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Introduction:
Following the drilling of Megascolides-1 located on the Northern Terrace of the Narracan Trough and its subsequent suspension based on promising oil shows near TD, it was decided to shoot the GKG05 2D Seismic Survey with the purposes of identifying further shallow coal gas methane targets and delineating potential conventional oil/gas targets at the Crayfish Sand level and above all identifying the updip potential of the Megascolides-1 oil shows.
The shows were in 3-5 metres of net porous, permeable sands with good bright white-yellow fluorescence and high mud gas readings within the Rintoul Creek Fm (Top Crayfish Group Equivalent).  Geochemical analysis of the sands show up to 60% oil saturation and a porosity range between 12% and 15% at a depth of -1837mSS.
The Korumburra GK05 2D survey was shot during  October and November 2005.  The survey was a high effort factor survey using 3 42,000lb peak force truck mounted vibrators inline with 12m vibrator point intervals.  The receivers were 6x10hzSM24 geophones/group and the group spacing was 12 m with the receiver array being 6m (ie a 1m phone interval spacing).  Sweep length was 2x 6 sec sweep from 6-80hz.  There were 360 channels using a symmetrical split spread with a maximum offset of 2154-6-0-6-2154metres resulting in 180fold with 6m CDP interval or 360 fold with 12 m interval.  Five seconds of data were recorded at 2ms.  This high effort was targeting both the shallow coals for CBM potential at 500m to 800m depth as well as trying to image the deeper Strzelecki interval at 1,500 to 2,000m depth.   The bulk of this 290 km 2D survey was shot over the western and northern shelf edges of the Narracan trough with high density coverage in the area of the Megascolides 1 well.  Seismic lines were still only located on roads with only very rare cross country excursions.  Rain and muddy conditions resulted in these traverses providing poor quality data with many gaps where vehicles could not be brought into the treacherous conditions to provide adequate coverage.

The result of this survey confirmed that Megascolides-1 had indeed been drilled in a syncline at the Crayfish level and that there was up to 250m of updip potential in an easterly direction.  However once again, because the limited coverage (density of roads), the structure is only loosely controlled and fault bounded adding risk to any updip appraisal of the Megascolides 1 shows.

Regional Geology

Geological Setting

The two overlying licenses PEP162/EL4537 lie within the Late Jurassic –Early

Cretaceous Strzelecki rift basin (Figure 1). The EL4537 license covers an area of

(approx 635 km2) and is generally characterised by extensive outcrop of Early

Cretaceous age Strzelecki Group. The larger (approx 2950 km2) PEP 162 oil and

gas exploration permit area extends to the south coast and Western Port Bay

(Figure 2). Both licenses lie on the western edge of the section of

Neoproterozoic–Cambrian crust called the Selwyn Block. This underlying Block

forms a structure that controls the modern topography and ‘closely reflect[s] the

northeast magnetic fabric’ (Cayley et al., 2002). This has been supported by

detailed mapping over the rest of the Gippsland basin that has shown that the

magnetic lows ‘generally correspond to the deepest parts of the Top Strzelecki’

surface (Moore and Wong, 2001, p 43).
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Figure 1. Main stratigraphic and structural zones of Southern Victoria modified from

Cayley et al. 2002

Thin intervals of Tertiary sediments and volcanics partially overlie the Strzelecki

Group. In restricted areas around the margins of the Early Cretaceous grabens

Palaeozoic rocks outcrop or lie beneath the thin Tertiary section.
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Figure 2. Location map, PEP162 and EL4537.
2.2 Structural and Thermal History

The structural history of the Narracan Trough (formerly the Narracan Block) and

surrounds is complex. At least four Mesozoic to Recent tectonic episodes have

modified the basement cover in this area. These regimes were; the Australia/

Antarctica rift and continental break-up tectonics, the Australia/Norfolk rise rift

and continental break-up tectonics, the Australia/Antarctica West Tasmania

wrench margin development and the Australia/ Indonesian archipelago collision.

The net structural effect in the permit area was the early development of a major

graben then episodic Late Cretaceous and Tertiary inversion and uplift. The

timing and magnitude of the later of these events is locally indicated by the

deformation seen in the late Tertiary coals of the Latrobe valley which are

underlain by similar Strzelecki Group filled grabens. It has been estimated that

as much as 5 km of Strzelecki sediments were deposited within the Narracan

trough with up to 1500m of section removed during the late Tertiary inversion.
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Figure 2 Regional Structural Elements  After Blackburn 2002
Local and regional thermal history studies have consistently interpreted a major heating event before the mid Cretaceous and prior to the initial period of deformation/uplift. It is interpreted that prior to the mid Cretaceous, that the rocks within the Strzelecki grabens were likely to have matured and generated oil and gas. This is supported by coal maturity data from the Megascolides 1 well and the  onthaggi and Korumburra coal fields which are preserved at maturity levels

that can produce oil and gas. These coalfields are situated adjacent to the main

depocentre of the Narracan Trough.

2.3 Regional Stratigraphy

Extensive accounts of the geology of the basin, including a detailed discussion of

regional stratigraphy, can be found in Haskell (1972), Hocking (1976), James and

Evans (1971), Douglas and Ferguson (1976;1988), Blake (1980), Thompson

(1986), Lowry (1987; 1988), Lowry and Longley (1991), Abele et al. (1988),

Rahmanian et al. (1990), Featherstone et al. (1991), Partridge (1994), Bernecker

et al. (1997), Tosolini et al. (1999), Woollands (2003), Birch (2003), Holgate

(2005), Bryan et al.(1997), and Morath and White (2004) . The following figures

summarise the conventional lithostratigraphy of the Strzelecki Basin (Figure 4)

and a detailed chronostratigraphy of the Strzelecki Group (Figure 5) as defined

by previous authors. The lithostratigraphy column shows that over the onshore
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Figure 4. Lithostratigraphy of the Gippsland and Otway Basins modified from

a number of sources.
areas there has been major uplift and erosion, removing in excess of 1000m of

rock section of the coal bearing Strzelecki Group.
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Figure 5. Chronostratigraphy of the Strzelecki Group modified from Blackburn, 2002

(After Constantine and Holdgate, 1993). Note this stratigraphic column gives only a guide to the

stratigraphic succession, as age dates recovered from Megascolides 1 suggest an earlier date of

deposition and a more significant erosional break at the top of the Top Crayfish Group. This report has

also treated the Kilcunda and Wonthaggi Formation as the Wonthaggi Formation as there has been little

detailed stratigraphic discussion of the Kilcunda Formation in other publications and well completion

reports.

The closest petroleum wells to the PEP162 permit for stratigraphic correlation are

Tarwin Meadow 1 to the south and Loy Yang 1A to the east. Both wells do not have complete Strzelecki Group sections so Woodside South 1 and Sunday Island 1 well were also considered when estimating predrill stratigraphic thickness. Sunday Island 1 intersected the thickest section of the Crayfish Group Equivalent (which includes the Chitts and Tyers Conglomerate and Rintouls Creek sandstone units). Palaeogeographic mapping of the Early Neocomian main depositional systems by Chiupka (1996) interpreted the limit of the Tyers Conglomerate (Figure 6).
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Figure 6. Early Neocomian Paleogeography trend map by Chiupka, 1996.

2.3.1 Paleozoic Basement

The basement Paleozoic rocks outcrop at Wonthaggi and Longwak within the

PEP162. These are metasediments primarily of Ordovician, Devonian and

Silurian age that belong to the north-south orientated Tasman Fold Belt

(Scheibner, 1978). Cambrian altered basic rocks (Constantine, 1993) and

Devonian granites have also been recorded within the study area.

2.3.2 Cretaceous (Strzelecki Group)

During the late Jurassic to Early Cretaceous the Strzelecki Basin formed in response to NW-SE left lateral oblique extensional rifting (Wilcox et al., 1992). These Strzelecki Group sediments, sourced from cratonic highlands to the north and gradually accumulated within a number of generally northeast to southwest trending grabens and half grabens (Griffiths, 1971). The graben system extends to the east and underlies the giant oil and gas fields of Bass Strait. The same system also extends to the west at least as far as the western end of the Otway Basin in South Australia.
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Figure 7. Tyers river district showing distribution of the Tyers River Subgroup (defined

here as Top Crayfish Group equivalent) as mapped by Tosolini et al. (1999). The map

shows the preserved outcrop of the conglomerates associated with alluvial fan development along the

Paleozoic highlands in the north.
Initial graben fill was derived from the uplifted Paleozoic terrain dominated by continentally derived, quartzose, non-marine sandstones and minor coals, mudstones and carbonaceous shales. It is analogous to the Crayfish subgroup, prospective for oil and gas in the Otway Basin. These predominantly braided river sequences filled the rapidly subsiding alluvial plain within incised valleys cut into the underlying Paleozoic metasediments of the Lachlan Fold Belt. A lithologic and paleocurrent study (Figure 7) of the Tyers conglomerate has revealed that these  lower Strzelecki Group rivers had a southeasterly paleocurrent direction early graben fill sediments (including the Tyers Conglomerate and Rintoul Creek Sandstone) have been described in detail by McNicol and Holdgate (1992) and Tosolini et al. (1999). This interval may correlate to the Loy Yang 1A 1551- 1647m quartz sand rich interval located to the Tyers type section exposed in the north.

Overlying these Early Neocomian quartz rich sediments are the lithologically distinctive Kilcunda and Wonthaggi Formation sediments rich in volcanogenic sediments derived from an eastern extrabasinal andesitic/dacitic source depleted in quartz. The section is characterized by stacked fluvial sands, fine-grained overbank deposits and coal rich intervals, best developed near the base of the interval (Wonthaggi coals). According to Douglas (1976) the claystones and sandstones contain quartz, biotite, hornblende, oligoclase, orthoclase, perthite, microcline, andesite and calcite. However the claystones are dominantly potassic whereas the sandstones are dominantly sodic. The depositional pattern is regionally persistent with indications of marine influences only detected in the far west of the Otway Basin (e.g. Troas-1 well). This is supported by recent paleoenvironmental modelling by Morath and White (2004) that suggests a marine influence during the late Aptian.

The components of cratonic hinterland derived claystones, quartzose sands and metamorphics is generally less than 20%, except in the basal units, compared with over 85% in the lower Strzelecki. According to a predrill study by Blackburn (2002, p9) the spatial distribution of the Palaeozoics along the northern margin of the Strzelecki basin suggests ‘that arkoses may be present within the west, while fan conglomerates and sandstones are more likely in the central and eastern part’ of the PEP162 permit. These sediments were predominantly deposited by rivers along the rift valley in braided streams, alluvial fans, over flood plains and into deltas and swamps (Figure 8). According to Bryan et al. (1997) sedimentation is controlled by westerly directed paleocurrents.
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Figure 8. Generalised Early Neocomian Stratigraphic section by Chiupka,1996.

During the start of the Late Cretaceous, the Bass Strait early rifting failed and a northwest-southeast zone of strike-slip faulting to the west of Tasmania, absorbed the motion related to the continuing east-west rifting. This rifting Figure 8. Generalised Early Neocomian Stratigraphic section by Chiupka,1996. eventually separated the continents of Australia and Antarctica from each other.  During the period, the sea began to flood into the rift from the west marking the start of the opening of the Southern Ocean and the Tasman Sea. A phase of compressional uplift was also associated with the continental breakup and is considered to have compensated for rift valley sag caused by the crustal loading of volcanogenic derived sediments sourced from the east. By the end of the Cretaceous a passive margin was formed along the southern coast of Victoria.  The Woodside Formation Strzelecki Group sediments that are absent in the Megascolides 1 indicate substantial inversion and erosion of the Northern Terrace area at this time (Figure 4). This Upper Strzelecki Group section is penetrated in a number of onshore wells close to the Permits such as Loy Yang 1A, Sunday Island 1 and Wellington Park 1 onshore wells. The stratigraphy is primarily interbedded volcano-lithic sandstones, siltstones and shales with minor coal units. (Chiupka, 1996).  The top of the Group is an unconformable surface that corresponds to the opening up of the Southern Ocean at the end of the Albian stage (Hill et al.

1995).

2.3.3 Tertiary

Overlying the Strzelecki Group onshore is the Latrobe Group (Figure 9). In the northwest region of the basin, over the PEP162 permit area, it has been divided into five Formations that relate to several main phases of positive structural inversion that occurred from early Late Cretaceous to the present day (Veevers, 1984; Duddy & Green, 1992). The first major deformation activity occurred during the Middle to Late Eocene time as northeast-southwest compressional anticlines formed and volcanism initiated along the western margin of the basin. Another major event occurred in Late Miocene reactivating the formation of anticlinal structures. The last tectonic event was the “Kosciusko” Uplift during Late Pliocene to Early Pleistocene which caused a basinward tilting of the sediments (Douglas & Ferguson, 1976). In the Megascolides 1 well only a thin Tertiary

section of fluvial-paludal coarse grain quartz sandstone was encountered overlain by the basaltic lavas of the Thorpdale Volcanics. These volcanic flows have been tentatively placed at Late Eocene –Early Oligocene age by Mehin and Bock in the onshore Gippsland Basin (1998). To the south at Woodside 1 these Tertiary alluvial valley sediments thicken recorded by a recovered section of 47m.
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Figure 9. Tertiary Isopachs showing extent of Thorpdale (Older) Volcanics and Yarram

Fm (Childers) mapped by Hocking, 1976.

Paleogeographic mapping of the Tertiary sequence over the Gippsland Basin has shown multiple transgressions and regressions of the coastal plain and barrier

settings during the Late Paleocene to Early Oligocene (Fielding, 1992) with paleoshorelines orientated southwest to northeast and located around the modern Blackback field (Rahmanian and others, 1990; Fielding, 1992; Megallaa, 1993; Moore and others, 1992; Gross, 1993). Progressive westward marine transgression backstepped a wide zone of shoreline environments to finally onlap the terraces to the northwest of the basin followed by alternate eastward stepping regressions. These shorelines were backed by an extensive coastal plain surrounded by alluvial and fluvial settings controlled by large regional faulting (Douglas, 1976; Fielding, 1992). Continental clastic sediments were sourced from the north, the Bassian Rise Southern Platform to the southwest, south of the basin and from the west along the basin axis.

GKG05 2D Seismic Survey.
During October and November of 2005 Terrex recorded the Gippsland Karoon Gas 2005,  GKG05 Kurrumburra 2D seismic survey using 3 inline Vibrators with 42,000lb Peak Force, VP  and group interval of 12 m.  Two sweeps from 5-80hz of 6 seconds each were used resulting in sweep energy per km of 1000sec/km – a high effort survey.  Because the survey needed to be illuminate both shallow and deep targets high effort had to be employed and as high a frequency input as possible was employed to provide shallow resolution.

[image: image10]
Fig  10      Location of Seismic surveys in PEP 162 – Black lines is the GKG05 2D

The data was processed by WesternGeco using locally (Melbourne) based geophysical consultant Mr Michael Hartley.  The processing stream entailed Crooked Profile Land Geometry, Minimum phase conversion, amplitude recovery, swell noise attenuation to remove anomalous amplitudes, F_K filter linear noise attenuation,  EGRM refraction statics, first pass velocity analysis, Residual statics, second pass velocity analysis, Deconvolution, Dip Moveout, third pass velocity analysis, Radon Demultiple, Normal moveout, pre stack scaling,  Mute, floating to final datum correction, trim statics, perpendicular offset limitation (reject traces with >200m crooked line offset), stack, post stack Kirchoff migration, tau-p filter, TVF and TVS.  This was a high effort stream to try and provide both high quality high resolution shallow imaging and deep conventional hydrocarbon play quality imaging.  
The results were mixed but generally the data quality was fair and better than what had been achieved in the past.
Interpretation
The survey was designed to provide regional (single line) coverage in outlying parts of the permit where the thickest section of Cretaceous was believed to be, to provide a glimpse into these areas.  Maximum line concentration was focussed on Megascolides 1 area to see if it is possible to define a prospect updip of that well.  The terrace areas to the northwest and western areas of the permit were covered with intermediate density coverage.  Due to the high density of faulting in these relatively old rocks, the intermediate areas did not provide sufficient sampling to resolve the faulting.  However it is believed, there is sufficient data to identify relative highs and lows at the Crayfish equivalent level.
Approximately 1.5 seconds of potentially useable data was recorded.  The first half second is the zone over which shallow coals are targets to be identified, and below that, is the zone of conventional hydrocarbon exploration.  Based on the Megascolides 1 well, the only real chance for good reservoirs with little to no contamination by volcanoclastics and labile mineralogy which would expunge permeability is at the level of the Crayfish equivalent or lower, before the onset of local massive volcanic events.

In this dataset, there are no events which are diagnostically unique, clearly identifiable by their attributes or geometrical or stratigraphical characteristic.  In different areas, the same sequences display different attributes which is probably a result of changing palaeogeographical relationships at the time of deposition.  Looking at the Megascolides logs,  there is no unique outstanding diagnostic acoustic impedance boundary that would give rise to a characteristic event, and so, mapping ‘events’ or ‘sequences’ over large distances in this highly faulted terrain is difficult and consequently the results of such attempts are unlikely to instil a high level of confidence in it.
On some lines (Fig 11), the impact of post Cretaceous inversions is quite obvious.  Evidence for this is in the form of folds often with faulted axes.  Also there is thinning and thickening above the purple event.  
Occasionally within these inverted folds there are amplitude events and ‘flatlyers’ reminiscent of DHI’s.  However, given that the levels at which they occur, there are unlikely to be  reservoir quality rocks, so it is difficult to imagine what might lead to such events.  Perhaps they are gas accumulations, trapped in the jointed, faulted and fractured cores of anticlines sealed by more malleable lithologies.  Whatever the cause, if they are gas accumulations, they are probably volumetrically too small to present viable exploration targets but are academically interesting.  These events are discussed later in this report.
Seven levels were mapped Figure 12. Some were mapped only partially since it was not possible to tie these horizons around with sufficient confidence to make a worthwhile map.

Red Horizon

The shallowest event is a surface simulating horizon and basically follows a shallow discontinuous event.  It is unlikely that this is the base of the Thorpdale volcanics or any meaningful stratigraphic event.  It must be realized that at these shallow levels, the fold is somewhere between 1 and 4 or so, the really shallow events therefore (given the ambiguity of the moveout velocities and the inability to cancel noises at these levels) are impossible to meaningfully tie to the and in all probability may in part be processing artefacts or noise rather than seismic reflections.  To actually see so shallow in the section with confidence, it would be necessary to use a different tool, not the conventional vibrators used on this survey.

Mostly the zone between the surface and the first mapped event is a zone of weak discontinuous reflections.  It is within this is the zone where the potentially economically exploitable methane bearing coals would exist if they occur at all.  and these should show up as strong reflections providing they are of  appropriate thickness and spacing.

Over most of the area, the seismic in this shallow zone has the characteristics displayed as in Figs 11 & 12, medium to low amplitude events of a discontinuous nature of medium to low frequency.  Occasional rare glimpses of high frequency data occur which provide a window into this zone (eg offset 4000 and 9000 Fig 19).  In some places such as near Mirboo North,  amplitudes do develop as in KG05-20 Fig 13, a W to E seismic line from Wooreen to Mirboo North.

As a result of this survey, and the results of Megascolides 1, it was decided to cease active exploration for Coal Seam Methane in this permit unless the updip Megascolides well provided evidence to the contrary.

Purple Horizon  (Intra Strzelecki Sands)

The purple event was defined more to the West in the Lardner-Hallora area and was interpreted as the first continuous sequence boundary with some downlap on top and a largely bland zone above.  This event is a sequence boundary within the Strzelecki Gp Sands.  Even after drilling the Megascolides 1 it is difficult to give this boundary a definitive name.


[image: image11]
Figure 11  Line KG05-08 showing young inversions (North on right).

.
[image: image12]
Fig 12.  Seismic Line KGO5-01 – runs east from Megasclides 1 showing the seismically mapped levels


[image: image13]
Fig 13  Seismic line KG05-20 showing amplitudes in the shallow section above the purple event.


[image: image14]
Figure 14 Zoom on Line KG05-08 showing downlap onto purple event and occasional truncation.  Also shows young inversion.

Green (‘B’ Unit) and Orange (‘C’ Unit) Horizons

Then next two events the ‘Green’ and ‘Orange’, bound a prograding sequence and form part of the Strzelecki Group Sands package.  Between these two events, lie fairly continuous and high amplitude events which downlap onto the ‘Orange’ event and subcrop the green event (Fig14).
Dark Green Horizon (Rintoul Creek Formation)

The event of most interest is the top of the sandy interval where the shows occurred at 1889m in Megascolides 1.   Analysis of the vitrinite trend and regional geology shows the presence of a significant unconformity at the base hughsii or base Rintoul Creek Formation which also marks the top of the Crayfish equivalent unit and the top of the interval where volcanoclastics are not prevalent.  
Seismically this sequence boundary does not have a characteristically diagnostic expression however the way the well is tied to the seismic (without the benefit of a synthetic trace), it seems the top Crayfish equivalent corresponds to a zero crossing peak to trough.

The logs show the top of the Duck Bay Volcanics as a significant drop in density and slowing of interval velocity.  This only applies the weathering layer of the top 20m of volcanics.  Once the 20m of slow, low density weathered volcanics are penetrated, there are underlying unweathered faster and denser volcanics to TD. 
Blue Horizon

Another 60ms TWT below the ‘Green’ horizon, is a major event on the seismic; a peak followed by a symmetrical trough, or a peak-trough-peak.

It is tempting to equate this event with volcanics and in all probably it is associated with intrusives associated with the intrusion and extrusion of the Duck Bay Volcanics which would be the equivalent of the Pretty Hill volcanics in the Otway Basin.  In this report, the event has been referred to as ‘basement’ for want of a more definitive name since it is highly unlikely that there are prospective formations deeper than this level.  The high amplitude nature of this event is not uniform across the area.  In fact, this character is local to this area.  The event does seem to correspond to a sequence boundary of some significance and may even the unconformity at the top of the equivalent of the Casterton Formation in the Otway Basin.  There is some evidence that some faults, seem to cut no higher than this level.  In some areas, strong events occur much deeper in the section than the mapped ‘Blue’ event, and at the ‘Blue’ event level events are within normal average amplitudes ranges.

Depending on location in the area, there is not much more mappable data below this event.


[image: image15]
Figure 15 Magnified image of KG05-01 Through Megascolides 1.


[image: image16]
Figure 16  Partial Composite Log near TD.

[image: image17]
Figure 17  Line KG05-14  Showing bland section between Khaki horizon and Green.

Khaki horizon (‘D’ Unit)
The ’Khaki’ event was mapped in some areas because the interval between the ‘Orange’ (base of progrades), and the ‘Green’ (near top of Crayfish equivalent) particularly in the western shelfal area is quite thick.  In some areas of the southwestern area, it marks the boundary between a bland unit below and a higher amplitude unit above (Fig 17).  In the most of the rest of this area this distinction disappears and in some areas, particularly the eastern area, the event was not mapped.
Since there are so few characteristic events or sequences and such a high density of faulting, interpretation is mostly model driven.  Most of the mapping effort went into ensuring that a follow-up well to Megascolides 1 drilled on the concept of a valid oil show at or near the base Rintoul Creek Fm/top Crayfish equivalent in Megascolides 1, would in fact be updip and provide a valid trap.
Structure Maps
Blue horizon
Regionally, most of the mapping involved dip mapping where events were carried through the area relying on the dip of the overlying and underlying events and faulted in sympathy with adjacent events so that a relatively consistent story results.

The fault pattern at this level shows the NE-SW ‘Golden Beach’ trend with some E-W trending overprint.  The shelfal areas of shallow basement exist to the north and to the east where there are near surface granite intrusions with a thin cover of Tertiary.  Generally the section thickens to the east as the blue horizon drops away by way of tilted fault blocks despite post Cretaceous inversions (see figs 11 &14). What is striking at this level is the high degree of faulting and the fact that most of the faults are rotated fault blocks except for the basin bounding faults which show less rotation.  An example of this can be seen in figure 19.

If the major bounding faults in this area are roughly east west in trend, and the linking faulting is predominantly NE-SW, then this is reminiscent of E-W shear movement and perhaps this was active during late Cretaceous and younger times as inversion took place.  Even though all the fault blocks are tilted there is little wedging of the sequences – just regional thickening and thinning, so that if there was faulting it would not have involved tilting during the Cretaceous.

Dark Green Horizon (Top Rintoul Creek Fm)
The key horizon of interest was the dark green horizon which corresponds to near the top of the Rintoul Creek Formation or the top Crayfish Group equivalent or Top of the ‘Crayfish Sand’ equivalent.  This is the first of the potential reservoirs for conventional hydrocarbons and is the event near where the oil show was drilled in Megascolides 1.  

The regional structure is similar to that of the blue horizon but the faulting, while still high density, is less than at the Blue horizon level.  It should be mentioned that in fact only the ‘significant ‘ faults were mapped on the seismic.  In detail there would be many more faults.


[image: image18]
Figure 18  TWT time structure map at the level of the Blue horizon (Economic Basement)

[image: image19]
Figure 19 Line GDAGBA01A-04 showing basin bounding fault and rotated fault blocks.

This horizon was also of interest because it is on the basis of this event that the next well would be drilled in this permit, updip of Megascolides 1.  Figures 20 and 21 show the depth structure maps prepared for this horizon.  Figure 20 is a more regional map over most of the Permit while Figure 21 focuses in on the Megascolides 2 and Raniformis 1 locations.

It was deemed appropriate to have two locations ready to drill in case the updip location on Megascolides was successful so the Raniformis location was identified as a potentially good location in the next fault block out of the basin, shallower in the section and therefore potentially better porosity.   It was also a structure that was an old one rather than choosing one of the recently inverted and folded structures which would have possibly been formed after the maturation and migration of hydrocarbons in the area.

Depth Conversion:

There is little doubt that Megascolides 2 represents an updip location from Megascolides 1.  Even if there are errors in tying the Megascolides 1 well to the seismic, all time dips plunge down to the west.  Exactly how much updip the well would be depends on the depth conversion.

In this case depth conversion was carried out by simply using the Megascolides 1 time-depth relationship and extending it over the whole area.  Considering how poor the velocity gathers were on the old and the newly acquired seismic data, it was felt

that nothing significant or reliable would be gained by trying to use the seismically derived velocities when the nearby well has a quite linear Time vs Depth function – see fig 22.  

Even in the shallow section above the Purple event the interval velocities are not substantially different from those deeper in the section so the thinning of this section would not lead to any radical changes in average velocity changes.

While vertical linearity of time depth relations do not necessarily imply a lack of lateral velocity changes, it does indicate that unless there are indications of lithological/stratigraphic changes, varying the thicknesses of stratigraphic units are unlikely to impact greatly on the average velocity at a given spot.  There is also no seismic evidence that clearly demonstrates a radical lateral change in depositional regime and therefore a consequent change in lateral interval velocities for any particular unit. and consequently, for our purposes of reasonable accuracy in the vicinity of Megascolides 1 it was felt the best depth conversion would be obtained by using the Megascolides 1 Check shot survey time depth relationship.


[image: image20]
Figure 20  Depth to near Top Crayfish Sand structure map (regional).


[image: image21]
Figure 21  Depth to Near Top Crayfish Sand structure map focussing on Megascolides 2 and Raniformis proposed well locations.


[image: image22]
Figure 22  Megascolides 1 Velocity Survey Results

It is considered however that while these arguments apply generally to a deep level like the Dark Green horizon it applies less to shallow events or events deeper in the section where there is no velocity data at all.  However given that the relationship of time to depth in Megascolides 1 is really quite linear, it was felt that time mapping was appropriate for shallower and deeper events since the time maps probably reflect  reliable depth relationships reasonably well.

[image: image23]
Figure 23  Shallow seismic attribute anomalies  or anomalies in reactivated young structures.  Seismic line KG05-08


[image: image24]
Figure 24 Map showing areas of young structural antiformal  development (green blobs) with red outlines around those associated with flat lying or amplitude anomalies and the red shading signifies areas where there are amplitudes shallower than the Purple event.

Shallow anomaly map.

As mentioned above the structuring can be separated into old structures and those that have been reactivated post Cretaceous, most likely in the Eocene.  It was noticed that some of the one line leads had either flat lying events or amplitude anomalies associated with them.  These leads could be potential high side fault closures or rollovers associated with reactivation.  What is intriguing is that the seismic attribute anomalies are not restricted to one level, they can occur virtually at any level and even at multiple levels.  We know from the well that reservoir quality rocks are sparse in the section and really only exist at the Dark green horizon (Crayfish sand equivalent), the rest of the section being tight due to the presence of volcanoclastic constituents in the rocks.  Earlier in this report, it was suggested that perhaps fracturing occurs in the sores of folds especially during inversion but his does not explain anomalies on the high sides of faults.  Consequently there is probably no single explanation proposed for these anomalies nor are they forwarded as an indication of hydrocarbons or prospectivity.  They are noted and mapped in Figures  23 and 24.
Figure 24 shows a map of areas of potential structural antiformal or fault closure development (green blobs) at any of the stratigraphic levels mapped.  The red outlines are drawn around those associated with flat lying or amplitude anomalies. The best shallow development of amplitudes which may be an indication of the presence of coals occurs in the red shaded areas where there are highest amplitudes shallower than the Purple event.  However in this part of the basin, the amplitudes occur too deep in the section to be considered of interest for CBM exploration.
Jorg Bein.  26/11/2007
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