


Presenter�
Presentation Notes�
Lack of outcrop

This is the problem. Mineralisation in the eastern Gawler Craton, north of the Yorke Peninsula, is blanketed by sedimentary successions varying between hundreds of metres to kilometres in thickness. 
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Presentation Notes�
Profile forward model - section through the Olympic Dam region 

Profile forward model showing interpretation of section through the Olympic Dam region. To get a good 3D picture of the crust, it is laborious to do this by any method that relies on stacked sections, such as profile modelling. 
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Presentation Notes�
Inversion 

Inversion is the mathematical inverse of forward modelling. Inversion can be done in 3D. We use the method of Li and Oldenberg developed at University of British Columbia (see www.eos.ubc.ca/research/ubcgif/; also the PDF 3-D inversion of magnetic data). �







Presenter�
Presentation Notes�
Constrained Inversion

To constrain the inversion, a model of the geology is used to create a reference model allowing constraint of the distribution of physical properties (density and magnetic susceptibility). When inversion is complete, comparison with the reference model highlights any discrepancies or problems between the inversion and reference models. The geological model is modified until an acceptable reference model is obtained. NB: The reference model is a coarse-structure version of the geological model. The number of cells in the inversion limit the resolution of the reference model. 
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Presentation Notes�
UBC-GIF MAG3D & GRAV3D�
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Presentation Notes�
Region Inverted
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Presentation Notes�
Remove Regional & External Effects (1)

Since the effects of bodies outside the volume of interest are part of the data, the inversion will try to place excess material within the inversion volume to compensate for these effects. Therefore, the contribution of external sources must be removed. 
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Presentation Notes�
Remove Regional & External Effects (2)

Here are the results of four step-heating experiments of sericite from Tunkillia. We see good consistency in age between samples with ages between 1567 ± 8 Ma and 1583 ± 9 Ma. I should point out that in all the age spectra I present from now on I have plotted this grey bar that represents the range of U-Pb ages measured on Gawler Range Volcanics and Hiltaba Suite magmas. That range is between about 1570 and 1590 Ma. I have plotted this just for reference, so you can clearly see how the argon ages from the gold prospects compare. 
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Gravity Comparison
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Presentation Notes�
TMI Comparison

Before removal of the regional, susceptibility was restricted to the top 20 km to account for the absence of susceptibility below the surface where the Curie point is reached. 
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Presentation Notes�
Observed and Predicted Gravity Data

Comparison of observed and forward modelled gravity fields (model derives from the inversion). The difference between the two gives the misfit. The misfit must come within the errors arising from the data. 
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Presentation Notes�
Observed and Predicted Magnetic Data

Comparison of observed and forward modelled magnetic fields (model derives from the inversion). The difference between the two gives the misfit. The misfit must come within the errors arising from the data. 
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Presentation Notes�
Unconstrained Magnetic Inversion

Unconstrained magnetic inversion gave the first strong indication that the Todd Dams Fault is a major structure, dipping to the southeast. 
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Presentation Notes�
Unconstrained Inversion Section Olympic Dam 681500 mE

The unconstrained inversion also showed (as one may expect) that the Olympic Dam ore body is dense but non-magnetic in its upper parts due to the fields being sourced in haematite alteration. 
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Presentation Notes�
Simple Reference Model

For the constrained inversion, the simple reference model was based on the solid geology of Direen and Lyons (2002). The units have been given vertical sides, for simplicity, and have been given best estimate thicknesses. Physical properties taken from published literature were assigned to each unit. 
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Presentation Notes�
Constrained Gravity Inversion

Comparison of results from constrained inversion of gravity. This shows where densities have been over-and under-estimated, suggesting modifications to the model. 
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Presentation Notes�
Constrained Magnetic Inversion

Comparison of results from constrained inversion of magnetics. This shows where susceptibilities have been over-and under-estimated, suggesting modifications to the model. 
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Presentation Notes�
Excess Mass (1)

A suggested modification from gravity inversion, is that some interpreted granitic “bodies” are not dense enough, requiring a re-evaluation of the nature of these bodies. 
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Presentation Notes�
Excess Mass (2)

The “bodies” containing excess mass were interpreted from their magnetic signatures … 
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Presentation Notes�
Excess Mass (3)

… and there is nothing characteristic in the gravity data associated them. 
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Presentation Notes�
Excess Mass Compensation

A closer fit between model and inversion is obtained if the “bodies” are reassigned as Hutchison Group rocks. 
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Presentation Notes�
Reference Model Mark I

A reminder of the old reference model, and the units to be changed. 
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Presentation Notes�
Reference Model Mark II

The new reference model. Results from the Gawler seismic line OD1 are consistent with this re-interpretation. 
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Presentation Notes�
Further Improvements

As ever, we need more data! 
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Presentation Notes�
Susceptibility + Density = Geology?

Despite any difficulties involved in getting an accurate model of the regional geology, the predominance of Fe oxide alteration in the region allows us to model the distribution of haematite and magnetite. The ternary system of Hanneson (2003: Exploration Geophysics 34; 1-2, pp 110-113) helps us calculate the proportion of magnetite, haematite, and barren rock if density and susceptibility are known. Because the inversion estimates these properties, we can use the inversion to plot the distribution of bodies of magnetite and haematite alteration. 
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Presentation Notes�
Density of Barren Host Rock

The density of the host rock is calculated thus. 

��



Presenter�
Presentation Notes�
Possible Magnetite & Haematite Map (1)

The density- and susceptibility-isosurfaces are plotted. 
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Presentation Notes�
Possible Magnetite & Haematite Map (2)

The predicted shape of bodies Fe oxide alteration helps us to define possible fluid pathways. 
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Presentation Notes�
Basement Maps of Predicted Magnetite

The information can also be presented in more traditional formats. For reference we can overlay the solid geology unit boundaries (right). All of the known mineral occurrences (grey spheres) are associated with anomalous magnetite. 
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Presentation Notes�
Basement Maps of Predicted Haematite/ Sulphides

Similarly, we can show the calculated distribution of haematite. Four out of five of the mineral occurrences are associated with anomalous haematite alteration. 
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Presentation Notes�
Basement Alteration Map (1)

Combining the two datasets and inversions, we get a more complete map of alteration. This image shows that 4 out of 5 of the mineral occurrences are associated with adjacent magnetite and haematite anomalies, and could have been targeted at a regional scale. 
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Presentation Notes�
Basement Alteration Map (2)

We can overlay contours of depth-to-basement so that deep, uneconomic targets, may be winnowed out of exploration programs. 
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