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INTRODUCTION

a. anomalous in their magnetic susceptibility.

58800:1

In addition the 5 diamond drill holes have been logged for
magnetic susceptibility.

August 1981
September 1981
November 1981
June 1982
August 1982
October 1982

b. anomalously conductive if the mineralization was concentrated
in massive pyrrhotite.

This report discusses geophysical exploration. techniques .used
on the Granville East magnetite/pyrrhotite-tin prospect, and in
particular covering the period since the last reporting in June 1982.

From these considerations geophysical methods were chosen which
would respond to these anomalous physical properties, i.e. the
measurement of total magnetic intensity, self potential and SIROTEM.
The timing of these various techniques is presented in the table below.

Also there is evidence that the style of mineralization expected
at Granville East would be closely related to black shale sequences.
These in turn would be expected to have a conductivity contrast with
other rock types in the area.

The Granville East aeromagnetic anomaly was originally chosen
for further examination on the grounds that it may be related to tin
bearing skarn mineralization, given its discrete nature and
proximity to the Heemskirk Granite. Tin mineralization in such a case
would be associated with either magnetite or pyrrhotite. Hence the
geophysical character of such bodies would be that they were:

Airborne Magnetometer Survey
Reconnaissance Ground Magnetics
Detailed Ground Magnetics
Self Potential .
Infil1 Ground Magnetics
SIROTEM Survey

Detailed descriptions of the surveys not covered in this report
can be found in Heithersay and Sumpton (1982) and Sumpton (1982).
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MAGNETICS

As well as providing the lead in to the area, magnetometry has
provided the primary geophysical tool in the search for concentrations
of magnetite or ~yrrhotite, hopefully carrying tin. From the first
it was recognised that the magnetic picture was complex, the
magnetic intensity being a composite of the combined affects of numerous
magnetic sources of widely varying size, shspe and magnetic properties.
Subsequent drilling and testing of magnetic properties from surface
and drill core have confirmed this. The magnetic properties which
characterise the various rock types present have been determined to
be as follows:

Quartzites and Siltstones

Containing very little magnetic material, for practical purposes
may be regarded as non magnetic.

Black Shales and Mudstones

Often containing varying concentrations of disseminated pyrrhotite,
and with that concentration varying from _weakly magnetic to moderately
magnetic.

Unaltered Carbonates

May be considered to be non magnetic.

Banded Calcsilicates

These horizons may be unmineralized or maybe replaced by
increasing percentages ·of magnetite or pyrrhotite. When barren they
may be treated as non magnetic, whilst their susceptibility increases
with increasing concentrations of magnetite or pyrrhotite until they
are strongly magnetic.when containing significant amounts of
magnetite.

Renmant Magnetism

Seven samples have so far been sent to the C.S.I.R.O. for magnetic
analysis. Their report of the results of this analysis is appended.
The samples comprised 2 samples from surface costeans, 5 from drill
holes. 4 of the samples (including the 2 from surface) were of
I'yu"otite and/or magnetite bearing potential ore material, whilst
the remaining 3 consisted of pyrrhotite bearing black shale. Without
regard to composition or rock typ~ the samples show high and variable values
of Koenigsberger ratio and large variations in NRM directions. The
mean NRM direction has a declination of 1660 and an inclination of +30

with a 'cone of confidence' of 230
• In addition to this stable component

there is a magnetically soft component which would in situ be expected
to be aligned roughly parallel with the current field direction.
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The variation in the NRM properties makes it impossible to reliably
ascribe a resultant magnetization to any theoretical body, which makes
reliable modelling extremely difficult, and weakens any correlation
between magnetic mineral content and resultant magnetization.

The conflict of dip that has arisen from magnetic interpretation
and geological evidence can most likely be explained in the light of
measured NRM characteristics. Such a large disparity between the NRM
directions observed and the present field would be expected to distort
the shape of the magnetic profile in such a way as to give rise to
an erroneous estimates of dip.

It should be noted that there is considerable doubt concerning
the reliability of the orientation of some of the samples, and
this taken with the small number of samples analysed to date raises the
possibility that the NRM characteristics may not be as scattered as
they currently appear. More sampling is required to establish this.

Infill Magnetics

Subsequent to the last report the bulk of the grid has had
magnetic intensity read on 50m line spacings. The intill data
has confirmed the complexity of the magnetic field, particularly south
of line lOlOON. It has however brought out the continuity of several
trends and better defined the existing anomalies. The "more significant
responses are discussed·in detail below. The following interpretation
refers to Plan 25.

Zone A is a zone of near surface spikey anomalies adjacent to
the quartzite contact. This has been shown to correspond to a tin
bearing magnetite-pyrrhotite unit.

Zone B sits aajacent to the quartzite contact in a position
similar to that of Zone A to the north, with which it is most

. likely continuous being folded with the contact around 9850N. This is also
likely to be attributable to magnetic skarn material with or without
pyrrhotite bearing black shales. Here the source of the response seems
deeper than the source of Zone A prOducing broader anomalies.

Zone C this trend parallels Zone B some 200m to the west and
shows some evidence of similar folding around 9850N. From the evidence
of DDH 2 it would appear that it is caused by pyrrhotite bearing
black shales interbedded with narrow units of banded pyrrhotite serpentine
skarn.
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Zone D is a less well developed trend once again more or less
par~allel to Zone B and Zone C and further to the west. Its source
is also likely to be pyrrhotitic black shales with or without skarn
material.

Zone E this anomaly lies in a similar position with respect to
the quartzite contact to Zone A, and is also similar in showing
evidence of near surface magnetic material. Therefore it seems
likely that it too is caused by a narrow near surface magnetite!
pyrrhotite unit, possibly carrying tin.

Zone F is a broad continuous anomaly sitting in a similar
relationship to the quartzite contact as Zone A etc. From the
evidence of DDH 3 it appears that around l0200N the anomaly has
as its source pyrrhotite rich black shales. The foregoing does
not rule out however, the possibility that elsewhere this anomaly is
at least partly attributable to skarn material.

Drilling

Drill Holes DDH 1, DDH2 and DDH3 have at least partly been drilled
to test magnetic anomalies. DDHI clearly intersected the narrow
magnetic unit whose near surface expression gave rise to the spike
anomaly on line lOOOON. Hole DDH5 was sited to intersect this horizon
at depth, which it was successful in doing.' DDH 2 and DDH3 both
intersected sufficient magnetic material (taking remnance into account)
to generate the magnetic anomaly at the surface, though the bulk of the
material in each case was, as mentioned above pyrrhotite bearing black
shale. DDH 2 and DDH3, both drilled on line 9700N, both showed
considerably higher measured susceptibilities over their length than
the other drill holes. This raises the possibility that the large,
broad anomaly in this area has as its source a considerable thickness
of moderately magnetic black shale material.

An .illustration of the difficulty involved in reliable
interpretation of magnetic anomalies in this area comes from the sample
taken from DDH3 sent to the C.S.I.R.O. for mag~gtic analysis.
The measured magnetic susceptibility is 300xlO c.g.s. units (about
0.004 SI), a typical figure for pyrrhotitic black shales in this area.
However the measured value of the Koenigsberger ratio is 32, and the
stable NRM direction some 830 different in declination and 1010

different in inclination from the present field. Hence the resultant
magnetization is quite large and in a direction completely different
from the induced component. If these figures were typical of the
drilled section a sizeable anomaly would be developed over the black
shale unit, if they were atypical then a very different anomaly would emerge
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Susceptibility logs of the five drill holes are pes en ted in
Figures 11 through 15.

Conclusion

From drilling and subsequent magnetic analysis of the rock
types intersected it has become clear that broadly there are two major
sources of magnetic anomalies within the area, pyrrhotitic black
shales and pyrrhotite/magnetite skarn material. The susceptibility
of the former is affected by the concentration of pyrrhotite and of the
latter by this and the percentage of magnetite present. Also the
magnetization of both is affected by a-highly variable remnant vector.
lhis means that, with the possible exception of narrow near surface
horizons of skarn material, it is not possible to distinguish between
these two On the evidence of magnetics alone. Nevertheless several
horizons favourable for the occurance of magnetic skarn with or
without pyrrhotite bearing black shale have been indentified.
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SIROTEM

The bulk of the Granville East grid (excluding the north-east
corner bounded by 10000N, 10000E) was covered by the SIROTEM
transient electrpmagnetic method. A total of 8.4 line kms were
covered using 100m coincident loops with 50% overlap. The more
significant responses were detailed using 50m loops, again with
50% overlap. Profiles of transient response are shown in Section 7
of this report. Contours of transient response for delay times
of 2.6roS and 15.8roS are presented on Plans 26 and 27.

The response on all profiles shows clearly the difference in
conductivity between the black shales to the west and the

'quartzites to the east. Superimposed on this however are a series
of anomalous responses adjacent to or coincident with the contact
between the two rock types, and distinct from the response
attributable to the contact alone. They are largely coincident with
and are certainly related to the magnetic horizons which
occupy a similar position with respect to the contact. In order
to better define the character of this trend three profiles were
retraversed using a smaller 50m coincident loop. This data was
subjected to a detailed interpretation which is set out below.

10400N

The response on this line is typical of the northern part of the
grid when traversed with 100m loops. It is more or less coincident with
the magnetic anomaly designated Zone F. The 50m loop traverse,
which has its centres on 10375N, shows the anomaly to be double peaked.
Comparison with curves derived from C.S.I.R.O. model studies shows
that a possible source for this anomaly is a steeply dipping dyke,
or some approximation thereof, which is quite shallow and of the order
of 10m wide, centred under 9725E. The detail data confirms that the
SIROTEM response and the magnetic anomaly share a common or very closely
related SOurce. See figure 1.

10000N

The data gathered using 100m loops on this line shows a response
close to the costean exposed mineralization and the related spikey
magnetic anomaly. The 50m loop data (centred On 10025N) shows a
sharp spike centred over the magnetite gossan at 9750E. This response
may be' attributable to magnetite mineralization rather than a
conductor (see Figure 6 for decay curve). To the.west of this spike
their is a more conventional response peaking around 9675E. It is
this response that is largely responsible for the anomaly resolved
from the 100m loop data. Although the proximity of the adjacent sharp
spike makes it difficult to reliably determine the shape of this anomaly,
it appears likely that it has as its source a dyke like body dipping
to the east with top buried aPOund 75m near 9600E (see Figure 2).
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This estimate ~as obtained through comparison ~ith published scale
model curves (Case No. 2.1.33).

The transient response decay curves for station 97S0E using a
100m loop, and st~tions 972SE and 9700E using sOm loops ~ere

analysed using the foll~oing procedure.

1. The response due to a conducting half space ~as removed by
fitting a power curve to the data ~ith a po~er constant
approximating -S/2 i.e.

E (t) ~ At -5/2
I

II 2. The residual thus obtained is theoretically due to the
response from and anomalous conductor,· ~hich should have the form

II

II

II

II

II

II

II

II

II

II

II

II

~here tau is the decay constant, which 1S related to the
conductivity and size of the body.

From the decay curves chosen for analysis the following decay
constants were obtained for the body causing the anomalous response:

Station 97S0E (100m loop) tau~7.S

Station 9700E (SO m loop) tau~4.8

Station 972SE (SO m loop) tau~5.7

These values would imply that the anomaly has a sulphide source.
It is likely that the major contribution to the anomalous response
seen in the decay curves is made by the western source, however
the affect of the sharp spike to the east cannot be discounted.
The analyses are presented in graphical form in Figures 3, 4 and 5.

9500N

A conductive response was interpreted to be centred around
10l00E from the 100m loop data. This line was chosen for follow up
rather than 9600N, which has a similar character, as the response
on 9500N lies close to a sharp magnetic anomaly (anomaly E).
Two traverses were run whose plotting points lie on 9475N and
952SN. On line 9475N there is a sharp response at 10050Ewhich
possibly relates to a shallow magnetite SOurce similar to that
producing the spike on line 10025N. Its correlation with the magnetic
peak is also precise. The response on line 9525N may be attributable
to an easterly dipping source (possibly the black shale/quartzite contact)
near 10025E, however the decay curves show little which is anomalous.
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Summary

The SIROTEM data reflects the known geology, particularly with
respect to the quartzite/black shale contact. The survey has
resolved a number.of anomalies that may be related to tin bearing
conductive minerlization. Line 9475N shows a response which has
a great similarity to that already shown to be attributable
to mineralization on line l0025N. Line l0025N shows evidence
of a conductive body adjacent to the costean exposed mineralization
Which does not give rise to a magnetic anomaly (the implied depth
to top is consistant with this). Line l0375N also shows evidence
of a body which maybe conducting pyrrhotite. It is relavent here
to note that line l0200N produced a similar response to that on line
i0400N, both using 100m loops. The subsurface under line l0200N has
been tested by DDH3 and it is likely that this anomaly has as its
source pyrrhotitic black shales. Whilst it is therefore quite
possible that the anomaly on line l0375N has a similar source
(a decay curve analysis similar such as that used on l0025N revealed
similar decay constants for both anomalous responses), experience here
has shown that ·data collected with 100m loops is not altogether adaquate
in assessing such similarities.
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CONCLUSIONS

The geophysical techniques used at Granville East are
responding to pyrrhotitic black shales and to magnetic skarn
mineralization. It has not been ~~iquously possible to distinguish
between the two potential sources, however a number of targets have
been developed which are likely to comprise the most conductive
and/or magnetic horizons without regard to the nature of the
source. The most ~ignificant of these are as follows:

1. The magnetic and conducting horizon adjacent to the quartzite
contact, in particular line 9475N, l0050E.

2. The possible repitition of this sequence designated magnetic
Zones C and D.

3. The SIROTEM response at 9600E on line l0025N, this is possibly
an along strike extension of magnetic zone C.

Additional evidence for near·surface conducting material is
given by the self potential data (see Heithersay and Sumpton 1982),
however only the SP anomaly to the north and south of line lOOOON
around 9725E, the anomaly on 9700N and 96ClON around lOOOOE, and
that on line 9500N around l0050E show any significant SIROTEM response
using 100m loops.

Much has been learnt about the geophysical and geological
nature of the subsurface within the prospect, which has had and will
have significant impact on this and subsequent interpretations. Remnant
magnetism has been shown to be a very important factor in assessing
magnetic anomaly p~tterns, and it is planned to increase the number
of samples to clarify this aspect.
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DISCUSSION OF RESULTS

The bulk susceptibilities, NRM intensities, Koenigsberger ratios

susceptibility anisotropy ratios and NR}! directions of the seven samples

are given in the accomp~nying table.

Remanent magnetization appears to be important in this rock unit, but

the picture is complicated by the scattered nature of NRM directions.

There is an indication in the NRM directions that both polarities of

magnetization are present as the directions tend to be either north- or

south-directed with'shallow inclination. This is confirmed by palaeomagnetic

cleaning.

The, samples fall into two groups:

(i) KRl1460 - 11464 which are magnetite-bearing and appear to have

no pyrrhotite whatsoever. Thermomagnetic analysis of KR1164

showed the presence of pure magnetite with a Curie temperature

of ~ 5800 e. After heating to 6000 e a small amount of hexagonal

pyrrhotite was detected, possibly produced by reaction of

magnetite with pyrite. The gossan sample also contained pure

magnetite. The remanence of this sample is extremely hard.

-10% of NRM still remaining after AF demagnetization in 3000

Oersteds. This indicates that the bulk of the remanence is

carried by very fine (sub-micron_ acicular magnetite 'grains which

are probably invisible under a microscope.

(ii) KR5977 - 5979 which probably contain monoclinic pyrrhotite.

This is suggested by the rapid decay of remanence on heating

above 3000 C (the Curie temperature of pyrrhotite is '" 3200 C).

The magnetite-bearing samples are more magnetic than the pyrrhotite­

bearing rocks, but the NRM directions and Q values are not demonstrably

different. However the susceptibility anistropy of the pyrrhotite-bearing

rocks tends to be somewhat greater.

Analysis of Remanence Components

Most of the samples do not behave well on AF or thermal cleaning, tending

to show unstable behaviour. It appears,that the NRMs reflect the presence of

substantial amounts of palaeomagnetic noise carried by very magnetically soft

grains, accounting for the scatter of NRM directions.
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Although these soft components of magnetization are readily removed

during initial cleaning, and the overall trend of the stable components is

then apparent, these soft grains continually pick up random components of

magnetization during standard laboratory procedures. in spite of efforts to

minimise exposure of the specimens to stray fields. Demagnetization plots

are therefore rather noisy. Examples of three extremes of behaviour are

given in the enclosed ve~tor diagrams.

I
I
1
1

The diagrams are projections of remanence vector end-points onto two

orthogonal planes. The crosses represent projection onto the horizontal

plane, the circles onto a vertical plane. Successive points represent

remanence vectors after successive demagnetization steps. Linear segments

indicate removal of a single component of magnetization over the corresponding

demagnetization range. Curved segments indicate the presence of two or more

components which have overlapped stability spectra. The most stable component

of magnetization is resolved by cleaning only if the segment joining the last

few points extrapolates linearly to the origin.

The mean direction of stable remanence. without regard to polarity. is

(166
0

, +30
), a.s = 230

•

After examination of the demagnetization plots and computer analysis Lor

linear segments, it was concluded that the magnetization of these rocks consists

of a very soft component. which in situ is probably aligned roughly with the

present field, and a substantial S to SE or N-NW shallow component of moderate

to high stability. Although both polarities are present, the S-directed

magnetization is more common and probably represents the predominant component.

A single component of magnetization is revealed by AF cleaning. The

( magnetization is SE with shallow upward inclination.

with downward inclination. The more stable component is not fully

resolved, but is probably S- SE directed with downward inclination.

Again two components are indicated. but the signal is masked by sub­

stantial noise. A soft component, roughly Wand down, and a harder

component, S horizontal, are indicated.

The softer component is west directedTwo components are indicated.

A.

B.

·C.
I

I.

1

I

1

1
I
1
1
1
I

The high Q values in the table will overestimate the average Q of the rock

body because the susceptibility should be somewhat enhanced by viscous magnet­

ization carried by soft grains. and because the remanence is not all of one

polarity. However it is probable that the overall NRM intensity is still

several times larger than the induced magnetization.
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Magnetic Fabric

The magnetite-bearing samples do not have a clearly defined magnetic

fabric. The pyrrhotit:e-bearing samples (KR5977 - 5979). however. exhibit

a planar parallel fabric with a well-defined magnetic foliation plane

dipping shallowly to the west. Within this plane magnetic lineations plunge

shallowly to the NW. The most probable interpretation of this data is that

the magnetic foliation represents alignment of pyrrhotite grains in the

cleavage. Within this W- dipping cleavage plane the magnetic lineation may

represent the axis of folding.

3



Q = Koenigsberger ratio J/kH where

TABLE 1.

k =

588035

....-'

susceptibility/minimum

susceptibility

R = 0.63 Oersteds

k J Q NRM Direction A

5,820 25,700 7.0 (195° , _48°) 1.22
,

(189°, +28°)960 7,080 11.7 1.18

2,780 20,700 11.8 ( 86°, +40°) 1.05

39,600 80,600 3.2 (301° , _27°) 1.61

100 250 4.0 (185° , _46°) 1.77

700 360 0.8 (335°, _11°) 1.46

300 6,040 32 (277°, +38°) 1.29

MAGNETIC PROPERTIES OF GRANVILLE EAST SAMPLES

emu susceptibility

direction is ~iven in form (dec, inc), where declination is

positive clockwise from TN, inclination is positive downwards

susceptibility anisotropy = maximum

= NRM intensity (microgauss)J

A =

NRM =

Sample

KRl1462

KR1l463

KR1l464

KR11460

KR5978

KR5977

KR5979
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