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ABSTRACT

There have been at least two pericds of deformation in this
area. The (probable) first deformation is the most prominent
and has an axial plane schistosity. The second deformation
deforms this schistosity and is only generally manifest as cren-
ulationg. "Deformation zones" exist throughout the area and can
be interpreted as either reverse faults or transposed limbs of
folds. It is probable that the major metamorphic phase took
place during the first deformation. The ore deposits in the region
show a structural and stratigraphic control.

INTRODUCTION

The aim of this study was to investigate the deformational
history of the area shown on the map in Figure 1, and to relate
this to the known mineral occurrences in the region.

Previous investigations in the general region include the
study by Kleeman and Skinner (1959), Grasso and McNamus (1954),
Mirams (1962), Linguist (1966), Askins (1968), and the work of
geologists of Mines Exploration Pty Ltd, a subsidiary of Broken
Hill South.

There is no mining being carried out at present in the area
although Broken Hill South who hold the leases over the region
have sunk an exploratory shaft into a copper deposit near the
01d Kanmantoo mines, and it is prﬁpable that an open cut mine will
be established in the future.

A total of eight weeks from larch to May 1969 was spent in the

field mapping and collecting data and samples.



STRATTGRAPHY

REGICHAL GEOLOGY

The rocks in the area studied belong to the Kanmantoo Group,

a series of metasediments which overlie the Proterozoic rocks of

the Adelaide System (fig. 1). On the eastern side of the Rount

Lofty Ranges the Kanmantoo Group rocks are unfossiliferous but

are regarded as being Cambrian (possibly extending into the

Ordovician) in age.

ozoic is uncertain.

The nature of the boundary with the Proter-

It is regarded as unconformable (Campana and

Horwitz 1956), conformable (Kleeman and Skinner 1959), and thrust

j faulted (kutland 1968). A summary of the regional stratigraphy

is given below.

BRUKUNGA FORKATION: interbedded phyllites
and greywache with lenticular pyritic and
calc., silicate lenses.

BROWNHILL GREYWACHE MEMBER

Pyritic phyllite and low grade (?) schist,
in part carbonaceous including

NAIRNE PYRTTE MELBER

TNIAN HILL FORMATION: coarse grained impure
arkose locally cross-bedded and with slump
structures.

STRANGWAY HILL FORMATIQOii: greywacke with
siltstones and phyilitic shales, quartzites
Marble

Phyllitic shales and siltstones locally
pyritic, phosphatic or carbonaceous.

lMarble

Quartzite

ADELAIDE SYSTEM ROCKS

Higher in the sequence the rocks are intruded by the Vurray

24
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Bridge and Monato Granites. There is evidence that the Monato

granite is a product of granitisation of the enclosing Kanmantoc

Group rocks.
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METAMORPHISH

On a regional scale, the metamorphic grade generally increases
from west to east across the Iount T.ofty Ranges (Mills 1964).

The mineralogy of the rocks in the area studied -~ hornblende,
andalusite, staurclite, pgarnet, bilotite and muscovite - suggests
that the metamorvhism has reached mid fmohilolite facies, There
is also some evidence for a retrogressive metamorvhism,

STRUCTURE

The regional structure has been described by 0ffler and
Pleming (196&). 'They suggest three deformations. The most
prominent def;rmation nresent in the area studied is their ™
folding of bedding about a well developed axial nlane schistosity
trending Hortherly and dipping to the Kast at high aneles. The
f'old axes nitch southerly over most of the afea except for
occasional shallow northerly nitches in the mine areas.

On a regional scale the rocks are probably folded in a large
scals drag fold, with fold axes vlunging southerly in the south
and (?) northerly in the north (Fleming 1969 wers.com.) figure (2).
At the core of this structure is an andalusite schist which contains
the HKanmantoo copper mines.

There are some large regional faults which trend North to
Horth Tasterly, e.g, the Rremer fault, and a lineament which
disrunts the Tairne »nyrite horizon (B.P. Thompson 1969 vpers. com.).
The nossibility of a thrust fault passing through the Aclare and
Kanmantoo mines is discussed later., There are also some smaller

east west faults which are narallel to the main joint set.
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The rocks of the ares belong to the Brukungs Formatlon which
contains the Brownhill Graywscke member., The lstter is 2 distinect
unls, veing distlaguished by ite petrology snd texture., good oudt-
crop pattern on aserisl photographs, and its backpround geochemisal

pettern (fig.3) from the underlying (un-named) member of the

BRUKUNCA FORMATION = Petrclogy snd Petrofobrie

he main rogk type in the member of the Brukunga formstion

in band Bection these are light to dark pgrey colours

grained schists. They are rather even gralined although mica grains

I}'!

are commonly larger than guarufs and feldspar greins. There is a

gtrong dimensionsl prelferred orientstion of mics and gusrtz in the
plane of 82 (fig. b = I snd P szciions).

Juartz grains generslly show no undulose extinetion exeent in
rocks whieh contain kinks, GQuartz - Quapritz beoundsriecs sre generally
straight or gently eorved and tvinle poirnt junections are common.
(fig.5). ouartz - blotite beundsries ars penerelly steaishit and
where dblotite trains enclosze guarts bands ons geain thick the
c¢uartz —~ guartz boundaries are at 90° to the cusrtz - hiotite
boundaries (fig.7). Guartz grains are generally free from inclusions.

Plotite iz more common than muscovite and 1s nieochroic from

pale yellow to reddish brown or dark brown. The 2v of biotlte is
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generally 50 showing little variation over the ares. Short mica
trains of 3 - 4 prains are common but there is no tendency Tor the
micas to diverpse at hish angles to 82 - they are all narallel to
s2. (i.e. there is no "anastomosine™). Also there is a tendency
for the micas and the cuartz to be elongate in the direction of Id.
(fig. IL - & section). Pleochroic haloes ars comzon in ths biotite,
and oceasionally tiny inclusions of (vresumably)} zircon can he seen
at the centre of these haloes (fir. 8). Yost muscovite is
intercrown with biotite narallel to 32 but occasionally it is
observed to grow in S1. These are nrobably not original sedimentary
muscovites because occasionally they can iie seen to grow around
cuartz grains (fig. 9). Tnese 31 rmscovites are generally much
coarser than the rest of the rock.

Some biotite has altered to chlorite which in the mors cunartz
rich rocks is oriented marallel to $2 but in the more schistose
rocks can form in any orientation, often cross cutting (fig. 10).
Tarre nlaty chlorites have been seen in the "ac" plane and hence
have an orientation narallel to most of the joints in the area.
Chlorite also forms in veins of a cross cuttings nature.

Plapioclase and orthoclase occurs in these rocks to a variable
extent, but alteretion to sericite is nncommon, sugeesting that they
are nossibly not original sedimentary gsrains. @arnets are common,
and are generally idioblastic, with few inclusions. They are
coarser and more abundant than the garnets found in the 3rownhill

Greywacke, Hornblende is nresent and is generally vpleochroic
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Fige I, = Fabric photographs of Brukunga Formation.
Spec., K1. Transmitted light. x75.
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FPig. 5. Fabric photographs of Brownhill Greywacke.
Spec. CB. Transmitted light. x75.



Fig., 6. Quartz triple point

intersection% See also

Fig.4. Spec. B73.
Polars. zx240.75

Crossed

Fig, 8. Pleochroic halo
around minute zircon in
biotite grain. Spec., Ci.

Transmitted light.

x50,

Fige 7. Quartz-guartz
boundaries between biotite
grains, BSpec. B73,
Crossed Polars. x240,140

Fig., 9. 81 muscovite
growing around quartz grain.
Spec. B45. Transmitted
light, x240.




green to green blue, with typical amphibole cleavage. Reaction
rims are common.

Accessory minerals include sub-angular grains of apatite,
occasional well rounded zircons, and occasional andalusite and
staurolite grains. Opagues, dimensionally oriented parallel to 82,
are present generally in bands parallel to S1, and probably
represent small sedimentary heavy mineral bands. Occasionally
knots of finer grained granular quartz and sericite occur, and may
represent alteration products of former porphroblasts.

Analyses of these rocks imply they were probably originally
arkoses or greywackes (fig. 11; specimen(é). These rocks show the
attainment of textural eguilibrium in contrast to the rocks of the
Brownhill Greywacke Member.

ANDALUSITE SCHISTS

There is a large andalusite schist unit in the Brukunga which
has been known in the past as the Paringa andalusite lens. The
Kanmantoo copper deposits occur in this unit and the petrology has
been described by Linquist (1966). There are other finer grained
andalusite schists in the area to the south and in these rocks the
endalusites (relative to the host - guartz schist) occur in coarse
grained bands parallel to compositional layering vpreviously
designated as 81. 100 grams of one of these bands (specimen 6D
together with 10 grams of the host schist (specimen.C) was analysed

by X-Ray Fluorescence and the results are tabulated below.

6..L



+Figures

irom Prettijohn;"Sedimentary Rocks".

----------------------------- 7
Note:P,Mg.and ifa amounts were not deterained.
Fe Mn Ti Ca X Si AL Tot:
@ Spec.B?f-Andalusite band. '
Cxide% | 10.8 o4 | 1.1 ! Se 45.4 | 27.2 91
@ Spec.B73-guartzo-Feldspar ica Schist Host.
Oxiueje 7.0 l.ﬂ | .5 5 5e5 70.6 | 12.1 4
@ Spec.B16~yuartzo-Feldspar kiica Schist. '
Oxide% 5.8 .03 .5 1.2 2.7 75.0 ] 11.9 | 95
*iverase Sreywacke. .
Oxidef | 1.5:1 | «15.1 | .64+.3 | 3.0:2 | 2.0+ | 6515 | 1544
+Average Arizose. :
Oxided% | 3.5:2 | 1.1 | 4 12541 | 4.0:2 | 7446 | 942
fAverage Shale,
Oxided | 2.0£T. o1ie | +64.2 13,042 | 3.54.5 | 5815 | 1443
+Average Residual| Clay.
Oxided | 5.0+3 | .03 1.041 «2+.2 544 | 4747 | 30410
Fig.11
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From these figures it is possible that she andalugite bhoand

represents an original clay band derived from washed down regidusl

L]
nlay from some exposed portion of the dJdepositional area, or glse
e
metamorphic differentiation has cccurred, with an influx of

sluminium and iron and & veduction in the Silica. In view of ihe
sureement between the analysis nnd that for an average residusl
clay, the former is more probzbly the case. It aust e stated,
however, thati at Victor iHarbour, metamorphic bands of andalusite
not parallel te 31 do occux.

tetrologically, the sudalusite sel.ists show & variety of
coarse - grained minersls such 2s 2ndalusite, staurclite, muascovite,

chlorite ~nd garnet. JAndalusite is commonly idiobleastic , al though

g i LR -

often the; have a "ragged” appesralce. Andslusites inverdablijyt o=

tain inclusions of ju=rtz, opaques, biotite and auscovite., There

-

*he inclusicns could be scen to Le oriented, tig, were ln geieldl

sriested parsllel e 22 (fig. 12 feye=), Tn thie figure, U2

na oither been rvefracted or else soms rolation has occ red alt

Lles o L LI ut

ar

3

3 . y : o d
the Tormation of the schistosity. Biotite commonly tend O wWrap

~avannd the snd=slusite orystals forming erenula+ions paralisl ‘o
v
11 in 92, =2nd this ie deseribed in Ramsey,wiere hLe proposes =

flattening mechanism (fig, 13). Blotile tends To form +thick trains

= approached (“is. 11 Y.

et

[

// S2 =s the sndalusite .band

)]

Therege andalusite ia meoikilcobls='ie, =taurclite rarely

AL




Fig, 10. Chlorite replacing Fig. 11. Andalusite bgnd in
biotite. Spec., B82. guartz-feldspar schists,
Crossed Polars. XxX75. Spec. B73. Natural scale,

Fig, 12, Close up of Fig. 11 Fig. 13. ©Showing development
showing andalusite inc. :sions of crenulations associated
parallel to S2. Spec, L£73. with andalusite grains.

Transmitted light, x75. Natural scale. Spec. B73.
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found in the andalusite rich band, and orthoclase, garnets, apatite
and zircons are also present. Garnet crystals always truncate

the micas which end abruptly without any deformation or alteration
at the garnet margins, suggesting the garnets have probably grown

Pl

later than the biotite.

Wnether the Paringa andalusite lenses ;ut stratigraphically
to the south or it is folded out is still not definately known but
the former is probably not likely. (fig. 2)

PYRITIC SCHISTS

These appear in the field as leached white, yellow or red
stained sericitic schists which stand out on air photos and have
been described by Askins (1968). In one locality (C3) the
transition from fresh pyritic quartzite to iron stained sericitic
schist could be seen, and a photomicrograph of the unaltered
quartzite iS'%ncluded (fig. 14). 1In some localities these schists
are a peculiar blue colour and are simply mapped as "blue schists".

CATACLASTIC ROCKES

The east west fracture zones (see map) consist of iron stained
material varying from "sheared" quartz mica schist to typical
breccias as indicated in figure 15. These have been described by
Linguist (1966).

THE BROWKHILL GREYWACHE MEMBZR

The rocks of the Brownhill Greywache Member outcrop in the
eastern section of the area and consist of quartz feldspathic

schists with minor fine shales and some pyritic schists. The



Fig. 14. Photomicrograph of

pyritic schist showing pyrite

cubes in guartz-sericite

matrix, Spec. C12,
Transmitted 1ioght, x7
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Mg, 1., IFMine grained shale
with large chlorites,

Spec. B10. Crossed Polars.
X75.

oy, 4
h,

b ol |
mica schist,
Trensmitted 1light.

Brecciated quartz-
Spec. B18.

x75.

Tl

Fige 17. Amphibolite show-
ing radiating actinolite in
feldspar-quartz matrix.

Spec. B33. Transmitted light.
X75.
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shales consist mainly of very fine grained quartz and sericite

with some chlorite present in 1érge platy laths. (fig. 16). One
sample of a calcareous gilicate was found and consisted pre-
domrinantly of radiating actinolite, gquartz, and some feldspar. (fig.17)

WARTZ (% feldspar) SCHISTS

In band specimen these are light to dark coloured fine grained
schists. They are very uhevel grained (see mortar texture fig. 9),
with larger grains of guartz and feldspar set in a fine granular
matrix of quartsz, feldspar, biotite and sericite. There is no
dimensional preferred orientation of quartz in the plane of S2
but the mica, which tends to concentrate around the gquartz grains,
shows a tendency to align roughly parallel to §2, This "anast-
omising" of the biotite around guartz grains is particularly
noticeable in the P sections (fig. 5)e

Many quartz grains show undulose extinetion, and quartz - quartz,

guartz - feldspar, and quartz — biotite boundaries are generally
- o p

-
.t T

serate.‘ Quartz commonly contains fine inclusions. Biotite is
pleochroic from pale yellow to dark brown. Coarse muscovites
occur parallel to Si. Both feldspars- orthoclase and albite show
alteration to sericite. Carnet is sometimes present as small
generally idioblastic grains, and apatite is a common accessSory.
Occasionally hornblende grains are also present.

wany of the larger quartz and feldspar grains represent
original detrital grains. silicate analysis of specimen B16 is

shown in figure 11. spee.(®



This shows a composition very similar to the guartz (i feldspar)
schists from the underlying member of the Brukunga Formation, i.e.
the rocks were probably originally greywaches or arkoses, {See also
a summary of petrological descriptions in the appendix)

NETAMORFHISH

From mineralogical considerations the metamorphism has probably

reached mid amphibolite facies (fig. 18).

A A

Andalusite Andalusike

Skavralite

Muscovite Skaurclite Anerihite

Almandise Mmandina

\," Micracline Biotite F Auf;lx C {ateite Hornblande 1= A"FI"
From textural evidence the rocks of the Brownhill greywacke

do not appear to have reached the equilibrium which the rest of the
Brukunga PFormation appears to have achieved. Some of the rocks
in the north of the area which "stratigraphically" belong to the

Brukunga actually show textures which are more similar to those

11,

of the Brownhill Greywacke whiich may imply that the difference between

the two rock types is a metamorphiec effect.
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S. SURFACES

Summary of Homenclature for structural elements.

S1 - bedding L1 - mineral streaking
S2 - schistosity F1 - B5Y fold axes
83 - axial plane to crenulation P2 - Bzg crenulation directions

84 ~ kink planes
BEIDING — S1

Compositional layering varying from 1 mm or less to several
metres thick is present throughout the area and is regarded as
bedding in most cases (figures 19 & 20), The most common
compositional layering consists of bands containing different
portions of mica and gquartz - e.g. pelitic bands within (generally
thicker) psammitic layers (fig. 29), Other minerals wkich are
concentrated in bands // $1 are iron oxides (presumably representing
original detrital heavy minerals) and garnets. Andalusite and
staurolite are also concentrated in bands (commonly % to 5 cm. wide)
// S1 and no examples of andalusite bands crossing bedding are
observed (although they do occur at Victor Harbour and in the
‘ Kanmantoo copper mines). The ore layers in the Aclare mine are also
parallel to the compositional layering described above and hence
probably reflect original bedding.

probable cross bedding has also been observed (fig. 22), and
the high angle between the topset and foreset beds implies strain
has occurred (shortening in the ¢ direction, fig. 31). This cross
bedding is distinct from biotite anastomosing (see paged for

explanation) which superficially resembles cross bedding. Figure 23.



Fig., 19. ZEasterly dipping Fig, 20. Polds in bceddine.
beds, Brownhill greywacke. Location B9,

Location B19.

Fig, 21. BShowing cleavage Yig, 22. Cross Bedding in
refrzcted almost parallel quartz-felaspar mica schist,
to bedding in the pelitic T.ocation BH7.

bands. Location BYE,
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Lergze ~uscovite crystals can be found growing in the beddin

(I'ig. 5).

This surface is defined by minerals witih a distinet dimensional
preverred orientation, and is most obvious in biotite. 82 is axial
plane to most folds in tie ares varying in scale from millimeters
to Kilometers in wavelength., Some good examples of refracted
clecwnze are nresent; ia the psammites the cleryage is axial plane
whereos in the melite interbeds it is almost parall:l to the hedding.
This is consistent with Namseys concepts of refracted clezynge and
the flexural 31ip typre mechanism for the Tormation of the folds.

See fizg. 24. Refracted clecyage 2lso occurs on 2 Thin section scale
wit ‘tiotite (fiz. 25) - althougk *this may zlso be trken a2s evidence
foir an original schistosity whicl. was pazrallel to £1 imp g an
earlier deformation.

Inclusions in andclusite zre parnllel to 532 whkich shows
refroction as it passes through a andslusite band (fig. 12). This

1

indicates 1h~1 the r—etamorphism was poscibly contemnorareous with
thie TL folding.

There is botkh a: orie:tationzl and fabric difference hetwesen
32 in the east and west nortion of the area. In the eacst the serists
ﬁgg% more senerally +o be 82 to 90 cm and 56 to 90 as ~een in the
sest (see plots end local geology).

LAULATICE XTAL PIALES - 53

=l
::J
o
n
e

8% is the axizl surface to crenulations of

‘
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A, C: competant layers
B,D rincompetant layers

Fig. 23, Biotite anastomos- Fig. 24. Theoretical
ing resembling cross bedding. interpretation of refracted
cleavage {(after Ramsey).

Py ﬂ 4 )i?u. - “c\ml

Pig. 25. PFine scale refrac- Pig, 26, Second generation
tion of cleavage in biotite folding of schistosity
rich band. Spec. CB. producing crernulations.
P Section, Spec. AC, Transmitted light.

x75.
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the area (fig. 26). ™The quartz shows a slight tendency to
concentrate in the hinges of these crenulations, and the biotite and
muscovite shows a slight tendency to concentrate in the limbs, but
tris is not developed suffiently to define a new compositional
lavering. Occasionally two conjugate sets of crenulations czn be seel
in the specimen, and when this is the case, the axial surfaces are
lesignated 53 and S31. (fig. 27).

The geometry of 3% is discussed in the section on folding.

¥INK PLANES - S4

Kink surfaces are designated ¥4. They form sharp angular
deflections of schistosity. They are only common in the more pelitic
roeks and vary in amplitude from 1 to 5 cm. (fig.28). They are
variable in orientation but are generally sub horizontal. See %&Sfd&
Kinks commonly represent brittle fracture of a well foliated
material subject to stress with the maximum stress lying in the
foliation. (Faterson - ¥Wiess 1962). They probably present the final
deformation in the orogenic phase.

Riotite is commonly found altered to chlorite in the kink zones
(see fig. 29) hence the retrogressive metamorphkism which formed the
chlorite was either after or during the kink deformetion. The

alteration in these zones probably was a result of the biotites

being more highly strained than in the rest of the rock.
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Fig. 27. Development of 2 Fig, 28(a). BSets of kink
conjugate sets of : surfaces. Location C11.
crenulations. Spec. AC.

Transmitted light. x75.

Fig. 28(b). Conjugatc t of Pig. nlorite replacing
fine k@nks. Spec. C8. iotite in kink zone only.
Transmitted light. x35. Spec, CFf, Trensmitted ilpgnt,.

%35
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FOLDING
Ax wentioned before there is evidence of twe periods of folding,
and there is some indications of an ecarlier werping.
ARGUENENTS FOE A DEFORMATION PRIOE TU F1.

e Bl oz Bgf folds are by far the most prominent throughout

the whole area., These appear to be the first deformution structurse
although there are some facts which could indicate an eawvlier
deformation (FC). These include:
(1) The variation in plunge of the F1 fold axes on the
man scale.
(2) The variation in pluunge of the Ft fold axes ou the
outcrop scalec.
(3) The possible existence of FO mullionz (7).
append iy,

voint 1) is seen from ths sub area plote (see msp).

T the folded region, variation in fold gxes for a particular
deformation may be due to one of three reasous.

(a) Inhomogeneous dsforwmation,

(k) hefolding by a later deformation,

{¢) PFolding of ai initially inhomogeneous surface.

Mhe first possibility f{a) wss investigated by classing the folds
under Hemsey's classification and plotiting the style against the
piteh of the folds for the whole ares {see fig. 30}, If the
inhomogeneity in the fold axes” pitches is a result of differeniial
flztiening then one may expect the graph to reflect thics irend.
(see fig.%1). Since no trend is obvious it is possible that

inhomogeneous strain cannol be invoked =s the reasovn foxr pitel
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End on view. Side view,

Fig, ?2. Folded andalusite bands showing plunge variation
along strike. Location B73.

Fig. 33, Fo Mullions (?) Fig. 34. Open F{1 fold in
(see text). Location C48, gquartz rich psammites.
Plunge 10°N. Location B20.



17.

M Folding,

The P1 folds are folds in bedding with an axial plane schistosity,
and are present on all scales frowr 1 em to 1 Km in wavelength.
The style of the [olds varies considerably depending to some extent
on the rock type.

IFoldg in quartz rich rocks,

The folds in psammites are generally open with a poorly
developed axial plane schistosity. They fall into class 10 (hHansey)
- (fig. 34 - 35). PFig, 36 shows & structure which plunges 10° NWorth,
haz an axial plane clealWage, but which may represent slumped cross
bedding which has an axial plane schistosity imposed on ii, or it
may be ar P feld.

Folded guarts rich bands in ¢ mica schisi hogl.

These folds zre open on & large scale but tightly appressed on
a smeller scale (fig. 37 - 39). Thiz is also the case,in some
folded andalusite bands (fig. 40)., This is probably a result of
drag folding on the limbs. Througlhout the whole area the sense of
the drag folding is synstral predominantly (fig. 2).

"Pinching" of sofiter more ductile bands is common between bands
of quartzite. Although only demonstrative on a small scale (fig. 41),
this has probably occurred with the southerly portion of the
andalusite unit containing the Kanmantoo copper mines (fig. 2).
Ramsey hasz found a similar pinching beiween rocks of differing

viscosity in particular the cover - basement rocks of the Alps.
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Fig. 456, HNorth plunging

fold in guartz rich psammite, structure either F{ fold or
slumped cross bedding.
Quartz rich psammite.

Location C417.

Fig. 7. F1 folding of Fig. 38. P folding of inter-
psammitic layers 1n pelitic layered psammite and pelite
host. bands showing small scale

transpeosition.
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Fig. 39. F4 folding of

interlayered psammite and
pelite bands,

Fig, 10, F1 folding of
andalusite bands in quartz-

feldspar schist, Location
C18.

Isoclinal folding
: in andelusite schist.
psammite and pelite bands.

1 LnLellace pcetween
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Folding in the Pelites and Transposition.

The more schistose rocks which gemerally lack well defined
bedding show more appressed fold styles, and isoclinal folding is
present in the andalusite schists (fig. 42). Transposition is very
common in the pelites, and unless guartz rich bands occur it is im=-
possible to itrace the original stratigraphy {(fig. 43). Much of the
Erukunga formation shows S1 // S2 and thus transposition is possibly
present over much of the area. This means that the true stratigraphic
thicknesses will be considerably less than obtained by simple
measurement normal to the strike.

There are features in the Brukunga formation which can either
he explained by transposition of one 1limb of the folds or thrust
faults., The latter will be dealt with under faults, Assuming the
former is the case, the transposed limt is the western 1limb of
anticlines. The iclare mine shows this well (fig. 44). The
trensposed zone (or "deformation" zone which may be a better term)
commonly shows complex irregular isoclinal folding, and the
compositional layering (S1) is mostly parallel to 52 (fig. 45).

. Oz a larger scale in the Brukunga formation, these transposed
limbs tend to form zones striking parallel to the schistosity.

It is possible that there is a tie up between the two major
andalusite bands in the area (see Block diagram 1) and much of the
band is in a transposed limb, but it is probably more likely that
Block diagram 2 is the case. Mapping further to the North is

necessary to resolve this problem.
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position of compositional
layering parallel teo
schistosity. See also
Flgs. 38, 39.
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Flg. U5,
al layering parallel to

schistosity. ©Spec. B73,

'Small scale trans—

Show1ng composition-

THICKNESS (M )

Fig. 4ii. Looking south at
Aclare mine showing
deformation zone,

A WAVELENGTH (nmetres)

ige 46, Wavelength of folds
(A) versus thickness of
amsts (t),
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sdaitional noints.

'he prefe :d orientation of guartz o 5 me to be related
tn +he F1 deformstio e oatrofahrics)
o0 DILE i OrmE L0 582 Pelroiaclico).

4 fold wavelength versus thickness of folded layers graph was

plotted for folds of all scales and a2 general =iraighl line plotl

wzs obtained (fig. 46)., This is in general agreement with Ramsey's
coucepts.
s - T T T e Ry IS s ) 53
Secoud Gsaneratior folding (Bsq)
[ 8
‘4 deformation later than T1 has aflected the area butl only

to = snall evteut. The deformation generally only manifests ag
emall creaulations in the schistosity. (fig. 26) (not to he
confused with fine crenulntions parallel to a mineral atreaking).

I4 is only developed in the more schistose rocks. There is anly

o
(5) 57
one sub area where largs scale 835 folds form. In this area the
rocks have £ high mics coatent and it is difficult toc distinguish

hedding.
T4 is probable that the crenulatious have 2z geometry similar
te those further north (seec Tig. 47). This is becauss there ars

normally two sets of crenulations wisible in most places Cb i

and from thz stereo plots thesc appear to fan about an axis of

b
. . : ’ o S . ne7
intersectionr which is steeper then the indivual Bsg and Bgs axes.

(fig. 48).

The n=ture of the folding (bent micas etec. znd undulose
extinction etc,) implies that ne major recrystallisation has
occurred during this deformotion., Alsc therc Is unt much tendency

for forming an axial plane layeriag (fig. 26),



PLANES

Fig. 47. Relationships of Fig. 418. Poles toS3 and Sg
crenulation surfaces, with interpretation.

vein

Fige 49. Crenulations associated with boudinaged
guartz vein. Location C4.
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Crenulations are also associated with boudinaged guartz velins,
e.g. in the Wheal copper mines (fig. 49). These crenulations are
probably the result of initial inhomogeneities in the inherited
fabric.

KINES - B3

Kinks are common throughout the more schistose rocks dying out

when a quartsz rich band is present. They have already been described

in the section on 5 surfaces.
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LINEATION (L1)

There is z prominent lineation defined by a mineral streaking
with a fine crenulation often paralleling throughout the ares {(fig.50).
Tnis lineation lies in tie schistosity and shows a remarkably
constant orientation (piteh 88 X or S) all over the area (fig. 51).

4 is more obvious in the Brukungs than the Brownhill greywacke.
L1 is actually a dimensional elongation of mineral grains parti-
cularly quartz and biotite (fig. 4). The lineation 1s deformed
by later folding.

The lineation probably represents the "a lineation", i.e. it is
parallel to the direction of movement of material (fig. 52). In
this case the area is similar tc the Scottish highlands except
there is no evidence of the strong deformation whiech has occurred
in the Highlands prior to the deformation iz which the a lineation
developed. Stretched pebbles elongate in this direction are found
south of the area.

Two reasong for callivg the lineation an "a" lineation are:

(1) remarkably constant orientation.
(2) non parallelism of fold axes - see fig. 51,
The geometry of L1 is shown in figures 51 and 52. The fact that

BsZ is not at 90° to I1 is presumably means that the bedding was

s1 :
(na¥ G072
initially at some angle to thie movement directioun, possibly because
of sore of tle earlier warping (deformation (?)) prior to the T1.
m,e fact that there is a fine crenulation paraliel to L1 1u

mosi cases could mean trat the mineral streaking is actually an older
crenulation which has beer reecrystallized and transformed so thal it
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resembles a mineral streaking.

Crenulations arounéd andalusites are commonly parallel to L1.
This is consistent with the idea that the andalusites formed during
or prior to the F1 folding due to flattening in the c direction,
the cleavage is wrapped around the andalusites (fig. 13). On one
largse outcrop the andalusites were observed to have their long
dimensions in the S2 plane although there was no preferred
direction of orientation in S2.

The Kenmantoo orebody is a tabular body generally parallel to
the schistosity and elongate iz the L1 direction. ris relationshiyn
can be seen oxn a smaller scale also, where elongate blebs of ore

occur parallel to Li.



Pig. 50, ©Schistosity

Fig. 51.  Poles to mineral
surface showing mineral streaking (I1) and Fold axes
streaking and kinks. (F1) showing non correspond-
Location B98.,

ance,

flexural slip
homogeneous
flattening /

Development of fold with folded surface

initially inclined to kinematic axes.
(after Ramsey).

moyement

direction
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PAULTS

There are =z nurber of north south and east west fracture zones
in ‘the area. These are comuenly iron stained (see fig. 15) probably
as a result of oxidation and solution of the iron oxides by ground-
water moving through the zones, 4 displacement of 20 metres was
noted o one of the E.W. faults — see road cutting exposure (fig. 53).

Rarlier it was steted that there were features in the arez
which could be explained by transposition oxr thrust fauits. If the
deformation zone at the Aclare mine is a thrust, then, considering
the structure of the whole region, it may consisi of a large drag
fold (fig. 2) with a central thrust along which horizontal
movement has been right lateral and tle easterly block has been
uplifted. (fig. 44) The Bremer fault could be similar, as too
could te the North South fracture zone running through Dawsley, =nil
possibly, =zver tihe base of the Eanmantoo.

There iz = NE lineament passiug throush Dawsley (B. Thompson
unpublished report) the siguificance of which 1s discussed under
ore denosits,.

JCILTR

There is one main joinit set through the area which has an east
west orientation (total ™ joiants, fig. 54) parallel to the EW Faults.
Joints are more ofteir developed in the psammite rocks (fig. 55).
Since the joints are in the ac plane they may repressnt "ae" joints,
thought by many workers (Billings 19€2) bo indicate a slight

T

axtension ir th direction.



WHOLE AREA 1,510,15,20

48 TT JOINT PLANES

; Fig., 54(a). Total poles to
exposed in road cutting. joint surfaces.,
Location C16. Looking west,

Fig. 54(b). Photographs of joints in the more quartz
riech rocks, Location B75.
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PETROFABRICS

MARTZ

¢ axes — Optical

4 Gtotal of 1100 guartz (0001) axes were counted, and (if they
were done properly) the three sections which were done showed that
there is a weak preferred orientation related to the kinematic aXes.
The plots obtained were actually small circles in the ¥ section
slides (see K1, K5, BS56, fig. 55 - 57

The plots also show that there has been some effect of the
inherited fabric on the preferred orientation (e.g. bedding). It
is possible that, since the c aXes are symmetrically related to
the kinematic axes that the recrystallisation is related ito the
stress and/or strain field operating during or after the deformatiorn.

Tt is difficult to interpret these plots except to say that
symmetry remains the prime criterion for kinematic interpretation
of the mineral orientation.

Other petrofabric descriptions are treated under "Local Geology".



Fig. 55. Spec. K1. Fig. 56. Spec. K3.
300 guartz c-axes, N Section. LOO quartz c-axes, N Section.

(/52

N ¥
LSy
¥
LI
Fig. 57(a). Spec. B56, Fig, 57(b). Diagramatical
400 quartz c-axes. N Section. representation of quartz

c-axes datsas,
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+

the aryea include the various copper mines

and two silver lesd gine mines {see map fig 2). A structural

N\

stratigraphic control is advocated for these ore deposits, Before

2
launching inte the structural consideratione with respect to origin
of the ore, a definition of terms is appropriate. Syngenetiic is

LT
il Lli

sense that the ore was deposited al the same time as

m

used i

the enclosing sediments. Epligenetic is used iz the sense that the

ors was depousifed at & later stage. Heceat work indicates thatl this
=

simple classification is nol adequate in many cases, and thiz is

protizbly the case in both the copper and silver lead zinc mines.

[

s AT T
.":.C..'..n_.u.i:t Jel LM ks

4 deseription of the workings and nineragraphy ¢an be found in
¢ w. Askins Yonours theasis 1968. As explained before, the
sineralisation cccurs in a deformatisn zone {(fig. 44) which either

ey ad | M

represents a reverse thrust or a iransposed 1limb, In either case 1

iz obvious that the stress in this zous has been exceediugly higk.

3ince the zore crosses the bedding on either side, the ore cannot be
designated as purely syngenetic, On the other hand the ore appesrs
to lens out into & pyritic guartzite with traces of lead and ziuc
sulphides, (The same occurs in the Seotbe creek mine), whick weathers

intos & typical pyritie schist baad, implying some stratigraphic

control.

\ MAABASCADTA S
2} MACROSCOPIC SCALE

g folded in a variety of styles

S A o L T s ST
UIl: 4 MaclroBcopie Scdaie the oze
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and with varying fold axes pitching south (see profiles fig. 59 - 63),
As with the enclosing country rocks tle most obviocus deformation iun
the area is the Fi. The folds in the org consisi of folded guart=z

lenses {originalliy 519) deformed in & sulphide matrix (see fig, 60),

i
i
)

folded sulphide bands (parallel to possible S1) in the micaceous
guartzite host {see figs. 62 - 63).

3) HAND SYEC -~ MICROSCOPIC SCALE

Cn a band specimen scale, the ore occurs in layers parallel teo
the compositional banding assumed to be bedding. The gueriz grain
size increases markedly next to these layers (fig. 58). The ore in
these bands shows evidence that it has undergone deformation. For
example in the section, fig. 58, the coarse muscovites which have
possibly grown in the bedding appear to have formed into an axial

s T o o, T i s Al 27 . ilim < =
phane breakaway in the hinge zone, #Ehis

that the sulphides were present prior to

as the folds formed, the limbs were attenuated and the sulphides,

beinz more Ju#h.1r were sgueezed inte the hinges. This enrichment

rones is commen although it does not always

af sulphides in
ecour (see fold profiles, figs. 5% - 63). It is possible that the
sulphides have replaced favourable beds e.g. carbonates, but no
carbonate layers were seen. Dlebs of sulphides are commenly oriented
parsllel to 52.

QEIGIN - SUKNARY

Suee The struectural evidence implies the ore was present

-

Auring the felding yet also impii that the ore is in a deformation
on el

zone which transgresses the encl nsimg bedding on either side,
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Can el -

Pig., 98. Folded sulphide Pig, wE.I H:m;T?E1n sulp
layer showing ”fiowage" of ore. Acla: ine,
sulphidss, Aclare mine,

{(Avrer Askins),

-

.ﬁig.-ﬁﬂ. Fold in sulphide Fi

£« B1. Fold in“Enlpnide
ores Aclare mine, ore. Aclare mine.
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Petrofabricg imply that the metamorphism was either before or more
likely during the folding (¥1). Tence it is possible thatl the
sulphides were originally present in the pyzitic sclist butl have Leen
gonee troted inte a favourable (high stlress) structural site duriag
the me lanorphisn and deformation.

SHENK L[ ANTOC COLPER DEIUSIT

a4

Broken Till South have recently discovered aa ore deposit near
BHe 014 Kanmantoo workings which contains @t least @ million tous
gilow crade copper, mainly as the mineral chalcopyrits., O
EERtires which may ve relevant to the conteEel of this ore body

g e the following.

1) Tt is present in the peculiar garns® chlorite rock within an

ndalusi te selict, Lﬁii'

. o . - ) » . . J'
2Y It lies on a North Wesierly trending lineament {Ihumpsoq? ﬁﬁ
%) The "deformation zone® through the Belare mine, if extended
C) ]
80 the north, passsg through the copper deposit.
4) If fold axes plunge to the norxth te the north ol the orebody,

then the nze lies in z domal sitructure,

@Etching 30Y 4o the north in the schistoBity, {i.e. roughly parallel
B0 T.1) hence it is not conformable with the lithological layering
Bich iz folded in shallow south plungingl@olds. Ths Cobar deposii
89 N.S.W. has almost exactly the same con®eol, and the rocks are of

B broadly similar age alse. One major diffference is that the

metzmorphism has been cousiderably lowsr = chlorite grade in factd,
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Some depcsils {0 the mineral

i
=
=
md
o
et
e
&
(4

g
an
:‘n
o

are elengate parallel
streaking.

6) The lower grade uneconomic mineralisation surrounding
the ovre body may be dbroadly conformable with the lithological
lavering. (idoberts 1962 pers. com).

7) Linquist (1966) concludes that the ore hz@ undergone
metanorphisa and deformatiown.

DISCUSSICH

Tprom a consideration of the above points it is possible that
the copper was coriginally dispersed in the sediment which is now an

andalusite schist, and that, during the deformation and metamorphisim,
4 thrust developed parallel to the scristesity, aloug which the
ecosper was metamorphically concentrated oarallel %o the movement

didrectiorie

Other aminor Copper mines.

These invariably ocecur ian andalusitie sehiste and are associatled
wit: metasorphic gquartz veins parallel to 82 (fig. 49). The ore
eonsists mainly of malachite and agurite, aad in one nine gahnite,

a meiamorphically produced zine spinel ocgurs as ,reen crysials.
Minor ezast west crush zoieg are ocecasionzlly associated with these
mines. The shafts pitch 900 in the schistosity, lL.e. parallel to
the mineral streaking. Once agal:n these minox deposits are probably

formed by metamorphic concentration of originally dispersed

saedimentary copper.
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CCUCTLUSION
The

This ares ie of interest because of two reasons.
je thet it is one of the few areas in the eastern portion

Mount Lofty Ttanges where early deformation structures oxist and
In mos% of the region, later generation

can pe easily recognised.
swotures are most predominant, and it io 4oped that some of the
this thesis may be of use ia sozting oud the earliex

of the ore deposits is very

i
bS5
in

the rest of the region.
gxploration in other areas

natevial
gtructures in

secondly, the structural control
interesting, and may prove of use in

5 similar geologieasl environment.

£

GiL
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