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ABSTRACT. 

This petrological study of Woronora (A.O.G.) No.1 Well has been 

carried out as part of a review of the Sydney Easin, currently being under­

taken by the Sedimentary Easins Study Group of the Petroleum Exploration 

Eranch, Eureau 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 stu~ with formation 

boundaries proposed by A.O.G.' (1964) is included • 



Well Data 

Well Name, No.: 

Operating Co. 

Location: 

Elevation: 

Total Depth: 

Logs Run: 

Formation Testing: Nil 

HYdrocarbon Shows: Nil 

2. 

GENERAL INFORMATION 

Woronora (A.O.G.) No.1 

Australian Oil and Gas Corporation Limited 

Lat. and Long. 340 11'40"S, 150054'50"E. 

1:250,000 sheet: Wollongong, SI/56-9 

General location: near Darkes Forest, 

35 miles south of Sydney. 

Rotar,y Table: 1172' a.s.l. (datum for 

well) • 

Ground level: 1160' a.s.l. 

Schlumberger: 7589' 

Driller: 7587' 

Resistivity - Spontaneous Potential: 

Run 1: 2998' - 5582' 

Run 2: 5582' - 6917' 

Run 3: 6817' - 7589' 

Microlog - Caliper: 

Run 1: 2998' - 5581' 

Run 2: 5581' - 6917' 

Run 3: 6917 ' - 7589' 

. Sonic log: 

Run 1: 2998' - 5570' 

Gamma Ra\Y: 
Run 1 : 2990' - 5579' 

Sonic - Gamma: 

Run 2: 5570' - 6907' 

Run 3: 6807' - 7580' 
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3. 
Major Reference used in Present Study 

A.O.G., 1964 - Well Completion Report, A.O.G. Woronora No.1, Sydney 

Basin, New South Wales (unpubJ.). 

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 encounteringgrani te at 7473'. 

"Several minor gas occurrences were recorded while drilling coal and 

carbonaceous shale sequences, 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 1A, 1B, 1C, 1D,) It The slabbed 

cores were examined under a binocular microscope and thin sections were cut 

from each core. The core results were entered 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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4. 
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 1A) 

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 toward~ the base. ' Graphite is a conspicuous accessory 

mineral throughout. The s~~ grains are cemented by clay, iron oxide or quartz 

overgrowths in places but mor~ 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 Wl sediments. Their maturity indicates that they formed by recycling of 

older sediments. The presence 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. 



5. 
Environment and Provenance: In the fluvial model proposed for Units W1-4, Unit 

W2 is a fine-grained interval which probably accumulated as overbank de~osits 

during flood conditions. Alternatively the unit may represent a quiet phase ot 
deposition in the same general setting as the overlying and underlying units W1 

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 orthoquartzite 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. 

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

from sideritic shale of W2 to medium grained orthoquart~ite • 
. 1 

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 ext ending- from 460' to 540'; it con-

sists of pebbly orthoquartzite and inte:r;--beds of grey to brown, laminated sideri tic 

shale. 

Eoundary criteria: The upper boundary is marked by a change from W3 pebbly 

orthoquartzite to a thin bed of sideritic shale. Vfuile 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 hoPizons 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 mudstone and siltsone. This indicates variable hydrodynamic conditions. 

TIle 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.O.G. 1964) 
(see fig. 2). 

UNIT W5 

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

of very fine lithic 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 

bre~( between the orthoquartzites 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 provenance has been established. 

UNIT w6 

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 sedirnents 

indicates deposition in quiet waters. Furthermore, as part of the continental 

lithogenetic sequence W5 - 14, a lik~ly depOSitional setting would be the flood 

plain of a river channel, or in a lake. 

Characteristics: ~nis 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. ale (1953). 

* A fissile claystone: see Folk (1965) 



Bounda;y 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 lithogenetiQ sequence W5 

- 14 favours the idea of continental deposition for the fo~ation of~he 

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. 

Bounda;y 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 

sand, a moderate-porosity was inferred. 

Bounda;y criteria: At the upper 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. 
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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 W10 appear to closely correspond to the Bulgo 

Sandstone as seen in the section near Stanwell Park and described by 

Hanlon et. ale (1953). 

Boundary cr:i.teria: The upper boundary corresponds with the change from lithic 

sandstone of Vl9 to orthoquartzite of W10. 

Environment 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 ~lentiful sedimentary lithics. Itis 

mostly friable but in places is cemented with siderite and iron oxide; the 

interpreted porosity accordingly ranges from slight to good. The unit appears 

to correlate at least in part with the Stanwell Park Claystone (Hanlan et. ale 

'1953). 

Boundary criteria: The upper boundary 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 channel and 

flood plain. Oxidising conditions apparently prevailed for preservation of 

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



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 orthoquaxtzite of W12. 

Environment and Provenance: This 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 calcaxeous subgreywacke, shale and siltstone. 

The subgreywacke contains abundant sedimentary Ii thics. Porosi ty is lower 

than in the overlying unit due to the presence of diagenetic carbonate cement 

and fine detrital matrix. Core 2 appears as a pebblym~dstonebut the sample 

is in very poor condition and-may have be-en--broken up· during or after coring. 

However some fragments contain sideritic' concretions identical with those 

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

Bounda;y criteria: The upper boundary was chosen at the change from ortho­

quartzitecharacteristic of W12 toa shale bed - the uppermost of a series 

of shale beds in W13. Also at ·this boundary the gTain size of the sandstones 

decreasys 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 setting was probably similar 

to that of W11 except 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. 
/ 

./ 

..,/ 

".1"· 
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UNIT W14. 
'. 

Characteristics: This unit 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 abundantsedimentaxy lithics. The sedi­

ment is friable and contains only a small proportion of fine detritus. A 

moderate porosity could be inferred. 

The unit ma;y be correlated with the Coal Cliff Sandstone (Hanlon 

et. al. 1953). 

Boundary' cri teria: The upper boundary of W14 was chosen at the l'owermost 

shale of W13, below whi'ch ·the ·sediments become much- more sandy. The change 

is accompanied by an increase in the grain size of the sandstone f~om 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 vdth the overlying units W1 to W13 supports the idea of 

continental deposition. 

UNIT W15 - 18 (plates 1B, 2A)' 

This sequence is 760" thick extending from 1710' to 2470'. It 

consists mostly of interbedded'carbonaceous 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 mainly of black 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. Th~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 moderate. 

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 environment 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 protoquartzite 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. WI? 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 a 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 

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 coal-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 interval (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

greyYfacke composition. 

UlfIT W19 

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

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

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 criteria: 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 significant 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 seamso 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 volcanic 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 js 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. 

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 fo~~d use­

ful for delineating coal seams. 

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

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

ceous, in marked contrast to W21. 
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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 area 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" 

(A.O.G. 1964). 

UNIT W22 

Characteristics: 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 beds'but 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 bed~. 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, subgreYVvacke 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 boundar,y and favours an increase·in sand downwards, 

below the major coal bearing sequence. 

This boundar,y has tentatively been chosen as a major unit boundar,y 

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 presence 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 siltstone. Core 14 is a 

dolomitic protoquartzite in which one small articulated braQhiopod 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. 

Boundag cn teria: The upper boundar,y 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). 

Environment 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.O.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 

anq 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 gamma r-~ 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 water. 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 slightlyawa;y 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 ra;y 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 frqm 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 W25. 

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 W21. The subgreywacke is fine-grained, and contains abundant 

volcanic lithics and plagioclase, and minor amounts of chlorite, dolomite, 

pyri te and silt. 

Core 11 consists of mudstone with lenses showing scallop 

structure. The origin of these structures is uncertain, blit almost 

identical structures were reported by Alcock (1968) from the StockY~d 

Mountain (Farmout) No. 1 Well, where they were attributed to .:"distortion 

of ripple drift markings". However, the possibility remains that the 

structures were formed organically. 

Boundary criteria: At the upper boundary' the lithology changes from 

siltstone typical of W21 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 cond~tions are inferred 

for the depositional environment. 

The presence of shell fragments in this unit, coup:L'ed 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 

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

of silicified protoquartzite containing minor plagioclaee and potash feJspar 
., 
\' 
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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 rich 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. 

Environme~'and 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 sourc'e 

areas. 

UNIT W30 

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

consists of interbedded fine protoquartzite, subgreYVlacke 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 criteria: The upper boundary of this unit is characterised by a 

change in lithology from quartz-rich sandstone of Vl29 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. 
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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 

. CA.O.G. 1964).' 

UNIT· W31 

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

consists of siltstone and sandy siltstone with interbeds of fine lithic 

greywacke containing volcanic and sedimentary lithics, si~icified quartz­

rich sandstone and shale. Core 19 consists of fine quartz greywacke con­

taining pebble beds, and siltstone with greywacke inclusions. The 'sediment 

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, ~ut 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 

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 brachiopods, 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 1Dz 2D) 

This major unit is 1795' thick, extending from 5680' to 7475'; it 

is 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.C.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 

feldspar; the lithic greywacke contains some volcanic lithics. 

Core 20 exhibits a dip of 100 , 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 boundary 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 unde~ low 

energy conditions and was derived from granitic and volcanic sources. 

UNIT W33. 

Characteristics: 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 

occur 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\vergrowth. 

The electric logs exhibit the same gross features as the overlying 

Uni t \V32. 

Bounda;y criteria: 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 well-washed sandstone indicate deposition in agitated, flovdng 

water. Plants were the only fossils encountered and suggest near shore or 

continental deposition. 

The 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 61l35' to 6440'; it 

consists of interbedded protoquartzite, fine subgTeYVlacke, 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. 

BoundaEY criteria: 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 ~ 

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 vath 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 ~ curve records low values. 

BoundaEY criteria: At the upper boundary there is a lithology 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 siltstone and greYVlacke. Carbonaceous 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. 

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

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

S.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 plag . .i.oclase 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 greYVfacke interbedded vdth sandy 

siltstone. The proportion of quartz sandstone increases downwards. Brachiopods, 

bryozoans, arid rare plant fossils were observed and minor amounts of coal were 

recorded. Resistivity is high for this unit and the gamma ray count is moderate. 

BoundaEY criteria: The lithological change from Unit W36 to W37 is pr?bably 

gradational but the boundaxy was chosen where there is a sudden increase in the 

content of quartz sandstone. This corresponds vdth a small kick on the S.P. 

curve and an increase in resistivity of about 100 ohms-m2/m. The gamma ray 

count decreases by about 25 units and is maintained at approximately this 

level throughout the unit. 

Environment 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 250' thick, extending from 6930' to 7180'; it 

consists mostly of sandy siltstone with minor beds of quartz-rich sandstone, 

.subgreYVlacke 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 unit is 135' thick, extending from 7180' to 7315'; 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 7475'; it 

consists mostly of protoquartzite and feldspathic sandstone. There are some 

pebbly horizons and siltstone beds. Feldspar becomes abundant in parts and 

there is an increase in grain size towards the base. Rare spines and (?) 

foraminifera 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 W40. The resistivity is high in the upper part of the unit 

but falls markedly opposite a siltstone horizon near the base. This low 

resistivity 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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Bounda:r;r criteria: The upper boundary is marked by a change from fine-grained 

feldspathic greywacke to medium-grained protoquartzite and feldspathic sandstone. 

This lithology change is accompanied by a slight shift of the S.P. curve away 

from the baseline, 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 dertved 

from a local granitic source. .'leesilsiRg te tRe Cemilafl;Y Well :aefJeF~ (Ale.S. 19~4) 

UNIT W41 . 
Characteristics: 112' of this unit was penetrated from 7475' to the total 

depth of 7587'; it consists of sheared, 

mostly of sodic plagioclase and quartz. 

in some of the overlying sediments (W40 

coarse-grained granodiorite composed 

The feldspar resembles that encountered 

in particular) and it is suggested that 

Unit W41 is part of the basement rocks from which the overlying sediments were 

derived. 

Boundar.v criteria: The upper boundary was picked at the lithological change 

from feldspathic sandstone of unit W40 to granodiorite (W41). In the cuttings 

the change is from partly rounded to highly angular fragments of feldspar and 

quartz. This level is marked on tn-e 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 agTeement between major 

boundaries picked in this study and those given in the Well Completion 

Report. 

one obvious discrepancy however is the choice of a boundary 

between the two coal-bearing sequences W15-18 and W19-21. The Company 

has chosen the'base of' the upper coali.:bearing 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 Sandsto~e Members of the Berry 'Shale'. as delineated by the GOD).Pany 

(A.O.G. 1964) have each been subdivided into two units on the basis of 

lithology and logs. 

Thirdly the sediments described as the Nowra Sandstone, the 

Wandrawandian $iltstone and Conjola Formation in the Well Report have 

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

Summary of New Data 

The Narrabeen Group formations as described by Hanlon et ale (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. BreLkdovm of the less resistant, labile 



fraction in litlric 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 regarded as 

having good porosity but no traces of hydrocarbons were found. Sannstones in 

units W22-W40 (equated by the company to the Shoalhaven ;roup) are tight. 

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. 

Economic 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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70 CARJlQIIAl'E. E1IIWlilAL 
.il3A1'E3 COlIIOII. LOCAL 
~"OLCAIlIC SOUIlCil. 
IEl'Cllmoll III 'IlIm _.:n. 

ABUIr.W>lCE OF AIICllWl, 
II'llIRII. VOLCAliIC aoac ~ 
lIiUN .. ftLllSPAi! iII'm VIlIlr 
Lmlo£ ~. INDICA'l'ZS LO;;'\60 
vm.cA.'UC 'iQ'JlICS. 

'1'I!lII IlCllDIIIG, l'RfSEIIeJii 
or C;.!!IONAC. Willl'ONil 
S'r!UNCiR$ .. SMALL SCAIB 
CROSs..3I!ilDIIIC WIl"1I OCcr.s.. 
IOl'oAL WBLLoSOHl1S ;J.\liD & 

==~~~~ 
SUIlC£SI'S lJ:."'CDI~OI! III 
lXIE:IIIII'l'l'Am q;;m ~, 
ACl'l'A'l'II:!l llAftlRS. 

ORIG:t:.u. l'OlIOIiIl'lt' 
lWl'Ic:ED lII' DOLOJmIZA'l'Ic, 
a' CO!~/lCTla.r. l'OROSI'lY 
WAS PROWLY III'IrIALLY 
LC'oI 't/IIER!: !lIS SED::lIEm 
WAS CIIIJIUlElI) lII' Bam!! 
llIIoZIoLIIR:I. 

1 SI!o\LL ~ICULA1'EJ llftAC<i­
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GIWIl'l'E ACCIIiSOHr ImIIiiII&LS 
SllCQESTS A QIAIIl'l'IC SOUIlCil. 
EIIV~ OF IZPOSITIOIII 
awtIIIE, IJI)S'l'LT '11m 'A5IIS 
wrm COJIIII SEDmim­
<BtIIUIIDG ORGAlIISIJS. . 
SDlILAiII'lY iJrl'II ODRBI 12 & 1: 
SUCGIiS'l'S TIlElSE LA'r1R SSDI­
III:D'II MAT AlS) m: IiWlIIiI: N 
MIJIGIIiAL MARm. 
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OOlOMITIC SnTSTONE ., !i!.TT lC stlAu:. 
l~TEI<J.AMlIIATE~, ~AR', COMFAC"r, QUAATZ, 
PLACIOCLAS£ & Ul!I1)£,~fIfaB~E SILT. 

SU'Ji"OIlE. FIIW, I.\!!INAIED. !I"\LLOl' 
SlRUCTtJII£ ?OCRLT 1l1l""ELOPE~. 

SANlII iILTSTO!lE: LAMINATED CCNCA~_ .• .l 
\Jl'WARlI SCALLOP STRU~L'lIE.(~ RlP?LE 1IIIIl<I\;;j. 

SANl7l SILtS:r~, Fl:NELY l.AKINATEn WITH 
\\ELL DE'JELOP lI£CllJ.AR COIICA \IE UPWARI$ 
SIlALLCl' Sl'RUcruP.£ (1 RIPPLE MI~ 

SANDi' SILTS::OIlE: AS If,O'lr;. TJIf: 1 RIP?'"..!: 
MARKS ARE S"lNJErRICAL. 

~: 5LIC.'IT~ CARiOIIACSOUS, PrRIrIC. 
SOlIE 5lJB11~RlZON'!'AL LENSES Ul' TO 1 "" 'lIIICK 
W1TI\ S(;A:.Lor STRUC'l"\IRE (1 DISrOltTION 01' 
RIFfLE llRIF. IMlIKINts). 

~: CllLCAREOus. ABUII!lAII'.r SUB­
HllRIZOIlTo\:. u:N&tS W1TII SCALLOP STRUt:r1ll!E 
THRO':IGHOUT. 

~ SA!!llST9liE: SILICIFIED WITH iCl'I'lERED 
LES OF SlU(l,JOUS Lmuc:;. mITE III 

VEIJf3. 

Gl'Z. SA!IllSTO!IE' SILICIFIED, Ya1'll CARlCN­
-ACIlOU3 STRIUCl!l!!S. 

q;z. SA!!Wi!O!!E' SILICII:'IED, Pl:3BLY. '6lAR'rz 
GRlIJIS OVD!CROWII. P:JIIILES OF qrz., SILIC. 
LnHIc:l, q;rz. 6T. & FIRl4 CREr IIJW]!ORSI 
MOS:rLT n.A1'rEIIED 01\ ELOlI"uIITE. 
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<10 SIL'l'SWlII: nm 30J' SILt MATRIX. H.," ¢' 
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FINE~ LA!dIllATED SI~TSTONE. 

VER't FINE SAlillY SILTSTONE. 

nllw LAlAINATED Sll.!STOIiE.. 

SILICIFIED PROTOQUARTZJTo. 
IIIlIOR PLAC. l K .. FELl>. 

FIlIi: QIIARI.'Z CREYWACK&: 
COlt'l'AINS MINIlR PJ.AG. (Al.BIT£­
OLIG) CHLORIT1C a. KAOLINmC 
/!lI"tRlX. 

PINE QUAlm: GREY'IIACk£. SO/!E 
Q!'Z. OVERGaowrH.EM8AYED 
SOUMIlARl ES. CONTAIRS MIlIOR 
PI.AG. (AI.B.1!E; .. MlCROCLIII£. 
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ESCRIPTION 

/I c 

c c A 

Hf-+-t-t-t-t-++-l-+-I-

t--

C R C c: A 

C c: c A -

C RC. R~ c 7,0 

S _ .. C. 

C c. RR CC 6'8 

c.-~- C.C 

c R c 

I 

C. C A C 1-5"'2 

C 

c A 

c C 

c C 

A CC C 3'S 

fllf£ ~lIO!IS succ;esr 
Oi:l'05I1'IOII DI ~:u:r IfIITE.RS. 

PR£'!;ENCE ~f atEliT, ROIllfJl£D 
SlLUE01IS PEIlIll.£S SUCGf.S15 
~E\II)RKIIIG OF I:AALWI SC~IM­
EN!. PRr.~ENCE OF PIJ\6IOCLftS£ 
! /.I:iliOA VO~C..INIC LITHI:;:> 
'0= "00 SOMi: VCJ,C/lIIIC 
I1Jl'loIIflICE J£AR 'l'HE lltI'vSIl'­
IQJW. SI~£. 

LOll E1lCRSY HYDROlmllll!IC 
OOlClIl'IJNS. II" 7H£ CONCA."!: 
IIPI'IANl Sc:,\Ll.c.P S':~EcruRBS 
All;' RIPPLE MARKS !l'l\iS SUC('~ 
ESTS COI'l'LY OSCILLAl'INC 'l/4Ti:I\ 

Al'P.\RENl'~ SONE C!IUlIN:oN6 
or SDl!MENT IN P.'J!l'S • 

ORlcm OF SC,\LLOP STRUr:ruiltS 
OllSa/RE. 

DEl'J'I"rIOli IJl!ll£R LOW 
!:lIERGr COlllll~IONS, PROBAB.\.y 
IN IlESTi!ICTEJl MARINE 'IIA"l:EIIS. 

? DISTORTED SHELL FRAGMENTS 
COMMOll. 

PROl'OII'l'ICli OF SILICA CElIIEIIT 
NOT ACCURATELY 1OI0WII BECAUSE 
!.AIIGELY IN JOJII4 OP QIIARl'Z 
OVERGROWl'IfII. 

THIIi A TBICX SII£[.L£II 
BRACKIOPOIl6 UP TO 5 em IN 
LEKGDI •. OTIIEII SHELL FRAG-
MEN'rS COMIIOII. 

SEDIMENTAR'I &. CIlAIIIT;;, 
PROVEIIAII\:E • 

D£P05ITIOII IN AGITATEJl 
MARINE WATDIS. 

SIlDIIII:IITARY A (lIWIITIC 
l'HOVEtWICE W1TII MIlIOR 
INFLU!lICil F1Wtl BASIC ICIfEOUS 
C. ? MllrAMORFlllC ROex. 

DIVEIISE CO!rll'OSIrION • 
J.AIIGf: RAlI(lE; IN CRAIN SIZE. 

BllAOIIOI'OD SII!:I.LS CO~ION, 
Sl:DlJIIENl' CllURHElI IN PLACES 
J!'{ IIOTTCM ll\YELLERS. 

1EI'OS1TICli IN ~'l£'l' 
IWIlIIE 1fII'rmlI. 

POROSITY SEVERELY Rt:1ll~ 
J!'{ SECOtmll!l ~. OVEIIGIIJ\VrII. 
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