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ABSTRACT.

This petrological study of Woronora (A.0.G.) No. 1 Well has been
carried out as part of a review of the Sydney Basin, currently being under-
taken by the Sedimentary Basins Study Group of the Petroleum Exploration

Branch, Bureau of Mineral Resources.

Forty-one lithologic units were distinguished in the well and these

were grouped into eight lithogenetic units.

Most of the formations described from the Narrabeen Group on the
South Coast can be recognised in the well; lithic sandstones commonly rich
in volcanic fragments form a large proportion of the sandstones; coal measures
were found to be divisible broadly on the basis of interseam lithology; the
main porous sandstones are above 1700 feet and are regarded as continental

sediments.

The hydrocarbon prospects are considered to be poor but the porous

sandstones above 1700 feet may be suitable for fluid storage.

A comparison of unit boundaries chosen in this study with formation

boundaries proposed by A.0.G. (1964) is included.
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GENERAL INFORMATION

Well Data

Well Name, No.: Woronora (A4.0.G.) No. 1

Operating Co. : Australian O0il and Gas Corporation Limited

Location: Lat. and Long, 34o 11140"S, 150054'5O"E.
1:250,000 sheet: Wollongong, SI/56-9
General location: near Darkes Forest,
35 miles south of Sydney.

Elevation: Rotary Table: 1172' a.s.l. (datum for
well).
Ground level: 1160' a.s.l.

Total Depth: Schlumberger: 7589

| Driller: 7587
Logs Run: Resistivity - Spontaneous Potential:

Run 1: 2998' - 5582!
Run 2: 5582' - 6917!
Run 3: 6817' - 7589
Microlog - Calipexr:
Run 1: 2998' - 5581!
Run 2: 5581' - 6917!
Run 3: 6917' - 7589'
. Sonic log:
Run 1: 2998' - 5570!
Gamma Ray:
Run 1: 2990' - 5579
Sonic - Gamma:
Run 2: 5570' - 6907
Run 3: 6807' - 7580
Formation Testing: Nil
Hydrocarbon Shows: Nil
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Major Reference used in Present Study
A.0.G., 1964 - Well Completion Report, A.0.G. Woronora No. 1, Sydney

Basin, New South Wales (unpubl.).

Summary of Major Reference

"The well was spudded in Triassic Hawkesbury Sandstone. It penetrated
550' of this unit and 1160' of Narrabeen Group beds before entering Permian
sediments at 1710'. It then penetrated 1710' of Permian "Upper Coal Measures"

and 4053' of Permian "Upper Marine Series" before encountering granite at 7473'.

"Several minor gas occurrences were recorded while drilling coal and
carbonaceous shale séquences, but there was little evidence of porosity within

the sandstone units. No significant hydrocarbon shows were detected.”

Material Available for Study
Cuttings: 0 - 7587 (T.D.) at intervals of 10' or less.
Cores: All 21 cores were available including 16 cores with a recovery
- . of more than 1.
Electric Logs: See Well Data.

Methods Used

All the drill cuttings were examined under a low power binocular
microscope, and thin sections of cuttings from selected intervals were examined with
a petrological microscope. The data obtained were plotted on composite well
log sheets at a scale of 1" = 100' (plates 14, 1B, 1C, 1D,)* The slabbed
cores were examined—under a binocular microscope and thin sections were cut
from each core. The core results were antered on cards, and then plotted

on core log sheets at a scale of 1" = 2' (see plates 2A, 2B, 2C, and 2D).*

Forty-one lithologic units were recognised in this well, They have
been numbered from the surface and prefixed by the letter 'W' to identify the
well in later correlations. These forty one units have been grouped into eight

major lithogenetic units (see fig. 1).

* Plates’1 and 2 were photographically reduced to half their original size,
and so appear at scales of 1" = 200' and 1" = 4! respectively.
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The sedimentary rock classification of Pettijohn (1957) was used for

specific rock names. However the term "quartz greywacke" was introduced to
distinguish those quartz-rich rocks (> 75% quartz) in which detrital matrix
was prominent (> 15%).

The present study forms part of a systematic study of selected wells
in connection with a review of the Sydney Basin, currently being undertaken by

the Sedimentary Basins Study Group of the Petroleum Exploration Branch.

GEOLOGY
UNITS Wl-4 (plate 14)

This major interval is 528 ' thick extending from the surface to 540!
below the R.T. datum. It consists of orthoquartzite and pebbly orthoquartzite
-with minor grey shale beds; a fluvial environment is proposed for this interval.
The unit has been equated with the Triassic Hawkesbury Sandstone by the Company
(A.0.G. 1964). (see fig. 2).

UNIT Wl
Characteristics: This unit extends from the surface to 240' and consists

entirely of orthoquartzite. In parts the sandstone is limonitic and sideritic;
pebbles become common towards the base. Graphite is a conspicuous accessory
mineral throughout. The sand grainé are cemented by clay, iron oxide or quartz
overgrowths in places but more commonly the’material consists of loose sand: a

moderate porosity can be inferred.

Environment and Provenance: The good sorting combined with the presence of

pebble beds and absence of marine fossils is suggestive of fluvial deposition
for W1 sediments. Their maturity indicates that they formed by recycling of
older sediments., The preseﬁce of granitic accessory minerals indicates an
ultimate plutonic source but these minerals could easily have survived re-

cycling; no feldspar is present. The source of graphite is not known.

UNIT W2 .
Characteristics: This unit is 30' thick, extending from 240' to 270'; it

consists of interbedded sideritic shale and siltstone, and lies between the

two sandstone units W1 and W3.
Boundary criteria: The upper boundary is recognized by a sharp lithological

change from orthoquartzite of W1 to the shale and siltstone of this unit.
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Environment and Provenance: In the fluvial model proposed for Units Wi1-4, Unit

W2 is a fine-grained interval which probably accumulated as overbank deposits
during flood conditions. Alternatively the unit may represent a quiet phase of
deposition in the same general setting as the overlying and underlying units Wi
"and W3. It seems likely that the provenance of these units was also the same
as for W2.

UNIT W3

Characteristics: This unit is 190' thick extending from 279' to 460': it

consists entirely of orthoguartzité and pebbly orthoquartzite., The sediments
are very similar to those of Unit W1, but pebbles are common, chert and car-
bonaceous material are conspicuous and clay matrix is less common. The porosity,
like W1, is regarded as being moderate. Graphite is again present.

Boundary criteria: At the upper boundary a sharp lithological change occurs

from sideritic shale of W2 to medium grained orthoquartzite,

Environment and Provenance: The clean character of the sediments, the pebble

beds and carbonaceous and ferruginous layers all suggest fluvial deposition,
Chert contained in this unit demonstrates that the provenance was at least

partly sedimentary. The source of graphite is not known.

UNIT W4

Characteristics: This unit is 80! thick extending from 460' to 540'; it con-

sists of pebbly orthoquartzite and inter-beds of grey to brown, laminated sideritic
shale.

Boundary criteria: The upper boundary is marked by a change from W3 pebbly
orthoquartzite to a thin bed of sideritic shale., While the bulk of unit W4
consists of pebbly orthoquartzite typical of W3, it also contains several shale
beds.

Environment and Provenance: The environment of deposition of this unit appears
to have been similar to that of the overlying units W1 to W3. That is a fluvial
environment. Times of flood or periods of quiescent sedimentation have given

rise to intermittant shale horizons in a predominantly sandy unit.

UNITS W5 - 14 (plates 1A, 2A)

This major interval is 1170' thick and contains a variety of rock
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types. These are: Quartzose and lithic sandstone, red-brown and grey shales,
and minor mﬁdstone and siltsone. This indicates variable hydrodynamic conditions,
The presence of red beds and lack of marine fossils indicate continental deposition.
Units W5 - 14 have been equated with the Narrabeen Group by the Company (A.0.G. 1964)
(see fig. 2).

UNIT W5
Characterigtics: Unit W5 is 30' thick extending from 540' to 570'; it consists

of very fine lithie¢ greywacke containing abundant sedimentary lithics, underlain
by fine silicified protoquartzite. The unit separates pebbly orthoquartzite
above, from shale and siltstone below.

Boundary criteria: The upper boundary is marked by the change from W4 pebbly

orthoquartzite to a very fine lithic greywacke. Grain size decreases from
medium to very fine-grained across this boundary, and porosity decreases from
moderate to low. The presence of abundant sedimentary lithics is important as
they only occur at or below this depth. The boundary is regarded as a major
break between the orthoguartzites of Units W1 - 4 and the more variable sequence,

Units W5 - 14.

Environment and provenance: No data relevant to the depositional environment

were noted. A sedimentary provenénge has been established.

UNIT Wé

Characteristics: This unit is 60' thick extending from 570' to 630'; it con-

sists of interlaminated shale and sandy siltstone with minor carbonaceous
material.

Boundary criteria: The upper boundary is between fine silicified protoquartzite

of W5 and shale of W6. The lamination and fine grain size of W6 sediments
indicates deposition in quiet waters. Furthermore, as part of the continental
lithogenetic sequence W5 - 14, a likely depositional setting would be the flood

plain of a river channel, or in a lake.

UNIT WY

Characteristics: This unit is 100' thick extending from 630' to 730': it consists

almost entirely of red-brown clay-shale*with minor bands of hard white claystone
and grey shale. The uppermost bed consists of oolitic ferruginous claystone., The
unit is probably the equivalent of the Bald Hill Claystone as recorded from the
surface section near Stanwell Park by Hanlon et. al. (1953).

% A fissile claystone: see Folk (1965)
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Boundary criteria: The upper boundary of W7 was picked at the top of the oolitic

claystone horizon where there is a striking colour change from grey siltstone
and shale containing some carbonaceous material (W6) to red-brown clay-shale of

W7. There is an overall slight decrease in grain size from W6 to W7,

Environment and Provenance: These very fine red beds were deposited in quiet

waters under oxidising conditions such as occur on a flood plain during times
of flood. The presence of these red beds within the lithogenétic sequence W5
- 14 favouxs the idea of continental deposition for the fofmation of the

sequence.

UNIT W8

Characteristics: Unit W8 is 240' thick extending from 730' to 970'; it consists

of interbedded orthoquartzite, lithic sandstone and sandy siltstone. Much of
the sandstone is friable and a moderate porosity could be inferred from the
abundance of loose grains; however, where beds are silicified or contain silt,
low to slight porosities were recorded.

Boundary criteria: The upper boundary is marked by a lithological change from

red-brown and grey shale of W7 to orthoquartzite of W8.

: Environment and Provenance: The interbedded lithologies of this unit were
probably formed under intermittent agitated and quiet water conditions. The
sediments were. derived from a sedimentary source as indicated by the abundance

of chert clasts. -

UNIT W9
~Characteristics: This unit is 70' thick extending from 970" to 1040'; it

consists entirely of grey to red-brown lithic sandstone containing common

red and green chert, clay lithics, iron oxides and siderite. The phosphate
log shows a moderate reading for much of the unit. From the abundance of loose
A sand, a moderate porosity was inferred.

Boundary criteria: At the dpper boundary there is a sharp increase in the

* percentage of sedimentary lithics from orthoquartzite of W8 to W9, This is

accompanied by a slight change in grain size from fine to medium grained.

Environment and Provenance: This clean sandstone was deposited in agitated

or flowing water, The abundance of chert clasts indicates that it was derived

from a predominantly sedimentary source.



UNIT W10

Characteristics: Unit W10 is 240' thick extending from 1040' to 1280'; it

consists mostly of orthoquartzite, in part sideritic. The sediments are
limonitic in part and contain minor bands of grey shale, mudstone and silt-
stone. Many of the samples consist of completely loose sand and on this
basis porosity has been interpreted as ranging from poor to good. The

porosity has been reduced in places by siderite and iron oxide cement.

Units W8, W9 and W1O appear to closely correspond to the Bulgo
Sandstone as seen in ‘the section near Stanwell Park and described by
Hanlon et. al. (1953).
Boundary criteria: The upper boundary corresponds with the change from lithic

sandstone of VW9 to orthoquartzite of W10,

Invironment and Provenance: This clean sandstone unit was deposited in

agitated or flowing water. It has been derived at least in part from a

sedimentary source.

UNIT w11

Characteristics: This unit is 160' thick extending from 1280' to 1440';

it consists of interbedded protoquartzite, grey and red-brown shale and minor
siltstone. The protoquartzite contains plentiful sedimentary lithics. It is
mostly friable but in places is cemented with siderite and iron oxide; the
interpreted porosiﬁy acéordingly ranges from siight to good. The unit appears
to correlate at least in part with the Stanwell Park Claystone (Hanlon et. al.
+1953).

Boundary criteria: The upper bouhdary is marked by the increase in lithic con-

tent of the sandstones, from the orthoquartzite of W10 to the protoquartzite
of W11, Unit W11 is further distinguished from the overlying unit by the presence

of red-brown shales,

Environment and Provenance: The intercalation of coarse and fine-grained

sediment and the presenceof red beds (together with the absence of marine
fossils) is strongly suggestive of continental deposition. Accummulations
of this type may form in a braided stream or meandering stream channél and
flood plain. Oxidising conditions apparently prevailed for preservation of

the red beds. The rocks were derived from a sedimentary source.
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UNIT W12

Characteristics: Unit W12 is 100' thick extending from 1440' to 1540'; it

consists of pebbly orthoquartzite and protoquartzite. The sediments contain

common red and green chert and are pebbly throughout. Porosity was estimated
to range from moderate to high,'and in Core 1 porosity was measured as 31% and
permeability 1330 millidarcies.

The unit is considered to be equivalent to the Scarborough Sand-
stone (Hanlon et. al. 1953).
" Boundary criteria: The upper boundary was picked at the change from proto-
quartzite of W11 to pebbly orthoguartzite of Wi2,

"~ Environment and Provenance: Thié clean, pebbly unit was deposited under

strongly agitated or flowing water. The sediments were derived from a
sedimentary source - indicated by the presence of common grains and pebbles
of chert. ‘

UNIT W13
Characteristics: This unit is 120' thick extending from 1540' to 1660'; it

is an interbedded'sequence of calcareous subgreywacke,'shale and siltstone.

The subgreywacke contains abundant sedimentary lithics. Porogsity is lower
than in the overlying unit due to the presence of diagenetic carbonate cement
and fine detrital matrix. Core 2 appears as a pebbly mudstone but the sample
is in very poor condition and ‘may have been broken up'dufing or after coring.
ngever some fragments contain sideritic' concretions identical with those

seen in surface samples of the Wombarra Shale with which W13 may be correlated.

Boundary criteria: The upper boundary was chosen at the change from ortho-

quartzite characteristic of W12 to a shale bed ~ the uppermost of a series
of shale beds in W13. Also at this boundary the grain size of the sandstones
decreases from medium to fine, and the porosity decreases from moderate to

poor,

Environment and Provenance: Like unit W11, this unit consists of intercalated

fine and coarse-grained sediment. The depositional settihg'was probably similar
to that of Wi1 exqept that conditions were not favourable for the preservation
of red beds. Deposition probably took place in a braided or meandering stream
with periodic flooding and deposition on the flood plain. The abundance of

sedimentary lithics favours a local sedimentary source.
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UNIT W14
Characteristics: This ﬁnit is 50' thick extending from 1660' to 1710'. It

is ‘the lowermost unit of the sequence W5 - 14 and consists almost entirely
of calcareous subgreywacke. 'The subgreywacke is the same as that contained
in the overlying unit; it contains abundant sedimentary lithics. The sedi-
ment is friable and contains only a small proportion of fine detritus. A

moderate porosity could be inferred.

The unit may be correlated with the Coal Cliff Sandstone (Hanlon
et. al. 1953).

- Boundary criteria: The upper boundary of W14 was chosen at the lowermost

shale of W13, below which the sediments become much more sandy. The change
is accompanied by an increase in the grain size of the sandstone from W13 to
W14.

Environment and Provenance: The low proportion of fines in unit W14 suggests

deposition in agitated waters. A local sedimentary source is envisaged be-
cause of the abundance of shale grains. There is no evidence to suggest
either a marine or continental environment for this unit but its apparent
genetic association with the overlying units W1 to W13 supports the idea of

continental deposition.'

UNIT W15 - 18 (plates 1B, 24)"

This sequence is 760' thick extending from 1710' to 2470'. It
consists mostly of'interbedded'cérbonaceous shale, siltstone and chert-rich
protoquartzite. Coal seams are conspicuous - particularly at the top of the
sequence (W15) - and minor volcanic horizons were recognized. No wireline

logs were run over this interval.

UNIT W15

Characteristics: This unit is only 25' thick; extending from 1710' to 1735¢.

It consists méinly of blagk vitreous coal seams and carbonaceous shale. The
cuttings percentages suggest the presence of two main seams,

Boundary criteria: At the upper boundary of this unit there is a sharp change

from subgreywacke of W14 to coal of W15, The- coal seams are the highest recorded
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in the well and a major unit boundary has been selected here. The boundary
separates the sequence of sandstone, shale and mudstone containing red beds
(designated as W5 - 14) from the underlying carbonaceous shales and silt-
stones with coal seams (W15 - 18).
Environment: A swamp environment would be suitable for the accumulation of

this predominantly coal unit. There is no evidence of marine influence.

UNIT W16

Characteristics: This unit is 265' thick extending from 1735' to 2000';

it consists mostly of carbonaceous shale, carbonaceous siltstone and

minor lithic sandstone. The shale is laminated in part, and the lithic
sandstone contains sedimentary lithics. Plant remains are common in
places; interpreted porosity of the sandstone ranges from poor to moderste.

Boundary criteria: The boundary with the overlying unit is taken at the

bottom of the lower coal seam of unit W15.

Environment and Provenance: Unit W16 was apparently deposited in quiet water

in a continental enviromment such as a lake fed by sluggish streams. This
is suggested by the lamination of some of the shales, the presence of plant

remains and the absence of marine fossils.

The sediment was derived mostly from a sedimentary source but some

volcanic fragments are included in the deposit.

UNIT W17
Characteristics: This unit is 365! thick extending from 2000' to 2365'; it

consists of interbedded carbonaceous shale and siltstone with minor chert-
~rich prbtoquartzite and two horizons of andesitic volcanics. The unit con-
tains coal seams, but these are dull and partly silty, in contrast to the
clean, vitreous coal of unit W15. The protoquartzite is commonly cemented
with dolomite, which may account for the slight porosity recorded for these
beds.

Boundary criteria: A coal seam was chosen for the upper boundary of Unit

W17. Apart from the coal, the sediments are similar to those of the overly-
ing unit ~ but the sandstone is finer grained and less porous. WiT contains
volcanic horizons and coal seams both of which are absent in the overlying
Unit W16.

Environment and Provenance: This unit was apparently deposited in g similar

environment to W16. However conditions were more favourable for the formation
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of coal and some minor andesitic volcanic activity took place. The abundance

of chert grains indicates a sedimentary source for the clastic sediments.

UNIT W18 R

Characteristics: This unit is 105' thick extending from 2365'to 2470'; it

consists of laminated siltstone, carbonaceous shale and fine grained, chert-

rich protoquartzite. The unit has no unique characteristics but it accounts
for the sediments which lie between the coaI—bearing, carbonaceous shales
and siltstones of W17, and the underlying more sandy sediments of units 19 - 21.

Boundary criteria: The upper boundary was chosen at the base of the lowermost

coal seam of Unit W17.

Environment and Provenance: The lamination of the sediments suggests quiet

water deposition such as in a lagoon, a lake or on a flood plain. A sedimen-

tary source is indicated by the abundance of chert grains,

UNITS W19 - 21

This major interval is 950' thick extending from 2470' to 3420';
it is predominantly sandy in comparison with the overlying interwval (w15 -
18) which has a high shale content. Units W19 - 21 contain numerous coal
seams and some shale beds. The sandstones range from orthoquartzite to sub-

greywacke composition.

UNIT W19
Characteristics: This unit is 220' thick, extending from 2470' to 2690';

it consists of interbedded friable quartz-rich sandstone, lithic greywacke,

siltstone and shale. Plagioclase grains, basic to intermediate volcanic
clasts and low grade metamorphic clasts are locally abundant, and rare plant
fossils were observed. Quartz-rich sandstone is characteristic of this
unit. The porosity of the sandstone ranges from poor to moderate.

Boundary criteriag: The upper boundary of this unit is marked by the change
from shale of Unit W18 to quartz-rich sandstone at the top of Unit W19.

This lithological change is'regarded as significaﬁt because the overlying
units W15 - 18 consist mainly of shale and siltstone with coal seams and
minor lithic sandstone, whereas the units W19 - 21 contain abundant medium

to coarse-grained quartz-rich to lithic sandstone together with shale,
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siltstone and coal seams. The composition of the sandstone is noteworthy.
The sandstones of W15 - 18 are mostly rich in chert; some contain volcanic
lithics., In units W19 - 21 the sandstone is quartz-rich near the top but
changes to subgreywacke rich in volecanic lithics and poor in quartz in the
lower part.

Environment and provenance: No positive evidence of the environment of

deposition was recorded. That the sediment was derived in part from a
local volcanic source is suggested by the abundance of volcanic clasts and

euhedral plagioclase grains.

UNIT W20

Characteristics: This unit is 110' thick, extending from 2690' to 2800';

it consists mostly of grey shale, mudstone, siltstone and minor (volcanic)

subgreywacke,

v
3

Boundary criteria: The upper boundary is marked by the change from quartz-

rich sandstone ( which characterises W19) to grey shale of W20,

Environment and provenance: These fine-grained sediments were probably

deposited in quiet waters and mark the end of a period of prolific coal
formation. The sediments were derived at least partly from a volcanic

source.

- UNIT W21

‘Characteristics: This unit is 620' thick extending from 2800' to 3420';

it is characterised by numerous coal seams, The interseam sediments are

made up of subgreywacke, carbonaceous shale and siltstone. Plant remains
occur in the lower part of the unit. The subgreywacke contains abundant
basic volcanic lithics and plagioclase grains and is commonly cemented by
silica or calcite. The interpreted porosity of the subgreywacke is generally
poor (6-12%), rarely ranging to moderate (12-20%). Core 11 is a well-washed
sediment containing large wood fragments and pebbles. This highly labile
‘sandstone of Core 11 is typical of the sandstones of Unit W21.

Wire line logs are.available for part of this unit. The 18'8"
resistivity curve and the sonic log (not shown on plate 1B) were found use-
ful for delineating coal seams.

Boundary criteria: The upper boundary was chosen at the top of the uppef—

most coal seam at 2800'. The younger units W19 and W20 are both non-carbona-

ceous, in marked contrast to W21.




14.

Environment and provenance: The unit was deposited partly in a swamp environ-

ment favourable for the development of coal. However, periodic influx of
clastic sediment gave rise to the interseam subgreywacke and shale. The well-
washed nature of the subgreywacke, the presence of large wood fragments and
pebbles, the absence of marine fossils and the presence of coal seams indicate
fluvial transport and deposition of the clastic sediments. The sediments
were derived from a local, basic volcanic source érea as basic volcanic

lithics and plagioclase grains are abundant.

UNITS W22-23 (plates 1B, 1C, 2B)

This major unit is 610' thick extending from 3420' to 4030'; it
is made up mostly of subgreywacke grading downwards to protoquartzite. It
could correspond to the Budjong Sandstone Member of the "Berry Shales"
(4.0.G. 1964),

UNIT w22

Characterigtics: This unit is 325' thick extending from 3420' to 3745'; it

consists of dolomitic subgreywacke rich in volcanic lithics, together with

minor shale, siltstone and coal. The subgreywacke generally contains less
than 10% quartz; compaction and dolomitisation has resulted in porosities
ranging from slight to poor. Cores 12 and 13 (plate 2B) appear typical of
the sandstone of this unit and show an increase in quartz content downwards.
The cores exhibit burrow structures and organic mixing of some bedsibut no

marine fossils were seen in the unit. Some cross bedding was recorded.

The wire line logs show a significant change compared with the
overlying unit. The S.P. log moves away from the shale base line and
records up to -20 m.v. The resistivity logs read much higher than in the
overlying unit and change character. This change reflects the higher sand-
stone content and near absence of coal seams in Unit W22, The high peaks
shown on the gamma log appear to correspond with thin carbonaceous shale
and siltstone bedp. An extreme reading at 3570' appears anomalous.

Boundary criteria: The base of the coal seam at 3420' was picked as the

upper boundary of unit W22. This marks the change from the subgreywacke
of W22 to the coal-bearing sequence of shale, subgreywacke and siltstone

of W21. Although Unit W22 probably contains at least one coal seam, the
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main phase of coal formation did not set in until the beginning of W21 -
indicated by the frequency of coal seams in that unit. Furthermore, for
the purposes of regional correlation, a solitary coal seam is of doubtful

significance.

The main change in electric log characteristics takes place some
50' below the selected boundary and favours an increase in sand downwards,

below the major coal bearing sequence.

This boundary has tentatively been chosen as a major unit boundary
between the continental, coal-bearing sediments above and marine clastics
below. Although the highest marine fossils seen were below Unit W22 (in W23)
the units W22 and W23 have much in common lithologically. Furthermore they
have little in common with the overlying coaly Unit W21. It seems very likely
that Unit W22 represents the transition between marine and continental deposition
but no major transition unit has been defined here.

Environment and provenance: The presence of clean, cross bedded sandstones

together with greywacke, shale, siltstone and minor coal indicates variable
hydrodynamic conditions for the deposition of Unit W22. Deposition on a
coastal plain could be envisaged - where the combined effects-of river
transport and deposition, tidal winnowing and lagoonal or swampy conditions
prevailed, The presende of sediment - ingesting organisms but no marine fossil
skeletons would be compatible with an estuarine environment for part of the

unit. The sediments were derived from a local volcanic source.

UNIT W23
Characteristics: This unit is 285' thick, extending from 3745' to 4030'; it

consists of protoquartzite, carbonaceous shale and siltstqne;‘ Core 14 is a
dolgmitic protoquartzite in which one small articulated brachiopod and other
casts of probable shell fragments were found. This is the highest marine
fossil horizon recorded in the well., As in Unit W22 there are burrow
structures and abundant organic churning of some beds. Porosity was

interpreted as poor.

The S.P. curve reads low over most of the interval with minor
fluctuations away from the base line. The resistivity readings are also

low compared with the overlying unit.

Boundary criteria: The upper boundary is marked by a sharp decrease in the
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resistivity reading; this corresponds to change from subgreywacke above
to shale and protoquartzite below. The porosity of the sandstone increases
slightly from slight (£6%) to poor (6-12%). '

As noted above, this break could possibly be taken as the major
boundary between continental and marine sediments. Unit W23 contains the
highest marine fossils recorded in the well. However the major break has
been chosen at the base of the coal-bearing sequence (top of Unit W22).

Invironment and provenance: The presence of marine fossils together with

minor amounts of coal and pyrite suggests a restricted marine environment.
The sediments were derived partly from a volcanic source, but the relative
abundance of quartz, together with minor potash feldspar and traces of

granite accessory minerals, indicates some influence from a granitic source.

UNITS W24 - 31 (plates 1C. 2B, 2C)

This sequence is 1650' thick extending from 4030' to 5680'; it
consists mostly of siltstone and sandy siltstone with some beds of fine
lithic sandstone, quartz sandstone, shale and mudstone. The sediments
have been equated to the "Berry Shales" beneath the Budjong Sandstone
Member (A.0.G. 1964).

UNIT W24
Characteristics: This unit is 240' thick, extending from 4030' to 4270';

it consists of interbedded siltstone, protoquartzite and shale. The silt-

stone is commonly sandy and micaceous; the protoquartzite is fine-grained

and contains some feldspar and volcanic lithics. ~Core 15 exhibits fine
laminations in siltstone and shale,

Boundary criteria: The upper boundary of this unit is a gradational one but
has been picked at the top of the siltstone which characterises W24. In Unit

W23 the protoquartzite becomes silty and very fine towards the base, and

appears to grade to the siltstone of Unit W24. The increased siltiness down-
wards is reflected in the gammg ray curve and to a lesser extent in the S.P,
curve,

Environment: The lamination in some of the rocks suggest the‘unit was deposited
in quiet Wéter. As this unit appears continuous with the marine Unit W23 a

marine environment is likely also for W24.
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UNIT W25
Characteristics: This unit is 110' thick extending from 4270' to 4380'; it

consists almost entirely of sandy siltstone with minor sandstone ranging from

protoquartzite to subgreywacke composition. These lithic sandstones contain
both sedimentary and volcanic lithics. The resistivity log records high values
over this unit.

Boundary criteria: At the upper boundary, the lithology changes from thinly

interbedded siltstone and fine lithic sandstone of W24 to sandy siltstone of
W25, The resistivity log increases sharply from W24 to W25 and the gamma log
also increases slightly.

Environment and provenance: This fine-grained sediment was probably laid

down in quiet water and was derived from sedimentary and volcanic source

rocks.

UNIT W26

Characteristics: This unit is 50' thick extending from 4380' to 4430'; it

consists of fine-grained subgreywacke containing abundant volcanic lithics

and plagioclase. Porosity has been interpreted as poor. The S.P. curve
shifts slightly away from the base line and reads a maximum of -5 m.v,.
while the resistivity remains high, as in the overlying unit.

Boundary criteria: The upper boundary is marked by the change from siltstone

above to fine subgreywacke below. A slight increase in the S.P. reading and
a decrease in the gamma ray count accompanies the lithological change.

Environment and provenance: No specific indicators of environment were re-

corded for this unit. The sediments were derived mostly from a volcanic

source area.

UNIT W27
Characteristics: This unit is 420' thick extending from 4430' to 4850'; it

consists almost entirely of grey sandy siltstone. There are minor beds of

silicified quartz-rich sandstone and shale. Core 16 is a siltstone which
is laminated and cross laminated, and exhibits symmetrical, concave upwards

scallop structures which may be ripple marks.

The resistivity curve shows an overall decrease from the top to
the bottom of the unit.
Boundary criteria: At the upper boundary there is a lithological change

from fine subgreywacke of W26 to sandy siltstone of W27. This is accompanied
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by a shift in the S.P. reading back to the base line and an increase in the
gamma ray log. In effect it is a return to the conditions found»in wa25.

Environment and provenance: This uniform, fine-grained unit was probably

deposited under stable conditions in quiet water. Bottom dwellers have
churned the sediment in places. Volcanic and sedimentary rocks have con-

tributed to deposition of this unit.

UNIT W28

Characteristic: This unit is 250' thick and extends from 4850' to 5100';

it consists of siltstone with beds of subgreywacke, shale and mudstone.

The siltstone is non-sandy, unlike the siltstone in the overlying units
W25 and W27. The subgreywacke is fine-grained, and contains abundant
© volcanic lithics and plagioclase, and minor amounts of chlorite, dolomite,

pyrite and silt.

" Core 17 consists of mudstone with lenses showing scallop
structure., The origin of these structures is uncertain, but almosﬁ
identical structures were reported by Alcock (1968) from the Stock&érd
Mountain (Farmout) No. 1 Well, where they were attributed to Mdistortion
of ripple drift markings". However, the possibility reﬁéins that the
structures were formed organically. .

Boundary criteria: At the upper boundary the lithologf changes from
siltstone typical of W27 to interbedded subgreywacke, shale and siltstone,
There is a decrease in resistivity at this boundary.

Environment and provenance: These sediments exhibit lamination and form part

of a uniform lithologic sequence. Stable, low energy conditions aré inferred

for the depositional environment.,

The presence of shell fragments in this unit, coupled with the fact
that the adjacent unit contains brachiopods, strongly favours a marine en-

vironment for deposition of W28,

Volcanic and sedimentary rocks both contributed to the formation

of these sediments.

UNIT W29

Characteristicsg: This unit is 50' thick extending from 5100' to 5150'; it consists

of silicified protoquartzite containing minor plagioclase and potash felspar
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together with pebbles of quartz, meta-quartzite and grey mudstone. Secondary
silica in the form of quartz overgrowths has reduced the original porosity to
values ranging from slight to poor. .Core 18 contains brachiopods up to 5 cm.

in length.

The S.P. log shows a marked shift away from the base line, corre-
sponding with a very high resistivity and low gamma ray count.

Boundary criteria: At the upper boundary of this unit there is a marked

lithological change from siltstone and subgreywacke riéh in volcanic

lithics (W28) to protoquartzite rich in quartz, and containing minor sandy
siltstone (W29). Besides a change in composition of the sandstones there

is a change in grain size from very fine and fine-grained (W28) to medium- -
grained (W29),

The S.P. log registers a shift away from the base line of about
30 m.v. and the resistivity increases sharply. There is a corresponding )
decrease in the reading of the gamma ray log.
Environméggfand provenance: This well-washed sandstone containing pebbles

and brachiopods was deposited in agitated marine waters., Its composition
suggests that the sediment was derived from granitic and sedimentary source

areas.

UNIT W30

Characteristics: This unit is 110' thick extending from 5150' to 5260'; it

consists of interbedded fine protoquartzite, subgreywacke and siltstone with

minor shale and mudstone beds.

The S.P, log falls back almost to the base line but fluctuates
slightly over the unit. The resistivity also decreases, but remains at
a moderately high level throughout the unit. The gamma ray log fluctuates
but shows an overall increase downwards. This combination reflects the
increasing siltiness of the unit downwards.

Boundary criterig: The upper boundary'of this unit is characterised by a

change in lithology from quartz-rich sandstone of W29 to lithic sandstone
and sandy siltstone of W30. The grain size of the sandstones changes from

medium~grained to very fine-grained across this boundary.

The electric logs show corresponding changes at this depth.




20,

The S.P. Curve drops by about 25 m.v. and the resistivity curve decreases
by about 250 ohms-m2/m.
Environment and provenance: The higher silt content of this unit and finer

grain size of the sandstones indicate that less vigorous conditions prevailed
than during deposition of the overlying unit W29. Unit W30 was derived part-
ly from volcanic source rocks. Unit W29 and W30 correspond with the Kedumba

Creek Sandstone Member of the "Berry Shales" according to the Company Report

-(A.0.G. 1964)."

UNIT. W31
Characteristics: This unit is 420' thick extending from 5260' to 5680'; it

consists of giltstone and sandy siltstone with interbeds of fine lithic
greywacke containing volcanic and sedimentary lithics,.siliéified quartz-
rich sandstone and shale. Core 19 consists of fine quartsz greywacke/con-
taining pebble beds, and silistone with greywacke inclusions. The éediment
has been churned in places; burrow structures were observed, and brachiopod
shells are common, The S.P. log remains featureless over the unit except for
small peaks opposite sandstone beds. The resistivity remains low over most
of the unit, but there is a relatively high gamma ray count. |

Boundary criteria: The change to unit W31 is marked by an increase in the

proportion of siltstone, and in the siltiness of the sandstone compared with
the overlying sediments of W30. The upper boundary is also marked by a sharp i
decrease in the resistivity reading downwards. :

Environment and provenance: The poor bedding, poor sorting and diverse com-

position of the sediments demonstrated by Core 19 suggest the sediment was
dumped into quiet waters. Marine conditions are indicated by the presence
. of brachiépods, and bottom dwellers were active in churning the sediment in
some parts.

Sedimentary, granitic, basic igneous and metamorphic source -

rocks appear to have supplied detritus for this unit.

UNITS W32-40 (plates 1D, 2D)

This major unit is 1795' thick, extending from 5680' to 7475'; it
- 1s a variable sequence of quartz-rich sandstones, sandy siltstones and greywackes

with minor lithic and feldspathic sandstones. According to the Company Report
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(A.O.G. 1964), the sequence corresponds with the Nowra Sandstone, Wandrawandian

Siltstone and Conjola Formation (see fig. 2),

UNIT W32
Characteristics: This unit is 150' thick extending from 5680' to 5830'; it

consists of interbedded orthoquartzite, fine lithic greywacke and sandy siltstone.

The orthoquartzite is mostly silicified and contains minor amounts of chert and

féldspar; the lithic greywacke contains some volcanic lithics.

Core 20 exhibits a dip of 10°, but this may be due to cross bedding,
since adjacent cores show sub-horizontal bedding. The electric logs show uniformly
high resistivities, and no distinctive character.

Boundary criteria: The upper boundery is marked by a change from sandy siltstone
at the base of W31 to orthoquartzite at the top of W32, Below this boundary is

a thick sequence of quartz-rich sandstone (Units 32-40), whereas the overlying

sequence (Units W24-31) consists mostly of siltstone.

The electric logs record this lithological change in a predictable
manner. The S.P. shifts slightly away from the base line, the resistivity
increases (by about 60 ohms-m2/m) and the mean gamma ray count decreases
(by about 30 units).

Environment and provenance: The sediment was apparently deposited under low

energy conditions and was derived from granitic and volcanic sources.

UNIT W33, A ,
Characterigticg: This unit is 355' thick extending from 5830' to 6185'; it

consists almost entirely of silicified orthoquartzite which grades to

protoquartzite and feldspathic sandstone in parts. There are minor beds of
siltstone and subgreywacke containing volcanic lithics. Rare plant fossils
occﬁr near the base of the unit., Core 21 exhibits low angle cross-bedding
and contains pebbles of quartz and sedimentary lithics. The porosity ranges

from slight to poor having been severely reduced by quartz\overgrowth.

The electric logs exhibit the same gross features as the overlying
Unit W32,
Boundary criterig: At the upper boundary of this unit the lithology changes
from the interbedded lithologies which characterise the overlying unit W32, to

a clean orthoquartzite. No significant changes in the logs were observed.
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Environment and provenance: Both cross bedding and the occurrence of pebble

beds in this Wéll-washed sandstone indicate deposition in agitated, flowing
water. Plants were the only fossils encountered and suggest near shore or

continental deposition.

Thé sediment was principally derived from sedimentary and granitic

source areas, but with some minor volcanic source.

UNIT W34
Characteristics: This unit is 255' thick extending from 6165 to 6440%'; it

~ consists of interbedded protoquartzite, fine subgreywacke, arkose and siltstone.

The sandstones in this unit have a higher silt content than in the overlying
unit. The resistivity and gamma logs exhibit fluctuating patterns because
of the interbedding.

Boundary criterig: The lithological change observed at the top of this unit

is a gradational one, from orthoquartzite of Unit W33 to silty protoquartzite
of Unit W34. The boundary has been chosen on the basis of a marked decrease
in resistivity and a corresponding change in the character of the gamma ray
curve.

Environment and provenance: Deposition probably took place under low energy

conditions. The provenance apparently consisted of granitic, volcanic and

sedimentary rocks as the lithic fragments are of these rock types.

UNIT W35
Characteristics: This unit is 130' thick extending from 6440' to 6570'; it

consists mainly of pebbly protoquartzite with minor siltstone. The proto-

quartzite is similar to that in the overlying unit: the siltstone is grey,

commonly sandy, and contains carbonaceous stringers and fragments.

The S.P. curve shifts away from the base line over much of the
interval; the resistivity increases to a maximum of 500 ohms—m2/m and the
gamma, ray curve records low values.

Boundary criteria: At the upper boundary there is a litholbgy change from

siltstone above to pebbly protoquartzite below, At this depth there is a
corresponding increase in resistivity and a decrease in the gamma ray count.

Environment and provenance: The low proportion of fines suggests that this unit

was deposited in agitated water, probably under similar conditions to those
. postulated for Unit W33.
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UNIT W36

Characteristics: This unit is 115' thick, extending from 6570' to 6685'; it

consists of sandy siltétone and greywacke. Carbonaceocus fragments and pyrite

are common, and marine fossils occur in Core 23. Rare oolites were also observed.
The S.P. curve follows closely the shale base line while both the resistivity

and gamma ray logs record moderate values. '

Boundary criteria: At the upper boundary there is a distinct lithological

change from protoquartzite of W35 to siltstone of W36. At this depth the

S5.P. curve drops back to the base line, the resistivity curve decreases by

about 200 ohms-m2/m and the gamma, ray count increases slightly.

Environment and provenance: The presence of marine fossils and the poor

sorting of sediment indicates deposition in quiet marine waters. A granitic
provenance is proposed for this unit as both plagioclase and K-feldspar are

common and granite accessory minerals including zircon and biotite are present.

UNIT W37
Characteristics: This unit is 245' thick, extending from 6685' to 6930'; it

consists of quartz-rich sandstone and quartz greywacke interbedded with sandy
siltstone., The proportion of quartz sandstone increases downwards. Brachiopods,
bryozoans, ahd raré plant fossils were observed and minor amounts of coal were
recorded, .Reéistivity is high for this unit and the gamma ray count is moderate.

Boundary criteria: The lithological change from Unit W36 to W37 is probably

gradational but the boundary was chosen where there is a sudden increase in the
content of quartz sandstone. This corresponds with a small kick on the S.P,

- curve and an increase in resisgtivity of about 100 ohms-m2/m. The gamma, Tray
count decreases by aboﬁt 25 units and is maintained at approximately this

level throughout the unit.

Invironment of deposition: The fossils recorded throughout this unit indicate

marine deposition, The interbedded nature of‘the sediments suggests intermittant

quiet and agitated conditions,

UNIT W38

Characteristics: This unit is 25C' thick, extending from 6930* to 7180%; it

consists mostly of sandy siltstone with minor beds of quartz-rich sandstone,
subgreywacke and feldspathic sandstone. Lithics include volcanic, granitic
and siliceous types; rare shell fragments were observed. Core 24 is a sandy

laminated siltstone which has been partly churned by organisms. Some burrow
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structures have been preserved.

Boundary criteria: At the upper boundary there is a change from quartz-rich

sandstone above to sandy siltstone below. This corresponds with a decrease in
resistivity and an increase in gamma ray count.

Environment and provenance: The unit was deposited in quiet waters where bottom

dwellers at times were active in churning the sediment. The provenance for this

unit was probably granitic.

UNIT W39
Characteristics: This unitis 135" thick, extending from 7180' to T315'; it

consists of fine-grained feldspathic greywacke containing common angular
feldspar grains with quartz and silt. Rare bryozoan fragments were seen in
the cuttings; a trace of gas was detected at 7220°'.

Boundary criteria: The boundary between Units W38 and W39 is gradational. The

boundary was picked at the change in grain size from silt to very fine sand.
Below this level the gamma ray log changes character though it gives the same
mean count, The other logs show negligible change at this boundary.

Environment and provenance: The presence of bryozoan fossils indicates

deposition in marine waters; the high content of feldspar suggests this unit

was derived from local granitic source rocks.

UNIT W40
Characteristics: This unit is 160' thick, extending from 7315' to T475'; it

consists mostly of protoquartzite and feldspathic sandstone. There are some
pebbly horizons and siltstone beds. PFeldspar becomes abundant in parts and
there is an increase in grain size towards the base. Rare spines and (?)

foraminifers were observed.

Core 25 contains abundant sodic plagioclase and potash feldspar.
The very low porosity appears to be caused by a combination of fine detrital

matrix (part chloritised), calcite and silica cement.

The S.P. curve registers a shift away from the base line over
most of Unit W4AO. The resistivity is high in the upper part of the unit
but falls markedly opposite a siltstone horizon near the base. This low
resiétivity is accompanied by an extremely high gamma ray count apparently

due to the presence of some radioactive substance in the siltstone bed.
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Boundary criteria: The upper boundary is marked by a change from fine-grained

feldspathic greywacke to medium-grained protoquartzite and feldspathic sandstone.
This 1lithology change is accompanied by a slight shift of the S.P. curve away
from the base line, an increase in resistivity of about 300 ohms-m2/m and a
slight initial decrease in gamma ray count,

Environment and provenance: This unit was deposited in marine waters and derived

from a local granitic source.

ONIT W41 -

Characteristics: 112' of this unit was penetrated from 7475' to the total

depth of 758?'; it consists of sheared, coarse-~grained granodiorite composed
mostly of sodic plagioclase and quartz. The feldspar résembles that encountered
in some of the overlying sediments (W40 in particular) and it is suggested that
Unit W41 is part of the basement rocks from which the overlying sediments were
derived. . '

- Boundary criteria: The upper boundary was picked at the lithological change

from feldspathic sandstone of unit W40 to granodiorite (WA1). In the cubttings
the change is from partly rounded to highly angular fragments of feldspar and

quartz., This level is marked on the electric log by a sharp increase in

resistivity.
Age: The age of this granitic rock has been given as (?) Carboniferous by

the Company; certainly it is a basement feature.

Material available from the bottom core is insufficient for carrying
out isotopic age determination; also the sheared nature of the sample would

make any results most unreliable.
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CONCLUSIONS

Degree of Agreement with Well Completion Report

Fig. 2 shows there is general agreement between major
boundaries picked in this study and those given in the Well Completion

" Report.

Orie obvious discrepancy however is the choice of a boundary
befween the two coal-bearing sequences W15-18 and W19-21., The Company
has choseri the base of the upper coaltbearing sequence (Illawarra Coal
Measures ) at a coal seam., However in the present study the boundary
between the two sets of coal-bearing strata has been made on the gross
composition of the interseam clastic sediments. This is treated more fully
in the descriptions of units W15-18 and W19-21.

‘A second point is that the Budjong Sandstone and the Kedumba
Creek Sandstone Members of the Berry 'Shale' as delineated by.the Company
(4.0.G. 1?64)~have each been subdivided into_two units on the basis of

lithology and logs.

tr

Thirdly the sediments described as the Nowra Sandstone, the
Wandrawandian Siltstone and Conjola Formation in the Well Report have

been»attribufed to one major unit in this study (units W32-40).

Summary of New Data

1. The Narrabeen Group formations as described by Hanlon et al. (1953)
from the South Coast are found to be consistent in thickness and lithological

type in the subsurface at Woronora No. 1.

2. The distribution of lithic sandstones as opposed to quartz-rich
sandstones has been demonstrated for the succession at Woronora. This dis-
- tinction was not previously noted by the Company. Besides adding to our
knowledge of the provenance of various parts of the section this data has

considerable bearing on porosity. Breckdovm of the less resistant, labile
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fraction in lithic sandstones provides a higher proportion of interstitial matrix

(and hence lower porosity) than in quartz-rich sandstones.

3. Some of the sandstones in units W10, W11 and W12 are regardéd as
having good porosity but no traces of hydrocarbons were found. Sandstones in

units W22-W40 (equated by the company to the Shoalhaven 3roup) are tight.
4., Division of the coal measure section on the basis of inter-seam

lithologies was found to be satifactory for this well. It could easily

provide a valuable tool in more distant correlations.

Lconomic Prospects

The tightness of the sandstones in the marine strata underlying
the coal-bearing beds (Units W22-40) suggests that the petroleum prospects

in this area are not good.

On the other hand some of the sandstones above the coal-bearing
sediments - in particular units W10, W11 and W12 - appear to have good
porosity and may have potential for underground fluid storage.
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WELL NAME, No.: WoronorA (AO.G)No.1

WELL LOCATION

Lat.: 34°11'40"S. Long.:150°54' SO'E.
Basin: SyDNevy

State:. New Sourd WALes
Tenement No PEL. Io2
1:250,000 Sheet No. SIS6-9

ELEVATION (A.SL) SAMPLE STORAGE
OPERATING Co.: AusT. oL # GAs Core L. :Ground Level !'€Q ft| g MR Canberra

;. RT.. . Datum W72  ft

0 Bedding >Sem. uw Ripple marks
g v /-Sem 00 Undulafe bedding
e g',s_;,o;;‘ ™ Scallop structure
= v  <€Oem. Y Burrow struchure
= Crossbedding © Concre on: sideritic
= Micro-crossbedding 4% Orgaruc reworking

PETROGRAPHIC CORE LOG
WORONORA (A.0.G) No.1

Geology by. PJ Alcock

1
14

Breccia 1o conglomerate

Quaoartz sond ,sandstone Sha'e and mudstone

Intervol

=it

6540'6"

s
sar'e )

Core not recovered

Position of lost core
not hnown

Abundance ( estimated )
R- Rare < 1%
C- Common I-3%
A- Abundont > 3%

Coiciruaite

@ * Limestone
@‘ Dolomite

Calcarenite

caiciiuhte

IEINEL

Plate 2A

¢ Symbois used 'o.
designate carbonate
minerals (Colcite ,
Dolomite etc) in the
"Essentiol Components'|
column

CORRELATION / GENERALIZED DESCRIPTION
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Plate 2B
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Plate 2C

CORRELATION GENERALIZED DESCRIPTION / DETAILED DESCRIPTION
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