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1.  INTRODUCTION

The Pisces No. 1 exploration well in Permit Vic P/12 of the Offshore
Gippsland Basin was spudded at 1200 hrs. on April 15th, 1982. The
well was located in 122 m. of water at shot point 1157 on seismic
Tine GC 80-11A (Fig. 1). The exact co-ordinates of the well-site
were 39° 03' 35.919" S and 148° 30' 42.474" E, which is an error of
33 m. at an azimuth of 224.614° from the specified location.

The Pisces No. 1 well was designed to test what were considered to
be complex combined stratigraphically/structurally trapped Latrobe
Group sediments at a position immediately adjacent to the northern
boundary fault of the SouthemPlatform. The Latrobe Gp. sediments
are the primary hydrocarbon reservoir rocks in the highly productive
Gippsland Basin. The well also tested a fault-defined structural
prospect involving Latrobe Group sediments at the same location

(the "Archer Prospect").

The location of Pisces No. 1 was also selected in that it would
provide essential stratigraphic information relating to deep water
prospects in the north-east of Permit Vic P/12 and to shallow water
prospects Tlocated on the Southern Platform in the south-west of the

‘Permit.

The well was plugged and abandoned 31 days later on May 15th, 1982.
No significant hydrocarbon indications were recorded during the
drilling of Pisces No. 1 and the well was abandoned as a dry hole.

While an earlier report dealt with a detailed description of the
geology penetrated in Pisces No. 1 (Geological Completion Report
and Drilling Summary Report, Pisces No. 1, Union Texas Australia
Inc., Melbourne, June 1982) the present report is designed as a
detailed geological evaluation and attempts to explain the lack
of hydrocarbons in the well.

The report commences with a brief synopsis of the original prognosis
of the Pisces Prospect since this was a new concept for the Offshore
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Gippsland Basin in that for the first time complex stratigraphically/
structurally defined traps were the primary target.

The section penetrated by the well is then compared with the predicted
geology as outlined in the well prognosis (Well Proposal, Pisces No. 1,
Union Texas Australia Inc., Melbourne, March 1982). Major differences
between the two are outlined and discussed.

The results of Pisces No. 1 well are discussed in terms of their
contribution to the regional geological knowledge of the Offshore
Gippsland Basin, in particular to a knowledge of the geology of the
southern flank of that basin. This entails a discussion of the age
and particular lithological characteristics of the Gippsland Limestone
Fm., Lakes Entrance Fm. and Latrobe Valley Group sediments; of the
geochemistry of the Latrobe Valley Group sediments; and of the nature
of the Gurnard Formation and Lakes Entrance Formation Greensand

"sediments.

The proposal is presented that the Pisces No. 1 well penetrated a
diétinctive]y different Latrobe Group section from that normally
encountered in the Gippsland Basin: the well penetrated sediments
deposited in a topographically higher "rim basin" located to the south
of the deep Gippsland Basin. This has been informally named the

"Pisces Sub-Basin".
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2. THE ORIGINAL CONCEPT OF THE PISCES PROSPECT

The Pisces No. 1 well was designed to test complex stratigraphically/
structurally trapped Latrobe Valley Group sediments at a position
jmmediately adjacent to the northern boundary fault of the Southern
Platform, the latter being a basement high regarded as defining

the southern side of the Gippsland Basin (Fig. 1).

Correlation with wells drilled to the north-west suggested that re-
worked marginal marine and deltaic sediments might provide reservoir
sands along the northern margin of the Southern Platform. Such
reservoir sands were considered to have been deposited in a high-
energy, marginal marine environment and, therefore, might retain
excellent porosity and permeability characteristics.

The recognition of the Pisces Prospect was based upon the recognition,
extrapolation and correlation of Lower Tertiary delta top coal swamp
deposits within the upper part of the Latrobe Valley Group which

were recognised as providing stratigraphic seal in the productive
Fortescue and West Kingfish oil fields to the north (Fig. 1).

Such coal swamp deposits were recognisible by distinctive stratigraphic
truncation events seen to occur on seismic sections in the north-east
of Permit Vic P/12 (Fig. 8). Fig. 2 maps the truncation of three such
sequences which were considered to be capable of providing basal and
lateral seal to potential oil pools.

The prospect geometry was completed by combining an element of
structural closure with the mapped stratigraphic truncation events.
In this instance structural closure was provided at the level of the
regionally extensive Top Latrobe Valley Group unconformity (Fig. 3).
A number of potential prospect geometries could be defined in this
way, each showing stratigraphic truncation to the south and west

and dip-reversal at the Top Latrobe Valley Group unconformity to the
north and east.. The Pisces Prospect was located to test the maximum
number of such prospect geometries.
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In every instance it was believed that vertical seal to potential
hydrocarbon reservoirs would be provided by the uniform marine
mudstones of the overlying Oligocené-Miocene Lakes Entrance
Formation (Fig. 8).

It was considered that hydrocarbons would have been sourced in a
deep structural trough located to the north of Permit Vic P/12,

in an area which was considered to be the main hydrocarbon source
area in the basin (Fig. 2). The Pisces Prospect was located on

the steeply dipping southern flank of this depression and could have
received hydrocarbons migrating laterally away from the trough.

In addition, sufficiently mature sediment might have directly
underlain the area of the Pisces Prospect to have allowed in-situ
oil generation and migration along fault planes.
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- 3. PREDICTED GEOLOGY COMPARED WITH SECTION DRILLED

Figure 4 compares the predicted section, as presented in the well
prognosis, with the geological section penetrated by Pisces No. 1.
The detailed geological composite log, with palynological and
micropaleontological dates attached, is presented as Enclosure (4).

Each of the eleven seismic events chosen as marker horizons before
the drilling of Pisces No. 1 were penetrated at depths within
acceptable Timits of error: the maximum error of 35 m. for the
Light Green marker (Intra-Latrobe Event (1)) represents only a
1.7% error at its depth of 2030 m. (s.s.). This suggests that the
velocities used in migrating the stack sections are accurate and
that confidence can be placed on previous structural mapping.

The Light Blue marker appeared at a depth of 544 m. (s.s.) and
represented a multicoloured volcanic tuff of Middle Miocene-Pleistocene
age. This lithological unit appears to be an extremely useful
chronological marker over the southern flank of the basin as a
correlatable volcanic unit of similar age occurs in the Sailfish

No. 1 well, 50 kms. to the south-east of Pisces No. 1.

The Light Brown marker appeared within 2 m. of prediction at 683 m.
(s.s.) and represented the base of a series of distinctive pale brown
microcrystalline Timestones.

* The Pale Green marker at 843 m. (s.s.) represented the top of a

sequence containing a higher percentage of clastics than the overlying
section. The event is probably of Middle-Late Miocene rather than
Early Miocene age.

The event predicted to appear at 1155 m. (s.s.) and suggested to
represent the top of the Lakes Entrance Formation appeared at 1132 m.
(s.s.) and proved to be the base of a sequence of middle shelf
claystones, siltstones and distinctive limestones.
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The important Orange event appeared at 1662.5 m. (s.s.). It
separated Middle Miocene siltstones and mudstones, deposited in a
deep water environment as carbonate canyon infill, from a Lower
Miocene sequence of high energy progradational sediments which,

as predicted, contained an increased percentage of coarser clastics,
including several units of fine grained sandstone.

The Yellow marker, the Top Latrobe unconformity, appeared 20 m.
high on prediction at 1804.5 m. (s.s). While the marker did,

as predicted, represent the top of a series of marginal marine
sediments, these proved to be of Late Cretaceous rather than Early
Tertiary age.

Each of the first three intra-Latrobe markers (Dark Blue, Dark
Green and Light Green markers) were penetrated within acceptable
1imits of error and, as predicted, proved to be the top or base
of distinctive deltaic mudstone intervals capable of providing

stratigraphic seal.

The Dark Brown marker, suggested as representing a "Top Cretaceous"
event, proved to be the base of a distinctive intra-Latrobe channel.
The marker appeared within 19 m. of prediction at 2266 m. (s.s.)
which is an error of 0.8% at this depth.

The Grey marker, thought to represent the top of the Strzelecki
Group, appeared 26 m. low at 2436 m. (s.s.). It represented the
top of a sequence of carbonaceous claystones, siltstones and
sandstones of Campahian age which were both 1ithoYogically and
genetically quite distinct from the overlying sediments.
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CONTRIBUTIONS TO REGIONAL GEOLOGICAL KNOWLEDGE

The drilling of the Pisces No. 1 well has led to a greatly increased
understanding of the geology and prospectivity of the southern flank
of the Gippsland Basin. The following details the main observations

drawn from the drilling of the well.

4.1.

The Nature of the Gippsland Limestone Formation and

Lakes Entrance Formation over the Interval 1650 - 1796.5 m.

The character of the Gippsland Limestone and Lakes Entrance
Formations sediments down to the level of the Orange seismic
event at 1684.5 m. was much as expected in that they
represented deep water equivalents of the more normal
shelfal facies associated with these formations. However,
the section below 1684.5 represented a Lower Miocene high
energy progradational sequence deposited at the shelf/slope
edge in approximately 200 m. of water (Fig. 5).

The progradational sequence can be subdivided into two distinct
units: an upper unit from 1684.5 m. to 1745 m. was characterised
by 2-3 m. thick beds of mature, well sorted, fine grained
sandstones interbedded with siltstones and claystones; while
the lower unit from 1745 m. to 1796.5 m." was dominated by
calcareous and glauconitic mudstones and siltstones deposited

in relatively deep water.

The stratigraphic dipmeter from 1750 m. to 1796.5 m. (Enclosure
5) demonstrates low angle and well ordered current bedding

in opposing directions which suggests winnowing of the sediments
under the influence of a strong bottom current as might be
expected at the distal margin of a prograding deep water
sedimentary pile.

The upper unit is, therefore, considered to represent the fore-
setting of a progradational wedge building out across a lower
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basal shale unit at the edge of the shelf.

The sedimentary wedge probably resulted from distal, carbonate
discharge from a submarine canyon which was apparent as canyon
infill above 1684.5 m. (Figure 5).

Seismic lines GC 80-11A (Fig. 8) illustrates a marked thickening
of the Yellow-Orange seismic interval towards the south-west of
the Pisces well-site and onto the Southern Platform. That is,
it illustrates substantial thickening of the progradational
wedge towards the south-west.

It is probable that the proportion of coarser grained clastics
also increases in this same direction as the more proximal part
of the wedge is approached. This is borne out by the character
of the seismic events within the sedimentary wedge which
strongly suggest an interbedded sequence of sandstones and finer
grained clastics. '

The Nature of the Gurnard Formation and Lakes

Entrance Formation Greensand

The 30 m. thick section between the base of the Lower Miocene
progradational wedge at 1796.5 and the top of the Latrobe
Valley Group at 1826.5 m. can be subdivided into two distinct
greensand formations as follows (Fig. 5):

1. Between 1796.5 m. and 1808 m.: a sequence of fine grained,
quartzose, argillaceous sandstones containing coarse wind
blown quartz grains. The unit represents the "lLakes
Entrance Formation Greensand" of Early Oligocene age and
is interpreted as having been deposited as a prodeltaic
sheet sand. The unit is delimited above and below by
pronounced unconformities.
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2. Between 1808 m. and 1826.5 m.: a coarser grained sandstone
unit containing distinctive pellets of glauconite. The
glauconites were oxidised to limonite over the interval
from 1808 to 1816.5 m. such that an upper, red iron-stained
interval could be distinguished from a lower, green
unoxidised interval. The lowermost part of this unit
graded into a glauconitic siltstone between 1819 m. and
1826.5 m.

The whole of the section from 1808 m. to 1826.5 m. 1is
considered to represent the Gurnard Formation of Eocene?
age, deposited in a sub-tidal (estuarine or lagoonal)

environment.

The Gurnard Formation is separated by unconformities from
the overlying Lakes Entrance Formation Greensand and the
underlying Latrobe Valley Group sediments.

Comparison of the section between 1796.5 m. and 1826.5 m. in
Pisces No. 1 and the type section of the "Gurnard Formation"
in the Gurnard No. 1 well (Fig. 6, after Esso) suggests that,
in the latter well, a dual subdivision into an upper and a
Tower greensand .unit can also be achieved i.e. the "Gurnard
Formation" in Gurnard No. 1 can be divided into the Lakes
Entrance Formation Greensand and Gurnard Formation (sensu
stricto).

Such a correlation, over a distance of 76 km. between Pisces
No. 1 and Gurnard No. 1 (via Moray No. 1), can be extrapolated
to the northern flank of the basin through Salmon No. 1 and
Flathead No. 1 (Enclosure 1), a distance of 160 km. Both

the Lakes Entrance Formation Greensand and Gurnard Formation
retain remarkably consistent e-log and Tithological charac-
teristics across this distance.
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Clearly these two distinct formations, although no more than
30-40 m. thick over an extremely wide area, are regionally
important sheet sands which are transgressive across Latrobe
Group sediments ranging in age from Campanian (T. Longus)

to Middle Eocene (P. Asperopolus) (Enclosure 1).

The importance of this observation is paramount in that the

geometry of the Lakes Entrance Formation and Gurnard Formation

Greensands as sheet sands, destroys the potential for stra-
tigraphically confined hydrocarbons on the southern flank of

4

the Gippsland Basin.

Figure 7 (Part 1 and 2) illustrate the assertion upon which

the Pisces prospect had been based: thati%ﬁe Gurnard Formation
was the youngest part of the Latrobe Va]fgy Group. In reality
the Gurnard Formation and Lakes Entrance Formation Greensands

are lithologically, genetically and geochronologically distinctly
different formations which unconformably overlie the Latrobe
Valley Group (Fig. 7 Part 3). Any oil migrating into the
stratigraphic traps tested would continue their movement into
the overlying sheet sands and up dip to the south and west of
the Pisces No. 1 well. R

r
leo

r e e .
Figures 8 and 9/emphasise the fact that the Pisces No. 1 well

was probably dry because the existence of sheet sands between
the Latrobe Valley Group and Lakes Entrance Formation destroyed
the integrity of vertical seal to the reservoirs.

Further towards the north-east along seismic line GC 80-11A

from Pisces No.l Lower Miocene progradational sands will be indirect
contact with the underlying Eocene-0ligocene sheet sands and

add to the destruction of vertical seal (Fig. 9).

Perhaps the lack of emphasis upon the nature of such sheetl
sands is brought about by the fact that where they exist across
structural traps they will enhance reservoir capacity rather
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than destroy it (Fig. 7, Part 4). Such is the situation
in the central part of the Gippsland Basin where structural
traps have been the main exploration target.

Figure 10 illustrates the way in which the Titho/chrono-
stratigraphic picture of the southern flank of the basin
might be re-drawn to emphasise the nature of the Gurnard
Formation (and Lakes Entrance Formation Greensand).

The Ages and Depositional Environments of the

Labrobe Valley Group Sediments

The regional unconformity marking the top of the Latrobe Valley
Group was penetrated at 1826.5 m. in Pisces No. 1 (Enclosure
5). While it had been predicted that the Latrobe Group
sediments would be Early Tertiary in age the whole Latrobe
Group section proved to be of Late Cretaceous age. Sediments
in the interval between the unconformity at 1826.5 m. and a
depth of 2161 m. proved to be Maastrichtian, while sediments
between 2161 m. and T.D. at 2580 m. were Late Campanian to
Maastrichtian. A full discussion of this dating is attached

as Appendix 1.

The palynological studies revealed that both dinoflagellates
and spore/pollen were preserved below the Gurnard Formation,
thus allowing both techniques to be used for dating (Enclosure 4).

Sporadic benthonic foraminifera between 1820.5 and 2320 m.
were composed entirely of arenaceous forms which were
euryhaline, tolerating fluctuating water salinities and, as
such, this interval is interpreted as having been deposited
in marginal marine environments such as lagoons, estuaries
and delta fronts.

The section studied also yieided a well preserved Lower
Cretaceous marine dinoflagellate sequence which confirmed
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this interpretation and extended the boundary of marginal
marine deposition to a depth of 2509 m. From 2580 m. to
2509 m. (T.D.) the sediments were deposited in a continental
environment.

The palynological and foraminiferal interpretation of marginal
marine environments of deposition from 2509 m. to 1826.5 m.

is at variance with the stratigraphic dipmeter interpretation
which suggests deep water shelf or slope deposition in a single
genetic cycle from 2486 m. to 2052 m. (Appendix 2). The
dipmeter study suggests that this is followed by a regressive
deltaic cycle between 2052 and 1826.5 m., grading from distal
prodeltaic silts and sands at the base to meander belt channel
sands of the delta plain at the top.

The freshness and immaturity of the sediments between 2509 m.
and 1826.5 m. in the form of unaltered micas, subangularity

and coarseness of quartz grains and the percentage of Kaolinite
(altered feldspars) suggests close proximity to the provenance
area (? the granite basement of the Southern Platform) and,
therefore, a marginal marine environment of deposition.

The entire sedimentary pile above 2486 m. shows well defined
progradation towards the north-east away from the Southern
Platform. The section below 2486 m., however, corresponding
with the change to continental-style deposition, shows a
completely different pattern of progradation towards the
south-west, away from some topographic high to the north—easf.

The change from south-westerly prograding continental clastics
of Campanian age below 2486 m. to north-easterly prograding
marginal marine clastics of Late Campanian - Maastrichtian
age above corresponds with a well defined seismic event seen
on the seismic sections (Grey Seismic marker: Fig. 9) and on
the time-depth curve (Appendix 4).
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4.4, The Geochemistry of the Latrobe Valley Group Sediments

Preliminary geochemical studies involved the determination of
vitrinite reflectance values and a description.of the organic
petrology of selected sidewall core samples. Full results of
these studies are attached as Appendix 3.

Vitrinite reflectance values vary from 0.32 - 0.33 in the upper
part of the Latrobe Valley Group to 0.50 - 0.60 below a depth
of 2300 m. in the well. ‘Therefore, the upper part of the
Latrobe Group is highly immature. Using a value of 0.5% to
represent the upper boundary of the o0il generation window then
the section below 2300 m. is marginally oil mature. The
principal zone of o0il generation, with vitrinite reflectance
values ranging from 0.7 to 0.9%, probably 1ies between 2700 m.
and 3000 m.

The reflectance gradients at the 0.5% and 0.6% vitrinite
reflectance levels are moderate to high at 0.28%/km. and
0.37%/km. respectively.

While the geothefma] gradient is fairly high, being 39 Oc/km.
sediments are only mature at T.D. This suggests that the
geothermal gradient may be the product of a late thermal
episode, 'possib]y an intrusion of Middle Miocene volcanics
as recorded in the well at 566 m.

Organic matter is common to abundant in the.Latrobe Valley

Group sediments, with the deeper samples from the continental

sediments below 2486 m. generally having a higher content of
- organic matter than those from the upper -part of the section.

In most samples the dispersed organic matter is dominated by
inertinite. Exinite is typically rare in the samples and
appears to consist largely of dinofiagellate cysts. The
exinite is unlikely to have generated significant quantities
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of 0il at the levels of maturity recorded at T.D.

However, low reflecting inertinite and vitrinite may have a
significant potential for oil generation even though the
specific yield is less than for exinite. In addition it is
probable that maturation occurs earlier in these macerals as
compared with exinite. Therefore, the possibility exists of
moderate 0il generation potential for the section below 2300 m.
and that some generation has taken place even though the
maturity level is relatively low.

Therefore, it can be concluded that the Campanian continental
clastics below 2486 m., which represent the uppermost part of
the infill of a "rim-basin", and which are genetically distinct
from the overlying Upper Campanian-Maastrichtian sediments, will
be mature and retain potential for generating oil.

It should also be re-stated that the well prognosis envisaged
that the primary source of hydrocarbons for the Pisces Prospect
comprised the thick sediments deposited in the deep Gippsliand
Basin to the north of Permit Vic P/12 with potential migration
up flank to the south. This concept has not been changed with
the completion of Pisces No. 1.

. The Existence of the'"Pisces Sub-Basin"

Prior to the drilling of Pisces No. 1 it was realised that
the well was to be located within what appeared to be a
“marine embayment" south of the main Gippsland Basin axis
(Fig. 2). It was within this "embayment" that the strati-
graphic pinch-out or truncation events had been mapped.

The results of the well suggested that this marine embayment
was, in fact, a separate sub-basin lying to the south of the
Gippsland Basin proper. This existence of this sub-basin,

which has been informally termed the "Pisces Sub-Basin", is
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suggested for the following reasons:

1. The Latrobe Group sediments within this sub-basin were
lithologically dis-similar to those of the main Gippsland
Basin in that they were more markedly immature as witnessed
by the freshness of micas, the immaturity of quartz sands,
the freshness of the Kaolinitic clays derived from altered
feldspars and the lack of thick coal seams.

2. The occurrence of Upper Cretaceous dinoflagellate assem-
blages older than the I. drugii zone which had not been
previously reported in the Gippsland Basin.

3. The identify of the dinoflagellate assemblages which were
more akin to assemblages recovered from the Campbell
Plateau, south-west of New Zealand than they were of the
deep Gippsland Basin.

4. The majority of the organic exinite which appeared to be
dinoflagellate - related forms rather than of higher
plant exinite more typical of the Gippsland Basin proper.

The existence and the configﬁration of the Pisces Sub-Basin is
illustrated in Enclosure 2. Seismic 1ines GC 80-iiA and GC
81A-09 are>a1igned north-east to south-west perpendicular to
the axis of the sub-basin, while seismic Tine GC 80-21A trends

sub-parallel to the axis.

The sub-basin is delineated by inner and outer rims. Maximum
sedimentary thicknesses of 1800 m. occur at the foot of the
inner rim which is located by the position of the Southern
Boundary fault, south-west of the Pisces well. Thicknesses are
reduced to less than 400 m. at the outer rim of the sub-basin
to the north-east.

North of the Pisces Sub-Basin a terrace area lies in an inter-

mediate position between the deep Gippsland Basin and the Southern






