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ABSTRACT

At the request of Mt. Isa Mines Ltd., a geophysical
survey was made between July and November, 1953 over part of
the Company's "Northern Prospect". The survey was made over
an area measuring 2,900 ft. by 1,800 ft.

The problem was the location of ore bodies within
a broad zone of mincralisation, and it was considercd that
clectrical methods would be the most suitablce. Ilectro-
magnetic and self-potential surveys were madc, and scveral
diamond drill holes werc logged using an clectrical bore hole
logger., Readings werc taken with a magnetic balance along
four traverscs.

The clectro-magnctic survey locatcd two zones of
conductivity, one of which is duc to a carbonaceous formation
and the othar to sﬁlphide mincralisation, No differcentiation
botweon pyrite and lead-zine orc could be made from.the
geophysical results, however, The self-potential and magnetic
survaeys gave fow anomalicsy the only distinct sclf-potential
indications obtaincd were over the carbonaceous beds,

Two drill holes, the sites for which arce given, are
reecomaended to test the eastern of the two clecetro-magnetic

anomalics,

(iii)



1., INTRODUCTION.

In 1951, Mt. Isa Mines Ltd. commenced an exploration
programme of geological mapping, diamond drilling and shaf¥
sinking in an area known as the Northern Prospect, near the
Mt., Isa-Camooweal road, about 13 miles north of It., Isa. The

area over which the geophysical survey was made is part of a
large wrospecting area held by the compnany, and is centred
about Tombstone Hill, The nosition and general locality of the
area investijated are shown on Plate 1.

The investigations made by the company showed that the
geological conditions in the area are similar to those at
Mt. Isa and that as far as could be judged the nineralisation
is loceted in a zone apuroximately 500 feet wide. The initial
prospecting was conducted over a 5,000-foot length of westerly
dipping shales, mineralised in places by »yrite, sphalerite and
galena,

It was considered by the geologists of the company that
geophysical methods might be of assistance in locating sulphide
ore bodies in the mineralised zone, and the Bureau was approached
with a recuest that this possibility be tested.

It was considered that the problem could best be
investigated by the use of electrical methods, and in the first
instance a programme was decided upon to test various methods
under known conditions.

2, PFIELD OPIRATIONS.

Field work, under the direction of J. Horvath, Senior
Geophysicist, commenced on 10th July, 1953. Other members of
the party were W.J. lLangron, party leacer (geophysicist),
D.L. Rowston (geophysicist), and two field assistants supplied
by Mt. Isa Mines Ltd. J. Horvath left Mt., Isa on 3rd August,
and the survey was continued with W.J. Langron in charge. The
survey was interrupted from 6th September to 9th November, during
which period the party carried out some geophysical tests on
other narts of the Cloncurry field. The Mt. Isa work was resumed
with one week of electro-magnetic work on an extension of the
northern grid and then about 10 days' investigation on the
Southern Prospect (Mt. Novit area). Field work terminated on
26th November 1953, on which date the party returned to Melbourne.
The survey at the Southern Prospect is described in a separate
report (Langron, 1956).

Surveying and pegging of the traverses were carried out
mainly by surveyors from Mt. Isa Mines Ltd., and during the last
part of the work, by W.¥. Darch, surveyor, Commonwealth Depart-
ment of the Interior.

3, GEOLOGY,

The geology of the Mi. Isa district has been described
%n r;€orts by Carter (1950, 1953), Knight (1953) and Sullivan
195 ), : _

Broadly, the geological features of the Northern
Prospect are as follows (beginning at the western side):-

(i) A prominent guartzite ridge.

(ii) The Mt. Isa shear zone, adjacent to the quartzite
ridge. This zone 1s about 500 feet wide and can be traced on
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the surface for at least 19 miles. It is occupied by phyllites,
sericitic schists and some quartzite and shale, and as far as
is known, is barren throughout its length.

(iii) A group of shales, mainly dolomitic or carbonaceous,
about 500 fect wide,

(iv) A mineralised zone, consisting mainly of thinly-
bedded, slightly dolomitic shales, dipping to the west at about
60°, This zone has a very vyritic hanging-wall section, about
50 feet widec, containing numerous thin scams of galena and
sphalerite, and reoresentzd at the surface by outcrons of
ferruginous jasper. This scction is followed by a succession
of weakly mineralised beds, intercalated with barren beds.

The thickness of the individual mincralised beds decreases
to the east. The total width of the mineralised zone, including
the weakly mineralised beds, is about 800 feet.

The general strike of the formations is northerly.

Diamond drillinz has proved that the main scction of
the mineralised zone has a liongth of at least 2,500 feet and
an averaze width of 440 fcet. The overall grade of the ore is
low, but there are sceveral lodes of commerical grade and size
within the zone. Some of tlhe mineralised beds are rich in
galena, but in the Northcrn Prospect generally, zinc ore
predominates over lecad ore, while at Mt., Isa lcad and zinc are
present in about ecual gquantities.

4., THE PROBLZM AND THS KHITHODS USED.

A. Gencral.

From the gcophysicist's viewpoint, the problem was
the location of ore bodies within a broad zonce of mincralisation.
The heavily pyritized hanging-wall presents a difficulty, as the
conductivities of the vyrite and the lead ore are of the same
order, and it is impossible to difforentiate between clectrical
indications duc to the two sulphides. The ratio of zinc to
lead is higher than at Mt. Isa, but cven so, the ore may be
expected to bec a good conductor. The zinc and lead ore occurs
as thin bands of compact ore in the shales; the pyrite also
occurs as thin bands of comvact ore intercalated with the
zinc-lecad mineralisation.

It was decided to commonce the geoophysical opcrations
on an arca that had bcen tested by drilling and costeaning, and
then to extend the survey northwards over thz alluvium=-covered
area. '

B. Methods.

Electrical methods, which depend on the conductivity
difference betwoen the lode matcrial and the surrounding rock,
were mainly used. It was considered that indications duc to
a large conducting body could be detected by these methods and
that the valuc of the indications could then be determined by
geological investigation. To test its suitability in the area,
the magnetic method was uscd along a few traverses,

(1) 3lectro-magnetic Mcthod,

0f the electrical methods used, the elcctromagnetic
was the morc useful. The primary clectromagnctic ficld was
supplied by both loops and single cables joining line electrodes;
the results obtained from cach method of excitation showed little
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difference and as the single cables with line electrodes were
more convenient to use than loons, most of the survey was done
by this method.

Traverses 1N to 30N (see Plate 1) were surveyed with
the base-line cable in various positions on the grid. Several
configurations were tried in an endeavour to eliminate as far
as possible the effects of disseminated mineralisation and shear
zones. It was also hoped to locate the p031t10n of the foot-
wall of the conductive zone,

In the electromagnetic investigations an alternating
current of 500 cycles per second was used. In the single cable
method an improvement on the method of using point electrodes
joined by the primary cable is to use "line electrodes'. The
line electrodes consist of two lenzths of bare copper wire,
each 1,500 feet long. ZXach electrode is placed parallel to,
and at a distance of at least 1,000 ft. from, the end traverses
of the grid being surveyed. The corresponding ends of the lines
are joined in turn and thus surveys from either side of the con-
ductor can be made without moving the electrodes. The line
electrodes were negzed to the ground with small steel pegs at
intervals of apnroximetely 50 ft. and these contacts were then
watered,

In the loop method, a rectangular loop measuring approxi-
mately 3,000 £t., x 1,800 ft. was laid on onc side of the area
under 1nvest1gatlon. "The long side of the loop nearer to the
grid corresponds to the orimary cable of the single cable method
and is called the "base line" of the loop.

In both methods, the field readings were generally
made at intervals of 25 fect, along traverses at right angles
to the primary cable., The total field (i.e. the combination of
primary field and the fields which are set up by good conductors)
is investigated by means of a small reception (search) coil and
a compensator in which the kxnown e.m.f. induced in the search coil
is compared with a constant e.m.f. derived from a feed coil
which is inductively coupled to the primary cable. Intensities
and phase conditions of the e.m.f. are observed by reacing the
real (in-phase) and imaginary (out-of-phase) components of both
the horizontal and vertical fields. The readings are corrected
for distance from, and elevation above, the »rimary cable before
interpretation can be commenced.

(ii) Self-Potential Method.

In this method, measurements arec made with a suitable
millivoltmeter of the differences in notential due to natural
carth curcents, batween a front electrode moved from point to
point along the traverses and a stationary rcar clectrode.
Potential dllferences at the surface of the ground arc causecd,

. in goneral, by clectiro-chamical activity in the ground. Such

activity may be due to several causes and only rarcly is it
pOSSIbl» to specify the »nrecisc causc of any varticular anomaly.
It is found, however, that a sulphide body lylng partly above
ground watcr leovel, and partly below, so that vart of the body
is being actively oxidised, may give rise to a ncgative self-
potential anomaly of a charactcsristic shape. If such an anomaly
be obscrved in suitable gceological conditions, it indicates the
possibility of the prescence of a sulphide body. Unfortunately,
anomaliecs of very similar tyoe arce fregquently caused by graphi-
tic beds, and the existonce of a sclf-potential anomaly of the
cxpected type is therefore not necessarlly indicative of the
presence of a sulphide body.

The measurcnents are made by using two non-polarising
type electrodes. These are porous carthenware pots filled with
a saturated solution of copper sulphate in which a copper
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electrode is immersed, To avoid the disturbing influences of
high contact resistance between the clecetrodes and the ground
surfacg, a Cambridge vacuum-tube millivoltmeter was used for
all the sclf-potential work in the Mt. Isa district,

(iii). Mametic Method.

Variations in the vertical component of the carth'a
magnetic field were measured along four traverses using a
Watts' vertical component magnetic balance. It was considered
that cven if the ore could not be detected directly by this
method some form of merker bed might be located,

(iv) Well Logging.

Scveral diamoné drill holes were logged using an elee-
trical borchole logger. Both self-potential and resistivity
variations were recorded. The logs showed vory strong differences
in electrical resistivity betwecon country rock and lode, the ore
showing the highest conductivity. The many characteristic
variations recordced within the lode, and also within the various
rock formations, enabled zones of fracturing and shearing,
silicification and dolomitc vcoins, and disscminated and vein
pyrite to bc located,

5. DISCUSSION OF RESULTS.

A. Goeneral.

In the electromagnetic survey, the "base line" of a
loop was pnlacoed initially along 2150E, i.c. on the foot-wall side
of the mincraliscd zone, ané traverses 1 to 11 were surveyed from
1900E to 950E. A wide zone of high conducitivity was indicated,
but the foot-wall boundary was not dcefined and no detaills were
shown within the zone. A single cable line wgs then placed further
west at 1100E and traverses 1 to 11 were surveyed from 950E to
100E, With the cable in this position, linc electrodes were used,
A comparison between the two maetheds of cexcitation showed that
1littlc advantage would bc gained by using a loop, and that the
l1ine method was morc convenicnt.,

The singlc cable was thin placcd along 1400E and the
western portions of traverses 12 to 30 were surveyed. The cable
was then laid along 900E, i.c., on the hanging-wall side of the
mincraliscd zone and later along S00E for the survey of the
northcrn portion of the grid.

It was considered advisable to conduct the electro-
magnetic survey from both sides of the mineraliscd zone, as the
currcnt concentration in the zone of good conductivity is on
the side ncar the cable. Vhen surveying from the foot-wall side
of the zone, the foot-wall boundary of the good conductor is
determined, and when surveying from the hanging-wall side, the
hanging-wall boundary is determined. It is thus possible to
determine the thickness of a wide, good conductor, by surveying
from both sides of the conductor. In the Tombstone Hill area,
the minceralised zone has a well-defined hanging-wall, but the
foot-wall is not so marked, there being a gradual decrecase in
mincralisation away from the main lode, '

The lack of details within the conducting zone with
the cable linc in the east may be due to the shidding effect
and strong absorption of the field near the cable by the inter-
vening wide zone of good conductivity,

After corrcction for topographic effects and distance'
from the primary cable, the field rcadings werc plotted as
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profiles, and as vector diagrams. Some of these are shown on
Plate 4. In the vector diagrams the in-phase and out-of-phase
readings at a station are plotted as ordinate and abscissa
respectively; the plotted points are then joined to give the
vector diagram.

In the vector diagrams, anomalies apvear as pro-
tuberances on a smooth curve joining the ends of the vectors
associated with the stations along the traverse, taken in order.
In the diagrams shown on Plate 4, an axial line has been drawn
throuzh the nortions of each curve identified as anomalies.

This line may be taken as roughly parallel to the vector re-
presenting the difference between the actual vector associlated
with the centre of the anomaly and the vector which would have
been associated with the same point if no anomaly were present.
The inclination of the axial line is therefore the only »roperty
of physical significance attached to it, and the line has been
called the "vector slope" of the anomaly,

The vector slope of an anomaly is a function of the
conductivity of the body causing the anomaly and also of several
other factors which would be difficult to evaluate, In the
present survey, interpretation has becn based mainly on measure-
ments of the horizontal component and it has been assumed that
a vector slope approaching 90° (i.e. an anomaly predominantly
in the real component) indicates the presence of a very good
conductor.

Despite the strong mineralisation, the self-potential
aurvey gave very few anomalies over the mineralised zone.
Some self-potential indications were obtained over the western
portion of the area, but these are due to a thick bed of
graphitic schists. A respresentative selection of self-potential
profiles is shown on Plate 5, Fig. 1.

The maznetic measurements gave little information con-
cerning the mincralisation. Only the vertical magnetic com-
poncnt was measurcd and a sclection of the »rofiles isshown on

Plate 5, Fig. 2.

B. Analysis.

(i) Electromagnctic Survey,

The source of the electromagnetic indications is
clearly shown on Plates 2 and 3, on each of which two diamond
drill hole sections are compared with the corresvonding elec-
tromagnetic profiles, Sections through D,D.H.,6 and D.D.H.10
are shown on Plate 2, together with the electromagnetic profiles
along traverse 8, and sections through D.D.H.1ll and D.D.H.20
are shown on Plate 3, together with the electromagnetic profiles
along traverse 6,

The western zone of high conductivity between 400E and
500E corresponds with a band of carbonaccous shales which can
be followed for a considerable distance on the surfacc and
which is shown in the logs of D.D.Hs.10, 11, and 20. The
eastern zone of high conductivity corresponds with the broad
zonc of mineralisation shown cast of 1000E on Plate 1, Within
this zone the electromagnetic profiles show higher current
concentration in several places., The results in this zone can
best be studicd by reforence to the vector diagrams on Plate 4,

The casterly conductive zone follows the zone of
mineralisation and rcprescnts lines of current concentration
most »probably within the heavily pyritized hanging-wall side of
the lode, With the cable on the hanging-wall side of the lode
formation, the hanging-wall boundary of the ore zone was located
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between 10002 and 11003. With the cable on the foot-wall side,
no definite indication of the foot-wall boundary was obtained;
cven the most casterly obscrvation points (1900E) still show
high eleectrical conductivity. It apnears therefore that either
the foot-wall is cast of 1900E or there is only a gradual change
of the sulphide content between the country rock and the
mincralised shale.

The clectromaznctic indications indicate a change in
the direction of strike of the conductors between traverses 9
and 10 (Plate 1). The same trend is noticeable with the strong
indication obtaincd from the carbonaceous beds batween traverscs
8 and 9, The swing in the dircction of strike may be significant,
as Sullivan (1992) considers that such a swing in the contact of
the Templeton granite and scdimentary rocks further west has a
bearing upon orc depoesition. The change in the dircction of
strike could also be causcd by a crogs fault., The vector slopes
of the diagrams shown on Platc 4 indicate that there is probably
a considerable variation in conductivity along both conductive
zonces shown by the survey. Portions of these conductive zones
which arc considored to have a particularly high conductivity
{(on the assumption mcntioned carlicr) are shown on Plate 1.

As the conductivity of galcna is aporoximately the
samc as that of pyrite, no special indication of the presence
of galena can be expected. Also, the presence of zinc ore
cannot be determined, as sphalerite, which has a low clectrical
conductivity, will lower the conductivity of the ore. It is
therefore impossible to differentiate between the indications
due to lead orc and those due to pyrite.

The geochemical results (Debnam, 1953) arc shown as
.contours on Platc 1., They show agrecment with the mineralisation
exnosed in the costeans, Although the geochemical contours
follow thc same direction of swing as the conductive zones, the
latter are displaced to the west. It apwcars that the outcropping
lecad zZone 1is scparate from the main hanging-wall mincralisation
and that the clectromagnetic indications are duc malnly to
pyrite {(sce Plates 2 and 3), Zero or very low rcadings wecre
obtaincd near the hanging-wall on most of the geochemical
traverses which cxtended as far as the hanging-wall, '

(ii) Self~-Potential Survey.

Tests using the sclf-potential method were begun on
the southcern portion of the area but no indications were
obtained from thce known lead-zinc mincralisation (cxposced in
costcan No, 2), Several other traverscs throughout the grid
were surveyced, readings being confined mainly to those portions
of the traverscs over which clectromagnitie indications due to
mincralisation were obtaincd. However, no sclf-potential
indications werc obtained which could be regarded as being duc
to mincralisation.

The abscncce of sclf-votential indications is probably
duc to the special ground conditions rather than to the naturc
of the mincralisation. It is posceiblc that the dolomite
ncutralises the ground water, which is usually acid in the
weathered apex of the orcbody.

Strong indications werc obtaincd over the carbonaccous
and graphitic beds to the west. A seleetion of self-potential
profiles 1s shown on Plate 6, Fig. 1.

(iii) Magnoctic Survey.

Magnctic readings were taken along traverses 2, 8, 20,
and part of 11, A selection of the profiles is shown on Plato
5, Fig. 2, »
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The profiles are mostly undisturbed, except occasionally
by pipes or tanks, but towards the western end of each traverse
there is a marked rise in magnetic values, This increase may
be due to the intrusion of the Templeton Granite (or its deriva-
tive) at denth. Sullivan (1952) considers that the Templeton
Granite is significant for the occurrence of ore at Mt. Isa,
especially as both the Mt. Isa and Northern Lease deposits
are associated with marked changes in the direction of the
granite/sediment contact.

(iv) Well Loggzing,

Electric logging tests were performed in order to
test the usefulness of this method in the prevailing geological
conditions. Tests were made on drill holes 6, 10, and 12
(shown on Plate 1)}, 14 (to the south of the map area of Plate 1),
and 21A and 22 (collared to the east of the map area of Plate 1,
and passing through the mineralised zone close to the centre of
the layout). Holes 6, 10, 12 and 14 could not be logged due to
obstructions, and logging was restricted to the uncased portions
of holes 21A and 22,

The only instrument available for the logging was a
Widco shot-hole logger. This instrument is not wvery suitable for
investigating diamond drill holes, and had to be specially
modified for the work. A major disadvantage is the curvilinear
form of the records, which makes direct comparison of the
resistivity and self-potential logs difficult. The logs were
therefore redrawn on rectilinear co-ordinates. They show some
interesting features, which are often quite characteristic, and
often show more detail than the geological logs. Such charac-
teristic details were recorded again in repeat runs, and could
be used for correlation between boreholes.

The resistivity, self-potential and geoclogical logs
of drill hole 214, from 1000 feet to 1700 feet apnroximately,
are shown on Plate 6. The resistivity section of the log is not
complete, in that the lower limit of resistivity shown is deter-
mined by the resistivity setting of the recorder, and does not
corresvond to a mecasured resistivity value. This value was
recorded generally over scciions containing sulphide mineralisation,
and it 1is possible that the resistivity values in such sections
arc considerably lower than the lowest value shown,

The portion of the log above 1000 feet (not shown
on Plate 6) shows resistivity values very much greater than the
maximum valuc shown. The general resistivity level drops
sharply at 1022 feet, for some reason which is not clear from
the geological log. The logs shown on Plate 6 exemplify the
following points, which were common to all logs observed,

(1) Massive dolomite, even in thin veins, appears as
a definite resistivity high, with generally a corresponding
self-potential low,

(2) Sections containing sulphide mineralisation show
definite self-potential highs and resistivity lows,

(3) The self-potential log shows clearly the
mineralised zone beginning at about 1300 feet and persisting
to the lowest depth shown.

The results of the electriemal logging were so encour-
aging that widecr use of the technique in orc prospecting is
warranted to simplify correlation between drill holes and also
to supnlement the information from drill cores. If core recovery
is poor, an electrical log can be uscd to determine the exact
position and thickncssz of the ore.
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(v) Possibility of gravity measurcments.

Formation boundaries and variations in thickness of
formation can, if favourable density contrasts exist, be
determined by gravity measurements.

A detailed gravity survey, carried out around Mt. Isa
by the Oscar VWeiss Organisation on behalf of Zinc Corporation
Ltd., the results of which were made available to the Bureau
by the courtesy of Mt. Isa Ming¢s Ltd., sugsests that some, at
least, of the major shear zones in the Mt, Isa district are
associated with gravity lows. This indicates that the gravity
nethod may be a useful prospecting tool in the Mt., Isa field.

6. CONCLUSIONS AND RICOMMENDATIONS FOR TESTING.

The electromagnetic survey located two zones of high
conductivity, the western of which is due to a carbonaceous
formation. The other is probably duc to sulphide mineralisation,
but no differentiation between pyrite and lecad-zine mineralisa-
tion can be made from the geophysical results.

No significant gnomalies were obtained from the sclf-
potential and magnetic surveys; the only distinet self-potontial
indications obtained were over the carbonaccous beds.

The electromagnetic indications from the castern good
conductor persist for about 2,000 feet north of the arca alrcady
tested by diamond drilling, i.e. to the northern limit of the
area surveycd. The indications are strong in places and although
they could be duc entirely to pyrite mineralisation there is a
possibility that lead mincralisation is present. If cvidence of
mincralisation, irrespective of its character, provides suffi-
cient grounds for testing, then the gecophysical results should be
tested by two drill holes on traverses 12 and 24 respectively.
The sites for thesc are shown on Platc 1 as D.D.Hs, "A" and
"B". The holes should be drilled in the azimuth of thc geophysi-
cal traverscs and depresscd at an angle of 50 degrees, It is
recommended that D.D.H. "A" on traverse 12 be apoproximately 500
ft. in length and that it be the first drilled. The length of
D.D.H, "B" should be ansroximately 400 feot.

Further tcsting or geophysical work should be deferred
until the resulfts from thesc two test holes arc to hand.

7. ACINOVLIDGLMENTS.
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Mt. Isa Minecs for their continual and willing assistancc during
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