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Characterization and correlation of lower Permian 

strata, Canning Basin, Western Australia,  

and implications for CO2 sequestration

by

LM Dent

Abstract
The Poole Sandstone and Noonkanbah Formation are recognized as part of the first-order Late Carboniferous – Permian Megasequence. 

Within this megasequence, the two formations are part of the second-order Early–Late Permian Supersequence I. This Report presents 

facies analysis and well-log data that allow further subdivision into two third-order sequences in the Noonkanbah Formation and eight 

fourth-order sequences between the uppermost Grant Group and top of the Noonkanbah Formation. Third- and fourth-order sequences 

comprise a series of stacked, high-frequency cycles, the formation of which may be related to Milankovitch processes.

The Poole Sandstone displays a major facies variation from northwest to southeast. Five facies associations are identified in outcrop 

and cored sections: fluvial (FA1), tidal flat (FA2), shoreface (FA5), shallow marine carbonate ramp (FA9) and offshore (FA7). The 

formation is typically sandstone-dominated but mudstone facies become more prevalent at the base of the Poole Sandstone in the 

northwest of the study region. The Noonkanbah Formation is dominated by mudstone facies across the study area. Four major facies 

associations are identified in cored sections: tidal flat (FA3), shoreface (FA5), offshore transitional (FA6) and offshore (FA7). Facies 

associations in the Noonkanbah Formation have a consistent stratigraphic position across large areas. The depositional setting and 

character of the uppermost Grant Group (G1) are also discussed in this Report to assist stratigraphic subdivision and correlation, and 

tidal and fluvial facies associations are identified (FA1, FA4, and FA8).

Subsurface carbon dioxide (CO2) sequestration is now considered a significant climate change mitigation strategy, as a result of which, 

a prospective CO2 sequestration site was investigated in the northern Canning Basin near James Price Point. The Permo-Carboniferous 

Grant Group and Poole Sandstone are possible reservoirs, sealed by the Noonkanbah Formation. The lateral facies changes, abundant 

mudstone facies, and the presence of an extensive basal carbonate facies in the region around James Price Point suggest the lowermost 

Poole Sandstone has limited potential as a reservoir. Reservoir potential increases with increase in sandstone facies; for example, up-

section and to the southeast, with high porosities (up to 32%). Heterogeneity produced by cyclicity on large and small scales, variable 

clay and cement distributions, and locally pervasive bioturbation in the Noonkanbah Formation may have significant implications for 

the integrity of the unit as a regional CO2 sequestration seal. Variation in formation thickness due to basin structure and local structural 

features may also affect the formation’s suitability as a sealing unit. 

KEYWORDS:  facies analysis, regressive sediments, sequence stratigraphy, stratigraphic correlation, transgressive sediments, well 

log interpretation

Introduction
Recent discoveries of conventional and unconventional 
petroleum resources in the Canning Basin have led to 
a significant increase in interest and research into the 
basin’s geological history and fill (Zhan and Mory, 2013; 
Kingsley and Streitberg, 2013; Al-Hinaai and Redfern, 
2013; Parra-Garcia et al., 2014). Proposals for geological 
CO2 sequestration in the late Carboniferous – early 
Permian Grant Group near James Price Point (Fig. 1) have 
increased the group’s economic significance along with the 
overlying early Permian Poole Sandstone and Noonkanbah 
Formation (Dentith et al., 2015). The Grant Group has 
been extensively studied due to its potential as a petroleum 

reservoir (Crostella, 1998; O'Brien et al., 1998; Eyles  
et al., 2001). The Noonkanbah Formation is the proposed 
major seal for the CO2 storage site, but its sealing 
potential and the potential influence of the underlying 
Poole Sandstone on CO2 migration are largely unknown 
due to limited previous characterization. Both formations 
were deposited during the final stages of the Gondwanan 
deglaciation and are widely distributed across the Canning 
Basin. This Report describes the sedimentology, well-log 
characteristics and stratal geometry of the Poole Sandstone 
and Noonkanbah Formation, which are used to interpret 
depositional history controlled by global climatic changes 
and tectonic activity. 



Dent

2

Excessive anthropogenic CO2 in the atmosphere as 
a significant contributor to global climate change is 
now widely, though not universally, accepted (Bachu, 
2008; Ghommem et al., 2012). The role of CO2 in the 
atmosphere was originally identified in 1896 by Swedish 
physicist–chemist Svante Arrhenius (Arrhenius, 1896). 
He proposed that CO2 affected the activity of incident 
radiation and atmospheric temperature, an idea that was 
pursued for almost a century with concern that human 
activities would cause significant changes in Earth’s 
climate. In 1987 the World Meteorological Organization 
(WMO) identified the need for a global scientific 
assessment of climate change. The Intergovernmental 
Panel on Climate Change (IPCC) was subsequently 
formed in 1988. The IPCC’s first report in 1990 identified 

Figure 1.  Structural subdivisions of the Canning Basin (after Martin et al., 2015) displaying the extent of the study area and 

location of James Price Point. Inset shows location in Western Australia.

that levels of greenhouse gases in the atmosphere, 
including CO2, were being increased by human activities 
with the potential to cause changes in global climate 
(Houghton et al., 1990). Carbon dioxide separation and 
geological storage (geosequestration) were identified as 
a potential avenue for greenhouse mitigation (Houghton 
et al., 1990). The first CO2 sequestration project was 
initiated at the Sleipner gasfield in the North Sea in 1996 
(Chadwick et al., 2004). In 2005 the IPCC produced a 
special report on detailed methods, criteria and analysis 
of different styles of sequestration including geological 
storage (Metz et al., 2005). Australia currently hosts 
five sequestration projects (Table 1; Cook, 2006; Varma 
et al., 2011; Jenkins et al., 2012). A sixth project in 
the northwest Canning Basin was proposed to store 
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Project State Basin CO2 source Stage

Collie Hub Western Australia South-central Perth 

Basin

Collie and Kwinana fertiliser 

production

Evaluation

Carbon Net Victoria Gippsland Basin Latrobe Valleys coal-fired 

power stations

Evaluation

Wandoan Power Queensland Surat Basin Future Wandoan Power IGCC 

project

Evaluation

Gorgon Project North West Shelf

Western Australia Browse Basin Natural gas processing Execution

Otway Project Victoria Otway Basin Petroleum production Execution

Table 1.  Location, operational stage and CO2 source of current CO2 sequestration projects in Australia

CO2 waste from potential liquefied natural gas (LNG) 
production and processing at an onshore facility planned 
at James Price Point. Based on integration of well-log 
and sedimentological data for the Poole Sandstone and 
Noonkanbah Formation, within a sequence stratigraphic 
framework, the current Report examines the suitability 
of these formations for the proposed CO2 sequestration 
site within a 200 km onshore radius of James Price Point 
(Fig. 1).

Geological setting

Canning Basin

The Canning Basin has the largest onshore area of 
any Australian basin, covering ~530 000 km2,  with a 
further 110 000 km2 extension offshore to the northwest 
(Fig. 1). The basin is bounded by the Kimberley Craton 
to the northeast and the Pilbara Craton to the west. Basin 
formation was initiated by extension and subsidence in 
the Early to Middle Ordovician. A further five major 
tectonic events between the Middle Devonian and Triassic 
significantly contributed to the structural development of 
the basin (Drummond et al., 1991; Kennard et al., 1994; 
Shaw et al., 1994; Fig. 2). The basin is composed of 
four large sub-basins: the Fitzroy Trough, Gregory Sub-
basin, Kidson Sub-basin and the Willara Sub-basin, each 
flanked by a series of platforms and shelves (Hocking, 
1994; Shaw et al., 1994; Fig. 1). A dominant northwest 
trend is displayed by these major structural components, 
controlled by regional, northwest-trending, extensional 
faults (Kennard et al., 1994; Shaw et al., 1994).

The Fitzroy Trough hosts up to 15 km of sedimentary fill 
of Ordovician age and younger (Forman and Wales, 1981; 
Drummond et al., 1991; Shaw et al., 1994; Fig. 2). Isopach 
models  of the Permo-Carboniferous basin fill indicate that 
the thickest deposits of both the Poole Sandstone and the 
Noonkanbah Formation are in the Fitzroy Trough, up to 
160 m and 640 m, respectively (Mory, 2010). Sedimentary 
successions are thinner on basement highs flanking the 
Fitzroy Trough, including the Broome Platform and 
Crossland Platform, and are up to about 5 km thick on the 
Lennard Shelf (Kennard et al., 1994; Shaw et al., 1994).

Gondwanan deglaciation

The early Permian Earth was in a major transitional phase 
as the Permo-Carboniferous glaciation came to an end. 
Deglaciation began at c. 300 Ma as the ice sheets that 
covered Gondwana since c. 330 Ma rapidly receded, 
filling neighbouring basins with glacially derived detritus 
(Veevers, 2006). Previous work by Powell and Veevers 
(1987), Veevers (2006) and Isbell et al. (2012) indicated 
the presence of glaciers over central and northern Western 
Australia. The provenance of glacially derived sedimentary 
rocks in the Canning Basin has not been extensively 
studied; a north-northwest movement of ice sheets has been 
interpreted based on the striated pavements on Devonian 
limestone (Playford, 2001, 2002).  More recent work by 
Haines et al. (2013) suggested the Alice Springs Orogeny 
generated the major sediment source for the basin.

Eyles et al. (2002) defined a three-part sedimentary 
succession or ‘deglaciation sequence’ that can be 
correlated between Western Australian sedimentary basins 
(Fig. 3). Typically this succession constitutes: a coarse, 
clastic, basal glacial deposit; a middle shale unit; and an 
upper, sandy deltaic succession (Eyles et al., 2002). The 
Poole Sandstone and Noonkanbah Formation represent the 
third phase of this sequence in the Canning Basin (Fig. 3). 
These deglaciation sequences are well correlated between 
basins but the sequence is diachronous, most notably in 
the Southern Carnarvon and northern Perth Basins (Fig. 3; 
Backhouse, 1993; Eyles et al., 2002, 2003).

Permo-Carboniferous deglaciation triggered a first-order 
eustatic sea-level rise that can be correlated between 
Gondwanan basins worldwide (Dickins, 1996; Wopfner, 
1999). Coeval deglaciation sequences in the Western 
Australian basins are also observed in the Paraná Basin in 
Brazil and the Karoo and Kalahari Basins in South Africa 
(Visser, 1997; Vesely and Assine, 2006). Veevers (2006) 
interpreted shoreline incursion in the Canning Basin in 
the early Permian resulting from this global sea-level rise 
(Fig. 4). In addition to the three-part sequence of Eyles 
et al. (2002), numerous Permo-Carboniferous deglaciation 
sequences are overprinted by a high-frequency cyclicity. 
This signature is observed worldwide in the mid-
continental sedimentary basins in the US (Heckle, 
1986), Karoo and Kalahari Basins, South Africa (Visser, 
1997), eastern Australia (Fielding et al., 2008), and the 
Kennedy Group in the Carnarvon Basin (Lever, 2004).  
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Figure 2.  Summary of Canning Basin stratigraphy (revised from Shaw et al., 1994), major 

tectonic events that have affected the Canning Basin (after Parra-Garcia et al., 2014), 

and depositional megasequences and supersequences (modified after Kennard et al., 

1994). Fm.. – Formation; Gp – Group; Sst. – Sandstone
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Adkins (2003) proposed similar high-frequency cyclicity 
in the Poole Sandstone. This Report also describes 
such cycles in the Poole Sandstone, and throughout the 
Noonkanbah Formation.

Sequence stratigraphic framework

The sequence stratigraphic framework for the Canning 
Basin, proposed by Kennard et al. (1994), divides 
the basin fill into four first-order megasequences: 
Ordovician–Silurian, Devonian – Early Carboniferous, 
Late Carboniferous – Permian, and Jurassic – Cretaceous 
(Fig. 2). Each megasequence represents approximately 
70–80 Ma and is correlated with a major tectonic event 
in the basin history (Kennard et al., 1994). The four 
megasequences are further divided into 15 second-
order supersequences (Fig. 2). Supersequences are 
transgressive–regressive cycles of ~10–20 Ma duration, 
attributed to the interplay between subsidence and eustacy 
(Kennard et al., 1994).

Division of supersequences into component third-order 
sequences has been undertaken for the Ordovician–
Silurian (Romine et al., 1994) and Devonian – Early 
Carboniferous megasequences (Southgate et al., 1993; 
George et al., 2013). Third-order cycles have not been 
identified in the upper Carboniferous strata; however, this 

Figure 3.  Correlation of ‘deglaciation’ sequences in Western Australian sedimentary basins adapted from Eyles 

et al. (2002). Dark grey units represent the first of three deposits in the deglaciation sequence. The 

middle deposits are illustrated in pale grey, and pale blue units represent the final deglaciation deposits, 

including the Poole Sandstone and Noonkanbah Formation. 

Report proposes third-order cycles for the lower Permian 
Noonkanbah Formation. 

The Grant Group, Poole Sandstone and Noonkanbah 
Formation belong to the Late Carboniferous – Permian 
Megasequence deposited from c. 330 to 243 Ma (Kennard 
et al., 1994). The base of this megasequence is defined 
by a basinwide unconformity related to the Meda 
Transpression, with accommodation in the basin generated 
by the ensuing Point Moody Extensional Event (Kennard 
et al., 1994; Parra-Garcia et al., 2014).

The Poole Sandstone, Noonkanbah Formation, and 
Liveringa Group are assigned to the early–late Permian 
Supersequence I (Fig. 2). Transgression following the 
end of glaciation has been interpreted at the base of this 
supersequence leading to deposition of the Poole Sandstone 
(Yeates et al., 1975; Towner et al., 1976; Middleton, 1990; 
Kennard et al., 1994). However, Crowe and Towner (1976a) 
and Adkins (2003) interpreted a locally regressive character 
for the Poole Sandstone, and Warris (1993) suggested both 
transgressive and regressive conditions during deposition, 
for which the transgressive phase is represented by  
the basal Nura Nura Member of the Poole Sandstone. 
The order of sequences defined by Crowe and Towner 
(1976a) and Warris (1993) is not specified; however, 
their descriptions may refer to third-order transgressive–
regressive events within Supersequence I.
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Figure 4.  Location of Australia, 302–280 Ma focusing on the early Sakmarian (early Permian; ~290 Ma) indicating position of 

the coastline after deglaciation (adapted from Veevers, 2006). CB – Canning Basin; EG – Eastern Goldfields. Uplands: 

I – ancestral Great Western Plateau, II – Central Australia, III – Central-eastern Highlands, IV – ancestral eastern 

Australian foreswell, V – Kimberley
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Permian lithostratigraphy: 

previous work

Poole Sandstone

The Poole Sandstone is a predominantly siliciclastic 
succession with a basal lenticular carbonate unit, the Nura 
Nura Member (Crowe and Towner, 1975; Apak, 1996; 
Adkins, 2003; Mory, 2010; Mory and Hocking, 2011). In 
the current Report, the Poole Sandstone above the basal 
Nura Nura Member is considered as a single package 
referred to as P1.

Lithostratigraphy

Originally described by Blatchford (1927) as the ‘Poole 
Range Beds’, the unit underwent numerous revisions 
until its designation by Guppy et al. (1951) as the Poole 
Sandstone. This name was adopted in later work (Guppy 
et al., 1958; Veevers and Wells, 1961; Yeates et al., 1975; 
Forman and Wales, 1981). The type section was defined 
by Guppy et al. (1958) at Grant Range (17°46’S, 125° 
51’E), and Traves et al. (1956) identified the Cuncudgerie 
Sandstone as a lateral equivalent in the basin’s south 
on Patterson Range 1:250 000. This name was later 
abandoned by Towner et al. (1976) in favour of the Poole 
Sandstone as a basinwide unit.

The earliest subdivision of the Poole Sandstone 
was by Wade (1936) with identification of a basal 
limestone member, the ‘Nura Nura Limestone’, which 
unconformably overlies glacial Grant Group deposits 
near Nura Nura Ridge. This unit was reclassified by 
Guppy et al. (1951) to the Nura Nura Member. The type 
section is at Nura Nura Ridge (18°05’09”S, 124°24’34”E; 
coordinates determined by Mory, 2010, based on the 
original report by Guppy et al., 1958). The Nura Nura 
Member is the only subdivision of the Poole Sandstone to 
remain in formal use.

Crowe and Towner (1976a,b) proposed two additional 
members: the middle Tuckfield Member and the 
uppermost Christmas Creek Member. These divisions 
were recognized but not unanimously used in following 
work (Towner and Gibson, 1980, 1983; Adkins, 2003), 
and a later revision by Mory (2010) suggested that these 
subdivisions were unnecessary. The whole sedimentary 
package above the Nura Nura Member is here referred 
to as P1.

Nura Nura Member

Traditionally the Nura Nura Member was defined as the 
basal unit of the Poole Sandstone (Guppy et al., 1958; 
Veevers and Wells, 1961; Forman and Wales, 1981; 
Towner and Gibson, 1983) but more recent definitions 
have specified a lenticular basal carbonate (Hocking 
et al., 2008; Mory and Hocking, 2011), and Mory (2010) 

questioned the equivalence of non-marine facies at St 
George and Poole Ranges. Early work described a facies 
shift from carbonate in the northwest to increasingly 
clastic deposits in the southeast indicative of a transition 
from shallow marine to non-marine settings (Crowe and 
Towner, 1976a; Forman and Wales, 1981; Towner and 
Gibson, 1983). 

Confusion arises in identification and correlation of 
this unit due to its onshore transitional character. In the 
strictest lithostratigraphic sense, the Nura Nura Member 
refers to carbonate facies only. In this Report, however, 
the basal portion of the Poole Sandstone is described as 
a system, and thus incorporates non-marine siliciclastic 
correlatives of this carbonate in discussion of the Nura 
Nura Member.

The basal contact with the Grant Group is interpreted as 
unconformable (Guppy et al., 1951; Yeates et al., 1975; 
Crowe and Towner, 1976a). The upper contact with P1 
is conformable (Yeates et al., 1975; Crowe and Towner, 
1976a,b).

P1

P1 is a sandstone-dominated succession with minor, 
interbedded siltstone comprising up to three coarsening-up 
cycles (Veevers and Wells, 1961; Yeates et al., 1975, 1984; 
Crowe and Towner, 1976a; Towner and Gibson, 1983; 
Apak, 1996; Mory, 2010; Mory and Hocking, 2011). Root 
beds, plant material including fossilized wood, and thin 
coal beds have been recorded in the basin’s east (White 
and Yeates, 1976; Yeates et al., 1984; Adkins, 2003; Mory, 
2010; Mory and Hocking, 2011). Basinwide shallow 
marine settings have been inferred for P1, with nearshore 
settings in southern basin areas (Towner et al., 1976), and 
shore-zone (Adkins, 2003), intertidal, fluvio-deltaic to 
deltaic and lagoonal settings have been interpreted in the 
northeastern Fitzroy Trough (Yeates et al., 1984; Mory 
and Hocking, 2011) and Gregory Sub-basin areas (Yeates 
et al., 1975). A regressive transition up-sequence to fluvial 
settings has also been interpreted in the Fitzroy Trough 
(Towner and Gibson, 1983; Yeates et al., 1984).

Whereas Guppy et al. (1958), Towner et al. (1976), Mory 
(2010), and Mory and Hocking (2011) considered the 
basal contact with the Grant Group to be disconformable, 
Towner and Gibson (1983) and Yeates et al. (1984) 
suggested an unconformable relationship in the Fitzroy 
Trough, with disconformable and conformable 
relationships in other areas. P1 is conformably overlain by 
the Noonkanbah Formation (Guppy et al., 1958; Veevers 
and Wells, 1961; Yeates et al., 1975, 1984; Towner et al., 
1976; Towner and Gibson, 1983; Mory, 2010), except 
between the Poole and St George Ranges, where Guppy 
et al. (1958) proposed a disconformable relationship 
based on the presence of a basal conglomerate in the 
Noonkanbah Formation.
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Age

Nura Nura Member

Initial investigations by Wade (1936) recovered 
ammonoids that indicated a middle Permian age for the 
Nura Nura Member. Later work by Guppy et al. (1951) 
uncovered a richly fossiliferous bed near the base of the 
Poole Sandstone at Mount Wynne, St George Ranges, and 
further work by Guppy et al. (1958) identified equivalents 
of the Nura Nura Ridge deposits at both St George Ranges 
and Grant Range. Ammonoids, brachiopods, bryozoan, 
foraminifera and molluscs from these localities indicate 
a lower Artinskian (early Permian) age (Guppy et al., 
1958; Archbold, 1982). This age was supported by later 
paleontological work by (Archbold, 1982, 1998, 2002) and 
Glenister et al. (1993) that identified the member as upper 
Sakmarian to lower Artinskian (early–middle Permian).

P1

Macrofossils in P1, brachiopods and bivalves, are 
recorded only in the basins to the south and indicate 
an early Permian, Artinskian, age (Towner et al., 1976; 
Yeates et al., 1984). An early Permian age is also 
determined from the Glossopteris floras recovered from 
Mount Bannerman (White and Yeates, 1976). This age is 
consistent with subsurface palynological data that records 
deposition in the Pseudoreticulatispora pseudoreticulata  
(P. pseudoreticulata) zone, middle Sakmarian (Fig. 5).

The boundary of the P. confluens zone with the overlying  
P. pseudoreticulata zone is well defined in Western 
Australian sedimentary basins and commonly signifies 
the end of glacial conditions (Eyles et al., 2002). In the 
Canning Basin it has been used to differentiate the Poole 
Sandstone from the underlying Grant Group (Eyles et al., 
2002).

The upper age constraint for P1 is ambiguous and possibly 
diachronous. The P. pseudoreticulata zone is recorded in 
the lower parts of the Noonkanbah Formation in Padilpa 1 
and Point Moody 1 (Plate 1), but Mory (2010) noted that 
palynomorphs typically assigned to the upper Artinskian 
are present at the top of the Poole Sandstone in BHP PND1.

Noonkanbah Formation

The Noonkanbah Formation is siltstone to claystone 
dominated with local calcareous sandstone and limestone 
interbedded throughout the formation (Guppy et al., 1951; 
McWhae et al., 1956; Veevers and Wells, 1961; Mory, 
2010; Mory and Hocking, 2011). The formation hosts a 
highly abundant, diverse range of fossil material and shelly 
limestones are present locally (Guppy et al., 1951; Yeates 
et al., 1975). Exposure is typically poor and the formation 
is commonly represented by large expanses of ferruginized 
platy scree.

Lithostratigraphy

Initially defined as the Noonkanbah Series by Wade 
(1936), and later as the Noonkanbah Shale, the current 
status as the Noonkanbah Formation was set by Guppy 
et al. (1951) and assumed in all subsequent work (Guppy 
et al., 1958; Veevers and Wells, 1961; Towner and Gibson, 
1980, 1983; Forman and Wales, 1981; Mory, 2010; Mory 
and Hocking, 2011). The type section near Noonkanbah 
Homestead (18°30’S, 124° 48’E) defined by Guppy et al. 
(1958) from the records of Wade (1936) was later revised 
by McWhae et al. (1956) to Brutens Hill (18°42’11”S, 
125°36’22”E; coordinates updated by Mory, 2010). The 
Noonkanbah Formation was originally identified by 
Traves et al. (1956) in the southeast Canning Basin as the 
Dora Shale; however, foraminifera within the shale later 
allowed it to be identified as equivalent to the Noonkanbah 
Formation (Veevers and Wells, 1961).

A shallow marine depositional setting is inferred from 
faunal assemblages, with warm to tropical conditions 
suggested by the abundance and diversity of faunas (Wade, 
1936; Yeates et al., 1975; Forman and Wales, 1981). 
Shallow marine conditions are interpreted to extend as far 
southeast as the Balgo Hills area based on the presence 
of goniatites (Forman and Wales, 1981). The presence 
of shelly limestones, limonite, and associations of non-
marine faunas — including freshwater fish — with marine 
faunas, have been used as evidence to suggest strandlines 
(Casey and Wells, 1964), nearshore settings (Yeates et al., 
1975), and nearby riverine settings (Forman and Wales, 
1981) possibly marking the extent of marine conditions. 
The Noonkanbah Formation is typically conformable on 
the Poole Sandstone and conformably to gradationally 
overlain by the Liveringa Group (Guppy et al., 1951, 1958; 
Veevers and Wells, 1961; Casey and Wells, 1964; Yeates 
et  al., 1975), although (Mory, 2010) suggested that the 
upper contact may be locally disconformable.

Age

The Noonkanbah Formation hosts a diverse macro- and 
microfossil assemblage including bryozoa, brachiopods, 
bivalves, crinoids, corals, arthropods, gastropods and 
foraminifera. Fossil assemblages indicate an Artinskian 
age for the formation; full details of genus and species 
identifications can be found in Guppy et al. (1951, 1958). 
This age is consistent with the S. fusus – M. trisina zone 
palynomorphs recorded from subsurface formation 
samples (Fig. 5, Plate 1). A Kungurian (latest early 
Permian) age is indicated for the uppermost section of the 
formation based on records of the Nechoneies nalbiaensis 
brachiopod zone  and the P. sinuosus palynological zone 
(Archbold, 1999; Fig. 5). Recovery of P. pseudoreticulata 
zone palynomorphs suggests a Sakmarian age for 
the lowermost part of the formation in some wells 
(e.g. Padilpa 1; Plate 1).
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Figure 5.  Biostratigraphic zonal schemes applied to the Canning Basin, adapted from Mory (2010). Ages have 

been revised according to Cohen et al. (2013). Red dashed line is the P. confluens –  P. pseudoreticulata  

boundary.
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This study

Data sources and methods

New work described in this Report used drillcore and 
outcrop sections to establish major facies and facies 
associations present in the uppermost Grant Group, Poole 
Sandstone and Noonkanbah Formation (Appendix 1). 
Facies associations, in combination with well logs and 
supplementary well data, were used for sedimentological 
characterization across the study area (Appendix 2). 
Classification of carbonate facies uses Dunham’s 
(1962) classification and descriptions of bioturbation 
in siliciclastic facies follow the Taylor et al. (2003) 
classification system.

Petrographic analysis

Twenty-one thin sections were made from available core 
samples. These and existing thin sections were analysed 
to support facies descriptions through more detailed 
examination of composition, texture and diagenetic 
features. Blue epoxy resin was used to highlight porosity 
and samples were stained with sodium cobaltinitrite to 
highlight the presence of alkali feldspars and differentiate 
ferroan from nonferroan calcite. Petrographic analysis 
was carried out by conventional polarizing microscopy. 
Classification and naming of sandstones follows Folk et al. 
(1970). Full details for each thin section are presented in 
Appendix 3.

Well data

Subsurface study of the Poole Sandstone and Noonkanbah 
Formation incorporated 89 well logs and nine cored 
sections (Appendix 4; Fig. 6). Well data are clustered 
on the Lennard Shelf, Jurgurra Terrace and Crossland 
Platform, and are limited in the Fitzroy Trough. Outcrop 
sites and sections were used to provide continuity across 
the study region. Well and outcrop data from the Poole 
Sandstone and Noonkanbah Formation are sparse in the 
remainder of the Canning Basin (Fig. 6), restricting in-
depth analysis and characterization of sediments to the 
study area.

Dynamic-INPEFA

Dynamic Integrated Prediction Error Filter Analysis 
(D-INPEFA) (Nio et al., 2006) assesses variation in 
sedimentary sequences and interprets these variations 
in a climate-stratigraphic context. The D-INPEFA curve 
represents variations in spectral properties. Variations 
highlight trends or cyclicity that may be subtle or masked 
in the original log data. Climatic variation is intrinsically 
linked to lithology so gamma ray log data (GR) are 

analysed to best represent lithological changes. The 
D-INPEFA uses a prediction model that incorporates all 
points in the selected dataset. Accordingly, an analysis of 
the whole dataset will highlight different trends compared 
with analysis of a small interval (Fig. 7). Assessment of 
larger and smaller intervals is used to highlight different 
orders of cyclicity.

Geological interpretation of the D-INPEFA curve is 
based on identification of major trends and turning points 
(Fig.  7). Negative trends (NT) represent coarsening-up 
trends and are interpreted as shallowing or lowering base-
level conditions. Positive trends (PT) represent fining-up 
trends and can be interpreted as deepening or rising base-
level conditions. 

Turning points indicate change from one trend to 
another. Major negative turning points (NTP) show a 
switch to increasingly shallow or sandy environments 
and may represent sequence boundaries. Major positive 
turning points (PTP) represent transition into more shaly 
conditions and can be interpreted as flooding surfaces (Nio 
et al., 2006).

Correlation charts

The key findings and interpretations of this study are 
supported by a series of correlation charts (Figures 27–29; 
Plates 1–6). These charts present a representative selection 
of data that help illustrate important interpretations made 
from the larger dataset. The locations of the correlation 
charts that support these interpretations are illustrated in 
Figure 8. Palynological data represented on correlation 
charts is coloured according to Figure 5.

Facies analysis

Twenty-one facies were identified in nine wells and 
six outcrop sections from the uppermost Grant Group, 
Poole Sandstone and Noonkanbah Formation. The 
facies described herein are defined by their lithological 
features, physical sedimentary structures, trace fossils, 
and bioclasts. Facies and corresponding facies codes 
are summarized in Appendix 2, Table 2.2 with an 
interpretation of depositional processes. Facies are 
grouped into nine facies associations representing different 
depositional environments. Representation of facies 
and facies associations in core and outcrop sections are 
illustrated in log sections (Appendix 2). Bioturbation 
index (BI) describes the relative level of bioturbation 
in terms of burrow density, overlap and proportion or 
primary sedimentary structures preserved, on a scale of 
0 to 6 (Taylor et al., 2003; Buatois and Mángano, 2011). 
According to the scheme of Taylor and Goldring (1993), 
a BI of zero represents sediment with no bioturbation and 
BI 6 represents complete biological reworking with no 
preservation of primary sedimentary structure.
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Figure 6.  Map showing the distribution of petroleum well, mineral drillcore, and outcrop data used in this Report
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Facies association 1 (FA1) – fluvial 

channel fills and bars

Description

FA1 is dominated by tabular to trough cross-stratified, 
fine to very coarse sandstone (St, Sx) with abundant 
ripple cross-laminated (Sr) and planar-laminated (Sp) 
sandstone beds. Very coarse-grained facies transitionally 
overlie fine- to medium-grained facies or truncate them 
in thick scour and fill sequences (Fig. 9). Concave-up 
scours overlain by quartz-pebble lags or intraformational 
breccias (Bm) are common in outcrop (Fig. 9d). Scours 
are typically filled by cross-bedded St or Sp facies that are 
arranged into fining-up packages or grade upward into Sp 
and Sr facies. Small scour and fill packages are between 

Figure 7.  D-INPEFA log and corresponding gamma ray  

(GR) log from Sundown 2, illustrating positive and  

negativetrends and turning points. CS – casing  

shoe; G1 – Grant Group

1–10 m wide and 1–5 m deep; large sequences are up 
to approximately 50 m wide and >10 m deep (Fig.  9). 
Locally, small packages are stacked and laterally offset 
(Fig. 9b). Mudstone rip-up clasts are commonly aligned 
along the basal foresets of St and Sp beds. Sharp-based 
Sx, thinly bedded Sp, and thickly bedded Sr facies are also 
observed, stacked in fining-up packages (Fig. 10). Rootlet 
beds are common and small fragments of carbonaceous 
material are commonly concentrated along St and Sx 
foresets. Plant material is locally abundant (Fig. 11). 
Trace fossils are typically absent in facies infilling scours; 
however, moderate abundance, low-diversity assemblages 
are recorded. 

Interpretation

FA1 is interpreted as a fluvial depositional setting with 
channel scours, point bar, and interchannel bars. Concave-
up erosional scours overlain by lags or breccia facies are 
indicative of high-energy flow events.  The association of 
St, Sx, Sr, and Sp in fining-up and transitional packages 
suggests bedform accretion and waning current energy 
conditions, classically associated with fluvial channel fill 
(Amorosi and Milli, 2001; Miall, 2010). The multistorey 
and laterally offset structure of channel features observed 
in outcrop suggests unstable, avulsing channels akin 
to a braided-type system (e.g. Midtkandal et al., 2007; 
Tedesco et al., 2010). This is supported by the dominance 
of sandstone, the absence of any demonstrable floodplain 
siltstone and mudstone deposits, and the abundance of 
rootlet beds in channel margin or interchannel areas with 
bars or islands.

Facies association 2 (FA2) – sandy tidal 

flats

Description

FA2 is characterized by thick, ripple cross-laminated 
sandstone beds (Sr) interbedded with small-scale, trough 
cross-bedded sandstones (St) and thinly planar bedded, 
parallel-laminated sandstones (Sp) (Fig. 12a–d). Combined 
flow ripples are common, and sigmoidal, climbing and 
ladder-back ripples are locally present (Fig. 12a,b). Minor 
convolute sandstones (Sfc), thick, tabular cross-bedded 
sandstones (Sx), and intraformational breccias (Bm) 
are interbedded with the major facies (Sr, St and Sp) 
(Fig. 12e,f). Wavy-bedded sandstone and thin siltstone 
layers (Sfw) are locally present interbedded with ripple 
cross-laminated and planar-laminated sandstones (Sr, 
Sp). Channels with scoured bases are locally present, 
commonly with fill 1–2 m deep of thin, basal breccia (Bm) 
overlain by tabular to trough cross-bedded sandstones 
(St, Sx; Fig. 13). Rip-up clast moulds are common in 
sandstone, and large moulds after woody fragments are 
abundant. Thin rootlet beds are present, most commonly 
at the top of sections. Locally, sandy rootlet beds fine 
upwards into carbonaceous siltstones, forming stacked 
successions. Overall, bioturbation is very low, with rare 
horizontal traces. Extreme low-diversity, high-abundance 
trace-fossil assemblages are found in Sr facies with 
bioturbation indices of BI 5–6, dominated by horizontal 
traces (Fig. 12g). Synaeresis cracks are common.
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Figure 8.  Location of key sections represented in correlation panels (Plates 1–6). Lines are labelled according to 

corresponding plates.

Interpretation 

The combination of facies Sp, St and Sr, and their 
characteristics indicates a shallow marine setting with 
alternating upper- and lower-flow regime conditions. 
Deposition along subhorizontal surfaces, high sediment 
loads and the interplay of opposing currents are commonly 
associated with sandy tidal-flat environments (Dalrymple 
et al., 1990; Chakrabarti, 2005; Santos and Rossetti, 
2006). Convolute-laminated sandstones, rootlet beds and 
mud rip-up clasts are also consistent with a tidal setting 
(Chakrabarti, 2005; Rebata Hernani et al., 2006; Donselaar 
and Geel, 2007). The presence of channels supports this 
interpretation, as such features are often abundant, and 
commonly dissect tidal flats (e.g. Dalrymple et al., 1990; 
Martinius et al., 2001; Donselaar and Geel, 2007). Sx 
facies not associated with breccias and lacking scoured 

bases as seen in channels, and their association with 
Sp, Sr and St, may indicate compound dune formation, 
which is common in tidal settings (Dalrymple and Choi, 
2007; Dalrymple, 2010; Desjardins et al., 2012). Overall 
low to absent bioturbation, with the exception of locally 
abundant, opportunistic colonization, is often a feature of 
sandy tidal-flat environments as upper-flow regimes and 
dune migration make colonization difficult (Dalrymple 
et al., 1990; Mángano and Buatois, 2004). The association 
of scour and fill channels, rootlet beds, and large wood 
fragments suggests shallow, near-terrestrial subaqueous 
conditions, or possibly with switching between the two 
conditions. Cyclical rootlet bed to carbonaceous siltstone 
fining-up sequences may represent a more proximal 
expression of this association.
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Figure 9.  (opposite) Field photographs of FA1 scour and fill 

in the Poole Sandstone: a) large erosional scour 

filled with very coarse-grained, thickly bedded, 

cross-stratified sandstone incising a succession of 

fine- to medium-grained sandstone facies at Mount 

Bannerman; b) stacked and laterally offset channel 

forms and fill at Mount Bannerman; c) FA1 overlying 

FA2 at Mount Hutton with channel form outlined; d) 

detail from (c) showing basal erosional scour (red 

line), at the base of FA1 and overlying channel-fill 

facies succession from intraformational breccia 

(Bm) to cross-bedded sandstone (Sx).

Figure 10.  Log representation of stacked fining-up trends 

in FA1 in Poole Sandstone at Mount Bannerman. 

Arrows indicate normally graded packages on 

centimetre to metre scales. On horizontal grain 

size axis, s is siltstone, vf – vc is very fine-grained 

to very coarse-grained sandstone. 
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Figure 11.  Outcrop photographs of relict plant fossils and rootlet beds: a) rootlet bed with root traces (R) in trough cross-

bedded sandstone (St), at Mount Bannerman; b) remnants of plant fragments in sandstones at Mount Bannerman

Facies association 3 (FA3) – mixed tidal 

flats

Description

FA3 is characterized by thin to medium, flaser- and wavy-
bedded, heterolithic sandstone and siltstone facies (Sff, 
Sfw; Fig. 14). Reactivation surfaces and bidirectional 
ripple cross-lamination are common in Sfw. Thin massive 
mudstones and siderite bands, <10 cm thick, and clasts are 
present throughout FA3. Very low levels of bioturbation 
(BI 1) are present in Sfw and Sff; typically assemblages 
constitute only sparse Planolites. Sharp-based, clast-
supported pebble conglomerates and mud rip-up clast 
breccias (Gm, Bm) are interbedded with heterolithic 
facies Sff and Sfw. Thin, planar-laminated beds (Sp) with 
ripple cross-laminated tops are present. These beds are 
composed of sandstone, with laminations defined by small, 
highly abundant flakes of carbonaceous material (Fig. 14). 
Locally, wavy-bedded facies coarsen-up to cross-bedded 
sandstones (Sx). 

Interpretation

Heterolithic units of sandstone and siltstone dominated by 
flaser and wavy bedding with planar-laminated sandstones 
that have rippled tops, bidirectional ripple cross-lamination 
and reactivation surfaces are commonly associated in 
tidal settings (Martinius et al., 2001; Donselaar and 
Geel, 2007). Low-abundance, low-diversity trace-fossil 
assemblages provide further evidence for stressed 
conditions; in this case, due to brackish water in tidal 
environments (Dreyer, 1994; Donselaar and Geel, 2007; 
Dalrymple, 2010; Buatois and Mángano, 2011). Fine-
scale lamination grading to ripple lamination indicates 
waning flow velocities commonly associated with tidal 
currents (Plink-Björklund, 2012). In association with these 
features, the abundant carbonaceous material suggests 
proximity to terrestrial settings, and massive mudstones 
deposited during slack-water episodes suggest tidal-flat 
environments (Dalrymple, 2010). Mudstone rip-up clast 

breccias indicate reworking of muddy substrate and higher 
energy flows, which are consistent with a channelized 
tidal environment (Rebata Hernani et al., 2006; Dalrymple 
and Choi, 2007; Ponten and Plink-Björklund, 2007). 
Interbedded, sharp-based pebble conglomerates indicate 
episodic high-energy flows and bed load deposition, 
probably also associated with small-scale channels.

Facies association 4 (FA4) – heterolithic 

tidal channel

Description

FA4 consists of thinly interbedded, convolute-laminated 
sandstones (Sfc), planar- and ripple-laminated sandstones 
(Sp, Sr), and locally bioturbated siltstones (Hxs) (Fig. 15). 
Bed bases are sharp and commonly contain mudstone 
rip-up clasts (Fig. 15a,c). Planar-laminated sandstone 
is commonly gradationally overlain by ripple cross-
laminated sandstones with thick mudstone drapes. 
Climbing ripples and double mud drapes are common, 
as are synaeresis cracks and small-scale synsedimentary 
faults (Fig. 15b). Heterolithic Hxs facies are moderately 
bioturbated (BI 2-3; Fig. 15a). Zoophycos and Teichichnus 
traces are present but typically bioturbation is represented 
by indistinct mottling with sandy backfill. This style 
of bioturbation is confined to Hxs beds; elsewhere 
bioturbation is low (BI 1) with low-abundance, low-
diversity assemblages including small Planolites and 
Teichichnus.

Interpretation

Climbing ripples and soft-sediment deformation indicate 
high sediment supply and rapid deposition (Owen 
and Moretti, 2011). Double mud drapes and climbing 
ripples are common and are diagnostic features of tidally 
influenced deposition (Fenies and Faugeres, 1998; 
Dalrymple et al., 2012). Repetition of thin, sharp-based, 
sandstones suggests high-energy flows, and transition 
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Figure 12.  Component facies of FA2 in Poole Sandstone outcrop sections, localities indicated in Figure 6: a) ladder-back 

ripples in outcrop at Liveringa; b) interference ripples preserved on a trough surface at Liveringa; c) small-scale 

trough cross-bedding (St) at Poole Range; d) amalgamated ripple cross-laminated section (Sr) at Poole Range;  

e) convolute sandstone bed (Sfc) displaying ball and pillow structures at Poole Range; f) tabular cross-bedding (Sh) 

at Poole Range; g) intense, low-diversity bioturbation on a rippled surface. Ripple crests indicated by dashed lines 

at east St George Ranges.
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Figure 13.  Small channel in FA2 at Liveringa outcrop section, location 83 in Figure 6. Channel fill is depicted in sketched section 

at right, scale for which is same as photograph. The sharp basal surface (red line) is overlain by breccia (Bm) then 

cross-bedded sandstone (St) and ripple cross-laminated facies (Sr).

Figure 14.  FA3 in the Noonkanbah Formation, Scarpia 1 core. Distinct wavy bedding (Sfw) 

with pinstripe planar lamination (Sp), a conglomerate bed (Gm), and mud rip-up 

clast breccia (Bm). Red arrows indicate structural gradation from planar to ripple 

carbonaceous lamination.
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Figure 15.  FA4, present only in Sundown 3H core, location 69 in Figure 6. a), b), c) Common sedimentary structures of the 

heterolithic tidal channel facies association. Cr – climbing ripples, Hxs – bioturbated heterolithic facies, Sc – scoured 

bedding surfaces, Sff – synsedimentary faulting, Mr – mud rip-up clast lags and Ssd – soft-sediment deformation 

including ball and pillow structures (BP). Scale in (a) applies to all.

from planar lamination to ripple cross-lamination and 
mud drapes indicates waning flow conditions (Dalrymple, 
2010). Sediment-laden flows with scoured bases and 
mud rip-up clast lags suggest a tidal-channel setting 
(Dalrymple and Choi, 2007; Ponten and Plink-Björklund, 
2007). Synaeresis cracks coupled with low-abundance 
trace-fossil assemblages, and small size of traces in those 
assemblages, suggest biologically stressful conditions 
consistent with salinity fluctuations (Buatois and 
Mángano, 2011; Gingras et al., 2012b). In combination, 
these features suggest deposition in a tidal setting, which 
is commonly brackish (Dalrymple, 2010; Buatois and 
Mángano, 2011).

Facies association 5 (FA5) – lower 

shoreface

Description

FA5 is characterized by sparsely bioturbated, planar-
laminated and ripple cross-laminated siltstone and 
sandstone (Hm) interbedded with abundantly bioturbated 
sandstone facies (Smb). Planar-laminated and ripple 
cross-laminated sandstone beds in Hm are sharp based 
and typically fine upwards to siltstone. Rippled to 
hummocky–swaley cross-stratified sandstone (Sfx, Sxs) 
with sharp contacts are interbedded with Hm. Sfx facies 

occur as single, event beds or stacked sets. Low-level 
bioturbation (BI 0–2) is present in Hm with predominantly 
horizontal traces including Thalassinoides, Phycosiphon, 
Planolites, and Teichichnus. In contrast, bioturbated 
sandstones (Smb) contain a high-abundance, high diversity 
trace-fossil assemblage (Fig. 16a). Silt-lined, sand-filled, 
vertical burrows dominate the assemblage with common 
overprinting. Intense bioturbation (BI 4–6) has removed 
nearly all primary sedimentary structures. Diplocraterion, 
Thalassinoides, Rosselia and Palaeophycus, with possible 
Ophiomorpha and Skolithos, were identified, in addition 
to abundant, indistinct mottling (Fig. 16a). Rosselia and 
Skolithos traces are overprinted by Palaeophycus and 
Thalassinoides.

Interpretation

Hummocky–swaley cross-stratified sandstones with 
scoured surfaces indicate high-energy wave action 
and likely storm activity (Dumas and Arnott, 2006). 
Repeated fining-up beds with basal scoured surfaces 
indicate repetitive high-energy waning flows possibly 
related to tidal activity (Dalrymple, 2010). Teichichnus 
and Rosselia trace fossils identify marine conditions 
(Buatois and Mángano, 2011). Skolithos and Ophiomorpha 
are opportunistic traces that are commonly, but not 
exclusively, associated with shifting sandy substrates 
(Buatois and Mángano, 2011). Overprinting of these 
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Figure 16.  Images of trace-fossil genera and facies associations from core sections, localities indicated in  

Figure 6: a) FA5 Smb from Scarpia 1. High-intensity, high-diversity trace fossil assemblage with high 

levels of overprinting. Ro – Rosselia, Pa – Palaeophycus, Th – Thalassinoides and Sk* – possible Skolithos;  

b) FA6 from Meda 1, core 1. Interbedded Hxs and Sfx, hummocky–swaley beds (Sfx beds in red boxes);  

c) Hxs from PND 1 displaying the high-abundance, high-diversity trace-fossil assemblage, and overprinting 

of larger traces by Chondrites (Ch); d) FA6 Gmc bed from PND 1 with well-rounded sandstone pebbles 

(Sc) in a mixed quartz sand, mud, and fragmented bioclast matrix (Sf). 

traces by suspension feeding traces, e.g. Palaeophycus, 
suggests transition to fair-weather conditions after initial 
colonization. Abundant Sfx sandstones interbedded 
with highly bioturbated sandstones, dominated by the 
burrows of suspension feeding organisms, indicate 
high-energy settings and frequent storm reworking, and 
suggest deposition in a shoreface environment (Buatios 
et al., 2002; Lever, 2002; Rygel et al., 2008). Very high 
to extreme bioturbation is not usually observed in upper 
shoreface environments and siltstone interbeds indicate 
lower energy episodes suggesting a middle to lower 
shoreface setting (Buatios et al., 2002).

Facies association 6 (FA6) – offshore 

transition

Description

FA6 is dominated by thinly bedded, extensively 
bioturbated, heterolithic, very fine-grained sandstone 
and siltstone (Hxs) (Fig. 16b,c). Sandstones in Hxs are 
sharp-based massive beds or planar-laminated beds 
that grade up to ripple cross-laminated sandstones or 
siltstones. Brachiopod shells are only sparsely distributed 
throughout Hxs, but are seen in thin horizons along 



GSWA Report 149  Characterization and correlation of lower Permian strata, Canning Basin

21

bedding planes. Lenticular-bedded siltstone (Ml) and 
hummocky–swaley cross-laminated sandstones (Sfx) 
are interbedded with Hxs (Fig. 16b). Sfx sandstones are 
commonly present as beds about 5 cm thick, with sharp 
bed contacts; however, amalgamated beds up to 20 cm 
thick are locally present (Fig. 16b). Thin, sharp-based, 
calcareous pebble conglomerates (Gmc) are locally present 
(Fig. 16d). Bioturbation is absent in Sfx and Gmc and 
low in Ml. High levels of bioturbation characterize Hxs 
facies, although bioturbation is reduced and even absent in 
places. Zoophycos, Chondrites and Phycosiphon are most 
abundant, with Teichichnus, Thalassinoides and Nereites 
common in highly bioturbated beds. Asterosoma is locally 
present. 

Interpretation

Siltstones interbedded with thin, erosionally based, planar-
laminated beds and lenses (Ml) and hummocky–swaley 
cross-laminated sandstone (Sfx) facies indicate low-energy 
settings with episodic higher energy currents and storm 
activity (Hart and Plint, 1993; Martinius et al., 2001; 
Dumas and Arnott, 2006; Buatois et al., 2012). Alternation 
of low-energy suspension fallout and thin storm beds 
are characteristic of offshore environments. Teichichnus 
and Asterosoma indicate marine settings consistent with 
an offshore environment (Buatois and Mángano, 2011). 
Intense bioturbation and high levels of overprinting are 
common in lower offshore environments, and when 
siltstone facies interbedded with Sfx sandstone facies are 
highly bioturbated by trace-fossil assemblages including 
Zoophycos, Chondrites, Phycosiphon, Teichichnus, 
and Planolites, offshore transitional environments are 
commonly inferred (Posamentier and Chamberlain, 1993; 
Buatios et al., 2002, 2012; Di Celma et al., 2010). Local, 
fragmented bioclastic lags have also been associated 
with these deposits (Buatios et al., 2002). Episodes of 
reduced bioturbation suggest biological stress that may be 
attributed to turbidity or nutrient fluctuations.

Facies association 7 (FA7) – offshore

Description

FA7 comprises interbedded lenticular-bedded siltstone 
(Ml) and planar-laminated mudstone (M). Lenticular-
bedded siltstone facies also contain thin, fine-grained 
sandstone beds with gradational contacts. Sharp-based, 
hummocky–swaley cross-bedded facies (Sfx) are rare 
and interbedded with Ml. Thin, sharp-based, pebble 
conglomerates (Gmc) are locally present. Bioturbation 
is absent in facies M and Sfx but is typically present in 
low levels in Ml (BI 1–2). Trace fossils include small 
Planolites and Teichichnus and abundance increases 
locally (BI 3–4), although most traces are indistinct and 
unidentifiable. 

Interpretation

The dominance of mudstone facies indicates very low-
energy conditions and deposition mainly by suspension 
settling. Thin sandstone laminae and lenses indicate 
weak traction currents. Hummocky bedding and localized 
conglomeratic facies (Gmc, Sfx) indicate episodic high-
energy events, possibly related to storms. Suspension 
deposits punctuated by rare storm events suggest offshore 
deposition above storm wave base. The presence of 
Teichichnus indicates marine conditions and beds with 
low levels of bioturbation further suggest episodes of 
biological stress possibly related to fluctuating oxygen-
poor conditions.

Facies association 8 (FA8) – muddy tidal 

flats

Description

FA8 is dominated by laminated mudstones (M) which 
commonly overlie, and are gradational with, sharp-based, 
ripple cross-laminated sandstone lenses. Bioturbation 
is low to moderate (BI 0–1), but commonly higher in 
lenticular-bedded facies (BI 3). Observed trace fossils 
are restricted to small Planolites and Teichichnus. Small 
synaeresis cracks are present throughout.

Interpretation

Thick mudstone beds and lenticular bedding indicate 
the predominance of low-energy, suspension settling 
deposition and fluctuation between this and lower-flow 
regime conditions in settings with high suspended 
loads (Ponten and Plink-Björklund, 2007; Dalrymple, 
2010). Teichichnus indicates marine influence, and 
low to moderate bioturbation dominated by small trace 
fossils suggests a biologically stressed setting (Buatois 
and Mángano, 2011). Syneresis cracks indicate salinity 
fluctuations consistent with biological stress, as is 
typically attributed to such conditions (Burst, 1965).

Facies association 9 (FA9) – shallow 

marine carbonate setting

Description

FA9 consists of thinly to thickly interbedded skeletal 
grainstone (Lgs) and skeletal packstone (Lps) facies. Both 
facies comprise fragmented, abraded bioclasts including 
abundant brachiopods, bryozoans and crinoids, some 
gastropods, ostracods and bivalves, with rare sponge 
fragments (Fig. 17). Large, well-rounded limestone clasts 
are locally present. An upward transition from grainstone 
dominated to packstone dominated is apparent (Fig. 17a). 
There are no trace fossils.
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Figure 17.  FA9 in core section from Perindi 1, 872.04 – 875.5 m: a) interbedded grainstone (Lgs) and packstone (Lps) facies 

showing where samples for thin sections shown in (b) and (c) were taken from; b) photomicrograph of packstone 

facies at 872.4 m displaying a crinoid-dominated fabric. Br – brachiopod, Cr – crinoid, O – ostracod; FOV 11 mm; c) 

photomicrograph of grainstone facies at 872.8 m dominated by highly fragmented, well-rounded bryozoan fragments 

(Bz) with common brachiopod spines (Br) supported by equant carbonate cement (Ce), FOV 11 mm.

Interpretation

Bryozoans and crinoids indicate a well-oxygenated 
marine setting and the abundance of bioclasts indicates 
high carbonate productivity (Brigaud et al., 2009). A 
high-energy setting with reworking of sediment most 
likely by wave action is inferred from the coarse, highly 
fragmented and abraded grains. Interbedded packstone 
and grainstone fabrics suggest alternating fair weather and 
higher energy conditions respectively. High-energy, high 
carbonate productivity settings with regular reworking 
and storm influences suggest a shallow marine carbonate 
ramp setting above fair-weather wave base (Flügel, 2004). 
This is supported by the packstone and grainstone facies 
composed of highly abraded and fragmented bioclasts  
(e.g. Gramigna et al., 2011; Bassi and Nebelsick, 2010).

Petrographic analysis

Key facies from drillcore sections were sampled for 
petrographic examination to describe detrital composition 
and authigenic modification, and to interpret diagenetic 
processes and their influences on porosity and 
permeability. This section describes the characteristics 
of six major siliciclastic facies and two major carbonate 
facies, and discusses significant trends and diagenetic 
character across the study area. Detailed descriptions 
of each sample are presented in Appendix 3. Detrital 
components are described as a percentage of the 
framework based on optical estimates. Porosity and 
authigenic products are described as a percentage of the 
whole rock.
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Siliciclastic facies

Detrital composition

The framework in the siliciclastic facies is dominated by 
monocrystalline quartz (>60%) with minor plagioclase 
feldspar and microcline (Appendix 3). Fine-grained 
sandstones commonly contain minor biotite, up to 10%. 
Traces of carbonaceous material are common and lithic 
fragments are rare, except in some conglomerates. Of 
those lithic fragments seen, most have fine-grained clastic 
textures, although some are highly altered to kaolinite and 
chlorite and primary composition is not preserved. Fossil 
debris is locally present. The primary matrix is composed 
of brown clays and is a minor component in most samples 
but locally constitutes up to 25% of some sandstones. Well-
sorted, subrounded to rounded grains, and planar contacts 
characterize all facies except conglomerates (Gmc), which 
have subangular grains. Compositionally, the sandstone 
facies are mainly quartz arenites and subfeldsarenites based 
on the QRF classification of Folk et al. (1970).

Figure 18.  Detrital composition and diagenetic features of siliciclastic facies: a) PND1 307.5 m, illustrating quartzose composition 

and cement history; quartz overgrowths (QO) followed by by kaolinite (K) filling intergranular pore space, both phases 

overprinted by iron-oxide cements (Fe). Dissolution of quartz (D) is also observed; b) PND1 317 m, deformation 

(Def) of biotite (B) by surrounding quartz and plagioclase feldspar. Quartz overgrowth cement is developed on some 

grains (QO) and dissolution of plagioclase feldspar is observed (D), post-biotite deformation; c) Scarpia 1, extensive 

chlorite formation in replacement of biotite grains (B), extending into intergranular spaces (Ch); d) PND1 300 m, Gmc 

facies, very poorly sorted with abundant lithic clasts (L), carbonate skeletal fragments rimmed by fibrous cement 

(Cf), and overprinted by carbonate veins (CV).

Authigenic phases

Quartz overgrowth cement is common whereas kaolinite 
and carbonate cements are minor and are patchily 
distributed (Fig. 18a). Initial development of quartz 
overgrowths was followed by occlusion of pore space 
by kaolinite and carbonate cements. In Gmc, fibrous 
carbonate cements and quartz overgrowths are overprinted 
by carbonate veins (Fig. 18d). As could be expected, 
quartz overgrowths are best developed in clean sandstones 
or where detrital clay is minimal (<5%). Dissolution of 
plagioclase feldspar is common with grains replaced by 
carbonate cements and kaolinite (Fig. 18 a,b). Chlorite is 
present mainly as an alteration product after biotite but 
also locally occludes intergranular porosity. Extensive 
chlorite is present in all sandstone facies in Scarpia 1 
due to the abundance of biotite in these facies (Fig. 18c). 
Fine-grained iron oxide is present in one sample, PND 1, 
overprinting all other cement types in this sample 
(Fig. 18a). Deformation of biotite by surrounding grains 
is common (Fig. 18b).



Dent

24

Carbonate facies

Detrital composition

Fragmented bioclasts are abundant (>70%), composed 
mainly of brachiopods, crinoids and bryozoans, with 
minor gastropods, ostracods and coral debris. Crinoid 
bioclasts are distinctly more abundant in packstone 
facies than in grainstone facies. Carbonate facies may 
contain up to 30% very fine-grained, subangular quartz 
grains (Fig. 19a). Glauconite may be present in bioclast 
cavities and rare, well-rounded, limestone clasts are 
locally present. Bioclasts in grainstone facies are highly 
fragmented, mostly granule sized, abraded and very well 
rounded (Fig. 19a–c), compared to bioclasts in packstones 
which are generally less fragmented. (Fig. 19d).

Figure 19.  Detrital composition and diagenetic features of carbonate facies: a) Langoora 1 Lgs facies, detrital composition 

dominated by fossil fragments with some quartz (Q). Pervasive ferroan calcite cement (FC) with some calcite 

overgrowths on crinoid fragments (CO) stained pink; b) Langoora 1 Lgs facies, bioclasts surrounded by fibrous 

calcite cement (Cf) and calcite grain overgrowths on crinoid fragments (CO). Intergranular space is extensively filled 

with equant ferroan carbonate cement (FC) stained blue; c) Perindi 1 Lgs facies, pervasive equant calcite cement 

occluding intergranular space (Ce) and supporting skeletal fragments including brachiopods (Br) and bryozoans 

(Bz); some clasts are totally recrystallized (CR); d) Roebuck Bay 1 Lps, Crinoid-dominated (Cr) packstone fabric 

with calcite cement occluding intergranular and intragranular spaces (OP) and as veins (CV).

Authigenic phases

Fibrous to columnar calcite cement commonly forms 
a thin rim around bioclasts and quartz in grainstones 
and packstones (Fig. 19b,d). Calcite overgrowths are 
well developed on some bioclasts, particularly crinoid 
fragments, in Lgs and Lps (Fig. 19b). Equant carbonate 
cement is extensive in all samples, occluding intergranular 
pores and some internal skeletal cavities (Fig. 19a–c). 
Crystal size varies with both large and small calcite 
crystals observed. Partial to total replacement of bioclasts 
by equant calcite is seen in both facies (Fig. 19c). Blue 
staining indicates the equant carbonate is ferroan in some 
samples. Calcite-filled veins are common and overprint 
equant calcite (Fig. 19c).
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Diagenetic history

Some mechanical compaction of the clastic rocks has 
taken place, as indicated by the presence locally of 
predominantly planar contacts and deformation of more 
ductile components such as biotite and carbonaceous 
material. Features associated with deep burial, such as 
grain fracturing and pressure dissolution, are notably 
absent, and there is good preservation of primary porosity. 
Taken together, these features indicate that compaction 
was limited. The development of quartz overgrowth 
cement indicates temperatures of at least 70–80 °C 
were achieved during burial (Worden and Burley, 2003). 
Overgrowths are absent or poorly developed where detrital 
clay and authigenic chlorite envelop grains (Worden and 
Morad, 2000; Worden and Burley, 2003). 

Chlorite replaces biotite, and its abundance is controlled 
by the amount of primary biotite content originally in 
the rock. The extent of transformation from biotite to 
oxychlorite is variable, suggesting gradual and continuous 
formation, consistent with chlorite forming during both 
early and late diagenesis (Milliken, 2004). The common 
diagenetic dissolution of plagioclase feldspars observed is 
likely due to their chemical instability in comparison to the 
more stable quartz grains. This process is the main factor 
in the development of secondary porosity in siliciclastic 
facies (Milliken, 2004). The presence of iron-oxide cement 
in PND 1 is consistent with iron staining observed in core 
sections. Late formation of this cement indicates iron-rich 
formation fluid affected these areas during burial.

Overprinting relationships in carbonate facies indicate 
four main phases of cement precipitation. Fibrous 
calcite is commonly associated with carbonate facies 
deposited in open-marine settings, and is interpreted 
to have formed shortly after marine deposition before 
burial and compaction (Fig. 19b; Flügel, 2004). Point to 
planar grain contacts in Lgs and some Lps facies suggest 
early formation of equant carbonate, preventing grain 
rearrangement and closer packing associated with burial 
compaction. Grain overgrowth cements formed on crinoid 
fragments are enclosed by ferroan calcite (Fig. 19b). Both 
cements are commonly associated with burial diagenesis 
(Flügel, 2004). Ferroan carbonate cements comprise large 
and small equant crystals suggesting at least two phases 
of cementation. Partial to total replacement of bioclasts 
by equant carbonate indicates continued development of 
calcite after the initial cementation phase. This is a common 
feature of carbonate cements and is consistent with 
variation in crystal size in ferroan cements (Milliken, 2004).

Paragenetic sequences for both siliciclastic and carbonate 
facies based on the overprinting relationships of authigenic 
features are summarized in Figures 20 and 21. Diagenetic 
history is consistent across the study region for sandstones 
in the Poole Sandstone and Noonkanbah Formation, and 
is similar to that recorded from previous studies of the 
Grant Group (Dentith et al., 2015). The composition 
of Grant Group samples is similar to Sx facies which 
display the same quartz overgrowth, kaolinite, and calcite 
development history. Grain and grain-rim fracturing and 
contact suturing are seen in the deepest samples, consistent 
with their lower stratigraphic position and deeper burial.

Continuous burial of sediments between deposition of the 
Grant Group to the Noonkanbah Formation is consistent 
with accommodation generated by regional extension 
and subsidence at this time (early Permian; Shaw et al., 
1994; Parra-Garcia et al., 2014). Transpression during 
the Early Triassic caused significant uplift and folding of 
sediments, preventing deep burial and the formation of 
related diagenetic fabrics (Shaw et al., 1994; Parra-Garcia 
et al., 2014).

Stratigraphic characterization 

and correlation

Grant Group (G1)

To date, the Grant Group has been considered 
stratigraphically distinct from the Poole Sandstone, 
classified as part of a separate, preceding second-order 
supersequence, Supersequence H (Fig. 2). Classically, 
the boundary between the Grant Group and the Poole 
Sandstone is marked by the end of glacial conditions 
and the P. confluens – P. pseudoreticulata zone boundary 
(Fig.  5). There are distinct variations in the well-log 
character of the uppermost Grant Group, designated here 
G1, which have implications for both the Poole Sandstone 
and Grant Group in the existing stratigraphic framework. 
These variations and their implications are explored in the 
following sections.

Distribution of facies associations

In the Sundown 3H well, muddy tidal flat (FA8) and tidal-
channel (FA4) associations are present at the base of G1 
overlying a fluvial facies association (FA1; Fig. 22). A 
fluvial association is also present in the same stratigraphic 
position in the neighbouring Whitewell 1.

Palynological samples from the base of G1 indicate 
brackish conditions or settings with a strong freshwater 
influence based on the presence of the algae Botryococcus 
sp. in wells neighbouring Sundown 3H (e.g. Sundown 2, 
Terrace 1, Janpam 1; Plate 2). In the study areas to the 
northwest, limestone is recorded throughout G1, with 
glauconite at its base in some wells (e.g. Perindi 1, 
Minjin 1, Jum Jum 1, Curringa 1; Plate 2).

Wireline characteristics and distribution

Blocky motifs on well logs indicate that the majority 
of the Grant Group is composed of thick, amalgamated 
sandstone packages with aggradational stacking patterns. 
An abrupt increase in gamma ray log values occurs above 
these aggradational trends, followed by a gradual decline 
of values, resulting in funnel-shaped motifs interpreted 
as coarsening-up cycles (e.g. Terrace 1, Whitewell 1, 
Hangover 1; Plate 1). The basal incursion and coarsening-up 
character are laterally continuous and are correlated across 
the northwest and central regions of the study area, but 
become difficult to distinguish in the southeast, and on the 



Dent

26

Figure 20.  Paragenetic sequence of authigenic minerals in siliciclastic facies in the uppermost Grant Group, Poole Sandstone 

and Noonkanbah Formation

Figure 21.  Paragenetic sequence of authigenic minerals in carbonate facies in the Poole Sandstone and Noonkanbah Formation 

sampled in this study

Jurgurra Terrace and Broome Platform (e.g. Kilang Kilang 
1, Point Moody 1; Plate 1). The basal incursion becomes 
less distinct in the northwest of the study area where G1 
is not directly underlain by an aggradational sandstone 
sequence (e.g. Curringa 1 and Puratte 1; Plate 1).

Depositional model

Fluvial deposition is inferred for the Grant Group 
below G1 based on cored sections from Whitewell 1 
and Sundown 3H, cylindrical log motifs known from 
such deposits (Martinius et al., 2001; Catuneanu, 2006), 
and previous work in the Canning Basin (Redfern and 
Millward, 1994; O'Brien et al., 1998; Eyles et al., 2001; 
Redfern and Williams, 2002; Al-Hinaai and Redfern, 
2013; Dentith et al., 2015). The abrupt increase in the 
gamma ray log signature for rocks overlying these 
deposits, and associated deepening-up trend from fluvial 

(FA1) to tidal (FA3) associations in Sundown 3H, mark 
the presence of an extensive flooding surface. The 
presence of limestone and glauconite indicate marine 
conditions in the northwest. Marine influence extends 
southeast to Janpam 1 and Sundown 3H, but given the 
distinct coarsening-up trend in these wells, it is likely that 
this influence is limited to the base of G1 in the southeast.

Grant Group – Poole Sandstone 

boundary

The uppermost Grant Group (G1) and Poole Sandstone 
(P1) have a similar facies and prograding architecture. 
There has previously been confusion in locating the 
boundary because of the uncertainty as to whether the 
Poole Sandstone consisted of one, two or three coarsening-
up packages. Dentith et al. (2015) re-assessed the 
boundary between the two units based on regional well-
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Figure 22.  Major flooding surface at the base of G1 (Grant Group) observed in the gamma ray 

log, and corresponding shift from fluvial (FA1) to tidal (FA8) facies associations 

identified in core section. CS – position of the casing shoe. P is Poole Sandstone; 

N1–5 is Noonkanbah Formation; red rectangle adjacent to gamma ray log is interval 

of interpreted core section. Core photographs correspond to sections a), b) and  

c) on core log.
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log correlation, and concluded that the Poole Sandstone 
contains only a single coarsening-up cycle. Many previous 
well completion reports have assigned two coarsening-up 
packages in the Poole Sandstone, thus including what is 
now considered to be the uppermost Grant Group (G1). 

Palynology from 29 wells, including 27 existing reports 
and two new samples, indicates the presence of the 
P.  confluens or equivalent palynological zones in 
G1 (e.g. Sundown 3H, Whitewell 1, Terrace 1, and 
Curringa  1; Plate 1; Appendix 5). This distinguishes it 
from the Poole Sandstone according to the P. confluens 
– P. pseudoreticulata boundary (Eyles et al., 2002) and 
supports the model of the Poole Sandstone as a single 
coarsening-up package.

Poole Sandstone

Nura Nura Member

The Nura Nura Member is easily defined in the northwest 
where a distinct carbonate lithofacies is present 
(e.g. Perindi 1 and Jum Jum 1; Plate 3). This definition is 
hindered towards the southwest as the member becomes 
increasingly siliciclastic and identification varies from well 
to well. In some places it is identified as a thin fossil-rich 
unit (e.g. Meda 2; Plate 4), in others as a thick siliciclastic 
section (e.g. Janpam 1, Sundown 1; Plate 4), or as entire 
cycles that are predominantly siliciclastic (e.g. Sundown 
3H; Plate 4).

In the following, the character and lateral correlation of the 
Nura Nura Member in the study area are described using 
available core material and well logs in combination with 
supporting well information (Appendix 6).

Distribution of facies associations

A shallow marine carbonate ramp association (FA9) 
in Perindi 1 overlies a thick mudstone facies (M; 
Appendix 2). The packstone facies (Lps) identified in this 
association is also recorded in Roebuck Bay 1; however, 
paucity of core in this well prevents further interpretation. 
A sandy limestone facies is present at Nura Nura Ridge, 
in which bioclasts are typically whole and moderately to 
highly abundant. 

Wireline characteristics

FA9 identified in Perindi 1 corresponds to a distinct 
decrease in gamma ray (GR), sonic log (DT) and neutron 
log porosity (NPIH) values, and an increase in the 
formation density log values (RHOB) (Fig. 23). The same 
gamma ray log response is observed at the position of the 
packstone (Lps) sample in Roebuck Bay 1 (Fig. 23). 

The decreased gamma, sonic and neutron trends, and 
increased density trend, are consistent across 15 wells 
in the northwest of the study area, corresponding to 
records of limestone facies in the Nura Nura Member 
(e.g.  Moogana 1, Jum Jum 1, Booran 1; Plate 3; 

Appendix 6). For simplicity, only the gamma, sonic and 
density logs are illustrated. These log trends are observed 
in wells farther to the southeast which record sandstone 
and siltstone facies; however, responses are typically of 
lower amplitude (e.g. Canegrass 1, Janpam 1, Meda 2, 
Yarrada 1; Plate 3).

An abrupt upward decrease in gamma ray log values is 
observed in 21 wells, is common in both carbonate and 
siliciclastic rocks, and is interpreted as a coarsening-up 
trend (e.g. Booran 1, Thompson 1; Plate 3). In Perindi 
1 this corresponds to the change from mudstone to 
grainstone facies (Fig. 23). The base of this trend is 
distinguished by an abrupt increase in gamma ray log 
values above the G1 coarsening-up trend. The top of the 
member is distinguished by an abrupt increase in gamma 
values at the base of cycle P1 that can be correlated across 
the study area.

Thickness and distribution

The Nura Nura Member is represented by limestone 
facies in 17 wells, fossiliferous sandstone and siltstone 
in 10 wells, and non-fossiliferous sandstone and siltstone 
in three wells (Fig. 24; Appendix 6). A distinct facies 
trend is observed from carbonate facies in the northwest 
to clastic-dominated facies in the southeast (Fig. 24). The 
member extends farthest to the southeast in the Fitzroy 
Trough, with sandy limestone facies at Nura Nura Ridge 
and fossiliferous sandstone and siltstone facies recorded 
by Crowe and Towner (1976a) in the St George Ranges 
(Fig. 24).

In the northwest, the Nura Nura Member is intersected in 
all wells but one, where the Poole Sandstone is recorded; 
however, farther southeast the member cannot be identified 
in a number of wells (e.g. Sundown 1, Lloyd 2; Plate 3). 
The member averages 8 m thick with a maximum of 
~13.5 m in Meda 2 and minimum of 2.5 m in Hangover 1. 
No relationship between thickness and facies or structural 
position is observed. 

Depositional setting

Distribution of the Nura Nura Member indicates 
widespread marine conditions, inundation from the 
northwest, and development of a shallow epicontinental 
sea, consistent with interpretations by Forman and Wales 
(1981) and Dickins (1996). Grainstone and packstone 
facies associations indicate a carbonate depositional 
setting was present in the northwest. Open-marine 
conditions are supported by the biological assemblage and 
fibrous (early marine) calcite cement in grainstone facies. 
Limestone distribution suggests clastic starvation in the 
northwest of the study area and the transition to onshore, 
siliciclastic dominated facies suggest the influence of 
clastic sources from the southeast, consistent with the 
interpretation of deltaic to lagoonal settings (Crowe and 
Towner, 1976a; Forman and Wales, 1981). Nura Nura 
Ridge and St George Ranges facies indicate that marine 
conditions extended farther inland in the Fitzroy Trough 
than on adjacent shelves and terraces (Fig. 1).
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Figure 24.  Wells that intersect the Nura Nura Member. Wells are classified based on the dominant lithology of the Nura Nura 

Member found in each.
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Discussion

Based on well-log responses, the upper and lower 
contacts of the Nura Nura Member are interpreted as 
flooding surfaces. The member is identified as a discrete 
cycle, possibly fifth order, of limestone or siliciclastic 
composition commonly characterized by a small-scale 
coarsening-up trend. The prevalence of limestone facies in 
far northwestern wells favours continuity of the member 
in this area. These carbonate facies have previously been 
described as lenticular in outcrop (Mory and Hocking, 
2011), but more data are required to determine the extent 
of this lenticular character to the northwest. Where 
siliciclastic facies are present, the member cannot be 
consistently identified in well logs, suggesting patchy 
distribution and possibly nondeposition locally in these 
areas. Sandstone-dominated facies in the Nura Nura 
Member, for example meandering- to braided-style river 
deposit as interpreted by Crowe and Towner (1976a), 
may be indistinguishable from G1 in well logs, and thus 
misinterpreted as absent rather than a facies transition. 
Consequently, the extent of the member in the southeast 
is unclear. Crowe and Towner (1976a) recorded the 
Nura Nura Member at Mount Hutton, but no distinct 
differentiation of the Nura Nura Member from P1 
sedimentary units could be made at the outcrop site or 
at the Poole Range and east St George Ranges localities, 
suggesting either patchy distribution or absence.

P1

Distribution of facies associations

Fluvial (FA1), sandy tidal flat (FA2), shoreface (FA5), 
and offshore (FA7) facies associations were identified 
in core and outcrop sections of P1. Two distinct facies 
trends were observed: a northwest to southeast facies 
shift, and an up-section facies shift (Fig. 25). Fluvial 
(FA1) and sandy tidal flat (FA2) associations are extensive 
in the southeast of the study area (Appendix 2). Fine- to 
medium-grained sandstones dominate these associations 
and are typically present throughout the section. Coarse- 
to very coarse-grained sandstone is locally present at 
section tops. Marginal marine to nearshore brackish 
environments are interpreted farther northwest based on 
the presence of spinose acritarchs and freshwater algae 
Botryococcus sp. in sidewall core sections (e.g. Janpam 1 
and Terrace  1; Plate 2). A transition to lower shoreface 
(FA5) and offshore marine associations (FA7) is observed 
in core sections Meda 1 and Frome Rocks 2 (Appendix 2). 
North of Meda 1, core and outcrop sections are absent; 
however, limestone and glauconite have been recorded in 
well reports and these suggest marine conditions persisted 
in the northwest (Plate 2).

An up-section facies transition is observed from distal 
fluvial to proximal fluvial associations at Mount 
Bannerman (Fig. 26a), and from sandy tidal flat to fluvial 
associations at Poole Range and Mount Hutton (Fig. 26b). 

At Mount Bannerman, the transition is indicated by a 
distinct increase in the size of channel scours and channel- 
fill elements, which display coarser, poorly sorted facies in 
comparison to very well-sorted, well-rounded channel-fill 
elements of similar bedform size in distal associations. An 
overall increase in average grain size and bedform size is 
observed and interpreted as recording a more proximal 
position.

The basal contact with the Grant Group is generally 
abrupt (e.g. Mount Hutton; Fig. 26) where the Nura Nura 
Member is absent, but its character varies. At Mount 
Bannerman, a highly ferruginized distorted layer less than 
1 m thick is present, a subtle angular relationship is seen at 
Poole Range, and thin quartz-pebble lags mark the contact 
at west St George Ranges, and in PND 1 core section.

Wireline characteristics

Distinct upper and lower contacts enable confident 
correlation of P1 across the study area (Plate 1). The 
upper contact with the Noonkanbah Formation is defined 
by a sharp increase in values on the gamma ray log, and 
these increased values persist up-section over the next few 
hundred metres. 

The base of P1 is identified by an abrupt increase in 
gamma ray log values followed by a gradual decline 
in values up-section. The basal inflection typically 
corresponds to a lithological change from sandstone 
or limestone to siltstone or siltstone-rich facies. Above 
this basal inflection, P1 takes on one of three well-log 
characters (Fig. 27): 1) a weak funnel-shaped character 
is defined by retention of high gamma values up-section, 
and reduces gradually at the top (e.g. Kambara 1 and 
Minjin  1; Plate 2); 2) a classic funnel-shaped character 
shows temporary retention of high gamma values followed 
by a steady overall decrease (e.g. Meda 2 and Hangover 1; 
Plate 2); 3) a cylindrical response is defined by a rapid 
return to low gamma values, which remain consistently 
low up-section (e.g. Olios 1 and Kilang Kilang 1; Plate 2).

Well-log character has a distinct relationship to location in 
the study area. Funnel-shaped responses are interpreted as 
coarsening-up trends (Martinius et al., 2001; Chow et al., 
2005; Amigun et al., 2014) correlated to demonstrable 
increases in sandstone content. These signatures 
dominate the central and northwest of the study area 
with a transition to weak funnel signatures seen to the 
far northwest (e.g. Moogana 1 and Jum Jum 1; Plate 3). 
On the Jurgurra Terrace, Broome Platform and Crossland 
Platform, these weak funnel signatures are abrupt with 
a sharp decrease in gamma values mid-P1 (Plate 5). 
Cylindrical log responses are interpreted as aggradational 
packages and correspond to records of sandstone 
dominance from base to top (e.g. Olios 1 and Kilang 
Kilang 1; Plate 2). This trend is common in southeastern 
wells and is consistent with thick sandstone packages 
observed in outcrop sections and in core from PND 1.
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Figure 25.  Distribution of facies associations recorded in the Poole Sandstone (Nura Nura Member and P1) across the study area 

from outcrop and core sections. Heights of columns represent relative proportions of various facies associations 

within each well (not true thicknesses).

Thickness and distribution

P1 is distributed across the study area and crops out 
in the southeast, but is locally incomplete or absent in 
subsurface sections. On the western Broome Platform 
and northwestern Pender Terrace, partial sections of P1 
(e.g. Thangoo 1 and Perindi 1; Fig. 6, Plate 3) or Grant 
Group (e.g. Hedonia 1; Fig. 6) are unconformably overlain 
by the Middle to Upper Jurassic Wallal Sandstone. 
Mesozoic sedimentary rocks unconformably overlying the 
Grant Group are also recorded on anticlines in the Fitzroy 
Trough (e.g. Fraser River 1 and Yulleroo 1; Fig. 6). 

The average thickness of P1 is 57.7 m, maximum 
thickness is 122.5 m in Petaluma 1, Fitzroy Trough, and 
minimum thickness is 29 m in PND 1. Thicknesses were 
calculated from complete P1 intervals only; the overall 
minimum thickness recorded in the study area is 24.4 m 
from the partial section in Thangoo 1. Two main trends 
are observed; thickening into the Fitzroy Trough, and 
thickening towards the southeast on the Lennard Shelf.

Depositional model

Facies associations indicate shallow, open-marine, 
conditions in the northwest of the study area through to 
marine-influenced, tidal to fluvial settings in the southeast 
(Fig. 25). The distribution of limestone and glauconite 
suggests that marine conditions prevailed across a large 
area to the northwest. The diverse facies associations 
support previous interpretations of the Poole Sandstone as 
recording fluvio-deltaic deposition (e.g. Mory, 2010 and 
references therein; Dentith et al., 2015). The sharp basal 
incursion of the gamma ray logs and the abrupt facies shift 
from sandstone to siltstone records a widespread flooding 
event and transgression from the northwest. Landward 
transitions in lithofacies up-sequence and coarsening-up 
log profiles reflect progradation across the study area 
following flooding. Rare aggradational to retrogradational 
trends may represent deltaic channel or distributary facies 
(Selley and Sonnenberg, 2015). 
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Figure 26.  Up-section facies transitions observed in outcrop exposures of P1: a) transition within FA1, from distal fluvial 

facies to proximal fluvial facies (separated by dashed line) up-section at Mount Bannerman; b) transition from 

sandy tidal-flat associations (FA2) to distal fluvial associations (FA1) at Mount Hutton

Figure 27.  Gamma ray log signature shapes — weak funnel, funnel, and cylindrical — observed in log sections through 

the Poole Sandstone
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Thickening of P1 to the southeast may be attributed 
to higher rates of deposition in more proximal areas 
of deltaic systems, consistent with classic deltaic 
profiles (Dalrymple and Choi, 2007). Thick, widely 
distributed, sandy tidal flat facies associations (Fig.  25) 
suggest the presence of complex and extensive intertidal 
areas that probably were part of vast delta-plain 
environments consistent with the more landward position 
of these associations (FA2; Dashtgard, 2011). Shoreface 
associations found farther to the northwest probably 
formed in delta-front settings (Fielding, 2010), and 
offshore associations may represent the prodelta area 
(Buatois et al., 2012). Facies distributions suggest very 
large deltaic systems, on a scale akin to modern deltaic 
systems such as the Irriwaddy, Mekong and Mississippi 
deltas (Woodroffe, 2000; Meselhe et al., 2012).

Discussion

The facies profiles, abundance of limestone in the 
northwest, dominance of sandstone in the southeast, 
and a dominant paleocurrent direction towards the 
west-southwest together indicate the development of 
large deltaic systems fed by a southeastern sediment 
source. Progradational profiles are most prominent on 
the Lennard Shelf, and are attributed to lower levels 
of accommodation resulting in more rapid reduction 
of available accommodation space. The dominance of 
aggradational trends to the southeast are attributed to 
proximity to the source area. Similarly, the less distinct 
progradational character in the northwest is attributed to a 
higher proportion of muddier facies due to distal position 
from the source region and greater accommodation space.

The extensive basal flooding surface is consistent with 
the interpretations of regional transgression at the time of 
deposition (Middleton, 1990; Kennard et al., 1994). The 
regressive shoreline model proposed by Warris (1993) 
and Adkins (2003) records regression as sediment supply 
outpaced the rate at which accommodation space was 
produced (Catuneanu, 2002). This temporarily regressive 
character is common during early transgression due to 
initial low rates of relative sea-level rise (Catuneanu, 2002; 
Cattaneo and Steel, 2003).

Noonkanbah Formation

Distribution of facies associations

Mixed tidal flats (FA3), lower shoreface (FA5), offshore 
transition (FA6), and offshore (FA7) facies associations 
are recognized in the Noonkanbah Formation. The 
stratigraphic position and succession of facies associations 
is consistent among the studied wells (Fig. 28). Mixed 
tidal flat associations are recorded at the base of the 
formation and are abruptly overlain by lower shoreface 
associations (e.g. PND 1 and Scarpia 1; Fig. 28), with 
a transition to offshore associations in PND 1. Offshore 
(FA7) associations are overlain by offshore transition 

(FA6) associations (e.g. PND 1, The Sisters 1, Frome 
Rocks 2; Fig. 28). In PND 1, there is an up-section return 
to offshore associations, and offshore transitional settings 
are observed in the uppermost part of the formation in 
Meda 1 (Fig. 28).

In the northwest, glauconite and shell fragments are 
abundant throughout the formation, and limestone is 
commonly interbedded with siliciclastic facies. These 
features decrease in abundance towards the southeast 
and limestone is absent in PND 1, although marine trace 
fossils, and shell fragments are still common.

Wireline characteristics 

Typically, the entire Noonkanbah Formation is 
characterized by consistently high gamma ray log 
responses. The upper contact with the Liveringa Group 
is identified by a sharp increase in gamma ray log values, 
which is distinct across the study area (Plate 6). Variations 
in this log indicate two overarching trends and six nested 
subtrends (N1–N6) in the formation (Fig. 29). The general 
increase in values in the lower half of the formation 
is interpreted as a retrogradational trend overlain by a 
progradational trend shown by an overall decrease in 
values upward.

Superimposed on these two large trends are six smaller 
trends N1–N6. N1 is a funnel-shaped gamma ray response, 
interpreted as a progradational trend, and N2– N5 are 
cylindrical signatures interpreted as aggradational 
trends (Fig. 29). N6 is variable, either funnel-shaped 
(e.g. Langoora 1 and May River 1) or cylindrical 
(e.g.  Blackstone 1). Boundaries between N1–N6 are 
defined by abrupt increases in gamma ray log values, 
most distinct at the base of N2 and N5 (Fig. 29). These 
incursions are laterally consistent and are correlated across 
the study area (Plate 6).

In the far northwest of the study area, N1 and N2 are 
indistinguishable in well logs and the funnel-shaped 
signatures observed elsewhere are difficult to distinguish 
(e.g. Padilpa 1 and Puratte 1; Plate 6). The distinction 
between N5 and N6 is unclear in some wells, and as such, 
they are shown as a conjoined unit in Plate 6. However, 
the clarity of N6 in a significant number of wells warrants 
distinction from N5. Correlation of trends at all scales 
is hindered towards the southwest by the absence of the 
uppermost parts of the Noonkanbah Formation.

D-INPEFA revealed two distinct trends in the Noonkanbah 
Formation. Whole-log D-INPEFA displayed an overall 
positive log trend, interpreted as an overall fining-up of 
the formation (Fig. 29). The partial D-INPEFA illustrates 
two positive–negative trends, the first constituting N1–N4 
and the second N5–N6, with a positive turning point 
(PTP) separating the two at the base of N5 (Fig. 29). This 
signature shows local variability (e.g. Meda 1 and PND 1; 
Plate 6) and is inconsistent in the Gregory Sub-basin and 
on the Betty Terrace (e.g. Bindi 1; Plate 6).
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Thickness and distribution

The Noonkanbah Formation was deposited across the 
study area, and outcrops in the southeast. On the Pender 
Terrace, Jurgurra Terrace, Broome Platform and Crossland 
Platform, partial sections of the formation are present 
in the subsurface, unconformably overlain by Jurassic 
sediments (e.g. Roebuck Bay 1, Freney 1, and Crab 
Creek 1; Plate 5). In the Fitzroy Trough, the formation is 
locally absent, removed from the cores of some anticlines 
(e.g. Fraser River 1; Fig. 6).

Average thickness, calculated from complete sections, 
is 343.1 m but varies widely. Minimum thickness is 
202 m in PND 1, maximum thickness is 640.8 m in 
Petaluma 1. Partial sections are 25–310 m thick. Two 
trends are observed: thickening from the Lennard Shelf 

Figure 28.  Stratigraphic position of cored sections interpreted from facies associations. In the Noonkanbah Formation, 

tidal (FA2/3) and shoreface (FA5) associations correspond to the basal coarsening-up trend and, above this, 

offshore facies (FA7) are consistently present in the second and third trends, stratigraphically overlain by 

offshore transitional associations (FA6). The order of facies associations in the Noonkanbah Formation— 

tidal, shoreface, offshore, offshore transitional — is consistent in all wells.

into the Fitzroy Trough, and thickening from southeast to 
northwest along the Lennard Shelf.

Depositional history

The facies associations recognized in the Noonkanbah 
Formation indicate the dominance of widespread, low-
energy, open-marine conditions during deposition. 

Cycles N1–N6 record changes in the depositional 
environment, and are closely related to facies associations. 
The sections with the highest gamma ray log readings, 
N3 and N5, correlate with records of thick mudstone-
dominated lithologies and N3 hosts the most distal facies 
association (FA7, offshore). The excellent lateral continuity 
of these cycles suggests a low-gradient paleoslope.
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Figure 29.  Representative log section and interpretation of eight gamma ray log 

trends G1, P1 and N1–N6, and whole and partial D-INPEFA curves run 

on the gamma ray log, with interpreted positive and negative trends 

and turning points
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The abrupt shift in the gamma ray log at the base of 
the formation, recorded across the study area, indicates 
a regional flooding surface. This was followed by 
successive, regional transgressive–regressive packages, 
S1 and S2. Above the basal flooding surface, the increase 
in muddier facies above the basal flooding surface and 
deepening-up trends from mixed tidal flats to offshore 
associations indicate a long phase of deepening marine 
conditions (e.g. PND 1, The Sisters 1, Scarpia 1; Fig. 28). 
This was followed by regional shallowing-up, indicated 
by decreasing gamma ray log values and a transition to 
offshore transitional associations (FA6; e.g. PND1 and 
Frome Rocks 2; Fig. 28).

A second phase of deepening is indicated by a second 
abrupt incursion in the gamma ray log at the base of N5, 
accompanied by deepening-up from offshore transitional 
to offshore facies associations (FA6–FA7). Gamma ray 
log profiles indicate large-scale shallowing-up following 
this flooding event.

Discussion

The Noonkanbah Formation represents major flooding 
and quiescent open-marine facies overlying the fluvial 
and fluvio-deltaic Grant Group and Poole Sandstone, 
consistent with interpretations from previous work (Wade, 
1936; Yeates et al., 1975; Forman and Wales, 1981; Mory 
and Hocking, 2011), and with models of glacio-eustatic 
sea-level rise (Wopfner, 1999) and regional transgression 
(Middleton, 1990; Warris, 1993; Kennard et al., 1994).

The landward limit of marine incursion is difficult 
to establish. The facies associations and presence of 
fossiliferous carbonate lags with fibrous calcite cement 
indicates open-marine conditions were present as far 
southeast as PND1. This is consistent with previously 
interpreted open-marine conditions based on the presence 
of goniatites as far southeast as the Balgo Hills, which is 
located over 200 km southeast of PND 1 (Casey and Wells, 
1960; Yeates et al., 1975).

Porosity

Porosity data were compiled from existing well reports 
for all wells within a 200 km radius of James Price 
Point (Appendix 7), although data for the Noonkanbah 
Formation were only available for one well. Porosity 
measurements are based on well-log predictions and 
the following section presents a summary of these data. 
Permeability measurements were not available for most 
wells.

Poole Sandstone

Nura Nura Member

Porosity measurements for the Nura Nura Member 
were available from three wells (Appendix 7). Average 
porosity per well was low, 0 – 4.6 %, and individual 
measurements are in the range 0–13 %. Porosity of the 

member in Perindi  1 is predominantly intragranular, 
preserved in bioclast cavities with dissolution producing 
minor secondary porosity (Fig. 31a; Appendix 7). Visual 
porosity estimates were higher for the Roebuck Bay 1 
sample with a mix of primary inter- and intragranular 
porosity (Appendix 7). Large vugs in packstone facies as in 
Perindi 1 may cause significant increase in porosity locally.

P1

Porosity measurements for P1 were available for 14 wells 
(Appendix 7). Average porosity per well is 1.3 – 28%, and 
individual measurements are in the range 0–32%. No clear 
relationship between depth and porosity was observed. 
Visual porosity estimates from thin-section analysis are 
consistent with the range recorded from well reports. 
Bioturbated heterolithic facies (Hxs) show selective 
porosity enhancement within trace fossils (Fig. 31b,c).

Noonkanbah Formation

In the 200 km radius around James Price Point porosity 
measurements were retrieved from short intervals in one 
well, West Kora 1, in the range 15.5 – 17.7%. Enhanced 
porosity within trace fossils in Hxs facies was observed in 
thin section (Fig. 31d; Appendix 3).

The Scarpia 1 well sits well beyond the 200 km radius; 
however, it is noteworthy that very high porosities were 
recorded from core plugs taken in shoreface and mixed 
tidal flat facies associations from this well. Porosities 
averaged 29.5% with a range of 25.8 – 33.1%. Visual 
porosity estimates indicate similar high porosity in mixed 
tidal flat associations in the Noonkanbah Formation from 
PND 1 (Appendix 3).

Stratigraphic implications
The Poole Sandstone, Noonkanbah Formation and 
Liveringa Group represent a second-order transgressive–
regressive package identified by Kennard et al. (1994) 
as Supersequence I. Supersequence I is the third of four 
supersequences that constitute a Late Carboniferous – 
Triassic first-order megasequence (Fig. 2). Further to this, 
the Noonkanbah Formation can be divided into two third-
order trends (S1 and S2) and eight fourth-order trends 
(G1, P, and N1–N6). Fourth and higher order sequences 
are composed of stacked high-frequency transgressive 
cycles.

First order

First-order transgressive conditions are represented by the 
large-scale positive trend recorded by the whole formation 
D-INPEFA (Fig. 29). The trend is not distinct in the 
gamma ray log, which best represents the second-order 
sequence, but is consistent with basinwide subsidence of 
the Canning Basin from the late Carboniferous to Early 
Triassic, related to the breakup of Australia’s northwestern 
margin (Parra-Garcia et al., 2014).
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Figure 30.  Position and character of second-, third- and fourth-order sequences between the uppermost 

Grant Group and the top of the Noonkanbah Formation. High-frequency sequences 

identified in the Noonkanbah Formation are identified for the fourth-order cycle N3.
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Second order

The transgressive–regressive character of Supersequence I 
is represented by a thick retrogradational trend overlain 
by an aggradational to progradational trend that is distinct 
on well logs (Fig. 30). The maximum flooding zone 
is interpreted at the base of this aggradational trend, 
in the lower half of the Noonkanbah Formation, and 
is represented by the thickest section of high gamma 
ray log values in the sequence. This log signature is 
laterally extensive and correlates to records of siltstone–
claystone dominated facies and the most distal facies in 
Supersequence I, offshore associations (FA7; e.g. PND1 
and Frome Rocks 2; Fig. 28).

Kennard et al. (1994) interpreted the base of the Poole 
Sandstone as the base of Supersequence I, which appears 
to coincide with the P. confluens – P. pseudoreticulata 
boundary, and has been interpreted to mark the end of 
glacial conditions (Eyles et al., 2002). Typically, the 

Figure 31.  Style and structure of porosity in carbonate and siliciclastic facies: a) primary intragranular porosity preserved in 

bioclast cavities in grainstone facies from the Nura Nura Member in Perindi 1; b) biologically enhanced porosity 

at the base of the Poole Sandstone in offshore facies association (FA7), Frome Rocks 2; B – burrows; c) scaled-up 

burrow in b) showing reduced carbonaceous matter (CM) and detrital clay (DC), and increased porosity (P) within 

the burrow; d) biologically enhanced porosity, lighter coloured bands, in the Noonkanbah Formation in offshore 

transitional (FA6) facies association, Frome Rocks 2.

transgressive surface and beginning of transgressive 
conditions are interpreted on the basis of first evidence 
of deepening and switch in shoreline trajectory (Cattaneo 
and Steel, 2003). A transition from aggradational to 
retrogradational stacking pattern is observed at the base 
of G1. The base of this cycle is also marked by the 
presence of a laterally extensive siltstone-dominated layer 
representing an abrupt deepening-up of facies from fluvial 
to tidal in Sundown 3H (Fig. 22). These features, and 
marine indicators in G1, suggest widespread flooding prior 
to deposition of the Poole Sandstone. Further assessment 
of the uppermost Grant Group and characterization of the 
contact between G1 and underlying sediments is required 
to verify this interpretation. 

Second-order cyclicity is consistent with eustatic sea-level 
rise and equivalent second-order transgressive deposits 
are found in Gondwanan basins globally, preserving 
evidence of the link between glaciation and transgression 
intensity (Wopfner, 1999; Izart et al., 2003; Veevers, 
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2006). Examples of such deposits are recorded in the 
South Oman Basin, Peninsular India, and Tibet (Wopfner 
and Jin, 2009). In the Carnarvon Basin, Western Australia, 
glacio-eustatic sea-level rise has been interpreted during 
deposition of the Callytharra Formation (Hocking et al., 
1987; Crostella and Iasky, 1997), which, based on 
foraminiferal evidence (Kempin, 1956), is considered to 
be an equivalent of the Nura Nura Member of the Poole 
Sandstone.

Third order

The Noonkanbah Formation consists of two third-order 
transgressive–regressive cycles (S1 and S2) bounded by 
distinct, laterally persistent flooding surfaces. Flooding 
surfaces are indicated by sharp shifts in the gamma ray 
log and can be correlated across the study region (Fig. 30; 
Plate 5). The transgressive–regressive character of cycles 
is reflected in the successive positive–negative trends 
displayed by the partial D-INPEFA logs and deepening-
up to shallowing-up facies transitions (Fig. 29). Sequence 
division is based on the identification of flooding surfaces 
rather than subaerial unconformities as the sequence 
boundaries (Catuneanu, 2006) due to the prevalence of 
shallow marine conditions.

Crude estimates of cycle duration were achieved using 
existing palynological data. The base of S1 records both 
P. pseudoreticulata and S. fusus zones. The base of S2 
correlates weakly to the beginning of the P. sinuosus 
zone, which is constrained between this surface and the 
top of S2. The D. villosa zone is also recorded locally at 
the top of S2. These constraints indicate cycle duration of 
8–11 Ma, using the Gradstein et al. (2012) timescale to 
calibrate palynological zones.

The duration of cyclicity suggests that their development 
is probably tectonically controlled (Isbell et al., 2012). The 
current tectonic model for the Canning Basin suggests a 
single extensional phase, the Point Moody Extension, 
that included uplift, extension and volcanic events 
(Parra-Garcia et al., 2014). Locally, extension involved 
reactivation of half-graben structures in the Fitzroy 
Trough in the Permian and activity along the trough’s 
major south-bounding fault, the Fenton Fault (Parra-
Garcia et al., 2014). Tectonic influence is suggested by the 
nesting of these third-order sequences in a glacio-eustatic 
controlled, second-order trend, in tectonically active 
settings. In addition, third-order cycles do not display a 
distinct correlation with global eustatic events (Haq and 
Schutter, 2008; Wopfner and Jin, 2009). This interpretation 
is consistent with a large-scale study of cyclicity in 
Gondwanan basins, which found that third- and fourth-
order cyclicity was tectonically controlled in all Permian 
strata assessed (Izart et al., 2003).

Cycles of 8–10 Ma duration have been attributed to 
glacio-eustatic processes in eastern Australia, related to 
remnant glaciers (Fielding et al., 2008). However, glaciers 
in Western Australia and central northern Australia are 
inferred to have been absent at this time (Fielding et al., 
2008; Isbell et al., 2012). Furthermore, these eastern 
Australian deposits display alternation between glacial and 

nonglacial deposits not observed in the Poole Sandstone 
or Noonkanbah Formation. Long-duration glacio-eustatic 
cycles, up to 8.3 Ma were initially proposed for deposits 
of similar age in the Karoo and Kalahari Basins in South 
Africa (Visser, 1997); however, later revisions proposed 
tectonic control (Isbell et al., 2012).

Tectonic influence on third-order cyclicity may be 
assessed by examining variations of facies within 
structural domains (Holz et al., 2006; Grader et al., 2008). 
Some variation is apparent from the variability of the 
D-INPEFA signatures in the Gregory Sub-basin and Betty 
Terrace wells; however, currently analysis is hindered by 
lack of well data in these regions and erosion of the upper 
sections of the Noonkanbah Formation on the Jurgurra 
Terrace and Crossland Platform. The lack of distinct 
third-order cyclicity below S1 may be due to a masking 
effect produced by the strong progradational character of 
fourth-order cyclicity.

Fourth order

Eight fourth-order cycles are identified: G1, P1 and, 
N1–N6, each bounded by extensive flooding surfaces. 
P1, G1 and N1 have a distinct transgressive–regressive 
character (Fig. 30) in which the regressive phase is 
dominant. The character of these cycles appears to 
depend on the influence of the second- and third-order 
sequences. Temporal variations in character are most 
obvious during early second-order transgression. For 
example, the absence of clear coarsening-up trends in the 
most northwestern N1 deposits is likely a function of distal 
conditions related to overall transgression. Similarly, the 
aggradational character of P1 in the southeast is attributed 
to the proximal position of the deposits relative to their 
likely source.

Fifth order

Stacked high-frequency transgressive–regressive cycles 
are the building blocks of higher order sequences and are 
observed in well logs across the Canning Basin. Cycles are 
dominated by coarsening-up trends, and in many cycles a 
transgressive section is absent (Fig. 30). The transgressive 
phase is best preserved in the Fitzroy Trough where cycles 
are thickest. In the Noonkanbah Formation, cycles are 
defined by variations in the gamma ray log responses and 
distinct lithological variation in core section (Fig. 30). 
In Poole Sandstone outcrop sections, distinct banding is 
observed where prominent blocky benches alternate with 
crumbly layers that have been eroded to a greater extent. 
A detailed study by Adkins (2003) indicated thicknesses of 
approximately <5–10 m for these bands, similar to those 
in the Noonkanbah Formation. Banding is not distinct in 
well-log representations of the Poole Sandstone, probably 
due to its overriding progradational character.

The spatial extent of these cycles suggests a large-scale 
depositional control. The character is similar to high-
frequency cycles that have been extensively documented 
in both siliciclastic and carbonate Pennsylvanian – early 
Permian deglaciation deposits worldwide (Haq and 
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Schutter, 2008), including mid-continent North America 
(Heckel, 1986); Horquilla Limestone, Southeast Arizona 
(Connolly and Stanton, 1992); the Karoo and Kalahari 
Basins, South Africa (Visser, 1997); eastern Australia 
(Fielding et al., 2008), and Western Australia, in the 
Kennedy Group, Southern Carnarvon Basin (Lever, 2004). 
In these systems, high-frequency cyclicity was attributed 
to Milankovitch processes, which Lever (2004) further 
divided into precession, obliquity, and eccentricity-forced 
cycles based on the cycle hierarchy observed. It was 
suggested these orbital processes were the likely driving 
mechanism for the fifth-order cyclicity observed in the 
Poole Sandstone and Noonkanbah Formation. The Nura 
Nura Member may represent one such cycle. Thicknesses 
and coarsening-up character are consistent with this 
interpretation. Similar, laterally extensive, high-frequency 
cycles comprising mudstone overlain by grainstone have 
been recorded in early Mississippian deposits in Wyoming, 
North America (Westphal et al., 2004).

Implications for CO2 

sequestration
Core material from the Poole Sandstone and Noonkanbah 
Formation in the 200 km radius around James Price 
Point is scarce (Fig. 32). Lateral and vertical facies 
trends, and large-scale correlation for sequences, 
provide a basis for the prediction of depositional settings 
and lithofacies likely to be present within this radius. 
The stratigraphic model and porosity data available 
within this 200 km radius provide an insight into the 
role of the Poole Sandstone and the suitability of the 
Noonkanbah Formation as a sealing unit in a potential CO2 
sequestration system. Similar to hydrocarbon reservoirs, 
high porosity and permeability are key features of CO2 
reservoirs (Bachu et al., 2007; Xie and Economides, 
2009), while caprocks are typically laterally extensive, 
low-permeability lithologies such as claystones (Chadwick 
et al., 2004; Solomon et al., 2008; Shulka et al., 2010).

Role of the Poole Sandstone

The Poole Sandstone has characteristics suitable for both 
trapping and storing CO2. The likelihood of low-porosity 
and low-permeability lithologies such as siltstones and 
mudstones, which are potential sealing layers and baffles 
in the lower formation, suggest it is suitable for retention 
of CO2 and has the ability to stall the vertical migration 
of CO2 out of the potential Grant Group reservoir to the 
surface. Lithological variation up-sequence suggests that 
upper sections of this formation may be better suited to 
storage of CO2, lacking the trapping potential of lower 
sections.

The basal Nura Nura Member is dominated by limestone 
facies within the 200 km radius around James Price Point, 
transitioning to sandstone and siltstone facies towards 
the southeastern boundary of this radius. The interaction 
of carbonates and CO2 can serve to both increase and 

decrease porosity and permeability (Lagneau et al., 
2005; Izgec et al., 2008). In some conditions, limestone 
will dissolve on contact with CO2 presenting potential 
migration pathways (Snippe et al., 2013). Low-porosity, 
low-permeability limestones may also provide a barrier 
to CO2 migration, and have been assessed as potential 
sealing units for CO2 sequestration sites (Harrisson et al., 
2009).  The reaction between the two is highly complex, 
governed by numerous factors including salinity, pH, 
temperature and pressure (Lagneau et al., 2005; Izgec 
et al., 2008), and requires detailed studies to evaluate. 
Available porosity data for the Nura Nura Member 
suggest very low porosities so it may have potential to 
act as a preliminary stratigraphic barrier or baffle to CO2 
migration. Its effectiveness in this regard may be limited 
by its potentially lenticular character (Hocking et al., 
2008; Mory and Hocking, 2011), limited thickness, and 
unknown distribution of the vuggy porosity observed in 
Perindi 1. This baffle effect will be limited towards the 
southeast by the transition to more siliciclastic facies.

Marine conditions are inferred for the lower part of P1 in 
a 200 km radius from James Price Point, based on facies 
associations in neighbouring wells and the presence 
of limestone and glauconite. Lateral facies transitions 
indicate that the depositional setting is more distal to 
the northwest where offshore, offshore transitional, and 
possible shoreface deposits are present. This is consistent 
with the abundance of claystone and siltstones; however, 
sandstone and limestone beds are also commonly recorded 
and porosity is highly variable, suggesting heterogeneity. 
Heterogeneity in CO2 reservoirs can both increase and 
decrease storage capacity (Chadwick et al., 2004; Ambrose 
et al., 2008; Kuuskraa et al., 2009). Heterogeneity on 
the lithofacies scale, as well as on the scale of porosity 
and permeability, affects connectivity and the migration 
pathway of the CO2 plume (Torp and Gale, 2004; Deng 
et al., 2012; Lu et al., 2013; Sundal et al., 2013). The 
abundance of claystone–siltstone lithologies suggests 
the laterally extensive claystone–siltstone interval at the 
base of P1 may provide an initial stratigraphic barrier 
and may have limited capacity as a reservoir (Ambrose 
et al., 2008). These layers could act as intraformational 
baffles hindering vertical CO2 migration, while sandstone 
interbeds could serve as the main CO2 conduits (Deng 
et al., 2012). On a microscale, heterogeneity can also be 
developed by burrowing organisms. Selectively enhanced 
porosity in trace fossils (Fig. 31d) may increase overall 
porosity and permeability, particularly in intensely 
bioturbated beds. This may increase heterogeneity and 
produce flow pathways for CO2 (Gingras et al., 2012a;  
La Croix et al., 2013).

The uppermost sections of P1 and deposits towards the 
southeastern limit of the 200 km radius are more suitable 
CO2 reservoirs due to increasingly sandstone-dominated 
successions towards the southeast and its widespread 
coarsening-up character. In addition, very high porosities 
of 26–32% are recorded in these upper sandstone sections 
(e.g. East Crab Creek1, Freney 1, West Terrace 1; 
Appendix 7).
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Figure 32.  The 200 km radius around James Price Point, within which CO2 sequestration would take place. Petroleum wells and 

mineral drillholes, and other features, are described as for Figure 6.
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Sealing ability of the Noonkanbah 

Formation

The spatial extent, thickness and dominance of claystone–
siltstone facies in the Noonkanbah Formation make it 
a potentially excellent sealing unit (Holloway, 1997; 
Metz et al., 2005; Shulka et al., 2010; Buttinelli et al., 
2011). The Noonkanbah Formation contains two thick, 
laterally extensive, claystone-rich packages; the maximum 
flooding zone in the lower formation and the base of 
the S2 third-order cycle in the upper formation. These 
packages comprise the most distal facies associations 
in the formation, offshore (FA7; e.g. PND1 and Frome 
Rocks 2; Fig. 28), which are continuous across the study 
area (Plate  5) and likely host the lowest porosity and 
permeability lithofacies in the formation. These claystone-
rich lithofacies have potential as barriers to CO2 migration. 
The most proximal facies associations, mixed tidal flat 
(FA3) and shoreface (FA5), are recorded at the base of 
the formation and are associated with fourth-order cycles 
N1 and N2. In drillcore, these associations have a high 
sandstone component, and high porosity and permeability 
values are recorded in Scarpia 1 (Appendix 7). N1 is not 
distinct in the far northwest of the study region near James 
Price Point; however, more sandy, higher porosity deposits 
at the base of the formation, and the potential of these to 
compromise the sealing ability of the formation’s base, 
should be considered for southeastern areas within the 
200 km radius.

Heterogeneity in sealing units can result in zones more 
prone to leakage and can significantly affect seal integrity 
(Deng et al., 2012; Kano and Ishido, 2013). Heterogeneity 
is present on several levels in the Noonkanbah Formation; 
large- or formation-scale heterogeneity related to second- 
and third-order cyclicity is observed in facies transitions. 
High-frequency cyclicity produces heterogeneity on 
the scale of tens of metres, evidenced in gamma 
ray log signatures (Fig. 30) and siltstone–sandstone 
coarsening-up packages in PND 1 core sections. Intensely 
bioturbated facies (Smb and Hmb) show selective porosity 
enhancement (Fig. 31d), leading to heterogeneity on a 
centimetre to millimetre scale. The distribution of clay 
minerals and cements, particularly chlorite and quartz can 
also have a large influence on the distribution of porosity 
and permeability (Armitage et al., 2010, 2011; Lu et al., 
2013). Both of these have variable distribution in the 
formation and may produce microscale heterogeneity.

In summary, lithologically, the Noonkanbah Formation 
has good potential as a sealing unit, but heterogeneity is 
high due to cyclic facies arrangements, bioturbation, and 
clay mineral distribution. These features may compromise 
seal integrity. Generally, the thickness of the formation 
makes it desirable as a sealing unit, but the removal of 
large portions of the formation on the Jurgurra Terrace 
and Broome Platform and its absence in some anticlines 
in the Fitzroy Trough are potential threats to suitability for 
retaining CO2. Furthermore, strata overlying these eroded, 
partial sections are sandstone rich and unlikely to behave 
as a secondary sealing layer.

Conclusions
The depositional setting of the Poole Sandstone ranges 
from open marine in the northwest to fluvial in the 
southeast. The basal Nura Nura Member is most distinct 
in the northwest of the study area and displays a northwest 
to southeast facies trend from carbonate to predominantly 
siliciclastic facies. Offshore (FA7), shoreface (FA5), tidal 
flat (FA2) and fluvial (FA1) associations are recorded by 
overlying siliciclastic sedimentary rocks, P1, which were 
probably deposited in large deltaic systems. A widespread 
flooding event marks the base of the Noonkanbah 
Formation and subsequent drowning resulted in marine 
conditions across the study area. Marginal marine tidal flat 
(FA3) to offshore (FA7) associations are recorded in cored 
sections. Vertical facies progressions between these tidal 
flat and offshore associations and well-log trends indicate 
two widespread deepening events during deposition of the 
Noonkanbah Formation.

The Poole Sandstone and Noonkanbah Formation record 
a regional transgression followed by regional regression 
which together form a second-order supersequence, the 
base of which may be lower than originally defined. Two 
third-order and eight fourth-order sequences are identified 
nested within this second-order trend. These lower-order 
trends are bounded by flooding surfaces, and show good 
lateral continuity across the study area. Stacked high-
frequency cycles form the base unit for all larger cycles. 
Second-order cyclicity is attributed to global eustatic rise, 
tectonic processes are suggested as the main control on 
the formation of third- and fourth-order sequences, and 
Milankovitch forcing is suggested as the main forcing on 
high-frequency cycle development. 

Lateral and vertical facies variations in the Poole 
Sandstone give it a bimodal character with regard to CO2 
storage suitability. In the vicinity of James Price Point, 
the prevalence of siltstone and mudstone lithologies and 
the presence of a basal carbonate layer in the lower Poole 
Sandstone suggest limited potential for this formation 
as a reservoir, but that it could act as a barrier to CO2 
migration. The southeastern and uppermost sections of the 
sandstone present better reservoir potential. 

Within the Noonkanbah Formation, cyclicity, clay and 
cement distribution, and bioturbation have resulted in 
heterogeneity on a variety of scales. This heterogeneity 
and variable formation thickness due to basin structure 
and local structural features within the 200 km radius may 
have a significant negative impact on the suitability of the 
formation as a regional CO2 sequestration sealing unit.
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Appendix 2

Facies descriptions, core log and outcrop records 

Site Well or outcrop name
Core 

No.

Top depth 

(m)

Base depth 

(m)
Formation FA

Well Frome Rocks 2  

(Fig. 2.1)

1 212.15 215.2 Noonkanbah Formation 6

2 334.35 337.4 Noonkanbah Formation 7

3 456.6 459.65 Noonkanbah Formation 3

4 631.55 635 Poole Sandstone 7

Meda 1 (Fig. 2.2) 1 429.75 435.85 Noonkanbah Formation 6

2 592.25 598.3 Noonkanbah Formation 7

3 719.65 723.9 Poole Sandstone 5

Perindi 1 (Fig. 2.3) 1 872 881 Nura Nura Member 9

PND 1 (Fig. 2.4) 3 136.54 299.52 Noonkanbah Formation 5,6,7

4 299.54 330.88 Noonkanbah / Poole Sandstone 2,3,5

5 330.88 354.31 Poole Sandstone / Grant Group 2

Scarpia 1 (Fig. 2.5) 1 483 501 Noonkanbah Formation 3,5

Sundown 3H (Fig. 2.6) 1 895 913 Grant Group 1,4,8

The Sisters 1 (Fig. 2.7) 1 443.8 446.85 Noonkanbah Formation 7

2 555.05 561.15 Noonkanbah Formation 3

Whitewell 1 (Fig. 2.8) 1 862 871 Grant Group 1

Outcrop Poole Range (Fig. 2.9) - 50 0 Poole Sandstone 2

Liveringa (Fig. 2.10) - 72 Unknown Poole Sandstone 2

NOTES: Facies associations (FA): 1 – fluvial; 2 – sandy tidal flats; 3 – mixed tidal flats; 4 – tidal channels; 5 – lower shoreface; 6 – offshore transitional; 7 – offshore;  

8 – muddy tidal flats; 9 – middle carbonate ramp

Table 2.1. Summary of core and outcrop data used to compile drillcore log analyses and list of facies associations identified in          

drillcore or outcrop sections
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Figure 2.1.
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Figure 2.2.
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Figure 2.3.
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Figure 2.4.   Refer to p. 62 for legend.
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Figure 2.4.   continued
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Figure 2.4.   continued
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Figure 2.4.   continued
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Figure 2.4.   contined
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Figure 2.5.  
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Figure 2.6.  
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Figure 2.7.  



Dent

66

Figure 2.8.  
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Figure 2.9.  
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Figure 2.10.  
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Figure 2.10.  continued  
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Appendix 3

Petrographic sample descriptions

Authigenic characteristics Porosity

Facies
Order of 

cements
Dissolution and replacement textures

Compaction 

features
% Type

Sx QO, K Plagioclase dissolution (common) and 

rare quartz dissolution

20–25 Primary intergranular

<1 Secondary via dissolution

Sfx QO, K, Chl Plagioclase dissolution 5 Primary intergranular

<5 Secondary via dissolution

Sfx Cp, Chl Plagioclase dissolution, replacement by 

carbonate

Warped biotite 

and carbonaceous 

material

<10–20 Primary intergranular

Replacement of biotite by chlorite <5 Secondary via dissolution

Sff Plagioclase dissolution, replacement by 

chlorite

5 Primary intergranular

Replacement of biotite by chlorite <1 Secondary via dissolution

Smb QO, K, C, 

Chl

Quartz dissolution around grain edges 

and replacement with kaolinite

Warped biotite <5–20 Primary intergranular

Chlorite replacing biotite <1 Secondary via dissolution

Gm QO, K, Chl Chlorite replacing biotite 15 Primary intergranular

<5 Secondary via dissolution

Gmc Cf,QO, CV Plagioclase and microcline dissolution <5 Secondary via dissolution

Carbonate replacing plagioclase and 

microcline

Lps Ce, K Partial to total replacement of skeletal 

fragments by equant carbonate cement

10 Primary intergranular and 

intragranular

Lgs Cf, Ce Partial to total replacement of skeletal 

fragments by equant carbonate cement

<5 Primary intragranular

Table 3.1.  Summary of authigenic diagenetic features of samples for which petrographic descriptions are provided  

NOTES:  QO – quartz overgrowth; K – kaolinite; Cl – chlorite; Ce – equant calcite; Cf – fibrous calcite; Cp – patchy carbonate; CV – carbonate-filled veins
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Table 3.2.  List of of drillcore samples and depth of samples in wells for which 

petrographic descriptions are given

Well Depth of sample (m) Formation

Frome Rocks 2 213.3 – 216 Noonkanbah Formation

Frome Rocks 2 457.2 – 460 Noonkanbah Formation

Frome Rocks 2 630.9 – 633 Poole Sandstone

Langoora 1 519.4 – 581 Poole Sandstone

Langoora 1 579.4 – 581 Poole Sandstone

Meda 1 719.6 – 723.9 Poole Sandstone

Perindi 1 872.4 Nura Nura Member

Perindi1 872.8 Nura Nura Member

Perindi 1 873.85 Nura Nura Member

Perindi1 875.88 Nura Nura Member

Perindi 1 976.78 Nura Nura Member

PND 1 300 Noonkanbah Formation

PND 1 307 Noonkanbah Formation

PND 1 317 Noonkanbah Formation

PND 1 323.4 Poole Sandstone

Roebuck Bay 1 609.3 – 611.4 Nura Nura Member

Scarpia 1 488 Noonkanbah Formation

Scarpia 1 493 Noonkanbah Formation

Scarpia 1 495 Noonkanbah Formation

Scarpia 1 496 Noonkanbah Formation

Sundown 3H 908 Grant Group

Sundown 3H 912.3 Grant Group

Whitewell 1 863.5 Grant Group

Whitewell 1 868 Grant Group

Whitewell 1 870 Grant Group

Table 3.3. Summary of detrital composition and grain characteristics for samples in detailed petrographic descriptions

Fabric and texture Detrital composition (%)

Facies Grain size
Grain 

contacts
Sorting Q Mx PF AF Bt M L CM G BC

Sx f–m sand Planar Well 70–95 <5 5–10 <5 Tr

Sfx 1 f–m sand Planar Well 90–95 <5* <5 <1 <1

Sfx 2 f–c sand Planar Well 60–75 <5–25 <5*

Sff f sand Point-planar Well 85 <5 <5 10 <1

Smb m sand Planar Well 70–80 <5 <5 <1

Gm c–vf matrix 

sand

Planar Poor 80 10 <5 <5 1–2 5–10

Gmc f–vf matrix 

sand

Point Very 

Poor

70 10–15 <5 <5 10 5

Lps granule Point-planar Poor <1 30 70

Lgs granule Point Well 1–30 1–2 70–98

NOTES:  Q – quartz, Mx – matrix, PF – plagioclase feldspar, AF – alkalic feldspar (microcline), Bt – biotite, M – microcline, L – lithic fragments, CM – carbonaceous material, G – 

glauconitic material and BC – bioclasts. Facies codes correlate to the facies table in Appendix 2.
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Frome Rocks 2

Depth: 213.3 – 216.4 m  Formation: Noonkanbah Formation Facies: Hxs

SILTSTONE

Texture and fabric

Grain size: average 0.025 mm 

Shape: subangular  Sorting: moderate   Contacts: point–elongate

Detrital composition

This sample is dominated by quartz (70%) with abundant dark brown-grey clay (20–25%), minor muscovite (5%) and 
some organic material (<5%).

Diagenetic features

Organic material and muscovite flakes show minor ductile deformation. Minor amounts of calcite cement fill intergranular 
space.

Diagenetic sequence

Compaction is indicated by the deformation of organic material and muscovite flakes.

Porosity

Proportion of sample: <5%

Style: Porosity is primary and intergranular

Infill: Very minor fill with calcite cement

Figure 3.1. a) Grain composition and distribution showing the abundance of quartz and detrital clay, FOV: 1 mm; b) bioturbated 

sediment, thin alternating bands of clay-rich and quartz-rich sediments that result from the backfill of the burrow, 

FOV: 11 mm
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Frome Rocks 2

Depth: 457.2 – 460.2 m  Formation: Noonkanbah Formation Facies: Sfx

QUARTZARENITE (Q:97 F:3 R:0)

Texture and fabric

Grain size: average 0.1 mm; range 0.05 – 0.2 mm 

Shape: subangular  Sorting: moderate   Contacts: point–elongate

Detrital composition

This sample is dominated by quartz (75%) with minor biotite (5–10%), brown detrital clay (5%), muscovite (1–2%) and 
plagioclase feldspar (1–2%), and trace microcline (<1%).

Diagenetic features

Trace carbonate cement is present in pores and replacing plagioclase grains. Minor chlorite is present as an alteration 
product of biotite.

Porosity

Proportion of sample: 15%

Style: Porosity is primary and intergranular

Infill: Fill mainly by chlorite, with very minor infill by patchy carbonate cement

Figure 3.2.  a) Grain composition and distribution showing the dominance of quartz, FOV: 5.5 mm; b) detailed view of grain 

composition and authigenic features showing quartz, muscovite, and chlorite, FOV: 1 mm. Detrital quartz (Q), 

muscovite (M) and chlorite (Ch)
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Frome Rocks 2

Depth: 630.9 – 633.9 m  Formation: Poole Sandstone  Facies: Hxs

BIOTURBATED SILTSTONE

Texture and fabric

Grain size: average 0.05 mm; range 0.05 – 0.1 mm 

Shape: subangular  Sorting: moderate   Contacts: elongate

Detrital composition

This sample is dominated by quartz (65%), mainly monocrystalline with high levels of detrital clay (20–25%) and minor 
plagioclase feldspar (5%), biotite (2%), muscovite (2%) and carbonaceous material (2%). Detrital composition is strongly 
affected by bioturbation. Burrowed sections are cleaner, devoid of detrital clay and carbonaceous material, and richer 
in quartz.

Porosity

Proportion of sample: <5%

Style: Low levels of primary intergranular porosity are preserved. However, the majority of the porosity is secondary, 
created by burrowing organisms due to the selective removal of carbonaceous material

Infill: Very minor infill by patchy carbonate cement

Figure 3.3.  a) Bioturbation, Planolites burrow. Compared to the surrounding sediment the burrow is quartz rich with higher 

intergranular porosity, FOV: 2 mm; b) multiple burrows showing the contrast of burrow fill and clay-rich surrounding 

sediments, FOV: 11 mm. Detrital clay (DC), pore space (P), carbonaceous material (CM) and burrows (B)
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Langoora 1

Depth: 519.4 – 581.2 m  Formation: Poole Sandstone (Nura Nura Member) Facies: Lgs

SKELETAL GRAINSTONE

Texture and fabric

Grain size: average 0.6 mm; range 0.2 – 1 mm 

Shape: rounded   Sorting: moderate    Contacts: point

Detrital composition

Well-rounded skeletal fragments comprise 85% of this sample’s detrital composition; whole skeletons are rare. These 
skeletal fragments are most commonly bryozoans and planktonic foraminifera with minor gastropods and crinoids. Quartz 
is present (10–15%), dominantly monocrystalline with a few well-rounded polycrystalline grains, with minor microcline 
(1–2%), plagioclase feldspar (1–2%) and trace quantities (<1%) of muscovite and sedimentary lithic fragments.

Diagenetic features

Equant, ferroan calcite cement is pervasive throughout the sample. Fibrous calcite cement forms rims around some 
bioclasts and equant calcite overgrowths are well developed on some grains. Dissolution of plagioclase feldspars, 
microcline and bioclasts, and replacement with calcite cement, is extensive. The intensity and extent of dissolution and 
replacement varies from minor around grain rims, to extensive with total recrystallization of skeletal grains and their 
internal cavities.

Diagenetic sequence

Staining indicates that fibrous calcite and calcite overgrowths are not ferroan but the pervasive equant calcite indicates 
the fibrous rims and overgrowths formed prior to the equant calcite cement.

Porosity

Proportion of sample: <5%

Style: Primary, intragranular porosity preserved in some bioclasts

Infill: Extensive infill of primary intergranular, and some intragranular, pore space with calcite cement

Figure 3.4.  a) Detrital characteristics showing detrital composition dominated by well-rounded skeletal fragments with some 

detrital quartz, FOV: 11 mm; b) carbonate cement phases showing fibrous calcite and calcite overgrowth on crinoid 

fragment surrounded by ferroan calcite indicated by blue staining, FOV: 2 mm. Detrital quartz (Q), crinoid (Cr), 

bryozoan (Br), fibrous calcite (F), calcite overgrowth (Co) and ferroan equant calcite (Ce)
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Langoora 1

Depth: 579.4 – 581.2 m  Formation: Poole Sandstone  Facies: Smb

SILTSTONE

Texture and fabric

Grain size: average 0.05 mm; range 0.025 – 0.1 mm 

Shape: subangular  Sorting: poor    Contacts: point–elongate

Detrital composition

The sample is dominated by monocrystalline quartz (70–75%) with abundant detrital clay (~20%) and minor 
carbonaceous material, microcline (1–2%), plagioclase feldspar (1–2%) and trace amounts of zircon (<1%). Detrital clay 
and carbonaceous material are concentrated along thin, planar laminae.

Diagenetic features

Compaction is indicated by close grain packing and ductile deformation of muscovite.

Porosity

Proportion of sample: <5%

Style: Primary, intergranular porosity

Figure 3.5.  a) Grain composition and characteristics showing dominance of quartz grains and abundant detrital clay,  

FOV: 2 mm; b) showing traces of carbonaceous material, FOV: 2 mm. Detrital quartz (Q), detrital clay (DC) and 

carbonaceous material (CM)
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Meda 1

Depth: 719.6 – 723.9 m  Formation: Poole Sandstone  Facies: Smb

SUBFELDSARENITE (Q:94 F:6 R:0)

Texture and fabric

Grain size: average 0.3 mm; range 0.1 – 0.5 mm 

Shape: subrounded  Sorting: moderate   Contacts: elongate

Detrital composition

This sample is dominated by quartz (75%) with ~15% brown clay, minor microcline (1–2%), plagioclase feldspar (1–2%), 
and trace zircon (<1%). Remnants of alkali feldspars are observed, but the majority of these grains have been dissolved.

Diagenetic features

Quartz overgrowths are present but minor; these are overlain by patchy kaolinite and patchy carbonate cement. 
Dissolution of plagioclase feldspars and partial replacement by kaolinite is observed.

Diagenetic sequence

Quartz overgrowths were the first cement to form, followed by kaolinite and carbonate cements.

Porosity

Proportion of sample: 20%

Style: Porosity is mainly primary, intergranular, with minor secondary porosity created from the dissolution of potassium 
feldspars

Infill: Minor infill by kaolinite and carbonate cement

Figure 3.6.  a) Grain composition and characteristics displaying high intergranular porosity and abundant detrital quartz 

and clay material, FOV: 11 mm; b) diagenetic features, kaolinite infilling intergranular spaces, FOV: 1 mm. Detrital 

quartz (Q), detrital clay (DC) and kaolinite (K)
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Perindi 1

Depth: 872.4 m   Formation: Nura Nura Member  Facies: Lps

SKELETAL PACKSTONE

Texture and fabric

Grain size: average 2 mm; range 1–10 mm

Shape: subrounded  Sorting: well    Contacts: point–elongate 

Detrital composition

The main constituents of this sample are carbonate bioclasts (60%) and detrital clay (40%). Bioclasts are highly 
fragmented, have rounded ends and consist of ~70% crinoids, ~10% bryozoans, ~10% brachiopods and ~1–2% each of 
foraminifera, ostracods, cephlapods and possible bivalves.

Diagenetic features

Pervasive, equant, calcite cement constitutes ~20–30% of the overall sample. The cement forms in internal skeletal 
cavities and in intergranular spaces. There is low to moderate (5–30%) dissolution of bioclasts and some replacement of 
bioclasts with equant calcite.

Diagenetic sequence

Elongate grain contacts indicate that equant carbonate cement formed post-compaction. Dissolution was a continual 
process, as indicated by occurrence in different levels in different grains.

Porosity

Proportion of sample: <5%

Style: Primary porosity, intergranular and intragranular, occurring in the skeletal cavities of bioclasts. Minor secondary 
porosity has been created by grain dissolution

Infill: Extensive infill with equant carbonate cement; minor infill with micrite

Figure 3.7.  a) Grain composition and characteristics showing dominance of crinoid fragments, dissolution of crinoid plate, infill 

of an ostracod skeletal cavity, and brachiopod fragments, FOV: 11 mm; b) bryozoan fragments, crinoid plates and 

brachiopod spines, FOV: 11 mm. Crinoid (Cr), ostracod, (O), brachiopod (Br), bryozoan (Bz) and dissolution (D)
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Perindi 1

Depth: 872.8 m   Formation: Nura Nura Member  Facies: Lgs

SKELETAL GRAINSTONE

Texture and fabric

Grain size: average 2 mm; range 1–5 mm

Shape: subrounded  Sorting: well    Contacts: point

Detrital composition

This sample is composed of highly fragmented, well-rounded, skeletal bioclasts dominantly bryozoans (~45%) and 
brachiopods (~40%) with some crinoid fragments (~10%). Planktonic foraminifera, gastropods, ostracods and a few 
unidentified clasts constitute the remainder of the assemblage.

Diagenetic features

Pervasive, equant, calcite cement constitutes ~40–50 % of the overall sample. The cement forms in internal skeletal 
cavities and in intergranular spaces. Some bioclasts are totally recrystallized to equant calcite and dissolution of crinoid 
fragments is observed. Poorly defined columnar calcite rims are present on many grains.

Diagenetic sequence

Point contacts and cement-supported grains indicate formation of equant calcite during deposition. Columnar calcite 
enclosing grains indicates two main phases of cementation.

Porosity

Proportion of sample: <5% 

Style: Primary porosity, intergranular and intragranular, in the skeletal cavities of bioclasts. Minor secondary porosity 
has been created by grain dissolution

Infill: Extensive infill with equant carbonate cement

Figure 3.8.  a) Grain composition and characteristics showing dominance of bryozoans and brachiopods supported by 

equant carbonate cement; some grains show total replacement with cement, FOV:11 mm; b) grain replacement 

by carbonate cements, FOV: 5.5 mm. Crinoid (Cr), bryozoan (Bz), brachiopod (Br), equant carbonate cement (Ce), 

replacement cement (RC)
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Perindi 1

Depth: 873.85 m   Formation: Nura Nura Member  Facies: Lps

SKELETAL PACKSTONE

Texture and fabric

Grain size: average 2 mm; range 0.5 – 3 mm

Shape: rounded   Sorting: poor    Contacts: point

Detrital composition

This sample is composed of highly fragmented, well-rounded, skeletal bioclasts, dominantly bryozoans (~80%) with 
minor crinoid fragments (~5%) and brachiopods (~5%), and lesser planktonic foraminifera and ostracods. Unidentified 
clasts constitute the remainder of the assemblage.

Diagenetic features

Pervasive, equant, calcite cement constitutes ~30% of the overall sample, and micrite ~20%. Both form in internal skeletal 
cavities and in intergranular spaces. Fibrous calcite encloses some grains and dissolution of crinoid fragments is observed.

Diagenetic sequence

Point contacts and cement-supported grains indicate formation of equant calcite during deposition. Fibrous calcite 
enclosing grains indicates two main phases of cementation.

Porosity

Proportion of sample: <5%

Style: Primary porosity, intergranular and intragranular, in the skeletal cavities of bioclasts

Infill: Extensive infill with equant carbonate cement

Figure 3.9.  a) Grain composition and characteristics showing bioclasts supported by equant carbonate cement, FOV: 11 mm; 

b) showing the dominance of bryozoan bioclasts, crinoid fragments and grain replacement by carbonate cements, 

FOV: 5.5 mm. Bryozoans (Bz) and crinoids (Cr)
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Perindi 1

Depth: 875.88 m   Formation: Nura Nura Member  Facies: Lps

SKELETAL PACKSTONE

Texture and fabric

Grain size: average 2 mm; range 0.5 – 3 mm 

Shape: rounded   Sorting: poor    Contacts: point

Detrital composition

This sample is composed of highly fragmented, well-rounded, skeletal bioclasts dominantly bryozoans (~70%) with minor 
crinoid fragments (~10%) and brachiopods (~10%). Small, angular quartz grains form thin lags (~1%). Unidentified clasts 
constitute the remainder of the assemblage.

Diagenetic features

Pervasive, equant, calcite cement constitutes ~30 % of the overall sample, and micrite ~20%. Both form in internal 
skeletal cavities and in intergranular spaces. Fibrous calcite encloses some grains and dissolution and recrystallization 
of crinoid fragments is observed.

Diagenetic sequence

Point contacts and cement-supported grains indicate formation of equant calcite during deposition. Fibrous calcite 
enclosing grains indicates two main phases of cementation.

Porosity

Proportion of sample: <5%

Style: Primary porosity, intergranular and intragranular, occurring in the skeletal cavities of bioclasts

Infill: Extensive infill with equant carbonate cement and micrite

Figure 3.10. a) Grain characteristics showing crinoid fragments with cemented rims, FOV: 11 mm; b) grain composition showing 

the dominance of bryozoan bioclasts, some crinoid fragments and the infill of skeletal cavities by carbonate 

cements, FOV 5.5 mm. Crinoids (Cr), bryozoans (Bz) and carbonate cements (C)
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Perindi 1

Depth: 876.78 m   Formation: Nura Nura Member  Facies: Lgs

SKELETAL GRAINSTONE

Texture and fabric

Grain size: average 0.1 mm; range 0.2 – 0.5 mm 

Shape: rounded   Sorting: poor    Contacts: point

Detrital composition

This sample is composed of highly fragmented, well-rounded, skeletal bioclasts dominantly bryozoans (~75%) with some 
crinoid fragments (~10%) and brachiopods (~5–10%). Planktonic foraminifera, bivalves and a few unidentified clasts 
constitute the remainder of the assemblage.

Diagenetic features

Pervasive, equant, calcite cement constitutes ~40–50% of the overall sample. The cement forms in internal skeletal 
cavities and in intergranular spaces. Dissolution and replacement of some bioclasts with equant carbonate cement is 
observed. Poorly defined fibrous calcite rims are present on many grains.

Diagenetic sequence

Point contacts and cement-supported grains indicate formation of equant calcite during deposition. Fibrous calcite 
enclosing grains indicates two main phases of cementation.

Porosity

Proportion of sample: <5%

Style: Primary porosity, intergranular and intragranular, in the skeletal cavities of bioclasts

Infill: Extensive infill with equant carbonate cement
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PND 1

Depth: 259.8 m   Formation: Noonkanbah Formation Facies: Smc

CONGLOMERATE

Texture and fabric

Grain size: average 0.1 mm (matrix); 0.5 – 1 cm range in clast size 

Shape: subangular – angular Sorting: poor    Contacts: point

Detrital composition

The sample consists of 80% quartz (dominantly monocrystalline, with a few polycrystalline grains) with ~12% carbonate 
grains constituting ~10% bioclasts and 1–2% ooids. Bioclasts are mostly whole bivalves or brachiopods and gastropods, 
but there are also rare fragments of bryozoans and coralst. Minor microcline (<5%), biotite (<5%) and sedimentary lithic 
clasts (2%) are also present.

Diagenetic features

Quartz overgrowths and kaolinite are minor, <5% of the sample each. Equant carbonate cement is pervasive (~30–40% 
of the sample) and occupies intergranular space and the skeletal cavities of bioclasts. Dissolution of quartz and feldspar 
is extensive and grain replacement by carbonate cement is common.

Diagenetic sequence

Crosscutting relationships indicate that quartz overgrowths formed first, followed by kaolinite, and carbonate cement 
formed last. Dissolution ranges from minor dissolution of the grain rims to whole grain consumption, indicating a 
continual process.

Porosity

Proportion of sample: <5%

Style: Primary, intragranular and intragranular, in the skeletal cavities of bioclasts. Minor secondary porosity has been 
created by grain dissolution

Infill: Major infill by carbonate cement with minor infill by quartz overgrowths

Figure 3.11.  Grain composition and characteristics showing 

bioclasts and intergranular carbonate cement, 

FOV: 5.5 mm. Brachiopod (Br), bryozoan (Bz) and 

equant carbonate (Ce)
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PND 1

Depth: 300  m   Formation: Noonkanbah Formation Facies: Gmc

CONGLOMERATE

Texture and fabric

Grain size: average 0.1 mm (matrix); 0.5 – 1 cm range in clast size 

Shape: subangular – angular Sorting: poor    Contacts: point

Detrital composition

The sample consists of 50% quartz (dominantly monocrystalline, with a few polycrystalline grains) and detrital clay 
(30%), plus ~10% subround, quartz-rich, lithic sedimentary clasts, and minor microcline (1–2%) and trace alkali feldspars 
(<1%). Carbonate grains, including ooids (1–2%) and unidentified bioclasts (2–3%), form the remainder of the detrital 
assemblage.

Diagenetic features

Fibrous carbonate cement (5%) partially to fully encloses all carbonate grains, and some quartz and plagioclase grains. 
Patchy carbonate cement is abundant (20%). Dissolution of plagioclase feldspars and replacement with patchy carbonate 
cements is common. Detrital clays show minor alteration to kaolinite (<1%). Vertical, carbonate-filled veins cut across 
grains and cements.

Diagenetic sequence

Fibrous carbonates formed first followed by patchy carbonate with vertical carbonate veins formed last cutting across 
all other diagenetic products.

Porosity

Proportion of sample: <5%

Style: Primary, intragranular, within sedimentary lithic clasts

Infill: Minor infill by patchy carbonate cement, with minor influence from fibrous and carbonate veins

Figure 3.12.  a) Grain composition and characteristics showing subangular to angular quartz grains and abundant detrital clay, 

FOV: 11 mm; b) fibrous carbonate cement surrounding bioclasts and carbonate filled grains crosscutting detrital 

quartz, FOV: 5.5 mm. Detrital clay (DC), lithic sedimentary clasts (LC), carbonate bioclast (BC), fibrous carbonate 

cement (FC) and carbonate veins (CV)
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PND 1

Depth: 307.8 m   Formation: Noonkanbah Formation Facies: Smb

QUARTZARENITE (Q:98 F:2 R:0)

Texture and fabric

Grain size: average 0.3 mm; range 0.25 – 0.5 mm

Shape: rounded   Sorting: very well   Contacts: elongate

Detrital composition

The sample is composed predominantly of quartz (~85%), mostly monocrystalline quartz, with a few polycrystalline 
grains. Detrital clays (10%) are present as thin to thick laminae or drapes. Small amounts of plagioclase feldspar (<5%), 
microcline (<5%) and biotite (1–2%) are present, along with trace amounts of muscovite (<1%).

Diagenetic features

Quartz cement forms rims around detrital quartz grains (5%), and rims are well developed on most grains. Patchy 
kaolinite (<5%) and very minor patchy carbonate cement (<1%) occupy intergranular spaces. Chlorite is also present in 
very small quantities (<1%). Siderite is common (10%).

Diagenetic sequence

Quartz overgrowth rims were the first to form, overprinted by kaolinite then carbonate, and finally iron-oxide cements.

Porosity

Proportion of sample: <5%

Style: Primary, intergranular; within sedimentary lithic clasts

Infill: Major infill by siderite; minor infill by quartz overgrowths, kaolinite and patchy carbonate cement

Figure 3.13.  a) Grain composition and characteristics viewed in plane-polarized light showing abundance of rounded detrital 

quartz grains and the infill of intergranular space by clay and cement phases, FOV: 2 mm; b) same as view in a) 

under cross-polarized light. Detrital quartz (Q), kaolinite (K), biotite (B), iron oxide (IO) and dissolution (Di)
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PND 1

Depth: 317 m   Formation: Noonkanbah Formation Facies: Sfx

QUARTZARENITE (Q:99 F:1 R:0)

Texture and fabric

Grain size: average 0.3 mm; range 0.1 – 0.4 mm

Shape: subangular to angular Sorting: very well   Contacts: elongate

Detrital composition

The sample consists of ~95% quartz (dominantly monocrystalline with a few polycrystalline grains). Detrital clays (5%) 
are present as clasts and as thin rims around grains. Plagioclase feldspar, microcline, biotite, muscovite and carbonaceous 
material are all present in trace quantities (<1%).

Diagenetic features

Formation of quartz rims is minor (<5%) and does not occur on all grains. Patchy kaolinite is also present forming in 
small quantities (<5%) in intergranular space. Alteration to kaolinite is observed on many plagioclase grains.

Diagenetic sequence

Quartz rims were the first to form, followed by kaolinite, indicated by their crosscutting relationships.

Porosity

Proportion of sample: 20%

Style: Porosity is predominantly primary, intergranular, with minor secondary porosity created by the dissolution of 
feldspars

Infill: Minor infill with quartz cement and kaolinite

Figure 3.14.  a) Grain composition and characteristics illustrating high level of intergranular porosity (blue) and the development 

of secondary porosity by grain dissolution, FOV: 5.5 mm; b) deformation of biotite grain and dissolution of 

plagioclase, FOV: 2mm. Biotite (B), deformation (D) and dissolution (Di)
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PND 1

Depth: 323.4 m   Formation: Poole Sandstone  Facies: Sx

QUARTZARENITE

Texture and fabric

Grain size: average 1 mm; range 0.25 – 1.4 mm 

Shape: subrounded  Sorting: moderate   Contacts: elongate

Detrital composition

This sample is composed predominantly of monocrystalline quartz (~70%) and polycrystalline quartz (~15%) with some 
plagioclase feldspar (~5–10%) and quartz-rich lithic sedimentary grains (~5%). Trace amounts (<1%) of microcline, 
chert, biotite and muscovite were present, and a single grain of zebraic chalcedony was observed.

Diagenetic features

Quartz rims are present on most grains and constitute ~5% of the sample. Kaolinite is present and has a patchy 
distribution in intergranular spaces (<5%). Plagioclase feldspars are extensively dissolved.

Diagenetic sequence

Quartz rims were the first to form, followed by kaolinite, indicated by their crosscutting relationships.

Porosity

Proportion of sample: 25%

Style: Porosity is predominantly primary, intergranular, with minor secondary porosity created by the dissolution of 
feldspars

Infill: Minor infill with quartz cement and kaolinite

Figure 3.15.  a) Grain composition and characteristics showing high levels of intergranular porosity, FOV: 11 mm; b) authigenic 

composition showing quartz rims and kaolinite infilling pore spaces, and dissolution of microcline grain,  

FOV: 2 mm. Quartz rim (QR), kaolinite (K) and dissolution (Di)
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PND 1

Depth: 323.4 m   Formation: Poole Sandstone  Facies: Sx

QUARTZARENITE

Texture and fabric

Grain size: average 1 mm; range 0.25 – 1.4 mm

Shape: subrounded  Sorting: moderate   Contacts: elongate

Detrital composition

This sample is composed predominantly of monocrystalline quartz (~70%) and polycrystalline quartz (~15%) with some 
plagioclase feldspar (~5–10%) and quartz-rich lithic sedimentary grains (~5%). Trace amounts (<1%) of microcline, 
chert, biotite and muscovite were present, and a single grain of zebraic chalcedony was observed.

Diagenetic features

Quartz rims are present on most grains and constitute ~5% of the sample. Kaolinite is present and has a patchy 
distribution in intergranular spaces (<5%). Plagioclase feldspars are extensively dissolved.

Diagenetic sequence

Quartz rims were the first to form, followed by kaolinite, indicated by their crosscutting relationships.

Porosity

Proportion of sample: 25%

Style: Porosity is predominantly primary, intergranular, with minor secondary porosity created by the dissolution of 
feldspars

Infill: Minor infill with quartz cement and kaolinite

Figure 3.16.  a) Grain composition and distribution of packstone; crinoids are the most abundant bioclast with some bryozoans; 

carbonate-filled vein also shown, FOV: 11 mm; b) bryozoan fragment with intragranular space both filled and not 

filled by carbonate cement, FOV: 5.5 mm. Crinoid fragment (Cr), bryozoan fragment (Br) and carbonate cement 

(Ce)
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Scarpia 1

Depth: 488.1 m   Formation: Poole Sandstone  Facies: Hm

SILTSTONE

Texture and fabric

Grain size: average 0.2 mm; range 0.05 – 0.25 mm

Shape: subangular  Sorting: well    Contacts: elongate

Detrital composition

This sample is dominated by quartz (~55%) with abundant carbonaceous material (~30%), minor biotite (5–10%), 
plagioclase feldspar (5%), detrital clay (5%) and muscovite (1–2%), and trace microcline (<1%). Carbonaceous material 
is concentrated in thin laminae; muscovite is also more common along these laminae.

Diagenetic features

Chlorite is abundant (10%), mainly derived from the alteration of biotite. Kaolinite is also abundant (10%), present in 
intergranular spaces and replacing both quartz and feldspar.

Diagenetic sequence

Chlorite overprints kaolinite indicating that kaolinite was the first clay to form. 

Porosity

Proportion of sample: 5–10 %

Style: Primary, intergranular with some secondary porosity created by the dissolution of quartz and feldspars

Infill: Infill mainly by kaolinite; chlorite has a minor contribution to porosity reduction

Figure 3.17.  a) Grain composition and characteristics showing abundant carbonaceous material concentrated into laminae, 

FOV: 5.5 mm; b) quartz and common biotite grains, FOV: 2 mm
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Scarpia 1

Depth: 493 m   Formation: Noonkanbah Formation Facies: Sff

QUARTZARENITE

Texture and fabric

Grain size: average 0.15 mm; range 0.05 – 0.2 mm

Shape: subangular  Sorting: well    Contacts: point–elongate 

Detrital composition

This sample is dominated by quartz (~85%) with biotite (5–10%), minor plagioclase feldspar (2%) and microcline (2%), 
and trace muscovite (<1%).

Diagenetic features

Chlorite (10%) forms in intergranular spaces and replaces biotite forming orthochlorite; degree of replacement varies. 
Dissolution of plagioclase and replacement by chlorite is also observed. Biotite grains show evidence of ductile 
deformation.

Diagenetic sequence

Chlorite is not deformed with biotite grains indicating that compaction occurred before chlorite formation.

Porosity

Proportion of sample: 5%

Style: Primary, intergranular

Infill: Minor infill by chlorite

Figure 3.18.  a) Grain composition and characteristics showing abundance of quartz and biotite, FOV: 5.5 mm; b) showing 

replacement of biotite to chlorite, FOV: 1 mm. Detrital quartz (Q) and chlorite (Ch)
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Scarpia 1

Depth: 495.1 m   Formation: Noonkanbah Formation Facies: Gm

SUBLITHARENITE

Texture and fabric

Grain size: average 0.1 mm (matrix); 0.5 – 2 mm range in clast size

Shape: rounded to subangular   Sorting: poor    Contacts: point–elongate 

Detrital composition

This sample is dominated by quartz (~75%); smaller grains are subangular and larger grains are rounded. Detrital clay 
comprises ~10% of the sample as angular–rounded clasts, and quartz-dominated, sedimentary, lithic clasts also constitute 
~10%. Plagioclase feldspar, microcline and biotite are minor at ~2% of the sample each.

Diagenetic features

Quartz overgrowths are present on some grains (~5% of the total sample); chlorite also constitutes ~5% of the sample 
and forms as a replacement of biotite and some plagioclase and quartz grains. Different stages of alteration are present 
and orthobiotite is common. Kaolinite is minor, replacing detrital clay (<5%).

Diagenetic sequence

Quartz overgrowths formed first followed by kaolinite then chlorite, as indicated by overprinting relationships.

Porosity

Proportion of sample: 15%

Style: Primary, intergranular, small amounts of secondary porosity are created by the dissolution of plagioclase grains

Infill: Major fill by chlorite, minor fill by quartz overgrowths and kaolinite

Figure 3.19.  a) Grain composition and characteristics showing sedimentary lithic fragment and detrital quartz, FOV: 11 mm; 

b) diagenetic features, quartz rims and extensive replacement of biotite by chlorite, FOV: 5.5 mm. Detrital quartz 

(Q), sedimentary lithic fragment (SL), quartz rim (QR) and chlorite (Ch)
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Scarpia 1

Depth: 496 m   Formation: Noonkanbah Formation Facies: Sfx

SUBFELDSARENITE

Texture and fabric

Grain size: average 0.5 mm; range 0.1 – 0.7 mm

Shape: subrounded    Sorting: moderate to poor    Contacts: elongate 

Detrital composition

This sample is dominated by quartz (~65%) with detrital clay (~20%) and plagioclase feldspar (~15%). Detrital clay 
occurs as both thin laminae and rims around other detrital grains. Trace quantities (<1%) of microcline, biotite and 
carbonaceous material are present.

Diagenetic features

Kaolinite is abundant, filling intergranular space (~10%), quartz overgrowths are present on some grains (~5% of the total 
sample), and minor chlorite is also present (<5%). Chlorite forms as an alteration product of biotite and as a replacement 
when plagioclase feldspars have been dissolved. Patchy calcite cement is present in very minor amounts.

Diagenetic sequence

Quartz overgrowths formed first followed by kaolinite, indicated by their crosscutting relationship. Chlorite formation 
followed kaolinite and calcite formed last.

Porosity

Proportion of sample: 25%

Style: Primary, intergranular, small amounts of secondary porosity created by the dissolution of plagioclase grains

Infill: Kaolinite is the main pore-filling clay with minor fill by quartz overgrowths, chlorite and carbonate cement

Figure 3.20.  a) Grain composition and characteristics showing abundance of quartz, alteration of biotite to chlorite, and 

dissolution of plagioclase feldspars; plane-polarized light, FOV: 4 mm; b) same view as in (a) in cross-polarized 

light, FOV: 4 mm. Detrital quartz (Q), chlorite (Ch) and dissolution feature (D)
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Sundown 3H 1

Depth: 908.8 m   Formation: Grant Group   Facies: Sx

SUBFELSARENITE

Texture and fabric

Grain size: average 0.4 mm; range 0.2 – 0.5 mm

Shape: rounded   Sorting: well    Contacts: elongate–sutured 

Detrital composition

This sample is dominated by quartz (~90%) with minor plagioclase feldspar (~5%), microcline (~2%), and trace detrital 
clay and chert (<1%).

Diagenetic features

Quartz overgrowths are well developed, sutured in places, and constitute 5% of the whole sample. Fracturing of quartz 
grains and suturing of contacts is observed but not common. Kaolinite is present in intergranular space (<5%). Minor 
dissolution of quartz and plagioclase grains is observed.

Diagenetic sequence

Quartz overgrowths formed first followed by kaolinite as indicated by their crosscutting relationships.

Porosity

Proportion of sample: 25%

Style: Primary, intergranular with minor secondary porosity created by the dissolution of grains

Infill: Infill by quartz overgrowths with minor intergranular occlusion by kaolinite

Figure 3.21.  a) Grain composition and characteristics showing abundance of quartz and high intergranular porosity,  

FOV: 5.5 mm; b) authigenic characteristics, quartz overgrowths filling intergranular spaces, and feldspar dissolution 

creating secondary porosity, FOV: 2 mm. Detrital quartz (Q), quartz overgrowths (QO) and dissolution (Di)
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Sundown 3H 1

Depth: 912.3 m   Formation: Grant Group   Facies: Sx

SUBFELSARENITE

Texture and fabric

Grain size: average 0.3 mm; range 0.1 – 0.4 mm

Shape: rounded   Sorting: well    Contacts: elongate–sutured 

Detrital composition

This sample is dominated by quartz (90–95%) with minor plagioclase feldspar (5%) and trace microcline (<1%).

Diagenetic features

Quartz overgrowths are well developed and constitute 10% of the whole sample. Edges of quartz grains show minor 
fracturing. Kaolinite is present in intergranular space (10%). Minor dissolution of quartz and plagioclase grains is 
observed, some replacement of dissolved plagioclase grains by kaolinite is observed.

Diagenetic sequence

Quartz overgrowths formed first followed by kaolinite, as indicated by their crosscutting relationships. Dissolution ranges 
from minor dissolution of grain rims to whole-grain consumption, indicating that it is a continuous process.

Porosity

Proportion of sample: 15%

Style: Primary, intergranular with minor secondary porosity created by the dissolution of grains

Infill: Infill by quartz overgrowths and kaolinite

Figure 3.22.  a) Grain composition and characteristics showing quartz overgrowths and dissolution of plagioclase feldspar, 

FOV: 2 mm; b) authigenic characteristics in cross-polarized light, showing well-developed quartz overgrowths 

and kaolinite occluding intergranular space, FOV: 2 mm. Quartz overgrowths (QO), dissolution feature (D)
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Whitewell 1

Depth: 863.5 m   Formation: Grant Group   Facies: Sfx

SUBFELDSARENITE (Q:98 F:2 R:0)

Texture and fabric

Grain size: average 0.25 mm; range 0.1 – 0.3 mm

Shape: subrounded  Sorting: moderate   Contacts: elongate–sutured

Detrital composition

This sample is dominated by quartz (90%) with minor plagioclase feldspars (<5%) and detrital clay (<5%), and trace 
muscovite sedimentary lithic fragments and zircon (each <1%).

Diagenetic features

Moderate to well-developed quartz overgrowths, patchy kaolinite filling intergranular space, and minor patchy carbonate 
cement are also present in intergranular space.

Diagenetic sequence

Quartz overgrowths formed first followed by kaolinite, indicated by their crosscutting relationship. Carbonate cement 
overprints kaolinite, indicating that it formed last.

Porosity

Proportion of sample: <5%

Style: Primary, intergranular, with minor secondary porosity created by grain dissolution

Infill: Significant infill by kaolinite; less significant infill by quartz overgrowths and calcite cement

Figure 3.23.  a) Grain composition and characteristics showing dominance of quartz and presence of sedimentary lithic fragment, 

FOV: 2 mm; b) authigenic features, dissolution of plagioclase feldspar creating secondary porosity, FOV: 1 mm. 

Detrital quartz (Q), lithic fragment (Li) and dissolution feature (D)
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Whitewell 1

Depth: 868.5 m   Formation: Grant Group   Facies: Sx

SUBFELDSARENITE (Q:80 F:10 R:10)

Texture and fabric

Grain size: average 0.5 mm; range 0.1 – 1 mm

Shape: subrounded  Sorting: moderate   Contacts: elongate

Detrital composition

This sample is dominated by quartz (80%) with minor plagioclase feldspars (5–10%) and lithic grains (10%), minor 
brown detrital clays (2%), and trace chert (<1%). Lithic fragments are metamorphic and have a textured appearance.

Diagenetic features

Kaolinite forms in patches filling intergranular space (10–15% of the sample). Quartz overgrowths are well developed 
and constitute 5–10% of the sample. Grain rims are fractured; however, fractures are not seen in overgrowths, possibly 
due to annealing. Alteration of plagioclase grains to muscovite is observed.

Diagenetic sequence

Quartz overgrowths formed first followed by kaolinite, indicated by their crosscutting relationship.

Porosity

Proportion of sample: 20%

Style: Primary, intergranular

Infill: Infill by both kaolinite and quartz overgrowths

Figure 3.24.  a) Grain composition and characteristics showing extensive intergranular porosity (blue stain) and reduction of this 

pore space by kaolinite, FOV: 11 mm; b) authigenic features, dissolution of plagioclase feldspar and distribution 

of kaolinite, FOV: 1 mm. Detrital quartz (Q), plagioclase feldspar (Pl) and kaolinite (K)
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Whitewell 1

Depth: 870.16 m   Formation: Grant Group   Facies: Sx

SUBFELDSARENITE (Q:85 F:15 R:0)

Texture and fabric

Grain size: average 0.25 mm; range 0.1 – 0.5 mm

Shape: subangular  Sorting: moderate   Contacts: elongate

Detrital composition

This sample is dominated by quartz (~80%) with minor plagioclase feldspar (~10%), microcline (~5%), brown detrital 
clays (5%) and carbonaceous material (2%), which is concentrated in fine planar laminae.

Diagenetic features

Moderate to well-developed quartz overgrowths. Grain rims are fractured; however, fracturing is not observed in 
overgrowths possibly due to annealing. Kaolinite is common, present in intergranular space. Ductile deformation of 
muscovite grains and dissolution of quartz grain rims is also observed.

Diagenetic sequence

Quartz overgrowths formed first followed by kaolinite, indicated by their crosscutting relationship.

Porosity

Proportion of sample: 20%

Style: Primary, intergranular

Infill: Infill by both kaolinite and quartz overgrowths

Figure 3.25.  a) Grain composition and characteristics showing laminae of concentrated carbonaceous material, FOV: 5.5 mm; 

b) authigenic features, quartz overgrowths and kaolinite filling intergranular spaces, FOV: 1 mm. Carbonaceous 

material (CM), detrital quartz (Q), quartz overgrowth (QO), quartz dissolution (QD), muscovite (M) and kaolinite (K)
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Appendix 4

Summary of well log formation picks, and Poole Sandstone and  

Noonkanbah Formation thicknesses by well
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Appendix 5

Summary of palynological sampling

Palynological characterization carried out by J Backhouse (Backhouse Biostrat Pty Ltd; written 

comm., November 2015)

Depth (m) Palynological zone Age

895.95 Pseudoreticulatispora confluens Tastubian–Asselian

899 Pseudoreticulatispora confluens Tastubian–Asselian

903.5 Pseudoreticulatispora confluens Tastubian–Asselian

Table 5.1.  Summary of results from Sundown 3H

Depth (m) Palynological zone Age

862.45 Pseudoreticulatispora confluens Tastubian–Asselian

862.95 Pseudoreticulatispora confluens Tastubian–Asselian

Table 5.2. Summary of results from Whitewell 1



Dent

102

Appendix 6

Summary descriptions of the Nura Nura Member from well completion records
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Appendix 7

Summary of porosity data from petroleum well reports 

Well
Interval  

(m)

Thickness 

(m)

Average 

porosity (%)

Porosity 

range (%)
Additional information

Perindi 1 869–877 8 0.046 Not recorded

Kambara 1 844–852 8 0.117 0 – 0.13

Booran 1 1301–1308 7 0 0 – 0.01

Table 7.1.  Summary of porosity data from the Nura Nura Member — wells within a 200 km radius of James Price Point

Well
Interval  

(m)

Thickness 

(m)

Average 

porosity (%)

Porosity 

range (%)
Additional information

Perindi 1 833–835 2 0.077 – Top of section

Minjin 1 779.75 – 795.25 15.5 0.287 – Middle ofsection

Kambara 1 809–844 35 – 0 – 0.09 Whole section

Moogana 1 1118–1167 49 0.168 0 – 0.252 Whole section

Puratte 1 1436 – 1503.5 67.5 0.162 0 – 0.212 Whole section

Booran 1 1236–1301 65 0.214 0 – 0.234 Whole section

West Kora 1 982.75 – 985 2.25 0.186 – Top of section

Kora 1 998–1098 100 0.187 – Depth range extends 51 m into the top of the 

Grant Group

Langoora 1 578.2 – 0.013 – Base of section

Mellany 1 436.516 18.7 – Whole section. Depth range extends 38 m into 

the uppermost Grant Group

West Terrace 1 834–842 8 – 23–26 Top of section

Pearl 1 902–1134 232 – 20–23 Whole section. Depth range extends 182.5 m 

into the top of the Grant Group

East Crab 

Creek 1

676–758 82 25–32 – Top of section. Porosity measurement for upper 

sections, lower section is not porous

Freney 1 764.3 – 26.51 – Upper section

Table 7.2.  Summary of porosity data from P1 — wells within a 200 km radius of James Price Point

Well
Interval  

(m)

Thickness 

(m)

Average 

porosity (%)

Porosity 

range (%)
Additional information

Scarpia 1 484.9 – 497.15 12.25 29.52 25.8 – 33.1 Porosity increasing with depth

Table 7.3.  Summary of porosity data from the Noonkanbah Formation — wells outside the 200 km radius from James Price Point
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Further details of geological products and maps produced by the 

Geological Survey of Western Australia are available from:

Information Centre 

Department of Mines and Petroleum 

100 Plain Street 

EAST PERTH WA 6004 

Phone: (08) 9222 3459   Fax: (08) 9222 3444

www.dmp.wa.gov.au/GSWApublications

The Poole Sandstone and Noonkanbah Formation are recognized as  

part of the first order Late Carboniferous – Permian Megasequence  

and within it the second-order Early – Late Permian Supersequence I.  

This Report presents facies analysis and well-log data that allow  

further subdivision of the stratigraphic section into  

third-order, fourth -order and high-frequency cycles.

The Poole Sandstone displays a major facies  

variation from northwest to southeast. Five  

facies associations were identified in outcrop  

and cored sections: fluvial (FA1), tidal flat (FA2), 

shoreface (FA5), mid-ramp (FA9) and offshore 

(FA7). The Noonkanbah Formation is dominated

by mudstone facies across the study area. Four  

major facies associations were identified in cored  

sections: tidal flat (FA3), shoreface (FA5), offshore 

transitional (FA6) and offshore (FA7). Facies  

associations in the Noonkanbah Formation have a 

consistent stratigraphic position across large areas. 

Subsurface carbon dioxide (CO2) sequestration is now considered a significant 

climate change mitigation strategy, as a result of which, a prospective CO2 

sequestration site was investigated in the northern Canning Basin near James Price 

Point. The Permo-Carboniferous Grant Group and Poole Sandstone are possible 

reservoirs, sealed by the Noonkanbah Formation. This report comments on the 

suitability of these potential reservoir and seal units based on the findings of facies 

and stratigraphic analysis.
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