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Introduction

The Wallal Rift System contains a series of fault-troughs (largely half-grabens) in two
embayments and the Samphire Graben (Fig. 1a). The troughs contain up to 4.5 km of
sediments on the magnetic basement. Their total onshore area (20,290 km2) is larger than the
onshore sector of the Willara Sub-basin (18,345 km2). These are, however, less explored
than the northwestern part of the sub-basin, within which Samphire Marsh—1 is the closest
well to the rift (TD=2013m). The well intersected 775 m of the Lower Ordovician Nambeet
Formation under the Lower Permian Grant Group and ended in Neoproterozoic granitic rocks
on the margin of the Samphire Graben. Seismic lines tied to the well indicate that the
Ordovician section thickens down-dip into the graben (Purcell and Poll, 1984, fig. 19).

Seismic exploration during the 1980s and 1990s suggested that a pre-Permian Paleozoic
section is present in the northern rifts. Various types of sub-Grant leads and traps were also
proposed or mapped, although none was tested. Recent studies have suggested that a

Larapintine 2 petroleum system may be present in the rift (ISIS, 2007; Alavi, 2013), although
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pre-Permian Paleozoic sediments have not been penetrated. Here we predict the Lower

Paleozoic stratigraphy and examine petroleum potential of the rift in some details.

Insert Figure 1 here.

Exploration history and previous studies

The northern Wallal Embayment and the Samphire Graben were discovered during the
1950s. The first three stratigraphic wells were drilled in the Wallal Platform to control depth to
basement. The deepest well may have ended in the Grant Group (BMR 04A Mandora,
TD=679 m; Mory, 2010). Three wells were also drilled in the Wallal Embayment, the deepest
of which ended in Precambrian rocks under the Grant Group (Pandanus—1, TD=880m). The
other two ended in the Grant Group (Chirup—1, TD=762m; Corbett—1, TD=800m). There is
only one comparatively deep minerals exploration hole in the Samphire Graben (Sandfire—1,
TD=760m), but there is no well in the Waukarlycarly Embayment. This is much larger than
Wallal Embayment, but it was not known until the early 1990s, when Purcell attributed its
associated gravity low to a graben that was confirmed by a seismic survey (Hunt QOil, 1997).
The company assigned ‘base Paleozoic’ at the base of a bland seismic interval under the
Grant Group, well above the acoustic basement (Roach et al, 2010, fig. 2.6). By comparison,
Purcell interpreted five sub-Grant seismic units on the acoustic basement. The lower four
units are comparable with supersequences of the Ordovician—Silurian supersequence in the
Willara Sub-basin (Romine et al, 1994, fig.8). We interpret the bland unit (second unit from
above) as the evaporitic Upper Ordovician—Silurian Carribuddy Group, since Bagas (2005)
assigned the uppermost (first) unit to Devonian—Upper Carboniferous along the southern line
(H96-01). As the Upper Devonian—Lower Carboniferous megasequence is missing (Fig. 1b);
the uppermost unit may mostly belong to the Lower Devonian Tandalgoo Formation.

Line H96-01 was acquired along the Telfer Road (Fig. 1a). It extends about 20 km over the
western margin of the embayment across the Vines Fault, which dips northeast at a lower
angle than the Camel-Tabletop Fault Zone (CTFZ) (Alavi, 2013, pl. 1). The Vines Fault is the
northern segment of a regional thrust at the boundary of the Proterozoic Paterson Orogen
and the Neoarchean East Pilbara Craton. The Neoproterozoic Yeneena Basin lies between

the Vines Fault and the CTFZ. Opaque seismic signature of the basin extends under the sub-
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Grant seismic units, indicating that they all belong to Paleozoic. Further evidence in support of
this is given in Alavi (2013).

The CTFZ strikes along the western margin of the main rift, the Waukarlycarly Embayment
and the Samphire Graben. This is a geosuture that has been reactivated during the Paleozoic
as a transtentional structure, controlling the orientation of initial rifting that probably took place
during the Cambrian (SRK, 1998, fig.4-2; extensional D7 event of Bagas, 2005, p.15). By
comparison, the Anketell-Samphire Fault System (ASFS) along the eastern margin of the rift
belongs to a series of southwest-dipping, Early Paleozoic faults west of the Admiral Bay Fault
Zone (ABFZ) (Fig. 1a; Romine et al., 1994). Over 4 km of cumulative vertical differential
movements have taken place along the CTFZ and he AFSFS during the Paleozoic, creating a
pair of en echelon half-grabens with opposite polarities within the embayment, southwest and
northeast of an axial high that trends northwestward between the Telfer area basement high

and the Walllal Platform (Fig. 3; Alavi, 2013).

Insert Figure 2 here.
Data and methods

Most of the rift is covered with gridded (80 m cells) high-resolution aeromagnetic and
ground gravity data. We have used the data for magnetic basement modelling, image
processing and enhancement for qualitative interpretations.

Vintage seismic data from twelve surveys cover the rift unevenly, except for the Corbett—1
area and northeastern margin of the Samphire Graben (Fig. 1a). Seismic stratigraphic
interpretations are primarily based on data from Samphire Marsh—1, Frankenstein—1, minerals
hole HAC 9201 and stratigraphic syntheses of Haines (2010) and Mory (2010), summarised
in Figure 1b.

Seismic stratigraphy

The Lower Devonian Tandalgoo Formation is widely present in the southern Canning
Basin and it is likely to be present within the rift directly under the Grant Group (Fig. 3). A
prominent reflector-couplet at the base of this unit could be due to prolong erosion during the
Prices Creek Movement. The unit thins westward, indicating either syn-depositional

subsidence along the eastern margin of the Waukarlycarly Embayment—where it is overlain
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with a wedge of alluvial fan deposits—or less deposition in the western trough of the
embayment. The wedge is interpreted as the Upper Carboniferous continental Reeves
Formation, which may have been penetrated under the Grant Group in the minerals hole HAC
9201. Thus, despite the absence of the Liveringa Group and the Mesozoic section in the
southern embayment, thickness of the Lower Paleozoic section overburden can be locally
comparable to that of the northern Wallal Embayment (Fig. 2).

The Lower Paleozoic section comprises the oldest Paleozoic synrift (Cambrian?—Middle
Ordovician) and the postrift (Upper Ordovician—Silurian) sequences (mainly the Carribuddy
Group) in the region (Fig. 1b). The upper part of the synrift sequence usually appears as a
series of continuous and concordant reflectors in southern Canning Basin under the
Carribuddy Group (SRK, 1998). The reflectors are interpreted as alternating carbonates and
clastics of the Willara, Goldwyer and the Nita formations. In contrast, reflectors are relatively
weak and less continuous in the lower part of the sequence due to coastal and shallow
marine transgressive facies of the Nambeet Formation and possible underlying Cambrian or
latest Neoproterozoic volcanic and clastic deposits as found under the Ordovician section in
Frankenstein—1. Furthermore, a package of pronounced reflectors at the base of the
sequence towards the CTFZ resembles the seismic signature of Cambrian volcanic rocks in
the Western Officer Basin. If this is valid, the lowest unit (fifth unit) of the synrift sequence
may be of late Ediacaran—-Cambrian age, deposited during the waning of the Paterson
Orogeny (c. 550 Ma). This would imply that initial rifting was driven by mantle plume activities

that led to the eruption of the Kalkarindji Large Igneous Province in northwest Australia.

Insert Figure 3 here.

Petroleum potential

A series of reflectors showing laterally variable higher amplitudes are present in the
Lower—Middle Ordovician (synrift) sequence throughout the rift (Figs 2 and 3). These are
likely to be due to high impedance contrast between alternating shale-rich and carbonate
units. The overlying Carribuddy Group (postrift sequence) is up to about 500 m thick in the
Waukarlycarly Embayment, assuming an interval velocity of 3.5 km/s, as there is no indication
of salt-mobilisation and halite units of the group are probably thin or absent. The group;

however, includes shale-rich units in the southern Canning Basin (Haines, 2010). Therefore, it
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may serve as the most effective seal for a Larapintine 2 petroleum system, which is
prospective for conventional and tight or shale gas and oil exploration in the Canning Basin.

Deposition of organic-rich shales was probably promoted in the rift valley by restricted
water circulation during maximum flooding of the basin, when the Middle Ordovician Goldwyer
Formation was deposited (Romine et al., 1994). A relatively ‘hot’ Proterozoic, due to
emplacement of high-heat producing granites during the Neoproterozoic and mantle plume
activities during the Cambrian, may have promoted source rock maturity during the Early
Paleozoic.

Some of the overburden must have also been removed during the Alice Springs Orogeny
and the Gondwanan glaciation, indicated by pronounced relief of the basal Grant
unconformity on the rift margins (Fig. 3). Thus, potential reservoirs are more likely along the
rift margins and intra-rift ridges, where faults may have acted as conduits (and barriers) to
fluid migration. In addition to the Nita carbonates, the cavernous or fractured carbonates of
the Willara Formation may serve as reservoir. These are respectively sealed by the basal
shale units of the Carribuddy Group and the Goldwyer Formation.

Although the possibility of petroleum accumulation in eolian sandstones of the Tandalgoo
Formation or sandstone and shale couples of the Grant Group cannot be ruled out, there is
greater risk of trap integrity and reservoir flushing by ground-water above the Carribuddy
Group.

Intra-sedimentary igneous rocks may have also adversely affected reservoir quality in the
Permian section, although these appear to be less common in the northern embayment and
probably absent in the southern one. Basalt layers have been intersected in Sandfire—1 and
Corbett—1 (Fig. 2) and they are most common in the Samphire Graben, where they are also
reversely magnetised. Their dendritic pattern of magnetic anomalies indicates that lava flow
may have taken place during the middle to late Permian within the early Permian
paleochannels during the Kiaman period of reverse polarity. If so, the flows may have not

have detrimentally affected reservoir quality.
Conclusions
Basic elements of a Larapintine 2 petroleum system appear to be in place. This needs to

be confirmed by well data. Deeping of the Corbett-1 may be the preferred option.
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Alternatively, a stratigraphic well at SP 1350 on the axial high of the Waukarlycarly

Embayment (Fig. 3) or SP 3770 in the NE Samphire Graben may be considered (Fig. 2).
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Figure 1: a) Location and structural elements of the Walla Rift System, b) generalised
stratigraphy and petroleum system of the southwest Canning Basin.

Figure 2: Interpreted (a) and uninterpreted seismic line 85RH-002 (b) across the northern rifts
(see Figure 1a for location)

Figure 3: Interpreted (a) and uninterpreted seismic line H96-05 (b) across the central
Waukarlycarly Embayment (see Figure 1a for location)
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