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1.1

1.2

SUMMARY

Drilling Summary.

Amberjack-1 was spudded by the rig "Southern Cross" at 0215 hours
on 4th May 1990. The 26" hole was drilled from 58-202 mKB and
the 20" casing run and cemented to a shoe depth of 196 mKB.

The 17-1/2" hole was drilled to 1010 MKB, 13-3/8" casing run and
cemented to a show depth of 1000 mKB, after running open-hole
logs. Suite 1 wireline logs consisted of:

DLL-MSFL-SDT-GR-SP-CAL-AMS.

The 12-1/4" hole was drilled to 1271 mKB, the Schlumberger GCT
survey tool was run to survey the hole from 1000 mKB to surface
prior to cutting core no. 1:

GCT-GR-AMS.

A 5-1/4" core was cut from 1271-1290 mKB, the cored interval was
then reamed and 12-1/4" hole was continued to TD at 1750 mKB.
Suite no. 3 wireline logs were run which consisted of:

DLL-MSFL-LDL-CNL-SDT-GR-SP-CAL-AMS
RFT-HP-GR
VSP

CST

The well was then plugged and abandoned and the rig was released
at 1700 hours 17th May 1990.

GEOLOGICAL SUMMARY

The Amberjack structure lies within the western portion of the
offshore Gippsland Basin, down-dip from the Perch-Dolphin-
Tarwhine trend. At the top of Latrobe the post-drill structure is
lobate in form and trends in a northeast-southwest direction (see
Enclosure 1).

The well Amberjack-1 was located in a near crestal position 250m
south of shot-point 305 of line GSE89A-58, Skm to the west of
Dolphin-1. The primary objective of the well was to test the
hydrocarbon potential of the Latrobe Group sediments, in particular
the "Coarse Clastics" unit at the top of Latrobe.



Although the well intersected the top of Latrobe 32m low to
prediction, the internal stratigraphic units encountered were similiar
to prediction. The sands intersected by the well were of good
reservoir quality, however all have been interpreted to be water
saturated. A core taken at the top Latrobe in the "Coarse Clastics"
unit had 11m of oil shows but the RFT pretests indicated a water
gradient and log interpretation indicated high water saturations.
The oil is interpreted as residual and consequently no net pay has
been assigned to this well.

PREVIOUS ACTIVITY

Amberjack-1 is located in the exploration permit Vic/P25 which lies
to the south-west of the main producing part of offshore Gippsland
Basin, along the basin edge. Prior to drilling Amberjack-1 only two
wells had previously been drilled in Vic/P25, Kyarra-1 in February
1983 and Wyrallah-1 in May 1986. Both wells were drilled by
Australian Aquitaine Petroleum Pty. Ltd, to test the prospectivity of
the Latrobe Group sediments. The entire thickness of the Latrobe
Group was not penetrated by either well, and no hydrocarbons were
encountered.

BASIN EVOLUTION

The formation of Gippsland Basin began during the early
Cretaceous and was associated with the breakup of Gondwanaland.
The Gippsland Basin lies along the southern continental shelf,
between Australia and Tasmania.

A big depression formed as a consequence of the initial breakup of
Gondwanaland and initial basin development began with the
dzposition of the Strzelecki Group strata. Deposition was
widespread at the time and continous across the Gippsland, Bass
and Otway Basins. Early Cretaceous rifting led to the development
of a complex set of horsts, grabens and half grabens in which
Strzelecki Group deposition continued. The Strzelecki Group
consists of a thick sequence of non-marine, volcano-clastic
sediments, and are generally referred to as "economic basement” in
the offshore part of the Gippsland Basin.

A second period of rifting occurred during the late Cretaceous when
Australia separated from Antarctica. This period of tectonism is
represented seismically by an angular unconformity. After a period
of uplift and erosion, downfaulting led to the development of a new
graben, Gippsland Basin, which was now isolated from the Bass and
Otway Basins. The sedimentary provenance changed and
sedimentation of the early Latrobe Group sediments began.



Sedimentation of the older Latrobe Group strata was restriced to a
narrow zone which formed the Central Deep. The northern limit of
the Central Deep is defined by the Northern Bounding Fault system
and the southern limit is defined by the Southern Bounding Fault
system. These bounding fault systems trend roughly in an east-west
direction as shown in figure 2.

Latrobe Group sedimentation continued as did basin extension, and
subsidence was mainly controlled through a series of NW-SE
trending fault systems.

The fault controlled subsidence continued thoughout the Paleocene
to early Eocene, as did sedimentation, when a change in tectonic
activity had begun to take place. The tectonic activity and structural
style of the basin architecture began to change as sedimentation
became increasingly influenced by the transgression the Tasman Sea,
encroaching from a south-easterly direction.

From late Eocene to mid Miocene the structural style of the basin
became dominated by a period of compressional tectonism, which
produced a series of NE-SW trending anticlinal axes. It is unknown
as to what initiated this period of compressive tectonism, but the
structures that formed during this time include simple anticlines,
faulted anticlines and high and low side fault closures. During this
phase of basin development regional uplift also occurred which
resulted in a major erosional event of the structural highs, as
transgression of the Tasman Sea continued. Many of the major top
of Latrobe hydrocarbon traps found so far in Gippsland Basin were
formed during this time.

The Seaspray Group consists of a thick sequence of marine
sediments that were progressively deposited under the influence of
the transgressing Tasman Sea. The Lakes Entrance formation forms
the basal part of the group and consists of very fine grained marine
sediments which generally provides a regional seal for most of the
top of Latrobe Group structures.

During the late Eocene when regional uplift occurred throughout
most of the basin, submarine channel systems began to develop
particularly along the eastern seaward margin of the basin. This
channelling and erosion of the exposed late Eocene highs created
the erosional surface seen at the top of Latrobe. Although the
channel fill sedimentation is complex, it occurred
penecontemporaneous to deposition of the Gippsland Limestone
formation.

From mid Miocene to Pleistocene and Recent, some reactivation of
the earlier compressive deformation events occurred which initiated
the development of some new anticlinal structures and rejuvenated
some earlier ones. These events are particularly evident in the
western part of the basin in and near permit area Vic/P25.



STRUCTURE

The Amberjack prospect is an low amplitude, mound-like feature
which is lobate in form, the axis of which trends in a NE-SW
direction (Enlosure 1). The prospect is located within permit
Vic/P25 which lies along the south-western margin of Gippsland
Basin. The crest of the Amberjack structure at the top of Latrobe
lies approximately 6km southwest and 40m down dip of the crest of
the Dolphin oil field.

Faulting occurs within the intra-Latrobe Group sediments towards
the northern part of the feature, however fault expression does not
extend through the top of Latrobe horizon as there is no
interruption of the seismic marker at the top of Latrobe.

The Lakes Entrance isopach (Enclosure 2) indicates thinning of the
unit over the Amberjack structure. Seismic onlap of the Lakes
Entrance Formation onto the top of Latrobe horizon can be
recognised (eg Line GSE89A-58) suggesting that the top of Latrobe
structure was a topographic high pre Lakes Entrance deposition.

SEQUENCE STRATIGRAPHY

After the Gippsland Basin became isolated from the Bass and
Otway basins, sedimentation continued but was more restricted.
However sedimentation was not continous at all times during basin
development. A schematic presentation of generalised Gippsland
Basin Sequence Stratigraphy is seen in figure 3. Essentially
Gippsland Stratigraphy can be divided into three main units pre-rift,
rift and marine.

PRE-RIFT

Sedimentation of the Strzelecki Group commenced during the early
Cretaceous as a consequence of the breakup of Gondwanaland.

The depression was rapidly filled by alluvial fan, fluvial and volcano-
clastic type sediments. During the late Cretaceous rifting resulted in
the formation of horsts, graben and half grabens which were bound
by steep normal faults.

RIFT

From the late Cretaceous to late Eocene the Latrobe Group
sediments were deposited. The Latrobe Group is composed of a set
of synchronous depositional systems - fan delta, fluvial deltaic, near
shore coastal plain sediments that onlapped the pre-existing
surfaces. Some marine incursions are evident elsewhere in the basin
during this period of sedimentation, but were not noted in
Amberjack-1.



In the Vic/P25 permit area, these sediments have predominantly
been deposited in a near shore, coastal plain environment which
includes sandy barrier bar sequences that are intimately associated
with estuarine, lagoonal, back-swamp facies. A modern analogue
would be the present day Gippsland Lakes area.

MARINE

During the Late Oligocene sedimentation became progressively
influenced by the marine transgression which resulted in the
deposition of an alternating sequence of high and low energy
carbonates. Onset of the marine transgressive sequence was marked
by a regional drowning event which is characterised by the
glauconite rich, Gurnard Formation and was followed by deposition
of the Lakes Entrance Formation of the Seaspray Group.

The Lakes Entrance Formation was deposited in a relatively low
energy environment and consists of very fine grained claystone, marl
and calclutites. The low permeability Lakes Entrance are overlain
by high energy carbonates of the Gippsland Limestone which consist
typically of calcarenites which at times are rich in siliclastic content.

The Amberjack-1 well is located along the south-western margin of
the basin. The stratigraphic units intersected by the well are similar
to the sequence stratigraphy described above which fits into the
regional picture. Well to well correlations are presented in
Enclosure 4. As there is reasonable well control in this area for the
Latrobe Group strata, the well was not designed to drill to the
Strzelecki Group. Instead the T.D. of the well was designed to
allow the potential reservoir section to be fully evaluated. As a
result the well was drilled to the upper Paleocene.

The following is a description of the sequence stratigraphy
intersected at Amberjack-1. The dates for the Latrobe Group
Sediments have been obtained from palynological spore-pollen and
dinoflagellate data (refer Appendix 2 and Enclosure 3).

Paleocene-early Eocene (1750-1490m KB)

The Paleocene (upper L.balmei spore pollen zone) to early Eocene
(P.asperopolus spore pollen zone) consists of a repetetive sequence
of sandstone, siltstone and claystone interbeds, with occasional thin
coal interbeds appearing towards the top of the interval.

Within this unit the net to gross ratio is relatively high, the sands
are loose and unconsolidated, medium to coarse grained with a silty
matrix. Associated with the sandstone units are trace amounts of
glauconite and micro-crystalline pyrite. The individual quartz grains
as described in the cuttings are clear, subangular to subrounded and
of variable sphericity.



Electrofacies analysis of this interval indicates that the interval was
deposited in a near shore, coastal plain environment. The gamma
ray log character of the sand units tend to be blocky in nature with
abrupt upper and lower contacts. Upward coarsening and upward
fining sequences can be seen within individual sand units, as are
alternating red and blue dip patterns on the dipmeter log. Some of
the red and blue dip patterns display the same azimuth which tends
to be indicative of foreset beds.

Eocene (1490-1268m KB)

This interval, P.asperopolus to upper N.asperus spore pollen zones,
also consists of a repetitive sequence of sandstone, siltstone and
claystone interbeds, however the coal content has increased
markedly.

The net to gross ratio is not as high as the underlying Paleocene
section although the sand intervals display a similar blocky log
character. The sands are loose and unconsolidated, fine to medium
grained, occasionally coarse grained. The individual quartz grains
are clear, subangular to subround and poorly sorted.

The dipmeter log again displays a sequence of alternating red and
blue patterns in the sandstone units whereas the shale units display
steady dip motifs which are unidirectional. The structural dip of the
upper part of this interval is towards the south-west. The log
character of the gamma ray tends to be blocky with relatively sharp
upper and lower boundaries. The sand-bodies appear to be
composed of a sequence of vertically stacked units. These sand
bodies are separated from the underlying Paleocene section by a
sequence of very fine grained siltstone, claystone and coal interbeds,
representative of lagoonal, swamp, floodplain facies. The sand
bodies themselves appear to have been deposited in a nearshore,
foreshore facies, possibly as foredune ridge or berm in a barrier bar
complex. The sand at the top of the interval contains a high
incidence of carbonaceous laminae, possibly remnant rootlets, which
is often seen in modern analogues, as in the Gippsland Lakes area.

Only a thin veneer of Gurnard Formation (1257-1267 mKB) overlies
the Latrobe Group sediments at Amberjack-1, consisting of very fine
grained claystone and mudstone. The sequence also contains
abundant disseminated glauconite and common to abundant dark-
green/black glauconite grains with variable amounts of
microcrystalline pyrite. These fine grained sediments are typically
green to olive-green in colour and represent the transition from a
non-marine to a marine period of sedimentation.



Oligocene to Recent

During this period, deposition within the basin was dominated by
marine influences. This marine transgressive sequence, known as
the Seaspray Group consists of low energy carbonate deposits, the
marls, mudstone and calclutite of the Lakes Entrance Formation,
which was overlain by higher energy carbonates of the Gippsland
Limestone Formation. Within the Gippsland Limestone Formation
some alteration between high and low energy deposition exists,
reflecting eustatic sealevel changes.

Within this area, on the basin margin, silica-rich sandstone units
have been intersected in several wells. Although correlation of
these sands is difficult with nearby wells, the sandstone interval does
appear to occur at about the same horizon. The sandstone was
intersected in this well at 400-480m KB in which the quartz grains
were described from the ditch cuttings as being loose and
unconsolidated, fine to medium grained, occasionally coarse grained,
moderate to well sorted, subround to round, and frosting of grains is
common. The interval also contained some heavy mineralisation
which is very typical of a fore-dune facies within a linear coastline
environment.

RESERVOIRS

Reservoirs are mostly found elsewhere within the offshore part of
Gippsland basin within in the Latrobe Group strata. In the Vic/P25
permit area, the Latrobe Group was targeted for potential
hydrocarbon reservoirs. The sandstone units within the Latrobe
Group typically are of high reservoir quality as they have high
porosities and vertical and horizontal permeabilities.

The primary target for the Amberjack-1 well was located at the top
of Latrobe horizon where structural closure had been mapped. The
pre-drill stratigraphic interpretion was that upper shore-face sand
bodies would be intersected at or near the top of Latrobe horizon,
which would have provided excellent reservoir characteristics.
Amberjack-1 did, infact, intersect the upper shore-face facies at the
top of Latrobe horizon.

As the prospectivity of the intra Latrobe Group strata is high
elsewhere in the offshore Gippsland Basin, secondary targets were
possible but the trapping mechanism would have been more
stratigraphic in nature as there was no structural closure mapped
below the top of Latrobe horizon.



Within the Gippsland Limestone Formation, the prospectivity of the
high stand transgressive sandstone units seen elsewhere along the
basin margin in this unit is relatively unexplored. However the
sands also display excellent reservoir characteristics and therefore
must be considered as secondary targets. The sandstone unit was
intersected by Amberjack-1 at 400-480 mKB.

SEAL

For the primary target, the low permeability fine grained marls,
mudstone and calcilutites of the Lakes Entrance Formation were
expected to provide a seal for the top of Latrobe sediments.
However at the Amberjack prospect some seismic channelling was
evident in this unit and consequently the seal integrity was in doubt
and a risk was applied to account for this. The Lakes Entrance
Formation was intersected by the well at 1215-1256.5 mKB, and is
41.5 m thick.

Intra-formational claystones and mudstones were expected to
provide the seal for the secondary targets of the well.

SOURCE ROCK

Within the offshore part of the Gippland Basin central deep, the
older Latrobe Group sediments are thought to provide the main
source material for most of the reservoirs discovered to date. As
the Vic/P25 permit area is relatively unexplored for hydrocarbons, it
was considered that the same sediments could provide a local and
regional source for the area. Long distance migration pathways, that
have not been substantiated from the central deep, were also
considered as a possibility to provide hydrocarbons for entrapment
within the permit area.

As the permit area is located along the basin margin where the
Latrobe Group strata is relatively thin, source contribution from the
underlying Strzelecki Group sediments was also considered to be a
possibility. Very little is known about the source potential of this
group as only a few wells have penetrated this horizon. In the
central deep the Strzelecki Group sediments are buried at a
considerable depth and therefore potential source rocks are
considered to be overmature. However along the basin margins the
sediments are much shallower with the posssibility that the source
rocks are mature. This hypothesis was supported by the maturation
and burial history studies that were carried out pre-drill.



HYDROCARBON OCCURRENCE AND SHOWS

During drilling hydrocarbon fluorescence shows were reported from
three zones. The first was in a sandstone unit at 400-480 mKB
within the Miocene (Gippsland Limestone Formation), the second
was in the later Eocene (upper N.asperus spore pollen zone)
sediments at the top of Latrobe 1268-1280 mKB, and the third was
in the mid Eocene (lower N.asperus spore pollen zone) sediments
from 1349-1361 mKB.

Evaluation of the Miocene hydrocarbon shows was hampered
because of the hole size. No samples of formation fluid or reservoir
pressures were obtained from this section, neither were any sidewall
cores or conventional cores. The open-hole and cased-hole logging
suites were of limited value because of the washout of the sandstone
and the resultant large hole.

One 18 metre conventional core was taken from the upper Latrobe
Group from 1271.4-1290 mKB. Visual oil staining, a strong
petroliferous odour, and good fluorescence shows were noted in the
core from 1271.4-1280 mKB. Routine core analysis was performed
on the core which yielded very low oil saturations of less than 6.0%
although porosities were high ranging between 25% and 32% (Refer
Appendix 3). Core permeabilities were also high and ranged from
100 md to 3000 md (See Figure 4 and Refer Appendix 1).

An RFT pretest and sampling programme was run after T.D. had
been reached. The pressure gradient indicated the interval was
water saturated and in the samples recovered only thin oil films and
scum were noted. The hydrocarbons noted in this interval have
been interpreted to be residual and immobile (Refer Appendix 4).

Geochemical analyses of the oil recovered are presented in
Appendix 5. The oil is reported to be severely bio-degraded, and
the hydrocarbon distributions from gas chromatrography indicate
that the samples broadly resemble a mature oil.

Hydrocarbon fluorescence was also noted over the interval 1349-
1361 mKB. Again RFT pretests and formation sampling indicated
the oil to be residual and immobile.
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SEISMIC INTERPRETATION

Due to an incorrect projection being used to transfer shot-point
location data (in the form supplied by a contractor) from the
previous operator, BHP Petroleum had incorrect locations in its
database at the time of drilling Amberjack-1. Consequently, the
well was drilled 250m south of the location picked on seismic line
GSEB89A-58, S.P. 305. Fortunately, this error did not place the well
in an adverse position relative to the Amberjack structure, as
mapped (it may even be in a slightly more crestal location than if it
had been located on the line). The well can be projected along
strike 200m NNE to S.P. 310 on the same line (Enclosure 5).

The corrected check shot time from the well velocity survey at the
top of Latrobe Coarse Clastics is 1.031 sec. two-way, which is Sms
later than the seismic event picked at S.P. 305 but corresponds
exactly with the pick at S.P. 310 (if this is taken at the onset of the
black peak). Although we picked the top of Coarse Clastics at the
centre of the white trough above the black peak for the original
mapping, taking the onset of the peak is more consistent with
standard "SEG normal" data from the area. This is because the
1989 data has not had source signature deconvolution applied, but a
gapped deconvolution instead (which causes some phase
differences). The synthetic seismogram run by Schlumberger,
(Enclosure 8) with a zero phase Ricker wavelet of 30 Hz dominant
frequency, gives a good correlation with the seismic line at S.P. 310
if the synthetic is moved down by about 8 ms., implying a seismic lag
of that amount. The trough corresponding with the top of Coarse
Clastics on the "SEG normal” display is then, however, the one
below the black peak which has been followed on seismic.

The black peak is therefore obviously associated with the top of
Latrobe Coarse Clastics (seismic line GSE89A-58, Enclosure 5) but
there is some ambiguity as to which part of the cycle one should
pick. On balance throughout the Permit, it seems reasonable to
pick the onset of the black peak as the top of Coarse Clastics on the
GSES89A data. The difference in the Amberjack area, where top
reservoir in the well should be picked immediately below the black
peak, is probably due to interference effects with the closely-
overlying top of Lakes Entrance Formation event, at 1.002 sec. in
the well. The discrepancy in the part of the cycle to be picked as
top reservoir in the Amberjack area, where channelling effects occur
at the top of the Lakes Entrance Formation, can be corrected for by
applying a "seismic average velocity" (well depth divided by picked
seismic time). These velocities have been contoured for wells in the
area, including Amberjack-1, as shown on Enclosure 7. This
average velocity map shows a high velocity in the Amberjack-1 area
(due to "faster" Gippsland Limestone) relative to Dolphin, which
explains why the top of Latrobe Coarse Clastics was encountered
some 30m deep to prognosis. Because of the ambiguities of picking
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the top of Coarse Clastics event in this area, the time map
(Enclosure 6) has been corrected to the available well velocity
surveys.

The resulting depth map (Enclosure 1) ties the well and gives the
best approximation to the structural picture, without using seismic
stacking velocities (which are probably only reliable for the 1989
data, of which there is a lot less available than the 1980, 1981 and
1982 data). This shows that Amberjack-1 tested a valid structural
closure, somewhat reduced in relief relative to the pre-drill structure
map. The presence of only residual oil in this trap may indicate
biodegradation, or that the seal has subsequently been breached by
either reactivation of the northern "boundary" fault or by channelling
into the reservoir sequence (to the south of the Amberjack-1
location) with a permeable channel fill at the base of the Gippsland
Limestone. The closure in depth tends to move southwards relative
to the original mapping, so that its crest occurs in the Vic/L17
Licence Area, although the up-dip potential from Amberjack-1 in
this structure is currently sub-economic.

CONCLUSIONS AND RELEVANCE TO HYDROCARBON
ENTRAPMENT

Oil shows were present in several horizons in Amberjack-1, however
all are interpreted to be residual and immobile. The ability of the
sediments to generate and trap hydrocarbons has thus been
confirmed although preservation of the generated oil has not.

The structural closure mapped at the top of Latrobe horizon has
also been confirmed although the post-drill shape of the structure is
a little different from the pre-drill interpretation.

The major salient points drawn from the drilling of Ambex]ack-l are
summarised in the following:

1. Amberjack-1 encountered several zones with oil shows.
However, the oil in each of the zones has been interpreted to
be residual and immobile.

2. The internal stratigraphic units intersected by the well were

similar to prediction in that they were deposited within a
nearshore environment, in a fore-shore facies closely
associated with a lagoonal, back-swamp facies.

3. The structural interpretation for the top of Latrobe horizon

was little changed from the pre-drill interpretation.
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