Using gravity to target gold at Tampia Hill, Western
Australia
G. Luketina1, D. Franey2 and G. Partington3
1

Kenex Ltd, 16 Oroua St, Eastbourne, Lower Hutt, genevieve@kenex.co.nz
Explaurum Ltd, 20 Churchill Street, Narembeen, duncan.franey@explaurum.com
3
Kenex Ltd, PO Box 775, Dongara, Western Australia, g.partington@kenex.co.nz

2

Abstract
The discovery of the Tampia Hill orogenic gold deposit in the wheatbelt of Western Australia has sparked interest
in this under-explored region of the state. The deposit is hosted within a granulite facies greenstone belt, with
mineralisation mostly hosted in mafic gneiss, which has been intruded by undeformed and unmetamorphosed
granite.
A lack of outcrop in the project area has meant that geophysics has been vital for interpretation of the geology. A
recent gravity and magnetic survey has allowed the most detailed interpretation of the underlying lithology and
structures to date, and has highlighted previously unknown areas of mafic gneiss, with a similar signature to that
at Tampia Hill.
In order to extract the most useful information from the survey, spatial statistical analyses were conducted on the
gravity survey data. The analyses over the project area map features within the gravity data that can be used to
identify areas of known gold mineralisation. The results confirm that the gravity data not only provides critical
geological information, but will also allow the identification of high priority targets for future exploration using
spatial data modelling techniques.
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Introduction
The Tampia Hill gold deposit, held by Explaurum Ltd, is located near the town of Narembeen
in the wheatbelt of Western Australia, 250 km east of Perth. The deposit has a JORC inferred
resource of 4.7 Mt @ 2.0 g/t Au and contains 310,000 oz. gold (Partington and Calderwood,
2015). The area is under-explored, partly due to a lack of understanding of the geology because
of cover by wheat fields, and as the land is private, access can be an issue.
Detailed density measurements collected from drilling confirm that the mafic gneiss that hosts
the gold mineralisation at Tampia Hill has a significant density contrast compared to the other
host lithologies present in the area. The mafic gneiss has a distinctive density signature of
around 3000 kg/m3, and when mineralised with 1-5% sulphide up to 3200 kg/m3, compared to
migmatite of 2800 kg/m3, felsic migmatite veins of 2500 kg/m3, granite of 2700 kg/m3 and
felsic gneiss of 2600 kg/m3. A ground gravity survey clearly mapped the main resource area at
Tampia Hill. Due to the density contrasts between rock types, and the success of the ground
survey, an airborne gravity and magnetic survey was conducted over an extended area as a first
step in exploration of Explaurum Ltd’s surrounding tenements.
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Magnetic and gravity survey
A FALCON airborne gravity and magnetic survey was conducted by CGG Aviation Australia
Pty Ltd. The survey covered 360 km2, with a total of 4026.9 line-kilometres at 100 m spacing
over the Tampia Hill deposit and Explaurum Ltd’s tenement holdings. The data were
processed, levelled, and corrected for aircraft motion, terrain, diurnal variations and the
International Geomagnetic Reference Field. The gravity data were processed to map the
vertical component of acceleration due to gravity, and the first vertical derivative of gravity
(Fig. 1). The total magnetic intensity (TMI), reduced to pole (RTP; Fig. 2), and first vertical
derivatives were produced (CGG, 2017). Fathom Geophysics Australia applied a range of
filters to enhance different features of the data, as well as edge detection filters to map
structures. Horizontal gradient magnitude grids highlight locations of contrasts, or source body
edges. Band pass filters separate shallow, intermediate and deep signals, and tilt angle filters
highlight structures in the gravity data (Buckingham et al., 2017).

Figure 1. Gravity map with model training points.
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Figure 2. Reduced to pole magnetic map with model training points.

Geology and geophysical interpretation
The Tampia region is located within the Yilgarn Craton, which hosts several orogenic gold
occurrences, mainly hosted in greenschist facies metamorphic terranes. The Tampia Hill gold
deposit is unusual as it is hosted in a granulite facies metamorphic terrane. Other gold deposits
with similar characteristics to Tampia Hill include Lake Grace and Griffins Find (Fig. 3).

Figure 3. Location of the Tampia Project in relationship to Archean greenstone terranes and proximal Au deposits.
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Tampia is situated in the Lake Grace Terrane within the Southern Cross province of the Yilgarn
Craton. It sits near the boundary between the Western Gneiss Terrane and the Southern Cross
greenstone belt (Fig. 4). The geology of the Western Gneiss Terrane is poorly understood due
to poor outcrop, and is largely dominated by large granitoid batholiths and felsic gneiss. The
Western Gneiss Terrane is divided into three smaller terranes comprising different metamorphic
belts, each separated by major thrust faults. The Lake Grace terrane is the easternmost of these.

Figure 4. General regional geology of the Western Gneiss Terrane.

The Tampia region south of Narembeen (Figs 5-6), is divided into two packages separated by
a sheared felsic orthogneiss. These packages comprise granulite-facies mafic-garnetorthopyroxene gneiss, mafic pyroxene gneiss and mafic two-pyroxene gneiss, which are
interpreted to be greenstone remnants. In the east, these are hosted in a felsic paragneiss
interleaved with felsic garnet paragneiss. In the west of the region felsic orthogneiss is
interleaved with felsic garnet paragneiss. These units are intruded by late granites that form a
series of domes in the west and east of the area. Both packages are cross cut by very late dolerite
dykes.
Three principal lithologies host the gold mineralisation at Tampia Hill and include: pyroxenedominated (mafic-volcanic derived) granulite; feldspar-dominated (sedimentary-derived)
granulite; and a variety of deformed and undeformed intrusive derived felsic rocks, mainly
granite and leucocratic intervals of migmatite. Most of the gold mineralisation is hosted within
the mafic granulite in association with migmatite and granitic contacts. These unmetamorphosed, late granites are mineralised along their contacts, indicating the gold
deposition is late. The mafic granulite has undergone partial melting and segregation of felsic
minerals into leucocratic units during metamorphism resulting in felsic migmatite veins.
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Figure 5. Tampia area geology - Geological Survey of Western Australia (Muhling and Thom, 1985).

Figure 6. Tampia area geology - after geophysical interpretation, 2017.
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The gravity and magnetic data were vital for the interpretation of the geology. The terrain is
mostly flat, and outcrop is sparse, often with granite outcropping on the small hills. Mapping
at 1:250,000 scale by the Geological Survey of Western Australia, last updated in 2008, is
shown in Fig. 5. The area is dominated by cover – sand, colluvium and duricrust, with large
granite bodies and minor gneiss. Fig. 6 shows the same area mapped by Explaurum Ltd after
interpretation of the geophysical surveys, and additional field mapping. Granite morphology is
better defined, large areas of previously unmapped mafic gneiss are present, faulting and
folding is apparent, and lithology and structure can now be interpreted through cover. While
exploration mapping is always more detailed and has a different purpose to state-wide regional
mapping, the difference is dramatic, and has major implications for the prospectivity of the
region.

Prospectivity modelling
Exploration targeting was carried out in the region by mapping the critical geological factors
based on the controls on the gold mineralisation at Tampia Hill. This was approached using
the weights of evidence technique, which was first used in medical diagnostic applications and
has been adapted and applied to mineral exploration (Speigelhalter, 1986; Bonham-Carter,
1989; Bonham-Carter, 1994). The weights of evidence approach uses Bayesian statistics,
which allows for the analysis and combination of spatial data to predict the occurrence of point
data (Harris et al., 2001; Deng, 2009), in this case drill intersections. The technique uses the
presence or absence of a characteristic and the occurrence of point data (training data; Raines
and Bonham-Carter, 2006) to create predictive maps. These are analysed and the best are chosen
to be combined to make the final prospectivity map. Missing data are a common problem when
using data from mineral exploration, perhaps due to a lack of sampling or poor data quality.
The weights of evidence technique includes missing data in the statistical calculations, which
is an important issue to be managed in this type of analysis.
The weights of evidence method can be summarised into five steps: (1) Estimation of prior
probability, i.e. the probability of finding a mineral occurrence in the study area without any
existing data; (2) the determination of the weighting coefficients of spatial data, i.e. creating the
predictive maps; (3) calculation of posterior probability, i.e. the probability of finding an
occurrence after analysis and combination of predictive maps; (4) testing for conditional
independence; and (5) validation. Lindsay et al. (2014) provides a good overview of the
weights of evidence approach to prospectivity modelling, including the statistical calculations
for posterior probability, and weighting coefficients.
Spatial Analysis
Spatial analysis was carried out using the weights of evidence technique using the Spatial Data
Modeller extension developed for ESRI’s ArcGIS 10.2.1 GIS software. The spatial correlation
of a feature can be calculated by using the relationship of the area covered by the data variable
being tested and the number of training data points that fall within that area. This produces a
W+ result when the feature is present and a W- result when the feature is absent. A contrast
value C is then calculated from the difference between W+ and W- (Bonham-Carter, 1994).
The standard deviations of W and C (Ws and Cs) are also calculated as part of the contrast
calculation. This provides a Studentised value of the contrast (StudC), which is the ratio of the
standard deviation of the contrast Cs to the contrast C. StudC gives an informal test of the
hypothesis that C=0 and as long as the ratio is relatively large, implying the contrast is large
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compared with the standard deviation, then the contrast is more likely to be real. Ideally a StudC
value larger than (-) 1.5 can be considered as a positive or negative correlation (Bonham-Carter,
1994). This ratio is best used as a relative indicator of spatial correlation, rather than an absolute
sense. In this study, a strong correlation is inferred from C values > 2.0, StudC values >1.5;
moderate correlations inferred from C values between 1.0 and 2.0, StudC values >1.5; weak
correlations inferred from C values between 0.5 and 1.0, StudC values between 1.0 and 1.5; and
poor correlations inferred from C values < 0.5 or StudC values <1.5.
Training data

Training points are needed to assess the ability of a particular map to identify areas of known
mineralisation. A training data set was created by filtering RAB and other drillholes within the
area for assay results greater than 0.4 ppm gold. Six points were selected from outside the
immediate Tampia Hill deposit area to give some spread over the study area, and five within
the cluster around the Tampia Hill deposit ensuring more than 250 m between holes (Table 1).
A unit cell grid of 250 m was used for the model calculations, which represents the expected
area covered by an orogenic gold deposit.
Table 1. Training data points for the Tampia model.

Hole ID

MGA50 E

MGA50 N

B013
GR028
GR119
GR280
NRC2
NRC39
THDD004
THP003
THRC080
03EHAC053
03EHVR022

638699
636835
636600
636272
636504
636849
636251
636381
636858
631192
630992

6446056
6440754
6440517
6440222
6440050
6440425
6442090
6438921
6441253
6444748
6445349

RL
(m)
330
346
338
328
330
340
336
357
337
301
314

Depth
(m)
50
25
25
20
100
100
153.9
94
84
69
30

Gold
4 m @ 1.63 ppm from 16 m
4 m @ 108.9 ppm from 9 m
3 m @ 2.12 ppm from 21 m
2 m @ 3.53 ppm from 10 m
1 m @ 6.97 ppm from 86 m
10 m @ 2.25 ppm from 86 m
1 m @ 0.44 ppm from 12 m
1 m @ 2.26 ppm from 30 m
1 m @ 27.5 ppm from 51 m
3 m @ 0.58 ppm from 48 m
6 m @ 2.5 ppm from 6 m

Geophysical data input and analysis

Processed and filtered geophysical data were provided as a series of raster grids. Each grid was
reclassified into 10 classes, split using the natural break method, so that 1 is the highest class,
and 10 the lowest. These could then be analysed using the calculate weights tool in ArcGIS.
This assesses the classified data against the training points, and identifies the optimal group
which captures the most training points within the smallest area. Once the optimal group was
identified for each geophysical grid, the grids were reclassified again into two classes – inside
the optimal group, and outside the optimal group.
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Results
The weights calculations of the gravity grids map a strong correlation between the training
points and high gravity. Of the 36 maps tested, 23 had C values greater than 2 and StudC values
greater than 1.5, implying a strong correlation and reliable result; 10 had C values between 1
and 2 and StudC values greater than 1.5, implying a moderate correlation and reliable result;
and three maps had weak to no correlation. A selection of results are shown in Table 2, and
their corresponding maps in Fig. 7. The different filters emphasise different features in the
gravity data, and result in varying areas classified as high gravity. The GDD Fourier 2.67
Enhanced filter, which is a Fourier derived vertical gravity gradient with a terrain correction
density of 2.67 g/cm3, has the best correlation with the highest three classes of grid data. Nine
training points are captured in the optimal group, which has an area of 28.83 km2 and results in
a C value of 3.97 and a StudC value of 5.04. The gD Fourier 0.0 Enhanced Conformed filter,
which is a Fourier derived vertical gravity with no terrain correction, has the best correlation
with the highest class of grid data. Eight training points are captured in the optimal group, which
has an area of 17.82 km2 and results in a C value of 4.00 and a StudC value of 5.80. The gD
Fourier 2.67 Enhanced filter, which is a Fourier derived vertical gravity with a terrain correction
density of 2.67 g/cm3, has the best correlation with the highest three classes of grid data. Nine
training points are captured in the optimal group, which has an area of 46.18 km2 and results in
a C value of 3.41 and a StudC value of 4.34.
In contrast, none of the eight edge detection filters applied to highlight structures had any
correlation with the training points.
Table 2. Selection of gravity grids showing results of the weights calculations.

Grid name

Optimal
group

Area
km2

GDD
Fourier
Class 1-3 28.83
2.67
Enhanced
gD Fourier
0.0
Class 1
17.82
Enhanced
Conformed
gD Fourier
2.67
Class 1-3 46.18
Enhanced

Training
W+ Ws+ Wpoints

Ws- C

Cs

Stud
C

9

2.35 0.35

-1.62 0.71 3.97 0.79 5.04

8

2.75 0.38

-1.25 0.58 4.00 0.69 5.80

9

1.84 0.34

-1.57 0.71 3.41 0.79 4.34
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Figure 7. Selection of gravity grids analysed. Reclassified grids with 1=high and 10=low. Binary maps with the
optimal group present or absent. Top to bottom: GDD Fourier 2.67 Enhanced, gD Fourier 0.0 Enhanced
Conformed, gD Fourier 2.67 Enhanced.
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Discussion
The gravity and magnetic survey over the Tampia region has provided critical information
about the geology and mineralisation potential in the area. The survey has resulted in a full
reinterpretation of the geology, and has mapped extensive areas of mafic gneiss similar to the
host of the Tampia Hill deposit, where previously colluvium, sand, and granite were mapped.
Gravity data has been analysed using spatial statistical techniques. The strong correlation of
high gravity to existing known mineralisation shows that high gravity is a robust predictor of
mineralisation in the Tampia region. The lack of correlation of the structural filters with known
mineralisation implies that faulting has had minimal influence on the location of mineralisation.
Given that the gravity data can identify areas of known gold mineralisation, it stands that the
same data can be used to identify new areas of potential mineralisation. The data highlights a
number of as yet untested areas which have a similar gravity signature to that at the Tampia
Hill deposit and other positive gold drill intersections in the region.
The results confirm that the gravity data will provide important inputs to a prospectivity model
over the region, and target areas will be further refined once other features such as rock type,
folds, magnetics and geochemistry are taken into account.
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