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GEOLOGICAL AND GEOPHYSICAL ANALYSIS

1. SUMMARY OF WELIL RESULTS

a). Formation/Horizon ’ Depth (Sweetlips)
Tops Predrill Drilled
(mKB) (mKB) mSS

Seaspray Group 73 73 -52
Latrobe Group 1493 1505 1484
Top "Coarse Clastics" 1499 1510 -1489
54.2 MY Sequence Boundary 1577 1565 -1544
Top Zone IV (Base Volcanics) 1662 1654 -1633
Top P. Mawsonii Shale - 1813 -1792
Total Depth 1900 ‘1870 -1849

b). Formation/Horizon Depth (Sweetlips Sidetrack)
Tops Predrill Drilled
(mKB) TVDmKB mSS

' Latrobe Group - 1513 -1492
Top "Coarse Clastics" - 1517 -1496
' 54.2 MY Sequence Boundary 1580 1580 -1559

Total Depth 1728 -1707

2. INTRODUCTION

The Emperor-Sweetlips structure is a multi-crested highside rollover,
truncated by the Marlin Channel, located on the northern margin of the

Gippsland Basin, on the Strzelecki Terrace.

Sweetlips-1 is located 2.75km east of Emperor-1 and 1llkm north of the
Snapper Platform in VIC/L10. The primary objective of the well was to test
for hydrocarbons at the top of "Coarse Clastics". Stacked intra-Latrobe

sandstones were the secondary target.

At the top of "Coarse Clastics" (1510mKB) a 55m gross hydrocarbon column
was intersected. RFT data indicated a GOC at 1561mKB with a possible OWC
at 1565mKB. Therefore a 51 gas column was interpreted with 4m of oil on

rock. No other hydrocarbon zones were recognised.



As the RFT data was not conclusive as to the exact depth of the OWC, and 4m
of 0il was not economically producible it was decided to sidetrack the

well 15m downdip to more accurately define the oil column.

The sidetrack confirmed the initial interpretation and with only a 4m oil

column it was decided to plug and abandon Sweetlips-1.

GEOLOGICAL ANALYSIS

3.

STRUCTURE

The Sweetlips Field is part of a larger structural feature incorporating
Emperor-1. The Emperor-Sweetlips structure is a multi-crested highside
rollover, north of the major Rosedale Fault system, bounding the northern
margin of the Gippsland Basin, up on the Strzelecki Terrace. The structure

is the product of two superimposed structural events and erosion.

The major E-W fault bounding the northern flank of the Field is probably
associated with Otway Rift extensional tectonics early in the development

of the basin.

Post Latrobe Oligocene to Mid Miocene compression resulted in reactivation
and inversion of the east-west fault on the northern margin of the
structure and also produced the roll into the fault. Fault independent
closure is present at the top of "Coarse Clastics" with increased closure

at this level and deeper closure, dependent on the E-W fault.

Furthermore, the Marlin Channel has downcut into P. mawsonii Latrobe Group

sediments over the eastern part of the Sweetlips structure. This channel

extends NW-SE across the eastern flank of the field.

STRATIGRAPHY

Stratigraphy at Sweetlips-l was similar to that intersected at the nearby

Emperor-1.
A thick sequence of limestones and marls made up the Seaspray Group.

The uppermost unit of the Latrobe Group is the Gurnard Formation. It
comprises glauconitic siltstones 5m, 4m and 5m thick at Sweetlips-1,
Sweetlips Sidetrack-1 and Emperor-1, respectively. The Gurnard in this
region is identifiable by its high density, apparent on both the RHOB and
BHC electric logs.



The underlying "Coarse Clastics" consists of interbedded sandstones,
siltstones and coals of a coastal plain environment, with coals decreasing
with depth. There are indications in core, however, that some of the

uppermost sands may be marginally marine.

Emperor-1 possibly intersected the Strzelecki Group directly below the P.
mawsonii shale. Sweetlips-1 terminated in the P. mawsonii shale which,
similar to Emperor-1l, is an extremely dense shale with minor thin sandstone

interbeds, which is believed to be lacustrine in origin.

A basalt in intersected at approximately the upper L. balmei, lower L.

balmei boundary in both Emperor and Sweetlips. Similarly, basalt flows are

intersected at the same stratigraphic level in Wirrah and Harlequin.

Overall, the stratigraphic sections are very similar in character but there
are some discrepancies. Notably, a thick sand directly above the P.
mawsonii shale at Sweetlips which has no stratigraphic equivalent at
Emperor due to initial down to the basin thickening. Secondly, the basalt
flow in Sweetlips is much thinner than that seen at Emperor. From this it
can be inferred that Sweetlips is more distal to the origin of the flow
than Emperor. Finally, due to erosion, the section from the top of "Coarse
Clastics" to the 50.5MY sequence boundary thins from Emperor to the crestal

Sweetlips.
HYDROCARBONS

Upon drilling into the top of "Coarse Clastics" at Sweetlips-1, total gas
increased to 30 units (200ppm = 1 unit) over a background of 1 unit. A
trace of dull yellow/green fluorescence with no cut was associated with
this increase in total gas. In response to this show three cores were cut
from 1512 to 1554m.

Gas levels dropped off markedly whilst coring, to less than 1 unit.
However, fluorescence shows improved initially with 100% very dull, patchy
yellow/green fluorescence with minor solid bright fluorescence in core 1
giving an instant streaming cut. In cores 2 and 3, fluorescence decreased
to a very, very dull, pervasive fluorescence with a slow streaming cut to

crush cut. All three cores are within the gas saturated interval.



6.1

6.2

-4 -

Upon drilling ahead only a trace fluorescence with a crush cut was
recorded. No further shows were seen in the well. From log interpretation
and RFT data a 55m gross hydrocarbon column is recognised. The top of the
"Coarse Clastics" is at 1516mKB with a GOC interpreted at 1561mKB and an
OWC at 1565mKB. Within the 51m gross gas column 43.4m of net is
interpreted (Av® 0.21, AvSw 0.30) and in the o0il column 3.7m of net (Av@®
0.24, AvSw 0.29).

The top "Coarse Clastics" reservoir within Sweetlips-1 sidetrack exhibited
no fluorescence at all upon intersection but a gas peak of 100 units over a
3 unit background was observed. Log interpretation indicates 39.3m of net
gas within a 42.6m TVD gross interval (Av® 0.24, AvSw 0.23) and 3.8m TVD of
net oil (Av® 0.28, AvSw 0.28).

The Sweetlips structure at the top of "Coarse Clastics" has a double crest,
however at the deeper levels only one crest exists and this is to the east
of Sweetlips-1. Therefore, even though no hydrodarbons were found in the
intra-Latrobe at Sweetlips, updip potential still exists to the east.

GEOPHYSICAL DISCUSSION

Introduction

The Emperor-Sweetlips area is controlled by a 200km grid of G77A, G8lA,
G84A and G88A seismic data. The G88A grid, which comprises 27km of

seismic, was recorded to validate the intra Latrobe traps.

The Sweetlips closure is 2.75km east of Emperor which found hydrocarbons
both at the top of "Goarse Clastics" and intra Latrobe. Sweetlips was
targetted to test a top of "Coarse Clastics" closure and the downdip
portion of several intra Latrobe fault dependent closures, that culminated

1.5km east of the location.

Modelling

Quiklog modelling was conducted over Sweetlips as a seismic anomaly was
found which tracked the southern spill of the Sweetlips structure. From
modelling it was predicted that this was probably a hydrocarbon anomaly,
although it was not known if these hydrocarbons were oil or gas as the oil
in Emperor is very light and would give a similar seismic response on
seismic to that of gas. For these reasons predrill the closure was
interpreted to be full to spillpoint, with a predicted hydrocarbon column
of 52m.
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6.3 Depth Conversion

A hand contoured VNMO map was used to depth convert to the top of "Coarse
Clastics”. The velocities across the Emperor-Sweetlips area only varied by
100m/sec so confidence in the depth conversion was high, although Emperor-1

was the only conversion factor control point available within the area.

Post drill, the top of "Coarse Clastics" was 1llm deep to prediction while
the deeper Zone II and Zone IV markers were 12m and 8m high respectively.
These errors are within the accuracy expected of the velocity data. Depth
maps were changed to take these errors into account. The velocity
interpretation at the top of "Coarse Clastics" was not changed as the shape
of the container was interpreted to be correct. The Sweetlips closure at

this level was just bulk shifted down by 1lm.

Doc.0290GN:1-7
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INTRODUCTION

Thirty-three sidewall cores and four conventional core samples from
Sweetlips-1 were processed and examined for spores, pollen and
microplankton. As part of the analysis twenty-four samples were also
counted to determine the variation in percentages and ratios of the
principal spore-pollen and microplankton species. Both oxidised organic
residue yields and palynomorph concentrations were mostly moderate to high
and this was reflected in the moderate spore-pollen diversity recorded
from the majority of samples. Average diversity from productive samples
was 19.6 spore-pollen species per sample. Microplankton were abundant and
the assemblages were of moderate diversity in the Lakes Entrance
Formation, but were generally of low abundance and diversity in the

Latrobe Group. Preservation of palynomorphs overall was fair to good.

Lithological units and palynological zones, from base of Lakes Entrance
Formation to T.D. are given in the following summary. Interpreted data
with zone identifications and confidence ratings are recorded in Table-1
and basic data on residue yields, preservation and diversity are recorded
in Table-2. Palynomorph percentages in samples counted are recorded in
Tables-3 and 4, while all species that can be identified with bimomial

names are tabulated on the two accompanying range chart.



PALYNOLOGICAL SUMMARY OF SWEETLIPS-1

AGE UNIT/FACIES SPORE-POLLEN ZONES DEPTH RANGE
(Dinoflagellate Zomnes) (mKB)
Miocene- Lakes Entrance Fm. P. tuberculatus 1433.0-1504.0
Oligocene
1505.0m
Mid-Late Gurnard Fm.? NOT SAMPLED
Eocene
F——UNCONFORMITY— L +—1510.0m
A
Early Eocene T Lower M. diversus 1518.6-1559.0
R (A. hyperacanthum) (1559.0)
0
Paleocene B Undifferentiated Upper L. balmei 1567.0-1631.5
E "coarse clastics"”
Paleocene facies Lower L. balmei 1643.2-1690.0
G
R
Maastrichtian| O Upper T. longus 1713.9-1787.0
U
P
——UNCONFORMITY— — 1813.0m
Coniacian- Kipper Shale P. mawsonii 1815.0-1849.0
Turonian

T.D. 1870.0m




GEOLOGICAL COMMENTS

1.

Sweetlips-1 was abandoned at a total depth of 1870m while still within
the Kipper Formation. This formation was first proposed as a discrete
unit of the Latrobe Group in the Kipper-1 well completion report
(Marshall & Partridge, 1986). In Sweetlips-1l the formation consists of
57 metres of predominately dark grey argillaceous siltstone with minor

thin beds of predominately very fine grained sandstone.

The environment of deposition of the the Kipper Formation is envisioned

to be a large, deep, fresh water lake.

A fresh water environment is strongly suggested by the occurrence in
all samples of a low diversity suite of algal cysts and microplankton.
In Kipper-1l, Marshall & Partridge (1986), suggested a restricted marine
influencé on the Kipper Formation. However, a more detailed study of
these algal cysts by Marshall (1989) shows that they are unlike any
contemporary marine assemblages, and that they are more likely to be
fresh water forms. Their current endemic occurrence in the Gippsland
Basin is consistent with deposition within a lake or lakes formed
during the rifting associated with the breakup of southeastern

Australia.

The composifion of the spore-pollen assemblages suggest the environment
of deposition of the Kipper Formation is a large and deep lake.
Relative to similar age assemblages outside of the Gippsland Basin
counts of the spore-pollen assemblages in Sweetlips-1 (Table-4) show an
unusual dominance of gymnosperm pollen (particularly the
Araucariacites/Dilwynites species group). This is interpreted to be a
manifestation of the "Neves effect", which is the tendency, for
bisaccate pollen, certain buoyant spores, and other pollen with
'comparatively great transportability’ to have greater relative
abundance the further offshore you go in any depositional basin
(Traverse, 1988; p.413). As the "Neves effect" is present in all
samples in the P. mawsonii Zone in Sweetlips-1 it suggests stability of
environment through a considerable period of geological time and this
is a prerequisite only fulfilled by a large lake. Based on the known
distribution of the algal cysts this Turonian lake may extend about 100
km east-west by 50 km north-south (i.e. from Sweetlips-1 to Kipper-1 to
dredge sample in Bass Canyon examined by Marshall, 1989). Assuming,
based on comparison to modern lakes, a conservative average water depth
of 100 metres the lake would have a volume of 500 km3. A lake of this
size would rank 18th on list of the largest modern lakes of the world
by volume, and therefore could justifiably be called a large lake (see
Herdendorf, 1982, table 8).



The top of the Kipper Formation at 1813m is marked by the Late
Cretaceous erosive unconformity described by Lowry (1987, 1988) from
the adjacent Emperor-1 and other wells. In Sweetlips-1 this
unconformity is overlain by well dated latest Maastrichtian sediments.
On the time scale of Haq et al. (1987, 1988) the unconformity at

Sweetlips-1 represents a time gap of more than 20 million years.

The latest Maastrichtian section between 1725-1813m assigned to the
Upper T. longus Zone is predominantly sandstone and siltstone with
minor claystone. It notably lacks any coal seams and therefore is
considered to represent fluviatile environments rather than coastal
plain environments as is typical in more basinward position within this
zone. The claystone to siltstone unit between 1700-1725m in contrast
contains thin coal seams and is therefore considered to represent an
upper coastal plain environment. The interval is assigned to the
"upper" coastal plain because it lacks any dinoflagellates. 1In
contrast the modifying prefix "lower" is assign to the coastal plain
environment with dinoflagellates. It is suggested the interval between
1700-1725m correlates with all or part of the transgressive T.l Shale
which contains the M. druggii and T. evittii dinoflagellate Zones, and

is a widely distributed unit in the basin (see Partridge, 1989).

The Paleocene L. balmei Zone section between 1565-1700m shows a similar
environmental pattern to the Maastrichtian section. The basal interval
from 1655-1700m is predominantly sandy and lacks coals and is therefore
interpreted as fluviatile. The overlying section between 1565-1655m
becomes increasingly shaly upwards and also contains thin coal seams
and is therefore interpreted represent upper coastal plain
environments. No in situ dinoflagellates were found in samples over

this interval.

In the Early Eocene Lower M. diversus Zone section between 1510-1565m
the environment of deposition is interpreted as lower coastal plain at
the base because marine dinoflagellates are present in the samples,
grading upwards into upper coastal plain based on the absence of

dinoflagellates.

The described lithology of the recovered sidewall cores compared to
their interpreted lithology from the electric logs is considered
anomalous for at least three sidewall cores recovered from the Lower M.

diversus Zone interval. The sequence of anomalous sidewall cores are:
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SwWeC Depth Described Interpreted Comment
No. (m) Lithology Lithology
47 1547.0 White Sandstone Claystone Not processed/
probably 1537.2
46 1550.8 Not recovered Siltstone/
claystone
45 1555.0 Grey Sandstone/ Claystone Probably 1550.8
with clay matrix
44 1559.0 Claystone - Sandstone Probably 1555.0

Sidewall cores 44 and 47 are the two samples whose lithologies are most
in conflict with the interﬁreted lithologies from the electric logs.

As an explanation it is suggested that the four sidewall cores numbered
46, 48, 49 and 52 which were not recovered led to a mislabelling of the
recovered samples. It is speculated that sidewall core 44 was not
recovered and that the next three recovered samples (i.e. SWCs 45, 46,
and 48) were all moved down one place. This interpretation is the
simplest and best fit for the lithologies of the recovered samples.

The interpretation does not materially affect the palynological
zonation of Sweetlips-1 but may have bearing on the electric log

correlation of the A. hyperacanthum Zone with adjacent wells.

In Sweetlips-1 there is less than 10 metres of undated section present
at the top of the Latrobe "coarse clastics" section. Relative to the
adjacent Emperor-1 well it is estimated that approximately 35 metres of
Early Eocene sediments belonging to the Middle to Upper M. diversus and

P. asperopolus Zones have been eroded from the Latrobe in Sweetlips-1.

No N. asperus Zone section was sampled in Sweetlips-1, but is present
in a thin Gurnard Formation in Emperor-1 between 1518-1524m
(4980-5000ft). It is suggested that the thin high density unit between

1505-1510m may be the equivalent unit in Sweetlips-1.
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BIOSTRATIGRAPHY

Zone and age determinations have been made using criteria proposed by
Stover & Partridge (1973), Helby et al. (1987) and unpublished observations
made on Gippsland Basin wells drilled by Esso Australia Ltd.

Author citations for most spore-pollen species can be sourced from Stover &
Partridge (1973, 1982), Helby et al. (1987) and Dettmann & Jarzen (1988) or
other references cited herein. Species names followed by "ms" are
unpublished manuscript names. Zone names have not been altered to conform
with recent nomenclatural changes to nominate species such as Forcipites
(al. Tricolpites) longus (Stover & Evans) Dettmann & Jarzen 1988. Author
citations for dinoflagellates can be found in Lentin & Williams (1985,

1989), and for most algae and acritarchs in Marshall (1989).

Phyllocladidites mawsonii Zone: 1815.0-1849.0 metres Coniacian-Turonian.

Six samples are assigned to this zone based on the similarity of their
gross assemblage compositions in Table-4. Key spore-pollen zone species
are often only represented by single specimens. Strong supporting evidence
for this zone and the Coniacian-Turonian age assignment comes form the
algae and microplankton in the samples. Several of the distinctive algae

species described by Marshall (1989) were recorded.

The counts of the spore-pollen fraction in all samples are dominated by
gymnosperm pollen (60% to 82%), particularly the species groups
Dilwynites spp. (21% to 52%), Podocarpidites spp. (5% to 25%) and
Araucariacites australis (3% to 15%). The parent plants of these pollen
are all wind pollinated and it is well documented in the palynological
literature that the concentrations of these pollen tyﬁés reach their
highest values in ’'offshore’ environments, either in marine situations or
towards the centre of large lakes. This pattern of distribution has been
termed the "Neves effect" and is summarized by Traverse (1988, p.394-416,
figs 17.15 & 17.16). Total spores in the samples are also a significant
component (16% to 33%) but without any particularly dominant spore species.
Angiosperm pollen in all samples are conspicuously low (<1% to 7%) in
marked contrast to their abundance in the overlying T. longus and younger

Zones where they have an average abundance of 50%.



Spore-pollen species indicating an age no older than the P. mawsonii Zone
following the zone definition and range chart data in Helby et al. (1987)
are Phyllocladidites mawsonii (a single poorly preserved specimen recorded
at 1815m) and Proteacidites sp. (a single small specimen at 1825m).

Species indicating an age no younger than the P. mawsonii Zone are
Interulobites intraverrucatus, Appendicisporites distocarinatus both at
1815m, Cyatheacidites tectifera (a single corroded specimen at 1817m) and
Hoegisporis sp. (this is an undescribed species characterised by three
subdued nodes and was found at 1817m and 1825m). Other significant species
recorded over this section are Foraminisporis asymmetricus,

Cicatricosisporites cuneiformis, C. hughesii and Ceratosporites equalis.

Algae and microplankton were recorded in all samples varying from 1.5% to a
high 41% of the total assemblage count (Table-4). Small smooth spheres
identified broadly with Sigmopollis carbonis (Newman) are the commonest
element and because of their small size are probably under-represented in
the counts. Of most stratigraphical importance are the identification of
algal cysts and microplankton described by Marshall (1989). Key species
identified are Rimosicysta kipperii, R. aspera, Wuroia corrugata,
Luxadinium? sp. A & B, and Micrhystridium sp. A. Another frequent to
common form regérded as an algal cyst is Amosopollis cruciformis (see Helby

et al. 1987, p.55).

The above algal assemblages are of considerable age and environmental
significance within the Latrobe Group and are here informally named the

Rimosicysta kipperii Microplankton Association.

Upper Tricolpites longus Zone: 1713.9-1787.0 metres Maastrichtian.

The seven productive samples assigned to the Upper T. longus Zone contain
well preserved and moderately diverse assemblages which are confidently
assigned to the zone on both species recorded and species abundance. The
deepest two samples at 1770m and 1787m are given confidence ratings of 2,
because they contain diverse assemblages with frequent to common
occurrences of Gambierina rudata, but lack the presence of Stereisporites
(Tripunctisporis) spp. which is first recorded in the overlying sample at
1762m. A confidence rating of 1 or better is usually reserved for the FAD
(First Appearance Datum) of the latter species. The top of the zone is
normally picked at the LADs (Last Appearance Datums) of a number of

indicator species (Helby et al. 1987). The relevant species in the
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shallowest sample assigned to this zone are Pseudowinterapollis wahocoensis,
Ornamentifera sentosa, Beaupreaidites orbiculatus (formerly Proteacidites

gemmatus ms), and Tricolporites lilliei.

The choice of the top of the Upper T. longus Zone in Sweetlips-1l is unusual
in two respects. Firstly, the occurrences of Proteacidites clinei ms and
Tricolporites lilliei at 1690m, and Camarozonosporites horrendus at both
1680m and 1690m are all considered to reflect reworking of T. Iongus Zone
sediments. This is an rare occurrence within the Gippsland Basin. The
second unusual aspect is that the two shallowest samples assigned to the
zone at 1713.9m and 1716.2m lack a significant abundance of Gambierina spp.
This significant change in assemblage composition near the top of the Upper
T. longus Zone may have significance for either age or facies correlation

and needs to be looked for in other wells in the basin.

No dinoflagellates or other microplankton were recorded from this zone.

Lower Lygistepollenites balmei Zone: 1643.2-1690.0 metres Paleocene.

The increase in abundance of gymnosperm pollen particularly
Phyllocladidites mawsonii and to a lesser extent Lygistepollenites balmei
is the main criteria for placing the base of the zone at 1690.0m and
treating the T. longus Zone indicator species in this sample and in the
overlying sample at 1680m as reworked. The use of this abundance criteria
to establish the base of the Lower L. balmei Zone was first demonstrated in
Roundhead-1 were there was supporting data from the dinoflagellates
(Partridge, 1989). The top of the zone is placed at 1643.2m at the last

frequent occurrence of Proteacidites angulatus.

Upper Lygistepollenites balmei Zone: 1567.0-1631.5 metres Paleocene.

Only three samples can be confidently assigned to the Upper L. balmei Zone.
A further three samples were examined and counted within the zone interval.
These latter samples could be confidently assigned to the broader L. balmei
Zone but lacked indicator species for either the Upper or Lower

subdivisions.

The deepest sample at 1613.5m is assigned to the Upper subzone on the
presence of a single specimen of Proteacidites annularis. The next sample

at 1567.5m is assigned to the Upper subzone based on the common occurrence
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of Cupanieidites orthoteichus and presence of Malvacipollis subtilis. The
shallowest sample at 1567m contains the FAD for the indicator species
Anacolosidites acutullus and is no younger than the Upper subzone on the

frequent occurrence of Lygistepollenites balmei.

The rare dinoflagellate species recorded from the sidewall core at 1575.9m

are all considered to be contaminants.

Lower Malvacipollis diversus Zone: 1518.6-1559.0 metres Early Eocene.

The base of the zone is picked on the FADs of Spinozonocolpites prominatus
(frequent) and Polypodiaceoisporites varus (rare) as well as the first

common occurrence of Malvacipollis diversus.

The two shallowest samples from core-2 at 1518.6m and 1519.8m are assigned
to the zone with only a fair confidence rating. They rely on the absence
of the key species Proteacidites ornatus, P. tuberculiformis and P.
xestoformis ms, characteristic of the next younger zone, for their
assignment to the Lower subzone. A possible assignment to the Middle

M. diversus Zoné may be considered for the sample at 1519.8m based on the
what would be considered secondary or less reliable FADs of the species
Polycolpites esobalteus and Proteacidites nasus Truswell & Owen 1988
(formerly Proteacidites plemmelus ms). The assemblages are good enough,
however, to emphatically state that no section assignable to either the

Upper M. diversus or P. asperopolus Zones is present in Sweetlips-1.

The top of the Lower M. diversus Zone with a good confidence rating is

picked at the sidewall core at 1520m on the LAD of Cyathidites gigantis.

The deepest sample, at 2215.0m, also contains a microplankton assemblage
referable to the Apectodinium hyperacanthum dinoflagellate Zone. The key
indicators for the zone are the frequent occurrence of the eponymous
species Apectodinium hyperacanthum associated with A. homomorphum (long

spined variety), Dyphes colligerum and Fibrocysta bipolare.
Proteacidites tuberculatus Zone: 1433.0-1504.0 metres Miocene-Oligocene.
The four shallowest samples analysed were readily assigned the the Lakes

Entrance Formation based on the lithology of the sidewall cores as well as

the abundant and characteristic microplankton assemblage which were
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extracted. The spore-pollen recorded from the samples are mostly long
ranging species associated with rare reworked indicator species of older
zones. Cyatheacidites annulatus the key indicator species for the

P. tuberculatus Zone was only recorded from one sample.
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