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Work conducted in this study

1) Definition of chemostratigraphic units:
* Packages, and;
* Internal units

2) Petrophysical interpretation
* Mineral composition

* Total and gas porosity

* Permeability

* Gas saturation

* Adsorbed gas content

* Free gas content

3) Shale reservoir discussion
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1) Definition of Chemostratigraphic Packages

* This study is focussed on the Proterozoic interval

 This has previously been informally divided into four
intervals.

* Four chemostratigraphic intervals were defined in
this study and are the equivalent of the previously
defined lithostratigraphic units:

 P1: lower Lawn Hill Formation.

e P2: Lawn Hill shale

e P3: upper Lawn Hill Formation

* P4: Widdallion Sandstone member
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1) Definition of Chemostratigraphic Packag
. : Georgina
Defining internal units: Basin
* We are primarily interested in organic-rich shales
to analyse as potential shale-gas intervals: n Widdallion
- : Sst Mb.
* P1 and P4 lack significant thicknesses of shales ~ 630.36 m - ! -
with TOC > 1 wt% 637.90m . P3U4| 2593 80 m >
P3U3 : [
* P2 and P3 both host shales with TOC >1 wt% ' S| upper | [osuz 797.50m =
1= | Lawn Hill 2
* Therefore, we are focused on P2 and P3. 1851 7" 938.20m ¥
- P3U1 o
* These have been further subdivided basedon 4,56 30 m 1 % 5
chemostratigraphy { PoU3 &
N ) | — Lawn Hill - 1271.00 m ©
T | shale ouq| 1335.50m £
5 = 143010m 1| E S
B 600 B — ; E
;5 % || _ 3 lower =
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F 3 ] 1750.82m | Drillhole total depth (TD) (
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2) Petrophysical Interpretation

Artificial Neural Networks (ANN)
* ANNs were used to interpret petrophysical properties
* This was a two stage process:

* 1) Training the ANN using training patterns that include oy
both inputs (e.g. well logs) and outputs (e.qg. lab 77t
measurements). S~ AN

* 2) Prediction of outputs (properties) from input data (e.qg. OO 1 O AN O -
well logs) at unsampled locations using the trained ANN. Ox XN/ 2 AV O o

* Inputs in this case were well logs, including: DGR\, &

* Spectral gamma ray (uranium, thorium and potassium /7 N/ \\ -/ \__,
concentrations). —0< 'O’ 0

* Neutron porosity, bulk density, compressional wave ‘O/
slowness l : )

° Loga rithmic deep reSiStiVity Input Layer Hidden Layer Output Layer

 Testing patterns = 20% of all patterns
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'Mineral | Maximum (%) | Average (%)

2) Petrophysical Interpretation 87 38.33
. . K-feldspar 75 11.74
Mineral Composition: Plagioclase 24 3.92
« QXRD results highlight 14 mineral Calcite 83 12.53
groups: Dolomite 94 5.38
: : Siderite 31 1.41
* Dominant minerals (red) 7 29 69
* Minor-content minerals (green) Chlorite 9 224
 These can be summarised as major Kaolinite / 025
(grouped) minerals and inorganic 13 3'1:
carbon content. T 5 o
Epidote 5 0.04
Grossular 2 0.02

Mineral | Maximum (%) | Average (%)
'Quartz 87 38.33
94 15.66
94 17.91
77 25.21
Minors 10 0.27
9.4 1.83
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2) Petrophysical Interpretation

Mineral Composition:

* Mineral assemblage was interpreted
via ANN:

* Interpreted mineral assemblage (red)
correspond to the variations in
lithological sequence and well logs.

* Interpreted mineral compositions
(green) correlated highly with the
QXRD measurements (red dots).
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2) Petrophysical Interpretation

Adsorbed Gas Content:

* Four shale samples were sentto CSIRO Energy for
isotherm adsorption and desorption testing.

 adsorbed gas content of up to 1.19 g/cm?

—_—
o
]

—_—
1

R*=0.4579

o
ol

adsorbed gas content (cm?/g)

 Positively correlated with both:
* TOC content (a)
* Clay content (b)

O

2 4 6
TOC content (wt%)

O

* From these correlations, the below relationship can 0
be constructed: 3
5 R2=06091 *
51 )
Adsorbed gas content (GC,) §
= 0.0891 X (TOC content,wt%) + 0.025 x (Clay content, wt% 505
® 0

10 20 30 40 50
Clay content (wt%)

O
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Water saturation and free gas content: il £ &} o |
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 Conventional interpretation methods were ~Are e SR
used to estimate: | B ;

* Formation water resistivity SBE IR {

» Total water saturation N '

* Total gas saturation

* Free gas content

* These values were extrapolated :
throughout the section via trained ANNs. -

T

» Total gas content was calculated from
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3) Shale Reservoir Characterisation : = !
There are clear indications of shales that may be ¥ [HEK
suitable as shale gas reservoirs in NDI Carrara 1: 1 s T id
* Favourable shale mineralogy, f % A
* Shale intervals with high TOC contents + { ié
associated gas peaks, L] L1§P3;
* Encouraging porosity and permeability data, it L
* Demonstrated ability for shales to adsorb ? J'
methane, =
* Elevated gas saturations, Eﬂ La
» Potentially brittle (after Bailey et al., 2022). i ? %
B AL | £
* These shales are identified in P2 and P3
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3) Shale Reservoir Characterisation
P2 shales:

* In Package 2, Unit 1 and Unit 3 are of primary interest as shale gas reservoirs:

* Porosity > 2%, ﬂ mmmmmm
* Elevated gas saturations and ﬂj

gas contents, N EE e e . -

el A TN Mol S s [
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* Net shale thickness of 53.5 m o T O s O e G B
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3) Shale Reservoir Characterisation
P3 shales:

* In Package 3, Unit 4 is of the most interest as a shale gas reservoir:

* Porosity > 2%,

* Elevated gas saturation and
gas content, 3 “
 Netshale thickness of 30.6 m  ,|§|¢|2
High methane peak (3,838
ppm)
 Unit 1 does have high TOC and
adsorbed gas contents, however:
« Consists of micrite, marl and
calcareous shales, Z
* Very low gas saturation and i
free gas content. .
* Net shale thicknesses of Unit 2 and -
Unit 3 are negligible. )
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Conclusions

1.

Four chemostratigraphic packages are defined within the
Proterozoic interval of NDI Carrara 1 (Package 1 - 4).

* Package 2 and Package 3 host significant organic-rich shales
and are of interest as potential shale gas reservoirs.

* These are further subdivided into sub-units for analysis.

Artificial Neural Networks (ANNs) were used to create
continuous curves of petrophysical rock properties.

* ANNSs were trained on laboratory measurements and values
derived from conventional wireline log interpretations.

Package 2 and Package 3 are identified as hosting potential
shale gas reservoirs:

* P2 Unit 1 and Unit 3 are of primary interest as they have the
most favourable petrophysical properties (i.e., elevated gas
levels, net shale thicknesses, etc).

* P3 Unit4 also has broadly favourable petrophysical properties.

P2 Unit2 and P3 Unit T may have some potential, indicated by
elevated TOC and adsorbed gas contents.
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Thanks and questions .And another thing!

‘Thermal History of the Carrara Sub-Basin’

e Exhibition hall visual presentation

 Meet the author session Tomorrow 1 —2 pm
* New thermal modelling data

Phone: +61 2 6249 9111

Web: www.ga.gov.au

Email: clientservices@ga.gov.au

Address: Cnr Jerrabomberra Avenue and Hindmarsh Drive, Symonston ACT 2609
Postal Address: GPO Box 378, Canberra ACT 2601
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Thermal history of the Carrara Sub-basin

Insights from modelling of the NDI Carrara 1 drill hole

Overview

The Camaa Subbasn s
1 of the Northem Terrtory snd nortwestern Cu

nsians which wss revealed

Resuits
‘The modelied time-temprature istory with burial i shown in Fig 2, including the Ve

(equivalent)
relation to its burial through time is shown in Fig 3. The timing of generation of
hydrocarbons i shown n Fig 4.

s part of the Exploring for the Future (EFTF) program (Fig. 1)
e the NDI Carmara 1 dril
kerogen kinetics

maxima hat the Carrara Sub-basn has expenenced, and understand the Sming and
nature of hydrocarbon gensration.

Model setup
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bt eyt e i

geochronclogy.
. sgned based on

chemosiratigraphy and welllog analysic
* Uit and erosion amouns were estimated through analysis of newly acquired

satrsed using from
bitumen reficctance

Source rocks
Rosk-Eval pyrolys:s and arganic maceral analysis on samples are reporied in
Ranasinghe These data indicate rock:
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Proterozoic source rock 1
Do bt bt ORI O i e

dry gas to ate dry gas phase. Anwemalmﬂu hydrocarbons would be gas 1

S he Kerogens and seconday crackng o o1 1o G2
Proterozoic source rock 2
of hydrocarbons began ca. 1400 Ma, reaching 3 maximum at ca. 1200
Ma and reaching a transformaton rabo of about B0, This source fock s n fhe
Fich-wet gas to wef gas phase and st has generation potential.
Cambrian source rock
sinits , which is modelled to

have begun
B s ot el Y T e

makeup of kerogen used for modelling (type I]. It 5s unlikely to have expelied
significant amounts of hydrocarbans at present day.

Due to the marginal location of the NDI Garrara 1 dril hole, the Proterozoic 2 and
may potential in the main

buried. potentally
enhancing prospectily across the sub-basin,
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Future work
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