Prgvengnce was as for Km29-Km31, namely a sedimentary/low grade
metamorphic, acid volcanic and granitic provenance.

UNIT Km33 gplate 1D)

Characteristics: This unit, 71' thick, extends from 5892' to 5963'. It
consists of brownish black slightly pebbly sandy coarse siltstone to silty
vgéy fine sandstone, characterised by the occurrence of glauconite.

Cementing minerals include pyrite, siderite, calcite.
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Boundary Criteria: The upper boundary is taken as the transition from

glauconitic fine sandstone of Km32 to slightly glauconitic sandy coarse
siltstone. This is best marked in.the wire-line logs by an increase in

radioactivity. There is also a decrease in resistivity.

Environment and'Provenance: The fine grainsize of these sediments indicates
gentle current activity, glauconite a marine environment. The unit appears

similar in both environment and provenance to unit Km31.

UNITS Km34-37 (plates 1D, 1E, 2F, 2G)

This section, from 5963' to 8145', approximates that recognised
by the Company as Nowra Sandstone and undifferentiated Lower Shoalhaven Group.
The main differences in the present subdivision are that the two Company units
are combined'into one major unit, with some finer subdivisions; also the
section from 8145' to 8353', included by the Company in the L&wer Shoalhaven
Group is here separated. It is believed that this latter section (unit Km38)
may be non-marine, while the section included in Km34-37 is wholly marine.

The major unit is comprised mainly of variably silty fine to very
fine sandstone, with interbedded sandy siltstone and some coaly laminae.
Shelly fossils are common, and glauconite occurs rarely. Most sandstone is
pebbly.

The sediments appear to have been. derived from a mixed ancient
acid volcanic, granitic and sedimentary/low grade metamorphic source, as for
units Km29-33. Mineralogic maturity increases slightly up the section.

UNIT Km34 (plates 1D, 2F)

Characteristics: This unit, 527' thick, extends from 5963' to 6490',

approximately the interval assigned to the Nowra Sandstone by the Company.

It consists of light olive gray slightly pebbly fine protoquartzite to
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subarkose, with minor pebbly medium protoquartzite and interbedded sandy
medium to coarse siltstone (pyrite, siderite cement). The proportion.of
interbedded siltstone is higher in the basél and upper parts of the unit.

A 15' thick bed of fossiliferous brownish gray slightly silty very fine to
fine subarkose with abundant calcite cement, occurs below 6360'. Glauconite
occurs above 6070'. Cementing minerals include quartz, calcite, siderite
and pyrite. Shell fragments occur occasionally in the cuttings.

Core 19 (6050'-69,55') consists of olive gray pebbly silty medium
to very fine protoquartzifé. Detrital components include common, vein,
metamorphic and volcanié quartz, pyritic chert, volcanic rock fragments,
siltstone, quartz-muscovite schist, shale, microcline, orthoclase, oligo-
clase, muscovite, glauconite, etc., with minor illitic clay matrix.
Cementing minerals include abundant coarse-grained calcite, quartz and
siderite. Brachiopod and pelecypod shells in various orientations are
abundant. Sedimentary structures include lamination, wavy bedding, bio-
turbation.

Side-wall cores 8 and 6 (6340', 6342') consist of medium proto-
quartzite. Core 20 (6439'-6444') consists of olive gray silty very fine to
) fine protoquartzite to subarkose, some pebbly. Some coarse quartzose sand-
stone laminae occur. Mineralogy is very similar to that of core 19, except
that no glauconite was seen. .Pébﬁles include colourless to milky quartz,
giliceous fine orthoquartzite to duartzose siltstone, gray shale, white
quartz-feldspar porphyry, black carbonaceous siltstone, light green fine
graywacke, black chert and quartz-muscovite schist. Cementing mjinerals
include calcite, quartz, pyrite and, in places, abundant siderite.
Sedimentary structures include lamination, wavy bedding,fﬁﬁrrows, graded
bedding (waxing/waning current type), biotu;rbation, Brachiopod and foramin-

inferal shells, faecal pellets and possible crinoidal debris occur.
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Boundary Criteria: The upper boundary is taken as the transition from sandy
siltstone  (of unit Km33) to fine sandstone. This is well marked on the gamma
ray log by a decrease in radioactivity beginning at.5953'.

Environment and Provenance: The occurrence of glauconite and brachiopods

indicates a marine environment. Grainsize of the sediments suggests currents
of rather uniform strength, nearly all sandstone having a moae of fine sand
size. Periods of gentler current activity are indicated by interbedded sandy
siltstone. Pebbles may have been rafted by ice or tree-roots. The character
of the gamma ray log suggests a nearly uniform pattern of bedding through the
unit. The sediments were derived from a terrain with granitic, altered acid
volbanic and sedimentary/low grade metamorphic rocks.

ONIT Km35 (plate 1D)

Characteristics: The unit, 270' thick, extends from 6490' to 6760'. It

consists of interbedded light olive gray pebbly fine protdéuartzite, olive
gray slightly pebbly silty very fine protoquartzite and dark olive gray to
brownish black sandy carbonaceous siltstone. Cementing minerals include
quartz, calcite, siderite and pyrite. Glauconite occurs in cuttings from
6530'-6540', although this may be caved material. Two thin sections prepared
from cuttings showed the very fine protoquartzite to have a similar provenance
to unit Km34, above: miérocline, orthoclase, oligoclase, volcanic rock fragments,
argillite and chert occur. Shell fragments occur sporadically in the cuttings
from the section, especially nedr the base. ’

The pattern of lithologicél variation with depth differs from that
of unit Km34, above, in that Km35 has thicker individual beds, and the variation

in lithology is also greater. This is best seen on the gamma ray log. The

unit as a whole is finer grained than Km34.
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Boundary Criteria: The upper boundary is taken as the top of a pebbly fine

protoquartzite bed which has prominent characteristics on the wire-line logs.
This level separates two parts of the gamma ray log with different patternms
of variation. It is marked by a sharp decrease in radiocactivity on passing
from siltstone of Km34 into the pebbly protoquartzite. There is also a
decrease in resistivity and an increase in S.P. log deviation at this

level.

Environment and Provenance: The presence of shelly fossils and rare glauconite

indicates a marine environment. The variable grainsize of the sediments
indicates variable and intermittent current activity. DPebbles may have been
rafted by ice or tree-foots. The presence of pyrite and siderite indicates
reducing conditions in the sediment. The lowest part of the unit, from 6715"
to 6760' is lithologically similar, and has a similar gamma ray log pattern;
to unit Km37. But for the separation of unit Km36, this interval would have
been included with those sediments in unit Km37, below.

The sediments appear to have been derived from a mixed granitic,
altered acid volcanic and sedimentary/low grade metamorphic terrain, like
unit Km34.

UNIT Km36 (plates 1D, 2F)

Characteristics: This thin unit, 72' thick, extends from 6760' to 6832'.

It consists of light olive gray pebbly fine to coarse protoquartzite (quartz,
calcite, pyrite cement) with a section of olive gray to brownish black silty
very fine to fine protoquartzite and sandy coarse siltstone, also slightly
pebbly. Cementing minerals include quartz, calcite, siderite and minor
pyrite.

Core 21 (6800'-6803') consists of brownish black slightly pebbly

very fine protoquartzite and slightly pebbly sandy coarse siltstone. Pebbles
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include milky and clear quartz, black chert, light gray quartﬁoée siltstone,
dark gray quartz-muscovite schisf, white silicified'tuff° Finer detrital
components include common, volcanic, vein aﬁd metamorphic quartz, chert,
plagioclase, orthoclase, micré?ine microperthite, pﬁ?phyritic acid volcanic
rock fragments, siliceous volcanic rock fragments, calcitic fossil fragments,
etc., with illitic clay matrix. Cementing minerals include calcite, siderite
and minor quartz and pyriie. Fossils include shells of brachiopods and pele-
cypods, some articulated, up to 4cm long. Sedimentary structures include
bioturbation (with recognisable burrows) and stylolites, the latter a
megascopic expression of pressure solution effects which can be seen in

thin section: compaction has been strong.

Boundary Criteria: The upper Sounda:y is taken as the transition from silty
very fine sandstone (of Km35j'£o pebbly fine sandstone. This is marked in the
wire-line logs by a sharp decrease in radioactivity and an increase in
resistivity. The lower boundary has less sharp log characteristics, probably
because of intercalation of rock-types.

Environment and Provenance: The occurrence of brachiopods indicgtes a marine

environment, at least for the finer members of the unit. Coarse grainsize
impiies moderate to strong current activity, with a period of weaker currents
during deposition of the siltier sediments of the unit. The articulated state
of some shells indicates minor transport. The sediments wefe derived'frod 8
mixed granitic, acid volcanic and sedimentary/low grade metamorphic terraiﬂ.

UNIT Km37 (plates 1D, 1E, 2F, 2G)

Characteristics: This thick section extends from 6832' to 8145', being 1313!

thick. It consists of olive gray to brownish black slightly pebbly, variably ,
silty very fine to medium sandstone with lesser sandy siltstone and some coal:

laminae.
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A few intervals are characterised on the wire-line logs by their
high resistivity, probably due to high content of calcite ceqent; otherwise
the resistivity log is fairly uniform in character. The gamma ray log
exhibits changes in general level of radioactivity superimposed on a patiern
of minor fluctuations, reflecting varied silt and clay content of the
interbedded sandstones. Siltstone beds are responsible for peaks of
higher radioactivity.

The sandstones show only small variations in feldspar and rock
fragment content which, however, lead to their classification in the sub-
érkose, protoquartzite, subgraywépke and arkose fields. Cementing minerals
include calcite, siderite, quartz and pyrite; dawsonite was recorded from only
one sample-of cuttings, 7130'-7140'. Glauconite occurs sporadically.in the
unit. Carbonaceous material, in tﬁe form of finely divided fragments of
carbonised vegetable matter is abundant through the unit. Coal laminae may
represent intersections of thicker woodyvfragments.

Shelly fossils are abundant in this unit, brachiopods (including
spined productid types), polyzoag and foraminifera being recorded.

Core 22 (7160'~7165') consists of dark gray sandy coarse siltstone
grading to silty very fine protoquartzite. Detrital components include quartz,
chert, siliceous protoquartzite, volcanic rock fragments, quarﬁz—muscovite schist,
argillite, orthoclase, oligoclase, granitic rock fragments, muscovite, chlorite,
biotite, carbonaceous material, etc. Quartz, chlorite, siderite and pyrite
are cementing minerals: pyrite at least appears early diagenetic (disrupted
nodules). Sedimentary structures include wavy and graded bedding, burrows and
bioturbation. Rare shell fragments are present.

Core 23 (7562'-7567') consists of olive gray to olive black sandy

medium to coarse siltstone (carbonaceous, with illitic clay, pyrite nodules),
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slightly pebbl& silty very fine to medium subgraywacke, and minor pebble
conglomerate with silt matri;. Pebbles include milky and clear quartz, black
chert, dark grai shale, light éray quartz-muscovite-schist, light greenish
gray siliceouélééndstone and siltstone, light gray siliceous volcanic rock,
greenish gfgyjéltered andesite, aplite, quartz-feidspar porphyry. Finer
components és:foi core 22. Cementing minerals include siderite, quartz,
calcite and p;rite, Sedimentary structures include small scale cross-bedding,
wavy bedding, burrows énd bioturbation.

Core 24 was not recovered. Core 25 (7872'-7879') consists-of
olive black slightly pebbly siity very fine subgra&wacke. Pebbles are
composed of a variety of siliceous sedimentary, volcanic and granitic rocks,
as in core 23. Rhyolite was one additional rock type recognised. Finer
detrital compdnents include common and volcaniq,qﬁartz, chert, orthoclase,
microcline, grgnitic rock fraéments, quartz-muscovite schist, siliceous
volcanics, muscovite, érgillite, biotite, chlorite etc., with illitic clay
matrix. Cementing minerals include quartz, calcite, siderite, minor pyrite.
Single brachiopod shells without orientation are common. Sedimentary structures
include burroﬁé,‘ﬁavy‘bedding, bioturbation.

Boundary Criteria: The upper boundary is taken as the transition from pebbly
medium to coarse protoquartzite of Km36 to silty very fine protoquartzite.

This is marked by an increase in radioactivity and decrease in resistivity at
about 6832'. There is possibly some interbedding of the two rock types.
Environment and Provenance: The occurrence of brachiopodé, polyzoa, fora-
minifera and glauconite point to avﬁarine environment of deposition for the
unit. The fine grainsize and poor sorting of the sediments suggest weak to
moderate current activity. Reworking by organisms also resulted in poor
sorting. At least some of the pebbles may be transported by ice, ortree roots.
The occurrence of pyrite and siderite indicates reducing conditions in the

sediment. ' .
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The sediments were derived from a terrain of granitic, altered
acid and intermediate volcanics and sedimentary/low grade metamorphic rocks:
specific rock types are mentioned in "Characteristics", above. Mineralogic
maturity (as reflected in the ratio of quartz to rock fragﬁents\and feldspar)
increases slightly up the section.

UNIT Km38 (plates 1E, 2G)

This major unit, the lowest iecognised in the well, has been separated
from the overlying sediments because of its coarser mean grainsiée, poorer
mineralogic maturity, and lack of marine fossils. Such shelly fossils as
do occur in the cuttings are believed to be caved from‘the richly fossiliferous
section above. Coaly wood fragments occur more abundantly in the cuttings than
in the interval above, and are common in the single core cut in the unit,
core 26. These factors are taken to indicate a grossly different environment
of deposition from the major unit Km34-37 above.

Characteristics: The unit extends from 8145' to 8353', being 208' thick.

It consists of light olive gray to dark gray slightly pebbly medium to coarse
subgraywacke with minor silty very fine to fine subgraywaéke and sandy éiltstone.
Pale green siliceous fragmenté in the cuttings at 8340', when examined in thin
section, include quartzose sandstone and éiltstone, and chloritic quartz-feldspar
porphyry, probably from pebbles in a basal congiomerate. Mineralogic maturity
of the sandstone appears to increase up the section. Cementing minerals include
quartz, minor pyrite and calcite.

Core 26 (8205'-8208'5 consists of olive gray ﬁ;dium subgraywacke and
silty fine to very fine subgraywacke. Detrital components include common and
vein quartz, orthoclase, microcline microperthite, andesine, granitic rock
fragments, vesicular chloritic volcanic rock fragments, quartz porphyry,

siltstone, quartz-muscovite schist, argillite, muscovite, macerated wood
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fragments, etc., with illitic clay matrix. Cementing mineral is quartz.
Sedimentary structures include cross-bedding, scour and fill, wavy bedding
and a small fault (which occurred between periods of deposition).

Boundary Criteria: The upper boundary is taken as the transition from

silty fine sandstone to medium sandstone. This transition is not well
marked on the wire-line logs, but may correspond to a sharp decrease in
resistivity at about 8145' (possibly due to a lower proportion of calcite
cement in the coarser sandstone).

Environment and Provenance: The scarcity of marine fossils in the cuttings

suggests such fossils are caved material. The coarse grainsize and abundant
wood fragments suggest a fluviatile environment of deposition. Faulting
contemporaneous with sedimentation and scour and fill structures indicate
.erosion and reworking of sediments, with channels into which unconsolidated
sediment slumped.

The sediments were derived from a terrain with granitic, volcanic
and sedimentary/low grade metamorphic rocks.

UNIT Km39 (plates 1E, 2G)

This major unit extends from 8353' to the bottom of the well at
8406'. It consists of andesitic volcanic rock of uncertain age.

Characteristics: The unit is 53' thick. Cuttings through the unit show a

uniform lithology of dark greenish gray microcrystalline volcanic rock;

a constant small proportion of cuttings of calcite, chlorite, pyrite and
haematite represent vesiqle and vein fillings. The wire-line logs indicate
a section with low resisfivity and high radiocactivity between 8374' and
8378': the Company recognised a shale bed in this interval, but no

evidence of this was found in the cuttings.
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Core 27 (8403'-8406') consists of dark greenish gray to greenish
black agglomeraﬁe to lapilli tuff with fused bombs of vesicular andesite.
The mineral assemblage is oligoclase/andesine, albite, augite, chlorite,
calcite, iron ore mineral. Calcite and chlorite occur in vesicles and veins,
some of the chlorite pseudomorphing stumpy crystals, probably originally
epidote. Matrix between the bombs consists of chloritic clay.

Boundary Criteria: The upper boundary of the unit is taken as the transition

from conglomerate of Km38 to volcanic rock of Km39. This is best marked in
the wire-line logs by a sharp decrease in radioactivity corresponding to the
low potassium content of the volcanics.

Environment and Provenance: The unit appears uniform in lithology and thus

represents essentially the same environment and provenance throughout. The
rock is interpreted as an agglomerate, the result of pyroclastic activity.
Bombs were probably still partly fluid on impact, as fusion appears to have
taken place: this makes recognition of the nature of the rock difficult, but
the texture is not consistent with that of a lava or sill: parts of the rock,
which represent original bombs, have different floﬁ fabric orientation.

Albite is not of primary origin. The asseﬁblage displays features
of the spilite suite, but the presence of calcic plagioclase precludes such
a classification. From the essential components oligoclase/andesine and

augite the rock is an andesite. Calcite and chlorite are of secondary origin.
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SUMMARY

Stratigraphy (see figure 1)

Thirty-nine lithologic units have been recognised, identified
informally Km1 to Km39. These have been grouped into sixteen "major" units
on a lithogenetic basis..

Figure 1 cbmpares the Company stratigraphy with the informal
units recognised herein. It may be seen that a finer subdivision has been
made, although Company boundaries correspond closely with boundaries between
some informal units.

Units Km2-5 and Km6-10 correspond to the Wianamatta Group and
Hawkesbury Sandstone respectively. The three major units Km11-13, Km14
and Km15-16 correspond to the Narrabeen Group, differentiating "siltier"
upper and lower seétions from the middle section.

Units Km17-19, Km20-22, Km23-24, Km25-26 and Km27 correspond to
the "Upper Coal Measures". _The boundary at about 2812' between the Illawarra
and Cumberland Coal Measures is not here regarded as dividing sections of
grossly differenf deposi tional environmenf.

Unit Km28 corresponds to the Budgong Sandstone Member of the Berry
Shale, although the lower boundary of the unit was placed a little lower than
in the Company interpretation.

Units. Km29-33 correspond to the Berry Shale, the unit Km30 corres-
ponding to the Kedumba Creek Sandstone Member. Km30 was regarded as repres-
enting a short period of strong current activity in a long interval of gentle
current activity, and was not given major unit status.

Units Km34-37 correspond to the dominantly $andstone lower,section'
of the Shoalhaven Group (as opposed to the dominantly siltéto@e upper section

Km29-33). Unit Km34 corresponds to the Nowra Sandstone.
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Unit Km38, included in the Shoélhaven Group by the Company is
believed to be non-marine and has been given major unit status.

Unit Km39 corresponds to the Volcanics of doubtful age regarded
by the Company as economic basement. The well was terminated in this section.

Sequence of Environments and Provenance (see figure 2)

Figﬁre 2 should be largely self-explanatory. Lithological
symbols used are those given in the legend to the composite well logs
(plate 1A). The average grainsize modé of both major and minor lithologies
in any unit have been plotted.

In summary, the section represents the following:

i) Initial deposition of fluviatile sediments on volcanic basement (Km39, Km38).

ii) With sinking of the basin a marine transgression, and a long period of

marine clastic sedimentation (Km34-37, Km29-33).

iii) Shallow water marine sediments were followed by a period of terrestial
deposition, with coals. (Km28, Km27).

iv) Marine transgression, followed by deposition of a deltaic sequence,

culminating in delta-top coal deposition (Km25-26).

v) As for iv) (Km23-24).

vi) Fluviatile deposition, abparently in two phases (Km20-22, Km17-19), with

coal deposition.

vii) Fluviatile deposition (Km15-16, Km14) culminating in a period of possible
lacustrine deposition or of relative aridity with better drainage of the
floodplain (Km11-13).

viii) Deposition of a coarse sandy sequence, possibly fluviatile (Km6-10).

ix) Deposition of a fine grained sequence in lacustrine or estuarine

conditions (Km2-5).

x) After later deposition, erosion to present surface and soil formation (Km1).
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The "PROVENANCE TYPE" column (figure 2) lists five types.

A is characterised by abundant K-feldspar, granitic rock fragments,
altered volcanic rock fragments, sedimentary rock fragments, including
sandstone, shale and chert, low grade metamorphic rock fragments (quartz-
muscovite schist). The western margin of the basin, with Lower and Middle
Palaeozoic rocks is a likely source of this material.

B is characterised-Eyandesinqbligoclase, feldspathic volcanic
rock fragments, glassy rock fragments, rare quartz or other components. It
represents a contemporary intermediate volcanic source, probably related to
the source of the Gerringong Volcanics.

C is characterised by abundant altered volcanic rock fragments,
mainly siliceous, minor sedimentary and granitic components. The north-
eastern margin of the basin, with Middle Palaeozoic volcanics, is a likely
source of this material.

D is characterised by abundant pale green and red "chert", the
bulk of which is probably silicified volcanic rock, and the rare heavy mineral
picotite, probably from ultrabasic rocks. There are minor sedimentary and
granitic components. The occurrence of picotite and the abundant volcanic
“"chert" suggest the northern margin, with the "Great Serpentine Belt", as a
possible source area.

E is characterised by its mineralogic maturity, and by the occurrence
of graphite. Minor sedimentary and metamorphic rock fragments occur. A
granitic and sedimenta:y/metamorphic terrain with graphitic schists would be
an appropriate source area.

Porosity, Permeability and Petroleum Prospects

Porosity and permeability of core samples was determined by the

B.M.R. Petroleum Technology Laboratory. These results were extrapolated to
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other intervals in the section by visual comparison of lithology (taking
into especial consideration cementing minerals) and by examination of the
S.P. and resistivity logs.

‘In the well, sandstones with dominant clay matrix and/or cement
generally have higher porogity than those with dominant carbonate or quartz
cement. Aléo, porosity aecreases with increasing depth. This is partly due
to greater compaction, but probably mainly to the greater abundance of
carbonate cement at depth (see the carbonate log, plate 1). Average porosity
values are plotted in figure 2.

The highest measured porosity wés 18%, recorded in the Hawkesbury
Sandstone (core 1) and upper Narrabeen Group (core 2). Porosity greater
than 1é% was recorded in sandstones from the Hawkesbury Sandstone, Narrabeen
Group and "Upper Coal Measures". In the section below the "Upper Coal
Measures", onl& unit Km30 has porosity greater than 12%, as interpreted
from the wire-line logs. This‘unit was the subject of the only successful
drill stem test: about 100 feéﬁ of gas cut mudweﬁerecovered.

Measurable permeability was detected in cores 2 and 3 only (2-22md).
There was no loss of circulation during_drilling, and numerous gas shows
encountered during drilling later failed to register significént background
gas in the recorder. It is concluded that with the exception of zones in
the Hawkesbury Sandstone, low permeabilities in the Narrabeen Group and
parting permeability in the Kedumba Creek Sandstone, the section is tight.

Possible hydrocarbon source rocks include all carbonaceous rocks
in the section; bossible petroleum source rocks include the silty sandstones
and sandy siltstones of the marine Shoalhaven Group, (units Km28, Km29-33,

Km34-37), and possible marine sediments in units Km26 and Km24. Suitable
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reservoirs might include units Km30, Km25 and Km23, but in the well these
sections were well-cemented and impermeable.
With regard to possible reservoirs for storage of natural gas,

unit Km7 might be worth investigation.A
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COMPARISON OF B.M.R. UNITS WITH COMPANY INTERPRETATION
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Q,bo 4 ’4 o {imin.reaction} 7 f \Q‘ 4 _ Millivolts & A, y LITHOLOGY :i g zl e
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4 1@ T3 4) SR SILTSTON TO SILIY ROTOUARTZITE, SROWISH X & Oolw
\ R - BUICK, CARBOMACEOUS, NICACEQUS, SHERITE, CALEITE, o
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