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SOUTH AUSTRALIA 

Rept.Bk.No. 69/73 
G.S. No. 4327 
D.M. No. 175A9 

GEOLOGY OF THE BALHANNAH COPPER-GOLD-BISMUTH MINE 
Section 4048, Hd. Onkaparinga 
- Balhannah Gold Mines N.L. -

ABSTRACT 

The Balhannah Mine, situated on Section 
4048, Hundred of Onkaparingaproduced 9 tons 
of bismuth and 170 tons of copper during the 
period 1869-1875. 

Subsequent exploration during 1881, 1889, 
1936 and 1949 did not locate additional ore. 

The present investigation was undertaken, 
at the request of the operator when driving 
had disclosed primary bismuth-copper minerals 
.within a series of minor quartz-carbonate 
veins on the 79 ft. level. 

Surface and subsurface geological mapping 
showed that in the original orebody chalcopyrite, 
bismuthinite and minor gold occurred within a 
northwesterly striking, steeply-dipping quartz-
carbonate vein up to 10 feet wide and cross-

• cutting carbonaceous schists, schists and meta-
.':••• siltstones of the Balhannah Shale Member (Upper 

Proterozoic). The vein has been segmented by 
'] . later north striking, east dipping faults* 
" / -

It is considered unlikely that economic, 
extensions of the original ore shoot are 
present. 

-KEYWORDS: Adelaide 1 mile sheet - Copper 
Bismuth - Gold - Balhannah Shale Member -
Proterozoic Vein Structure - 1969. 

INTRODUCTION 

The Balhannah Mine is situated in Section 4048 
Hundred of Onkaparinga about two miles northwest from 
Balhannah-'township (Longitude 138°48'28" East, Latitude 
34°58' 13" South) within the Adelaide 1 Mile Atl̂ as, sheet 
area. 



Mineral Title n 
is • 

The mine/within Gold eases Nlos. 2008 and 2009, 
• : - % - ' ' 

being part Sections 4048 add 3956 Hundred of Onkaparinga. 
The Mineral rights are alienated from thie Crown to the 
registered proprietor's of the land, S.A. & F.S. Camac. 

Previous Work 

Information on the previous history of the mine 
has been-compiled from the published report of an investigation 
in 1949 "by the South Australian Department of Mines (Ridgway / 
1949) and from information supplied by Mr. H.E.A. McCarthy, 
who has made.an exhaustive search of all literature pertain-
ing to the early operations. 

In July 1869, Mr. Ey is reported to have discovered 
rich bismuth carbonate outcropping on a section belonging to 
Mr. Camac of Balhannah (Observer, 8th July, 1869) and in the 
same month an option was taken over the area by the Balhannah 
Mining Co. Ltd. , having a capital of $8,000. 

• Mining operations'commenced in August under Captain 
O.P. Burt, who managed the mine until March 1870, when H.E. 
Henkel was appointed manager. ^ 

. ; The company exercised its option over the area in 
December, 1873 * and paid the vendor 82,100. 

. H.E. Henkel originally from the Hartz Mining 
district in Germany managed the Wheal Gawler Lead mine (Glen 
Osmond), the Potosi Lead mine near Ambleside and then the 
Balhannah Mine. He brought out 8 Hartz. miners who worked 
the mine till nearly 1877. 

Mining operations ceased in the latter part of 
1877, and in January 1878, the company wound up and sold " 
its property to the English, Scottish and Australian Bank 
Ltd. for $10,000* • ' ) ' ^ • 



In 1881 the mine was purchased "by C. Banbury 
and T.J. Blades, who gave an option to the Balhannah 
Freehold Gold Mining Co. No Liability with a capital of 
$60,000. 

Under manager P.O. Singleton, the mine was 
dewatered in tyi months. The manager reports having sampled 
the lode in the workings, but the results are unknown. The 
mine was again abandoned in 1882 without further production. 

In October 1883, the Moonta Mines Ltd., purchased 
the property for $2,000, removed boilers and machinery, and 
then sold it to Mr. H. Hoyt of Melbourne in October 1886, 
for $900. 

A syndicate purchased the mine in January, 1894 
for $1200 and formed the New Balhannah Freehold Gold Mining 
Co. N.L. in 1889 with a nominal capital of $100,000. There 
is no record of this company having done any work on the 
mine. 

H.Y.L. Brown investigated the property at this 
time and reported that all the workings were full of water, 
but that good samples of ore were obtainable from the dumps 
and the prospects were good. , 

• ' 0, ' 
. !' In February 1923, the property was sold for $1470 
and again in October, 1929, for $2000 when Dr. R.Lockhart 
Jack inspected and reported on the mine. 

In 1932 the Balhannah Gold Development N.L. 
Company was formed with a nominal capital of $24,000. 
Pearson in March, 1932, sampled the tailings and slime 
dumps reported significant silver, copper and bismuth mineral 
content. 

. . In 1935> Mr. H.E.A. McCarthy secured mining rights 
over all land surrounding the mine with the exception of an 

•. •' • •• - , •• area contained within a radius of 450 feet of the old mine 
buildings. From 1935 and 1937 diamond drilling was carried 
out by the Department of Mines on behalf of Mr. McCarthy and 
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Mr. Kermode. Half the cost of drilling was borne by the 
Department. In December, 194-8, mining rights, over the 
whole of the mine property were obtained from the estate 
•of the late T. jKermode by Mr. McCarthy, who later formed 
and transferred all rights to the Balhannah Mines N.L. 
having a capital of $50,000. This company dev/atered the 
mine and drove on the main lode exposing No. 4 and No. 9 
boreholes at, No. 4 level. 

J.E. Ridgway in 1949 reported on the previous 
diamond drilling * and mapped and sampled all the accessible 
workings. He reported that 53 tons of ore from near bore-
hole 4 returned 4 ozs 11 dwt. of gold bullion. 

. ' Minor surface shaft sinking at this time revealed . 
little of significance. 

Blissett and.McPharlin, (December 1966) inspected 
the mine and recommended geophysical exploration. 

An induced polarisation geophysical survey was 
carried out by McPhar Geophysics Pty. Ltd., in 1967• The 
anomalies disclosed were drilled using a down-the-hole 
air hammer drill (Hole numbers 10 to 21). Resulting anomalous 
copper values intersected in drill holes west of the ore 
-shoot were examined bŷ cLeaning and renovating the Old. Engine 
Shaft and driving at the 79 ft. level to intersect holes 17, 
19 and- 12. -

The author visited the mine in December 1968 and ' 
at various times thereafter as work progressed. The under- • 
ground exploration had revealed copper and bismuth minerals 
within narrow quartz-carbonate veins, and a knowledge of the 
geology of the area, especially'those factors controlling 
the disposition and grade of these veins was needed to 
orientate future exploration and development work. Detailed 
surface-̂ and subsurface geological mapping on a scale of 
1 inch »40 feet and 1 inch = 10 feet respectively were 
carried out. During the survey the shaft was plumbed and 
underground,workings oriented with surface features. 



The possibility of the eastern portion of the 
main lode vein being faulted to an area north of the main 
shaft was investigated by a geochemical soil sampling survey 

GEOGRAPHY 

Balhannah township is located about 20 road miles 
east of the city of Adelaide in the Mount Lofty Ranges at 
an elevation of approximately 1,100 feet above sea level. 
The mine is approached from Balhannah by a bitumen road and 
is situated on the southern flank of an east-westerly ridge 
about 100 feet high. Adjacent land is cultivated, on the 
flats and the steeper slopes are used for.grazing. Rain-, 
fall averages 30 inches per. annum. 

UNDERGROUND WORKINGS V 

The 79 feet level via the old Engine Shaft and : 
the Escape Shaft are the only workings now accessible and 
these were mapped by the author. 

The older underground workings consisted of five . 
shafts along the line of lode connecting five main levels., 
Two shafts, the old Engine Shaft (110 feet deep) and the 
Main Shaft (257 feet deep) are vertical, the rest underlie 
within the lode to the south. The workings are at present . 
dewatered by a turbine pump in the Main Shaft, the water 
being discharged into the adjacent creek. 

The No. 1 level (R.L.1010) connects the old 
Engine Shaft and the Main Shaft while No. 2 level (R.L.970), 

No. 3 level (R.L.900) and No. 4- level (R.L.850) connect 
only to the,,Main Shaft. ; An intermediate level (R.L.1050) 
between-"the two main shafts probably originally connected 
to the Old Engine Shaft. / - • 
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The original ore shoot has been stoped from the " 
surface near the old Engine Shaft to No. 3 level 40 feet 
east of the Main Shaft. The stoped area is in the shape 
of an inverted delta pitching 45° to the east. 

An old adit now used as a magazine is located 
west of the old Engine Shaft at R.L. 1090 and was driven 
northerly but failed to intersect a westerly extension of 
the main lode. 

The old workings are accessible from the Main 
Shaft but the collar would need replacing and the shaft 
retimbering to a depth of 40 feet if inspection is contemplated 

Present underground exploration has been confined 
: to driving from the old Engine Shaft in an overall westerly 
j direction at 79 feet below the collar of the old Engine • 
Shaft. A total of 450 feet has been driven, and stoping 
along minor veins is in progress about 260 feet west from ' 
the old Engine Shaft. . . 

GEOLOGY . 

The Balhannah Mine is within the Balhannah Shale 
* 

Member of Proterozoic age. The Member is composed of black 
carbonaceous schists, grey and green schists and slates, 
grey to white meta-siltstones and minor dolomite and 

.:. hematite lenses. , 
The rocks have been subjected to regional meta-

. morphism to the biotite grade producing schists,phyllites, 

.slates, marbles and gneisses. 
The Balhannah Shale Member strikes northerly, in. 

the mine area and dips to thie, east, being part of, the ^ 
western limb"of a major anticline whose axis.lies two miles 
east of.'the mine area (see Pig. l). . 
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1 Mechanical deformation has occurred during two 
or three periods the first being the most intense. This 

: deformation of probable Late Cambrian age was associated 
with the regional metamorphism and introduction of mineral-

. ised fluids. Strain during the main period of deformation 
was in the form of tight folds, with steeply-dipping, 
north-striking axial planes. Towards the close of the 
orogeny, strain changed to steeply-dipping block faulting 
striking north-northeasterly. 

The present geomorphic surface has been produced 
by two later periods of deformation, strain being confined 
to movement along old fault planes. " 

' . MINE GEOLOGY 
Stratigraphy 

In the mine area, grey to green schists or slate, 
. ; black carbonaceous schists or phyllites, white arkosic 

• metasilts and minor dolomites, are the mapped rock types. 
•.They may comprise several lenses at different stratigraphic 
. levels rather than be distinct formations. Only the 
dolomites and iron-rich (weathered from pyrite) slates 
outcrop. ' 

Dolomite is confined to a small lenticular out-
j crop just east of the old Engine Shaft and could not be 
traced underground. 

'V'V The white arkosic metasilt, which does not outcrop, 
• has been mapped on the 79 ft. level, and reported underground 
: • east of the Main Shaft down to the No. 1 level by Ridgway . 
(194-9). It weathers readily to a white sandy silt with a V 
fine kaolinitic clay matrix. 

-1 



Black carbonaceous schist has been mapped on the 
west side of the white arkosic metasilt on the 79 ft. level, 
and south of the metasilt occurring near the Main Shaft. 
It contains up to 15% by volume of iron sulphides as pyrite, 
much more than the other rock units, and is probably the 
cause of the induced polarisation anomalies which were 
recorded in the area. 

Bedding in the green schists and slates in the 
northern and eastern areas of the mine is difficult to 
discern but it is readily apparent within the white arkosic 
metasilt and black carbonaceous schist as thin layers of a 
few mm. width. All the rocks in the mine area have been 
subject to deformation with development of a crenulation 
cleavage with planes of maximum movement about half an inch 
apart. This crenulation cleavage is most pronounced adjacent 
to fault zones or shears. 

Structure;. 

Surface measurements of bedding in the mine area 
indicate a northerly strike with an easterly dip varying 
from 30° west of the old Engine Shaft t6" 60° near the Main 
.Shaft. On the 79 ft. level the bedding strikes northerly 
and dips 40° east near the old Engine Shaft, changing to a 
15° dip 250 feet northwest of the old Engine Shaft. 

Deformation of the rocks has been in the form of 
faulting, crenulation of layering and minor drag folding. 

. \ . ' Faults 

The can be divided into two types - those which 
are associated with mineralised veins, and those which post-
date mineralisation. 
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The faults associated with copper-bismuth mineral-., 
isation predate the introduction of mineralised fluids but 

.relate to the same orogeny. Direction and amount of movement 
along these faults is undetermined. The main vein occupies 
a fault plane which, between the old Engine Shaft and Main 
Shaft, strikes northwesterly and dips about 70° southwesterly. 
South of the Main Shaft near the No. 4- level there are a 
number of small faults arranged en echelon which strike 

• westerly and dip almost vertical. Northwest of the old 
Engine Shaft on the 79 ft. level the main vein similarly . ; 

: passes into a series of small veins striking .more northerly, 
and dipping near 35° to the west. The spur veins from the 
main vein may represent small faults but they more likely 

• / are infilled open spaces. 
Post-ore faults have formed in two major directions, 

one set striking northerly and dipping 25 to 55° to the east, : 
' the other being near horizontal. They are up to a few inches 
wide, showing slickensiding on their surfaces, and have 
caused crenulation and folding of the adjacent schists and 
metasilts. 
. . • The northerly striking post-ore faults in the 

:./•" mine area are spaced 10 to 50 feet apart and have segmented 
the main vein. They show a horizontal component of movement 

. of, west side south, some tens of feet. The. vertical 
component of movement could not be determined and hence the 
direction and displacement in the fault plane are not known. 

Horizontal post-ore faults mapped on the 79 ft. 
level, show displacement of a few feet, with the top block 
apparently moving to the northwest. This faulting.can only 

.•be determined with certainty where vein material is displaced, 
and there/may be other faults of this type which were not 

,/iVV detected in the mapping. • :, •/ v .v.... -

i; 
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Joints 

The schists and metasilts in the mine area are 
cut by one set of joints which strike 208°T and dip 50° 
westerly. The joint surfaces average one foot apart, are 
planar, uhcoated, and cut the mineralised veins. Rocks in 
the pine area are classified dynamically as non-brittle 
and the joints have formed at the same time or later than 
•the post-ore faults under shallow cover. 

MINERALISATION 
/ • 

Copper, gold and bismuth minerals are confined 
. to veins crosscutting the country rock within faults or 
•joints. The contacts are sharp but irregular and often 
have a "herring bone" outline. Only the main vein, 
emplaced along a fault, has proved of economic significance 
for the Balhannah Mine, all other veins being narrow with 
low copper gold and bismuth content. ; 

Within the main vein ore has previously only been ; 
.extracted from one ore shoot located between the old Engine 
Shaft and the Main Shaft; 500 feet long, up to 15 feet wide 

-and extending to 400 feet below the surface it pitched 45° 
southeasterly. Beyond these limits there are only very low 

. copper and bismuth values. Absence of the vein at the sur-
face northwest of the old Engine Shaft and also near the 
Main Shaft is probably related to faulting. Faults which 
.dip 45° east probably displaced the main vein to the north 
. ..near the Main Shaft and to the south near the old Engine 
Shaft; betweeî . these shafts faulting has cut the main vein 

/.into at least four separate blocks, the southerly block 
being moved to the east in each case. The group of veins 

...'• encountered on the 7<9.ft. level may be the southwesterly 
:. extension - of the main vein. . - • 
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Vein Mineralogy 

Veins in the primary zone consist of a quartz, 
calcite, siderite, pistomesite, gangue with pyrite, chalco-
pyrite, bismuthinite and gold comprising the main primary 
ore minerals. Talc, sericite, galena, sphalerite, arseno-
pyrite, marcasite and native bismuth have been reported as 
accessories. 

The following minerals have been reported from 
the weathered near surface zone - malachite, azurite,* chalco-
cite, covellite, cuprite, native copper, cerussite, hematite, 
limonite, and bismuth ochre. 

Within the main vein, mineral zoning has been 
determined. Chalcopyrite, bismuthinite and pyrite occur, 
although not necessarily in association, in the core of 
the vein; generally at its widest extent. These are 
generally surrounded by an irregular zone of carbonate 
gangue minerals, calcite, siderite and pistomesite. Pyrite 
also tends to occur.within the carbonate zone. Quartz 
occupies the area between the carbonate zone and the vein, 
walls. • .. 

Mineral zoning is apparent within veins encountered 
on the 79 ft. level, and the same pattern is apparBnt regard-
less of the size of the veins. 
.I . • - ' ' • • . 

Pyrite-occurs not only in veins but also in the 
host rocks. As Induced Polarisation:survey over the mine 
area by McPhar Geophysics (Bell 1967) indicated an east-west 
zone of anomalous frequency effects surrounding and parallel-
ing the main vein which later drilling proved to be due to 
pyrite mineralisation. The pyrite zone is probably not_ 
parallelxto the rock type, but is more prevalent in the 
carbonaceous schists adjacent to the main vein, indicating . 
that the pyrite was a part of or related to'the introduction 
of ore minerals. . 
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Weathering of rocks under oxidizing conditions, 
has generally extended to natural water level which is 
about 20 feet below the collar of the new Engine Shaft 
but to somewhat greater depths adjacent to zones of faults, 
crushed veins and weathered porous rock. 

Carbonaceous shales have altered to soft clay 
with removal of carbonaceous matter and formation of iron 
'oxides from pyrite. Iron oxides have been removed every-
where except at the surface where under high pH control 
they were precipitated, in a gossan capping. 

Carbonate veins have weathered to a ferruginous 
quartz gossan at the surface passing down to porous quartz 
below with the rBmoval of sulphide and carbonate minerals. 
-Below the water.table some carbonates have been leached, 
but sulphides are stable, and a porous quartz-sulphide mass 
containing clay derived from the carbonate minerals results 

Sulphide minerals have been leached to produce a 
barren.surface zone but metals were redeposited in a zone . 
of enrichment within the ̂oxidizing zone or at the top of • 
the reducing zone. Chalcopyrite (a copper-iron, sulphide) 
; weathers to malachite, azurite, cuprite and native copper 
which were deposited near the base of the oxidizing zone • 
forming a secondarily enriched oxidized zone especially 
fnear cross fault zones. Copper which was redeposited in 
the reducing zone as secondary sulphides (chalcocite and 
.covellite) formed a secondarily enriched sulphide zone. 
. Within the mine primary ore minerals were encountered at, 
from 30 to 100 feet below the surface. 

/v/;'.. GEOCHEMISTRY 

During the present investigation a geochemical 
survey was carried out over part of the mine area north of 
.the Main Shaft to locate the extension of the main vein ore 
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shoot which is believed to be truncated by a fault which 
strikes northerly and dips 35° to the east. (See Fig. J). 
Movement along the fault could have displaced the eastfern 
extension of the ore shoot to the north, and soil samples 
were taken over its anticipated position but no anomalous 
copper or bismuth values were recorded. A minor lead 
anomaly (See Appendix 3) which may be worthy of testing 
by costeaning was located at 150N 500E. 

CONCLUSIONS 

The Balhannah mine is situated within carbonaceous 
schists, slates and metasilts of the Balhannah Shale Member 
of Proterozoic age, which strike northeasterly and dip 
about 4-5° to the southeast. 

Epigenetic copper, bismuth and gold mineralisation, 
is associated with quartz and carbonate minerals within a 
northwest steeply dipping vein up to 10 feet wide. The 
minerals of economic significance though patchy were high 
grade and surrounded by a diffuse zone of pyrite concentrat-
ed within the grey to black carbonaceous shale. The vein 
isjintersected by a set of later northerly striking faults -
dipping to the east. Movement along one of these faults . 
in the vicinity of the old Engine Shaft has probably dis-
placed the main lode to the south. This extension is the 
mineralised set of veins exposed within the present under-
ground workings. The veins are arranged in an en echelon 
pattern, have similar mineralogy to the main vein, strike 
northerly and dip at a shallow angle to the west. 

The minerals of economic interest were probably 
introduced during the first main phase of regional tectonism 
during the "Upper Cambrian, after or during folding, and 
before cross faulting and jointing were developed. 

« 



The main vein has been extensively explored by 
21 drill holes and it is unlikely that major extensions 
of the orebody will be found by additional exploration. 
Minor extensions of the orebody as occurring at the present 
site of production may be anticipated. 

If the main lode and associated minor veins are 
considered as a unit, further similar units might occur 
in an en echelon pattern;, the axis of which pitches 25° to 
the southeast. Repetitions would be expected to be of the 
same size as the main lode of the Balhannah Mine which 
produced 1?0 tons of copper and 9 tons of bismuth. 

RECOMMENDATIONS' 

The extraction of ore from the mineralised veins 
on the 79 ft. level should be continued. It is considered 
that ore shoots pitching at 30° to the south or southeast . 
are more favourable, and could continue and possibly 
increp.se. in size with depth. 

Regional exploration to locate repetitions of . 
the main lode system to the southeast does not appear to 
be warranted. : :: .7 

• ' 'y • M.G. MASON •••'• 
MGM:NHW: JMM v':"- ' GEOLOGIST 
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