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Mainoru Formation – Introduction and background 
This Technical Note examines the HyLogged mineralogy and textures of the Mainoru Formation from drillholes stored within the NTGS Darwin Core Facility 
and on loan from Geoscience Australia (Canberra). HyLogged holes (as of October 2016) which intersect the Mainoru Formation (page 5) include:  
Broughton 1, BMR Urapunga 1, BMR Urapunga 5, BMR Urapunga 6, and Amoco holes 82/2 and 82/3. Brescianini and Brown (1991) tentatively assigned the 
lower portion of drillhole MD1A on the WALHALLOW sheet to the Mainoru Formation (undifferentiated). Allan (1994) reported that drillhole MBD02 on the 
MOUNT YOUNG sheet intersected the Mainoru Formation (with a tentative suggestion that it might be the Crawford Formation). In 2015, core holes 
BBDD001 and BBDD002 were drilled and HyLogged as part of the NTGS Geophysics and Drilling Collaborations programme (round 8; 2015-2016; Pacifico 
Minerals 2015). All HyLogged holes have been processed in TSG Build 7.1.0.062 dated October 2014 (or later) and processed to a Domained CLS level 
(Schodlok et al 2016).  

This Technical Note presents a similar summary for all holes logged as containing Mainoru Formation. The screens show the hole depth in metres with 
increasing depth from left to right.  Row 1 is logged stratigraphy. Row 2 plots the SWIR spectra that are matched dominantly to white micas, plotted (on y 
axis) by the wavelength of the characteristic white mica absorption feature (the ‘AlOH feature’) that varies according to changes in white mica composition 
(Scott and Yang, 1997). This is coloured by the dominant mineral from the TIR spectrum (using the TSA algorithm). Row 3 examines the carbonate-matched 
SWIR spectra and plots according to the diagnostic carbonate wavelength. This is to plot the occurrence and composition of carbonate (eg calcite, impure 
calcite or dolomite). Row 4 shows core colour. Core images (possibly on a separate page) show typical textures from the various Members.  

A ‘compare and contrast’ is conducted of the textural and mineralogical features of the Mainoru Formation defined by various organisations over a 30 
year period. The HyLogger data assists in identifying the definable and distinguishing features of the Mainoru Formation and its Members. This study is an 
overview, identifying zones of interest and stratigraphic features. It does not replace any previous stratigraphic work or interpretations. Member subdivisions 
that are not defined in original logs are given as a suggestion only, based on HyLogging data. None of the drillholes have been stratigraphically re-logged or 
sampled (except for XRD analyses in BBDD002 from Bottrill and Woolley, 2016). 
The BMR Urapunga holes were logged by Sweet and Jackson (1986). Abbott et al (2001) defined Members in the Mainoru Formation (see tabulated 
summary overpage).  They comment that: 

“The Mainoru Formation comprises red, green grey and black shale and siltstone, glauconitic and micaceous sandstone, micritic and intraclastic 
limestone, calcareous mudstone. It crops out in an ENE-trending belt in northwestern URAPUNGA.  Early mapping identified the Mountain Valley 
Limestone Member to the northwest and the Wooden Duck Member to southeast”.  
Abbott et al (2001) defined new Members, including the red-bed dominated Nullawun Member and the Showell Member, described as ‘laminated 

calcareous mudstone; scattered glauconite, sulphides and carbonate nodules; laminated limestone near base’. All the Members are described in the table on 
page 4. 

Abbott et al (2001) noted in drillcore (Broughton 1, BMR Urapunga 1 and FFD1: not available for HyLogging) that ‘above the uppermost bed of Limmen 
Sandstone is a 10–20 cm interval of green mudstone containing scattered coarse sand grains and granules’.  In BMR Urapunga 1, Sweet and Jackson 
(1986) logged the Limmen Sandstone in only the last 20 cm (from 167 m); however, the logical depth (based on mineralogy and this marker zone) is at the 
first chlorite mudstone unit at 262 m (261.85–262m). There is a rapid change in the quartz abundance at this depth, and local changes in white mica 
composition and chlorite abundance. There is a similar 5–10 cm bed of green mudstone with scattered coarse grains at 439.2 m in Broughton 1. 

Munson (2016) summarises the characteristics of the Mainoru Formation across its lateral distribution, whereas previous workers described the 
Formation within individual drill core logs or specified explanatory notes. 
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Mainoru Formation and Limmen Sandstone 

From Abbott et al 2001. 

Showell Mbr (Prus) 
40-155+m 

Laminated calcareous mudstone,  
scattered glauconite, sulphides and  
carbonate nodules, laminated 
limestone near base 

Conformable on Wooden 
Duck Mbr, overlain 
conformably by Crawford 
Fm or disconformably 
by Jalboi Fm 

Distal to storm-dominated 
shelf 

Uppermost mudstone is generally non-
calcareous, strongly laminated and forms 
excellent flagstones 
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Mainoru Formation – HyLogged holes, October 2016 
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Mainoru Formation – BMR Urapunga 1 

Row 1 is logged stratigraphy [Abbott et al (2001) after Sweet and Jackson (1986)] plotted by the changes of the white mica SWIR absorption feature 
wavelength (composition). Row 2 is the same plot but coloured by the dominant TIR mineralogy. Row 3 plots the SWIR carbonates by the SWIR carbonate 
absorption feature wavelength. Row 4 is core colour. Bold dotted lines are changes which (roughly) coincide with Formation (member) boundaries. The 
Showell Mbr lower boundary would probably fit better at around 64 m (currently 67.6 m), especially as this ties in with the description of ‘laminated limestone 
near base’ (page 4).  The Wooden Duck Mbr has more siltstones and more white mica than Showell Mbr, which has more quartz (sandstones).  The 
Wooden Duck Mbr white micas are slightly more Al-rich than the Mountain Valley Limestone and Nullawun Mbr white micas.  The Mountain Valley 
Limestone Mbr could be subdivided based on the carbonate composition; the upper part is a mixed (impure) calcite and the basal part is dolomitic. There is 
an indication of redbeds in between the carbonate composition change; this is also suggested in Broughton 1. The Nullawun Mbr is redbeds, white mica, 
sparse quartz, BUT there is a change at 247 m (to dominantly sandstone from redbeds) and also at  253 m (change in white mica composition). The marker 
chloritic mudstone is at 262 m. NTGS Technical Note 2016-001 6 



Mainoru Formation – BMR Urapunga 1 

Row is BMR logged stratigraphy, plotted by the changes of the white mica SWIR 
absorption feature wavelength (composition).  Imagery shows textural changes 
within the various Formations in BMR Urapunga 1. Wooden Duck Mbr is laminated, 
but greenish grey colour (described as glauconitic sandstone) is not very glauconitic. 
It does have some disrupted layers. Mountain Valley Limestone UPPER (impure 
calcite) has mix of textures and disrupted bedding and the LOWER has greenish 
tinge laminated bedding (dolomitic). The Nullawun Mbr has a mainly massive redbed 
appearance in the UPPER part. The lower interval can be subdivided into a 
quartzose, variably laminated, which grades into quartzose sandstone. This is more 
consistent mineralogy with the Limmen Sandstone (compare with BMR Urapunga 6). 
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Mainoru Formation – BMR Urapunga 6 

Row 1 is BMR logged stratigraphy, plotted by the changes of the white mica SWIR absorption feature wavelength (composition). Row 2 is the same 
plot but coloured by the dominant TIR mineralogy. Row 3 plots the SWIR carbonates by the SWIR carbonate absorption feature wavelength. Row 4 
is core colour. Dotted lines are changes which (roughly) coincide with Formation (member) boundaries.  As with BMR Urapunga 1, the Wooden 
Duck Mbr is slightly more Al-rich white mica than the Mountain Valley Limestone Mbr. The carbonates in the Mountain Valley Limestone Mbr also 
seem to have an upper (impure calcite-rich) and lower (dolomite-rich) interval, but there is a lot less carbonate. The Nullawun Mbr is a redbed 
sequence but has minor carbonate. Does the carbonate intervals belong in the overlying Mountain Valley Limestone Mbr?.  The Wadjeli Sandstone 
Mbr is quartz-rich and the white mica is more Al-rich than the overlying Members. The Gibb Mbr is a quartz and Al-rich white mica, with more white 
mica at upper interval than lower interval. The Limmen Sandstone can be subdivided on basis of white mica composition and quartz abundance, with 
the lower interval  being more quartzose. 
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Mainoru Formation – BMR Urapunga 6 

Central row is BMR logged stratigraphy, plotted by the changes of the white mica SWIR absorption feature wavelength 
(composition).  Imagery shows textural changes within the various Formations in BMR Urapunga 6. Wooden Duck Mbr is a 
greenish grey laminated sediment, previously described as a glauconitic sandstone; however, it may not be very glauconitic (note 
similarities to BMR Urapunga 1). The Mountain Valley Limestone Mbr can still be subdivided on the basis of carbonates into an 
UPPER and LOWER interval but there are redbed intervals throughout (compare with BMR Urapunga 1). Nullawun Mbr comprises 
‘puggy’ redbeds (see image in lower centre). Wadjeli Sandstone Mbr is bedded. Gibb Mbr is quartz-rich but dark grey laminations 
common. 

NTGS Technical Note 2016-001 9 



Mainoru Formation – BMR Urapunga 5 

Row 1 is the logged stratigraphic sequence from Sweet and Jackson (1986). Row 2 plots the white mica SWIR spectra by the 
characteristic reflectance feature, coloured by the dominant TIR mineralogy. Row 3 plots the SWIR carbonates by the SWIR carbonate 
absorption feature wavelength. Row 4 is core colour. Bold dotted lines are changes which (roughly) coincide with Formation (member) 
boundaries. There is no notable ‘laminated limestone near base’ with the  Showell Mbr (as described on page 4).  The Wooden Duck 
Mbr is not uniform; there is a REDOX boundary at 489 m and an increase in chlorite below this depth. There is a change in quartz 
abundance around  545–561 m; this is a quartzose sandstone. The only carbonates are later-stage veining. 
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Mainoru Formation – BMR Urapunga 5 

Central row is BMR logged stratigraphy, plotted by the changes of the white mica 
SWIR absorption feature wavelength (composition).  Imagery shows textural 
changes within the Mainoru Formation in BMR Urapunga 5. The Wooden Duck Mbr 
is a greenish grey laminated sediment, previously described as a glauconitic 
sandstone, but it may not be very glauconitic (note similarities to BMR Urapunga 
1and BMR Urapunga 6). However, the lower part of the Showell Mbr is very finely 
laminated greenish grey siltstones with some chlorite; it  is difficult to distinguish 
from the upper part of the Wooden Duck Mbr.  The quartzose sandstones around 
550 m are distinctive, with variable massive quartzose sandstone with intervals of 
laminated siltstones. Near base of hole is similar to Showell Mbr and upper part of 
Wooden Duck Mbr. 
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Mainoru Formation – Broughton 1 

Row 1 is the stratigraphy logged by Rawlings (2015). Row 2 plots the white mica SWIR spectra by the characteristic reflectance feature, coloured by 
the dominant TIR mineralogy. Row 3 plots the SWIR carbonates by the SWIR carbonate absorption feature wavelength. Row 4 is core colour. Dotted 
lines are changes which might correspond to Member boundaries (??)  This log is done by Rawlings (2015) and did not differentiate the Mainoru 
Formation into Members, although it is possible to see textural and mineralogical similarities in other drillholes. At 280 m, there is what may possibly 
be a ‘laminated limestone near base’ which may mark the base of  the  Showell Mbr  (page 4); however, if that is the case then the Wooden Duck Mbr 
is around 30 m thick (280–309 m). At 309 m, there is notable carbonate (impure calcite) and there is a redbed  (ca 351–358 m) that may be similar to 
that seen at ca 163-170 m in BMR Urapunga 1.  The carbonate possibly marks the Mountain Valley Limestone Mbr, which may be differentiated into 
an impure calcite (upper) and dolomite (lower); in Broughton 1 the dolomite interval is around 360–395 m. The basal part of the Mainoru is a puggy 
clay redbed sequence that equates to the Nullawun Mbr. 
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Mainoru Formation – Broughton 1 

Central row is logged stratigraphy, plotted by the changes of the white mica SWIR absorption feature wavelength (composition).  
Imagery shows textural changes within the Mainoru Formation in Broughton 1. Rawlings (2015) did not differentiate the Mainoru 
Formation, but there are characteristics that may allow for division into Members. The upper half of the Mainoru Formation is 
laminated greenish grey siltstones and sandstones. The possible marker horizon for the basal Showell Mbr (basal laminated 
limestone at 279 m) is illustrated. The carbonate-rich unit has impure calcite in the upper portion, a middle redbed sequence and a 
lower dolomitic horizon. This carbonate-rich unit has mineralogical and textural similarities to the Mountain Valley Limestone Mbr in 
BMR Urapunga 1 (the Member in BMR Urapunga 6 is missing the middle redbed sequence). The basal part of the Mainoru Formation 
is a puggy redbed sequence that is similar to the Nullawun Mbr. 
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Mainoru Formation – MBD02 

Row 1 is logged stratigraphy (Allan 1994). The stratigraphy is tentatively assigned, with undifferentiated Mainoru Formation at depth. 
The top half of the hole was not specifically assigned with the authors noting it could be either the Crawford Formation or the Mainoru 
Formation. Row 2 is the SWIR spectra that match to white mica (dominant mineral) plotted by the changes of the white mica SWIR 
reflectance feature wavelength (white mica composition), coloured by the dominant TIR mineral. Row 3 plots the SWIR carbonates by 
the SWIR carbonate reflectance feature wavelength. Row 4 is core colour. Dotted lines are either white mica composition changes 
and/or TIR mineralogy changes. Most of the hole is quartz-white mica, with lesser feldspars and chlorite. There is no carbonate. The 
next page shows textural features at the various depths. 

NTGS Technical Note 2016-001 14 



Mainoru Formation – MBD02 textures 

  

Rows 1 and 2 were described on the previous page. The textures at various depths are shown with comparisons made to type example Member  units 
described in BMR Urapunga 1. It is possible that the interval logged as Crawford or Mainoru Formation is mainly Mainoru Formation – Wooden Duck Mbr, 
especially when comparing the intervals at 153 m in MBD02. Both have muscovite ca 2207–2210 nm / quartz composition and similar textures. The puggy 
red clays between 189–216 m in MBD02 have textural and mineralogical similarities to the Nullawun Mbr; however, this would mean that the Mountain 
Valley Limestone Mbr is not present (as MBD02 intersected no carbonate).  The small quartz-rich interval with some iron oxides (ferruginous sandstone) at 
the base of the Nullawun Mbr has some similarities to the Wadjeli Sandstone Mbr of BMR Urapunga 6. The type example has slightly more Al-rich white 
micas (ca 2205 nm compared with ca 2208 nm in MBD02). Below this possible Wadjeli Sandstone Mbr is a less quartzose interval that is more massive 
than the textures in the type example Gibb Mbr from BMR Urapunga 6. The description of ‘olive grey to black mudstone’ in Abbott et al (2001) may apply to 
this interval; however, this interval has more chlorite and less Al-rich white mica than the type example. 
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Mainoru Formation – BBDD001 

Row 1 is logged stratigraphy (Pacifico Minerals 2015). Row 2 is the SWIR spectra that match to white mica (dominant mineral) plotted 
by the changes of the white mica SWIR reflectance feature wavelength (white mica composition), coloured by the dominant TIR 
mineral. Row 3 plots the SWIR carbonates by the SWIR carbonate reflectance feature wavelength. There are very few carbonates 
present, mainly as small (2–5 cm) bedding conformable layers. Row 4 is core colour. Dotted lines are either white mica composition 
changes and/or TIR mineralogy changes. The white mica composition for most of the hole (to around 276 m) is muscovitic, ranging 
between 2206–2210 nm. At depth, the white mica composition is less Al-rich (longer wavelengths) and commonly associated with 
chlorite (possibly glauconite). 
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Mainoru Formation – BBDD001 textures 
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Mainoru Formation – BBDD002 

Row 1 is logged stratigraphy (Pacifico Minerals 2015). Smith (2016) has further observations and discussion of the hyperspectral data of BBDD002 (including the underlying 
Limmen Sandstone). Row 2 is the SWIR spectra that match to white mica (dominant mineral) plotted by the changes of the white mica SWIR reflectance feature wavelength 
(white mica composition), coloured by the dominant TIR mineral. Row 3 plots the SWIR carbonates by the SWIR carbonate reflectance feature wavelength. There are very few 
carbonates present; mainly as small (2 – 5 cm) bedding conformable siderite layers between 156.5–159 m and 259–262 m. Row 4 is core colour. Dotted lines are either white 
mica composition changes and/or TIR mineralogy changes, which are used to compare with the type example Member divisions. The carbonates are not indicative of the 
presence of the Mountain Valley Limestone Mbr. The zone 155–171 m has some siderite and minor white mica composition changes, but is otherwise relatively similar from 
start of coring to around 225 m. This may correlate to the Wooden Duck Mbr, as there are greyish green mudstones with fine micaceous glauconitic sandstone intervals. There 
is a fairly sharp change to a puggy red mudstone (Nullawun Mbr?) with further subdivisions below the Nullawun Mbr into the Wadjeli Sandstone Mbr (246.5–249.7 m) and Gibb 
Mbr (249.7–269.85 m). The logged Limmen Sandstone (from 269.85 m) is a sharper change and different to that noted in the tentatively assigned Limmen Sandstone in 
BBDD001. 
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Mainoru Formation – BBDD002 textures 

Row is logged stratigraphy. Row 2 is the SWIR white micas,  plotted by the changes of the white mica SWIR absorption feature 
wavelength (composition).  Row 3 plots the quartz abundance, coloured by the dominant SWIR mineral. Imagery shows textural 
changes within the Mainoru Formation in BBDD002. Pacifico Minerals (2015) did not differentiate the Mainoru Formation, but there are 
characteristics that may allow for division into Members. The upper half of the Mainoru Formation is laminated greenish grey siltstones 
and gritty glauconitic / chloritic sandstones (ca 101–225 m) may be the Wooden Duck Mbr. The puggy red mudstones  (225–246.5 m) 
are mineralogically and texturally similar to the Nullawun Mbr in other holes. A high quartz zone at the base of the Nullawun Mbr may 
be the Wadjeli Sst Mbr (246.5–249.7 m). Below, there are some similarities to the Gibb Mbr (249.7–265.5 m). There is an increase in 
quartz content before the logged Limmen Sandstone (265.5–269.85 m). It may indicate a gradational (conformable) contact? 
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Mainoru Formation – MD1A 

Row 1 is logged stratigraphy (Brescianini and Brown 1991). Row 2 is the SWIR spectra that match to white mica (dominant mineral) plotted by the 
changes of the white mica SWIR reflectance feature wavelength (white mica composition), coloured by the dominant TIR mineral. Row 3 plots the 
SWIR carbonates by the SWIR carbonate reflectance feature wavelength. Row 4 is core colour. Dotted lines are TIR mineralogy changes. The logs 
noted lithology changes of tuffaceous shales, calcareous fine-grained sandstone, siltstone and minor dolomite from 136.5–233.4 m. From 233.5 m to 
EOH, zones of cyclic argillite, cyclic bituminous mudstone, arkose, tuffaceous sediments, rare black shale and evaporites were logged. The 
evaporitic zones in mudstone also contained sphalerite and pyrite and lenses. The lithological description does not match the type stratigraphy for 
the Mainoru Formation. The gypsum from 233 m may be from evaporites or from oxidation of sulphides to sulphates. The dominant gypsum 
response (khaki colour, row 2) is not noted in the other Mainoru Formation holes. There is also not the sharp  change in white mica composition 
delineating Members.  
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Mainoru Formation – MD1A 

Row 1 is logged stratigraphy, plotted by the changes of the white mica SWIR 
absorption feature wavelength (composition).  Imagery shows textural changes 
within the (undifferentiated) Mainoru Formation in MD1A. The carbonate horizons 
are between 1 cm and 10 cm thick (see carbonate at  173.6 m and 305.6 m images). 
The gypsum-rich intervals show black shales.  
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Mainoru Formation – 82/2 

Row 1 is BMR (Record 1987-48) logged stratigraphy (also Amoco PR1983-0036), plotted by the changes of the white mica SWIR absorption 
feature wavelength (composition). Row 2 is the same plot but coloured by the dominant TIR mineralogy. Row 3 plots the SWIR carbonates by the 
SWIR carbonate absorption feature wavelength. Row 4 is core colour. Dotted lines are mineralogy changes (or changes in white mica 
composition). The BMR log identifies the basal unit as the Mantungula Formation but the earlier Amoco log called this unit the Dungaminnie 
Formation. There is a fault zone (noted by the sheared appearance of the rock) and an interpreted repetition of the Mainoru Formation and 
underlying Limmen Sandstone. In both the upper and lower Limmen Sandstone / Mainoru Formation unit (repeated), the contact is gradational with 
40 cm quartzose sandstone zones interbedded with finer redbed sediments of the Mainoru Formation.  The upper green mudstone marker unit 
(Abbott et al 2001) is not readily identifiable.  There is no notable carbonate.  
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Mainoru Formation – 82/2 

Row 1 is logged stratigraphy, plotted by the changes of the white mica SWIR absorption feature wavelength (composition).  Imagery shows textural 
changes within the (undifferentiated) fault-repeated Mainoru Formation in 82/2. The upper half of the upper Mainoru Formation is laminated greenish 
grey siltstones and sandstones. The sequence grades into laminated redbeds with depth; the contact with the Limmen Formation is gradational 
(appears interbedded sandstones with laminated redbeds). The lower sequence of Mainoru Formation is mainly laminated redbeds (with slump 
structures; see inset top right). It becomes more massive and clayey with depth (340 m). The fault zone is highly variable in colour and texture.  
Row 2 plots the quartz abundance, coloured by the dominant SWIR mineral. This highlights the quartzose sandstones of the Limmen Formation. The 
sharp changes may show bedding cycles between quartz-rich and quartz-poor sediments.   
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Mainoru Formation – 82/3 

Row 1 is BMR (Powell et al 1987) logged stratigraphy (also Dorrins and Womer 1983), plotted by the changes of the white mica SWIR 
absorption feature wavelength (composition). Row 2 is the same plot but coloured by the dominant TIR mineralogy. Row 3 plots the 
SWIR carbonates by the SWIR carbonate absorption feature wavelength. Row 4 is core colour. Dotted lines are changes which 
highlight changes in the white mica composition. The basal part (from around 584 m) of the Mainoru is a quartz-rich dark grey shale. 
The white mica has a sharp change; from 550–584 m, it is a chlorite-white mica-quartz siltstone. There may be a slight change in 
mineralogy around 513 m, from more chlorite-clays-white mica with depth and possibly more quartz above 513 m, but it is difficult to 
identify differences from the core imagery (see overpage). 

NTGS Technical Note 2016-001 24 



Mainoru Formation – 82/3 

Row 1 is the dominant TIR mineralogy, plotted by the changes of the white mica SWIR absorption feature wavelength (composition).  
Imagery shows textural changes within the undifferentiated Mainoru Formation in 82/3. While there are mineralogical changes 
(differences in white mica composition and differences in the proportions of quartz to white micas / chlorites), the textures are 
dominantly platy shales, with variable colour (dark grey-black to lighter green greys and some redbed intervals). 
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Mainoru Formation – Conclusions and further work 
• The Nullawun Mbr is the most distinctive Member (massive puggy clay redbeds). 
• It is very difficult to pick the difference between the Showell Mbr and Wooden Duck Mbr if the laminated limestone marker is missing. 

The only laminated limestone was noted in BMR Urapunga 5. 
• The Wooden Duck Mbr can be quite mineralogically and texturally variable (eg in BMR Urapunga 5). This makes it difficult to 

distinguish from the Showell Mbr, which has many of the same mineralogical and textural features as the Wooden Duck Mbr. 
• There seems to be a subdivision in the Mountain Valley Limestone Mbr, with a change in carbonate composition (dolomitic at depth) 

and possibly a redbed marker unit separating the two carbonates.  
• The base of BMR Urapunga 1 does not seem to fit the Formation description (Nullawun Mbr) and should probably be in the Limmen 

Sandstone. This should be relogged (see also page 3). 
• Broughton 1 has mineralogy and textural changes that may permit the subdivision into the Nullawun Mbr and Mountain Valley 

Limestone Mbr. The upper part of the sequence arguably may also be subdivided into the Wooden Duck Mbr and Showell Mbr; 
although the Members are not clearly defined in the literature. 

• Holes on the eastern side of the MOUNT YOUNG sheet (BBDD001, BBDD002, MBD02) have textural and mineralogical similarities 
to the type examples of the Wooden Duck Member, the Nullawun Mbr and the Gibb Mbr from the URAPUNGA sheet. There are no 
indications of the Mountain Valley Limestone Mbr being present. 

• Amoco holes 82/2 and 82/3 have sparse to no carbonate in the Mainoru Formation. Hole 82/3 has a dark grey shale at the base. 
There are no mineralogy or textural features that identify it as Mainoru Formation. MD1A also does not have characteristic 
mineralogy or textural features of the Members of the Mainoru Formation. 

• Further work should focus on what are the definable features of the Mainoru Formation, and whether the Members extend far 
enough laterally to be defined as Members? From this work, the Gibb Mbr and Wadjeli Sandstone Mbr are only confirmed in BMR 
Urapunga 6 (URAPUNGA), but may be present on the eastern side of MOUNT YOUNG. Abbott et al (2001) tabulated the range of 
depositional environments for the Mainoru Formation so it is unclear what the defining features of this Formation are. 
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