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ABSTTIACT 

At the rcquost of Mt. Isa Mines Ltd., a geophysical 

survey was made between July and November, 1953 over part of 

tho Company• s ••Northern Prospoct 11 • The survoy was :made over 

an arca measuring 2,900 ft. by 1,800 ft. 

Tho problarn was tho location of oro bodies within 

a broad zone of mineralisation, and it was considered that 

electrical methods would be the most suitabla. Electro

magnetic and self-potential surveys wore made, and several 

diamond drill holes were logged using an electrical bore hole 

logger. Readings were takcm with a magnetic balanco along 

four traverses. 

The electro-magnetic survey located two zones of 

conductivity, one of which is due to a carbonaceous formation 

and the othor to sulphide mineralisation. No diffJrontiation 

bctw0cn pyrit~ and load-zinc oro could be made from the 

geophysical r.J sul ts, how over. Tho self-pot.:.mtial and magnetic 

surv'JYS gave few anomalL:.J s; th.:J only distinct self-potential 

indications obtained wore over the carbonaceous beds. 

·Two drill hol03, 'tho sites for which arc given, are 

rccomaondod to test the eastern of the two olcctro-magnctic 

anomalies. 

(iii) 



1. INTRODUCTION. 

In 1951, Mt. Isa Mines Ltd. commenced an exploration 
programme of geological map~ing, diamond drilling and shaft 
sinking in an area known as the Northern Prospect, ncar the 

. Ut. Isa-Camooweal road, about 13 miles north of Mt. I sa. The 
area over which the geophysical survey was made is part of a 
large prospecting area held by the com]any, and is centred 
about Tombstone Hill. The ~osition and general locality of the 
area investi j ated 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 uineralisation 
is located in a zone approximately 500 feet wide. The initial 
prospecting was conducted over a 5,000-foot length of westerly 
dipping shales, mineralised in places by yyrite, 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 re~uest that this pOG3ibility be tested. 

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

2. FIELD OP3TIATIONS. 

Field work, under the direction of J. Horvath, Senior 
Geophysicist, commenced on lOth July, 1953. Other members of 
the party were W .J. La.ngron, party leac.er (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 Se pteTilber to 9th November, during 
which period the party carried out some geophysical tests on 
other yarts of the Cloncurry field. The lilt. 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 th2 traverses were carried out 
mainly by surveyors from Mt. Isa Mines Ltd., and during the last 
part of the work, by W.F. Darch, surveyor, Commonwealth Depart
ment of the Interior. 

3. GEOLOGY. 

The geology of the Mt. Isa district has been described 
in reports by Carter (1950, 1953), Knight (1953) and Sullivan 
(1952). . 

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

( i) 

( ii) 
ridge. 

A prominent quartzite ridge. 

The Mt. I sa shear zone 9 adjac·znt to the quartzite 
This zone is about 500 fc0t 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 feet 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 ~yritic hanging-wall section, about 
50 feet wide, containing numerous thin scams of galena and 
sphalerite, and rc)resanted at the surface by outcrops of 
ferruginous jasper. This s0ction is followed by a succession 
of weakly mineralised beds, intercalated with barren beds. 
The thickness of the individual mineralised beds decreases 
to the east. The total width of th2 mineralised zone, including 
the weakly mineralised beds, is about 800 feet, 

The general strike of the formations is northerly. 

Diamond drilling has proved that the main section of 
the minaralised zone has a l~ngth of at least 2,500 feet and 
an avcra::;c width of 440 feet. The overall .grade of the ore is 
low, but there are several lodes of commerical grade and size 
within the zone. Somo of tho mineralised beds are rich in 
galena, but in the Northern Prospect generally, zinc ore 
predominates over lead ore, while at Mt. Isa lead and zinc are 
present in about equal quantities. 

4. THE ?ROBLEI;1 AND THZ M~THODS USED. 

A. Genoral. 

From the geophysicist's viewpoint, the problem was 
the location of or0 bodies within a broad zone of mineralisation. 
Th~ heavily pyritized hanging-wall vresGnts a difficulty, as the 
conductivities of the pyrite and the lead ore are of the same 
order, and it is impossible to differentiate batwGen electrical 
indications due to tho two sulphides. The ratio of zinc to 
lead is highor than at Mt. Isa, but avon so, tho ore may bo 
expected to be 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 cornvact ore intercalated with the 
zinc-lead mineralisation. -

It was decided to comncnc e tho geophysical opJrations 
on an aroa that had be;cn tested by drilling and costeaning, and 
then to ~xtond the survey northwards over th~ alluvium-covered 
area. 

B. Methods. 

Electrical methods, which depend on tho conductivity 
difference bctwol;)n the: lode material and the surrounding rock, 
were mainly usod. It was considered that indications ~uG to 
a large conducting body could bo detected by these methods and 
that tho value of the indications could then be determined by 
geological investigation. To test its suitability in tho area, 
the magnetic method was uood along a few traverses. 

(i) ~lectro-magnetic Method. 

Of the electrical methods used, the electromagnetic 
was tho more us0ful. Tilo primary olectromaE,nctic field was 
supplied by both loops and singl0 cables joining line electrodes; 
the results obtained from each method of excitation showed little 
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difference and as the single cables with line electrodes were 
more convenient to use than loops, most of the survey was done 
by this method. 

Traverses lN to 30N (see Plate l) 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 position 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 11 line electrodes". The 
line electrodes consist of two lengths of bare copper wire, 
each 1,500 feet long. Each 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 pegged to the ground with small steel pegs at 
intervals of approximately 50 ft. and these contacts were then 
watered. 

In the loop method, a rectangular loop measuring approxi
mately 3,000 ft. x 1,800 ft. was laid on one side of the area 
under investigation •. - The long .side of the loop nearer to the 
grid corresponds to the yrimary 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 feet, 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 com-uensator in which the 1mown 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 reading the 
real (in-phase) and imaginary (out-of-phase) components of both 
the horizontal and vertical fields, The readings arc corrected 
for distance from, and elevation above, the primary cable before 
interpretation can be comL1enced. 

(ii) Self-Potential Method. 

In this -method, measurements arc made with a suitable 
millivoltmeter of the differences in potential due to natural 
earth cur:ccnts, b..;twc en a front electrode movGd from point to 
point along the tzavor r~ es and a stationary rear electrode. 
Potential differences at the surface of the ground arc caused, 
in g:.:meral, by clectro-ch.::mical activity in the ground. Such 
activity may be due to several causes and only rarely is it 
possible to Specify the yrecise cause of any particular anomaly. 
It is found, however, that a sulphide body lying partly above 
ground water level, and partly b~low, so that part of the body 
is be i ng activGly oxidised, may give rise to a negative self
potential anomaly of a charact .:; ristic shape, If such an anomaly 
be observed in suitable geological conditions, it indicates the 
possibility of tho . prescncc of a sulphide body. Unfortunately, 
anomalies of very similar typcr arc frequently caused by graphi
tic b~ds, and thG Gxistonc e of a s elf-potential anomaly of the 
expected type is therefore not noccssarily indicative of the 
presence of a sulphide body. 

Tho mcasurvments arc made by using two non-polarising 
type electrodes. Th~ s e are porous oarthcnware pots filled with 
a saturated solution of copper sulphate in which a copper 
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electrode is inunersed. To avoid the disturbing influences of 
high contact resistance between the electrodes and the ground 
surface, a Cambridge vacuum-tube millivoltmeter was used for 
all tho sGlf-pot<:mtial vJork in the Tvlt. I sa district. 

(iii). MagrJ.G tic Method. 

Variations in the vertical component of the earth's 
magnutic field we"'!!e measured along four traverses using a 
Watts' vertical component magnetic balance. It was considered 
that ~von if the oro could not bu detected directly by this 
method som(; form of marker bod might be located. 

(iv) Well Logging. 

Several diamond drill holes were logged using an elec
trical borehole logger. Both self-potential and resistivity 
variations were recorded. Tho logs showed very strong differences 
in electrical resistivity between country rock and lodo, the ore 
showing the highest conductivity. Tho many characteristic 
variations recorded within the lode, and also within tho various 
rock formations, enabled zones of fracturing and shearing, 
silicification and dolomite veins, and disseminated and vein 
pyrite to be locatod. 

5. DISCUSSION OF RSSULTS. 

A. General. 

In tho ~lectromagnet ic survey, tho 11 base line 11 of a 
loop was placed initially along 2150E, i.e. on tho foot-wall side 
of the mincralisod zon0, and traverses l to ll were surv~yed from 
l900E to 950E. A wide zone of high conducitivity was indicated, 
but tho foot-wall boundary was not dofined and no details were 
s·hown within tho zone. A single cable line wq.s then placed further 
west at llOOE and trav..::csos l to 11 wore surveyed from 950E to 
lOOE. With tho cable in this position, line electrodes were used. 
A comparison botwuon the two m~thods of excitation showed that 
little advantage would b.::: gained by using a loop, and that the 
line method was more convenient. 

The single cablu was th~n placed along 1400E and the 
western portions of trav..:;rsos 12 to 30 wor8 survoyad. Tho cable 
was then laid along 900E, i.o. on the: hanging-wall side of the 
minoralisod zone and later along 800E for the survey of the 
northern portion of th0 grid. 

It was considered advisable to conduct tho electro
magnetic survey from both sides of tho mineralised zone, as the 
current concentration in tho zono of good conductivity is on 
the sido nGar tho cable. \'!hen survuying from the foot-wall side 
of the zon.J, the foot-wall boundary of tho good conductor is 
determined, and when surveying from tho hanging-wall side, tho 
hanging-wall boundary is determined. It is thus possible to 
determine tho thickness of a wide, good conductor, by surveying 
from both sides of thu conductor. In the Tombstone Hill area, 
the min~ralisvd zone has a well-defined hanging-wall, but the 
foot-wall is not so marked, there being a gradual decrease in 
mineralisation away from tho main lode. · 

The lack of details within th8 conducting zone with 
tho cable line in tho east may be due to the shidlding effect 
and strong absorption of the field naar the cable by the inter
vcning·wide zone of good conductivity. 

After correction for topographic effects and distance 
from th0 primary cable, thv field readings were 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 ar~ plotted as ordinate and abscissa 
respectively; the plotted points are then joined to give the 
vector diagram. 

In the vector diasrams, anomalies apyear as pro
tuberances on a smooth curve joining the ends of the vectors 
associated with the stations along the travGrse, taken in order. 
In the diaGrams shown on Plate 4, an axial line has been drawn 
through the portions of each curve identified as anomalies. 
This line may be ta~en as rough~y parallel to the vector re
presenting the difference between the actual vector associated 
with the cenJI.ire 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 attacl1ed to it, and the line has been 
called the "vector slope 11 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, int 3rpretation has been based nminly 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 
qurvey gave very few anonc:.lies over the mineralised zone. 
S...>me 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 Plat~ 5, Fig. 1. 

The magnetic measurements gave little information con
cerning the min0ralisation. Only the vertical magnetic com
ponent was measured and a sGlection of the profile~ isshown on 
Plate 5, Fig. 2. 

B. Analysis. 

(i) Electromagnetic 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 corresponding elec
tromagnetic profiles. Sections tlrrough D.D.H.6 and D.D.H.lO 
are shown on Plate 2, together with the clectromagnGtic profiles 
along traverse 8, and sections through D.D.H.ll and D.D.H.20 
arc shown on Plate 3, together vvith the electromagnetic profiles 
along travGrse 6. 

The western zone of high conductivity between 400E and 
500E corresponds with a band of carbonaceous shales which can 
be followed for a considerable distance on the surface and 
which is shown in the logs of D.D.Hs.lO, ll, and 20. The 
eastern zone of high conductivity corresponds with the broad 
zone of mineralisation shovm east of lOOOE on Plate 1. Within 
this zone the electromagn2tic profiles show higher current 
concentration in several places. Tho results in this zone can 
best be studiod by roforenco to tho vector diagrams on PlatG 4. 

Tho oastarly conductive zone follows tho zon~ of 
mineralisation and represents lines of current concentration 
most ~robably within the h8avily pyritized hanging-wall side of 
tho 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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bctwo0n lOOO:S and 1100:8. With the cable on the foot-wall side, 
no dcfinit~ indication of tho foot-wall boundary was obtained; 
oven the most easterly observation points (1900E) still show 
high electrical conductivity. It apyoars thorcforo that cdt·hcr 
tho foot-wall is cast of l900E or thsrc is only a gradual change 
of the sulphide content between tho country rock and the 
mineralised shale. 

The 0lectromagnc.:tic indications indicate a change in 
the direction of striko of the conductors between traverses 9 
and 10 (Plate 1). The same trend is noticeable with the strong 
indication obtained from the carbonaceous bods bctwGen traverses 
8 and 9. The swing in the direction of strike may be significant, 
as Sullivan (1952) considers that such a swing in the contact of 
tho Templeton granit~ and sedimentary rocks further west has a 
bearing upon ore deposition, Tho change in the direction of 
strike could also bG causud by a cross fault. The vector slopes 
of tho diagrams shown on Plate 4 indicate that thore is probably 
a considerable variation in conductivity along both conductive 
zones shown by the survey, Portions of thos0 conductive zones 
which arc considered to have a particularly high conductivity 
(on the assumption mGntionod earlier) are shown on Plate 1. 

As tho conductivity of galena is ap~1roximately tho 
same as that of pyrite, no special indication of tho presence 
of galena can be expected. Also, the presence of zinc ore 
cannot be dotornlined, as sphaloritc, which has a low electrical 
conductivity, will lo'NOr tho conductivity of tho oro. It is 
therefore impossiblc to differentiate between tho indications 
due to load ore and those duo to pyrite. 

The geochemical results (D~bnam, 1953) arc shown as 
.contours on Plate 1. They show agreement with the mineralisation 
exposed in the costoans. Although tho geochemical contours 
follow the samo direction of swing as tho conductive zones, tho 
latter arc displaced to the west. It appears that the outcropping 
load zone is separate from the main hanging-wall mineralisation 
and that tho electromagnetic indications are duo mainly to 
pyrite (sao Platos 2 and 3). Zero or very low readings were 
obtained near the hanging-wall on most of the geochemical 
traverses which extended as far as tho hanging-wall. 

(ii) Self-?otuntial SUrvey. 

Tests using the self-potential method wore begun on 
the south0rn portion of the area but no indications waro 
obtained from tho knovm load-zinc min~ralisation (exposed in 
costoan No. 2). Several oth~r traverses throughout tho grid 
were surveyed, readings being confined mainly to those portions 
of tho traverses over which 8lcctroma.gnctic indications duo to 
mineralisation wore obtained. However, no sGlf-potontial 
indications woro obtained which could ba rogardod as being due 
to mineralisation. 

Tho absence of sclf-votuntial indications is probably 
duu to the spacial ground cond"itions rather than to tho nature 
of tho mineralisation. It is oossibla that the dolomite 
neutralises the ground water, which is usually acid in tho 
weathered apux of th0 orcbody. 

Strong indications wor2 obtain0d over the carbonaceous 
and graphitic bods to the wast. A selection of self-potential 
profiles is shown on Plate 6, Fig. 1. 

(iii) Magnetic Survey. 

Magnetic readings wore taken along traverses 2, 8, 20, 
and part of 11. A selection of tho profiles is shown an 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 de?th. Sullivan (1952) considers that the Templeton 
Granite is significant for the occurrence of ore at Mt. I sa, 
especially as both the Mt. !sa and Northern Lease deposits 
are associated with marked changes in the direction of the 
granite/sediment contact. 

(iv) Well Logging. 

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 bf Plate 1), 
and 21A and 22 (collared to the east of the map area of Plate 1, 
and passin~ 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 availabl8 for the logging was a 
Widco shot-hole logger. This instrument is not very 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 aorrelation between boraholes. 

The resistivity, self-potential and geological logs 
of drill hole 21A, from 1000 feet to 1700 feet approximately, 
arc 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 
correspond to a mcasurod resistivity value. This value was 
recorded generally over sections containing sulphide mineralisation, 
and it is poosible that the resistivity values in such sections 
aro 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 value 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 ?late 6 exemplify· the 
foilowing points, which were common to all logs observed. 

(l) 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 electrirral logging were so encour
aging that wider usc of the technique in ore prospecting is 
warranted to simplify correlation bGtwGcn drill holes and also 
to supplement tho information from drill cores. If core recovery 
is poor, an electrical log can be us0d to determine tha exact 
position and thickncs3 of th~ ore. 
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(v) Possibility of gravity measurements. 

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 ·~~Ieiss Organisation on behalf of Zinc Corporation 
Ltd., the results of which were made available to the Bureau 
by the courtesy of Mt. Isa Mines Ltd., suggests that some, at 
least, of the major shear zonas in the Mt. Isa district are 
associated with gravity lows. This indicates that tho gravity 
method may be a useful prosp~cting tool in the Mt. Isa field. 

6. CONCLUSIONS .AND RZCOMi·:IENDATIONS FOR T'LSTING. 

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

No significant anomalies were obtained from the self
P9tontial and magnetic surveys; thu only distinct self-potential 
indications obtained were over the carbonaceous beds. 

The electromagnetic indications from tho eastern good 
conductor persist for about 2,000 feet north of the area already 
tested by diamond drilling, i.e. to the northern limit of the 
area surveyed. The indications are strong in places and although 
they could bo duo entirely to pyrite mineralisation thzre is a 
possibility that lead mineralisation is pr~sent. If evidence of 
mineralisation, irrcsp8ctivc of its character, provides suffi
cient grounds for testing, thon the geophysical rosults should be 
testod by two drill holes on traverses 12 and 24 respectively. 
The sites for thzsc are shown on Plate 1 as D.D.Hs. 11 A" and 
11 B". The holes should bo drilled in the azimuth of the geophysi
cal trav~rsos and depressed at an angle of 50 degrees. It is 
recouunended that D.D.H. "A" on traverse 12 be approximatGly 500 
ft. in l~ngth and that it be th0 first drilled. The longth of 
D.:D.H. "B 11 should be a:1)roxirnat,;;:ly 400 feet. 

Further testing or geophysical work should be deferred 
until the rGsults from those two tGst holes arc to hand. 
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