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SUMMARY

This report is submitted as part of the Honours Economic Geclody
course during the year 1954, |

Particular attention was paid to the structure and structurel
environment of the minerslisation Aduring mapping in the Callington
area.

From observed facts, interpretations have been made relating
to the geological history, type of mineralisation and the structural
control. HEach mine has been discussed in some detail and suggestions
have been put forward to consider some of the workings as economic
prospecis when market conditions are favourable,

The history of the mines, the mining methods and detailed
production figures have not been discussed.
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INTRODUCTION

(a) Aim of work

Geological mapping was carried out in the Callington area
as part of the Economic Geology course., The Honours Petrology
students paid special attention to the petrology and metamorphism
while the Economic Geology students mapped the structure and
noted the mineralisation in relation to the structure,.

Mapping was done on a scale of 1 inch represents 20 chains,
this being the scale of the aerial photographs.

A base map was prepared from aerial photographs by using
a slotted template. The coordinates of the following second class
triangulation points which were obtained from the Department of the
Army :

1. Kanmantoo E 201008 N665972

2. Marble E 208252 N663111

3. Junction B 203639 N659925
were used to control the area. An area of 22 square miles was
mapped. (See Fig. o)
(b) A fact map, an aerial photograph plot, field notes and aerial
photographs will accompany this report.
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PREVIOUS INVESTIGATIONS

Apart from early mining workers, Dr. W.a. Wdolnough (1908)
was the first to publish any geologicalvdata relating to the area.
He traversed the afea, described some rock types and assigned a
- tentative pre-=Cambrian age to the basement rocks,.

Other workers have assigned a pre-Cambrian age to the Kanmantoo
group. in general, while Sprigg and Campana in 1953 considered the
Kanmantoo Group to be of Cambro-Ordeovician age.

S.B. Dickinson in 1942 was the first to publish work on
the structure of the area. A.A, Gibson, Mines Department of
South Australia has written a .. .. . .. report on the Wheal
Friendship mine; =~ .. this report is nol published, A, Whittle,
Mines Department of South Australia intends to publish some work
on the petrology of the rocks surrounding Callington and Kanmantoo.
(personal communication) ' |
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GEOGRAPHY

Topography and Drainage,

Size of the area is 22 square miles approximately., Callington,
which is on the Adelaide- Melbourne railway line is near the centre
‘of the areca,

In the western half of the area there is relatively high
ground, (highest point is the Kanmantoo triangulation station -

763 feet) while on the east the ground flattens out towards the
Bremer fault scarp. The fault scarp runs north-south.

Three factors may account for the low lying area in the east:
1« The area is on the down-throw side of the Bremer Pault.
2. Underlying rocks are mainly shales and sandy beds,
therefore eroded easily
3. The BE-W striking beds are broken by the N-S striking
shear cleavage

The Bremer River flows from north to south parallel to
the Bremer Fault, while the western side of the area is drained
by the Scott's and Barker (reek. Barker's Creek joins the Bremer
River to the South of Callington. Streams arising on the slopes
of the Bremer ¥Fault Scarp, quite often, do not reach the Bremer
River, but fan out and are absorbed in the alluvium. The topography
is semi-mature,

Rainfall and Vegetation
Callington receives an average annual rainfall of 15 inches.

It has been noted that the average rainfall declines at the rate of
one inch per mile as one travels eastward from Mount Barker, so the
western portion of the area receives more rain than the eastern
portion, |

Fucalypt and wild tobacco trees (Nicatiana glauca) occur in
the watered parts, while tea-trees (Casuarina) occur throughout the
area. Mine timber would have to be obtained elsewhere,

The rivers flow intermittently, but salt free water is
obtainable at a shallow depth,



Cultivation

Wheat and sheep farming is carried out in the area; wheat is
grown on the alluvium in the east while the sheep are raised on
the relatively high ground in the west,

Accessibility.

All parts are accessible and a main road and railway run
through the area,
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GEOLOGY

STRATIGRAPHY

Rocks of the Kanmantoo Group are the basement rocks in the
area., The age of these rocks is not known Witp certainty; they
may be pre-Cambrian or Cambro-Ordivician, ' .

Beds in this group were deposited as interbedded argillaceous
and arenaceous sediments and have undergone regional, dynamic and
contact metamorphism to give schistose rocks. Some of the
metamorphosed beds are now:

~ Andalusite schists

Knotted andalusite schists
7 Andalusite - Staurolite schists
@fAndalusite- garnet=biotite schists
/ sericite schists '
" Quartz-biotite-Feldspar schists
 Bi-mica achists

Quartzites (not true quartzites) from siliceous sediments.

Actinolite - Muscovite=Epidote- Quartz - albite rock (very

minor occurrence near the Aclare Mine)
Sandy sclist (quartz—biotite-feldspar) is the major rock type.

In the southern portion of the area there are more shsles
white sandy beds and quartzitic beds than there are in the
northern portion., The beds in the southern portion are stratigraphic
ally above the beds in the north (See Fig, 2 The structure),

Localised high zones of metamorphism have been shown on
Fig, 2 o In the zones there are rocks which contain large
porphyroblastic andalusite crystals, (up to 1 inch in length)
staurolite and garnet., (Staurolite is generally associated with
stress, while andalusite is an antd-stress mineral., This mineral
assemblage is very uncommon, but it does occur in Banffshire, Scot-
land), Quartz blows, veins, stringers and pipe-like structures
<havejéntruded the sediments,

It is considered that there are two or more periods in which
the quartz entered the sediments of the Kanmantoo Group.
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Unconformably overlying the beds of the Kanmantoo group
are remnants of a superficial iron laterite which is best seen
on the ridge west of the Kanmantoo mines, This laterite could
have been formed during Mesozolc or early Tertiary time when pene-
planatim was taking place,

Thin depositions of Kunkar are found in the eastern portion
of the area., In places the Kunkar has been deposited directly on
top of the beds of the Kanmantoo Group, while in other places the
Kunkar can be seen on top of a coarse gravelly material. The age
of the Kunkar on top of the gravels would be post movement on the
Bremer HFgult., If Kunkar is found on top of the Bremer Fault scarp,
then the Kunkar on top of the Kanmantoo beds could be pre movement
on the fault. It is more likely that the Kunkar on top of the beds
and on the gravel have the same age, that is post fault movement
(Pliocene-Pleistocene),

The gravel-like material either derived from a river or material
deposited along the fault is only seen in small creeks that have
cut through the alluvium. This gravel-like material would be
post-faulting. |

Recent alluvium occurs mainly in the east, but there are small
patches of alluvium throughout the area.Where the thickness of
alluvium could be determined it did not exceed 30 feet.

Ve
[ SO

# the term "intruded" is not used in the sense to indicate that
the quartz entered as a magma, but in the sense that the quartz was
in solution or in a gaseous phase and crystallisation occurred later)
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History and Metamorphism

1.  Sprigg and Campana (1953) have considered that the rocks of

the Kanmantoo group may have been deposited during Cambro-Ordaviecian
time under unfossiliferous marine conditions and that the rocks

are a major element of the Adelaide Geosyncline., The thickness

of the beds is probably greater than 30,000 feet and its dominant
facies are comparable with the Alpine Flysch.

2. Under conditions of such a thickness of sediments a low grade
of metamorphism may have occurred,

3. Igneous activity gave rise to localised highs of me tamorphism
during the early stages of folding. Almandine garnets and
staurolite were formed under conditions of stress and temperature
in favourable beds. Quartz intrusions would probably be
associated with this period. The quartz would be high temperature
guartz,

L, Jointing, foliation of rocks and fracturing of rocks,

5. Otress conditions released, but temperature remsined with the
Tormation of small regional (A70-76) andalusites along the bedding

in favourable beds. (One would have to assume that there is an
igneous body near the area - either connected with the granite body
at Murray Bridge which lies about 10 miles to the east or the
solutions that granitised sediments at Monarto - 7 miles to the north
east), |

6. Mineralising quartz has brought about recrystallisation in the
area producing large andalusites (A70-49) that have pushedecaside

the foliation. In places the quartz has forced the foliation aside.,

7. Period of Erosion, resulting in peneplanation and secondary
~enrichment of the ore deposits,
Formation of superficial laterite during this period.
8. Pliocene - Pleistocene Faulting (Bremer Fault)
9. Deposition of gravel-like material and Kunkar.
10, Erosion continuing to enrich the ores and alluvium being deposit-
ed.,
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Outside the area of high grade metamorphism (garnet-staurolite-

andalusite) a variation in metamorphism is noted. The variation

in sediments could sccouht for this feature.

Two periods of quartz have been mentioned in the history of

the area., It is possible that more than two periods of quartsz

intrusions occurred,

Quartz outcrops occur as shown on the "Fact'" map accompanying

the report. The quartz can be divided into 5 types.

1o

2

3

Lo

5e

Milky white quartz that outcrops along‘the bedding in

bodies up to 2.feet in width and as much as 50 yards in
length, "This cuartz is fractured. During the early part of
mapping the fracture directions were noted, but the strikes
and dips of the fractures gave no particular pattern, althoug
there is a fracture striking ¥ - W that could be connected
with the E-W Jjoint in the area.

The early miners have not worked this quartz.

Quartz "blows" up to 15 feet in diameter and are milky
white in colour similar to the guartz described above.

This quartz is highly fractured and has hot been worked for
minerals,

Quartz showing parallel and intersecting planes. The planes
vary in colour. The quartz is more translucent than the
milky quartz and is best seen near the Paringa & West
Kanmantoo mines,

Mineralised quartz is more quartzitic and crystalline in
appearance, IMracturing is not as prominent as in the other
quartz. Very little mineralising quartz is to be found but
it was observed in the Aclare adit in places between 800
feet and nearly to a 1,000 feet, IHallen material prevented
inspection further along the adit.

In the southern portion of the area gquartz was observed to
occur in small lenticular joints up to 41 inch in width and
8 feet in length. This quartz could be segregation quartz.
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The reasons for considering some of the quartz to be high
temperature will be listed when describing the mineralisation.

Although 5 types of quartz occur, the milky quartz and lineated
quartz are given a pre-fracturing age while the mineralising quartz
is post=Jjointing and post foliation. Large andalusite crystals
are associated with the mineralising gqguartz. These large crystals
occur along bedding planes and across the bedding and in all
instances force the foliation aside,

Structure

(a) Folding

~Under conditions of deep burial the beds became plastic and
were folded into a south pitching syncline with drag folding and
crenulations on the limbs. Minor anticlines and synclines have been
mapped within the syncline (See Fig, 2 ) Micro folding is ‘
noted and is asqo01ated with the S B plunglng lineation (see
hand specimen A70-122W).

The plunge of the beds varies between 20 to the south to

near vertical to the south. Th@zy;a;)ﬂ@me‘ stflkes N-5 approximately

and is near the vertical.,

In the west the beds dip at 40° to 85%o0 the east with some
derturﬁing, while the beds in the east strike E-W approximately
and are covered with alluvium. To the east of the mapped area the
Bremer Fault strikes N=-5 approximately.

Beds on the eastern limb of a tightly folded syncline just to
the south and to the east of Kanmantoo township are overturned.
Bedding-cleavage relationship could not be observed, but the
structure is such that the beds on the limb must be overturned for a
short distance., Near the Roper and Boundary shaftis at the Kanmantoo
mine the beds are dragged under where they turn in strike and

- now dip to the north giving the impression of a pitch reversal.

Drag folding has occurred in both the 1ncompetent arglllaceous
sediments and in the relatively competent siliceous schists,

The oldest beds outcrop in the west and north. There is no
marked horizon or definite division of sediments, excepting that
more shales and highly siliceous sediments outcrop in the south.
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Occasionally the white (slightly iron stained) sericite schists

can be followed for a few hundred yards. Whether the beds lens
out or whether the incompetent sericite schists continue along
the strike cannot be determined with certainty. However in a
railway cutting to the S-E of the Kanmantoo mines three sericite
beds are disclosed, whereas these beds are not seen on the surface,
therefore indicating that the beds need not lens out along the
strike, Len81ng out of siliceous schlsts in sandy schists can
be observed in the Aclare adit from U480 feet to 580 feet fom the
entrance.

No large faults were mapped, but small movements down the
bedding planes have been noted. A small iron stain Ffault (6 feet)
striking E-W was observed on the roadway near the Kanmantoo workings.

(b) Jointing.

The poles of the joints mapped have been plotted on an
equal area map using the lower hemisphere. $Six joints systems
occur in the area (See Fig.3 )., Although the E-W striking joint
system dipping 80°N is the most prominent on the plot, it is necess-
ary to.point out that this joint is very prominent in the field
and one has a tendency to map it in preference to other not so well
defined joints,

As the fold axis strikes N-S, the E-W Joint dipping steeply
north could be the A-C joint of the strain ellipsoid., Only in one
place was movement observed on a joint, (377 feet in the Aclare adit).
The movement was a few inches and the joint almost horizontal.

With the six joint systems,

1 A strike 90° Dip 80°N
2. B M 205° " 40O
5 ¢ " 175° n 259
L D " 1250 o 20%
5 ol " 550 1 BBQE
6 F L 110° " 40%

and no movement on the joints it is difficult to tie the Jolnts in
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with the directions of a strain ellipsoid.

Quartz often fills the E-W Jjoint, but nowhere in the area
could quartz be observed filling the other joints,

Mineralisation has been noted to be present in the E-W joint.
(This will be discussed under mineralisation),

There is a very prominent SR lineation in the area which
is not parallel to the fold axis; probably the joint striking
205°, dip LO°W being at right angles (approx.) to this lineation
may be indicative of a 1atér slight movements.

Creeks often follow joint direction.
(@) Foliation L

Foliation is generally parallel to the bedding which strikes

be@wsepwngrth,adeQOo, but where there is a turn in bedding the
foliation cuts the bedding. The strike of the foliation in the
west lies between north and 0200, but in the east the strike is
"near north., Undoubtedly the attitude of the beds in the west has
influenced the strike of the foliation. Folistion is best seen
in the sandy schists and micaceous rocks but not well shown in the
harder siliceous rocks. The foliation dips from MBO to 850 to the
~east, Kven where the east limb of the tightly folded syncline
ﬁear the Kanmantoo mine dips wést steeply, the foliation still
dips east steeply.
(d) Lineation

Lineations measured in the foliation plane plunge to the south
east and to the south (See Tig, L )

The plunge of the S-E (120) lineation is variable, but
in general it is 650. This lineation is associated with micro-
folding in places, (see hand specimens A70-122W and A70-CL4) in other
instances the lineation appears to be the result of slippage or the
intersection of cle-év&ga and bedding or -feoliation planess ,'.:{ . As
mentioned under jointing; the joint striking 2050 and. dipping
11.0°W may be associated with this lineation., As some of the S-R
lineations are associated with micro-folding it is possible that
a movement may have occurred while the rocks were still in a

plastic condition. (If the Beemer Fault existed in Palaeozoic time
a s8light movement could have taken place to produce the micro-fold-
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ing which produced the lineation).

The south (175°) lineation corresponds with the direction
of the fold axis. This lineation appears to be due . to dwbere . v
secting plenes o vother than . wineral élongations, Folding of the beds
would produce this lineation. At no place could the plunge of
the bedding and the plunge of the lineation be observed together
to determine if the plunge of the lineation may be slightly steeper
than the plunge of bedding as noted in other parts of the Kanmantoo
Group.

(e) Bhear Cleavage

Shear Cleavage is used in the sense as described in the
Journal of Geology (1940). M"This type'bf cleavage consists of
roughly parallel, closely spaced surfaces of shear displacement on
which platy minerals may have developed and into which they may have
been dragged, ' ' |

When spacing is unusually close, shear cleavage may simulate
and be easily confused with flow cleaﬁage.

Shear cleavage may be developed in rocks having earlier
flow cleavage or bedding foliation., Shear can be either parallel
to the flow cleavage or it can cut the flow cleavage at a large
angle,"

The . ~ cleavage dips steeply to the east, but occasionally
it dips steeply to the west, 1In general the strike of the shear
cleavage is the same as the strike of the foliation,

Particular attention was paid to shear cleavage and foliation,
as most ore bodies strike in a N-S (approx.) direction, = "

Shear cleavage is not well shown in the hard siliceous beds
but is well defined in the incompetent beds,

Small movements down the foliation planes were noted; these
movements would produce the shear cleavage throughout the area,
As most mine workingé are inaccessible one cannot say that the shear
-cleagage cuts the foliation. In the underground workings the
foliation is well defined, but the shear cleavage was not pronounced
or not showing at all. The shear cleavage and foliation cause the
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beds to be broken badly where the beds turn in strike towards
the east or west,

For some time it was thought that the foliation and shear
cleavage were the same structures, however in some shaly beds
the closely spaced parallel shears were observed, but the foliation
was hardly developed. When surface mapping an occasional steep
west dip was mapped, but in no place in the area could foliation
be found to be dipping to the west,

 Probebly - the foliation controlled the shear cleavage,

Origin of the ore deposits,.

Copper, lead, zinc, silver, arsenic and gold are the economic
minerals that were mined in the area., Siliceous sediments have been'
guarried near Kanmantoo for road metal, Copper was the chief
economic mineral. The type of minerals mined will be discussed
when describing the separate mines,

Data obtained from literature and from observations in the
field revealed that the ore minerals are associated with small
hypogene quartz veins and stringers.

In most cases the veins follow the bedding or foliation, but
some veins are near the vertical., 'Small irreguler ®eins have been
mined out as a whole,

It is considered that the mineral bearing guartz is a later
phase of igneous activity to the NE and E of the area. (The Monarto
and Murray Bridge granites). By association of minerals and the
type of structure shown, a hypothermal to mesothermal origin of
the ores is given according to Lindgren's Classification. Quartsz
is the gangue mineral.

It is necessary to point out that the arsenopyrite, gold
and copper minerals would be nearer to the igneous bodies than the
lead, zinc ore bodies of wheal Margaret and Aclare. This
would be in keeping with the zones as listed by Emmouns (Gold
Deposits of the World)

The reasons for considering the mineralising quartz and the
lineated quartz to be high temperature are:
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1. The production of large andalusites near the mineralising
gquartz in favourable beds. FEven small quartz stringers often
show andalusite crystals forming on the edges,

2. Magnetite and specularite were found in a piece of quartz on
the surface at the Kanmantoo mines.

%, ex=solution bodies of chalcopyrite in sphalerite have been
described by Mr. Whittle (personal communication). This is not a
definite criteria for high temperature, but it must be listed as
a possibiliiy.

h, Some quartz exhibited pseudo-cleavage planes, parallel and
intersecting. Flsewhere in Australia these pseudo-cleavage

planes are observed .in gquartz of magmatic origin, that is the

end products of acid igneous intrusion. (In this case it would be
a magmatic quartz) (A.A. Gibson, personal communication)

5. In many cases where the mineralised guartz contacts sediments
~a layer of biotite is formed. This could be an indication of high
temperature (Lindgren 1933)

6, Tourmaline was noticedlgieces of quartz lying on the surface to
the east of the Wheal Friendship mine and at the Kanmantoo mine.

No pegmatites were mapped., Mica is not associated with the
gquartz and only one specimen revealed feldspar (Oligoclase).

T Assbciation of economic minerals in quartz could be indicative
of high température, _

The ore deposits occur with the quartz, also in the country
rock along foliation planes, while some chalcopyrite occurs as a
‘replacement mineral in the sediments and in many places the copper
solutions derived by oxidation have impregnated the schists,

Relationship of Ore bodies to Structure:

It can be seen from’Fig:— 2 +that there is the possibility that
the Aclare, Wheal Fortune, Paringa, Kanmahtoo, Wheal Friendship
and Wheal WMaria mineralisation may be associated with a series of
beds passing through these mines. On the other hend there 1s no
particular series of beds through the Bremer-ifheal Prosper and
Pioneer mines, The mineralisation in each mine area will be



e
w S ?
[T ] 2
S §
zonp N
§ pa 14 «
3 ) ‘
- £ O} D = < =
A - / 0
- hd N
H X RS L O
A Lt X e &
T G,
2 | — B i W
-L 3 °3
Y ] = Y3
G‘ e ‘E v a-
$F ~{ e I - =g
3F SIS | B
T » =i i ia g
0 i T rﬁ 83 5
o f (el by {BE - 5
o i N \1J 2 S
c / Ly ! z s
h Y > ! g 3
: ! P
B.:__'_—.:_—::__ LI LTITLTITIIIIoIIIIIIIna % a: g -
14 4 . 23
Z; 4 N ‘o, ¥
T w L N \1
e . .J i 5
S i 0 o
: T T
a a
a a &
o : &
z z o
8
o] 5
[e] I
-
=z
I«
-
zi < :
wWixX gy g
Clow -
B2lzo .
) 1‘.O ¥
_uI
¢ Zuwls
{ L&
Tmeg
Ll v
T 7N DoHw»
a.% ey
os| |
3 S ol
: oz .
3 OF o
a - b
a Z
“ ‘o, 200, ™ < o
% o P 2 =
e, S Z
“.0 I < -
c,{l \\,-" b+
3 N R

above, was published in Mining Review, No. 70, p. 65. It shows the assay
results of lodes intersected by the diamond drilling carried out by the
Austral Development Company, and the relative positions of the lodes. Tt
will be noted in this figure that, besides copper, the gold contents of the
lodes are given. In the old reports (/g:ﬁ the Kanmantoo Mine the presence of
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desceribed separately,

g, Kanmantoo mine

Most of the lodes strike N-3 approx. dip east although

H=FE wasg

oy
ﬁ*’-&‘
b
o)

the RBoundary lode strikes E=W., One vein sip

03]

encountered, Thie vein was located 90 feet in the cross cut
striking west from the bottom of the Nugent Shaft (See Fig., 54

The ore bodies are generally pipe-like, with the largest
ore-shoot being 12 feet wide and 1L feet long at 78 feet in the
Kangaroco lode. There are nine main lodes in the Kanmantoo mine,
nemely the Kangaroo, Emily, Boundary, Spitfire, Giles, Emu, Rundle,
Rodda lode, Roper, Quarry and cross lodes. The three first
mentioned produced the most ore. (19,000 tons of ore were produced
at the Kanmantoo mine)

No workings are below 170 feet, although diamond drilling
had been carried out in 1938 by Austral Development Limited
(See Fig. 5a 5b). The drilling assay values are marked on the
figure., Number L drill hole was stopped on sccount of an inflow of
WATE o in
Several areas witl/ the mine contain aquartz stringers. These

have been worked out as a whole,

o
i
D
o
w

Wost of the ore recovered was in the oxidised zone. The ore
values declined as the primary chalcopyrite was reached.

Copper carbonates and oxides, grey ore and chalcopyrite, plus
g little gold and silver were mined., A chemiéal test revealed that
the black oxide is tenorite, while the carbonates are malachite
and azurite. The grey ore would probably be tetrahedrite. Black
material that is often found on joint planes near the mines was
tested and found to be mangganese dioxide,

Assay values taken from dumps and old faces in the Kanmantoo
mines are found in Mining Review 17, 1912, page LY. Assay values
as high as 32.3 per cent copper were determined. Silver and gold
were present.

During the mapping of the area the following grab samples
were taken at the Kenmantoo mines (The specimen numbers can be
found on Fig.6)
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A 70-111 Assay done on Pyrite crystal in quartz  0.3% Copper
A 70-112 8Schist ' 0. 3% Copper
A 70-112 Chalcopyrite in siliceous rock 2. 5% "
A 70-115 Oxide in schist. : 56 5% "
A 70-124W Carbonates in schist 320 5% "
A 70-128 Oxide in schist 6. 0% "
A 70-128 (Another Specimen) Oxide in schist 15.,0% "
A 70-131 Quartz with black oxide 0.2% "

Silver and gold was not tested for in these samples.

In the most productive areas and deepest workings of the
Kanmantoo mine (See Fig. 7 ), that is near the Kangaroo shaft and
Roper Shaft, there is a turn in strike of the beds in each case.
Near the Boundary Roper and Boundary shafts the beds are folded
tightly and dragged under to the north. The ore body appears to be
pitching north. As the Boundary lode strikes E=W it is possible
that the bedding direction and E-W joint may coincide in places, ,

Near the Kangaroo lode a drag fold has been mapped, This drag
fold pitches south,.and the ore bodies appear to have pitched south.

Wherever a liltle mineralising quartz remained in the workings
at Kenmantoo it was observed to favour a sandy bed between the
more micaceous andalusite bearing beds,

~ Mining reports of the mine do not reveal whether there are
small sandy beds betwgen the miéaceous beds., When the diamond
drill hole and’cross-Cut‘ inf ormation was published it only
disclosed that the hole passed through country rock or garnet schists
or mineralised schist,.

Intersecting fractures could have localised the ore,

(S.B. Dickinson 1942) Undoubtedly the pipe-like nature of the
ore-bodies in places would suggest that intersecting fractures
localised the ore.

As small stringers of quartz occur in the sandy schists between
the andalusite bearing micaceous beds it is thought that more
detailed mapping in the early mining days may have proved whether
this was so at depth, ‘

In both the highest mineralised aressof the Kanmantoo mine
small tight folds have been mapped.
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A combination of these 3 factors may have localised mineralisa-
tion,
1. Intersecting fractures
(shear cleavage with a Joint)
2, a fTavourable bed.
4. Small tight folds or drag folds,

(b) West Kanmantoo,

Copper was the mineral mined at West Kanmantoo. Like the
Kanmantoo mine, copper carbonates, oxides and sulphides, were
extracted,

Cooke shaft reached a depth of 168 feet, The shaft follows the
lode and dips to the east at 80°, The lode strike N-S (aporox. ).
No information can be obtained to determine the dimensions
of the ore bodies, but the lode was 3 feet wide with 1 foot on the
hanging wall mineralised and only 3 inches to L inches on the foot
wall contained ore., Very high grade carbonate ore was located on
the 132 ft. level, ‘

Small stringers of quartz were observed to favour a garnet
bearing Sandy bed between the andalusite bearinp beds. Here again,
similar to Kanmantoo, these sandy beds may asssist in localising
the ore. WNo minor folding could be detected at this mine.

(c) Paringa.
Paringa and West Kanmantoo mines are situated on the western

gide of the ridge dividing these mines from the Kanmantoo mine,

Copper was the main mineral mined, but some black lead
carbonate was located,

Wost of the veln and pipe-like lodes strike N-S (approx.) but
in the S-W portion of the Paringa mine area the workings follow
an E-W direction. WNo minor folding could be mapped to coincide
with the B=W Jjoint direction.

The Paringa shaft reached a depth of 255 feet, At the 2LO ft,.
level cross-cutting east (200 feet) and west (180 feet) has been
carried out,.

Assays values obtained in the Giant grave lode indicated that
the hanging was well mineralised and the footwall poorly mineralised.
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Cbpper carbonate tetrahedrite, and some cuprite were the main
copper minerals found,

Information obtained from (Record of Mines, 1908) indicates
"high grade ore occurs where quartz veins cross the metal-bearing
strata'". Close inspection of the small quartz mineralised stringers
in the eastern portion remaining at Paringa revealed that they
favoured a sandy schist., In general the quartz veins did not cross
the strata but run parallel to it. In places the lode was 5 ft
to 6 ft wide.

As the zixkika lode strike directions in the S=W portion coin-
cide with’ the prominent Jjoint direction it may be assumed that
mineralisang quartz could favour a joint.

Assay values as high as 29% copper, 24% lead and 24,5 0zs., OF
silver per ton were obtained. Up to 1908 only 900 tons of ore were
raised. ‘ |

(d) Wheal Fortune
These small workings strike parallel to the bedding and

dip steeply to the east. The mine is a few hundred yards south
of the Kanmantoo mine. "Gophering" would be the term to use when
describing the mining method., ‘
No publided information could be located. Copper stains
and oxides were noticed on the surface and in the dumps.,
In this area the biotite layers along the quartz contacts can
be observed., Manganese dioxide stained joint planes,

(e) Wheal Margaret.,
Small shafts dip to the east in this area., Lead, zinc and

copper minerals were found on the surface. In the hand specimens
primary lead and zinc sulphides can be seen, but the copper is:
oxidised. The ore can be seen to favour the schist beds as well
as being associated with the quartz. As no data is available relat-
ing to this mine, it can be assumed that the ore bodies dip east
and strike parallel to the bedding (010°),
(f) Aclare Mine

Aclare is one of the 3 large mines in the area (Kanmantoo,

Bremer and Aclare), There were 9 lodes in this mine, striking
010° and dipping 70°E east, being the same strike and dip as the
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sediments. The minerals occur associated with quartz in
siliceous schists and in white quartgite beds. A gossan material
is assocliated with the white guartzitic bed.

Lead, zinc, silver, arsenic and a little copper has been
mined, The minerals were present as sphalerite, galena, a little
antimony, gold, silver and nickel were found at depth (1937).

F.L. Stillwell (4937) did a mineragraphic study of the
ore in a siliceous schist,

It was noted that the sphalerite contained some tetrahedrite;
this is common in mineralisation.

Very rich ore was removed from this mine; down to %0 feet
50% lead and 90 ozs silver per ten were recovered from the ore
bodies, From 30 feet to 11L feet very little lead was found, but
L4O% zinc and 60 ozs to 302 ozs silver per ton were removed.

As can be seen from figuve ( 8) the ore bodies in general
piteh south,

The workings are down to 300 feet (approx.) in the southern
portion of the lode.

Literature relating to the mine indicates that there is ore
remaining at depth to the south of the main shaft. Stoping of the
ore bodies ceased as it was difficult to raise the ore to a level
where it could be transported to the shaft. The intention was to
sink a new shaft to the south of the present main shaft. ‘This
shaft was not sunk and as far as can be ascertained no further
work has been done in the stopes,

(The owner of Alambie Homestead in the West of the area thought
that work had been carried out underground in the Aclare mine since
1945, He thought that Zinec Corporation Ltd, did the work. If this
is so0 then there is the possibility that further drilling had been
done in the southern portion of the mine,)

In the Mining Review Number 68 it is stated that samples
taken from a stope 100 feet below the tunnel (that is 280 feet) and
200 feet a@uth of the shaft assayed 2.9% lead, 10.9% zinc and
12 ozd 6 ‘ewt of silver per ton. Another taken 90' below the
tunnel (that is 270 feet) and 150 feet south assayed 2.3% lead,
16.2% zinc and 14 ozs 1 bwt of silver per ton. A trace of gold was
in both samples. It was also stated that this ore could be concen-
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trated by flotation methods,

In places the ore bodies reach 7 feet in width with weaker
mineralisation on the foot and hang walls up to 36 feet,

It is possible to travel along the adit (See Fig. 8 ) for
over 900 feetgat 800 ft. approx. to over 900 feet (whefe filling
blocks the adit) small amounts of lead, zinc and copper (chalcopyrite
were observed. The specimens taken were not assayed, although
specimens A70-C3 taken from the surface carlier gave 3,9% lead
0.3% copper and no silver,

Mineralisation in the adit favoured sandy and siliceous schists
There is some confusion in the literature relating to the mine.
In the Record of Mines, 1908, it is stated in that the lodes have
an underlie of 2% in the fatham. This underlie would be near
7OOE. Further down page 162 it is mentioned that the ore shoots
dip at 30°% and also on the same page it mentioned that the lode
has an underlie of 1 in 3; this would give a dip of near 7OOE.
It is almost certain that term dip as used in the Record of Mines
should be pitch,
(g) Bremer Mine

Unlike the six mines mentioned above the Bremer Mine is not

associated with the western limb of the regional syncline, Large
andalusites are not associated with the mine.

The mine occurs in the trough of the regional syncline, with
sandy schists and many shales in the area. The beds vary in s trike
and outerops are not numerous.

There were two lodes at the Bremer mine both s triking NW with
a west underlie of 2 in 6 (70%W approx. ). Boundy's lode is 350 feet
to the east of the Bremer lode. |

S.B. Dickinson (19L42) stated that the lodes occupy fault fissure
This information must have been obtained from old company reports
or nespapers as itis not availsble in the Record of Mines or
Mining Reviews,

Workings in the mine reached a depth of 618 feet where ore
values become much less (2% - 3% copper) approximately 20,000 tons
of ore were raised and values as high as 25% to 30% coppér wepre
obtained, Chalcocite and azurite were the main minerals, also
chalcopyrite, tenorite, bornite arsenopyrite and bismuth.
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Workings extending over 1200 feet in length. In the Bremer
lode the ore persisted down to 618 feet, Two shoots were worked,
one of these had a vertical extent of 300 feet and was 364 feet
in length with a width of 1 foot to 2.5 feet,

The second shoot commenced at the 318 feet level and persisted
to 618 feet where the grade diminished.

Boundy's lode to the east . extended over a distance of
550 feet. The grade was lower than in the Bremer lode,

No lodes were intersected when a cross-cut 200-300 feet was
driven westward, »

In general the whole ore body appears to piteh to the north
(See Fig. 10 )

If the ore did occur in fault fissures, there is a possibility
that the shear cleavage may have produced these movements., When
mapping in the field it was noted that the workings were along a
line of bearing 330°, If this is an indication of the direction
of the lode then the possibility'of shear localising the ore is
greater, 1In figure a slide is shown. If the word slide is used
in the Cornish sense then movement on the slide would be near the
horizontal and post vein material,

The ore in this mine is associated with quartz,

As large andalusites are not seen near this mine, it can be
explained by the fact that small regionsl andalusites are not in the
mine area, (but do occur to the north of the mine), therefore
recrystallisation in favourable beds did not take place,

No surface data could be obtained for the localisation of minerals
in the mine although from the structure it is . .likely that the
lodes could line up with the beddinéfglaces.

(h) Pioneee.

Gold and copper were mined in these small workings., The ore
bodies strike NE with a slight dip NW and the lode is 3 feet to 5 fet
wide., It is associated with ferruginous quartz, slates and Kasolin,

In the centre of the ferruginous shale the gold values is
1 dwt per ton. On the footwall side of lode in the Kaolin the gold
value is 2 ozs 15 dwts, while the hanging wall ferruginous schist
assay value is % dwts per ton. The gold has favoured the Kaolin rock
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One shaft has a depth of 95 feet while the other has a depth
of 100 feet vertical and 25 feet on the underlie.

In this mine the strike of the lodes does not coincide with
the bedding. One of the joint systems in the area strike NNE and
dips MOON. No reason for mineralising can be given from observed
facts,

An average value of 8 dwts of gold per‘ton was obtained, but
the percentages of copper obtained could not be located.

Arsenic has also been mined in the Pioneer area, It occurs
in a decomposed iron stained schist associated with .. .. an iron
bearing rock and quartz enclosed in the country mica schist rock.

The workings are shallow (about 15 feet to 20 feet) and the
assays show 29,9% arsenic with a trace of gold.

About 10 chains south and 3 chains north of the workings the
presence of arsenic ore has been shown by trenching.

This mine may become important 1f for some reason the
importmﬁg of arsenic into Australia is restricted or stopped
completely.

(i) Wheal Prosper

Qopper and gold were mined at Wheal Prosper. There is little
or no mined material lying on the surface., The lodes cannot be
related to the structure as no report or surface detail is available.
Two shafts were sunk, one being 100 feet (approx.) and vertical,
the other is 20 feet deep at the present time,

(j) Wheal Friendship
Quartz stringers in this area cannot be related with any

certainty to the structure. The workings are small and copper was
mined.,

Two miner:s. removed a few tons of ore during April, May and June
of this year. A quartz stringer containing oxidised ore was followed
for a few feet,

As mentioned previously it is possible that favourable beds
péss through Wheal Maria, Wheal Friendship and along the western
limb of the regional syncline. (See Fig. 2 )
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(k) Wheal Maria ,
Some copper was removed {rom this working. The working is now

only a small depression with a slight copper stain. There are
siliceous beds in the area, but outcrops are scarce, The Workhing
Mining Company intended to test the Wheal Maria property, but
sufficient funds were not available,
(1) oOther Mine Workings.

Many shafts. sunk in the area did not appear to have yielded

any minerals. In the southern portion of the area it can be seen
from the figure that there are unproductive workings. Miners have
sunk shafts in iron: stained beds probably hoping to find a
repetition of gold deposits as found at the Pioneer mines,

Mining methods, detailed production figures and the history of the
mines will not be discussed. The data can be obtained from
Mining Reviews, Record of Mines, Geological Survey Bulletin and
from the Mines Department of South Australia. The various Mining
Reviews and Bulletin will be listed in the bibliography.

All mines in the area are in a state of disrepair and often
filled with water.

Economic considerations,.

If any economic ore-bodies are located in the area and mining
commences then water, electricity, transport and s econd class
timber are available.,

Good water can be obtainedat a shallow depth when the various
creeks and the Bremer River are not flowing., ;

Electricity, if needed, could be conneclted to the workings at
considerable expense; it would be cheaper to use some type of
engine to produce electricity.

The main Melbourne-Adelaide railway line traverses the area.
Ore could be removed more cheaply by rail than road, however

supplies could be supplied by road.
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No suitable timber is available at Callington, but second
class mine timber would be available & few miles to the west,
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CONCLUSTION

Mineralisation in the Callington area is associated with
high temperature hypogene quartz veins (mesothermal to hypothermal
according to Lindgren's Classification). It is assumed that the
mineralising solutions are derived from the igenous body (Murray
Bridge granite) or granitising solutions (Monarto) which are found
in the east and north esst of the area, There is no definite
proof to say that the mineralisation is connected with the igneous
activity.outside the area,

Mineralisation favours the west limb of the regional syncline
and could be localised by the following factors: ‘

1. Intersecting fractures (shear cleavage and a joint)

2. a favourable bed

3. localised by small tight folds or drag folds,

The structure indicates that the same beds pass through many
workings although the bes could lengs out along the strike.

Large andalusite cyrstals are found associated with most of
the workings on the west limb of the s yncline and are attributed
to recrystallisation following the entry of mineraiising quartz,.

(In the geological history of the area it is considered that
the small regional andalusites were formed after folding and the
release of stress, although it is possible for the small andalusites
to be formed before stress conditions, these could withstand
disruption. The production of small regional andalusites after
folding is thought to be more likely.) |

As development in the Kanmantoo and Paringa mines has shown
that the area between these mines is only mineralised to a small
extent it would be unwise to consider an open cut mining method.
Most of the high grade oxidised ore has been removed and drilling
has explored the possibility of ore to the west of Kanmantoo,
while cross-cutting has been doné to the west and east of Paringa
mine,

If work has been carried out since 1945 at the Aclare mine then
the working information may prove helpful. According to reports,
ore/ exists at depth (about 300 feet) to the south of the main shaft
at Aclare,
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Some arsenic is available near the Pioneer mine, As
Australia is short of arsenic this prospect should be noted,
Other ore remaining in old workings shows low assay values
and many of the mines are filled with water.

If lead and zinc market prices rise abruptly then the Aclare
mine could be considered to be a good prospect,
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