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SUMMARY

The Mesoproterozoic Velkerri Formation (Roper Group, McArthur Basin) is formally subdivided into three new members. 
They are, in ascending stratigraphic order, the Kalala, Amungee and Wyworrie members, which correspond respectively to 
the lower, middle and upper Velkerri Formation of previous usage. Subdivision of the Velkerri Formation into recognisable 
members is complicated by poor exposures and subtle lithological differences; the three members are therefore most readily 
distinguished in the subsurface by a combination of methods, including lithology, organic geochemistry, chemostratigraphy, 
wireline (gamma ray and resistivity) logs, hyperspectral data (HyLoggerTM), and palynology. These methods collectively 
provide robust, high-resolution definitions that are consistent throughout the known subsurface distribution of the formation. 

The Kalala Member is conformable between the underlying Bessie Creek Sandstone and overlying Amungee Member. 
It consists of laminated claystone, interlaminated siltstone, and minor thin sandstone. The predominantly fining-upward 
succession is distinguished from the Amungee Member by generally lower (poor to good) total organic carbon (TOC) values; 
lower redox-sensitive trace element values (U, Ni, V, Mo, Zn, Cu and Tl); and lower P2O5 and CaO values (which are probably 
related to relatively low organic and carbonate mineral contents respectively). Al2O3 and K2O values are elevated, reflecting 
a relatively high clay mineral content. Nb, Th and Cr values are also elevated, which is likely to be related to the presence of 
silt/fine sand-sized heavy minerals. Gamma logs decline slightly up-section but show a step-up in values at both the lower 
and upper contacts of the member; resistivity logs have a low flat character throughout. Hyperspectral data (HyLogger) show 
a sharp upward-decrease in quartz content at the contact with the Bessie Creek Sandstone; the contact with the Amungee 
Member is marked by an upward-reduction in quartzo-feldspathic minerals and an increase in sulfates after pyrite. The 
Kalala Member has yielded only a few poorly preserved palynomorphs to date; these are generally too meagre for confident 
identification and correlation. 

The Amungee Member, the main target within the Velkerri Formation for petroleum explorers, has conformable lower and 
upper contacts, and is generally finer-grained, with a higher proportion of claystone to siltstone and sandstone, than both the 
Kalala and Wyworrie members. The Amungee Member is further subdivided informally into three organic-rich shale units 
(A–C organofacies, in ascending stratigraphic order) separated by two clay-rich, organically lean intervals. The organofacies 
are characteristically well defined by strong excursions (good to excellent) in TOC, redox-sensitive trace elements, P2O5, 
and gamma and resistivity logs. The A–C organofacies are also clearly defined in HyLogs by a decrease in the proportion of 
quartz and a corresponding increase in the proportion of sulfates; this reflects an increased ratio of pyritic claystone to quartz-
bearing siltstone in the organofacies. CaO is elevated in the Amungee Member relative to the Kalala and Wyworrie members, 
corresponding to an overall higher proportion of carbonate minerals. However, Al2O3 and K2O values are lower, reflecting 
an overall reduced clay mineral content. Heavy mineral-associated elements (Sc, Nb, Th, Sn and Cr) are also collectively 
lower than for the Kalala and Wyworrie members, probably due to variations in provenance, or to less energetic depositional 
conditions, or both. No identifiable palynomorphs have been recovered to date from the Amungee Member.

The Wyworrie Member is conformable between the Amungee Member and overlying Moroak Sandstone. It consists of 
alternating, interbedded and interlaminated mudstone and siltstone, and lesser fine-grained sandstone, which increases in 
proportion towards the top. The predominantly coarsening-upward succession is distinguished from the Amungee Member 
by generally lower (poor to good) TOC values; lower redox-sensitive trace element values; P2O5 values that gradually 
decline up-section to be relatively low through the upper part of the succession; lower CaO values, reflecting a relatively low 
carbonate mineral content; elevated Al2O3 and K2O values, which reflect a relatively high clay mineral content; and elevated 
Sc, Nb, Th, Sn and Cr values, which are most likely due to the presence of silt/fine sand-sized heavy minerals. Gamma and 
resistivity logs both show a decline in values from a peak in the C organofacies of the Amungee Member, but remain elevated 
in comparison to the Kalala Member; both traces have a distinctive, relatively flat character through the Wyworrie Member. 
In HyLogs, quartz increases sharply in the basal Wyworrie Member from relatively low levels at the top of the Amungee 
Member, declines significantly in the medial Wyworrie Member, then gradually increases up-section to the contact with the 
Moroak Sandstone. A sharp upward step in the abundance of quartz defines the base of the Moroak Sandstone. Kaolinite is 
generally more abundant than in the Amungee Member, where it is typically below detection limits. The Wyworrie Member 
has yielded a number of palynomorph taxa that have some potential for correlation. 
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INTRODUCTION

The Velkerri Formation (Sweet in Abbott et al 2001, 
after Dunn 1963a) is a recessive fine-grained unit of 
mudrock, siltstone, and minor sandstone within the 
Maiwok Subgroup, which forms the upper succession of 
the Mesoproterozoic Roper Group within the McArthur 
Basin in the northeastern Northern Territory (Figure 1). 
The poorly exposed formation is best known from 
drillholes (Figure 2, Table 1), and thick intersections of 
the unit are present in the subsurface Beetaloo Sub-basin 
in the southwestern McArthur Basin. Lanigan et al (1994) 
recognised three conformable divisions of the Velkerri 
Formation (lower, middle and upper intervals) based on 
Pacific Oil and Gas Ltd drill intersections in the north of 
the Beetaloo Sub-basin and adjacent areas. This informal 
subdivision was recognised in most drill intercepts of the 
unit and is generally accepted as being characteristic of the 
formation. The lower and upper intervals have a relatively 
higher proportion of siltstone and sandstone relative to 
claystone than the middle interval. The organic content of 
the mudrocks in these intervals is generally lean, whereas 
mudrocks of the finer-grained middle Velkerri Formation 
are organic-rich and of considerable economic interest to 
petroleum explorers as a rich source rock and potential 
unconventional play (see Munson 2014, Revie 2017a, and 
references therein). Hoffman (2015) and Revie (2017a) 
noted that multiple, highly correlative log markers can be 
identified within and throughout the formation that can be 
used to tie drill intersections into a regional framework. 
The correlations show that significant intervals within the 
Velkerri Formation succession are laterally extensive on a 
regional scale. 

This Record describes the major lithological, 
geochemical, wireline log, hyperspectral data (HyLoggerTM) 
and other criteria for distinguishing the three newly 
formalised members of the Velkerri Formation, the Kalala, 
Amungee, and Wyworrie members. The results will provide 
a consistent nomenclature and a means for enhanced inter-
well correlation.

Methodology

A number of instrumental and laboratory analytical 
techniques provided data used in this report. These are 
briefly described below with reference to the parameters 
used in collecting the data, and the advantages and 
limitations of the techniques.

Elemental chemostratigraphy and Total Organic 
Carbon

Elemental chemostratigraphy uses major and trace element 
geochemistry for the characterisation and correlation of 
strata. The technique aims to distinguish packages of strata 
with unique chemical signatures that can be identified 
in a stratal succession by relative changes in chemical 
composition throughout the section (see Ratcliffe et al 2007, 
2010, and references therein). The elemental composition 
of sediments is highly variable because of a number 
of factors, including source composition, depositional 

environment, paleoclimate, and diagenesis. Even apparently 
homogenous successions show differences in their whole 
rock geochemistry; this has resulted in chemostratigraphic 
techniques being used extensively to assist in stratigraphic 
correlations, particularly between drillholes. Because of 
its objectivity and independence, chemostratigraphy is a 
useful technique that can provide a solution where other 
stratigraphic methods are either not available or are unable 
to resolve conflicting models. 

Chemostratigraphic data used in this report were derived 
from open-file data and from extensive core and cuttings 
samples of numerous open-file drillholes that intersect 
the Velkerri Formation. Chemostratigraphic studies 
were carried out on elemental data typically acquired by 
Inductively Coupled Plasma Mass Spectrometry (ICP–
MS) or x-ray fluorescence (XRF) by Chemostrat Australia 
Pty Ltd. These analytical methods resulted in data for 62 
elements: 14 major elements reported as oxide percentage 
by weight (%), 35 trace elements reported as parts per 
million (ppm), and 13 rare earth elements reported as ppm. 

Chemostratigraphic characterisation typically 
relies on a relatively small number of these elements or 
ratios of elements (Pearce et al 2005a, Ratcliffe et al 
2006); key elements (key indices) used to construct the 
chemostratigraphic zonation scheme used in this report 
include U, P2O5, Ni, V, Mo, Tl, Cu, Zn, K2O, Cr, Sc, Nb, 
Th, Al2O3, Sn, SiO2, and CaO. Methodologies used in the 
analysis of the organic geochemistry (and rock properties) 
are provided in Revie (2015c). Figures using data from these 
analyses were plotted using the Weatherford Laboratories Pty 
Ltd application Isologica version 2.3.2. Chemostratigraphic 
logs were constructed for drillholes Pacific Oil and Gas Ltd 
(POG) Alexander-1, POG Scarborough-1, and POG Lady 
Penrhyn-1 as examples of the technique, being generally 
representative of wells throughout the region. The full 
geochemical datasets are available in Chemostrat Australia 
(2016).

Total organic carbon (TOC) was determined using a 
LECO Carbon Analyser: TOC is the relative proportion 
of organic carbon present in a sample, expressed in weight 
percent (wt%). 

Gamma and resistivity logs

Gamma ray (GR) and resistivity logs are particularly useful 
for subdividing the Velkerri Formation. A comprehensive 
explanation of gamma and resistivity logging, including 
references to previous work, is provided in Hsu and 
Robinson (2017). Wireline logs for open-file drillholes that 
penetrate the Velkerri Formation can be accessed online 
via NT’s Geoscience Exploration and Mining Information 
System (GEMIS) or by contacting NT’s Minerals and 
Energy InfoCentre (MEIC). 

Gamma logs measure naturally occurring gamma 
radiation in order to characterise strata in a drillhole. 
Gamma radiation is usually recorded in API (American 
Petroleum Institute) units, a measurement originated by 
the petroleum industry. The elements responsible for the 
radiation are potassium, thorium, uranium, and their decay 
chains. A common gamma log records the total radiation 
only, whereas a spectral gamma log can distinguish between 
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the radioactive elements. Shales typically contain potassium 
as part of their clay content, but also tend to absorb uranium 
and thorium. The gamma log is therefore very important 
as a shale indicator, but it is not wholly reliable since non-
shales can also have elevated levels of gamma radiation. For 
example, sandstone can contain uranium mineralisation, 
potassium feldspar, a clay matrix, or rock fragments that 
cause it to have elevated gamma readings; dolomite might 

contain absorbed uranium; and evaporite deposits may 
contain potassium-rich minerals such as carnallite. In such 
instances, spectral gamma or other logs can discriminate 
these anomalies.

Resistivity logs measure the subsurface electrical 
resistivity, ie the ability to impede the flow of electric 
current. Resistivity is expressed in ohms or ohms/meter and 
is frequently charted on a logarithmic scale versus depth. 
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Most rocks are essentially insulators, whereas their enclosed 
fluids, particularly salt water or brine, are mostly conductors. 
However, hydrocarbon fluids are an exception, because they 
are almost infinitely resistive. In general, if strata are porous 
and contain salt water, the overall resistivity will be low; if 
the strata are non-porous or are hydrocarbon-bearing, the 
overall resistivity will be high. High resistivity values may 
therefore indicate a hydrocarbon-bearing formation.

Hyperspectral data and imagery (HyLoggerTM) 

The HyLogger instrument scans drill core to produce 
images and reflectance spectra that can be matched to 
minerals. Closely spaced sampling along the drill core 
produces hundreds of thousands of spectra per drillhole. 
A detailed mineral match is output for each spectrum; 

results return as mineral names (rather than wavelengths). 
Summary overviews can show bulk mineral changes in the 
entire drilled length. The HyLogger process is automated 
and rapid, and is useful to assist in delineating stratigraphic 
boundaries and correlations. The results give an indication of 
the minerals present within the drillhole but not an absolute 
quantifiable modal value. Nevertheless, the HyLogger 
offers a potentially useful alternative to slower and more 
expensive logging methods, such as chemostratigraphy. 
Most drillholes that penetrate the Velkerri Formation have 
been HyLogged; the results are available via the AuScope 
National Virtual Core Library. 

More information about the samples in the thermal 
infrared (TIR) spectral reference library and details of the 
HyLogger specifications can be found in Schodlok et al 
(2016a, b). 

Drillhole Velkerri Fm
Top / thickness (m)

Wyworrie Mbr
Top / thickness (m)

Amungee Mbr
Top / thickness (m)

Kalala Mbr
Top / thickness (m)

12BC001 320.22 / >285.38

82/1 376 / >193

Alexander-11 62 / 555 62 / 218 280 / 166 446 / 171

Altree-2 391.72 / >837.93 391.72 / >280.28 672 / 276.25 948.25 / 281.4

Amungee NW-1 1690 / >870 1690 / 410 2100 / 460 2560 / >49

Birdum Creek-1 1095.42 / >734.02 1095.42 / 285.97 1381.39 / >448.05*

BMR Urapunga-3 0 / >211 0 / >132.7 132.7 / >78.3

BMR Urapunga-42 42 / 330 42 / 88.5 130.5 / 233 363.5 / 8.5

Borrowdale-2 0 / >434.5 0 / >46.5 46.5 / 180.2 226.7 / 207.8

Broadmere-1 0 / >449

Friendship-1 0 / >262.5 0 / >102 102 / 160.5*

Golden Grove-1 0 / >133.2 0 / >133.2

Kalala S-1 1845.5 / >776.5 1845.5 / 218.5 2064 / 314* 2572 / >50*

Lady Penrhyn-1 171 / 501 171 / 166 337 / 125 462 / 210

Lady Penrhyn-2 87.1 / >362.3 87.1 / 180.9 268 / 172 440 / >9.4

Lawrence-1 0 / >155.2* 0 / >155.2*

McManus-1 738.2 / >879.2 738.2 / 460.8 1199 / 350.7 1549.7 / >67.7

MD4 144 / >204.2 144 / 229 229 / 75 304 / >44.2

Prince of Wales-1 0 / >189.3 0 / >189.3

RR00125 24 / >12

Scarborough-1 122 / 499 122 / 173 295 / 162 457 / 164

Sever-1 331.35 / 754.42 331.35 / 342.1 673.45 / 161.58* 917.22 / 250.74

Shea-1 284.9 / >331.1 284.9 / 184 468.9 / 140.1 609 / >7

Shenandoah-1A 2199.2 / >514.4 2199.2 / 250.9 2450.1 / >263.5

Supply-1 10 / >183 10 / 170 170 / >13

Tanumbirini-1 2437 / 1482 2437 / 705 3143 / 502 3646 / 274

Tarlee-1 795.41 / >540.09 795.41 / 244.45 1039.86 / 253.21 1293.07 / >42.43

Tarlee-2 664.41 / >515.59 664.41 / 203 867.41 / 217.32 1084.71 / >95.27

Tarlee-S3 1002.2 / >582.6 1002.2 / 207.3 1209.5 / 320.22* 1595.47 / >55.13

VDD2 64.7 / >142.3*

Walton-2 259.6 / >601.3 259.6 / >295.9 555.5 / 305.4*

Wyworrie-1 777.69 / >520.04 777.69 / 178.35 956.04 / 292.39* 1325.02 / >49.3
1 Type sections for Kalala, Amungee and Wyworrie members. 2 Type section for Velkerri Formation.

Table 1. Summary of drillhole intersections for Velkerri Formation and members, showing tops and drillhole thicknesses. Thickest 
intersections in bold. * Intruded by dolerite sill (aggregate or minimum thickness); > symbol indicates either top eroded (POG Altree-2, 
POG Walton-2), drillhole spudded within formation, and/or EOH within formation. Blank cells indicate members either not present or 
not differentiated (Western Desert Resources Ltd 12BC001, POG Broadmere-1, Sherwin Iron Ltd RR00125, Normandy Exploration 
Ltd VDD2). Data from well completion reports or NTGS relogging. Santos Tanumbirini-1 formation tops interpreted from basic well 
completion report (Adderley 2014) and from open file log data. 
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Regional setting

The informally named greater McArthur Basin (Close 
2014), a vast predominantly sedimentary terrane, stretches 
across the northern part of the Northern Territory from 
northeastern Western Australia to northwestern Queensland. 
This terrane includes Palaeo- to Mesoproterozoic successions 
of the McArthur and Birrindudu basins and the Tomkinson 
Province, all interpreted to have been conterminous at time 
of deposition. These successions unconformably overlie 
Archaean and Palaeoproterozoic metamorphosed and 
deformed rocks of the North Australian Craton (NAC); 
they are unconformably overlain by Neoproterozoic to 
Phanerozoic cover. Figure 1 shows the probable minimum 
geographical extent of the greater McArthur Basin in the 
Northern Territory.

The McArthur Basin is exposed over an area of about 
180 000 km2 in the northeastern NT (Figure 1) and is the 
largest exposed component of the greater McArthur Basin. It 
unconformably overlies Palaeoproterozoic metamorphosed 
and deformed rocks of the Pine Creek Orogen (PCO) to 
the west, the Murphy Province to south and the Arnhem 
Province to the northeast. To the southeast, the McArthur 
Basin succession extends to the Mount Isa Province in 
Queensland. The Murphy Inlier of the Murphy Province 
was possibly a palaeogeographical high separating the 
McArthur Basin from the South Nicholson Basin and Lawn 
Hill Platform (Plumb and Wellman 1987, Wygralak et al 
1988). Phanerozoic strata of the Georgina, Carpentaria and 
Arafura basins unconformably overlie the McArthur Basin 
succession.

Rawlings (1999) divided the entire McArthur Basin 
succession into five basin-wide, non-genetic units, 
originally referred to as ‘supersequences’ (Rawlings et al 
1997), but later renamed ‘packages’ (Rawlings 1999); 
they are, in ascending order, the Redbank, Goyder, Glyde, 
Favenc and Wilton packages. These depositional packages 
are disconformity or unconformity bounded; each is 
characterised by similarities in age, stratigraphic position, 
lithofacies composition, style and composition of volcanism, 
and basin-fill geometry. The package terminology has since 
been applied to correlative successions across the greater 
McArthur Basin (eg Close 2014). The Roper Group is the 
McArthur Basin component of the Wilton package, which 
also includes the Renner Group of the Tomkinson Province 
and the Tijunna Group of the Birrindudu Basin. These 
successions are interpreted to be linked in the subsurface, 
beneath Neoproterozoic–Phanerozoic cover (Close 2014, 
Hoffman 2014, Munson 2016, Betts et al 2015, Frogtech 
Geoscience 2018). 

Roper Group

The Roper Group (Randal 1963) is a dominantly siliciclastic 
succession characterised by alternating mudrock-rich and 
cross-bedded sandstone formations that are lithologically 
laterally continuous over vast areas. Minor lithologies 
include calcareous siltstone, limestone, pedogenic breccia, 
conglomerate and oolitic ironstone. The comparative rarity 
of limestone distinguishes this group lithologically from 
underlying carbonate-rich successions. Most Roper Group 

units were named and characterised by Dunn (1963b), but 
a number of changes were made to this nomenclature by 
Abbott et al (2001) who formally defined all units. The 
group is subdivided into the Collara and overlying Maiwok 
subgroups (Figure 1). The boundary between these 
subgroups ranges from disconformable to conformable; it 
was somewhat arbitrarily placed at the stratigraphic level 
where the proportion of sandstone to mudrock changes 
from about 50% in the lower subgroup to about 10% in the 
upper subgroup (Abbott et al 2001). 

The Roper Group is exposed from ARNHEM BAY1 
in the north, to KATHERINE in the west, to northern 
WALLHALLOW and to ROBINSON RIVER in the 
south (Figure 1). The most extensive outcrops are in the 
URAPUNGA region. Outcrop is expressed as strike 
ridges, mesas and plateaux of sandstone, separated by 
valleys that are underlain by poorly exposed mudrock-rich 
units. The Roper Group also has considerable subsurface 
extent southwards to BEETALOO and westwards towards 
outcrops of the Birrindudu Basin (Hoffman 2014, 2015). 
Frogtech Geoscience (2018) estimated that the group attains 
a maximum thickness of ca 4000–6000 m in parts of the 
Beetaloo Sub-basin (Figures 1, 2). The group decreases in 
thickness to north, west and east, away from this depocentre.

The Roper Group is disconformable or unconformable 
on various units of the late Palaeoproterozoic or early 
Mesoproterozoic Nathan and Mount Rigg groups (Favenc 
package), Palaeoproterozoic McArthur Group (Glyde 
package), and the 1850 Ma Urapunga Granite (Abbott et al 
2001). Seismic data (Hoffman 2014, 2015) shows that Roper 
Group equivalents, including the Tijunna Group, are also 
unconformable on the Wattie, Bullita and upper Limbunya 
groups (Birrindudu Basin) to the west of the Beetaloo Sub-
basin. The group is unconformably overlain by an unnamed 
group of Neoproterozoic units in the subsurface Beetaloo 
Sub-basin, by late early Cambrian volcanic rocks of the 
Kalkarindji Suite, and by Cretaceous strata. The 1313 Ma 
(Collins et al 2018) Derim Derim Dolerite intrudes middle 
and upper Roper Group formations, mostly as sills. 

The depositional environment and basin setting for 
the Roper Group, with references to previous studies, is 
discussed in Revie (2015b, 2017b) and Munson (2016). 
Sedimentological and geochemical evidence indicates 
that the group was largely deposited in a restricted or 
partly restricted, or anoxic, mostly marine depositional 
environment subject to fluctuating salinities. A shoreline–
shelf depositional model, similar to that characterising 
most modern shelfal systems, can be applied to the group, 
whereby overall aggradation of shelfal strata was generated 
by the vertical stacking of successive shoreline and 
subaqueous clinothem sets. Progradation of the successions 
resulted from the repeated, regressive–transgressive transit 
of deltas and shorelines across a shallow-marine shelf. 
An overall, epicontinental, enclosed marine basin setting 
is probable, in which the depositional environment was 
physically restricted to some extent by land or by chains of 
islands but retained some connection with the open ocean. 

1 Names of 1:250 000 and 1:100 000 mapsheets are shown in large 
and small capital letters respectively, eg URAPUNGA, Daly 
Waters.
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A present-day analogous basin is the Black Sea (see Allen 
and Allen 2013).

Full descriptions of the various formations and members 
of the Roper Group are in Munson (2016). 

Velkerri Formation 

The Velkerri Formation was originally mapped as the 
lower part of the Cobanbirini Formation of Paine (1963) 
and Smith (1964). The Cobanbirini Formation included all 
of the currently recognised Roper Group units above the 
Bessie Creek Sandstone and was therefore an equivalent 
of the Maiwok Subgroup, as originally defined by Dunn 
(1963a), with the Velkerri Formation constituting the basal 
unit2. The name Cobanbirini Formation is now superseded 
and abandoned in most mapsheet areas (Pietsch et al 
1991), except in TANUMBIRINI, where the vintage of 
mapping (Paine 1963) precedes subdivision of the unit 
(see Figure 2). The Velkerri Formation has also been 
described as the Lansen Creek Member of the Cobanbirini 
Formation (eg, see Dorrins and Womer 1983); this name is 
a junior synonym of the Velkerri Formation and has been 
abandoned along with all of its variants (eg ‘Lansen Creek 
Shale’ of Powell et al 1987; Lansen Shale of Lindsey 2001). 
The Velkerri Formation is generally concordant between 
the Bessie Creek and Moroak sandstones. Sills of the Derim 
Derim Dolerite intrude the medial Velkerri Formation in a 
number of wells in the Beetaloo Sub-basin (Hoffman 2015). 

The type section of the Velkerri Formation (Abbott et al 
2001) is a complete intersection in drillhole BMR Urapunga-4 
(Figure 2) from 372 m to 42 m depth (see Sweet and Jackson 
1986). This interval comprises 330 m of interlaminated and 
thinly interbedded claystone and siltstone, minor fine-grained 
sandstone, and rare thin dolomitised limestone.

The Velkerri Formation is rarely exposed, except as 
occasional small outcrops of buff-to white-weathering 
laminated siltstone and mudstone, or fragments of these rock 
types in skeletal soil. It typically underlies broad valleys and 
extensive plains between more resistant exposures of the 
underlying Bessie Creek and overlying Moroak sandstones. It 
is also present in scarp slopes beneath the Moroak Sandstone 
and can form low, rounded bare hills in some areas. The 
formation does not occur north of the URAPUNGA–ROPER 
RIVER region (Figure 2). Poor exposures of the Velkerri 
Formation occur in southern and western URAPUNGA, 
eastern KATHERINE, northern HODGSON DOWNS and 
northwestern MOUNT YOUNG (Figure 2). The formation 
might also be exposed in northeastern TANUMBIRINI as 
part of the undivided Cobanbirini Formation (Paine 1963). 
The formation has been intersected in the subsurface in 
numerous wells in URAPUNGA and mapsheets to the 
south and southwest, including LARRIMAH, HODGSON 
DOWNS, TANUMBIRINI, BAUHINIA DOWNS, and 
possibly BEETALOO3. 

2 Maiwok Subgroup was subsequently redefined to include the 
underlying Corcoran Formation and Bessie Creek Sandstone 
(Abbott et al 2001).

3 Unconfirmed log of undifferentiated Velkerri Formation in 
Western Desert Resources Ltd drillhole 12BC001 (Gaughan 
2013).

The Velkerri Formation is a dominantly fine-grained 
unit consisting of interlaminated and thinly interbedded 
claystone and siltstone, minor fine-grained sandstone, and 
rare thin dolomitised limestone (Awwiller 2012). The shales 
are composed of quartz, illite, mixed-layer smectite/illite, 
chlorite, and lesser amounts of albite, diagenetic calcite, 
siderite, ferroan dolomite, pyrite, calcium phosphate, kaolin, 
and hydrocarbon films (Warren et al 1998). The rocks are 
generally laminated, but intervals that are structureless 
or characterised by abundant convoluted laminae are 
common. Calcite nodules and veins, and pyrite are present 
throughout. Glauconite (in sandstones) and acritarchs 
(Grey 2015) indicate a marine setting for the formation. The 
dominantly fine-grained siliciclastic lithologies indicate a 
subtidal, sub-wave base, and generally quiet depositional 
environment (Powell et al 1987, Jackson and Raiswell 1991, 
Pietsch et al 1991, Haines et al 1993, Warren et al 1998, 
Abbott and Sweet 2000, Abbott et al 2001, Munson 2016). 
Sedimentary features, including graded bedding and cross-
laminations, indicate regular current activity, consistent 
with the interpretation of periodic turbidity currents 
(Powell et al 1987, Munson 2016). The deepest and most 
distal environments are represented in the medial Velkerri 
Formation, which has the highest proportion of claystone to 
siltstone and sandstone.

Palynomorphs from drill core samples of the Velkerri 
Formation and its members, as defined herein, were 
illustrated and discussed in Gorter and Grey (2012) and 
Grey (2013a, b, 2015). The general aspect of the assemblages 
indicates a Mesoproterozoic age, but most of the specimens 
could not be readily assigned to existing species or 
precisely dated; the identified taxa tend to be long-ranging 
and can also occur in underlying and overlying units. 
Grey (2015) commented that the assemblages nevertheless 
have significant potential for correlation, pending a more 
extensive study to better define the taxa present and their 
stratigraphic distribution. 

Munson (2016) provided a full description of the 
Velkerri Formation, including discussions of its distribution, 
lithology, depositional environment, age, and inter- and 
intra-basinal correlations.

SUBDIVISION OF VELKERRI FORMATION

A subdivision of the Velkerri Formation into three distinct 
units can be recognised in most drill intersections of the 
formation, including the type section in Urapunga-4 
(Table 1, Figure 2). Lanigan et al (1994) informally 
named these the ‘Lower’, ‘Middle’ and ‘Upper’ members, 
subsequently referred to in lower case without quotes as 
lower, middle and upper Velkerri Formation. This informal 
tripartite subdivision has since been demonstrated to be 
characteristic of the formation in drillholes in all areas and 
is widely used (eg Munson 2014, 2016, Revie 2017a–b, and 
numerous references therein), but has not been recognised 
in outcrop, mainly due to the rarity of good exposures. The 
members can be readily distinguished in drillholes by the 
application of a combination of methods, including lithology, 
organic geochemistry, chemostratigraphy, wireline logs, 
hyperspectral data (HyLogger) and palynology. As they 
form distinctive mappable units in the subsurface, they are    



7 NTGS Record 2018-006 

formally defined and named, in ascending stratigraphic 
order, as the Kalala, Amungee and Wyworrie members.

Kalala Member

The Kalala Member (new name; see Appendix) is named 
after Kalala Station in northeastern DALY WATERS. It 
is equivalent to the lower Velkerri Formation of Lanigan 
et al (1994) and subsequent publications. The type section is 
herein assigned to drillhole Pacific Oil and Gas Ltd (POG) 
Alexander-1 from ca 617 m depth (base) to ca 446 m (top, 
Table 1). This interval comprises 171 m of interlaminated 
claystone and siltstone, and minor fine-grained sandstone 
(Barberis and Ledlie 1988). The Velkerri Formation is 
555 m thick in Alexander-1 (617–62 m depth).

Although the member is logged in numerous wells 
(Table 1), it is completely intersected in only a few 
drillholes. A maximum (composite) thickness of 305.4 m is 
attained in drillhole POG Walton-2 (Figure 2); this section 
is intruded by a 108.8 m-thick sill of Derim Derim Dolerite. 
Other significant intersections include 274 m in Santos Ltd 
(Santos) Tanumbirini-1; 281.4 m in POG Altree-2; 250.7 m 
in POG Sever-1; and 207.8 m in POG Borrowdale-2. Most 
wells in the Beetaloo Sub-basin east area were terminated 
within the member, so reported thicknesses are minimums. 
In Urapunga-4, the type section for the Velkerri Formation, 
the member is just 8.5 m thick.

The basal contact of the member is not exposed, but is 
conformable and gradational with the underlying Bessie 
Creek Sandstone in drillhole intersections (Figure 3); the 
contact consists of a few decimetres of interbedded, cross-
bedded fine sandstone (typical of Bessie Creek Sandstone) 
and shale (typical of Kalala Member). The formation top 
for the Bessie Creek Sandstone is placed at the top of the 
uppermost, interbedded fine-grained sandstone bed. In 
Urapunga-4, the gradation from cross-bedded Bessie Creek 
Sandstone into the mudrock-dominated Kalala Member 
occurs over an interval of about 1.5 m (Sweet and Jackson 
1986, Figure 3a). The upper contact of the Kalala Member 
with the Amungee Member is conformable and typically 
sharp (Figure 4). It is generally placed where massive or 
laminated claystone of the base of the Amungee Member 
overlays interbedded and interlaminated grey siltstone 
and claystone at the top of the Kalala Member; it is often 
marked by a thin calcite bed that might be the result of a 
hydrocarbon expulsion event in the Amungee Member 
shale (Hoffman 2015). 

Distinguishing characteristics

Lithology
The Kalala Member consists of laminated grey-green 
to dark grey, variably carbonaceous claystone, with 
interlaminated pale grey siltstone and minor thin sandstone 
intervals that are glauconitic and sometimes micaceous 
(Warren et al 1998); these are increasingly common 
towards the base (Lanigan et al 1994, Figure 5). Overall, 
the member displays a predominantly fining-upward trend 
from the Bessie Creek Sandstone. The mudrocks generally 
comprise siltstone–claystone couplets (Figure 5a, c) 
that stack at scales ranging from centimetres to metres. 

A18-106.ai

a b c

Figure 3. Gradational contact, marked by interbedded shale 
and fine-grained sandstone, between Bessie Creek Sandstone 
and overlying basal Kalala Member; images derived from 
NTGS HyLoggerTM TSG dataset. Arrows point up-section. 
Bessie Creek Sandstone formation tops shown by yellow 
dashed lines, placed at tops of intervals containing abundant 
interbedded fine-grained sandstone. (a) BMR Urapunga-4 
(53K 423949mE 8374386mN), type section for Velkerri 
Formation, at ca 372 m depth (after Munson 2016: figure 51). 
Core diameter (uncut) 47.6 mm. (b) POG Alexander-1 (53K 
484523mE 8322964mN), type section for Kalala Member, 
at ca 617 m depth. Core diameter 63.5 mm. (c) POG 
Scarborough-1 (53K 478466me 8321576mN) at ca 621 m 
depth. Core diameter 63.5 mm.
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Organic-rich claystone-dominated intervals, similar to 
those that characterise the Amungee Member (organofacies 
A–C), are not present. Warren et al (1998) determined that 
the dominant mineral in the claystone is illite with lesser 
amounts of interlayered smectite/illite and chlorite. Rare to 
uncommon sedimentary structures that are associated with 
coarser-grained layers include load and injection structures, 
flat pebble lithic intraclast breccias, normal grading and 

ripple marks (Figure 5b). Carbonate-infilled fractures are 
also present. The average mineralogy of the mudrocks, 
as determined from geochemical analyses (Revie 2015a, 
Figure 6), is about 50% quartz, 40% clays, 1% carbonate 
minerals and 9% other minerals. 

Chemostratigraphy 
Chemostratigraphic logs (Figure 7) through the Kalala 
Member have a number of characteristics that clearly 
distinguish it from the overlying Amungee Member.

TOC values are generally low relative to the Amungee 
Member and for the most part, are less than 1–2 wt%. 
Slightly higher values occur towards the base of the member. 
There are no significant organic-rich intervals comparable 
to the organofacies of the Amungee Member.

U, Ni, V, Mo, Zn, Cu and Tl values are all typically 
low relative to the Amungee Member, with slightly higher 
values towards the base of the member. These redox-
sensitive trace elements all have the tendency to form 
insoluble phases under anoxic and sulfidic conditions 
(see Algeo and Maynard 2004, Brumsack 2006) and 
therefore serve as a redox indicator of the overlying 
water. A trace elements study of the Velkerri Formation 
by Cox et al (2016) concluded that, although the original 
redox conditions in the Kalala Member were somewhat 
ambiguous, they were consistent with suboxic to anoxic 
bottom waters.

Al2O3, K2O, Sc, Nb, Th and Sn values are all relatively 
high, and Cr slightly elevated in the Kalala Member 
relative to the Amungee Member. Al2O3 models the total 
clay content, which on average, is considerably higher than 
in the Amungee Member (see Figure 6). Elevated K2O 
values possibly reflect illite/smectite clays, or the presence 
of K-feldspar (see Figure 9). Nb, Th and Cr are typically 
associated with heavy minerals, such as anatase and rutile 
(Nb), monazite and zircon (Th), and Cr spinel (Pearce et al 
2005a, b, Ratcliffe et al 2007); these higher values are likely 
to be related to the presence of silt/fine sand-sized heavy 
minerals.

P2O5 is low in the Kalala Member relative to Amungee 
Member, with slightly higher values towards base. The 
higher values in the Amungee Member most likely 
correspond to higher TOC values. 

CaO is relatively low throughout the Kalala Member, 
reflecting the generally low carbonate content (see 
Figure 6). 

SiO2 is relatively high throughout the Kalala Member, 
interpreted as reflecting silt-sized quartz in mudrocks.

Gamma and resistivity logs
Gamma logs (Figures 7, 8) show a marked upward step in 
values at the contact between the Bessie Creek Sandstone 
and Kalala Member. Gamma values typically decline 
up-section through the member to another upward step 
in values at the base of the A organofacies at the base of 
the Amungee Member. Resistivity logs (Figure 8) step 
downwards at the contact with the Bessie Creek Sandstone 
and upwards at the base of the A organofacies. They have 
a low flat character throughout the Kalala Member, which 
distinguishes it from both the Bessie Creek Sandstone and 
Amungee Member. 

A18-107.ai

a b

Figure 4. Sharp contact between Kalala Member and overlying 
Amungee Member; images derived from NTGS HyLoggerTM 
TSG dataset. Arrows point up-section. Kalala Member tops shown 
by yellow dashed lines, placed at tops of intervals of interbedded 
and interlaminated grey siltstone and claystone, below claystone at 
base of Amungee Member. (a) BMR Urapunga-4 (53K 423949mE 
8374386mN), type section for Velkerri Formation, at ca 363.5 m 
depth. Core diameter 47.6 mm. (b) POG Alexander-1 (53K 
484523mE 8322964mN), type section for Kalala and Amungee 
members, at ca 446 m depth. Core diameter 63.5 mm.
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Hyperspectral data 
HyLogger TIR spectra for the Kalala Member in 
Alexander-1, Scarborough-1 and Lady Penrhyn-1 are shown 
in Figure 9. The main minerals present in the member vary 
between the drillholes, most likely because of weathering 
processes. Minerals common to all three are quartz, white 
mica and sulfates. Sulfates include gypsum and barite, 
which are considered secondary minerals after oxidation of 
sulfides (pyrite) in carbonaceous shale; this weathering most 
likely occurred post-drilling. The Alexander-1 spectrum 
shows abundant clay minerals (kaolinite, montmorillonite, 
illite); these are interpreted as weathering products of 
feldspars and white micas, which are abundant in the other 
two drillholes. Similar weathering of feldspars and white 
micas into clays is rare up-section within Alexander-1. An 

abundance of quartz and K-feldspars, coupled with a lack of 
plagioclase suggests a felsic source for the detritus. 

The base of the Kalala Member corresponds to a well 
defined mineralogical change in the log where quartz 
becomes dominant in the underlying Bessie Creek 
Sandstone (Figure 9b, c). The top of the member is marked 
by more complex mineralogical changes; the proportions of 
minerals in all three drillholes vary as the rocks become 
less silty and more enriched in organic matter up-section 
to the basal Amungee Member. In Scarborough-1 and 
Lady Penrhyn-1, the contact is marked by a decrease in 
the abundance of quartz, presumably as silt-sized grains, 
a significant reduction in the proportion of K-feldspar; and 
an increase in the abundance of sulfates after pyrite. In 
Alexander-1, the contact is marked by a similar decrease 

Figure 5. Drill core from Kalala Member. Arrows point up-section. (a) Laminated grey-green to dark grey claystone with interlaminated 
light grey siltstone. BMR Urapunga-4 (53K 423949mE 8374386mN) at 368 m depth; image derived from NTGS HyLoggerTM TSG dataset. 
Core diameter is 47.6 mm. (b) Rare cross-laminated fine-grained sandstone. POG Sever-1 (53K 268430mE 8313268mN) at 1110 m depth; 
HyLogger 3 image derived from Smith (2015). Core diameter is 63.5 mm. (c–d) POG Alexander-1 (53K 484523mE 8322964mN), type 
section. Core diameter 63.5 mm. (c) Graded very fine-grained sandstone interbeds in interlaminated siltstone and claystone at ca 522 m 
depth. (d) Interlaminated claystone and minor siltstone at 550 m depth. 
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Figure 6. Average mineral content (wt%) of (a) Kalala Member, (b) Amungee Member, and (c) Wyworrie Member, as determined from 
geochemical analyses (after Revie 2015a). 
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in the abundance of quartz, plus the disappearance of the 
weathering products, montmorillonite and illite. 

Palynomorphs
Grey (2015) sampled the Kalala Member in drillhole 
Altree-2 for palynomorphs. The samples yielded a few, 
rare, poorly preserved palynomorphs, consisting mainly 
of leiospheres, although degraded filaments and filament 
sheaths were also found. Three taxa were identified.

Amungee Member

The Amungee Member (new name; see Appendix) is 
named after Amungee Mungee Station in central-western 
TANUMBIRINI. It is equivalent to the middle Velkerri 
Formation of Lanigan et al (1994) and subsequent 
publications. The type section is herein assigned to drillhole 
Pacific Oil and Gas Ltd (POG) Alexander-1 from ca 446 m 
depth (base) to ca 280 m (top, Table 1). This interval 
comprises 166 m of massive to interlaminated claystone, 
lesser siltstone, and rare fine-grained sandstone (Barberis 
and Ledlie 1988). The Velkerri Formation is 555 m thick in 
Alexander-1 (617–62 m depth).

The Amungee Member is a prime target for petroleum 
explorers and has been fully intersected in numerous wells 
in the Beetaloo Sub-basin and adjacent areas (Table 1). The 
thickest section is in Santos Tanumbirini-1 (Figure 2) with 
502 m of Amungee Member. Other significant intersections 
include 276.25 m in Altree-2; 460 m in Origin Energy 
Resources Ltd (Origin) Amungee NW-1; >448 m in Pangaea 
Resources Ltd (Pangaea) Birdum Creek-1; 233 m in the type 
section for the Velkerri Formation in Urapunga-4; 314 m in 
Origin Kalala S-1; 350.7 m in POG McManus-1; 162 m in 
Scarborough-1; >263.5 m in Falcon Oil and Gas Australia 
Pty Ltd (Falcon) Shenandoah-1A; 253.21 m in Pangaea 
Tarlee-1; 320.22 m in Pangaea Tarlee S-3; and 292.39 m in 
Pangaea Wyworrie-1. 

The basal contact of the Amungee Member with the 
Kalala Member is conformable and typically sharp (see 
above, Figure 4). The upper boundary of the Amungee 
Member with the Wyworrie Member is gradational 
over several metres as organic content wanes upward 
(Figure 10); this contact is best picked using a combination 
of wireline and chemostratigraphic logs (see below). 

Distinguishing characteristics

Lithology
The Amungee Member consists of interlaminated to thinly 
interbedded, grey-green to dark grey claystone, pale grey 
siltstone and rare, light grey fine-grained sandstone, with 
thick intervals of massive to laminated, grey-green and dark 
grey to brown-black (carbonaceous) claystone. In general, 
the member has a higher proportion of claystone to siltstone 
and sandstone than the Kalala and Wyworrie members; 
however, limited drilling data appear to show a coarsening 
trend within the Amungee Member towards the south and 
west within the Beetaloo Sub-basin (Gorter and Grey 2012, 
Hoffman 2015). Claystone (Figure 11a) ranges from finely 
laminated (millimetre-scale) to massive. Laminae typically 
consist of alternating organic-rich and -poor clay minerals 

and very fine quartz grains (Figure 12a –c); they may 
contain scattered muscovite flakes and silt-sized particles 
(Warren et al 1998, Awwiller 2012). Organic-rich laminae 
have a TOC of typically 4–6 wt%, whereas organic-lean 
laminae have a TOC of <2 wt% (Warren et al 1998, Revie 
2015b, Revie and Normington 2018). Siltstone occurs as 
laminae and thin intermittent beds within the claystone; 
siltstone–claystone couplets are typically stacked at scales 
ranging from centimetres to metres. Siltstone laminae are 
continuous to discontinuous and have sharp tops or are 
normally graded into claystone (Figure 11c–e). Normal 
grading from very fine quartz grains to clay minerals also 
occurs within laminated claystone (Figure 12b). Other 
common sedimentary structures include soft-sediment 
contortion and slumping, and ripple cross-lamination 
(Figure 11b, f). Ripple cross-lamination is present both in 
coarser layers and at smaller scales within claystone, where 
it is defined by inclined flakes of organic matter and by 
sublaminae (microlaminae) or microlenticles of silt and clay 
flocs (Powell et al 1987, Munson 2016, Figure 12c). 

The average mineralogy of the mudrocks, as determined 
from geochemical analyses (Revie 2015a, Figure 6), is 
similar to that in the rest of the formation with respect to 
quartz (47%); however, there is a much lower clay content 
(26%) and a relatively high carbonate content (9%). Warren 
et al (1998) reported the presence of occasional altered 
volcanogenic lithic clasts cemented by coarse fibrous 
chlorite in siltstones; they also noted that the Amungee 
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Member, especially in its lowermost part, is characterised 
by widespread cone-in-cone cement. 

Lanigan et al (1994) and Warren et al (1998) subdivided 
the Amungee Member into three thick organic-rich 
claystone-dominated units separated by two clay-rich, 
organically lean intervals with relatively higher proportions 
of siltstone and sandstone. These organic-rich units were 
informally numbered 1–3, in ascending stratigraphic order; 
they are respectively equivalent to units A–C of Hoffman 
(2015). Repeating organofacies similar to these are typical 
of condensed sections in marine depositional settings, and 
can be identified in other organic-enriched marine shales 
around the world (eg, see Creaney and Passey 1993). 

Each of the A–C shale organofacies holds the potential 
to be an individual petroleum play. Analysis of the 
organic matter from the three organofacies indicates the 
deposition of organic-rich Type I/II kerogen, with very 

good to excellent generative potential within fine-grained 
siltstone (see Revie 2017a). Intersections of the A, B and C 
organofacies have been encountered across multiple wells, 
including Walton-2, Sever-1 and Tarlee S-3 (Hoffman 
2015), Kalala S-1 and Amungee NW-1 (Close et al 2016); 
their presence is interpreted from the gamma log in 
Tanumbirini-1 (Adderley 2014); they were identified as 
Organic Rich Units 3, 2 and 1 in McManus-1 and Altree-2 
(Warren et al 1998); and they were highlighted as organic-
rich intervals in Urapunga-4 (Sweet and Jackson 1986). 
However, they are not present in all wells: in Lady Penrhyn-1 
(Figure 7), the B and C organofacies are not differentiated; 
only the A organofacies was intersected at the top of POG 
Broadmere-1,which was collared in Amungee Member; 
and the A organofacies was not penetrated in Sweatpea 
Corporation Pty Ltd/Falcon Shenandoah-1/1A (Falcon 
2012). The thickness of the shale organofacies varies in the 
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range 30–50 m, with the A shale consistently the thinner of 
the three, and the B or C shale being relatively the thickest. 
The thickness of the combined A, B and C organofacies is, 
on average, approximately one-third to one-half of the total 
thickness of the Amungee Member, but they can be absent, 
or comprise up to three-quarters of the total thickness of the 
member. The B organofacies has been the primary target 
of recent exploration, and the first public announcement 

of a shale gas discovery was made from intersection and 
stimulation of this interval in Amungee NW H-1 (Origin 
2016).

Chemostratigraphy
Chemostratigraphic logs (Figure 7) clearly define the 
Amungee Member and its organofacies. The upper and 
lower contacts of the member are characterised by sharp 
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dataset. Arrows point up-section. Amungee Member tops shown by yellow dashed lines; picks are not clearly defined by lithology and are 
based on other log characteristics. (a) POG Alexander-1 (53K 484523mE 8322964mN), type section for Amungee and Wyworrie members; 
section of drill core from ca 278.9 m to 281.2 m depth. Core diameter 63.5 mm. (b) BMR Urapunga-4 (53K 423949mE 8374386mN), type 
section for Velkerri Formation; section of drill core from ca 129.3 m to 131.1 m depth. Core diameter 47.6 mm.
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steps to either higher or lower values for the majority of 
the logs; the A, B and C organofacies are well expressed by 
either chemical excursions or retreats. 

TOC values are appreciably higher throughout the 
Amungee Member than those of the Kalala and Wyworrie 
members. Significant TOC excursions closely correspond 
to the A, B and C organofacies, and are generally in the very 
good to excellent range when thermally immature. 

U, Ni, V, Mo, Zn, Cu and Tl values are all typically 
high relative to the Kalala and Wyworrie members. 

Values for these elements sharply increase upwards at the 
base of the member and remain higher in the overlying 
claystones than in the underlying Kalala Member. Relative 
enrichment of these redox-sensitive trace elements is an 
indicator of euxinic bottom waters at time of deposition 
(see above). There is a strong correlation of TOC with U 
peaks within the A, B and C organofacies of the Amungee 
Member; this is a good measure of the presence of these 
organofacies. Uranium is associated with organic material 
so TOC can therefore be estimated from gamma spectral 
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Figure 11. Drill core from Amungee Member; images derived from NTGS HyLoggerTM TSG dataset. Arrows point up-section. (a–c) POG 
Alexander-1 (53K 484523mE 8322964mN), type section for Amungee Member. Core diameter 63.5 mm. (a) Massive black claystone from 
C organofacies (295.9 m depth). (b) Laminated siltstone and claystone, with interbeds of rare light brown dolostone (D) and cross-laminated 
siltstone (318.8 m depth). (c) Interlaminated and interbedded dark grey claystone and pale grey siltstone. Sugary white crystals in cracks near 
base of core are sulfates (probably gypsum) formed via post-drilling weathering of pyrite (371.5 m depth). (d–f) BMR Urapunga-4 (53K 
423949mE 8374386mN), type section for Velkerri Formation. Core diameter 47.6 mm (after Munson 2016: figure 54). (d) Interlaminated dark 
grey claystone and pale grey siltstone. Siltstone laminae are continuous to discontinuous and have relatively sharp tops and bottoms (293.7 m 
depth). (e) Normally graded siltstone–claystone couplets (328.5 m depth). (f) Soft-sediment slumping (346 m depth). 
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logs as source-rock richness and quality generally increase 
with increasing authigenic uranium content (Peters et al 
2005). Chemical precipitation of uranium in organic 
matter in a marine reducing environment (stagnant, 
anoxic and euxinic waters) tends to concentrate uranium 
from seawater and pore fluids in carbonaceous shales. The 
presence of uranium is also a good indicator of a marine 
depositional environment as it is generally absent in 
freshwater lacustrine shales (Hunt 1995). 

Al2O3, K2O, Sc, Nb, Th, Sn and Cr values are 
collectively lower than for the Kalala and Wyworrie 
members. The retreat in Al2O3 and K2O values is 
probably due to an overall lower proportion of clay 
within the member (see Figure 6). The other elements 
are generally associated with heavy minerals; the lower 
values most likely reflect a variation in provenance, or 
overall less energetic depositional conditions, or both. 
This is consistent with an isotopic and trace elements 
study of the Velkerri Formation by Cox et al (2016) that 
concluded that the sediments of the Amungee Member 
were derived from a more mafic provenance than were 
those of the Kalala and Wyworrie members. However, 
a felsic provenance is also indicated by the presence of 
abundant quartz and K-feldspar (see Hylogger below) so 
it is likely that Amungee Member sediments were derived 
from more than one source.

P2O5 is high relative to Kalala and Wyworrie members. 
The spectra mimics that for TOC, which demonstrates a 
close association of P2O5 with organic matter. 

CaO is elevated in comparison to the Kalala and 
Wyworrie members. This corresponds to an overall higher 
proportion of carbonate minerals within the member (see 
Figure 6). A CaO spike is sometimes present at the base 
of the B organofacies (eg, see Figure 7b) and indicates the 
presence of a thin calcite bed that is widespread at that level 
in Beetaloo Sub-basin wells (Hoffman 2015).

SiO2 values within the Amungee Member are similar 
to those for both the Kalala and Wyworrie members. This 
is interpreted as reflecting a relatively constant proportion 
of quartz as silt-sized grains throughout the formation 
(44 –50%, see Figure 6). 

Gamma and resistivity logs
Gamma and resistivity logs through the Amungee Member 
show well defined and characteristic excursions through 
the A, B and C organofacies (Figures 7, 8, 13). These 
correspond strongly with various chemostratigraphic logs, 
particularly TOC and U, which show similar excursions 
through the organofacies (Figures 7, 13, see above). There 
is a sharp upward step in gamma and resistivity values at 
the base of the A organofacies and a steady decline in values 
towards the top of the C organofacies to the relatively flat 
traces of the Wyworrie Member. 

Hyperspectral data 
HyLogger TIR spectra for the Amungee Member in 
Alexander-1, Scarborough-1 and Lady Penrhyn-1 are 
shown in Figure 9. Minerals common to all three cores 
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Figure 12. Photomicrographs of Amungee Member from drill 
core samples of laminated claystone from POG McManus-1 (53K 
353421mE 8239531mN, Figure 2, after Munson 2016: figure 55). 
Rephotographs of thin sections illustrated and briefly described 
in Awwiller (2012). Note that partings parallel to bedding (blue 
resin, representing porosity) are artefact of thin section preparation.  
Plane-polarised light. (a) Laminae defined by dark brown clay 
minerals and very fine quartz grains. Rare elongate grains are 
muscovite mica. Thin section McMan052 (1300.7 m depth). 
(b) Laminae defined by organic-rich clay (dark brown), organic-lean 
clay (light brown) and very fine quartz grains. Prominent quartz-
rich layer with sharp base is normally graded to clay minerals. Thin 
section McMan023 (1490.0 m). (c) Laminae defined by organic-rich 
clay (dark brown) and organic-lean clay (light brown). Very fine 
dispersed quartz does not form distinct layers. Note low-angle cross-
lamination in light brown layer, defined by inclined flakes of organic 
matter, and by sublaminae of clay flocs (clay particle aggregates that 
can form ripples via bedload transport; see Talling et al 2012).
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are quartz, K-feldspars, white mica and secondary 
sulfates. The three organofacies are clearly differentiated 
by a decrease in the proportion of quartz accompanied 
by an increase in the proportion of sulfates, reflecting 
the increased ratio of pyritic claystone to quartz-bearing 
siltstone in the organofacies. The top of the Amungee 
Member is well marked by a sharp increase in the quantity 
of quartz at the base of the Wyworrie Member. An 
abundance of quartz and K-feldspars, coupled with a lack 
of plagioclase suggests a felsic source for this detritus, 
although it should be noted that there is isotopic and trace 
element evidence that Amungee Member sediments were 
also derived from mafic as well as felsic sources (Cox et al 
2016, see Chemostratigraphy above). 

Palynomorphs
Samples of the Amungee Member from drillhole Altree-2 
were examined for palynomorphs by Grey (2015). They 
were found to consist almost entirely of amorphous kerogen 
and did not contain identifiable palynomorphs. 

Wyworrie Member

The Wyworrie Member (new name; see Appendix) 
is named after Wyworrie Station in northern-central 
LARRIMAH. It is equivalent to the upper Velkerri 
Formation of Lanigan et al (1994) and subsequent 
publications. The type section (here selected) is in 
drillhole Pacific Oil and Gas Ltd (POG) Alexander-1 
from ca 280 m depth (base) to ca 62 m (top, Table 1). 
This interval comprises 218 m of interlaminated siltstone 

and claystone, and lesser thinly interbedded, fine-grained 
sandstone that increases in proportion towards the top 
(Barberis and Ledlie 1988). The Velkerri Formation is 
555 m thick in Alexander-1 (617–62 m depth).

The Wyworrie Member has been fully intersected in 
numerous wells in the Beetaloo Sub-basin and adjacent 
areas (Table 1). The thickest section is in Tanumbirini-1 
(Figure 2) with 705 m of Wyworrie Member. Other 
significant intersections include 410 m in Amungee NW-1; 
285.97 m in Birdum Creek-1; 88.5 m in the type section 
for the Velkerri Formation in Urapunga-4; 218.5 m in 
Kalala S-1; 180.9 m in POG Lady Penrhyn-2; 460.8 m 
in McManus-1; 250.9 m in Shenandoah-1A, 207.3 m in 
Tarlee S-3; and 178.35 m in Wyworrie-1.

The basal contact of the Wyworrie Member with the 
Amungee Member is gradational over several metres as 
organic content wanes upward (Figure 10); this contact 
is best picked using a combination of wireline and 
chemostratigraphic logs (see above). The upper contact 
of the Wyworrie Member with the Moroak Sandstone has 
been described as generally conformable (eg Dunn 1963a, 
Pietsch et al 1991). It is sharp and erosive in the Velkerri 
Formation type section in Urapunga-4 (Abbott and 
Sweet 2000, Figure 14a); Abbott et al (2001) described 
an abrupt knickline at the base of the Moroak Sandstone 
in most areas, which is consistent with a similar contact 
relationship throughout URAPUNGA. The contact 
was also described as being sharp and conformable 
in MOUNT YOUNG (Haines et al 1993). However, 
Lanigan et al (1994) and Warren et al (1998) described 
the contact as also being gradational in at least some 
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wells to the south of URAPUNGA. In the type section 
for the Wyworrie Member in Alexander-1, the contact is 
gradational over about 4 m, from dominantly claystone/
siltstone-dominated core at 65.8 m, to fine sandstone-
dominated uppermost Wyworrie Member, to medium-
grained Moroak Sandstone at about 62.9 m (Barberis and 
Ledlie 1988, Figure 14b). In McManus-1, the contact 
is marked by an alternation of fine- and coarse-grained 
lithologies over a number of decimetres (Figure 14c). 

Distinguishing characteristics

Lithology
The Wyworrie Member consists of alternating, interbedded 
and interlaminated, grey-green mudstone and pale grey 
siltstone (Figure 15) with lesser, commonly glauconitic 
and sometimes micaceous, fine-grained sandstone 
(Figure 15c, e), which increases in proportion towards 
the top. Organic-rich claystone-dominated intervals, 
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Figure 14. Contact between Wyworrie Member and overlying Moroak Sandstone; images derived from NTGS HyLogger TSG dataset. 
Arrows point up-section. Wyworrie Member tops shown by yellow dashed lines. (a) BMR Urapunga-4 (53K 423949mE 8374386mN), type 
section for Velkerri Formation; section of drill core from ca 41.6 m to 42.7 m depth. Sharp erosional contact between laminated siltstone/
claystone of Wyworrie Member and fine- to medium-grained sandstone/siltstone of Moroak Sandstone at ca 42 m. Core diameter 47.6 mm. 
(b) POG Alexander-1 (53K 484523mE 8322964mN), type section for Wyworrie Member; section of drill core from ca 59.9 m to 66.2 m 
depth. Gradational contact from interlaminated siltstone/claystone of Wyworrie Member, up-section through interbedded fine-grained 
sandstone and siltstone, to medium-grained Moroak Sandstone. Formation top placed at ca 62 m in well completion report for Alexander-1 
(Barberis and Ledlie 1988), here picked at ca 61.9 m. Core diameter 63.5 mm. (c) POG McManus-1 (53K 353421mE 8239531mN); section 
of drill core from 737.2–740 m depth. Gradational contact consisting of alternating fine- and coarse-grained lithologies over a number of 
decimetres. Core diameter 63.5 mm. 
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similar to those that characterise the Amungee Member 
(organofacies A–C), are not present. Both sandstone 
and coarse-grained siltstone can be cross-laminated and 
normally graded (Figure 15a, e). Occasional scours and 
soft-sediment deformation features, such as load casts 
(Figure 15a), slumps and contorted beds (Figure 15f), 
and injection dykes, are common, particularly towards 
the top. Warren et al (1998) reported the presence of 

occasional rip-up clasts of organic matter and clay flakes, 
which typically are flattened parallel to bedding and 
occasionally rounded. The bases of such clast-entraining 
beds are typically erosional and underlain by small-scale 
load structures. The Wyworrie Member contains little 
organic material except where it grades into the Amungee 
Member (Lanigan et al 1994). The average mineralogy of 
the mudrocks, as determined from geochemical analyses 
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Figure 15. Drill core from Wyworrie Member; images derived from NTGS HyLoggerTM TSG dataset. Arrows point up-section. 
(a–c) POG Alexander-1 (53K 484523mE 8322964mN), type section for Amungee Member. Core diameter 63.5 mm. (a) Interlaminated 
and thinly interbedded siltstone and claystone. Continuous to discontinuous siltstone laminae are normally graded or have relatively sharp 
tops. Detached load cast of very fine-grained sandstone at upper RHS (85.5 m depth). (b) Dark grey claystone and minor interlaminated 
siltstone (114.4 m depth). (c) Micaceous very fine-grained sandstone interbed. (d–f) BMR Urapunga-4 (53K 423949mE 8374386mN), type 
section for Velkerri Formation. Core diameter 47.6 mm (after Munson 2016: figure 56). (d) Interlaminated and thinly interbedded siltstone 
and claystone (98.3 m depth). (e) Thin interbeds of ripple cross-laminated fine-grained sandstone in laminated mudrocks (71.8 m depth). 
(f) Soft-sediment slumping of thinly interbedded fine-grained sandstone in laminated mudrock (63.2 m depth). 
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(Revie 2015a, Figure 6), is about 44% quartz, 43% clays, 
1% carbonate minerals and 12% other minerals.

Chemostratigraphy
Chemostratigraphic logs (Figure 7) through the Wyworrie 
Member clearly distinguish it from the underlying Amungee 
Member. The lower contact with the Amungee Member is 
characterised by steps to either higher or lower values for 
the majority of the logs. 

TOC is typically <2 wt% throughout the Wyworrie 
Member; appreciably lower than in the Amungee 
Member, but generally slightly higher than in the Kalala 
Member. Significant organic-rich intervals comparable to 
the organofacies of the Amungee Member are yet to be 
identified.

Redox-sensitive trace elements (U, Ni, V, Mo, Zn, 
Cu and Tl) have generally low concentrations relative to 
the Amungee Member; slightly higher values and small 
excursions for these elements tend to occur in the lower half 
of the unit. This is consistent with a trace elements study of 
the Velkerri Formation by Cox et al (2016), who concluded 
that the original redox conditions in bottom waters of the 
Wyworrie Member were generally suboxic to anoxic.

Al2O3, K2O, Sc, Nb, Th, Sn and Cr values are collectively 
higher than for the Amungee Member. Elevated Al2O3 and 
K2O values are probably due to an overall increase in the 
proportion of clays within the Wyworrie Member relative to 
the Amungee Member (see Figure 6). The other elements are 
related to the presence of heavy minerals, probably as silt- 
and fine sand-sized grains; their values tend to increase up-
section as the member coarsens upwards towards the Moroak 
Sandstone, most likely reflecting increasingly more energetic 
depositional conditions and/or a change in provenance. 

P2O5 values gradually decline up-section from the 
Amungee Member through the Wyworrie Member and are 
relatively low through the upper part of the succession. 

CaO is relatively low, reflecting the generally low 
carbonate content (see Figure 6).

SiO2 values are similar to those for both the Kalala 
and Amungee members. This is interpreted as reflecting a 
relatively constant proportion of quartz as silt-sized grains 
throughout the unit (44–50%, see Figure 6). 

Gamma and resistivity logs
Gamma and resistivity logs (Figures 7, 8) remain elevated 
but flat through the Wyworrie Member, particularly in 
comparison to the Kalala Member, while both logs show a 
marked decline in values at the top of the C organofacies of 
the Amungee Member. There are no significant excursions 
for either trace as there are in the Amungee Member. 
Lanigan et al (1994) noted that the relatively low flat 
character of the resistivity log is a key feature that serves 
to distinguish the Wyworrie Member from the Amungee 
Member in the absence of a clear-cut lithological contact. 

Hyperspectral data
HyLogger TIR spectra for the Wyworrie Member in 
Alexander-1, Scarborough-1 and Lady Penrhyn-1 are shown 
in Figure 9. Minerals common to all three cores are quartz, 
K-feldspars, kaolinite, white mica and secondary sulfates. 
The base of the Wyworrie Member is well marked by a sharp 

increase in the abundance of quartz from relatively low levels 
at the top of the Amungee Member; this is coupled with a 
reduction in sulfates, interpreted to reflect a decrease in the 
proportion of pyritic claystone above the C organofacies. 
Up-section, there is a significant decline in quartz in the 
medial Wyworrie Member followed by a gradual increase 
towards the top of the unit. Kaolinite is rare to absent at the 
base of the member but gradually increases in abundance 
up-section, most likely due to weathering at the expense of 
K-feldspars and white micas. Kaolinite is generally more 
abundant than it is in the Amungee Member, where it is 
typically below detection limits (5%). An abundance of 
quartz and K-feldspars, coupled with a lack of plagioclase 
throughout much of the member, suggests a felsic source 
for this detritus (as with the remainder of the formation). 
The top of the Wyworrie Member is well marked by a sharp 
upward step in the abundance of quartz at the base of the 
Moroak Sandstone.

Palynomorphs
Grey (2015) sampled the Wyworrie Member in drillholes 
Altree-2 and McManus-1 for palynomorphs and identified 
a number of taxa. The samples contained amorphous 
kerogen fragments (probably degraded bacterial mat and 
fragments of acritarchs), numerous degraded filaments, 
spherical forms (mostly simple leiospheres) and hundreds 
of small cellular clusters (coenobial aggregates), plus some 
problematic forms and rare process-bearing specimens. 
The high percentage of filaments present in the samples 
were interpreted by Grey to be indicative of shallow-water 
nearshore deposition. 

CONCLUSIONS

Highly correlative log markers, consisting of lithology, 
chemostratigraphy, wireline logs, HyLogs and palynology, 
collectively enable a robust, high-resolution, threefold 
subdivision of the Velkerri Formation into the Kalala, 
Amungee and Wyworrie members. Each member has a 
unique log signature. These formally defined new members 
can be recognised throughout the known distribution of the 
formation. They are respectively equivalent to the informal 
‘lower’,’ middle’ and ‘upper’ members of previous usage. 

Distinctive log markers also enable the recognition 
of three distinct organic-rich shale intervals, separated 
by organic-lean sections, within the Amungee Member. 
These organic-rich shale intervals are informally named, 
in ascending stratigraphic order, the A–C organofacies. 
They are recognised throughout the known distribution of 
the member and constitute the prime targets for petroleum 
explorers in the Beetaloo Sub-basin. 

Chemostratigraphy is shown to be a key technique 
for constructing a correlation framework for the Velkerri 
Formation and its members. Based on interpretation of 
whole-rock geochemical data, it can be demonstrated 
that each lithostratigraphic unit has unique geochemical 
characteristics. Chemostratigraphic logs are more detailed 
than other stratigraphic methods and provide a means for 
enhanced inter-well reservoir correlation. 

The A, B and C organofacies of the Amungee Member 
closely correspond to significant excursions in gamma 
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and resistivity logs, TOC and the key redox-sensitive trace 
elements (U, Ni, V, Mo, Zn, Cu and Tl). Collectively, these 
define a very distinctive log signature for the Amungee 
Member and are a good measure of the presence of these 
organofacies. Likewise, the Kalala and Wyworrie members 
are clearly defined by lower values for these logs, as well as by 
much higher values for other key elements, including Al2O3, 
K2O, Cr, Sc, Nb, Th and Sn. This is interpreted to reflect 
higher clay and heavy mineral contents in these two members.

The members and organofacies of the Velkerri Formation 
are also clearly discernable in hyperspectral data. The 
HyLogger instrument is a useful, fast, automated tool to 
delineate stratigraphic boundaries and assist in correlations. 

Palynology has the potential to assist with inter-well 
correlations of the Velkerri Formation at member scale but 
requires more data collection and systematic descriptions of 
palynomorphs to be fully effective. 

In general, where lithological differences are not clearly 
defined, or are repetitive within a section, alternative 
stratigraphic logs, particularly when used in combination, 
are potentially useful for the subdivision and correlation of 
stratigraphic units within a regional-scale framework. They 
enable a better understanding of the internal stratigraphic 
architecture of stratigraphic units and offer improved inter-
well correlation, which is of paramount importance to the 
exploitation of economic resources, such as petroleum 
accumulations. 
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APPENDIX - DEFINITIONS OF STRATIGRAPHIC 
UNITS

Amungee Member (new name)

Proposers: TJ Munson, D Revie.

Derivation of name: After Amungee Mungee Station 
(MGA94 53K 403000mE 8178000mN; latitude 16.484° 
longitude 134.093°) in southwestern arnolD river in 
central-western TANUMBIRINI.

Synonymy: Equivalent to informal ‘Middle’ Velkerri 
Formation of Lanigan et al (1994) and middle Velkerri 
Formation of subsequent usage.

Parent unit: Velkerri Formation, Roper Group

Constituent units: Distinctive organic-rich mudrock 
intervals, separated by two relatively organic-lean intervals, 
are informally named A–C organofacies, in ascending 
stratigraphic order.

Distribution: Subsurface intersections in drillholes located 
in URAPUNGA, LARRIMAH, HODGSON DOWNS, 
TANUMBIRINI and BAUHINIA DOWNS, northeastern 
Northern Territory. Not differentiated from parent Velkerri 
Formation in outcrop due to poor exposure.

Type section: Amungee Member is not recognised at surface 
due to poor exposure. A complete intersection of the member 
in drillhole Pacific Oil and Gas Ltd (POG) Alexander-1 
(Barberis and Ledlie 1988) from ca 446 m depth (base) to 
ca 280 m (top) is therefore nominated. This interval comprises 
166 m of massive to interlaminated claystone, lesser siltstone, 
and rare fine-grained sandstone. Alexander-1 is located at 
MGA94 53K 484523mE 8322964mN; latitude -15.16911° 
longitude 134.855921°. Velkerri Formation is 555 m thick in 
Alexander-1 (617–62 m depth). Core is housed in the NTGS 
Core Facilities in Darwin.

Thickness: Complete intersections range from a minimum 
of 75 m in BHP Minerals Pty Ltd MD4 to a maximum 
of 502 m in Santos Tanumbirini-1. Other significant 
intersections include 233 m in BMR Urapunga-4; 276.25 m 
in POG Altree-2; 460 m in Origin Amungee NW-1; >448 m 
in Pangaea Birdum Creek-1; 314 m in Origin Kalala S-1; 
350.7 m in POG McManus-1; 162 m in POG Scarborough-1; 
>263.5 m in Falcon Shenandoah-1A; 253.21 m in Pangaea 
Tarlee-1; 320.22 m in Pangaea Tarlee S-3; and 292.39 m in 
Pangaea Wyworrie-1.

Lithology: Interlaminated to thinly interbedded, grey-
green to dark grey claystone, pale grey siltstone and 
rare, light grey fine-grained sandstone, with intervals of 
massive to laminated, grey-green and dark grey to brown-
black (carbonaceous) claystone. Three thick organic-
rich claystone-dominated intervals (organofacies A–C in 
ascending stratigraphic order) are separated by organic-
lean clay-rich intervals with relatively higher proportions of 
siltstone and sandstone.

Distinguishing features: In comparison to Kalala and 
Wyworrie members, Amungee Member has a relatively 
higher proportion of claystone relative to siltstone and 
sandstone, appreciably higher TOC values throughout 
(good to excellent), a much lower clay content, and a slightly 
higher carbonate content. Informal A–C organofacies 
are characteristic of the member and are well defined by 
prominent excursions in TOC, phosphate, redox-sensitive 
trace elements (eg, U, Ni, V, Mo, Zn, Cu, Tl), and gamma 
and resistivity logs; and by lower log values for some oxides 
and heavy mineral trace elements (eg, Al2O3, K2O, Sc, Nb, 
Th, Sn, Cr). Organofacies are also clearly differentiated in 
hyperspectral data (HyLogger) by a relatively low proportion 
of quartz accompanied by an increased proportion of 
secondary sulfates, after pyrite. Average thickness of 
combined A, B and C organofacies is approximately one-
third to one-half of total thickness of the member, but they 
can be absent, or comprise up to three-quarters of total 
thickness. Organofacies A, B and C are respectively about 
30 m, 60 m and 40 m thick in Alexander-1.

Depositional environment: Subtidal, sub-wave base, 
and generally quiet marine with regular current activity, 
consistent with periodic turbidity currents (Munson 2016 
and references therein).

Geomorphic expression: Not differentiated from parent 
Velkerri Formation in outcrop due to poor exposure. Velkerri 
Formation is recessive and exposures are generally restricted 
to rare small outcrops of buff- to white-weathering laminated 
siltstone and mudstone, or fragments of this lithology in 
skeletal soil. The formation is present in scarp slopes beneath 
Moroak Sandstone and also underlies extensive plains. 

Relationships: Conformable and sharp lower contact with 
Kalala Member; contact is often marked by a thin calcite 
bed (Hoffman 2015). Conformable upper boundary with 
Wyworrie Member is gradational over several metres within 
mudrocks as organic content wanes upward; contact is 
not clearly defined by lithology and is best picked using a 
combination of wireline and chemostratigraphic logs.

Age: Mesoproterozoic. Maximum deposition age constrained 
by SHRIMP U-Pb zircon ages of 1492 ± 4 Ma and 
1493 ± 4 Ma from rare tuffs in Showell Member of underlying 
Mainoru Formation (Jackson et al 1999), and by TIMS U–Pb 
baddeleyite age of 1312.9 ± 0.7 Ma age (Collins et al 2018) for 
Derim Derim Dolerite, which intrudes Velkerri Formation. 
Organic-rich mudrocks from Amungee Member have been 
dated by Re–Os method at 1417 ± 29 Ma (A organofacies) 
and 1361 ± 21 Ma (C organofacies; Creaser and Kendall 2007, 
Kendall et al 2009).

Correlatives: No known correlatives at member level. Parent 
Velkerri Formation is probably equivalent to Lake Woods 
beds of Renner Group of Tomkinson Province (Hussey 
et al 2001), Tijunna Group (in part) of Birrindudu Basin; 
and Mullera Formation (in part) of South Nicholson Basin 
(Munson 2016).

Comments: Palynological study of Altree-2 samples did not yield 
identifiable palynomorphs in Amungee Member (Grey (2015).
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Kalala Member (new name)

Proposers: TJ Munson, D Revie.

Derivation of name: After Kalala Station (MGA94 53K 
321210mE 8209530mN; latitude -16.1881° longitude 
133.3275°) in northeastern Daly Waters, northeastern 
DALY WATERS.

Synonymy: Equivalent to informal ‘Lower’ Velkerri 
Formation of Lanigan et al (1994) and lower Velkerri 
Formation of subsequent usage. 

Parent unit: Velkerri Formation, Roper Group

Distribution: Subsurface intersections in drillholes located 
in URAPUNGA, LARRIMAH, HODGSON DOWNS, 
TANUMBIRINI and BAUHINIA DOWNS, northeastern 
Northern Territory. Not differentiated from parent Velkerri 
Formation in outcrop due to poor exposure.

Type section: Kalala Member is not recognised at surface 
due to poor exposure. A complete intersection of the member 
in drillhole Pacific Oil and Gas Ltd (POG) Alexander-1 
(Barberis and Ledlie 1988) from ca 617 m depth (base) 
to ca 446 m (top) is therefore nominated. This interval 
comprises 171 m of interlaminated claystone and siltstone, 
and minor fine-grained sandstone. Alexander-1 is located 
at MGA94 53K 484523mE 8322964mN; latitude -15.16911° 
longitude 134.855921°. Velkerri Formation is 555 m thick in 
Alexander-1 (617–62 m depth). Core is housed in the NTGS 
Core Facilities in Darwin. 

Thickness: Complete intersections range from a minimum 
of 8.5 m in BMR Urapunga-4 to a maximum (composite) 
thickness of 305.4 m in POG Walton-2. Other significant 
intersections include 274 m in Santos Tanumbirini-1; 281.4 m 
in POG Altree-2; 250.7 m in POG Sever-1; and 207.8 m in 
POG Borrowdale-2.

Lithology: Laminated grey-green to dark grey, variably 
carbonaceous claystone, with interlaminated pale grey 
siltstone and minor thin sandstone intervals that are 
glauconitic, sometimes micaceous, and increasingly common 
towards the base. Kalala Member has a relatively higher 
proportion of siltstone and sandstone relative to claystone, in 
comparison to finer-grained Amungee Member.

Distinguishing features: In comparison to Amungee Member, 
TOC of mudrocks is generally lean (poor to good); organic-
rich mudrock intervals, similar to those that characterise 
the Amungee Member (organofacies A–C), are absent. 
Phosphate, carbonate, and redox-sensitive trace elements 
(eg, U, Ni, V, Mo, Zn, Cu, Tl) all have typically low values, 
slightly higher towards the base. Log values for some oxides 
and heavy mineral trace elements (eg, Al2O3, K2O, Sc, Nb, Th, 
Sn, Cr) are elevated relative to Amungee Member. Gamma 
logs show a marked upward step in values at basal contact 
with Bessie Creek Sandstone; values typically decline up-
section to another upward step in values at base of Amungee 
Member. Resistivity logs step downwards at contact with 

Bessie Creek Sandstone, have a low flat character throughout 
Kalala Member, then step upwards at base of Amungee 
Member. In hyperspectral data (HyLogger), basal contact is 
marked by a decrease in abundance of quartz from Bessie 
Creek Sandstone to Kalala Member, a weathered quartzo-
feldspathic mineralogy throughout Kalala Member, and a 
further decline in abundance of quartz at base of Amungee 
Member.

Depositional environment: Subtidal, sub-wave base, 
and generally quiet marine with regular current activity, 
consistent with periodic turbidity currents (Munson 2016 and 
references therein).

Geomorphic expression: Not differentiated from parent 
Velkerri Formation in outcrop due to poor exposure. Velkerri 
Formation is recessive and exposures are generally restricted 
to rare small outcrops of buff- to white-weathering laminated 
siltstone and mudstone, or fragments of this lithology in 
skeletal soil. The formation is present in scarp slopes beneath 
Moroak Sandstone and also underlies extensive plains.

Relationships: Conformable and gradational lower contact 
with Bessie Creek Sandstone. Conformable and typically 
sharp upper contact with Amungee Member; contact often 
marked by a thin calcite bed (Hoffman 2015).

Age: Mesoproterozoic. Maximum deposition age constrained 
by SHRIMP U-Pb zircon ages of 1492 ± 4 Ma and 
1493 ± 4 Ma from rare tuffs in Showell Member of underlying 
Mainoru Formation (Jackson et al 1999), and by TIMS U–Pb 
baddeleyite age of 1312.9 ± 0.7 Ma age (Collins et al 2018) for 
Derim Derim Dolerite, which intrudes Velkerri Formation. 
Organic-rich mudrocks from overlying Amungee Member 
have been dated by Re–Os method at 1417 ± 29 Ma (A 
organofacies) and 1361 ± 21 Ma (C organofacies; Creaser and 
Kendall 2007, Kendall et al 2009).

Correlatives: No known correlatives at member level. Parent 
Velkerri Formation is probably equivalent to Lake Woods 
beds of Renner Group of Tomkinson Province (Hussey 
et al 2001), Tijunna Group (in part) of Birrindudu Basin; 
and Mullera Formation (in part) of South Nicholson Basin 
(Munson 2016).

Comments: A few rare, poorly preserved palynomorphs 
have been recovered from Kalala Member in drillhole POG 
Altree-2 (Grey (2015). 

Velkerri Formation (redefinition)

Proposers: TJ Munson, D Revie, amended from IP Sweet in 
Abbott et al (2001), after Dunn (1963a). 

Derivation of name: After Velkerri Creek, in northwestern 
URAPUNGA, which flows into Maiwok Creek at about 
MGA 53K 362000mE 8410000mN; latitude -14.38° longitude 
133.72°.

Synonymy: Lower part of the Cobanbirini Formation of Paine 
(1963) and Smith (1964). The name Cobanbirini Formation is 
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superseded and abandoned in most mapsheet areas, except in 
TANUMBIRINI, where the vintage of mapping (Paine 1963) 
is First Edition and precedes subdivision of the unit. 

Parent unit: Roper Group, Maiwok Subgroup (formerly 
basal unit of Maiwok Subgroup prior to inclusion of Bessie 
Creek Sandstone and Corcoran Formation in the Subgroup 
by Abbott and Sweet (2001).

Constituent units: Threefold subdivision (here defined) into 
Kalala Member, Amungee Member and Wyworrie Member, 
in ascending stratigraphic order.

Distribution: Exposed and in subsurface in KATHERINE, 
URAPUNGA, ROPER RIVER, HODGSON DOWNS 
and MOUNT YOUNG. Subsurface in LARRIMAH, 
TANUMBIRINI, BEETALOO and BAUHINIA DOWNS. 
Exposed in TANUMBIRINI as Cobanbirini Formation (in 
part).

Type section: Poor exposure precludes nomination of a surface 
type section. A complete intersection of the formation in 
drillhole BMR Urapunga-4 in central Chapman in southern 
URAPUNGA (MGA94 53K 423949mE 8374386mN; latitude 
-14.7032° longitude 134.2936°; Sweet and Jackson 1986), 
from 372 m depth (base) to 42 m depth (top) was nominated 
as the type section by Abbott et al (2001). This interval 
comprises 330 m of interlaminated and thinly interbedded 
claystone and siltstone, and minor fine-grained sandstone; it 
includes 8.5 m of Kalala Member (372–363.3 m depth); 233 m 
of Amungee Member (363.5–130.5 m depth); and 88.5 m of 
Wyworrie Member (130.5–42 m depth). Core is housed in the 
Geoscience Australia Repository in Canberra. 

Thickness: Complete drillhole intersections range from a 
minimum of 330 m in Urapunga-4 to a maximum of 1482 m in 
Santos Tanumbirini-1. Other significant intersections include 
555 m in POG Alexander-1; >837.93 m in POG Altree-2; 
>870 m in Origin Amungee NW-1; >734.02 m Pangaea 
Birdum Creek-1; >449 m in POG Broadmere-1; >776.5 m in 
Origin Kalala S-1; 501 m in POG Lady Penrhyn-1; >879.2 in 
POG McManus-1; 499 m in POG Scarborough-1; 754.42 m 
in POG Sever-1; >582.6 m in Pangaea Tarlee S-3; >601.3 m 
in POG Walton-2; and >520.04 m in Pangaea Wyworrie-1. 

Lithology: Dominantly fine-grained unit consisting of 
massive to laminated, grey-green and dark grey to brown-
black (carbonaceous) claystone; lesser, interlaminated to 
thinly interbedded claystone, pale grey siltstone, and minor, 
light grey fine-grained sandstone; and rare, thin dolomitised 
limestone. Rocks are generally laminated, but intervals that 
are structureless or characterised by abundant convoluted 
laminae are common. Calcite nodules and veins, and pyrite 
are present throughout. Laminae and thin intervals of 
sandstone may contain glauconite.

Distinguishing features: 
Recessive mudrock-dominated succession clearly 
distinguishes Velkerri Formation from resistant, coarser-
grained underlying Bessie Creek and overlying Moroak 
sandstones. Kalala and Wyworrie members have a 

relatively high proportion of siltstone and sandstone relative 
to claystone, and organic content of mudrocks is generally 
lean, whereas finer-grained Amungee Member contains 
three prominent organic-rich mudrock intervals (informally 
named A–C organofacies, in ascending stratigraphic order) 
and is of considerable economic interest to petroleum 
explorers as a rich source rock and unconventional play (see 
Munson 2014, Revie 2017a, and references therein). A–C 
organofacies are well defined by prominent excursions in 
TOC, phosphate, redox-sensitive trace elements (eg, U, Ni, 
V, Mo, Zn, Cu, Tl), and gamma and resistivity logs; and by 
lower log values for some oxides and heavy mineral trace 
elements (eg, Al2O3, K2O, Sc, Nb, Th, Sn, Cr). In comparison 
to Amungee Member, Kalala and Wyworrie members have 
relatively low values for phosphate, carbonate, and redox-
sensitive trace elements that are typically slightly higher 
towards the base. Log values for some oxides and heavy 
mineral trace elements are elevated relative to Amungee 
Member. SiO2 values remain consistently high throughout 
the formation. Gamma logs typically show a marked 
upward step in values at basal contact with Bessie Creek 
Sandstone; values typically decline up-section through 
Kalala Member to another upward step in values at base 
of Amungee Member. Resistivity logs step downwards 
at contact with Bessie Creek Sandstone, have a low flat 
character throughout Kalala Member, then step upwards at 
base of Amungee Member. A–C organofacies in Amungee 
Member are well defined by prominent excursions in both 
gamma and resistivity logs. Both logs show a marked 
decline in values at top of Amungee Member, but remain 
elevated through Wyworrie Member, particularly in 
comparison to Kalala Member; resistivity logs have a 
distinctive, relatively low flat character. Hyperspectral 
data (HyLogger) indicate a weathered quartzo-feldspathic 
mineralogy throughout the formation. Organofacies in the 
Amungee Member are clearly differentiated by a relatively 
low proportion of quartz accompanied by an increased 
proportion of secondary sulfates, after pyrite. Underlying 
Bessie Creek and overlying Moroak sandstones are clearly 
defined by abrupt upward steps in the proportion of quartz. 

Depositional environment: Subtidal, sub-wave base, 
and generally quiet marine with regular current activity, 
consistent with periodic turbidity currents (Munson 2016 
and references therein).

Geomorphic expression: Recessive unit that is poorly 
exposed, except as rare small outcrops of buff- to white-
weathering laminated siltstone and mudstone, or fragments 
of this lithology in skeletal soil. Present in scarp slopes 
beneath Moroak Sandstone and also underlies extensive 
plains. 

Relationships: Gradational contact, marked by interbedded 
shale and fine-grained sandstone, between Bessie Creek 
Sandstone and overlying Kalala Member (base Velkerri 
Formation). Conformable upper contact between Wyworrie 
Member (top Velkerri Formation) and Moroak Sandstone 
is sharp and erosive in some wells (eg BMR Urapunga-4; 
Abbott and Sweet 2001), and gradational in other wells (eg 
type section in POG Alexander-1; Barberis and Ledlie 1988).
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Age: Mesoproterozoic. Maximum deposition age 
constrained by SHRIMP U-Pb zircon ages of 1492 ± 4 Ma 
and 1493 ± 4 Ma from rare tuffs in Showell Member of 
underlying Mainoru Formation (Jackson et al 1999), and by 
TIMS U–Pb baddeleyite age of 1312.9 ± 0.7 Ma age (Collins 
et al 2018) for Derim Derim Dolerite, which intrudes 
Velkerri Formation. Organic-rich mudrocks from Amungee 
Member have been dated by Re–Os method at 1417 ± 29 Ma 
(A organofacies) and 1361 ± 21 Ma (C organofacies; Creaser 
and Kendall 2007, Kendall et al 2009).

Correlatives: Probably equivalent to Lake Woods beds of 
Renner Group of Tomkinson Province (Hussey et al 2001), 
Tijunna Group (in part) of Birrindudu Basin; and Mullera 
Formation (in part) of South Nicholson Basin (Munson 
2016).

Comments: Palynomorphs have been recovered from the 
Kalala and Wyworrie members in drillholes Altree-2 and 
McManus-1 (Grey 2015).

Wyworrie Member (new name)

Proposers: TJ Munson, D Revie.

Derivation of name: After Wyworrie Station (MGA94 53K 
251000mE 8295000mN; latitude 15.411° longitude 132.685°) 
in southwestern elsey in northern-central LARRIMAH

Synonymy: Equivalent to informal ‘Upper’ Velkerri 
Formation of Lanigan et al (1994) and upper Velkerri 
Formation of subsequent usage. 

Parent unit: Velkerri Formation, Roper Group

Distribution: Subsurface intersections in drillholes located 
in URAPUNGA, LARRIMAH, HODGSON DOWNS, 
TANUMBIRINI and BAUHINIA DOWNS, northeastern 
Northern Territory. Not differentiated from parent Velkerri 
Formation in outcrop due to poor exposure.

Type section: Wyworrie Member is not recognised at 
surface due to poor exposure. A complete intersection of 
the member in drillhole Pacific Oil and Gas Ltd (POG) 
Alexander-1 (Barberis and Ledlie 1988) from ca 280 m 
depth (base) to ca 62 m (top) is therefore nominated. This 
interval comprises 218 m of interlaminated siltstone and 
claystone, and lesser thinly interbedded fine-grained 
sandstone that increases in proportion towards the 
top. Alexander-1 is located at MGA94 53K 484523mE 
8322964mN; latitude -15.16911° longitude 134.855921°. 
Velkerri Formation is 555 m thick in Alexander-1 (617–
62 m depth). Core is housed in the NTGS Core Facilities 
in Darwin.

Thickness: Complete intersections range from a minimum 
of 88.5 m in BMR Urapunga-4 to a maximum of 705 m 
in Santos Tanumbirini-1. Other significant intersections 
include 410 m in Origin Amungee NW-1; 285.97 m 
in Pangaea Birdum Creek-1; 218.5 m in Origin Kalala 
S-1; 180.9 m in POG Lady Penrhyn-2; 460.8 m in POG 

McManus-1; 250.9 m in Falcon Shenandoah-1A; 207.3 m in 
Pangaea Tarlee S-3; and 178.35 m in Pangaea Wyworrie-1. 

Lithology: Alternating, interbedded and interlaminated, 
grey-green mudstone and pale grey siltstone, with lesser, 
commonly glauconitic and sometimes micaceous fine-
grained sandstone that increases in proportion towards 
the top. Wyworrie Member has a relatively higher 
proportion of siltstone and sandstone relative to claystone, 
in comparison to finer-grained Amungee Member, but 
lithological contact is gradational and not clearly defined 
(see below).

Distinguishing features: TOC of mudrocks is appreciably 
lower than in Amungee Member, but slightly higher than 
in Kalala Member (poor to good); organic-rich mudrock 
intervals, similar to those that characterise the Amungee 
Member (organofacies A–C), are absent. Phosphate, 
carbonate, and redox-sensitive trace elements (eg, U, Ni, 
V, Mo, Zn, Cu, Tl) all have typically low values compared 
to Amungee Member, and are higher towards the base. 
Log values for some oxides and heavy mineral trace 
elements (eg, Al2O3, K2O, Sc, Nb, Th, Sn, Cr) are elevated 
relative to Amungee Member. Gamma and resistivity logs 
both show a marked decline in values at top of Amungee 
Member, but remain elevated through Wyworrie Member, 
particularly in comparison to Kalala Member. Resistivity 
logs have a distinctive, relatively low flat character. In 
hyperspectral data (HyLogger), basal contact is marked 
by an increase in abundance of quartz from Amungee 
Member, a weathered quartzo-feldspathic mineralogy 
throughout, and a further increase in abundance of quartz 
at base of Moroak Sandstone.

Depositional environment: Subtidal, sub-wave base, 
and generally quiet marine with regular current activity, 
consistent with periodic turbidity currents (Munson 2016 
and references therein).

Geomorphic expression: Not differentiated from parent 
Velkerri Formation in outcrop due to poor exposure. 
Velkerri Formation is recessive and exposures are 
generally restricted to rare small outcrops of buff- to 
white-weathering laminated siltstone and mudstone, or 
fragments of this lithology in skeletal soil. The formation 
is present in scarp slopes beneath Moroak Sandstone and 
also underlies extensive plains.

Relationships: Conformable lower boundary with Amungee 
Member is gradational over several metres within mudrocks 
as organic content wanes upward; contact is not clearly 
defined by lithology and is best picked using a combination 
of wireline and chemostratigraphic logs. Conformable 
upper contact with Moroak Sandstone varies from sharp 
and erosional in some wells (eg BMR Urapunga-4; Abbott 
and Sweet 2001) to gradational in other wells (eg type 
section in POG Alexander-1; Barberis and Ledlie 1988). 

Age: Mesoproterozoic. Maximum deposition age constrained 
by SHRIMP U-Pb zircon ages of 1492 ± 4 Ma and 
1493 ± 4 Ma from rare tuffs in Showell Member of underlying 
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Mainoru Formation (Jackson et al 1999), and by TIMS U–Pb 
baddeleyite age of 1312.9 ± 0.7 Ma age (Collins et al 2018) for 
Derim Derim Dolerite, which intrudes Velkerri Formation. 
Organic-rich mudrocks from underlying Amungee Member 
have been dated by Re–Os method at 1417 ± 29 Ma (A 
organofacies) and 1361 ± 21 Ma (C organofacies; Creaser and 
Kendall 2007, Kendall et al 2009).

Correlatives: No known correlatives at member level. 
Parent Velkerri Formation is probably equivalent to Lake 
Woods beds of Renner Group of Tomkinson Province 
(Hussey et al 2001), Tijunna Group (in part) of Birrindudu 

Basin; and Mullera Formation (in part) of South Nicholson 
Basin (Munson 2016).

Comments: A number of palynomorph taxa have been 
recovered from Wyworrie Member in drillholes POG 
Altree-2 and POG McManus-1 (Grey (2015). Most 
palynomorphs could not be readily assigned to existing 
species or precisely dated; the identified taxa tend to 
be long-ranging and can also occur in underlying and 
overlying units. Palynomorphs were generally interpreted 
by Grey (2015) to be indicative of shallow-water nearshore 
deposition.
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