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ABSTRACT

The Cambrian sediments in the vicinity of the Mt,
DBarker Creek and about the Callington-Kanmantoo mines have
been studied, Evidence is produced to show there is rapid
thickening of members above the Inman Hill Formation neorth
of Mt, Barker Creek, The metamorphic grade is uniform over
the area mapped, the presence of andalusite being due to a
difference in composition in the original sediment, The
base of the Cambrian has been identified at the base of an
arkosic member near the bridge at Mt, Barker Springs, Some
comments on a probable origin for the copper mineralization
are included,

INTRODUCTION

This report records the progress of a closer study
of the Cambrian rocks in the Mt, Barker -« Callington Area.
The scope of the Iinvestigation includes

(a) A detailed examinallon of a thick section of
the Cambrian succession

(b) To relate the stratigraphic position of the
beds in which mines are found to this column,

(c¢) Genesis of the mineral deposits.

While fho r:apping was in progress Mines Exploration Pty, Ltd.
initiated geophysical investigation in the area, and this
department began investigating an asromagnetic anomaly near
Dawesley, As these projects are directly related to the study
as outlined, the necessary liaison with the company and the
Geophysical Section has been handled by the writer,

It should be noted when referring to th; map and
this report that the investigation is restricted to the Cambrian
or older rocks, their deposition and their diagenesis. Super-
ficial deposits have been ignored and examined only to add
information of use to the interpretation of the older rocks.

The area east of the Bremer fault has not yet been

mapped.
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LOCATION, CLIMATE, TITLE

The area to.bo studied, 31} miles by 17} miles extends
from near Mt, Barker in the northwest teo a point nine miles
southeast of Callington, incorporating the Bremer Valley
immediately north of Callington.

The area is traversed by the Adelaide Melbeurne Railway
and the Princes Highway, bofh affording many good exposures in
cuttings.

The rainfall ranges from approximately 20 inches in
the western portien of the area mapped te 14 inches in the
Callington district, The land is used mainly for sheep graszing
with some feed crops being sown in the drier eastern pertion:

All the significant mineral eccurrences are found on
land with minerals alienated from the Crowvm, The exploitation
of some areas is further complicated by the mineral rights being

vested in a defunct cempany,

PREVIOUS WORK AND ACKNOWLEDGMENTS

The Mt. Barker - Callington area liea across the
boundary eof the Echunga 1 mile Geological Sheet (Sprigg & Wilson)
and the Mobileng 1 mile geological Sheet (Johns 1960).

| The area has boep investigated as a whole by Dickinson
(1942) before aerial phetography was available. Portions ef the
~area have been examined in detail by many authors and these works
are referred to in the text and bibliography.

Systematic geochemical sampling was commenced in the

area in 1960. The Nairne Pyrite member was remapped on 1" = 20
' chain Lands Department base maps. by D. Ker and B, Thomson. The
northern and southern extension of this member and associated
sediments was mapped on this scale by R, Dalgarne. A regional
geochemical trav;roo of the Cambrian aleng Barker Creek was mapped
by B,P, Thomson and R,C. Mirams., This mapping was extended to

the nerth over the area described in this report as a result of



-3-

the interest shown in the district by Mines Exploration Pty, Ltd,

REGIONAL GEOLOGY

Initially this study commenced as an investigation
of the Kanmantoo Group and the minaes contained in that greup
near Kanmantoo and Callington, As the mapping proceeded the
area was extended along strike to incorporate less disturbed
rocks and west to include the base of the Cambrian,

The Cambrian System rests on slates and quartzites
of the Adelaide System, While an unconformity cannot be proved,
‘a sudden change to arkosic rocks and varying nature of the beds
immediately below the first arkosic band suggest a break in
deposition (Horwitz, Thomson & Webb), The underlying beds
consist of grey slates, calc silicates, and "clay-gall" quartzites.
The slates sl'ow incipient development of scapolite., This is in
contrast with the Cambrian sediments which, due to a compositional
difference, are characterised by the formation of andalusite,

The lowest Cambrian beds are arkosic sandstones with
some local cubic casts after halite(?) or rhombic? after calcite?
These are overlain by further felspathic sandstones and quartzites
in all less than 200 feet, This unit is followed by regularly
bedded alternating greywacke (calcareous?) and andalusite biotite
schist, The beds are one to two feet thick and the bedding is
noticably noro-regular than higher in the sequence. This
suggests a preliminary rhythmic deposition of the two major rock
types of the Cambrian in the area,

The regular beds are followed by a massive greywacke-
sandstone with strong cross-bedding, This in turn is followed
by further regularly banded greywacke and indalusite biotite
schist, Th§ regular appearance diminishes higher in the column

with the development of some cross bedding in the greywacke beds,



-l‘-

The next unit. is the }t, Barker Cuartzite which varies
from an arkosic sandstone to a quartzite and a calc-silicate,
The unit is a good marker on the map and forms the base of the
Inman Arkose. There follows a thick sequence of medium grained
pale coloured arkosic sandstones, These in turn are overlain
by a group of pyrite beds including the Nairne Pyrite, The
pyrite beds occur in a greywacke sequence, the column from the
Nairne upwards containing 50% or more of greywacke with the units
selected according to the nature of the more conspicuous beds
within the monotonous greywacke., Above the Nairne Pyrite there
are recognizable units with andalusite, then pyrite, then
andalusite, until a greywacke unit with no interbedded material
i8 recognized, 7This is overlain by a further pyrite group and
finally a thick greywacke the top of which is not reached in the
area mapped, | |

The units described above have for convenience been
given the names e

Brown Hill Greywacke
Aclare Pyrite Beds
Bremer Greywacke

Brukunga Formation Paringa Andalusite Heds
Dawesley Pyrite Deds .
Dawesley Andalusito Bede (Kleeman & Skinner)
Hairne Pyriie DBeds
Inman Hill ~
Formation Inman Arkose
) Mt, Barker Cuartzite
Lower Andalusite Deds
Transition Deds

Uppor Proterxrozoic Marincan
The bads above thie Inikan Arkosc show rapid thickening
from scuti to morthk, morth of lit, Darker Creek, Fig. is
" a dtagrammatic section across the zone of thickoening,
A éetailed examination of thoe lower bLeds, 1.0, below
the Nairme Pyrite has not been made at this stage. There follows

a description of the units of greater interest to this study.



Nairne Pyrite Deds

The Nairne Pyrite beds that are being exploited and
those adjacent have been adequately described, The upper beds
incorporated in this unit include greywacke with argillaceous
bands, some pyritic, and a bleached (kaolin?) bed 2 ft, thick.,
The beds then gradually become more siliceous until they approach
quartzite in composition, How much of the silica is due to
secondary silicification is not known at this stage, There
follows a coarse greywacke with soft biotite rich bands or beds,
the biotite follouws the bedding.but may be segregated into bdbiotite
rich bands, These beds grade into thick "slate" beds. These are
well parted on the bedding rather than the cleavage so c@uld
probably be better described as flags, These flags are exposed
in a quarry used wostly for a railway embankment but subsequently
stone has been taken for masonry,

This unit traverses the map from north to south without

any significant change in thickness,

Dawesley Andalusite Beds (Kleeman & Skinmer 1958)

This name was given by Kleeman and Skipner to the
Andalusite schist outcropping in the road cutting on the Princes
Highway leading down into Native Valiey. The lower beds in the
unit are flaggy greywackes with andalusite and biotite rich
bands forming the partings. The partings become more diffuse
and the andalusite more evenly distributed near the middle of the
unit « this is approximately the stratigraphic level appearing
in the roadside cutting mentioned above, Surface outcrop of this
unit is rare and certainly not representative as the andalusite
exposures are restricted to fresh or deeply incised creeks or
cuttings. The surface exposures usually show prominent greywacke
beds protruding through the soil cover with the softer biotite
andalusite bands obscured. The occurrence of the andalusite will
be discussed later when considering the metamorphic history,

The Dawesley Andalusite beds thicken from 700 feet on
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l1t. Barker Creck to 3500 feet on the northern edge of the map,

Dawesley Pyrite Deds

A The beds begin with two thin pyrite beds, the upper of
which carries much free quartz in the form of veins and blows,
These twp beds run froﬁ the viecinity of Allambi to the northern
edge of the sheet; to the north of Allambi further pyrite beds
are mapped highor in thoe unit., Where the unit croescs lit, Barker
Creek it consists only of greywacke, The pyrite be&s are
characterised by a bleached outerop and can be readily identificed

on air photos,

Paringo Amdalusite Beds
The Peringsa Andolusite beds show the rmost prominont

dovglopment of andalusite, They appear to have much loss bictite
thanm the andalusite bteds lower in the célumn. The andalusite
locally is much caarscf. up to 1" erystals, and the sedimontary
structure is far more obscuro., The mapping of fhis unit is
incomplete, 20 chain mapping was abandoned and 500° -~ 1" enlarge-
ments have been obtained,

This coarse andalusite rock i1s that to which Veolnough
gave the name Paringite. ‘

The beds are less than 3500 feet thick wvhere thoy are
exposod on Mt, Barker Creek reaching an estimated 5.000 feet in
the vicinity of the Kanmantoo mines and then may be thinﬁing'
again near the northern boundary of tho map. |

Tho copper mines with tho eéxception of the Bremer

Mine occur in, or margimal to, the Paringa Andalusite beds,

Bre, Greywacke

This is a lonticular unit rapidly thickening to the
north from the Aclare lMine. The lower beds are massive greywacke
withAlittle sedimentary strﬁcture. Towards tlie top a black
bandingz becomes evident, current bedding is evident., This is
overlain by a graphitic slato. Uhore this unit has boen mapped

it is tightly folded and extemsively disrupted by faulting,
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making thickness estimates highly speculative,

Aclare Pyrite

These pyrite beds are probably the next in persistence
to the Nairne Beds, They can be traced south of the Mt, Barker
Creek to where they are enly 3,000 feet stratigraphically abeve
the Nairne beds, To the north they enter the faulted area
northeast of the Aclare Mine and have been traced inte the axis
of the syncline and lest beneath alluvium near the Pioneer Mine,
On a section threugh the Kanmantoo Mine the beds bestween the
Nairne and Aclare Pyrite Beds have increased their apparent

thickness to more than 14,000 feet.

Brownhill Greywacke

The unit as a whole has been described elsewhere
(Forbes 1957. Thomsen), The lower portien occurring within the
area mapped consists of massive greywacke with lenses of pyritic

schist in the lewer part,

THE _CAMBRIAN PRECAMBRIAN BOUNDARY

This problem formed the sﬁbject of a paper by
Horwitz, Thomson and Webb (1958), In this paper the whole
problem along the castern Mt, Lofty ranges is dealt with, The
results of the present detailed mapping have necessitated a
local change in the position of the interpretation of the base.

The present author would place the base at the bottom
of a coarse arkese which outcrops on the east bank of the Mt,
Barker Creek near the bridge at Mt, Barker Springs. There is a
marked change in the sedimentatien at this point,

The beds immediately under the arkeose are thim
quartzites, clay slates, calc silicates and greywackes, These
boda have been scapolitized durimg metamerphism, The quartzite
has clay inclusions and voids after clay flakes and galls a

feature typical of the upper most Marinoan, This feature is



8w

intorproted as reoprosonting o poried of very slov or imtérmittont
doposition. The beds are thin hore but elsovhore they reach
groat thickmnessec, It would mot bo unroasonable to corrolate
those beds with thesce cceurrin; at the close of the Harinmoan
near ulpara, Lochiel and oven the Flinders Ranges..

The arkosic bed ovorlyinz the Proterozoic is typiecal
basal Cambriamn arizosc similar litheclogically to the material
frem this unit at Kulpara, Lochiel and Central Flinrders Ronges,
Sccondly this umit marks tho beginning of what has boen termed
tho "Eanmantoo Facics®,

The charactoristic coarso andalusito of the Cambrian
in thic arca mapped occurs in the first micaceocus rocks abdva
this arkese, In every area examinod there hias beoen evidemnce
for a markod change in scdinmeontation at the base of this arkosc
and in Dost an unconformity has becen indicated, UHere an
mconfornity car not be proved but the proximity of the uppor

tillico te the comtact suggests absonce of much of tho Narircan,

REGIONAL STRUCTURE

A pajor hingeelinoe (Thomsen G.S. 2049, B3 765/61) runs
from Drukunga through to tho Kammantoo lMines and shows as a
sorios of NUWYW 8SE shears and breceia zomes, Thais hingo lime
approxgimately coin-ji:des wich tho edge of tho zomo of thickoning
in the Canbrian scdimentsy it is therofore sugzested fron the
evidence in this arca that movement occurred along this line
after the deposition of the Inman arkese, (further rorth earlier
movement has beem dotected),

Nortﬁ of the Aclare bine a major fault has boen mapped
running from cast to wost and curving to tho southwoest, The
hinge linc shears and this fault controls the direction of the
fraecturo péﬁtern which lias been examined im detail in thoe oine

aroas,
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. The regional folding has been illustrated by Johns
(1960, 1961) and the western portion of his Mobilong tectonic
sketch has been incorporated in the tectonic sketch bound
5herein (s )e This sketch shows a broad syncline with
an undulating plunge to the southesouthe-east, This plunge
would avoragé 25° to 300. The cleavage is well develeped and
indicates the axes to be inclined to the west, The west limb
_ shows pronounced crumpling of incompetent beds some of which
is due to slumping and most of which may be pre-=consolidation,
Vhat slump rolls that have been examined indicate a movement
from the west which is in harmony with the slopes that would
form during subsidence of the east block along‘the hinge line,
In computing thicknesses in the area mapped it is
known that there is considerable structural thickening in the
.folding. but as the observations have been taken on the limb
of a fold the structural thickening i- considered subordinate

except where the word "apparent® has been used,

REGIONAL METAMORPHISM

The regional metamorphic grade indicated by McCarthy
for a2 number of specimens shows little variation from high in
the greonschist facieg to almandine-amphibolite facies,

It has been suggested by Kleeman and Skinner that the
metamorphic grade is uniform and the degree of alteration
various beds have undergone 15 purely dependent on their original
composition., This is in contrast to Dickinson who postulated
metamorphic highs associated with the andalusite concentrations.,

The present investigations support Kleeman and Skinner
as rocks wvhich would be classified as paringite have been mapped
down to the base of the Cambrian and followed several miles to
the soﬁth 1nto'what were previously considered lowver grade areas,
The present mapping does not support these authori:' contention
that the andalusite schists grade to mica schists, This may

occur locally due to variation in sediment deposited but the
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decreas¢ in relative proportions of paringite to greywacke on
the stable platform to the south has beén shown to be due teo
the wedging out of these units to the south,

The underlying Adelaide System rocks have similar
motamorphic grade with the development of calcsilicates and
scapolite.

Awhite (1956) considers there is a regional gradient
falling from sillimenite-staurclite near Harrogate to staurolite-
andalusite rouﬁd the mines and absence of andalusite further to
the west, For the area mapped the grade can be considered
uniform, the absence of andalusite to the west is probably due
to composition of the sediments either arkose of the Inman Hill

Formation or Adelaide System sediments,

DETAJLED STUDY OF KANMANTOO-CALLINGTUN MINERALIZATION

In addition to the 20 chain mapping of the Mt. Barker
Callington Area mapping at 500 feet to 1 inch on enlarged aerial
photograph; has been done in the mineralized areamsar Callington.
It was found necessary tdiusc the larger scale to depict the
fracture pattern and smaller scale folding,

The mapping showed the copper mines té occur in lower
beds than the silver lead, The major copper lodes are associated
with the Paringa Andalusite beds (paringite). The lodes are
found either in a marginal to the paringite, a notable exception
being the Dremer which is found in the Bremer greywacke above
the Paringa Andalusite unit,

The lodes occur as tabular or pipelike bedies in
north-gsouth shear zones, The attitude of the shears is 70°-480°
east, The pipes are controlled by the intersection of the sﬁoara
with east~west fractures generally dipping 80° to the north:\thc
resultant is a pipe plunging about 75° to the northeast,

About the lodes there has been an increase in the ‘-
metamorphic grade resulting in the formation of garnet, magnetite

in places, and staurolite, This is thought to be due to frictienal
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high temperatures developed during stress, The ore minerals
occur, in the primary sone, as chalcopyrite, cuprite, magnetite
and pyrite, Secondary chalcocite enrichment is known at the
base of the oxidized zone,

All the worked ore bodies occur on northe-south shears,
only isslated instances are known ef the early miners opening
out on an east-west lode channel, Most of the numerocus shafts
have been sunk on an intersection of nerth-seuth and east-west
shears.'showing the Cornishmen were aware of the importance of
these fractures, In many instances they have sunk 20 oxr 30 feet
in barren ground on these intersections,

The detailed mapping has shown some north-south shears,

many will have beon missed as they ére extremely hard to find
wvhere they closely follow the cleavage, Numerous east-west
fracture-‘have been detected and these have proved most
interesting.

There are five variatiens in the type of cast-west
fractures mapped,

(1) Joints

(2) Jeints with quartz infilling and a ferruginous
halo in the adjacent strata,

(3) Joints with ferruginous infilling and silicific-
ation of adjacent strata,

(4) Joints infilled with milky quartz,
(5) Joints with quartz and tourmaline,
These Jjoints may or may not have movement on them,
While this classification may be artificial it 4is eof
use in predicting mineralized bodies. Types 2 and 3 are those
which attracted the Cornish Miners, wvhere they intersect north=
south ”IQde“ shears is vhere the prospecting shafts are feund,
These shears may have been the feeders for the loddp.
There are numerous quartz blows as offshoots in the cleavage g
direction from these channels, and the ferruginous and silicequs

haloes indicato they were carrying mineral in solutioen. Vh.thpr

\
\
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the copper was carvried in this solution or precipitated by it
cannot be stated with certainty but it surely contributed to the

present location of the ore bodies,

ORIGIN OF THE COPPER _OREBODIES

Dickinson, who has investigated the mines, postulates
an igneous source for the ore bodies, Kleeman and Skinner agree,
as does this author, with his structural control but differ on
his thoughts on "metamorphic highs", HMetamorphic highs associated
with the ore bodies do exiegt but they are restricted to the
proximity of the northe-south shears and are thought to be
thermal effects caused by shear movement, Considering the
possibility of a modified sedimentary origin discussed by
B,P, Thomson (G.S, 2049, DM1765/61) the original sediments that
contained the copper minerals could be the pyritic beds or more
probably the per-aluminous clay deposits from which andalusite
blotite schists developed, It is a plausible concept to consider
the adsorption of copper ions in clay minerals, and their
"distillation® during the metamorphism which drove off silica
and iron and converted the clays to biotite and andalusite,

This concept is more probable than a similar removal of copper
from the pyrite beds where the pyrite remains relatively
unaffected, it still is found in the dispersed state,

The mineral beariné solutions would then have travelled
along the east-west fractures and have been deposited in the
northpaouﬁh shears, As the metamorphic grade is 80 even over
the area studied it has not been possible to examine any
"andalusite schist” in a lower metamorphic state,

The location of the copper mineralization is limited
to the edge of the sinking trough, This explains the absence
of mineralization in lithologically similar beds along the
strike and lower in the column., The hinge line thickening is
not evident below the Inman Hill Formation in the area mapped,

but, where it does affect the lower beds to the north,
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minereliszation is kuowm. The quarts veins, blews, -ndhlodoc'
can all be formed in the above mamner and t&pm-oootm
filled tension mhcn-h greoywacke shows evidemoe pointing to
latersl secretion. The quarts towmaline veins are the omly
suggestion of suteide or "ignecus” recks in the area mapped

in detail. Miocwodiorits dykes are knowm in the vicinity of the
hinge line near Brulungs and one has bLeen mapped in the

north of the 2C ochain mep intersscting the upper Nairne beds

but nonse have besn located mear the mines.

EGUNOMIC GEOLOGY

Upe cbject of this 'i.nvutlati.on was to m.m the
possibility of extraction of further copper from the mine area
and adjacent areas.

Shortly after the fisld work began, Nines 'xploration
sought prospecting righte over the old Section 2001, ild,
Kanmantoo originally taken out by the South Australian cospany.
Mines Fxploration ran more than 50 miles of Induced 'olarisation
traverses over the section and a composite map has been prepared
with thﬁ author's geclogy amxi the geoplysical resulis. The
departmsent is to receive & oopy of this mwap, but at this stage
the results are still under considerution. Several anomalies
worthy of drilling have been located but legal tocimicalitiss
are holding up further work.

On geoclogical observations concentruation of workings,
and drillhole intersectiomns the ares round the Kamentoo working
was aeslected as the Lest for close investigation in conjunctiem
with the Bremer Mine. Theee two areus weroe to be inppod in detail
and drilling targets predicted on the basis of the mtm.otug
fractures foﬁing orec pipos. he detailed assessaients of the
mines was deferred when the prospecting ocompany took out their
lease.

It is interesting to note that excellent conductivities

wore recorded near the 'mily Yorkings, the logical placwe,
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geologically, to continue the investigation started by Austral
Development in 1937-3,

It is interesting to note the features recorded at
Dawesley which are similar to those found near the mines. There
is a major north south breccia zone, dipping steeply to the east,
a@d there is an adjacent andalusite schist (paringite) in a szone
where the latter is thickening rapidly to the north., The anomaly
lies on the west limb of a south plunging syncline towards the
axis, The hinge line intersects the syncline and paringite beds
at a similar position in the syncline, There is an unknown
maetallic conductor at moderate depth with an orientation parallel
to the shear,

The programme (ao with the investigation of the Dawesley
Anomalj DM 2221/61) 1is static pending a clarification of the
legal position as to mineral title especially as 10 those areas
held by the South Australian Company.

The silver lead zinc mineralization is on a minor scale
Aonly. ¥ith one notable exception it is associated with pyrite
beds, the Aclare pyrite beds in particular, The Wheal Margaret
probably beare a similar relationship to the Ding Dong Copper
mine and the Dawesley Anomaly. A series of spectrographic
profiles were taken to be used in identification of the individual
pyrite beds. The profiles in the lowest pyrite bed of the Aclare
beds showed the lead content to be of most interest; there is a

trend to higher lead values in the top =anmple of most profiles,

CONCLUSION

The field work on this project has been temporarily

suspended pending clarification of the mineral title and will
be resumed when drilling commences.

Un resumption of operations it is proposed to initiate
a detailed 2tudy of the paringite to determine the nature of the

somewhat irregular contortions and folds, It may be found the*
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there is considerable crumpling that originated before
consclidation,

The 20 chain map will be completed, Both these tasks
can be handled in conjunction with the supervision of the drilling,
The drill core will be invaluable in interpretation of the

structures in the Paringa Andalusite DPeds,

R, C. Mirams
Agst, Senior Geologist
REGIONAL SURVEYS

RCM 3 AGK
30/8/62
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