The Geophysical Characteristics of the Trilogy Massive Sulphide
Deposit, Ravensthorpe, Western Australia
Lee Sampson*

Barry Bourne

Homestake Gold of Australia Limited
lee_sampson@homestake.com.au

Homestake Gold of Australia Limited
barry_bourne@homestake.com.au

SUMMARY
The Trilogy deposit, located near Ravensthorpe in
southern Western Australia, is a polymetallic massive
sulphide deposit hosted within the conductive graphitic
phyllites of the Proterozoic Mount Barren metasediments.
There are two different styles of mineralisation, Pb-Zn
massive style and Cu-Au stringer style mineralisation,
contained within a silicified envelope that hosts the
mineralisation.
Petrophysical samples were taken and geophysical
surveys conducted to characterise the response of the
massive sulphide system and to help define an
exploration model.
Gravity, ultra-detailed airborne magnetics and
radiometrics, airborne time domain electromagnetics
(EM) and ground time domain EM have all been
conducted over the deposit. The gravity outlined the
position of the massive Pb-Zn mineralisation. A
radiometric low around the surface projection of the
silicified zone was evident in the airborne radiometrics.
There was no response from the deposit recorded in the
airborne magnetics. There is a subtle airborne EM
anomaly over the known mineralisation, but the ground
EM better defines its location and EM response. The
airborne EM anomaly produced by the deposit was small
compared with the response of the conductive phyllites
elsewhere in the region.
Geophysical exploration may aid in the search for
additional sulphide mineralisation in the area. The
combination of airborne EM with followup detailed
gravity and ground EM have proven to be the most
effective geophysical methods in locating Trilogy style
mineralisation in the Mount Barren basin.
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INTRODUCTION
The Trilogy polymetallic sulphide deposit is located about 25
km south of Ravensthorpe within Proterozoic sediments of the
Mount Barren Basin (Figure 1). Historically, the focus of
exploration in the Ravensthorpe region has been for copper
and gold (and more recently nickel) within the underlying
Archaean Ravensthorpe greenstone belt.
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Figure 1 – Location of the Trilogy Deposit, Kundip,
Western Australia
Mineralisation was first discovered at Trilogy by Homestake
Gold of Australia Limited (HGAL) in 1997 by percussion
drilling gold geochemical anomalies defined by wide-spaced
soil sampling over the Mount Barren sediments.
This paper summarises the geophysical characteristics of the
Trilogy polymetallic sulphide mineralisation with particular
emphasis on the physical properties and ground geophysical
responses.

GEOLOGY AND MINERALISATION
The Ravensthorpe greenstone belt has been interpreted to be
the southern portion of the Southern Cross Province. Regional
scale geophysics indicates that the Archaean calc-alkaline
volcanics, BIF, intercalated sediments, ultramafic lavas and
sills continue southwards beneath unconformable Proterozoic
cover of the Mount Barren sediments. The Archaean
succession has been truncated by the Albany-Fraser mobile
zone, which defines the boundary of the Yilgarn Craton
(Rigby, 1999).
The Mount Barren sediments are developed in a shallow
marine environment. Thom and Chin (1984) have recognised
three stratigraphic units within the Mount Barren Group
namely the Steere River Formation, Kundip Quartzite and
Kybalup Schist. The Trilogy deposit is hosted within a
carbonaceous phyllite unit of the Kybalup schist. The deposit
consists of a number of semi-massive lenses of pyrite,
sphalerite, galena and chalcopyrite hosted by a shallowly
dipping (40 degrees) intensely silicified envelope within
carbonaceous phyllite/shale. The deposit has a strike length of
350m and varies in width from 20 to 30m (Figure 2). The
massive style mineralisation has in part been overprinted by
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stringer style copper-gold mineralisation. Mineralisation has
been traced down dip for 300m, but the grade rapidly
decreases with depth (Rigby and Dobe, 1998).
The
mineralised lenses typically contain 70% sulphide and vary in
thickness from a few centimetres to several metres. There is a
gradual decrease in sulphides and width of silica alteration
away from the main zone of mineralisation.

Magnetic Properties
Susceptibility measurements were collected on core from
select holes using a Geoinstruments GMS-2 hand-held
magnetic susceptibility meter. Figure 3 shows the magnetic
susceptibility data for drill hole MYCD032. Three
measurements were recorded and averaged for each metre
down the hole. MYCD032 intersects 15m of mineralisation
(50% sulphides) from 100m to 115m. There is a magnetic
susceptibility high (relative to background) over this interval
with average amplitude of 8 x 10-5 SI units. The source of the
high is most likely due to minor pyrrhotite but it is yet to be
identified in core or petrological work done to date. This trend
is observed in all holes drilled into mineralisation. The source
of the other magnetic susceptibility high in the unmineralised
zone (towards the bottom of the hole) is unknown.
Mag Susceptibility (x10^-5 SI)
0

Figure2 – Cross section through Trilogy mineralisation
along line 12840mN (local)

All physical properties recorded were taken on outcrop or core
samples. The least weathered and most representative rocks
were sampled from a particular rock unit to minimise sample
bias. It must be noted that statistically, the number of analysed
samples is very small, ie. only one or two samples per rock
type; and laboratory conditions do not perfectly simulate
surveying conditions in the field using surface geophysical
arrays. Despite these cautionary statements, a very good
correlation was found between known geology, other deposits
of this type and field results to date.
Density
Density measurements have been made on drill core using the
displacement of water method (Archimedes Principle) as part
of the routine resource estimation process. Density data along
with other physical property measurements are presented in
Table 1 for the major rock types. As expected the strongest
density contrast (>1 g/cc) occurs between massive sulphide
and all other units.
Resistivity
The majority of the electrical properties have been determined
by laboratory measurements. All resistivity measurements
were made on saturated samples (distilled water at room
temperature) using a 400Hz AC current source. Digital Fluke
multimeters were used to measure the necessary currents and
potential differences. To increase the accuracy of the
resistivity measurements, potential differences were measured
at a number of different locations on samples, and a log
average resistivity calculated. Again a distinct contrast is
observed between mineralisation and the phyllite host.
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The genesis of the Trilogy mineralisation is still uncertain,
however it is proposed that the mineralisation either is a
structurally modified Volcanogenic Massive Sulphide (VMS)
system or a sediment-hosted epigenetic system.
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Figure 3 – Magnetic Susceptibility data for drill hole
MYCD0032
Rock Type

Specific Gravity Log Avg Resistivity
(g/cc)
(ohm.m)

Kundip Quartzite
Mount Barren Serecite Schist
Graphitic Phyllite/Siltstone
Silicified Graphitic Phyllite/Shale/Sandstone
Massive Cu-Pb-Zn mineralisation
Magnetite/Pyrrhotite/Pyrite Breccia

2.67
2.7
2.67-2.72
2.66-2.85
3.75
3.17

20000
n/a
10-800
35000-75000
0.01
n/a

Table 1 – Petrophysical measurements made on the host
rock and mineralisation at Trilogy

GEOPHYSICAL SURVEYS
Geophysical techniques have been applied at Trilogy to map
lithologic boundaries, major structures, help find additional
mineralisation and to evaluate the effectiveness of geophysical
techniques in area. Methods used include airborne magnetics
and radiometrics, airborne time domain EM, surface time
domain EM, and detailed gravity.
Airborne Magnetics/Radiometrics
An airborne survey covering HGAL and its various joint
venture partners tenements in the Ravensthorpe region was
flown in 1998 by UTS Geophysics Pty Ltd with a flight line
spacing of 50m and a nominal height of 30m. Figure 4 shows

a total magnetic intensity image of the airborne magnetic data.
The strong high to the east is due to the ultramafic rocks and
banded irons of the Ravensthorpe greenstones. The small
dipolar feature over Trilogy is a cultural effect. Trilogy
mineralisation occurs marginal to northeasterly trending
magnetic lows (faults) within the Mount Barren Basin. These
faults parallel the bounding structures of the Proterozoic
sediments namely the Jerdacuttup Fault. The mineralisation
doesn’t have a magnetic response.

Figure 5 - Contoured radiometric total count image over
the Trilogy Deposit. Contour interval 200cps. Deposit
outline in white

Figure 4 - Contoured total magnetic intensity image over
the Trilogy Deposit. Contour interval 2nT. Deposit outline
in white.
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The radiometrics acquired with the magnetics are shown in
Figure 5. There is a total count low at the surface projection
of Trilogy mineralisation. The area surrounding the deposit
has an average background of 3000cps, whereas the up dip
projection of the Trilogy mineralised zone has a count rate of
1800cps. The low count rate has been interpreted to be
associated with the silica alteration that occurs with the
mineralisation.
Airborne Electromagnetics
In 1998, World Geoscience Corporation conducted an airborne
EM survey over the Trilogy deposit and surrounds for Pan
Australia Pty Ltd using the QUESTEM 450 system at a flying
height of 120m and 200m line spacing.
A profile of the data recorded over Trilogy (Figure 6) shows
that Trilogy can just been seen in channel 15 (15.36 msec
centre window time). In this channel, the Trilogy deposit has
a maximum amplitude of 95 ppm, in a background of 50ppm.
The Trilogy deposit is far from being the best conductor in the
local area. A number of other conductive features were
defined from the survey which have since been tested and
found to be graphitic shale.
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Figure 6 – QUESTEM 450 AEM over the Trilogy Deposit.
Channels 5, 10 and 15 are highlighted red
Ground Time Domain Electromagnetics
In 1997 a trial EM survey using a SIROTEM Mk3 receiver and
an RVR-2E receiver coil successfully detected a dipping
bedrock conductor coincident with the massive sulphides at
Trilogy. Survey specification were an 80m x 80m double turn
transmitter powered by a SATX transmitter in composite time
mode.
Figure 7 shows the transient response for a central east-west
profile over the mineralisation (12840mN local). A single
broad peaked anomaly centred over 10375mE is evident in
moderate to late times. The decay curve for station 10400mE
is shown in Figure 8 highlighting an exponential late time
decay with a time constant 16msec, characteristic of a low to
moderate conductor.

EM surveys over the rest of Trilogy failed to locate additional
conductors, even though thin massive sulphides were
intersected in several drillholes.

silicified envelope. The source of the other gravity anomalies
are not related to mineralisation.

Figure 7 – Linear-linear TEM profile over Trilogy
mineralisation (line 12840mN local). Every fifth channel
highlighted red

Figure 9 – Contoured residual gravity image over the
Trilogy Deposit. Contour interval 0.5 gu. Deposit outline in
white

CONCLUSIONS

Figure 8 – Decay curve analysis from a log-linear curve of
time versus transient response for station 10400mE of line
12840mN

The Trilogy massive sulphide deposit represents a challenging
regional exploration target due to the relatively small size of
the mineralised system and the conductive nature of the
phyllite host material. The combination of airborne EM with
followup detailed gravity and ground EM have proven to be
the most effective geophysical methods in locating Trilogy
style mineralisation in the Mount Barren basin.

Gravity
In 1999 a detailed gravity survey was conducted over Trilogy
using a LaCoste and Romberg gravity meter. Measurements
were made on a 40x40m grid covering an area measuring
800x800m. Station location was determined by differential
GPS and height determined by optical methods from a known
survey mark. Figure 9 shows the gridded residual gravity for
the survey. The residual was calculated by subtracting a
second order polynomial from the bouguer anomaly.
The gridded residual gravity suggests the Pb-Zn
mineralisation located around 241600mE, 6261330mN has a
gravity response. The gravity anomaly produced by the
deposit has a maximum residual amplitude of 1.4gu, contained
within a background of –0.5 to –1.5gu. The spatial extent of
the of the gravity high is not as large as that indicated by
drilling. This is most likely due to the uneven distribution of
the Pb-Zn mineralisation, where the gravity is mapping the
thickest section of mineralisation. The Cu-Au stringer style
mineralisation did not produce a significant gravity response
due to its relatively thin and erratic distribution throughout the
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