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Aim of the study

1. To develop a robust methodology able to improve the exploration for
geothermal reserve in South Australia.

a. Defining the 3D geology at depth.
i. interpretation and modelling of potential field data
ii. surface geology

iii. other available geophysical dataset (ie, seismic data)

b. Using the 3D geology at depth as a template for 3D thermal
modelling.
i. Thermal conductivity
ii. Heat production
iii. Development of a 3D-finite element code (Hot Dry Rock
pld)

2. Applying this methodology to the Torrens Hinge zone, in Torrens
Energy’s Parachilna project.

a. Map in 3D the geometry of the basement at depth in the lake
Torrens - Central Flinders area

b. Populating the 3D geological model in the Torrens Hinge zone,
with measured thermal conductivities.



Data:

1.

Potential field data :

a. PIRSA Bouguer Anomaly database

The Bouguer anomaly map is derived from a composite grid that merges data
from numerous surveys carried out in the past 50 years. The final grid cell
size is ~500m, but the original gravity stations coverage is variable. As a
consequence, some sectors in the Flinders Ranges are characterised by
distance between stations up to 10kms.

b. PIRSA Total Magnetic Intensity database

The TMI image is also a composite grid compiled from a variety of surveys
with different characteristics. The TMI data is characterized by flight line
spacing of between 100 and 400 m, and a drape flying height of 80 m above
the ground surface. The final grid cell size is 80 m, meaning that structures or
marker units with across-strike length-scales of ~160 m or less are not
resolvable. The data have been subjected to standard pre-gridding
processing and levelling techniques.

Surface geology data

Our analysis combines the use of surface data, mostly remote sensing
imagery (satellite images, digital elevation model and aerial photograph), field
observations (bedding, microstructural information) and the published

1:250000 geological map (Preiss, 1999).

Seismic data

We used all the available seismic data to better constrain the geometry of the
structures at depth. However, as no well has been drilled deep enough to cut

through the entire sedimentary column in the vicinity of the seismic line, the



interpretation of the different sedimentary package may be subject to

discussions.
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Figure 1: Location of the area of study



Methodology:

TMI and Bouguer anomaly data coinciding with various cross-sections across the
area of study were extracted from the South Australian Government dataset using
the commercial package Oasis Montaj and modelled using GM-SYS.

Interpretative cross-section built from surface information and stratigraphic drilling
and used as a template for the forward modelling, is divided into polygons. Second,
these polygons are assigned representative rock property values (here, bulk average
magnetic susceptibilities and specific gravity, see Table in Appendix 1), based on the
petrophysical measurements made independently along stratigraphic drill cores.
Each polygon is characterized by a single density and magnetic susceptibility, and is
modelled as polyhedra with limited strike extents outside the section plane. The
magnetic and gravity responses of each polygon are computed according to an
analytic solution (Talwani et al., 1959; Talwani and Hiltzer, 1964; Rasmussen and
Pedersen, 1979) using a 2.5D forward modelling commercial package, GMSYS.
Forward modelling of this type (Blakely and Connard, 1989, Glen et al, 2007),
although time consuming, allows structural models to be constrained when combined
with geologic and other geophysical methods. Thus, to reduce the difference
between the observed and calculated potential fields, the interpreter can modify the
petrophysical properties of the polygons or alter the model geometry along the cross-
sections. A range of constraints influence the choice of adjustments to make. In this
study, we strictly honoured the constraints provided by the outcropping geology and
the measured rock properties. Fourth, the potential fields are then re-calculated to
asses the validity of the updated section. This process is repeated iteratively until the
calculated and observed fields match over the section, to within an acceptable level
of fit. Normally the root mean squared (RMS) difference between the modelled and

the calculated fields is used as an estimator of goodness of fit, as it reflects the signal



to noise characteristics of the observed field data (Boschetti et al., 1999; Direen et
al., 2005).

Our modelling followed a procedure for incorporating structural geometric
interpretations with constraining geological and rock property data in order to
produce admissible geophysical models (Direen et al., 2001; 2005). We measured
the specific gravity and magnetic susceptibility of 500 samples taken from drill-cores
collected in the Torrens Hinge Zone and the Central Flinders Ranges area. For the
purpose of our modelling, we divided the sedimentary cover into 5 units (Table 1),
with different petrophysical properties. The basement is another unit in our model,
with a constant density for all sections, but with different magnetic susceptibilities for
each fault blocks.

This study follows a series of assumptions, all justified by independent studies. The
major assumption is to consider that the densities of the rocks composing the
basement units can be averaged to one single common value along the different
cross-sections. Only the magnetic susceptibility is variable between the different
basement blocks. This assumption offers the possibility to model the sections only in
terms of crustal geometry and depth to basement, without considering hypothetical
and unconstrained sharp rheological contrasts within the basement rocks. In addition,
we wanted to characterize the geometry of the faults at depth. We performed
sensitivity analysis of the fault geometry at depth, by modifying the models varying
the shear zone dips only, keeping all other parameters constant (Direen, 1998;
Direen et al., 2005) The final sections display the geometric configuration with the
minimum misfit between the observed and calculated potential fields.

The final forward models were then exported to a 3D geological modelling package,
Gocad. These 2D sections, along with field data, were used to generate a 3D model

of the area of study.



i. Import of the boundaries between the main sedi-
ment packages into Gocad

ii. Import of bedding information

Extrapolation of the bedding information along the

contacts

Extrapolation of the bedding information along the

contacts

i. Surfaces are generated using the extrapolated
bedding
ii. Import of final geometries at depth established

from potential field forward model

Building of surfaces, using constraints from the

surface geology and potential field results.

Final 3D model

Figure 2: Step in model buidling




Key results:

We developed an integrated methodology which enabled us to build a 3D model of
the Lake Torrens — Central Flinders zone.

We were able to model various tectonic structures, such as fault, folds and mini-
basins, without any geomorphic expression at the surface.

Model generated in Gocad following this methodology are easily exported to the 3D
thermal modelling codes developed in parallel by Graham Beardsmore (Hot Dry
Rock pld). This methodology has been successfully applied to t he estimation
of the geothermal reserve of the Parachilna prospec t

(www.torrensenergy.com/announcements/08082@rachilna.pdf).
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Figure 3: Depth to basement map of the Lake Torren€entral Flinders zone



Conclusions — Recommendations:

Building a 3D thermal model of prospect is now possible:
Need to constrain the 3D geology at depth (can be tricky though...)
the quality of the model will be related to the quality of the original data
available (e.g, surface exposure, potential field data, seismic data,
drillcores)
Need to generate a 3D numerical model
Need to get thermal conductivity and heat production value

A 3D finite-element code is ready...

However, more should be done:
Improving the modification / edition / reproducibility of the 3D numerical
geological model (we are far from generating a “real time” 3D
geological model during data acquisition...)
More can be done using the 3D geological model generated
0 Fractures characterization and modelling
Static
Dynamic
Modelling of sub-seismic fractures and faults
0 Reservoir modelling
Rheological properties of the reservoir (porosity,
permeability, stress state...)

Fluid circulation...

1C



APPENDIX A: Petrophysical constraints to the forward model

Table: SG and Magnetic susceptibility value used ithe potential field inversion.

IV to Tertiary 2300 0
Cambrian 2590 0
Wilpena Group 2660 0
Umberatana Group 2700 0
Bura Group 2660 0
Torrensian 2660 0
Willouran 2700 0 (0.6 for the diapir)
Basement 2750 Variable

11




Appendix B: Copy of the Paper submitted to Marine and Petrol@eulogy
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Figure 3:
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Figure 5:
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Appendix C: View of the 3D model

HENTE TaeE MEUTE

e R TAGTE TS

Figure 4: Location of the cross-section and 3D motlalready completed.
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Figure 6: Views of the completed 3D geological mobe
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