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1. INTRODUCTION

Gravity, magnetics and VLF-EM were read along three lines (see figure 14)
in the Eastern Ridge Area of the Kara Scheelite Deposit (Tasmania) on
23/9/81, 24/9/81 and 2/10/81. The aim of the survey was to define the
response of magnetite -skarn type orebodies and to determine their detectability
under a basalt cover up to 60 metres thick and in rugged terrain.

Line one was 340 metres long and subparallel to 6280N of the mine grid.
Gravity and VLF were read at a lam station spacing while magnetics
was read at a 5m interval. Two skarn bodies, separated by sandstone,
outcrop along this line, as does the granite contact (see fig. 1).

Line two, also 340 metres long, was subparallel to 6500N. The two
skarns and the granite in this case are covered by approximately 60 metres
of basalt (see fig. 2).

Line three was 380 metres long and subparallel to 6420N. A basalt cover
of 30 to 40 metres overlies the skarns in this case (fig. 3).

Corrections to the gravity (bouguer, drift and terrain) have been
performed to give an overall accuracy of ! 0.1 mgal. Stations have been
located to within! 5 metres horizontally and! 0.1 metres vertically.
In drawing the profiles in figures 1 to 3, stations have been projected
parallel to strike by up to 20 metres. Given the long, linear nature
of the ore body, such projection is not expected to significantly affect
the accuracy of the results.

RESULTS - LINE 6280N

2.1 Gravity

Gravity (terrain corrected assuming a density of 2.5 g/cm3) for line
6280N is shown in figure 1. Two anomalies are clear on this line
- a 0.8 mgal anomaly overlying the upper (thicker) skarn, and a
0.4 mgal anomaly overlying the lower skarn. The form of these
anomalies clearly indicates the location, width and westerly dip
of the skarns.

Figure 4 shows the results of modelling the geological section given
in figure 1. Since the geology is well constrained by outcrop/
drillhole information, the only variable is the density contrast.
Thus, once a good fit has been obtained between the observed and
modelled gravity, we have a reliable estimate of the bulk density
of the skarn (probably more reliable than the estimate obtained
from measurements on a few core samples, given the small sample
obtained from any drillhole, and the sampling bias).
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The fit between the gravity profiles in figures 1 and 4 is well
within the accuracy of the survey (! 0.1 mgal, ! 5 metres
horizontally) and the modelling programs used (! 0.03 mgal) ,
thus a reasonable estimate of the bulk density of the skarn can be
made. ,The density contrast between sandstone and skarn used in
modelling. ranged from O.:i to 0.9 g/cm3 , and was generally in the
range 0.7 - 0.9 g/cm3 . Given a sandstone density of 2.5 (measured
range for the Moina Sandstone is 2.5 to 2.7; mean wet density of
sandstone, from Telford, Geldart, Sheriff and Keys (1976), is
2.35), the magnetite skarn at Kara has a density ranging from 3.2
to 3.4 g/cm3 .

2.2 Magnetics

Two very large magnetic anomalies (14000 - 15000 nT) are clear in
Fig. 1, correspnonding to the skarns. The width, location and dip
of each skarn is apparent from the anomalies. The principal
problem to interpretation is the noise in the profiles, caused by
near-surface variations and unreliable readings due to large
horizontal and vertical gradients.

Skarn susceptibilities of the order of 60,000 x 10-6 cgs were
measured (range: 18,000 to greater than 100,000 x 10-6 cgs).
Basalt susceptibilities were generally in the range 200 - 300 x 10-6

cgs, while granite susceptibilities were generally less than
100 x 10-6 cgs.

Modelling results (in figure 4) give anomalies of the correct
amplitude and form for skarn s~E.tibilities of 40,000 x J.g-6_£g.§..r_ ~
which is within the measured range and hence probably represents
a reasonable figure for the bulk susceptibility of magnetite
skarns at Kara. As with the gravity, the best fit for the
observed magnetics is obtained with a gradational upper contact
for the upper skarn, probably representing decreasing magnetite
content away from the granite. The form of the magnetic anomalies
suggests that there is a significant remanent component.

2.3 VLF-EM

At a frequency of 17.4 KHz (Yosami station, Japan) 2 conductors,
corresponding to the 2 skarns, are apparent. The large
anomalies indicate that the two skarns are reasonable conductors
and are well-coupled to Japan (which is consistent with their
northerly strike). The lower skarn appears to be a better
conductor than the upper, although interference between the two
anomalies makes interpretation difficult.

The higher conductivity of the lower skarn, coupled with its higher
modelled density and susceptibility, would be consistent with a
greater magnetite content in the lower skarn than the upper skarn.
Thus the ge~eral--patternappearstobe decreasing magnet-ite content'­
away from the granite.
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3.2 Magne tics

Figure 5 shows the magnetic model for this line. Considerable
difficulty was experienced in fitting the steep geadient to the
east of the anomaly~ To overcome this, it was necessary to include
remanent magnetization in the lower skarn. A remanent magnetization
vectoe plunging 20 degeees to 2700 was used, from remanence
measurements in the Moina weigglite. A Konigsbeeg eatio of 0.75 to
1.0 was used. It did not appear to be necessaey to include
eemanence in the upper skarn in oedee to fit the western half of the
anomaly eeasonably well. Reconsideeing line 6280N, it seems likely
that similae remanent magnetization (peobably with a lower
Konigsberg eatio) might impeove the fit slightly.

Modelled skarn susceptibilities range feom 20,000 x 10-6 cgs
to 80,000 x 10-6 cgs, inceeasing towards the geanite.

A laege magnetic anomaly (roughly 4000 nT) directly oveelies the
skarns in figure 3. This anomaly clearly indicates the location of
the skarns, but does not indicate the peesence of 2 skaens, rather
than one eelatively thick body. A westeely dip, or decreasing
magnetite content to the west, is suggested by the anomaly.

The modelled geavity (figuee 5) gives an anomaly of 0.25 mgal
coincident with the obseeved anomaly. The densities used in
modelling foe this line, and 6500N, aee those obtained feom
modelling 6280N, wheee the geological and geophysical conteol is
bettee. This modelling confiems that the obseeved anomaly in this
case is due to the skaens, and not basalt thickness changes. A
0.25 mgal anomaly cannot be detected with confidence by a suevey of
~ 0.1 mgal accueacy. In any event, as noted above, it is impossible
foe geavity to distinguish between the anomaly due to basalt
thickness vaeiations of the oedee of 20 to 50 metres, and the
0.25 mgal anomaly due to bueied skarns.

Geavity foe line 6420N is shown in figuee 3. A beoad anomaly of
eoughly 0.3 mgal oveelies the skaens. This anomaly is indistinguishable
feom the anomaly which could be expected feom basalt thickness
vaeiations. Thus geavity cannot be said to have unambiguously
detected the skaens beneath 30 to 40 metees of basalt.

At 22.3 KHz (Noeth West Cape station) a weakee anomaly oveelies
the lower skarn but there is no clear response over the upper skarn.
This is consistent with the uppee skaen being a peoeee conductoe
than the lowee, and with both skaens being pooely coupled to
Noeth West Cape. A beoad anomaly to the west of the line
(ceossovee at 7660EI is peobably eelated to the base of the basalt,
possibly with inteefeeence feom an anomaly due to the uppee skaen.

3.1 Geavity

3. RESULTS - 6420N
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3.3 VLF-EM

No VLF anomaly was obse"ved at 17.4 KHz 0" 22.3 KHz. The
measu"ed dips we"e gene"ally quite la"ge (g"eate" than 100 ),
suggesting that the basalt cove" is "easonably conductive, hence
giving a phase "otation. This would be consistent with bo"ehole
measurements and resistivity soundings elsewhere in Tasmania.

4. RESULTS - LINE 6500N

4.1 G"avity

No g"avity anomaly was obse"ved ove"lying the ska"ns on line 6500N.
If anything, the"e is a g"avity low ove"lying the ska"ns, although
this p"obably "elates to basalt thickness changes.

The modelled g"avity is shown in figu"e 6. The modelled anomaly
is only of the o"de" of 0.2 to 0.3 mgal even without the inc"easing
thicknesses of basalt to east and west. Such an anomaly is not
detectable by a su"vey of ~ 0.1 mgal. The basalt thickness changes
completely to dest"oy any g"avity anomaly due to the ska"ns.

The small 'bumps' on the obse"ved g"avity CU"Ve clea"ly must
represent reading error, near surface variations and basalt
thickness changes. Magnetite ska"ns of the same size as Ka"a are
vi"tually undetectable by g"avity beneath 60 met"es of basalt.

4.2 Magnetics

A 2000 nT anomaly is clear in figure 2. As on line 6420N, this
anomaly clearly indicates the location of the skarns (especially
the lower skarn). Either weste"ly dip 0" dec"easing magnetite
content towards the west is suggested by the fo"m of the anomaly.
It seems likely that significant "emanent magnetism is present,
especially in the lower skarn.

Figure 6 shows the magnetic model for the line. Considerable
remanent magnetism in the lower skarn was required to obtain a
"easonable fit. Even so, the fit is not particularly good,
suggesting variable near-surface conditions are significant and that
the geology is considerably mo"e complex than can be easily modelled.
However, the amplitude and location of the anomaly are explained by
this model.

Modelled susceptibilities a"e 30,000 x 10-6 to 40,000 x 10-6 cgs,
with Konigsberg "atios of up to 3.0.
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4.3 VLF-EM

No significant VLF anomaly is apparent at either frequency.

5. ADDITIONAL MODELLING

5.1 spectral Analysis

The results of spectral analysis of the magnetic data from the
three lines is given in figures 7,8 and 9. In addition,
optimum filters designed from consideration of the power spectra
have been applied to the data.

The power spectrum for line 6280N is shown in figure 7. The
spectrum is fairly 'rough', reflecting the relatively small number
of data points (fewer than seventy), which lessens the effectiveness
of the fast fourier transform routines used. There is also probably
some aliasing in the spectrum. The spectrum cannot be divided into
more than one trend with any confidence, suggesting that the source
of the magnetic anomaly is shallow. Two possible trend lines are
shown, with slopes of - 2.4 and - 7.1 station spacings per cycle.
For a station spacing of 5 metres, these slopes represent depths
(= -~ by slope) of 6 and 18 metres respectively - effectively an
outcropping source, as is known from the geology.

Figure 8 shows the power spectrum for line 6420N. Two trends can
be seen on this spectrum. The slope of the high frequency trend
gives a depth of 5.5 metres and clearly represents the near-surface
noise and basalt. The low frequency trend gives a depth of 36 m,
which is in excellent agreement with the depth to the top of the
skarns as determined by drilling.

Figure 9 shows the power spectrum for line 6500N. Again, two trends
can be seen, yielding depths of 8.5 metres and 57 metres. These
two magnetic sources are clearly the near-surface basalt and
magnetite skarn, and are again in excellent agreement with the
drillhole results.

It is interesting to note that as the skarn gets deeper (especially
line 6500N), the low frequency trend corresponding to the skarn
becomes more pronounced, thus making interpretation of the power
spectrum easier and the presence of a deep magnetic source clearer
For the three lines here, at least, as the space domain anomaly
has decreased, the wavenumber domain anomaly has increased. Thus it
might be possible to detect the presence of skarns at depths greater
than 60 metres using spectral analysis, when no clear space domain
magnetic anomaly is present. For depths up to 60 metres, a clear
space domain anomaly exists and spectral analysis is not necessary.
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No surprises arose from the optimum filtering, since the anomalies
were clear prior to filtering. Optimum filtering would only be
particularly useful where a deep source has been interpreted from
spectral analysis but no clear anomaly is present. In this case,
optimum filtering would be essential to provide drill targets.

IP Modelling

Figures 10 to 13 show some IP models for Kara. The resistivities
and IP properties of the rocks here are not well known and hence
only a rough idea of anomaly magnitude and form can be obtained.
The main aim is to determine the effect of a relatively conductive
basalt overburden on the anomaly.

The VLF results discussed earlier suggest that both the basalt and
the skarn are conductive (compared to the sandstone and granite) .
From this, and bearing in mind the results of drill holes and
modelling elsewhere in Tasmania, the following rock properties were
used

Skarn resistivity = 100 ohm m
PFE = 50

Basalt resistivity = 500 ohm m
PFE = 20

Sandstone/Granite - resistivity = 4000 ohm m
PFE = 10

Figures 10, 11 and 12 show the dipole-dipole pseudo-section for
50 metre dipoles over outcropping skarns, 30 metres basalt cover
and 75 metres basalt cover respectively. Figure 13 gives the results
for 100 metre dipoles over 60 metres of basalt. A clear IP/resistivity
anomaly is present in all cases, although IP is unable to distinguish
between 2 skarns, even when they outcrop. The anomaly for 6500 Nand
50 m dipoles is only 25% above background and would therefore be
difficult to detect in a noisy environment.

For 50 metre dipoles, the anomaly amplitude has decreased
considerably for 75 metres of cover compared to outcropping skarns
and the anomaly peak has shifted from n=l to n=5. Given the noise
levels present in most surveys, it is unlikely that a significant
anomaly would arise for skarns greater than 100 metres deep.

For 100 metre dipoles, the anomaly peak is only at n=2 for 60 metres
of basalt cover. Thus it seems likely that skarns up to 200 metres
deep could be detected using 100 metre dipoles. Larger dipoles
might offer even greater depth penetration, but there would be
problems defining the exact location of a 50 metre wide skarn using
larger dipoles, making interpretation difficult. In any event, a
small body such as a skarn will only give a relatively small anomaly
for such large dipoles.
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6. CONCLUSIONS

6.1 Outcropping Skarns and Magnetite Skarn Properties

Magnetics, gravity and EM all give good responses to outcropping
magnetite skarns, and it is certain that IP would give an equally
clear anomaly. Magnetics and gravity both are able to give
information on the width and dip and are able to discriminate
between skarns which are close together. VLF is also able to
discriminate between two skarns, but does not give much information
on dip (although other EM systems, eg.max-min, could well give
dip information). IP is unable to distinguish between 2 close­
together skarns, but gives a reasonable indication of dip.

Gravity and magnetics are capable of giving more quantitative
interpretations than the other methods. In making quantitative
interpretations, magnetics is handicapped by the presence of
remanent magnetism, which is hard to measure in the field, while
density contrasts are generally much less than susceptibility
contrasts, thus handicapping gravity.

Since the body geometry at Kara is well constrained by drilling
and outcrop, it is possible to obtain reasonable estimates of
magnetite skarn densities and susceptibilities from modelling
(especially for line 6280N, where the geology is very well
constrained). The skarn density is probably in the range 3.2 to
3.4 g/cm3. The magnetic susceptibility is of the order of
40,000 x 10-6 cgs. Remanent magnetism can be very significant,
and could well be larger than the induced component of the
magnetism. The VLF results suggest that the skarn is also
reasonably conductive.

6.2 Buried Skarns

For magnetite skarns covered by 30 metres of basalt, magnetics
gives a clear, easily interpretted anomaly. Although it is unable to
distinguish between the two skarn bodies, it does give a clear
indication of the skarn width and dip. Gravity gives a small
anomaly, but this anomaly cannot be interpreted quantitatively
and would be easily destroyed by basalt thickness variations. VLF
gives no anomaly, but it seems probably that EM methods with a local
source (eg max-min, SIROTEM) would give an anomaly, since there
is certainly a conductivity contrast between skarn and sandstone or
granite. Similarly, it is probable that IP would give a clear
anomaly.
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For skarn buried beneath 60 metres of basalt, there is no gravity
or VLF anomaly (or at least none that could be detected within
normal survey accuracies). Magnetics gives a clear anomaly. It
is probable that Ip would also give a clear anomaly. Whether
max-min would give an anomaly is debatable. and this should be
tested if possible.

6.3 Depth of Exploration for Magnetite Skarns

Gravity and VLF are unable to detect magnetite skarns buried
beneath more than superficial basalt cover, except in very
favourable conditions.

A clear magnetic anomaly can be expected for skarns under 60 metres
of basalt. Given that the anomaly amplitude decreases from 15000 to
2000 nT for outcropping versus skarns at 60 metres depth, it seems
unlikely that a clear anomaly would result from skarns at depths
much greater than 100 metres, when basalt noise of at least + 200 nT
is common.

Spectral analysis of ground magnetics gives a clearer anomaly in
the wavenumber domain than the space domain for magnetite skarn
beneath 60 metres of basalt. The wavenumber domain anomaly
increases with increasing skarn depth (at least for the depths tested
here), thus it seems likely that skarns deeper than 100 metres can
be detected by spectral anolysis of ground magnetics, with optimum
filtering.

It is probable that IP can detect skarns at up to 200 metres depth.

The depth of penetration of max-min and transient EM techniques remains
to be tested. I do not think max-min will be able to do better
than 100 metres, if that, since magnetite is not as conductive as
massive sulphides. SIROTEM may be able to penetrate deeper than
100 metres, but it has many logistic problems in Tasmanian conditions.

Recommended Exploration Technique

Ground magnetics is cheap, easy, offers quantitative enterpretation
and has excellent depth penetration when adequate computing facilities
are available. It is the obvious mothod to use for reconnaisance.
IP is the best method to use to follow up magnetics. This is necessary
to distinguish between deep skarn sources and shallower sources due
to large basalt features (basalt hills, valleys etc. can also give
large magnetic anomalies when remanence is present, as it is in
Tasmania) .



EM (max-min) would be cheape< than IP to use for follow-up, but I
do not think it would have the same depth penet<ation. This may
not be impo<tant in many cases. Si<otem could offer the same depth
penet<ation as IP, but I do not think it would be any cheaper and
is probably not as well suited as IP in exploration for magnetite
skarns, which may not be particularly conductive.

It should be noted that sulphide ska<ns are somewhat different
to the magnetite skarns discussed here. Magnetics would not be
as effective in exploration Eor sulphides, since pyrrhotite has a
much lower susceptibility than magnetite. On the othe< hand,
pyrrhotite is much mo<e conductive and hence EM would be more
effective. Massive py<rhotite has a density of the orde< of 4.5,
and hence may give a large< g<avity anomaly than those measu<ed
here.
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