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Summary

The study of the sediments from the Port Campbell No, 1

and No 2 wells has produced new information to support

the following pointss

There is a major break in sedimentation and an unconformity
between the equivalent of the Nelson Formation (originally
observed in the Nelson Bore), and the top of the Wangerrip
Group,

Subdivisions within the Wangerrip Group and the Paaratte
Formation can be justified only on the basis of the grane
ularity and cementing media, The iron oxide content has
also been studied and could prove of great value for
further correlations, The cementing media are described
and related to the electric log characteristics.

The affinities between the "™Belfast Mudstone™ and the
"Flaxmans Beds" are pointed out. No recognizable break:
was abmerved between these two units,

The presence of 80 feet of "Flaxmans Beds" in the Port
Campbell No, 1 well is postulated,

An unconformity exists between "Flaxmans Beds" and Waarre
Formation, and represents a period of erosion,

The nature of the porosity of the Waarre Formation reser—
voir is studied,

Examination of the"Otway Grou; sediments shows their
affinities to the "Belfast Mudstone" and the "Flaxmans
Beds" as far as the terrigenous content of the sediments
is concerned,

(iii)
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INTRODUCT ION

The sedimentary petrology of the Port Campbell No. 1 and Port
Campbell No, 2 wells, which were drilled approximately two miles
apart in the Otway Basin of Victoria for Frome~Broken Hill Por-
priectary Limited has been studied, Some details of the two wells
are given below 3 o

Port Campbell No, 1 Well Port Campbell No, 2 Well
3803;'4l57ns-,. 142057 'SO"E 38035155ns-’ 142059 1 27ME
Colac (J54/12) 1:250,000 Colac (J54/12) 1:250,000
sheet»5965 feot total depth  sheet.8846 feet total depth
Subsidized from surfzce to Subsidized from 7130 feet
total depth, to total depth.

Samplcs of all cuttings caught and approximately 17% of all cores
recovered were available from the full scction of Port Campbell -

No 1 well. Cores and cuttings were available, however, only from
T120 feot to the bottom of Port Campbell No, 2 well, The completion
report (Frome-Broken Hill 1964) was the most complete reference,

but other reports were referred to wherever rolevant,

In broad termg, the objects of the work were twofold:

1 To evaluate the petroleum possibilities of
this portion of the Otwgy Basin

2 To determine the best approach to the pro-
bloms of correlation within the basin,

The detailed work has been directed principally towards defining
more completely the various units encountered, and determining
the relationship between the units,
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"orvaY GROUP"

The sediments of this gtratigraphic unit, encountered in the
Port Campbell No, 2 Well from the bottom (8846 feet) up to
8520 feet, are characterized by the abundance of lithic frag-
ments soet in a chloritic matrix,

Dark greenish groy siltstones with coaly bonds alternate
with angular, very fine grained, well sorted feldspathic
sandstones¥* set in a silty, argillaceous chloritic matrix,

As much as 20% of the smondstono congists of foldspar-albite
and oligoclase some of which shows zoning, Much biotite and
rock fragments are clso present; making up the latter are
volecanic rocks ~ possibly andesites, chloritic schists,
microquartzite and chert grains, The matrix of the sandstone
is silty, kaolinitic and chloritic, Red spots mentioned in

o previous report (Frome-Broken Hills1964) reprcsent diagenetic
alteration products of pyroclnostic material and may possibly
be related to the zeolites described by Boker and McAndrew
(1961) from tho FlaxmarsNo, 1 Vell,

Silicified srencceous foraminifera, with pyrite infillings,
mentioned by Crespin (sco Bvons 1964) occur in core No. 16,
ot 8562 feet,

The lithologies and the preosence Qf for-minifera both sug-
gest o marine environment for the Otway Group sediments in
the Port Campbell No. 2 Woll, It is possible 2t the prosocnt
time, only to infer the type of de; sition. The rclative
froshnoss of the lithic components?suggests a rapid burial’
of the sediments., Further study of this Group in other wells
should show if, as reported by Taoylor (1964), the mzjor part
of the Group is non-marine,

% The feldspathic, lithic sandstones of the' Otway Group have
been described ag arkoses by a number of workers, The nature
and composition of these sandstones would indicate that they

could be more correctly considered as "graywacke" (Pettijohn 1953)
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WAARRE FORMATION

The Waarre Formation was found in Port Campbell No,1 between
5965 feet (the bottom of the hole) and 5650 feet, and in Port
Campbell No,2 between €520 feet and 8120 feets +the intervals
agree with those recorded in the Well Completion Report (Frome~
Broken Hill 1964),

The Waarre Formation can be divided into two major intervals
in the Port Campbell No,1 Well,

In the lower interval from the bottom (5965 fecet) to 5670 feet,
the lithology is a grey siltstone containing somc more argill-
accous layors, and spotted with carbonaccous matter, Fine to
medium grained, subangular to subrounded “qQuataiic . sandstonos
containing clay cement are also present, Ilinor dolomitic,
ankcritic sandstone and siltstones with glauconite, occur bo-
tween 5920 and 5850 feet, and indicatc a marine environment,

Tho top intorval is from 5670 to 5650 foot and its upper limit
is well markod in the drill cuttings and also on the clectric
log., Unfortunately, thc samples of core No,22 (5660 — 5670
feet) in the Port Campbell No.1 colloction do not ‘includy the
top six inches of conglomerate mentioned in the log and report
by Frome-Broken Hill (1964), Tho cuttings between 5670 and
5656 fcet contain chips of quartz pobbles, indicating that
poebblos of up to 20 mm, diameter occur togothor with very
coarse angular-grainced fcldspathic sandstones,

In previous studics it has been montioncd that the so called
"Flaxmans Beods" wore missing abovo the Waarrc Formation in the
Port Campbell No,1 Well, Ividence to support the opposite
view -~ that the "Flaxman Bods" do occur in the Port Campbell
No,1 Well —~ will be stressed in the chapter dcaling with that
unit,

In the past, omphasis has been given to the high porosity and
permeability encountered at 5656 feot in the Port Campbell

No,1 Well, This should not be regarded as indicating the reg
orvoir quality of the whole Waerre Formation, It must be kept
in mind that thesc sands and conglomecratcs are just bolow the
unconformity (possibly crosional) with tho "FlaxmarsBeds", As
a result, they might reprosent only an arosional surface of the
Waarre Formation.

In Port Cempbell No,2 Well, 400 fcot of altornating dork, pyritic,
argillacoous silts rich in organic matter, and grey quartzitic
sandstones, make up the Waarre Formation, The quartzitic sand-
stoncs, as shown by core No, 10, arc angular to subrounded, fine
to very coarse grained, interlocking, show quartz overgrowths,
end boar the marks of pressure solution and tonsion fracturing,

- Tho kaolinitic coment is restricted to dissominated patches,

possibly as n~ result of a secondary process, Although the pore
osity hes beon reduced considerably by the secondary quartz, the
porme2bility has rcmained,

Pyritized plant dobris =and lenses of silty clays rich in orgomic
matter arc common, though errcticelly distributed, in these
s~ndstonos,

In both Port Compboll No 1 and No,2 Wells, oloctric logs and the
oxamination of cuttings suggest thnt tho Wearre Formation was
formed in a paralic onvironmont possibly close to a river mouth,
The overall lithology consists of repid clternations of pyritic

- 8iltstones contcining carbonaceous matter, with fine to médium

grained foldspathic sandstones in most placos, In the Port
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Campbell No,1 and No.2 Wells, corc 23 and coro 9 rospoctively,
show churned and slightly slumped bodding. Although torrigenous
influoncos are strong throughout, the envircament scems to have
remained that of o lower deltaic to inner neritic type.

Relrtionship botween the Waarrc Formation and'hhe"Otway Grouﬁ'

In Port Cempbell No.2 Woll an unconformity has t-ccn postulated

at 8520 feet betweon thoe Waarre Formotion and Otvay Group (Frome-
Broken Hill, 1964), On the basis of the study of the cuttings,
there is no definite ovidence for an unconformity. The difference
in lithology botweon the Waarre Formetion and the O*wiey Group end
the absonce of chloritic olements,{which wore very abundant in

the Otway Group} from the Waarre Formation mey bo ind icative
however, of an unconformable rolationship, ..
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"FLAXMANS BEDS"

These bods occur in the Port Compbell No, 1 Well from 5650 to 5570
foet and in the Port Campbell No,2 Well from 8120 to 7900 fect,
In the Woll Completion Report (Frome-Broken Hill; 1964) 200 feet
of sodimonts (8110 to 7910 feet) havo been ascribed to this unit
in the Port Campboll No,2 Well,

The "Floxmans Beds" in the Port Campboll No,2 Well

In tho present gtudy the "Flaxmans Beds'" haveo been rccognised in
the Port Cempbell No.2 Well from cores 6, 7 and 8, after compar-
ison with core No.20 from the Flaxmans No.1 VWell. The 2Q0 foot
goction found in Port Campbell No.2 Well, is mode up of a dist-
inetive lithological character, that can be casily recognized in
the cores but is less obvious in the cuttings, Thesc sodiments

are morine, consisting of anguler to subrounded, very fine to
coarse grained, feldspathic and lithic sandstone, that cre silty
and poorly sorted. The other terrigenous components arc fold-
sparsy chort, voleanic rock fragments (andesite), chloritic schists,
quartzites (metaquartzite), pegmotite, chlorite, biotite, muscovito
znd minor hesvy minerals (zircon, tourmnline). Tho matrix is
mainly silty, argillaccous and chloritic, with pyrite, glauconite
and o numbor of altcration products (sericite, calcite, clay),

An ankeritic-sideoritic, slightly phosphatic cement, with chloritic
matorial occurs at 7904 fcet in core No,6 from Port Campbell No,?2
and accounts for increased resistivity on the olectric log, It

is assumed that a numboer of othor high rosistivity poaks also
ropresent strongly cemented intorvals, but the only material now
available for examinantion from these inteorvals is cuttings,

Evidonce for the presence of "Flaxmeng Beds" in Port Compbell
No.1 Woll

A close study of the cuttings from Port Campbell No.1 and No.2
Vells shows that the seme lithology is responsible for the high
\resistivity poak in cech caso; wnfortunctely the electric logs
from the two wells differ so grently in quality that they cannot
be used for a comparison. .

At 5580 fcet in the Port Campboll No.1 Well, the lithology cor-
responding to the marked resistivity posk is o sandstone with
sidoritic cemont and chamosite ooliths which ~re roplaced by
crleite, Tho corrolated depth in Port Compboll No,2 is approx—
imately 7830 foet, and is also marked by high resistivitys; the
lithology in this case is a sandstonc with sideritic cement and
chamosite ooliths, some of them replaced by caleite,

The second rosistivity pock at 5630 feot in Port Compbell No, 1

Well is duo to 2 highly ccomented sandstone. The coment is side=
ritic, and glouconite pollets occur together with abundant chamosgite
ooliths contoining detritsl quartz nuclei. In the Port ~Campbell

. No,2 Well, a high resistivity interval occurs around 8070 foet,
which can be corrclated with the peak a2t 5630 feet in the Poxt
C8mpbell No,1 Wiellsy the rock at this depth also contzins chamosite
ooliths with detrital .quartz nuclei, in & siderite and chemosite
metrixs eome of the chamosite ooliths have been replaced by calcito,

The comparative study of the cuttings of the two wells from the
intervals (5650 to 5570 feet in the Port Campboll No,1 and 8120
to 7900 feet in the Port Campbell No,?2 Well), shows thoat the lithe
ologies are very similar, especiclly those responsiblo for increased
rosistivity at corresponding depths, It is therefore probable thot
80 foot of "Floxmans Beds" occur in Port Compbell No, 1 Well and 220
foot in Port Compboll No.2 Vell, As additional ovidence for this
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intorpretation, it should be pointed out that the ratio of the
thicknessos for the "Flaxmans Beds" thus dofined, in Port Compbell
No.1 and No, 2, is nbout the some as the ratio of thicknesses of
the overlying "Belfost Mudstone.

Roletionship between "Flazmans Beds! and Waarre Formotion

It hes boen stated that the Waarre Formation "underlies unconforme
ably the Belfast Mudstone at the Port Campbell No.1 and No.3 wells
and conformably underlics the Flaxmans Beds in Port Campbell No,?2
and Flaxmen No,1 wolls" (Frome~Broken Hill, 1964). (Port Cempbell
No,3 was oxcluded from the presont study becausc rcprescntative
matorial was not available from tho Burenu collection).

As o rosult of the postulated prescnce of "Flaxmrns Beds" in the
Port Campbell No.1 Well, the same relationship betwcon Vaarre
Formation and "Flaxmans Beds" should hold in both Port Campbell
No.1 and No,2 Wells. For the reasons given below, it is suggested
that there was a period of erosion between the depositions of the
two formations.,

There are marked differences in the types of sediments of the Waarre
Formation and the overlying "FlaxmarsBeds" in Port Campbell No.2,
pointing to a sudden change from a deltaic (Vaarre Fm.) to a more
marine environment in which quite different terrigenous material

was deposited; there is also cevidence of an erosional surface in

the Port Campbell No 2 Well, indicating an unconformable relationship
between Waarre Formation and "Flaxmars Beds'". The fact that dips of
15 to 20  have been recorded within the Waarre Formation and Otway
Group (Port Campbell No.2, cores 15, 16,17) could also be significant;
the laminar appearance of the corc makes it unlikely that these dips
are duc to cross-bedding, ag suggested in the completion report
(Frome~Broken Hill, 19645.
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"BELFAST MUDSTONE"

This wnit occurs in Port Campbell No.1 between 5570 and 4930 feet,
and in Port Campbell No.2 from at least 7900 foot up to 5810 fecot
(upper limit of samples availablc), The intervals for the "Belfast
Mudstone" given in the completion report (Frome-Broken Hill 1964)
are 5656 to 4930 feet in Port Cempbell No.1, and 7910 to 5810 fcet
in Port Campbell No. 2,

The intervals are very homogeneous both in electric log charact-
oristics and in the cuttings themselves. The rock is a2 very compact
dark grey mudstone with much authigenic glauconite, finely divided
pyrite, ond chloritic and organic matter; minor brownish dolomitic
streaks with some slightly phosphetic and sandy pstches occur in

Port Campbell No.1 between 5110 and 5000 feet, and at 7710 and T250
feet in the Port C~mpbell No,2 Well, The fossils that have been
reported are meinly small pelecypods, gastropods, annelids, arenaceous
foraminifera, togother with a few ogtracods, fish teeth and scales
and pyritic burrows.

The "Belfast Mudstone" has been considered as a possible source rock
for petroleum, but although the abundance of glauconite is related

to presence of organic matter, roducing conditions which would not
favour a great density of marine life seem to have been dominant at
the time of deposition, Both the relative paucity of the fossils and
the naturc of the faunal cssemblage presont, are suggestive of poorly
ccrated conditions -~ resulting from a restricted cnvironmont - at the
time of deposition, The "Belfast Mudstone" and the underlying "FlaXe
mans Beds'", proved to be a good cap-rock in the Port Campbell No. 1
Well,

The increasc in thickness of the Belfast Mudstone betwoen the two
wells is an important observation, tho "Belfa.t Mudstone" is rep-
resented by 640 foet in Port Compbell No, 1 and 2090 fecet in Port
Campbell No.2, If it assumed that the "Flaxmens Bdds" are rop-
roscnted by 80 foet of scdiments in Port Campbell No,1 2nd 220
foet of scdimonts in Port Compbell No 2 (about the same increase
ratio), and the upper limit of the "Belfast Mudstone" is of the
same 2ge in each woll, then the increase of thickness can best

be explained by means of a flexure or a fault acting continuously
during "Floxm~n Beds" and "Belfost Mudstone" times,

The conditions at the time of deposition of the "Belfast Mudstone"
were probably constont,; both in a laternsl and vertical sonse, pro-
ducing 2~ "humid restricted" cnvironmont over a wide orea,

Relotionship between "Bolfast Mudstone" and "Flaxmen Beds',

A "forruginous siltstone with dimonite pollets, pyrite and yollow-
brown stained quartz fragments, and somc chert pebbles fragments"
has been reported nt the contacg of tho "Belfast Mudstone" and
"Flaxmons Beds" in the Port Campbell No,2 well, (Frome-Broken Hill,
1964), A close potrographic exemination of the core No,5 (7887 -~
7IR9 foet) shows, however, that the limonito has resulted from

the late altoration of chamosite pcllots or ooliths in a sandy
pyritic and chloritic matrix. This type of limonite in no way
indicates o strongly oxidizing environment ond 2 possible breck

in sedimentation; in this case limonitec pellets would be forming
in situ under oxidizing conditions a2nd would be unlikely to con-
tain pyrite but would rather show high cnergy characteristics
(corrosion, sorting, etcg, In addition, chamosite pollets (as
they occur in core No, 5) and iron silicates, in general form

over a far broader range of Eh values than do iron oxides,
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A closc comparison between cores of "Belfost Mudstone" ond "Flaxmons
Beds" shows that there was no major change in environmentnl conditionss
only the proportions of lithic eloments differ, from 5% in the "Belfast
Mudstone" to 20 — 25% in the "Flaxmans Beds",* From this point of view
it is suggested that the "Flnxmans Beds" should be considered as a .
member of the "Belfast Mudstone" Formetion.

It is vory striking that the lithologics of the "Flaxmons Beds" and also
to some extent those of the "Belfast Mudstone" arc very similar to the
lithologies of the"Otway Group. It is suggested that there was a common
origin for the torrigenous matorizl by the continued oroslon of tho ong
landmass, made up of metamorphic and volecanic rocks—durlng Otway Group
time and Flexmans - Belfast time.,

¥ Chomical analyses of samples of the "Flaxmans Beds'" at
7904 fcet, and of the "Belfast Mudstone™ at 7690 feet,
in the Port Compbell No.2 ¥ell, were made by G. Bazker
(1963). The results of the analyses are very similar
and support the affinitics botweon the two lithologies
that hnve been noted above,
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PAARATTE FORMATION

This formation occurs in Port Campbell No.1 between 4930 and 4250
feet and, as judged from the electric logy in Port Campbell No.2
botween 5810 and 5000 feet. (These are also the intervals quoted
in the Well Completion Report (Frome-Broken Hill 1964),

On the basis of the electric log this unit is characterized by a

_low resistivity and a positive S,P. It is a sandy formation that

contains a high proportion of silts and clays.

The various lithologies can be discussed by reference to the various

intervals within Port Campbeil\?o.1 Well,

Interval 4940—4§ZO feet

The sediment consists of very fine grained and in places coarse
grained feldspathic sandstones, dark grey mottled silty sandstones,
and siltstones with patches of organic matters the cement is dole
omitic and sideriticy Pyritic and ligonitic spots and minor brown-
igh gtreaks also occur,

Interval 4670-4470 feet

The grey silty sandstones of this interval contain very fine lam-
inations of clay together with organic matter. Core 16 is a
light grey laminated micaceous siltstone with very fine dark
argillaceous pyritic silt intercalations, and pyritic burrows,
Towards the top of the interv:el the rock becomes more sandy, and
porosity increases,

Interval 4470-4250 feeot

The top interval shows churned bedding and rapid alternations of
very fine to medium grained sandstones and dark argillaceous pyritic
giltstones rich in organic matter and containing some plant debris,

From the paleontological view point, the Paaratte Formation has been
considered as a "transition zone" between Cretaceous and Eocene.

Mieroplankton recognised by Evans (1964) in material from Port
Campbell No,1 over the interval 4291 to 4280 feet (cores 14 and 15)
congtitute an Upper Cretaceous asgsemblage., It is a2 reasonable as-
sumption that the remaining 30 feet of the Paaratte Formation is
also Upper Cretacecus., There is no indication as to whether the
bottom part of the Wangerrip Group also belongs to the Upper Cre-
taceous or is of Tertiary age.

Relationship between the Paarattc Formation and the "Belfast Mudstone"

Although the commemcement of deposition of sediments of the Pasratte
Formation represents an important change from innor neritic to paralic
or interdeltaic conditions, there is no evidence for an unconformity
at the ©bottom of the Paaratte Formation,
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WANGERRIP GROUP

This group occurs in Port Compbell No.1 and No,2 in the intervals
4250 to 1375 feet, and 5000 to 1230 feet rospectivelys; thus the
thickness of the unit is 2875 feot in Port Campbell No,I. (These
are the same interva® as determined earlior in the completion report
(Frome-Broken Hill 1964),

The Wangerrip Group overlies the Paaratte Formation with 1little
change in sedimentary character; the upper limit of the group
is marked by a strong unconformity occuring at 1375 feet in Port
Campbell No, 13 the overlying rocks consist of the Heytesbury
Group.

The lithology of the Wangerrip Group, consisting mainly of sand-
gtones, can best be considered by reference to the variogs inter-
valg within the Port Campbell No,1 Wells

Interval 4250-4010 fect

This section is composed of rocks ranging from fine grained sande
stones to very fine silty sands, The quartz grains are angular
en? in most cases well sorted, and the matrix is mainly argillace
eous but with some pyrite. Some coal fragments in the cuttings
indicate minor coal layers although the electric log gives no
indication of them -~ probably due to the thinness~of the horizons.
The equivalent interval in Port Campbell No.2 Well also shows
indications of thin layers of coal,

Interval 4010-3725 feet

This interval is less silty then the underlying material, and hap
produced a series of strong resistivity pesks - due to the presence
of coal layers., Angular to subangular coarse grained feldspathic
micaceous sandstones containing minor amounts of clay and pyritio
cement, alternate with dark pyritic siltstone that contains layers
of coal and fossil wood fragments, Core 13 (3997-4009 feet) congists
of a light grey yery fine to silty sandstone containing crogs—-beds
dipping at 15207, and scour-and-fill textures, Intercalations of
dark siltstone layers occuy rarely oxceeding lem, in thickness,

The fine sandstone shows signs—of slucp structures, The porosity
of the rock is high. Minor amounts of angular to subrounded grey
quartz grains - some very coarse grained - are scattered through
the core and muscovite is present throughout., The bottom 2 feet

of core show very irregular bedding probably resulting from depos-
ition under turbulent conditionsa,

The upper 40 feet (3745-3725 foet) - the junk basket core (3740

42 foot) - show layers of light grey silts with convolutions, scour-
and-fill textures, and cross bedding dipping 2t up to 207, Over the
interval 3850 to 3745 feet marked positive S.,P, peaks together with
sharp fluctuations in the resistivity log, - especially the one from
Port Campbell No,1 - would indicate a type of cyeclic depositiony
this conclusion is supported by a study of the cuttings., However,
no more precise discription of the depositional process is possible
at this stage,

Interval 3:[2":}550 feet

This interval is made up of grey, fine-grained, angular to sub-
angular feldspathic sandstone, well sorted in moet casess the
matrix is of clay, Minor coarse sandy streaks occur within the
feldspathic sandstone., At about 3700, 3640 and 3590 feet, white
argillaceous limestone occurs, probably rcpresenting cavingss at
3630 feet and at 3570 feet, coal fragments are present, Core 11
(3618-3600 feet) consiets of sandy siltstone with minor amounts of
very coarse quertz grains soattered throughout; no definite bedding
can bo seen, but signs of scouring and convolutions arc common,
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Interval 3550-3280 feet

Between 3360 and 3550 feet, angular to subangular, coarse to very
fine-grained grey sandstones occur, containing many white argillaceous

intercalations and coal debris,

The white argillaceous siltstone and dark mudstone observed in the
interval 3360 to 3280 feet is not the truc lithology. The samples
examined are apparently crushed and ground by the drilling bit and

are contaminated by drilling mud. The original rock was probably
very similar to the siltstone that contains siderite and chamosite
ooliths in core No. 10 3333 to 3340 feet*, No provious mention has
boen made of sideritic silty mudstone from Port Campbell No,2 although
the cuttings log does show an increase in silt content,

The intervel (3550 - 3280 feet) contains coaly intercalations which
can be correlated with coaly intercalations at similar stratigraphic
intorval in Port Campbell No,2 Well (see completion report, Frome-
Broken Hill, 1964), :

Intexval 3280-2910 feot

This interval shows a generally low resistivity on the electric log
and is characterised by a high proportion of very coarse to conglome
eratic componentsy from the 38 cutting samples examined, 22 contain
over 40% of very coarse to conglomeratic~sized grains, The sandy
rocks altornate with siltstones and are marked by low resistivity
and positive S,P, valuesjy these deposits might also represent cyclic
sedimentation,

Core 9 (3148-3167 foot) shows very poor sorting of these very coarse
to gritty sands and would indicate a polygenetic origin for the grainss
among the pebbles are fine-~grained siliceous rocks. The cement isg
argillaceous, Silty argillaceous layers appear to be interbedded

with the sandstone,

At 3151 feet (core No.9) there is an angular, fine to medium grained
slightly feldspathic sandstone, well sorted in parts, but with abrupt
changes to vory poorly sorted patches of coarse to gritty sands, A
characteristic feature is the limonitic coating, acting in places

as a coement, bonding the silt-gized particles., The patchy development
of this limonitic coating and the fact that the coarser grains are not
entirely covered, does not preclude a possible late depositional or
secondary origin of this feature,

Core 8 (2915 - 2933 feoet) is a loose, angular to subangular, very
coarse grained sandstone; it does not contain any cement, but there
is a significant amount of clean silt present,

According to the Completion Report (Frome;Broken Hill, 1964) the con;
responding interval in Port Campbell No,2 Well - from about 3650 to
3300 feet - is less conglomeratic,

Interval 2910 - 2325 foet

From 2910 to 2840 feet tho coarse grained sandstone is characterised
by en sbundance of iron oxide pellets ranging in diameter from ,5 mm.
up to 1 mm,, and forming 15 — 20% of the volume of the cuttings, The
binding medium is a phosphatic cement, brownish, and consisting of
both ooliths and crllophane matrix and becoming sideritic in places.
Tho siderite shows secondary growth due to recrystallisation,

Botween 2840 and 2790 feet the lithology is similar to the rock from
the intorval immediately belowy however the grain size has decreased
and more than 50% of the loose particles are medium to fino grained,
The amount of iron oxide has also decroased to a fow precent, but
there are signe that some layers woro originally cemented by sidorito,
ankerite, primary phosphate, end pyrite. The quartz grains also show
better sorting and a greator degrce of angularity., At 2830 feet iron
stainod recrystallised siderite occurs with collophane,

* This chamosite horizon is similar to a horizon of chamosite ooliths
found during the study of the Mt, Salt Well from 3130 to 3240 foet
é"qu%allah Formationgg, and referred to as the "Bah?allah Formation"

2 (011 Dovelopmont N,L., 1963), ' ¢
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It appeamsthat the oxidizing conditions of the agitated water,
indicated by the interval 2910-2840 feet, gradually became less
pronouned, and the hydrodynamic environment became progressively
quieter -~ as shown by the interval 2840-2790 foet. The horizon
rich in iron oxide (2910-2790 feet) can be compared, and possibly
correleted with, an iron oxide-rich layoer that occurs at 3690-37¢€
fecet in the Nelson Bore.

Between 2790 and 2620 feet thecre is an upward decrease in the
grain size of the brownish sands, and an increase of silty stroaks
which possibly form the cement for some of the layers within this
intervel,

From 2620 to 2530 feet the matoriel in general, ranges from fine

to very coarse grained uncemented sandstone., Particular horizons =
possibly at 2540-2560 feet and 2580-2590 feet ~ are cemented by
phosphatic matter and contain phosphatic ooliths. These horizons
are still very porous and contain fresh water, A similar’fresh
water interval was observed in Port Campbell No,2 Welly in this
case however, the thickness of the particular sand body seems to
have increased. (It is unlikely that this is due to repetition
through faulting),

From 2530 to 2325 feet the lithology shown by the cuttings is not
very different from the material lower in the unit, but there is

a considereble decrease in grain size together with an increase in
the proportion of clay matrix, This can be seen from an exsmination
of core No.7 (2450-2466 feet) which is a dark clayey pyritic sandy
giltstone. The great contrast betwoen lithologies recorded from
the cuttings and those from the core result from the softness of

the rock which has lead to the complete brezk up of material into
sand or silt grains, and clayss the latter are diluted with
drilling mud and for the most part are not rccovered as cuttings.

Interval 2325-2110 feet

This interval consists of zlternating fine and very coarse sand-
stones, characterised by the great quantity of angular quartz graing
coated with greenish alteration products which are especially common
towards the base of the intervel. The green mineral has filled

~embayments or pits, or formed vermicules within or on the surfaces

of quartz grainsg roved to be of o kaolinitic type resulting
from the altoration of chloritic minerals of possibly metamorphic vock
origin, P
In Port Campbell No,2 Well, this interval is more silty and acc-
ording to the completion report (Frome-Broken Hilly, 1964) much
more pyritic. A considerable amount "of brownish silty sandstone
with recrystallized siderite cement, pyrite, and minor phosphatic
pellets, forms tight layers that correspond to high rosistivity
peaks on the electric log; an example occurs at 2810 feet,

Interval 2110-1860 feet

From the study of the cuttings, the core, and the electric log,
it appears that the interval consists of alternating sandstone
and dark brown argillacecus siltstone. The sandstone is grey

to brownish, subrounded to subangular, fine to coarse grained,
and is in some cases bonded by a pyritic cement., Associated with
the finer grained horizons are minute pellets or ooliths of side
erite and phosphate, and with sideritic, dolomitic, 2nd in some
cases pyritic cement (Core No.6 at 1978 feet), In the Port
Campbell No,2 Well the bottom portion of the equivalent interval
(2214-20 feet) contains fresh water.
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Interval 1860-1580 feet

The interval 1860-1580 fecet is characterized by an important increase
in the percentage of very coarse quartz grains. Although this might
not give a true picture of the lithology because of the possibility

of cavings in the cuttings, thore is undoubﬁlyan increase in overall
grain size, Despite this the clectric log does not show consistont
differences in resistivity and S.P. valuos from those for the previous
intervalo

The S.P. curve between 2110 and 1580 fcet can be regarded as rather
typical for marine sands that alternate with silty argillaceous, and
even pyritic intervals, and presumebly indicate a cyclic deposition,

Over the intervals 1710~-1780 foet and 1810-1860 feet white ergillac-
cous limestones, in places pyritic appear., Tuey probably formed very
fine intercalations, and would not give well defined eleciric log
charncteristics, These lithologically distinctive intercalations

are also present in the Port Campbell No.2 Well over the interval
from 1940 to 2030 feet.

Interval 1580-1375 feet

The dominant lithology of this interval may be seen between 1475 and *-—
1493 feet in cores 4 end 5 It is sandstone with limonite~c~rbonate
coment and with iron oxide (or silicate) pellets and glauconite,

The quertz grains are very poorly sorted, fine to very fine grained,
rounded to subrounded, and coated with brown iron oxide The iron
oxide pellets arc generally fine grained. The lithology would ine
dicate that there was a tendency towards oxidizing conditions in
agitated water that was not presont towards the bottom of the interval,
At 1510 foet intercalations of pyritic siltstones with organic matter
ocour, together with minor white argillaccous sendy limestone strecks
containing some phosphatic pellets.

A comparison between the thickness of this unit in Port Campbell No,1
and in Port Campbell No,2 showikﬁgat thore is a difference of 580 feet
~ the intervals being 1220 fcetpand 1800 feet respectively. The dige
tinctive character of the clectric log recorded over this interval in
both wells, could indicate a surface of crosion at the top of the
Wangerrip Group. ’ '

Taken as a whole, the Wangerrip Group can be considered as a succession
of scdiments ranging in their dopositional environment from restricted
imner neritic, to paralic or intordeltaic, with marine influences
always predominant,

There is no evidence for any discontinuity in sedimentation between

the Pearatte Formation and the overlying Vangerrip Group. However,

the intorval showing chamosite ooliths (3360 to 3280 feet), occuring
at 890 feet above the supposed upper contact of the Wangerrip Group
with the Paaratte Formation (at 4250 feet) could well represent an
equivalent of the so~called '"Bahgnllah Formation" reported from

other wells in the basin, including Mt, Salt (0il Development N.L. 1963)

A Pegional unconformity between the Wangerrip Group and the over— . .
lying Heytesbury Group has been widely recognized in the basing

the evidence from the two wells studied however, was not conclusive
one way or the other.

A comparison of the thickness of the Wangerrip Group in the two
wells considored, shows that there is a lateral increcase from
Port Campbell No.1 (2875 feet) to Port Campbell No,2 (3770 fect).
However, the poor quality of the electric logs does not permit a
close correlation of the various intervals discussed above, There
is also the possibility of some repetition at about 3000 feet in
the Port Campbell No,2 Well, However, the change of thickness of
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equivalent intervals (2500 to 3280 feet in Port Campbell No.1,
and 2600 to 3700 feet in Port Campbell No.2) is probably due

to a facies change from conglomeratic in the No.1 well, to a more
sandy and thicker unit in the No.2 well,

The mejor changes of thicknesses of equivalent intervals noted
above in the two wells would certainly have necessitated searth
movements during the deposition of the Wangerrip Group.
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HEYTESBURY GROUP

This group occurs in Port Campbell No,?1 from 1375 feet to the
surfacey; and in Port Campbell No,2 from 1230 feet to the surface,
as noted in the completiong report (Frome-Broken Hill 1964), It
overlies, with a marked unconformity, the sediments of the Wan
gerrip Group,

Again, the lithologies can be considered by reference to the
section of Port Campbell No.1.

Interval 1375-1050 feet

A basal marl and sandy calcarenite unit occurs immediately above
the unconformity and shows up as a well-~marked horizon on the
electric log and the calcimetry log; it is also very apparent
from the examination of the cuttings, due to the high iron oxide
and iron silicate content, '

From 1375 to 1100 feet there are glauconitic marls that show a
purplish colour due to very finely divided iron oxide or iron
silicate. Spots of pyrite and associated gypsum and sulphides
are also present.  Between 1300 and 1350 feet minor bands of
white limestone occury the increasing calcium carbonate content
of the rock is not ®flected in any appreciable change in the
electric log and may not be real, but due to cavings,

The sample representing the interval 1075-1050 feet ig a brown
sandy glauconitioc calcarenite, strongly cemented with much iron
oxide, and containing iron silicate pellets; the sample has a
high calcium carbonate content and is marked by an increased
resigtivity., This sample is from the top of the glauvconitic-
iron oxide sequence (1375-1050 feet) and can be correlated with
the "Nelson Formation" in the Nelson Bore (Baker, 1961),

Intorvel Q8D feet to surface *

This top interval shows a range in lithologies from creamy
polyzoal limestone and grey marls, to light grey marls that
are argillaceous and gypsiferous towards the base, Pyrite
nodules or pyritized burrows occur throughout the interval,

The Heytesbury Group has been ascribed to the Oligoceno~Miocene
on the basis of its faunal content., The rich fauna present in
the two wells consists of echinoderms, pclecypods, gastropods
and bryozoa debris, together with rotaliform foraminifera, globi-
gorinids, miliolids, gypsinids, lagenids and also less abundant
ogtrocods. This agsemblage is indicative of open shelf con-
ditions of sedimentation,

%  There is not definite evidence in the Port Campbell No, 1 Well
of an uncomfortable relationship between the abovementioned
equivalent of the Nelson Formation (1075 - 1050 feet) and the
sequence from 1060 feet to the surface.
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Conclugions ,

There is a Rossibility that an unconformity exists between the
"Otway Group and the overlying Waarre Formation, although the
evidence is not conclusive. However strong evidence has been
found for an unconformity between the Waarre Formation and the
overlying "Flaxman® Beds",

From a study of the lithologies and of the electric logs, it

can be ostablished that the "Flaxmans Beds" oceur in Port Campbell
No.1 as well as in Port Campbell No,2 and immodiately overlye the
Waarre Formation. No evidence was found of the unconformity that
has been postulated botwoen the "Flaxmansg Beds" and the "Belfast
Mudstone"s in fact, those two units are so similar lithologically,
that they hardly warrant the separation into two units. The sige
nificance of the unconformity betwoen the Wangorrip Group and the
overlying Heytesbu®y Group, as far as the Tertiary geologh of the
Otway Basin is concerned, could fot bo determined; howover, studies
over a wider areaz should make this clearcr,

As far as petroloum possibilities are concerned, the major interest
is in the Waarre Formation, which is capped by the tight "Belfast
Mudstone'; the Waarre Formation differs markedly from both under-
lying and overlying units, and probably formed in a very different
environment with a different source for the detritzl material.
Further studies of the lateral extent and also the detailed char-
acteristics of the Waarre Formation should be made. The sediments
of the Wangerrip Group and the Pzaratte Formation are for the

most part porous, and strongly influenced by the marine environment
of the basin proper; however there is a possibility that these
sediments have been flushed with fresh water,

The "Belfast Mudstone" was formerly considered a likely source bed,
but the result of the present study did not support this suggestion,
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