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1. Summary of Well Results

KB

Gippsland Limestone (water bottom)
Lakes Entrance Formation
Top of Latrobe Group

Base Flounder Formation
Top L100 Reservoir

54.5Ma Sequence Boundary
Top L200 Reservoir

Top L300 Reservoir

Top L350 Reservoir

Top L360 Reservoir

Top L400 Reservoir

Top L500 Reservoir

67.0 Ma Sequence Boundary
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(not intersected)

2755

on prognosis
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2. Introduction

The Turrum discovery lies beneath the southeastern flank of the Marlin gas field. The
Turrum field trapping geometry consists of a series of north-west trending normal faults
intersecting a NNE trending anticlinal axis.

The Turrum field consists of a series of multiple stacked hydrocarbon systems within the L.
balmei section of the intra-Latrobe Group. Most hydrocarbon systems intersected to date
consist of gas reservoirs, with no contacts established. Oil has been penetrated in three
zones, (L.100, 1450, L500).

The objective of Turrum-4 was to test the southeastern flank of the Turrum discovery for
possible down dip oil legs in the L200-L400 reservoirs. Predrill pressure data
interpretation from Turrum-3 suggested substantial hydrocarbon columns are present with
excellent potential to discover down dip oil legs on gas zones penetrated in a crestal
position.

The well intersected the Top of the Latrobe Group (TOL), the Top L100 reservoir and the
54.5Ma unconformity 4m high, 5Sm low and 9m low to prognosis respectively. The deeper
horizons, L200 to L500 reservoir markers inclusive, were intersected 50-65m lower than
prognosed. This resulted in deepening of the mapped structure on the SE flank of Turrum,
thereby decreasing the potential for the field to extend laterally. No hydrocarbons were
encountered in Turrum-4, and the well was plugged and abandoned as a dry hole.
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3. Structure

At the level of the Turrum "L" reservoirs, the Latrobe Group is extensively faulted by a
series of NW-SE trending, normal faults. These faults form a series of titled faulted blocks
with the strata generally dipping to the NE in each fault block. Superimposed over this is a
gentle mid-Bocene flexuring with a fold axis trending in a NNE direction. The closure is
provided to the NE and SW by sealing faults and by dip closure to the SE and NW
(Enclosures 3, 4, & 5).

Turrum-4 was drilled on the SE flank of the field. The target reservoirs (L200-L400) were

intersected approximately 60m low to prediction. This indicates the southeastern flanks of
the Turrum feature to be steeper than anticipated predrill.
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4. Stratigraph

The Top of the Latrobe Group is interpreted at 1896 mSS, with the interval 1896-
1955.5mSS assigned to the Flounder Formation. The interval 1900.0-1947.0mSS is of
Early Eocene age (P. asperopolus) and consists predominantly of a siity claystone,
overlying a 15m massive sandstone. Partridge (1993; Appendix 1) suggests that the
Flounder Formation, was deposited in a short time interval essentially representing one
depositional event. The environment of deposition is interpreted to be coastal plain/tidal
complex, however the rarity of dinoflagellates and a high proportion of terrestrial kerrogen
indicate the section has been subject to a significant terrestrial input.

The Late Paleocene interval (Upper L. balmei) 1959.5-2164.0mSS caniSts predominantly
of siltstone and shales with thin coals (<1.7m thick) and minor thin sands (<4.0m thick).
The depositional environment was probably a coastal plain/tidal complex.

The Lower L. balmei section, 2267.0-2690mSS consist of siltstones, shales, sandstones and
coal. The sandstones and coals are thicker and more abundant than in the Upper L. balmei
section and the greater abundance of dinoflagellates suggests there is a greater marine
influence in the Lower L. balmei zone (Partridge 1993; Appendix 1).

5. Hydrocarbons

No hydrocarbons were encountered in Turrum-4.
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6. Geophysical Discussion

Turrum-4 drilled the Top of the Latrobe Group (TOL) and the 54.5Ma unconformity 4 m
high (0.2%) and 9 m low (0.3%), respectively, from prognosis but underestimated the
depths of all deeper horizons by 50-65 m (2.6%) (Summary of Well Results; page 1).

The depth difference is due to actual velocities being faster than those forecast. For
example, the TOL-Intra-Lower L. Balmei (ILLB) interval velocity that was assumed pre-
drill was 3253 m/s; the Vint for this interval from the well is 10% faster at 3527 m/s.

The Turrum-4 well tie to seismic data was achieved by a | synthetic seismogram and
Seismic Calibration Log (check-shot corrected sonic log; Enclosure 7 & 8). The synthetic
was derived using a 90° phase rotated, reverse polarity wavelet with a 25 Hz centre
frequency.

Post Drill Re-map

Post drill interpretation was conducted on a Charisma S workstation loaded with the G82C
3D seismic survey. Inline data spacing was 75 m, fold was 48 and group interval 25 m.
Depth maps were generated using the sequential isopach method, with isopachs hung from
TOL. Five key time horizons were remapped following the completion of Turrum-4.
These included TOL, Base Coal (near base P. Tuberculatus), 54.5Ma, ILLB and L500.
Isopachs were made by first contouring well interval velocity data for each interval
(Turrum 1 to 4, Marlin 1 to 4 and Morwong-1; Marlin A6 and A24 had no sonics, and
were not employed) and then taking the product of each interval's Vint and isochore.
Phantom depth maps were made from these horizons to the top of key reservoir zones.
Post-drill Depth Structure Maps for TOL, top of L100 reservoir, ILLB and top of L500
reservoir are included as Enclosures 1, 2, 3 and 4 respectively.

Post Turrum-4 re-mapping was undertaken in order to gain an understanding of how the
well results would impact on the 'hydrocarbon trap geometry' for the field. The results of
this work steepened the flanks of the field, focusing hydrocarbons into a smaller area. This
focusing is partly due to structure and partly due to velocity. Higher velocity resulting
from the stacked-interval velocity approach has pulled in the structure's north-western and
southeastern flanks, with the Turrum-4 well providing maximum limits to the lateral extent
of hydrocarbons on the south-eastern flank of the structure.
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7. Geological Summar

Turrum-4 is located 2km south-east of the Turrum-3 well and some 6km south-east of the
Marlin A platform (Figure 1). The Turrum field comprises Lower L. balmei aged
reservoirs situated 500m below the Top of Latrobe Group Marlin Gas Field. Prior to
Turrum-4, well intersections through the Turrum reservoirs had identified multiple
hydrocarbon (predominantly gas) zones. Few of these zones displayed hydrocarbon-water
contacts. The objective of the Turrum-4 well was to establish the existence, or otherwise
of oil legs to the Lower L. balmei gas reservoirs. Consequently, Turrum-4 was located on
the southeastern flank of the Turrum field, within the predrill postulated (from RFT data)
oil legs for these reservoirs.

The Top of Latrobe Group and 54.5 million year sequence boundary were intersected close
to prognosis (4m high and 9m low respectively). However, the L200 to L500 markers,
inclusive, were intersected considerably low to prognosis (50 to 65m low). This indicates
the southeastern flanks of the Turrum feature to be steeper than anticipated predrill (at these
levels). Whilst the L100 and 1500 reservoirs were expected to be intersected below
established oil/water contacts (the only two reservoirs with known contacts), the
significantly deeper intersection of the remaining objective reservoirs (L200 to L400) lead
to a lack of hydrocarbons being encountered. Consequently, all objectives of the well were
water saturated. This result, however, does not preclude the existence of flank oil rims to
the Turrum gas sands, but it does restrict the aerial occurrence if present updip of Turrum-
4. The structural impact of the Turrum-4 result degrades the volumes of potential flank oil
associated with Turrum gas.

The structural variance to prognosis seen at Turrum-4 is a result of the intersection of
stratigraphy with faster velocities than were predicted predrill. This resulted in predicted
depth to targets in excess of actual target intersections below the 54.5 million year sequence
boundary.

The Lower L. balmei section penetrated at the Turrum-4 location also highlights the
stratigraphic variability of the Turrum reservoirs. Reservoir packages, bounded above and
below by coals, and recognised across the Turrum field and whilst these gross packages
are recognised in Turrum-4, reservoir development within these intervals is variable

compared with other well penetrations. This variability is commonly anticipated when
considering fluvial depositional systems and makes confident correlation of reservoirs
difficult. Notable variance from anticipated stratigraphy was observed within the L1200
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package where no reservoir was encountered, and the L300 package, where significantly
thinner sand was developed.

The RFT pressure survey conducted in Turrum-4 revealed important information
concerning pressure support for the Turrum reservoirs. Whilst pressure points obtained in
the L100 (wet) and 1500 (wet) sands at Turrum-4 indicate pressure draw down in line with
regional gradient data and the Turrum-3 RFT results, the L.200 to L400 sands at Turrum-4
(all wet) show little draw down from the original basin aquifer gradient. This suggests that
these reservoirs may be in poor communication with the regional aquifer system.

As a result of all potential reservoir sections within Turrum-4 being water saturated, the
well was plugged and abandoned as a dry hole.
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TURRUM 4 SONIC VELOCITY VS DEPTH

Figure 2

Turrum-4 sonic velocity (check-shot-corrected) versus depth plot.

Note key slow zones at 2400-2700m in Turrum-4 and at 1500-
1800m and 2100-2600m in Turrum-3 which correlate with coaly
intervals (check-shot-corrected).
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INTRODUCTION

Thirty-six samples comprising 32 sidewall cores and 4 cuttings samples were
analysed in Turrum-4. Although 60 sidewall cores were shot and 52
recovered, at 18 locations duplicate samples were taken reducing the sample
coverage in the well. The author examined all the sidewall cores, and
after choosing the most suitable of the duplicate samples and rejecting
unsuitable lithologies 32 samples (including 5 coal samples) were selected,
cleaned, split and forwarded to Laola Pty Ltd in Perth for processing to
prepare the palynological slides. The four cuttings were selected and sent
directly to Laola Pty Ltd by personnel at Esso's core store.

An average of 16 grams of cuttings, 9 grams of the clastic sidewall cores
and 3 grams of the coals were processed for palynological analysis.
Residue yields overall were high in the Latrobe Group and low in the
Seaspray Group. Palynomorph concentration on the slides was mostly
moderate to high above 2400m but mostly low below this depth. Preservation
of palynomorphs was generally poor to fair but deteriorated below about
2500m. Spore-pollen diversity is moderate, averaging 25+ species per
sample in the clastic lithologies but low, averaging 10+ species in the
coals samples. Microplankton diversity is very low (1-5 species) in the
Latrobe Group but moderate (average 12 species) in the overlying Seaspray
Group.

Lithological units and palynological zones from the base of the Seaspray
Group to Total Depth are given in the following summary. The
interpretative data with zone identification and 01d and New Confidence
Ratings are recorded in Table-1 and basic data on residue yields,
preservation and diversity are recorded on Tables-2 and 3. Twenty-three of
the samples were counted, and percentage data for these counts are recorded
in Tables-4 and 5. All species which have been identified with binomial
names are tabulated on palynomorph range charts which present the species
on separate charts in order of highest and lowest appearances.
Relinquishment list for palynological slides and residues from samples
analysed in Turrum-4 are provided at the end of the report.

BIOSTRATA REPORT 1993/2 : JANUARY 1993



PALYNOLOGICAL SUMMARY OF TURRUM-4

AGE UNIT/FACIES SPORE-POLLEN ZONES DEPTHS
(DINOFLAGELLATE ZONES) (mKB)
MIOCENE SEASPRAY P. tuberculatus 1902.0-1913.0
TO LATE
OLIGOCENE GROUP
EARLY L Flounder P. asperopolus 1923.0-1970.0
A
EOCENE T Formation
R
0
B
E
PALEOCENE G Undifferentiated Upper L. balmei 1982.5-2187.0
coastal plain (A. homomorphum) (1982.5-2109.5)
g facies of shale,
U coals and sands. Lower L. balmei 2290.0-2716.0
p (E. crassitabulata) (2390.0)
GEOLOGICAL COMMENTS
1. The presence of Foveotriletes lacunosus diagnostic of the Middle

subdivision of the P. tuberculatus Zone from both samples near the
base of the Seaspray Group suggest the basal Oligocene part of -the
Lakes Entrance Formation is missing in Turrum-4.

2. The unconformity at 1919m separating the Seaspray Group from the

underlying Flounder Formation represents a time break of
approximately 20 million years.

The interval not represented by

sediment is considered to extend from the 30 Ma sequence boundary to
the 49.5 Ma sequence boundary as represented on the cycle charts of

Haqg et al.

(1987, 1988).

3. There is no evidence in Turrum-4 to indicate that either the Turrum
Formation or Gurnard Formation were ever present at this location in

the Gippsland Basin.

They may never have been deposited at this

location due to sediment starvation on the eastern flank of the

Marlin Channel.

4. The Flounder Formation consists of a shale/claystone unit between
1919-1963m, which is well defined by the gamma log, underlain by a

15.5 metre thick sand between 1963-1978.5m.

BIOSTRATA REPORT 1993/2
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the top of this sand gave a P. asperopolus Zone age which confirms it
is depositionally related to the overlying shale/claystone. The sand
can also be distinguished from all sands in the underlying Upper L.
balmei Zone by being thicker and cleaner according to the gamma log.
No equivalent sand was penetrated until below 2300m, and these lie in
the Lower L. balmei Zone.

The palynomorph assemblages from the three sidewall cores and four
cuttings analysed from the Flounder Formation are all fairly
homogeneous containing assemblages dominated by spore-pollen with
dinoflagellates rare to very rare. The deepest sidewall core (at
1962m) and two deepest cuttings (1965m & 1970m) differ slightly in
containing a high proportion (est. 20%-50% by volume) of large pieces
of structured terrestrial kerogen.

The three cuttings samples were analysed in an attempt to find the
index dinoflagellates Kisselovia edwardsii and K. thompsonae ms which
are used to subdivide the P. asperopolus Zone. It was anticipated
that the broader sampling interval, with the possibility of some
cavings, in the cuttings sample would give a more diverse sampling of
the Flounder Formation than obtained from the sidewall cores. The
index species were not found, and in fact no clear differences were
observed in any of the assemblages. Further, negligible caved
palynomorphs were observed from the overlying P. tuberculatus Zone
and no reworked palynomorphs were recorded from the underlying eroded
Upper L. balmei Zone.

The extreme rarity of dinoflagellate in all the samples is unusual
for the Flounder Formation. Because of this, and the overall .
homogeneity of the assemblages, it is suggested the Flounder
Formation in Turrum-4 was deposited over only a short time interval,
essentially representing one depositional event. Dinoflagellates are
rare because they have been diluted by an influx of terrestrial
kerogen. This feature has been observed in other sections in the
Latrobe Group where depositional rates are high.

The unconformity at 1978.5m separating the Flounder Formation from
the eroded undifferentiated Latrobe Group represents a time break of
at least 3 million years. The erosive event within the Tuna-Flounder
Channel system which effected the Turrum-4 site was either the 50.5
Ma or slightly younger 50 Ma sequence boundary, whilst the underlying
Upper L. balmei Zone is no younger than the 53.5 Ma downlap surface
on the cycle charts of Haq et al. (1987, 1988).

The undifferentiated portion of the Latrobe Group can be subdivided
into two on the abundance and thickness of the coals and sands. A
third unit of predominantly sand may be present below 2728.5m but as

BIOSTRATA REPORT 1993/2 JANUARY 1993
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no suitable samples were available for palynological analysis from
this unit it will not be discussed further. The boundary between the
two upper units is placed at 2298.5m which is close to the boundary
between the Upper and Lower L. balmei Zones.

The upper unit from 1978.5-2298.5m is 320 metres thick and is
comprised of 83% shale to siltstone, 15% sand and 3% coal. The sands
are on average 2 metres thick, but range between 0.6-4.0 metres. The
coals are on average 0.5 metres thick but range between 0.3-1.7
metres.

The lower unit from 2298.5-2728.5m is 430 metres thick and is
composed of 63% shale to siltstone, 25% sands and 12% coal. The
sands are on average 4.2 metres thick but range between 0.4-15.0
metres thick. The coals are on average 1.7 metres thick and range
between 0.3 to 8.0 metres thick.

The observed dinoflagellate occurrences and their abundance suggest
there is more marine influence through the lower unit or in the Lower
L. balmei Zone than in the upper unit and Upper L. balmei Zone.

Examining the sidewall core lithologies there is no obvious
characteristic to distinguish those samples containing significant
occurrences of dinoflagellates. An equivalent inspection of the
gamma, bulk density and neutron porosity electric logs reveal no
characteristic that can distinguish between those samples containing
dinoflagellates in abundance or of high diversity from samples
lacking dinoflagellates.

The lack of any apparent correlation of dinoflagellate bearing/
palynological assemblage to the lithologies determined from the
electric logs highlights an ongoing problem. To apply
dinoflagellates successfully to the recognition of further
subdivision of the L. balmei Zone requires increased sampling
density.

The five coal samples analysed overall gave poor results principally
because it was difficult to concentrate the spore-pollen sufficiently
for routine microscope searching. Three samples were indeterminate,
one was assigned to the L. balmei Zone whist the best sample at 2528m
gave a moderate diversity assemblage which was confidently assigned
to the Lower L. balmei Zone. Because of the uncertainty of obtaining
good assemblages from the coals they are not recommended as targets
for sidewall cores for palynological analysis.

BIOSTRATA REPORT 1993/2 JANUARY 1993



BIOSTRATIGRAPHY

Zone and age determinations are based on the spore-pollen zonation scheme
proposed by Stover & Partridge (1973), partially modified by Stover &
Partridge (1982) and Helby, Morgan & Partridge (1987), and a dinoflagellate
zonation scheme which has only been published in outline by Partridge
(1975, 1976). Other modifications and embellishments to both zonation
schemes can be found in the many palynological reports on the Gippsland
Basin wells drilled by Esso Australia Ltd. Unfortunately this work is not
collated or summarised in a single report.

Author citations for most spore-pollen species can be sourced from Stover &
Partridge (1973, 1982), Helby, Morgan & Partridge (1987) or other
references cited herein. Author citations for dinoflagellates can be found
in the indexes of Lentin & Williams (1985, 1989) in the paper by Wilson
(1988), or other references cited herein. Species names followed by "ms"
are unpublished manuscript names.

Proteacidites tuberculatus Zone: 1902.0-1913.0 metres
Late Oligocene-Early Miocene.

The two sidewall cores analysed from the Seaspray Group gave meagre yields
from which were recorded moderate diversity spore-pollen and microplankton
assemblages which were well preserved. The samples can be confidently
assigned to the Middle subdivision of the P. tuberculatus Zone on the
frequent presence of the spores Cyatheacidites annulatus and Foveotriletes
lacunosus. The remainder of the spore-pollen assemblage consists of lohg
ranging species except for the rare occurrence of Foraminisporis ozotus ms
and Monoporites media Cookson 1947 which are not known to range below the
P, tuberculatus Zone.

The microplankton assemblage can be assigned to the informal Operculodinium
spp. Association of Partridge 1976 on the frequent occurrence of the long
ranging Operculodinium centrocarpum associated with the Oligocene or young
index species Protoellipsodinium simplex ms, Pyxidinopsis pontus ms and
Tectactodinium scabroellipticus ms.

Rare reworked Permian spores were recorded from both samples.

Proteacidites asperopolus Zone: 1923.0-1970.0 metres Early Eocene.
Three sidewall cores and four cuttings were analysed from the Flounder

Formation. The lithology of the sidewall cores consisted of black-brown
claystone with silty laminations. All samples gave high yields of
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moderately concentrated spore-pollen assemblages of high diversity.
Average diversity was 32+ species but composite diversity for the zone was
a very high 75+ species.

The samples were confidently assigned to the P. asperopolus Zone on
consistent presence of Conbaculites apiculatus ms, Proteacidites pachypolus
and Myrtaceidites tenuis and the inconsistent presence of
Intratriporopollenites notabilis, Proteacidites ornatus, Santalumidites
cainozoicus and Sapotaceoidaepollenites rotundus. The eponymous species
Proteacidites asperopolus was only recorded from the cuttings sample at
1965m. This species together with C. apiculatus ms and S. rotundus
indicate an age no older while M. tenuis, P. ornatus and I. notabilis are
key species confirming an age no younger than the P. asperopolus Zone.
Proteacidites alveolatus which is essentially restricted to this zone was
also recorded as rare specimens in two of the sidewall cores. This species
has only been infrequently reported in the basin since originally described
by Stover & Partridge (1973) and may be locally restricted.

The three sidewall cores, which were counted, and the four cuttings all
contain very similar assemblages dominated by spore-pollen (71%-86% of
total count) and fungal spores and hyphae (14%-29%) with dinoflagellates
rare to very rare (<1%). The two deepest cuttings and the sidewall core at
1962m are further characterised by a high proportion (est. 20%-50% by
volume) of very large pieces of structured terrestrial kerogen. The
cuttings contain negligible caved fossils from the overlying

P. tuberculatus zZone and no reworked fossils from the underlying L. balmei
Zone were recorded.

Angiosperm pollen, particularly Proteacidites spp. 22-24% and .
Haloragacidites harrisii (= Casuarina pollen) at 19-23% dominate the spore-
pollen assemblages. Spores at 11-16% and gymnosperm pollen at 6-9% are
minor components. Of age significance are the abundances of Conbaculites
apiculatus ms (6.4% at 1954m); Malvacipollis spp. (2%-6%); Myrtaceidites
tenuis (3.6% at 1962m) and Proteacidites pachypolus (0.8%-2.7%). Casuarina
pollen is always more abundant than Nothofagidites spp. (6%-16%) and the
Nothofagidites spp. to H. harrisii ratio, which is 0.3 at 1962m and 0.7 at
1954m and 1923m, is clear evidence that the abundance data favours a

P. asperopolus Zone age.

The commonest insitu dinoflagellates were mostly fragmented specimens of
Deflandrea spp. a few of which could be identified as D. flounderensis and
one specimen was identified as D. dartmooria. Following the discovery of
these species in the sidewall cores, the four cuttings samples were
processed in the hope that with their broader sampling interval the
Kisselovia index species could be found. Unfortunately in the cuttings
like the sidewall cores the assemblages were overwhelmed by terrestrially
derived palynomorphs and detritus.
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