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CONCLUSIONS AND RECOMMENDATIONS

Conclusions

1)

2)

3)

4)

5)

The Cape Sorell Sub-Basin has resulted from extensional tectonics
related to the rifting apart of Australia and Antarctica which
started in Jurassic (?) to Lower Cretaceous time and culminated in
Eocene time. The stratigraphic section is therefore similar to the
Otway Basin, on strike to the north.

A thick section of sediments was formed by synsedimentary fault
movement during Cretaceous time.

The principal objective horizons in the prospective structures are
Cretaceous in age, specifically the Lower Cretaceous Pretty Hill
Sandstone equivalent and the Upper Cretaceous Waarre Sandstone
equivalent.

Both objective horizons are sealed and possibly sourced by Upper
Cretaceous marine shales. Other possible source rocks are in the
Jurassic (?)-Lower Cretaceous section.

The Jurassic (?)-Lower Cretaceous section is thermally mature at
the prospect area and should have expelled any generated oil from
Paleocene time onward. Hydrocarbon shows to-date in the Otway
Basin area indicate the area is gas-condensate prone with possi-
bilities of o0il generation and migrationm.
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Recommendation

It is recommended that a 12,000 foot well be drilled on the Cape Sorell
prospect. This well would adequately test the Upper and Lower Cretaceous
sections as well as penetrate possible older Mesozoic to Paleozoic
section below the Lower Cretaceous.
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Introduction

The small sub-basin underlying permit area T-12-P, hereafter called the
Cape Sorell Sub-Basin, lies approximately six to ten miles offshore west
Tasmania near the town of Strahan and is about 30 miles long and 15
miles wide. The sub-basin is fault bounded on the north and east and to
a lesser extent to the south. The nearest well control is the Esso/
Hematite Clam 1 well 110 miles to the north. The Cape Sorell Sub-Basin
is on trend with the Otway Basin, approximately 250 miles north, where
some 100 wells have been drilled to date.

The purpose of this study was to use the methods of seismic stratigraphy
to determine first, the relative age of the prospective section and
secondly to gain an understanding of the possible vertical stratigraphy
which may be encountered as well as the possible areal extent of that
stratigraphy. This was done using the 785 km. of seismic shot in March,
1981, plus the geologic data from the Clam 1 well (Figure 1), the onshore
geology of western Tasmania, and the published stratigraphy of the Otway
Basin (Figure 2), and geology of Antartica.

Regional Tectonics and Structure

The Cape Sorell Sub-Basin is a remnant of the rift margin between Australia
and Antarctica which was initiated in Jurassic to Lower Cretaceous time.
Extensive Jurassic dolerites in eastern Tasmania are thought to indicate
the initial rifting phase of the two continents. Further north, in the
Otway Basin, a major period of tensional faulting occurred in the Lower
Cretaceous producing a series of half-grabens bounded by down~to-the-basin
normal faults. These faults do not extend up into the Upper Cretaceous

or Tertiary sections. This same period of faulting is thought to have
formed the Cape Sorell Sub-Basin (See Encl., 1). After this period of
extensional tectonism, the basin has gently subsided. This subsidence

was aided by apparently continuous normal fault movement on the basin
margin faults, at least until Upper Cretaceous time.

During Focene time actual separation of Australia and Antarctica took
place and the first ocean crust of the present Southern Ocean was formed.
This is evidenced by the DSDP corehole number 282 which penetrated
Eocene submarine basalts. It was also at this time that the several
diapiric~like structures may have been formed. These structures show on
the seismic as piercement features which penetrate into the supposed
Eocene section. These features, as shown on Figure 1, are parallel to
the eastern basin margin fault. Tertiary intrusives occur elsewhere in
the Bass Straits area and these features may be more of the same. The
paleolatitude of 60° south latitude at this time would seem to rule out
salt or other evaporites as the cause of the diapir.

Stratigraphy from Surface and Subsurface Control

The oldest sediments in the area are Precambrian metamorphics, including
quartzites, conglomerates, and phyllites. Cape Sorell is itself a
Precambrian outcrop which appears to extend below the surface northward
and thus form the eastern margin of the Cape Sorell Sub-Basin. Elsewhere
in the area, the Clam 1 well penetrated Precambrian meta-phyllites dated
at 630 MM yr.
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Paleozoic rocks, composed predominantly of siliciclastics are common
onshore in west Tasmania. The Clam 1 well penetrated Devonian (?)
redbeds lying above the Precambrian. These Paleozoic siliciclastics,
later uplifted and eroded, form the source area for the Cretaceous and
Tertiary sediments thought to be present in the Cape Sorell Sub-Basin.

The oldest section encountered in the Otway Basin is the Jurassic to
Lower Cretaceous, Lower Otway Group composed of black shales, basalts,
and sandstones. The black shales are known to be marginal source rocks
for gas and light oil in the Otway area. The basalts are contemporaneous
and like the dolerites on Tasmania, they are thought to evidence the
initial rifting of the Otway Basin area. This basal unit is overlain by
medium-to-thick bedded quartzose Pretty Hill sandstones which are the
principal Lower Cretaceous objective. The sands have 15 to 257 porosity
and fair to excellent permeability. The Upper Otway Group produced 157
MCFGPD plus oil/water emulsion in the Port Cambell-4 and 245 MCFGD plus
51° API condensate in the Flaxman-1 well. Minor oil shows have been
recorded elsewhere in the section. The sands are developed on or near
the flanks of paleohighs and represent a rift valley alluvial fan sequence.
The Otway Group sedimentation was terminated by a period of uplift and
erosion. This resulting unconformity is not definitively dated but it

is probably synchronous with the major Aptian-Albian unconformity seen

in many places throughout the world.

Above the unconformity, the Waarre Sandstone forms the basal unit of the
transgressive Sherbrook Group. The sandstone averages 100 ft. thick and
has an average porosity of 237 and fair permeability. The Waarre Sandstone
is the principal objective in the Upper Cretaceous section. The sandstones
produced 4 MMCFGPD plus condensate in the Port Campbell-l well and 140
MCFGPD in the Pecten-1A well. The sandstones are overlain by marine

shales and siltstones which form a regional seal for the basal sands.

The Paleocene and Eocene form two separate transgressive-regressive
sequences composed predominantly of continental alluvial-deltaic sands,
shales and lignites. Although these sands could form potential reservoirs
the Tertiary section is not deeply buried and thus any Tertiary source
beds are immature over most of the Otway Basin area.

The Oligocene-Miocene marks a basin-wide marine transgression composed
of marls and limestones. The Pliocene to Recent was marked by uplift
and erosion and associated volcanism which is widespread in the onshore
portion of the Otway Basin.

Seismic Depositional Sequences and Their Assoclated Seismic Facies

As an initial step in this study, the east-west oriented, or dip, seismic
profiles were divided into seismic sequences. Vail, et.al, defirne a
sequence as a "stratigraphic unit composed of a relatively conformable
succession of genetically related strata and bounded at its top and base

by unconformities or their correllative conformities". Seismic depositional
sequence boundaries are identified by the terminating reflectiomns above
and/or below the boundary.

An investigation of the seismic lines in the area shows some of the
sequence boundaries to be obvious while others are less so. Seismic

}
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line W-81-8 is included (Encl. 2) to illustrate the different depositional
sequences and seismic facles. The seismic facies are determined by the
variations in amplitude, continuity, and shape. On line W-81-8 the

upper wedge of sediments from the sea floor to the orange horizon are
characterized by low amplitude, parallel, continuous reflectors. This
type of seismic facies is indicative of low energy, marine deposition.
Similar, but less distinct facies can be seen in the section from the
dark blue horizon to the green horizon. Here, the reflectors have good
to fair continuity, medium amplitudes and lower frequency. Refering

back to Figure 2 it can be seen that only two major periods of marine
transgression occur in the Otway Basin area. The first in Upper Cretaceous
time and the second in Oligocene-Miocene time., It is therefore postulated
that the uppermost section marks the Oligocene~Miocene marine carbonate
transgression while the lower section marks the Upper Cretaceous marine
transgression over the unconformable Lower Cretaceous surface. This
Upper Cretaceous transgression would include the basal Waarre Sandstone
which is a principal objective in the area.

The section between the two marine transgressions contains at least
three sequences which are characterized by varying amplitudes, some very
high; poor continuity; and in some areas, prograding stratal surfaces.
This type of facies is indicative of continental-to-marginal marine
alluvial-deltaic sediments. 1In this type of depositional enviromment,
interbedded sand, shales, and lignites give rise to the highly varying
amplitudes and continuity commonly associated with the delta plain
enviromment. The inclined oblique to sigmoid prograding surfaces are
also indicative of the delta enviromment. The entire section between
the two transgressions is dividied into three regressive, prograding
delta systems, one in the Upper Cretaceous, Paleocene, and Eocene,
respectively.

On line W-81-8, it 1s interesting to note the very high amplitude reflec-
tions seen in the delta slope or delta toe positions of the Paleocene

and Eocene deltas. On a stike line these appear as hummocky, chaotic
reflectors. Vail, et. al., would consider these reflectors to be caused
by turbidites, where porous sands are trapped between shales giving rise
to the high amplitudes.

The green horizon is a distinctive erosional unconformity over most of
the area. In the southern portion of the permit area the section below
the green horizon is highly faulted by down-to-the-west normal faults
(Encl. 3). This period of faulting and erosion can logically be related
to the early rifting extensional tectonics of the Jurassic (?) to Lower
Cretaceous. The section directly beneath the green horizon is then
considered to be Lower Cretaceous or older in age. Because of decreasing
signal return at depth it is difficult to define a seismic facie for
this section, although its location near the major basin margin fault
would seem to suggest a similar depositional enviromment to the Pretty
Hill sandstones mentioned earlier. These would be another primary
target in the area of interest.

Below the green horizon there are several unconformities whose extent
and age cannot be specifically determined. Because of the lack of
equivalent section onshore, the geologic history of the Mesozoic is

..
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sketchy. The section under older unconformity may be Jurassic or Paleo-
zoics. On Enclosure 2, a major angular unconformity can be seen below
the pink horizon. This erosional truncation has an amplitude anomaly
assoclated with it which could be an indication of increased porosity.

Summary of Cape Sorell Sub-Basin Stratigraphy as Derived from Seismic
Stratigraphy

The most obvious sequence boundary in the permit area is the green
horizon marking the top of the Lower Cretacecus. Jurassic (?) to Lower
Cretaceous time marked the creation of the major basgsin margin faults to
the north and east and thus the initiation of rapid subsidence. At this
time a thick wedge of Lower Cretaceous clastics (Pretty Hill equivalent)
was developed next to the fault and thins westward. An isochron map of
the Lower Cretaceous to Basement (?) is shown as Enclosure 4. On this
map it appears that the major sediment influx into the sub-basin was
from the northeast and south. The southern portion of the area being a
faulted high area at this time, relative to the sub~basin. Several
periods of uplift and erosion are evident in the Pre-Tertiary section,
as mentioned earlier, with the most widespread being the top of the
Lower Cretaceous.

- The erosion associated with the Aptian-Albian unconformity (green horizon)
produced two major erosion channels with an erosional high between.

This erosional high is part of the Cape Sorell prospect. Subsequent to
the channel formation, the channels were infilled to approximately half
their length (see Encl. 2). This channel fill is Aptian-Albian in age
and should form a lateral seal for the main Cape Sorell prospect.

The channel infilling ceased as a result of the Upper Cretaceous marine
transgression, which on line W-81-8 can be seen to onlap the Lower
Cretaceous green horizon and then the channel fill sediments. The basal
sand objective is covered by marine shales and siltstones which should
act as both a source and seal for the sands below. The transgression
was followed, still in the Upper Cretaceous, by a regressive prograding
delta sequence. This regressive sequence (Sherbrook Group equivalent)
was apparently sourced from the northeast (Encl. 5). Up until this time
the eastern basin margin fault was continuous in movement, creating a
rollover of sediments into the fault. During the regressive Upper
Cretaceous phase the faulting ended and the gection builds above the
Precambrian (?) basment immediately to the east.

The Paleocene and Eocene are represented by two separate regressive
cycles sourced from the east (Encl. 6). The stratigraphy of each would
be represented by a prograding sequence of shales, sandstones, and
lignites. The more sand-prone delta plain facies are represented by the
higher amplitude, higher continuity reflectors which occur at the top of
each cycle. Similarly, the sand-prone turbidites within the cycles also
show up as obvious reflectors. This section is unfortunately thermally
immature and not considered prospective at this time.
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The last major sequence is the marine transgressive Oligocene~Miocene
marls and limestones equivalent to the Port Campbell Limestone of the
Otway Basin. Low interval velocities in this section indicate it may be
shale prone but the same limestone section in the Clam 1 well also had
low seismic velocities. Later uplift and erosion landward has resulted
in an erosional pinchout of this sequence before it reaches the coast
(Encl. 7).

The complete anticipated stratigraphy of the Cape Sorell Sub~-Basin is
shown as Figure 3. Only a portion of the anticipated stratigraphy is,
however, thermally mature. Figure 4 shows that only the Pre-Tertiary
section has reached thermal maturation. Using Amoco methods of estimating
thermal maturation and time of generation and expulsion, it is thought
that the Lower Cretaceous or older section was thermally mature and

could have expelled oil from Paleocene time onward (this of course

assumes average oll-prone source rocks are present). By Pgleocene time
the prospective structure was well sealed by Upper Cretaceous shales.

PDH53/D
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