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Basement Outcrop? What Outcrop?

View from Woomera towards Olympic Dam

Gravity and magnetic data see through cover

but we need new tools to understand the geology
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Basement Outcrop? What Outcrop? –

The fundamental problem facing mineral exploration in the Olympic Dam area is the complete lack of basement outcrop. Gravity and magnetic potential field data see through cover but we need new tools to understand the geology under cover. This work intends to demonstrate some new applications of regional-scale potential field inversions, using the UBC-GIF software, around Olympic Dam to understand the alteration, structure, and lithologies. �
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Location Map –

The Olympic province is located on the eastern edge of the Gawler Craton north of Adelaide in South Australia. It is important to note that the green areas in the image on the left represent younger cover sequences, so the lack of basement outcrop is a regional problem. Our area of interest is situated around the giant Olympic Dam Fe-oxide Cu-Au deposit and several smaller mineral occurrences. All of these occurrences are associated with strong magnetite and haematite alteration, giving them strong magnetic and gravity potential field signatures despite the cover. �


Olympic Province Crystalline Basement

Archaean metamorphic rocks

Proterozoic metamorphic rocks

+ Hutchison Group metasediments and BlIFs
- Wallaroo Group metasediments & metavolcanics

2 major magmatic events
- 1.85 Ga Donington Suite granitoids

+ 1.59-1.58 Ga Hiltaba Suite granites, gabbros, and
Gawler Range Volcanics

Extensive Mesoproterozoic to Cambrian cover:
up to 3 km thick, but generally <1 km
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Olympic Province Crystalline Basement –

The Hiltaba Suite is most closely related to mineralisation. �


Potential Field Interpretation

Traditional potential field interpretation relies on

interpreter’'s skill, knowledge, objectivity, and
consistency

Profile forward modelling provides basic
architecture but only in thin strips

data = f (model)

Gravity/magnetic data

3D geology or model
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Potential Field Interpretation-

Profile forward modelling, such as that done using ModelVision software, is good at giving an understanding of basic architecture, but is difficult to extrapolate into true 3D. �


Potential Field Interpretation

Traditional potential field interpretation relies on
interpreter's skill, knowledge, objectivity, and
consistency

Profile forward modelling provides basic
architecture but only in thin strips

Smooth model inversion calculates a smooth 3D
property distribution from 2D data subject to a range
of parameters

model = f-! (data)

-
e =
e T e
e e e S e
e i ™
e T i iy o, i
e e ™ arameters
e e T
-

Gravity/magnetic data
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Potential Field Interpretation –

Inversion is just the inverse operation whereby a 3D property distribution is calculated from the 2D gravity or magnetic data subject to a range of inversion parameters, but the result is non-unique. �


Why Invert?

3D structure - difficult to connect individual 2D
cross-sections

Can be guided by existing knowledge

Rigeorously and objectively account for all features in
the data

Ensure consistency between models and
observations

Allow for systematic errors in the data

Show where models are not compatible with data
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Why Invert? 

�


Constrained Inversion Process

Solid geology,
seismic structure,
cross-sections,
drilling, etc

Build
model

3D geological model: 3D reference model:
structures and lithologies physical properties and
Inversion parameters

(Source: Lane, 2002}
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Constrained inversion Process-

The procedure we use in developing and running a constrained inversion starts with using all of the existing geological knowledge to build a 3D geological model of structures and lithologies. This is then turned into a 3D reference model by breaking it into individual cells and assigning a density and susceptibility to each cell, as wells as a range of inversion parameters that control how the properties may vary within and between the cells. �


Constrained Inversion Process
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(Source: Lane, 2002}
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Constrained Inversion Process-

The reference model is then used to constrain the inversion of the potential field data into a 3D inversion model of property distributions. Finally the inversion model is compared to the original geological model and the geological model is updated to account for any discrepancies or problems in the inversion model. The inversion is then done again on the new reference model, and in this way the process becomes iterative, leading towards improved models.



Another type of inversion is an unconstrained inversion which is merely the simplest solution, and does not use a reference model.�


Inversion Concepts

Successful inversion will always fit the data (within
a defined data error) within an acceptable misfit

- Remanent magnetisation causes problems

Constrained inversion will fit the data while
matching the reference model as closely as
possible

+ ‘smallness’. how closely to match the reference
model (higher smallness values = closer match)

If it is hotf possible to match both the reference
model and the dala, the inversion moves away from
the reference until it can fit the data

+ Can’t be deceived by bad models
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Inversion Concepts�


Area Definition

Volume of interest:

1530 km x 150 km x 12 km
= 270,000 km?

Padded extent:

198 km x 198 km x 18 km
= 705,672 km3

. Use1kmx1kmx0.5Km
cells for inversion

= 1,411,344 cells
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Area Definition –

Our volume of interest is centred around the mineral occurrences shown earlier, but to avoid edge effects a larger padded volume is used in the actual inversion. To facilitate processing of such a large area, a 0.5 km3 cell size is used. While this is a large volume of rock to have a single density and susceptibility assigned to it, it is still useful in looking at regional-scale structures and geometries. Even so a complete inversion currently takes ~50 hours on a single PC (cluster computing will speed the inversions up). �


Observed ancl Predicted Gravity Data

Prodicled Bouguer gravity
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Observed and Predicted Gravity Data –

If we now start to look at our results, this image shows the observed or measured gravity data used in our inversions. Once the data are inverted, the inversion model is forward modelled to calculate the predicted gravity response of the model. If the inversion has been successful, the two images should be similar. �


Observed and Predicted Gravity Data

Prodicled Bouguer gravity

Cibsarved Bouguer gravity
L _

Maith {m)

Moith {m)

QL0

Easl {m)

Misfit range ~5%
of data range
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Observed and Predicted Gravity Data –

The result is similar, and we can only see the differences when we actually calculate them as shown in the bottom image. Even then we can see that the misfit is small, and is mostly associated with the sharp boundaries used in the reference model. �


Observed ancl Predicted Magnetlc BEF|

Misfit range ~6% [
of data range
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Observed and Predicted Magnetic Data-

We can do the same for the observed and predicted Total Magnetic Intensity images, and again the results are very similar. This time, the differences are mostly associated with extreme highs and lows in the magnetic data. �


Unconstrained Magnetic Inversion
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Unconstrained Magnetic Inversion –

The simplest inversions are unconstrained and don't use a reference model. But even these can show us some useful geological information. For example, we can look at a 2D slice of calculated susceptibilities in the inversion model at a depth of 1000 m (left). They correspond well with the interpreted basement geology. But because the inversion model is a 3D model, we can also look at cut-away sections of the property distributions (right). Immediately we can see a strong planar feature northwest of Olympic Dam. At the top of basement, this feature corresponds to the position of the Todd Dams Fault, and this is the first time that we have derived clear dip information for this structure. �


Unconstrained Inversion Section:
Olympic Dam (681500mE)

Deposit: high density, low susceptibility
Elevation (AHD) | Density

= - {l} : R *rﬂ-r]:]:-'1 : glcm?
cEaEE:. A - 2.‘.13?' 2_';'1
Enmmma - A
S - memE AL g S . 3
- e (HE | ";-_ﬁ? 217 giem’ contour
M GEEEEEEE ERNAE HHS in black

sl
0.01 0.1

0.035 5| contour
in white

6620000 6640000 6660000
South North
178 ACC Hobart 2004 {Source: Lane, 2003)

Geoscience Ausiralia



Presenter�
Presentation Notes�
Unconstrained Inversion Section: Olympic Dam –

We can also gain some faith in the accuracy of these unconstrained inversions by looking at these south-north cross-sections through the Olympic Dam deposit. Below the deposit itself a large density anomaly extends to depth, but susceptibilities increase with depth. This shows the region around the deposit (to a depth of ~2 km) to have high density and low susceptibility, offset from a deeper body with high density and high susceptibility. This is completely consistent with the current geological understanding of the deposit. �


Simple Geological Reference Model

Hutchison Group,{10km)

Felsic GRY
(2km)
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Simple Geological Reference Model –

To add a bit more sophistication to the inversions, we can add a constraining model to limit the possible number of solutions to a smaller number of likely solutions given existing geological knowledge. This reference model is based on the basement geology interpretation of Direen and Lyons (2002). Each of the units is given vertical sides, partly for simplicity, and partly for lack of more detailed understanding. The units are given best estimate thicknesses: 2 km for the Gawler Range Volcanics (pink and purple), 3 km for the Hiltaba Suite (red), 5 km for the Donington Suite, and the surrounding metamorphic rocks are given thicknesses through the base of the volume. Each unit was then assigned physical properties based on published literature measurements of density and susceptibility, which are limited. �


O
Constrained Gravity Inversion (-1000 m slice)
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Constrained Gravity Inversion –

The image on the left shows the densities used in the reference model at a depth of 1000 m. The image on the right shows the densities calculated by the inversion to fit the observed gravity data. At first glance the results are very similar, indicating that the model, although simple, is a good start. We then calculate the actual difference between the two images (bottom). In this image blue colours indicate that the reference density was too high, and red colours indicate where the reference density was too low. The circle in the upper right corner shows two units where the calculated densities are consistently higher or lower than the reference densities. The other large circles show areas where there is a lot of variability in the calculated densities. These areas show where the geology is more complex than allowed for in our simple reference model. The small circle shows the position of the anomaly under Olympic Dam, which shows up well because of the high densities at shallow levels as shown previously. �


Constrained Magnetic Inversion {(-1000 m slice)
Reference Model — Susceptibility Inversion Model — Susceptibility
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Constrained Magnetic Inversion (-1000m slice) –

We can do the same for the constrained magnetic inversion. The image on the left shows the susceptibilities used in the reference model at a depth of 1000 m. The image on the right shows the inversion model susceptibilities. The results are again similar, although there appears to be more complexity in the magnetic inversion model than for the gravity inversion. This can be expected since the region has a much higher variability in susceptibilities with extensive magnetite alteration and lithological variations (such as BIFs). The difference between the two (bottom) shows similar results to the gravity inversion. The same circle in the upper right corner shows units with constantly lower or higher properties than used in the reference model. The other three large circles (in the same positions as for the gravity example) again show the areas of geological complexity. The Olympic Dam anomaly is not as strong in the magnetic inversion since the susceptible material lies at greater depths (as shown previously), but the smaller occurrences at Acropolis and Wirrda Well (small circle) show up clearly as they have strong magnetite alteration at shallow levels. �


Susceptibility + Density = Geology?

% Barren Host Rock Magnetite
1[![?““ 90 80 J0 60 50 40 30 20 10 uﬁ.ﬂﬂ
90 4.45
30 3.91
70 3.38%
% 60 2.85 2
£ 50 2335
m whudl
= 40 1.82 &
""E. (&
(= 3“ 1.33 g
20 0.857
10 0.40
0 2% 30 0.00
2.65 2.88 312 3.36 3.59 3.83 4.06 4.30 4.53 4.76 5.00
Barren Density (gicm’) Haematite/
felsic rock Sulphides

17 AGC Hobart 2004

{Source: Hanheson, 2003)

Geoscience Ausiralia



Presenter�
Presentation Notes�
Susceptibility + Density = Geology? –

Since I am a geologist, I want to turn these physical properties into geology. We can start to do this using a plot of density versus susceptibility as demonstrated by Hanneson (2003). A barren felsic rock will plot in the lower left corner with low density and low susceptibility. When magnetite is added to that rock, it will move to the upper right corner with high density and high susceptibility. If haematite or sulphides are added, it will move to the lower right corner with high density and low susceptibility. �


Susceptibility + Density = Geology?
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Susceptibility + Density = Geology? –

Using these relationships, for any density-susceptibility pair, we can back-calculate the percentages of each of the three end-members in that cell. This is obviously a simplification because there will more than just the three end-members, but given the styles of alteration observed in the area, it gives us a good first approximation. We can then use these percentages in a number of ways. �


Density of Barren Host Rock

=1000 m slice

Can subtract magnetite
from the model to
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Density of Barren Host Rock –

For any cell, we can subtract out any magnetite component to discern the density of the non-magnetite host rock… �


Density of Barren Host Rock

=1000 m slice

Can subtract magnetite
from the model to
determine the density
of the host rock
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Density of Barren Host Rock – 

…using these formulas. What I want you to note from this image is that although all 6 of the outlined units are classified as Hiltaba Suite granitoids, the central one has a distinctly lower density once the magnetite component has been removed. This could indicate that it is a different rock type, or more likely, it could suggest that in addition to the addition of magnetite, there has also been some mass-destructive alteration such as by sericite. �


Possible Magnetite and Haematite Map

1% “magnetite”
Includes all

susceptible
minerals as their
magnetite
equivalent

1% “haematite”
Includes haematite,
sulphides, other
dense minerals,
and remanent
magnetisation
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Possible Magnetite and Haematite Map –

We can also use the percentages to create 3D alteration maps such as this one. In this perspective view of the model, blue surfaces enclose all cells with more than 1 % "magnetite", which includes all magnetic minerals as their magnetite equivalents, and brown surfaces enclose all cells with more than 1 % "haematite", which also includes sulphides and other dense minerals, and some areas of remanent magnetisation. We can see that all of the mineral occurrences in the area (yellow diamonds) are associated with some form of alteration anomaly (Olympic Dam is the top-most diamond). But not only are were visualising alteration, but we are also seeing structures. If we zoom in to the green box, viewed from the southwest… �


Possible Magnetite and Haematite Map

1% “magnetite”
Includes all
susceptible
minerals as their
magnetite
equivalent

1% “haematite”
Includes haematite,
sulphides, other
dense minerals,
and remanent
magnetisation
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Possible Magnetite and Haematite Map –

…we see that there appears to be a planar feature controlling the distribution of alteration. This previously unrecognised feature could be a fault or fracture dipping to the northwest. Importantly, this feature must have been present during the hydrothermal event, so we are also starting to get an understanding of the timing of structures. �


The Future

Need improved physical property databases and
understanding

- More company/state survey/university/GA
measurements

Improve model detail
+ More units
- Better geometries

Recently acquired seismic lines (200km on 2 lines)
+ Test predictive capability of regional inversions
+ Improve geometries

17 AGC Hobart 2004 Geoscience Australia



Presenter�
Presentation Notes�
The Future

�


Create 3D Maps Through Cover!

Potential field inversions can make 3D maps of
+ Alteration

+ Lithology

+ Structure

- Anomalous entities

BUT ... you NEED
- Good density and susceptibility measurements
+ Good gravity and magnetic coverage

+ Some geological understanding (drilling, seismic,
mapping)

Basic inversions are useful, but better inputs will
give more reliable 3D maps
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Create 3D Maps Through Cover!�
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