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ABSTRACT

The stratigraphy, metamorphic petrology and structural
geology of a small area of amphibolite facies rocks have
been ilnvestigated. A non-stratigraphic boundary separates
the two major rock units in the area,

Mineral assemblages in pelitic rocks of the younger
unit indicate that the area has undergone andalusite-
staurolite metamorphism. No general conclusions can be
drawn regarding either the metamorphism: of the marbles of
the same unit, or of the scapolitised pelitic schists of
the older group.

Three main phases of deformation have been recognised
in rocks of the area. Macroscopic and most mesoscopic
folding 1s a result of the firgt phase deformation. Second
and third phases have involved a crenulation cleavage
movement, but do not appear to have had a controlling effect

on the macroscopic geometiry.



TNTRODU G TTON

The initial object of the present study wes Yo contribute
to the existing knowledge of the stratigraphy of the Angaston -
Truro region on the eastern side of the Mount Tofty Renges.

As the work progressed 1t became spparent thet some of the
stratigraphic relations could be understood only with s
comprehensive knowledge of the structural relations of the
various rocks in the region., Consequently, the present work
involves certain aspects of the stratigraphy, petrology end
structural geology of the area selected for study.

An areo of about 19 square miles was investigated,
extending from about 1 mile to 4 miles east of Angaston, and
from about 3 miles to 9 miles south of Truro (Fig.l).

A number of workers, including Hossfeld (31935) and Campbell
(1945), have investigated the area on & regionsl scales the
northern half of the area has been described on the Truro
(1 inch %o 1 wmile) Geologicsl Sheet by Coats and Thomson (1959).
The Sheet depicis the area as containing a broad snticline
exposing a core of Proterozoic age, flanked oand unconformably
overlsin by lower Cambrian rocks; which on the esstern margin
of the area are in turn unconformably overlain by steeply
dipping rocks of the Kammantoo Group. The Proterozmoic core
was assigned to the Sturtian Series of the Adeloide System,

On the basis of 2 total of some 8 weeks field work cerried outb
by the writer in the area, & critical reappraisal of some
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aspects of the local and regional stratigranhy has been made,

The topography hos a relief variation of about 300 feet,

a number of the hills in the area. being close Ho the maximun
elevation of just over 1400 £t. Iuch of the area is moderately
vndulating., In some parts the moderstely hilly terroin gives
way to Tthe low alluvial arees of the more major water courses,
Drainage is towards the north-west corner of the srea, and is
provided by several meandering creeks droining tributaries whicl
dissect the more hilly regions., Weathering products of the old
uplifted Tertiary peneplain are exposed as remmantbs on some of
the higher hills,

Outcrop over most of the ares is poor, probably caused at
least in part by the dominently micaceous nature of the rocks
together with the near-vertical attitude of their well-
developed foliation. Iven in the limited aress of denser
outerop, few individual beds could be traced with reasonable
confidence for more than a few tens of yards,

To aia the resder uafamiliar with the area to susess the
evidence from which past and present interpretations of the
general geological relationships have been made, o fact map
(Fig.l) has heen presented with this report; within the limits
imposed by drafting technigues, only the actual extent of
surface outcrop have been represented. Some interpretation has

been presented on Fig.2 (overlay).
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SECTION A 2  SIRATIGRAPHY

It would appesr from field evidence that the current

interpretation of the stratigraphic succession in the area

studied must be held in doubt., The uncertainty arises mainly

because of the nature of the boundary between the two major

groups of rocks (Units 1 and 2 on Mg.l). Tor this reason,

before

& discussion on the stratigraphic succession is presented.

the boundory is discussed in the Llight of field evidence.

L. The boundery between the

()

wo_magjor rock units in the area.

field relations

Although a more detailed discussion of the structural
geometry in the area is presented in Section €, a study or
the bedding attitudes, the form of geological boundaries,
and the distribution of rock units, suesests an anticline
structure whose fold axis trends north-south. The
anticlinel core exposed is seen to seperate two groups of
rocks which in the field are similar, and have been
assigned to the same rock unit (Rock Unit 2, see below),
this unit, then, overlies Unit 1 in the core. Sedimentary
facings confirm the expected relative ages: that is, Unit
2 1s younger +thon Unit 1. The nature of the geological
boundary between Unit 1 and Unit 2 must now be sought.

The field'evidence concerning the nature of the

boundary is listed below for convenience,

(1) In the area studied, the actual boundsry (whatever



(ii)

(1ii)

De

its nature) between 1 and 2 wag not observed hy

the writer, In fact, along the zone where the

boundary might ha&e been expected outeron is poor

or complelely lacking.

Rocks in and around the boundary zone show evidence

of varying degrees of crushing and brecciation.

This can toke the Fform of micro-faulting (e.g,

A26%-148), partial mylonitisation in marbles

(A263%-812), and crushing such that the form of the
is obscure.

original materiala(A2635-434),

Minerallization appears to be commonly located along

the boundary wone.

Although the rocks of Unit 2 in general are in-
itielly drom rich, many of the outcrops of both
units close to the boundary zone have been induratec
with iron oxides (4263%-15%a); small oubcrops of
gogegan are not uncomnon,

Quartsz reefs in areas of no outcerop and quartz-
velning in rocks can be seen in & number of ploces
along the boundsry zone (e.g. betbween 082360 and
082368). At 082361 quartz veining is associsated
wilth small-geale faulting and intense tourmaliéw
ation (A263-15%h),

The strike directions of heds adjecent to the

boundary zone can be discordant with the trend of

the boundary zone, fThis can be scen particularly



(v)

0,

well on the western side of the area, hetween
grid lines -340 =nd -350 where beds of Unit 2 (in
particular the interbedded qguartzites) strike in
the trend of the boundary zone,

An examination of M.egs. 1 and 2 will reveal
similar discordances, such a8 the apparent
discordance of the boundary zone with beds of
Unit 1 around 081326,

It should be noted that not only are heds

discordant with the trend of the houndsry, butb

strike directions on opposile gides of the
beundary zone are discordant. This can be scen
around 345076 where the discordance between
guartsites of Unit 2 and rocks of Unit 1 is
about 200 (Plate 2),

The distribution of bedding attitudes scross

the major anticlinal structure suggests that
this structure may not be as simple as appears
at firet sight., Beds of Unit 1 have smaller
apparent thiclknesses on the western side of the
fold axig compared with the apparent thicknesses
on the eastern side., In addition the dips of
Unit 1 beds on the western side of the fold axis
are steep west, whilst dips fmmediately to the
east are shallow and then within a short

distance east become very steep to the ent

a2



(vi)
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s
these steep dips continue to the castern margin
of the area,

The interpreted trend of the boundary zone in
the south-ezstern portion of the area s
relatively simple. However, beds of Unit 2
immediately to the east and overlyilng the
boundary, are mecroscopically folded,
In the northern haly or tne ares, the eastern
boundary between Units 1L and 2 is at present
shown on the Truro (1 inch to 1 wile) Geologicel
Sheet (Thomson and Coats, 1959) spproximately
parallel to, and situated between north-south
grid lines 100 and 110, The zone trends from
100376 1o neor
nearall0435. Although oubcrop in this axen is
mainlyAlimited to gporadic creek exposures,

ul

evidence was not found to indicate that the

boundary should be placed in +this position.
olgnilicant differences in Llithology were not
detected in numerous traverses across the
reporbted position of this boundary. In fact,
the general rock types can bhe traced from west
of The 'boundary' for an appreciable distance

east, [The most easterly outcrop of similar

Lithology observed in the area is probably just
to the east of the guartzite neasr the esstern

margin of the area where induration with iron



oxides has taken place (locality 120387). The
approximate trend of the boundary through the southern
half of the area is shown in Iig.2.

(b) Discussion

Mo idnterpretations can be based on (v) above., The
bedding attitudes and apparent thiclnesses may require

6

B

that the anticlinal axial plane is dipping to the east
a modérate angle. However, evidence presented in Seclion
G osuggests that the axial surfaces in the area haove dips
thet are close to vertical., It would seem then that the
following alternative interpretation is required to
explain the field evidence: part of the western limb of
the anticline has been covered by the boundary zone.

This would require either folding before Unit 1 was
unconformably overlain by Unit 2, or faulting at some

time along the boundary. Thomson asnd Coates (1959)
interpret the boundary bebween Units 1 and 2 as an
unconformity bebween Proterorzoic and Lower Cambrian units.
The fact thet, in certain places (1v)above), the trend

of the boundzry is discordant with beds of Unit 1 below
ig in agreement with this interpretation. However, beds
of Unit 2, which are younger than the boundary,are
discordent with 1t, Thic must certainly indicate that
the boundary is not o stratigraphic one.

If the boundary is not stratigraphic, one must assume

that it has arisen by major fauliting of some kind. The
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general lack of outcrop, the crushed and breciated
nature of many boundary mone rvocks, and the localisation
of minerslization in the gone ((i),(ii) and (iii) above)
serve to support this interpretation,

The simple nature of the boundary in the south-esst
({vi} above) may also conlribute Lo the interpretation
of ‘the boundary. Bven if one allows for & difference in
competency between Units 1 and 2, one should expect the
boundaxy to be folded somewhat in accordance with the
nacroscopic folds present in the younger Unit 2,
However, in Unit 2, a crush zone has been napped,
trending approximetely mognetic north between north-
south grid lines 100 and 110 (figs, 1 end 2)., This
seporates the boundary from the macroscopically folded
province of Unit 2 by 2 smaller area of Unit 2 in which
nacrogcopic folding is not apparent. The interpretation
in this case is, then, that possibly the crush zone
represents o foult; if this is not the case the evidence
requires & fault along the boundary. Both possibilities
could apply.

One concludes that the boundary between Units 1 and
2 is not stratigraphic and that the only alternative
explanation requires the bhoundary bo represent the effect
of & fault, The configuration of the boundary would
seem to require either folding of the fault (2 most

unfortunate possibility), or the existence of more than
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one fault, The writer suggests that it is premature to
guess at the exact nature of the fault. It scoms
nécessary to search in adjacent areas for additional
evidence concerning the nature of the boundary between
Units 1 and 2. JTdeally, the actual boundary should be
obhgerved in sebusd outcrop. The following discussion
of the stratigraphic sequence has been presented with
the above conclusilonsin mind.
Blratigraphic Sequence
Any stratigraphic secuence presented for the ares
studied must be extremaly tentative. Causes contributing
to the uncertainty include the general lack of outcrop which
prevents the observation of continuous stratigraphic
sections in surface outerop. The poor outcerop also
severely limits the tracing of individual beds, and this
fact combined with lack of distinctive marker beds Llimits
interpretation of thelr structural configuration. It is
also noted at this stage thet a large part of the difficulty
in tracing individual marker beds could be caused by rapid
facies changes along strike as an examination of distributior
of rock units on Pig.l suggests. For these reasons it seems
futile to present thicknesses of various units in the
stratigraphic succession. A general outline of the
stratigraphic sequence is pregsented in Table 1 and also with
Mg.,l, The boundaries between subunits were not obsexrved

in outerop.



TABLE 1

LHE STRATIGRAPHIC SLQUENCE - ANGASTON ARBA

Western 1de of Mopped Arca | Wastern Dide of ilapped Area

YOUNGEST
ROCK UnIm 2 ROCK UNIT 2

Subunit 2B: Micaceous pubunit 2B: Micaceous schists
schists with Interbeds with lenses of marble, impure
of quartzite and marble and quartzites,
lenses of marble

Bl e N 1 AR5 P et A b R 4 R e A | ARt e

subunit 24: Marbles
impure marbles and
lenses of guartzite
and schist

].\TA ‘}J[f O B BOUD JJARY (;ON Jic TU RA L

ROCK UNIT 1

wubunit 10: Thick sequence of scapolite-spotted micaceous
schists: cross mbcddoo and 1am1ndbed calcareous in part.
Inbeﬁbodb of quartzite end arkose. Quartzite nesr top (east
side

dubunit 1B:  Dark grey, finely laminated snd cross-bedded
siltstones and silty micaceous schists; calcarecous, pyritic
or carbonaceous in part.

Subunit 1A: As Tor ]C
ottty vy prinat ot el i el _DEST“ I ImIn I T Innm o=



Hock Undit 1

In general, the rocks of this unit are rich in linme,
grey in colour and laminated. Verious forms of cross-—
bedding are common and pyrite occurs as an accessory
mineral in mény beds, particularly in the beds of Subunit 1.

(i) Subunit 1A
The oldest rocks mapped can be found in the core
of the anticline in +the central part of the area,
They occur as dark grey, leminated sandy or silty

schists, freguently having & white or lisght grey
spotted appesrance caused by rageed, oblong ox
roundish porphyroblasts of scapolite., The spots in
some beds are so dense as to almost obscure the dark
grey matrix,

Interbedded with the dark grey schists are messive
white quartzites, more impure argillaceous quartzites

and some hard, poorly-sorted beds which mey be

described as metogreywackes,

n

3 unit were not fresh,

&

Although many exposures of thi
the Subunit is probebly very similar to Subunit ¢
stratigraphically above,

(ii) Subuait 1B

The rocks of this unit are characterised by their
dark grey colour and sbsence of scapolite spots:
they are generally sandy or silty micaceous schists or

hard siltslones. Some beds are calcoreous,



el

!..J.

12,

In fresh exposures, bedding is flagsy, and
laminations common., The laminstions cen be

xtremely fine and plenar (e.g. specimens A26%-377,
291), or can outline small-scale croga-bedding
(specimeng A263-311), In some rocks the lamination
ig due to very fine-grained hesvy minerals or
graphite; in other rocks bthe lamination is due to
irregular orsnge coloured surfaces of limonite,
possibly after pyrite, Pyrite (&5, in most cases,
Limonite after pyrite) can occur as scattered spotbs,
or spots slong bedding laminse (specimen A263-311),
In some beds lamination is not apparent.

Many of the schists in this unit have a spotted
appearance due to sugar-iike aggregates of muscovite
pletes (specimen A263-337), In one of these beds a
few quartzite pebbles up to 4 inch in dismeter were
observed scattered in o non-loninated carbonsceous
mica schist (specimen A26%-3%61),

Subunit 1¢

This is a thick sequence of scapolite-spotted
schists. The scapolite is commonly restricted to thi
heds and the density of spotls varies from bed Lo bed.

]

Spots can be up to ¢ inch in length., Bedding

¥ ol 63
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lamination is seen in many rdécks, although it can be
abgent or obscured by scapolite spots. Current

bedding is evident, varying in size Trom microcross —
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bedding to examples with foreset beds about one foot in

length, (Plates3a4d.), Ripple bedding is present in some
micaceous guartzites (specimen A263%-24) and weshout
structvres have been noted,

In this subunit, interbedded guartzites, argillaceous
quartzites snd srkoses are not uncommon but can rarely be
traced for more than & few dens of yards., Yhis nay

suggest that these beds sre lenticular in aature., One
exception is the guaritzite nesr the top of Unit 1 which
an be traced by discontinuous outcrops along most of the
castern margin of Unit 2,

Lock Unit 2

from sedinentary facings in both rock units, it wos
deduced Unlt 2 is stratigraphicslly above Unit 1. The
nature of the bound=ry has been discussed above, It
appears ‘that the eastern snd western sides of the mapped
ares show gomewhat different parts of the succession
represented by Rock Unit 2., These sre discussed separatel.
Weptern Part of the Area

Although the stratigraphic relations in this ares are
very obscure becouse of lack of outerop, structural
complexity, and probebly facles chenges along strike, =

.

twofold subdivision of this unit has been attempted. It
is stressed that this has been more for convenience ot
the present time then as a suggestion on which further

stratigraphic work is bo be based, Any difference in age
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between the two units is subject to doubt, particularly
if the whole or part of one unit is considered to grade
by Tacies change into whole or part of the other.However,
it is wssumed that Subunit 2A is possibly older than Sub-
unit 2B, because the two appesr Lo be part of a fold sys-
tem which plunges mdd rotely to steeply south (see Ject-
ion G).It is therefore possible thet the two subunits
are separate unite in corresponding parts of the eastern
Limb of a south-plunging syncline. This is suggested by
the trends immediztely south of 070%60.
(i)8ubunit 24
The Subunit consists of medium to coarse-grained
marbles with minor clastic beds. Some marbles are

almost pure, but many are scapolitic and/or ampib-
olitic, probably representing originally more impure
limegtones, Silicificetion and other secondary effechs
including kurkar cappings prevent trocing of indiv-
idvael marble beds for more then & few tens of yards
This applies particularly to the more impure verieties
Thin interbeds of colcareous, sendy or silty schists
rich in phlogopite, amygbolo ox scapolite are common
in the marbles and probebly rvepresent beds of cladgtic
claste
origin.d few thicker ehewtcheds can be seen with the

merbles,. These are mainly micaceous schists -~ similar

to those in Subunit 2B - and quartzites which are gen-
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erally rather crgillaceous or calcareous.

A gequence of thinly interbedded marbles and calc-
sllicates is seen in a short creek section in the
north-western part of the area. Jtarting from 084014,
the section west along the creek exposes calcareous
sittetones end fine-grained sandstones, thinly inter.-
bedded with lenticular sendy and silty merbles. These
grade into thinly interbedded calc- schists,calc-silice
cotes and lighter coloured impure marbles(PlateS).

(ii)Subunit 2B
This unit comprises a sequence of silty or sandy
micaceous schists with occasgional interbeds of quarts-
ite andfl micaceous quertzite up to 30 4, thick. Lent-
lcular beds of marble similer to +the marbles in Sub-
unit 2A have been mapped and appear.to intertongue
with quartzites and the finer clastic beds,

Bedding is commonly thin to lamineted and is usually
shown by & change in proportion of quartz to micegmany
rocks could be described as gneisses.Irregular heavy-
mineral bending or lemination is cheracteristic of the
ferruginous quartzites. Sedimentation structures are
not uncommon: variéé formg of crossbedding occur,inc-

[
luding vipple bedding(Plate?), Washout structures hawe
been noted (Plated),snd sedimentery slumping wes seen
at one locality (Plate?),

Rocks of this subunit are charalcterised by a met-
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amorphic development of garnet,staurolite and andal-

ueite.,

Bastern Part of the Ares

On the eastern side of the area the succession
exposed overlying Unit 1 is similar to that exposed on
the southwestern side. The extensive development of
marbles seen in the north western cormer has not been
geen on the eastern gide of the srea., The succession has
therefore been broadly equated with Rock Unit 2B of the
western side, The ilithologies differ only in the absence
of ferruginous guartzites on the eastern side.

Correlation

lixcept for the writer's modification of the position
is the

of its eastern boundary, Unit 1 of the present workunit
assigned by Coats snd Thomson (1959) Ho the Lower Glacial
and Interglacial Sequences of the Sturtisn Series. They
report observation of a 'boulder bed' in the Tower Glacial
unit (personal communication) as evidenoe sugeesting
glacial origin of beds in the unit. However, although the
exact location of this reported occurrence has not yet
been ascertained, the writer has not recognised a bed of
this type despite detailed Tield investigation, It must
be noted also that unsorted coarse clastic beds have been
subject to meny and varied genetic interpretstions (e.g.
Schemerhorn and Stanton, 1963),

The writer prefers not to moke an attenpt at regional



correlation at the present time. Such an attempt
premature considering the uncertainty surrounding

gtratigrapbic relationships in the area studied,



SHGTTION B 3 VWPAMORPHI S

Introduction

Amphibolite facies metamorphic rocks occupying the
central portion of the IMt,Lofty Range metamorphic helt have
been investigated in areas south of ,and including the
Tenunda Creek area, Granitised gneisses occupy the core of
thig belt of high grade metamorphisn and include the Tanunda
Creck gneiss (Hossfeld, 1925; Chinner, 1955), 7The centre
of this gneiss lies about 4 miles south-west of the amphib-
olite facies metamorphic rocks area mapped in bthe present
work, Chinner (19%5) in the Tenunda Creek region, and Mills
(1964) in the Springton zrea, 10 miles to the south-east of
the gneiss, have carried out detailed investigations of the
eastern Mt,Lofty Range amphibolite facies metamorphism,

The facies classification of Turner (Wyfe, Turner and
Verhoogen, 1958: Turner and Verhoogen, 1960) is not
sufficiently general encugh to mbdke allowance for the
apparent combined effects of 'vregional! and 'contact!
metamorphism shown by the regional andalusite-staurolite type
of metamorphism degcribed from certain areas., Since this
type bas occurred in the Angsston area, it has been found
difficult to use present facies concepts a2s an aid in
describing the metamnorphic mineral assemblages in the area,
For this reason, and because of the preliminary nature of the

work underteken by the writer it was thus thought most



comvenient o map mineral isograds, besed on the First: anpear-
snce of index minerals. However, the areas of exposed rocks
containing index minerals (in particular, sbsurolite and two
aluminosilicate polymorphs, andalusite and sillimanite) were
found to be rather limited - not only because of poor oulcrop
conditions, bhut also because of the reiatively small size of
the ares studied in this work, It appears also that the
rocks of Unit 1 probably have bulk compositions unsuitable
for the development of index minerals, Thus i+t has only been
posslble to the present time Ho tentatively map the approximatéc
position of one isograd in the area,
~pod
The isograd map,is based on the Tirst appesrance of

andalusite. Mig

e

4 shows the approximate position of the

isograd together with the noted occurrence of gtaurolite,
garngte, andemlusite and sillimanite. IPFrom the limited date it
is noted that staurolite probably appears before sndalusite in
the present area. The validity of this stotement and the
exigtence of the ondalusite isograd is discussed leter in the
section., The tentative use of the isograd enables the meba-—
norphic sequence to be subdivided for subseguent discussion into

two moness
(1) Staurolite Yomne,

(2) Andalusite-stourolite wone.
where the stauvrolite zone applies to rocks in which stourolite
has appeared but not andalusite,

Rocks with $en to twenty percent mica minersls heve been
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considered as sandy schists, those with 20 -~ 50% micas as semi-
pelitic, and those with greater then 50% micas sg pelitic.
pince the rocks of Unit 2 show the index minerals which have
been used as indicators of grade These are discussed First.
1. Hetamorphism of Rock Unit 2
(a) Aluminous semipelitic and pelitic schists.
(i) Apﬁearance and bexture.

Pelitic schists constitute a relatively minor
paxrt of the rocks seen in surface outcrop, and are
commonly only seen where interbedded with more resistant
sandy layers. One assumes, however, that pelitic
schists are much more abundant in the sequence than is
seen in outcrop. Because of their navcity, and
because of the similar mineral assemblages to the
semi~pelitic schists, metamorphism of both the semi-
pelitic and pelitic schists are considered together,

Rocks of the group rarely have a groin size
exceeding 0.5 mm.. There appears Lo he some decrease in
grain size, particularly of quarts, from southwest to
northeasts the average grain size of quarts on the
western side of the anti-cline is greater $han 0.2mm.,
while that on the ecostern side 12 about © tvam .

Original sedimentary grain outlines have not been
cbserved in thin section, and the textures approach .
granoblastic in meny cases,

Macrosedimentary structures involving bheds of

this type have been preserved, and bedding lamination
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is distinet in meny cases (Plates7,8 & 9.). "The
laminations are usually characterised by an abundance
off mica, Mices in these laminations have o strong
tendency to lie parzllel to cross-cutbting clesvege or
schilstosity, particularly where the second foliation

is at a large angle fo the bedding (e.g. specimen A26%-
246), In addition, the mica minerals are commonly
elongate parallel to the cleavage/bedding inbersection.
Teter deformations (Section ¢) have, in cevtain places,
produced recrystelisation and dimensional reorientotion

whichy

of the micas, e lie parallel to the limbs of micros
crenulations; only in a few seotlons was reorientation
obgerved fo huve produced complele transposition of
bedding or cleavage to form a new crenulation cleavage,
Inomore guartz rich layers cremulations are not

developed but in some coses micas can be found o he
growing between thoge quartsz/quasts groin boundaries

the

approximetely parallel to ke linmbs of crenulations forme
in adjacent micaceous layers.
(ii) Petrography,

The pelitic and semipelitic schiste maintaining
an excess of alumine are characterised by the presence
of staurolite and galuminosilicate polymorphs, endslusit
and gillimanite,

The mejor minerals comuonly observed in these

rocks are: quartsz,biotite, muscovite, chlorite, gornet,



FIG. 5

AXTH tetrahedra vepresenting comnon miners
agsembloges in aluminous semipelitic and vpelitic

sehdsts of Hubunit 28,

Mineral compositions plotted are approvimate
0NLY .

Abbreviations: And = andslusite; &1 = stourolite,
Hu = muscovite; Ga = goarnet; Bi = biotite.
Disgrans o - e represent assembolges (1)

spectively, of the andalusite - steurolitbe mone

wome of these =lao correaspond to stanrolite rone

loges.  Note the coporent disecuilibrium

o
1

repiresented by 4

iag. b,
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Ixplanation =g for Weo, 5,

Diegs, o - e renresent assemblages (6) - (10)

respectively of the andalusite - stourolitve =mone,
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gtaurolite and andalusite; lesgs common are plagiloclage ,
rare potassium feldspar, and sillimanite (fibrollte
variety )., The following accessory minerals were

observed: &ircom, apatite, bluish~green tovrmsline,

{
and lron oxides. The mineral sssemblages are ligted
below and sumnarised on the AKIW tetrehedra shown in
Figéﬁaé. All rocks examined contained gquartz and
biotite and these minerals are assumed to occcur in all
assemblages listed, Plagioclase ig usually very minor

when present.

taurolite Zone

(1) Iuscovite.

(2) (rlagioclase) - garnet,

(3) (¥legioclase) - muscovite - (muscovite powphyro-
blagté) - gtbaurolite

(4} (Plagioclase) . muscovite - (uscovite porphyro-

Plasts) - (ehlorite porphyroblasts) - staurolite .-

garnet,

Btaurolite occurs in this wone ss idioblastic to
skeletol porphyrdlasts up to 2 om, in length, but more
commnonly less than o few rm.. Interpenetration twins
can be seen in many thin sections (Plate 11 ), Most
grains are poikiloblastic with inclusions of guartz and
some 1ron oxides; a few grains show a thin rim almost
free of inclusions, Staurolite is commonly surrounded

by quartz of grain size slightly larger than the matrix
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quartz. oSince these areas are deflicient in micas, the
indlcation dis that stouroiite has grown at the expense of
biotite, leaving quartz/cverts grain boundaries free to
enlarge as the quarts recrystallises to the larger grain
size, dtaurolite can be restricted to quite thin
sedimentary layers (specimen A26%-419: Plate 12); the
occurrence of the mineral must therefore be intimately
related to the bulk chemicel composition of the rock.

Rocks containing staurclite are frequently secn in
thin section To contain porphyroblasts of chlorite, These
occur as disoriented sheaves or fan-shaped aggregotes which
may replace micas, The chlorite may have purplish or
brownish pleochroic haloes surrounding minute inclusions of
monazite or zircom., It has been suggested (Halferdahl,l961
that steurolite Lorms from chloritoid, but relic chloritoid
has not been observed in the rocks of the area, and the
supposed transition has seldom been identified elsewhere.
bxcept for late stoge coroncs around stourolite, the
chliorite porphyrobldésts do not seem %o be directly
agsoclated with the steurolite, although they do seem %o
occur in rocks with staurolite end/or aluminosidlicates
(in the staurolite - andalusite zone) and not in assemblage.
without these minerals,

In the more pelitic layers, biotite occurs inter-
leaved with muscovite to form continuous mica +Hrains,

Hy oy \ : . .
the pleochwoic scheme is commonly % = red-brown +to ¥ - nale
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brownish yellow. Some moire greenish micas have been
observed, Where the micas are less dominant, they
tend to form as single flakes along the cuartz/quartsz
grain boundaries, parallel to the latest imposed fabric -
whether it be slaty cleavage or cremulation cleavage,
In these rocks the guartz-rich matrix approaches o
granoblastic texture: the texture is close to equi-
grenular and grain boundaries arve slightly ourvéd or
straight, with many triple-point junctions - bthe latter
being taken fto represent & close approsch to texlural
equilibrium (Voll 1960),
Muscovite can occur as porphyroblastic plates up
to 1.5mm. in length , Oooasidnally these are seen to
crosscut biotite trains (Plate (3 ), but in most cases
they are aggregated in knots (e.g. specimens A263-125,
2%4), which whather in velief on exposed surfaces
(Pléte 14 ), The knots commonly have stumpy square
prismatic forms (Plate 15 ), and in thin section are
seen to contain, in sddition to muscovite, quartsz,
relic biotite and specks of iron oxide. Similar
prismatic knots have been veported by VMills (1964),
end Hietenen (1963). Comnonly the quarts is included
in sieve-like muscovite. The occurrence of albite
in the knots reported by Mills, has not been proved in
the present area. Plagioclase is detected as odd

grains in some sections, but is oo small or sericit.



ised for reliable optical determinations,

Andalusite -Stavrdlite Zone

The mineral assemblages common to this gone are

listed below. (A1l agssemblages include quartz and

biotite as additional phases):

(1)

(2)

(4)

(8)

(9)

(Plagioclase) - muscovite - (chlorate porphyro-
blasts) - andalusite - {sillimonite) - gornet.
(rlagioclase) — mascovite - andalusite - (silli-
menite) -~ stourolite - garnet,

(Plagioclase) - muscovite - (muscovite porphyro-
blasts) - (chlorite porphyroblasts) - staurolite
garnet,

(Plagicciase) -~ muscovite — (muscovite porphyro-
blasts) - (chlorite porphyroblasts) - andslusite
(sillimanite).

Andalusite - staurolite -~ garnet,

Muscovite - andalusgite - gtaurolite,.

(Plagioclage) ——muscovite -(muscovite porphyro-

blaste)l{ chlorite porphyroblasts) - staurolite,
(Plagioclase) - muscovite - (muscovite porphyro-
blasts) - (chlorite porphyroblasts) - garnet.

(Plagioclase) - garnet,

(10) Muscovite,

In this zone, andalusite appears rother than the

prismatic muscovite knotls mentioned above. The

transitional stage with skeletal andalusite Forming
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in the knots was obgserved in thin section (L2633 - 1%%s
Plate 16 ), When andalusite is o stable phase in the
area 1t forms large prisms up to 1.5 cm,., in length;
Ath«se weather in relief on exposed surfaces{Plate 17 ).
The bedded nature of sndalusite as well as staurolite is
obvious in meny outerops (Platez 18 ),

In thin seétion the idioblasts of andalusite show
poor grain boundaries and are sleved with matirix
inclusions, In some cases the inclusions increase in
size towards the rim, indicating sndslusite crysitallis.-
ation concomitent with increasing grain size of the re-
crystallising matrix, Andalusite has bheen seen énclosg.-
ing steuwrelite, indicating the earlier crystallisation
of the latter (Plate 19 ), The staurolite is Fairly
idioblastic,showing 1ittle tendency to undergo reaction
with andalusite., Tete stage alteration of andalusite
produces coronas of, or complete replacement by shimmer
aggregetes of sericite; the occurrence of muscovite knothe
with chlorite coxes probably also represents & late stage
alteration of andalusite,relics of which are occasionally
present (Plate 20 )., laony andalusite idioblasts show
augen or caries-shaped houndary modifications of quarts
and micas, mostly sericite (A26%3 - 94 , 166, 673 3 Plate
2l &22 ), 'The micas are parallel to +he poor cleavage
directions or square outlines of the andalusite in some

cases, and appear to parallel the limbs of crerulations
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in the schistosity in others. It is not apparent
whether these sugen, which resemble simillar augen seen
confined to the matrix elsewhere (Plate 40 ), represent
late stage alteration of andalusite or, an earlier
feature inherited from the matrix by the crystallising
andalusite,

gtourolite in this zone has a similar occurrence to
ﬁhgt in the staurolite wone. The mineral can be readily
found coexisting with andalusite. As in the lower zone,
the stourolite appears to grow at The expense of sone
biotite. Pink idioblastic garnets are not uncowmion and
also appeaf to grow in some cases at the expense of biodit
Interleaved muscovite and pledchroic red-brown (Z) o
pale yellow (X) biotite arelcommonly well oriented in
the matrixs however, 2 less regular orientetion is
freguently seen in the vicinity of porphyroblastic
graing. 0dd grains of plagioclase occur, but sericitis-
ation or small grain size prevented optical determinatiors

pillinmanite has been deﬁec%ed in thin sectlons from
four loecalities in the more southern areas of this zone.
willliimanite occurs as odd bundles of fibrolite closely
asgoclated with andalusite, These areas of early
nueleation of gillimanite are usually observed in mice
trains close, but net necessarily adjscent to andalusite
grains (specimens A263 - Q4b, 9%, 673 ; Plate 23 ),

growth of fibrolite along andalusite grain boundaries
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has been observed, however (Plate24 ) ., Bilotite does
not appesr to be involved in any reaction responsible
for the formation of fibrolite; its role may be
nothing more +than a favourable site for nucleation

(Chinner, 1961; Mills, 1964,),

2

(b) Sendy Schists.

(i) Appesrance and Texture,

The sandy schists are quite abundant in the
exposed succegsion of Rock Unit 2,occurring as
nunmerous interbeds with the more pelitic rocks of the
Lroup, liicas frequently define good bedding
lamination, but when cleavege cutbs the Laasination at
2 high angle, are well oriented parallel 4o it, large
and swall scale sedimentary structures are well
preserved. As in the more pelitic rocks grain size
rarely exceeds 0,5 mm,.,

Petrography,

As expected, the ublquitous occurrence of
steurolite and/or aluninesitlicates seen in the morve
pelitic rocks is not observed in these rocks.
Andalusite is absent but odd small (0.1 mm.) poikilo-
blagts of staurclite are present in soune rocks (e.g,
aspecimen A263 - 1.36,). Tdioblastic pink garnet is
comuon - occasionally up to 1 mu, in diameter., Some
show radial quartz inclusions described earlier (Flate

23 ). s in the more pelitic schists , garnet cen b
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seen growing at the expense of some biotite., A4 few

thin sandy beds are rich in poikiloblestic garnet -
K, }.

Lo}

occasionally up o 30%. GQuartz has noticeably increasec

in grain size in these beds, presumably due to the
disappearance of some biotite originally obstructing

the growth of grain houndaries (Flate 26 ),

Blotite ig of the mleochroic red-brown (%) to
pale yellow (X) variety, and tends +o occur as discrete
flokes between those cuartz/guartz Frain boundaries
parellel to the foliation. Fuscovikteé ig noticeably
secarce 1n the sandy schists, and is rerely intevleaved
with biotite. It ususlly occurs ag somewhat skeletal,
disoriented plates,

Guartz is seen to have a strong tendency +o form
granoblastic textvre with gently curved or straight
grained boundaries meebting in nuweerouvs triple-point
Junctions.

(¢) Merbles.

Harbles are quite common in the Angaston axea,
generally cropping out as low pavements., Pardbicularly
along the western margin of the area, the more extensive
nasses lLorm rounded hills. The purermarbles outerop as
such, but the more impure varietics are almost obscured
by kunker or siligification in many places; these
secondary products are quite extensive along the

western margin of +the area
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The proportion of silicate minerals in the marbles

varies from less then 1% to 50¢%, The marbles containing

a large proportion of silicate minerals are usually
gseen a8 odd intercalations in feirly pure marbles, or as
alternating thin interbeds with calcgilicates,

A1Ll the marbles are at least medium grained, and
many are coarse grained, As indicated earlier they can
show compositiconal inhomogenieties in the form of impure
marble or calcsilicate bands; these are commonly highly
folded (Platesamﬁe). It is probable that these interbeds
represent more silty or argillaceous layers in the
original limestone, A new medamorphic layering has not
been ohgerved inm these rocks, but & new foliation has
been formed, shown by the flattening of caleite grains.
Although this foliation is difficult 4o mezcure it is

thought

chat 4t renresénts axial plain cleavage of the
primary deformation. Micas are generally parvallel to
this foliation also. Scapolite prisms, and occasional
amphibolétorisms lie in the foliation to produce &
pronounced lineation (Ela%e 30 ).
Mineralogy end Pebrology.

The major minersls observed in the marbles are
quartz, calcite, plagicclase, notassium feldspaxr,
seapoiite, bilotite~phlogopite, muscovite and
actinolite - tremolite, with accessory sphene, apatite,
zircon, graphite, pyrite and mognetite.

Mineral essemblages arve extremely varied, however
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some of the more common assemblages are listed below:
(1) Colcite - quartsz,
(2) Caleite - quartz - Phlogopite,
(3) Osleite - tremolite/mctinolite - phlogopite.,
(4) Colcite - scapolite - actinolite,
(5) Czlcite - scapolite - actinolite - phlogopite,

6) Czleite -~ quartz - phlogopite/biotite ~ plugioclage
L A el _[. p o

(7)

[
S
=
o
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i

guartz - scapolite - phlogophite -
plagioclase (Anzy).,
.(8) Caleite - quartz - actinolite - biotite -
potessium feldspar - plagioclase (Anjn).
(9) Calcite - quartz - scapolite - phlogopite.
The ﬁéxture of calcite in the marbles is variable .
It can be grancblasﬁio with straight or gently curved
grain boundaries - most commonly seen in the very pure
marbles (e,g. specimen A263 - 8la); all trensitions to
inequigranular texture with sutured grain boundaries
can be found. In marbles which have the appesrance of
having been partizlly mylonitised, verious degrecs of
polygonisation are seen - mosgtly in the form of trains of
granvlar calcilte seporating highly deformed larger
grains{A263 - 812, 753%; Plate 31 ), Deformstion twin
lanellae are very common and in many sections calcite
1s slightly biaxial,

Quartz can ocour in granoblastic ogeregates, in
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narrow trains presumably representing original silty or
Tine sandy laminse, or as odd scattered inclusions in

cal

9]

xite. Grain sige dis less than lmn,-commonly about O, 2mr..
In a few sections (e.g. AR63 - 100) quartz forms irregulary
patsches containing phlogopite and colcite grains.

The most common mica observed in the marbles hag a
pleochroism frdm pale orange-brown (%) %o colouriess (X)
and is probably close to the phlogopite member of the group.
In the more impure marbles, the pleochroic scheme can be
darker, from oyengebrown (Z) 4o pale yellow (X), and is
probably closer to the blotite end-member. Iuscovite is
seen very rarely in the rocks except as analteration product
of scapolite, where it cen occur as small flakes Fforming
parallel $o scapolite cleavages, A few marbles show odd
muscovite laths with no apparvent preferred orientation.

Many of the marbles contain betrehedral prisms of
scapolite up to 2cem. in length, appeasring on weathered
surfaces as blue-grey needles. In thin section scapolite
has relatively high birefringence (upper second order
colours are shown), suggesting that the minersl is rich in
the meionite (Ca) molecule as might be expected., In many
ingtances the mineral is seen to be zmoned, with concenbric
shells marked by difference in birefringence and also in
gsome cases by concentric lines of minute anpatite
inclusions (Plate 32 ). The birefringence is usually

lower away from the centre indicating a decrease in meionite



content towards the margin. Caleite inclusicns are seen
in many grains, either as xenobbastic patches or blades
parallel to cleavage directions; a number of grains have
amall calceite cores (Plate 32 ). In some sections
tremolite and phlogopite can be seen Lo have replaced
scapolite, In others a rim of sodic plagloclase has
formed sround the grain possibly representing o reaction
gimilar %o

(3Wahiitiz0n a0l + Ih0 & 3WaAlSizOg + Hall + HQO)
marialit% 2 albite) &

Mills suggests that a reaction of this type is
responsible for late stage zoning in plagioclase in the
marble, due to the formation of albite as a rim on the
feldspar. However, feldspers were not observed in the
sections where the suggested reaction appeors to have
token place,

A Few grains to o few percent of amphibole are
present in some marbles, In thin section the amphibole
igs idioblastic, colourless to slightly pleochroic pale
green, Optical tests suggest the emphibole is tremolite.
ranging to actinolite in the coloured varieties. The
nineral appears to be parsllel to iineated scapolite if
pregent, Inclusions of guartz and relic biotite or
phlogopite are freguently cbserved.

Feldspars sre detected in some sections, Plagioclasc
where determined had & composition ranging from An -

55
Anzg, Potasgivm feldspar is rare and has a moderately
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done voclks contedn a few percent of fine dusit-like

giraphite occurring es dlosenminated inclusions and treils,

o
o
:
%
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Hogt ninerals, oorticulorly cuavts and
extent celeite, show & worked tendency to clear the
inclusions to grain boundaiies,

The pasx the oboerved wminersls and

mineval aasewplages In marbles is not clewr in many

cagses., The nunber of nossible componeints in the wore

AT

inpure marbles nmakes the nroblenm complex. Deocause of
i 1. 1.

the scope of the present work only = brief discussion

o

Gk

some aspects of the metomorphism of warbles in presented

at the end of the section.

§iliedfice rhles

Meny wmerblos in the ares appear to have been

affected by surfoce alterstion including silicification,

As dndicated, the products of this olterstion are only

Found et or mnear the suelace, althoueh not lisited to
hilltops. Unaltered nzrble or impure marble con be
Tound under the alteration nrodvcets, or as rements
velthin then., Moot of the silicified oubcrops are hop
magpes off fine grodned cholcedonic or opeline silico

or secondsyy quertz,  Whe silico can be spherulitin,

botryoldal or colloform, ond contoin o Few or numerous

vughs o cavitics; in other places bl

and vithouwt form,

and/

¢ @ilice dio maspive
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In & number of outerops eciculsr or asbestiform
na.gses of white %o bluish-green amphibole are evident.
The amphibole occurs as discrete prisms or clumps of
prisits in an opaline or chelcedonic matrix, or can make
up most of the rock with minor interstitial opal or
chaleedony, Muscovite and/or talc are also present in
some silicified rocks. Thin sections A26% - 35z,-40b,
-96,-541,-542,2nd-868 illustrate most of the shove
features,

Rock Unit 1

(2) Scepolite sSchists

(1) Appearance and texture.

These schigts crop out poorly over most of the
aree covered by Rock Unit L. Grain size ravely
exceeds 0,5 mm. and is commonly about 0.05 ma,,

Wo significant change in grein size could be
detected from one part of the area to another,

The rocks charocteristically have good bedding
tamination where not obscured by porvhyroblastic
growth of scapolite, Crosscutting foliation {(cleav.
age orschistogity) is not as well developed as in
the schists of Undt 2, VWhere recognised, some
micas show & tendency to be oriented parollel to the
bedding foliation, Hlongation of biotite parallel
o the intersections of the cleavage and bedding hac

been detected in sgome places. Sedimentation
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structures are well preserved.
Petrography,

The mejor minerals commonly observed in thesge
rocks are guartz, biotite, muscovite, plagioclase
and scapolite., Uore rarely chlorite and csleite
cceur, Accessory minercls include sphene#, clino-
zoisite, graphite, pyrite, zircon, apatite and
ubiqguitous bluish-green tourmzline.

ALY rocks contain quarts and biotite. In most
sectlong the blotite was found Lo have the NILCO w
chroic sehame; 4 = red-brown, Y = medium brown,

X = pale yellow to colourless. Minersl agsemblages
on the whole are extremely gimilor, With few
exceptions, the rocks contein in addition to these
Two minerals, seapollite and from 5 - 15% plagioclas
aleite da an additional phase in o few rocks,
Potessium feldspar was not obscrved in rocks
containing scaypolite,

The plegioclase comonly shows polysynithetic
Twinning, but in mos+t sections sericitisation meles
optical debtermination of composition difficult,
However, generally the plasioclosge ig sodic with
composition between AnS and Anlo, Mrom the
verdetion in meximum birefringence seen Tronm
sectlon to section, scapolite tppears to have

variable composition from rock to rock as might be

-
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expected with o change of bulk chemical composition,
The mineral con occur as ragged or rounded porphyroblaste .
or as skeletal grains and relice assoclated with
aggregates of muscovite plotes and guarts. Tt is
usually sieved with matrix inclusions. In some sections
the scapolite is traversed by trails of sphene ond even
cnds to grow along these tralls for & short distance
(e.g. 263 — 8), These sphene troills represent o {ine
bedding Jonination.

Golcite, where present, is scatlbered throush the
mateix in single xenoblastic grains. (Linosoisite occurs
in pome sections but is seen to be common around joints
and is probably an alteration product due fo a reaction

aimilar to
(3 (Cublyi ?2()()) . C20y % ITITOO =

CDVJ be s

notled Omt

These rocks are mapped as Rock Unit 1bh. In general,
they are slightly more micaceous then the scapolite
schigts, averaging about 30% biotite; & better clesvage
Ls thus more commonly seen,

A characteristic feature of the rocks iz thoir
"'sugary'! weathered surfoce vesulting from small knots of
msgcovite. TIn thin section the lknots are seen to he
composed of somewhat porphyroblastic skeletnl plates
(0.4 v, ) of muscovite, ocourring either singly, or s

aggregates of severval plates. (e.g. 5263 ~ 312, 359

~
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561y Plate 33 )., The knots also conbain metrix biotite,

end quartz slightly coayser than the mateix, The

mpscovite does not appear to have = preferred orientatior

bt in some eaﬂea'(e.gw gpecimen A263 - 311) the knots
appear to bhe dimensionally oriented parallel %o the
gsehistosity.

Galeile has been seen in some sectlions as scoltered

rageed grains, Plagloclase occurs dn a few rocks, buid

<ol

reliable optical determination of composition was not
possible, Accessory minerals include graphite, wircon
and sphene in laminse or as scatterved pramales and dust.
Pyrite, or Llimonite alter pyrite, and bluish-green
tourmaline olso occur. The rocks are notable for the
absence of scapolite, although & few relics were
associated with the muscovite knots.

Intrusive Rocks - Netadolerites.

Apart from nunerous quartz intrusions, the outcerop
ntrusive rocks ig restriclted mainly to the south
western corner of the ares. The bodies ususlly outerop in
small patehes of o few square yvards where no contacts with
the country rock can be observed. However, in the Lindsay
Bridge Quarry (location: 067354) several small bodies are
obzerved which have ignedb contacts with the surroundiag
marble (Plate 34 ). Beesuse of the likelihood, then,
that these bodies are of iuntrusive origin the term Tmeta-
dolorite' nas been used,

The rocks are generally hard, snd dark green or

T
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green and vhite mottled on broken surfaces., The deep green
colour is due to abundant (up to 65%) amphibole, White
seapolite ig found to constitute the iighfer aress, The
small plugs do not appear to have had any contscet meta.
morphic effect on the marbles. The grein size of the
latter doem not show any change towsrds the contact., The
only visible effect on the morbles ids o pink colouration
for some yards asround the intrusive body.

In thin section (e.g, A263 - 732, 73b and 102) the
metadolorites are seen to be 2 complex intergrowth of
coarse grained scapolite with common horanblende, The
il

scapolite is often secn to completely surround hornblende

graing in & monner which suggests a relic ophitic texture,
Bome secapolite grains are up to 7 wmm., in diameter, but show
a tendency Lo granulate to wosaics of smeller grains,
Hornblende overages about 1 mm, in sizme snd occasionally
oceupies relic evhedral outlines. The mineral has the
pleochroiec scheme: X = pole greenish-brown, ¥ = yellowish-
green, and 4 = dark bluish-green. A tendency to form
granuler mostics 1ls shown by this minerel slso. Doth
minerals are poikiloblastic with inclusions of mognetite,
sphene snd coleite. Caleite occurs in xenoblastic egrains
or aggregates; Many sphene granukd: danclude cores of
ilmenite indicating the latter may hove been responsible

For i+tes Fformation:
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the esrly sndalusite crystals does suggest the breal-

o
down of paregonite in the presence of quartsz is one

Kal
I

possibility for the origin of andalusite,' However,

ag mentioned esrlier in the section, albite does not

appear to be cowmon in the knots of the present area.
Perhaps a reaction similar to that expréssed by

Hietanen may be more lmportant:

1 biotite $ldendslusite + Zquarts « almandite
+lomscovite

This reaction takes place withdut gain or loss of water
and is thus invariant; it would not then he necessary
to assume a regular variation of waler pressure over
the area, It must be pointed out, however, that the
writer has observed no significant occurrence of
garnet assocliated with the knots.

A second consideration involves the occurrence of
staurolite, From the very limited date shown on IMg.4,
it appears that stourolite hecomes stable belfore
andalusite end again disappears before andalusite,

It is unforbunate that suitable rocks do not outerop
very far north on the wesbtern side of the aresan,
However, gsome evidence is secen in thin section to
support the iddes that in the ypresent ares staurolite
is stable before andalusite - idioblastic staurolite
is seen in a few sectlons to be completely enclosed
by later {(presumably) andalusite (Plate 19 ). The

earlier stability of stauvrolite relative to andalusite
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has been noted in & few areas (e.g. Hietanen, 19563 Zwart,
196%), but has not yvet bheen recognised as the rule, As
discussed recently by Albee (1965), the first appearance
of andalusite and stavrolite in the metamorphle sequence
involves, not so wuch entering into the stability Fields
of the minerals,but primarily a progressive dehydration
during -progressive metamorphism., MHielanen's suggested
reaction above would then appear to be slightly misleading.
The mineral sssemblages summarised in the text and on
IM.gs.Ba6 suggents that there ig disequilibrium in at least
the rocks showing assemblage (2). lHere there appear bo
be five phases present (andalusite, muscovite, bhiotite,
staurolite,‘garnet), while the number of components (Ffour’
indicate from the mineralogical phase rule that only four
should be present. NWo textural evidence was detected in
thin section to suggest which of the phases were not in
equilibrium, The difficulty whieh has thus arisen
certainly indicates the desirebility of chemical
analyses, which the writer hopes to meke the next phase
of work on this problem, A& chemical analysis on the

vositions on

i

mineral components would serve to plot their
the AKTH disgrem more accurstely; of more importonce,
total rock analyses'of the rocks involved would enable onc
to suggest which nineral or minerals do not 'helong! in
the assemblage by plotting this composition on the AKM

diagran, This would then give some object o a move
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searching petrographic and petrologic investigation,

(o by <

Despite these anomalous wmineral assemblages it is

probable that most andelusite - staurolite agsemblage:

in the area are stable. n addition it appesrs that
in certain parts of the ares, perhsps corrvesponding
only to certzin bullk compositions, the stability fiel
of sillimenite has just been reached - indicated by
the occurrence of fibrolite in some rocks, Thus it
is most probable that the present sres wepresents
snother vhere the classical Dalwedien sequence of

progressive metamorphism, chlorite -~ biotite ~ garnetd
staurolite - kyenite - sillimenite, should not be
considered the only hmormal' sequence of progressive
regional metamorphism, Miyeshiro (1961) has
emphasised the dmportence of considering andelusite -
sltourolite - sillimanite metamorphism as & distinet

netamorphic facies series of vegional metanorphism -

his Jow - pressure intermediate group.,

(b) Marbles

(

1L

)

Muscovite is rare in the marbles, however it can be
found with calcite and quartz s an alteration product
psewdonorphing scapolite. It may be thet pogsihly the
formation of scapolite and the rerity of muscoviie ore
complementary, IMills provoses that guarts, calcite
and muscovite could resct to forn orthoclase snd

anorthite ., It might he possible +that in the presence
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off volatiles - either from muscovite or pore
golutions - scapolite could then form from plagio-
clase,

The ahsence of diopsilde is interesting It is

probable thet the grade of metamorphiom has not

gulte resched tha+t necessary for the formetion of

this mineral in these narbles, The asggociotion of

philogopite, calcite ond cuertz in some patches

sugpests diopside should have been formed 17 the

LA

reaction suggested by Remberg (1952) is possible:
Kﬂg~A1Si§Ulo(Ou) + 50ac03 + 6510 = KALS1- :0g +
phildgont e caleite K. feldsher
Balo S o0g + 300, 4 HpC
dlops 1de -

J_

The »hlogopite - quartz - caleite associstion could

o -1 o - = o — -
suggest the reectlon hag proceeded in the rewerse
direction after & peal of meltamorphism, but one might
expect the products bo pseudomorph the diopaide if
this had telken place, This isc not observed,
The olteration which has produced the 'gilicified

marbleg! is probably not the result of metasoms+tisn

such &8 occurs gometimes in the late stages of
metanorphian, Field evidence sgeens o preclude thie

possibilitys: the products of the alterstion appeay

1

to be limited to surface or near-surfoce occurrences,
Frplenations apg to the oceurrence of tremolite and
actinolite in the alteration zones sre certainly

lecking ond this problem may warvant more extensive
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silicified marbles with cluaps
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invegtigsgation, oind

L

o

of amphibole have been noted 10 miles to the nonth,
in the button ares, by J,Worden(personsl comuunicotion),
Rock Unit 1

I Ial

Ihe origin of scopolite in most of these rocks is

poselibly sindlar Go that in the scapolite merbles, The lac

o
P

of wuscovite except for late cross-cutlbing plates may suppo:’
J-'I, E— e ey e gy €7 Aot . P o iy R R Ty DU . [T ¢

thig ddew, asg the resction mentioned proceeds ot the expensd

of mugcovite. Tt is possible that the gediments themselves

weire the source of volatiles, This seems likely bhecouse

1.

of the freguently observed bedded »nalture of scapolite in
the field..In addition, accessory minerals vich in volatile:
such as bourmzline cnd sphene are ubiquitons in the rocks
and syphene can even he Found in bedding laminae (e,pq,
specimen AZ63 ~ 8)., It has been noted thet scapolite even
tends to grow along these laminoc,

Disoriented muscovite porphvroblasts ore perticulerly
common in Hock Unit 1. Similar porphyroblasts were also

Lsts of Rock Unit 2({Flate 13 ), These

il
o
i
ja
I_!
-
0
<f
o

noted in some o
porphyroblasts are probably a late stage feature ag they

grow across all foliations. In the field, some beds (e.g.

-+

g

subunit 1b), perticularly the more pelitic, show the

r.«g

feature wore prominently than others. This is probobly due

) bl

to the influence of initisl compogition, Billings (19;8)

_ , _ _‘_('9”)

in Wegtern Few Hompshire, and Mi11 Lo /i the Springton arvec
heve described siniler feotures, ond attribute the origln of

the porphyroblasts to late stage regionel metesonatism,
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Hovever, evidence (e.g, for the addition of Kp0) necessary
to support this ides in the nresent cres hag not been
sought.

Because of the lack of index minerals in This unit, cowe

should be teken in assuning that becauvse the overlying

rocks (Unit 2) vepresent vocks of amphibolite facies

The Undt 1 vocks sye of fthe pome grade, I1 ig o be noted

that the cverase grain size of the Jower unit ds si

Tleantly osmsller then dn the upper unit. Thwe the

pogsibility that the rocks of Unit % apre of Llower prode

(f
should not be dizcarded in eny later intevpretation of the

regionel geology in the area - varticulerly when the

A s
uneer sainty surrounding the nature of the bhoundary hetween

i

the two units 1o considered,
Hetedolerito;

A

It iz probeble that the abundent scapolite in these

- J

rocks dg the result ol the addition of wvolatiles te the

s
&

original plegiocliase. The fact that plagiocloge was

originally prosent 1o sug
i

Nl ceated by the occurrence of relic
ophitic textures now occupied by scapolite ond hornblende.
he country rocls which were observed to be intruded by the
netedolerites are narbles axe contedning scapolite.  Thus

1t does not seem vareasonable to postulate these rocks

as the source ol et least some of the volatiles necemsnry

for the scepolitizetion of the metodelerites.
Fetadolerites with sinilar partial or complete

seapolitization and/Or ginmilar relic onhitic texturces hove
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been described from & number of places dn the Hb,holty

Ranges., fThege include the Woodside district (Alderman,

Pt

outhwest of the

1971}, the Tununds Creek ores 4

present area, (Chimer,1956), and the Cambrai arca (Bille,

1964).
The paragenesis of hornblende in the rocks presents
mery complex problems vivleh will mot be discussed in

detoil, arions processes have been sugeested,including

the uralitizetion of 0y
crystalligation of the uralive to a cleonr hornblende (e

</
Pills, 1964). These types of processes nay have talen

place - vore relic euhedral oullines sre susgestive of

. _ amphibole_
pyroxene outlines rather thon swskibe

it should aloo be congidered that the orvisinal masma noy

have crystallized hornblende if the paprtial oressure of

o
-] £

owtlines, However

water vapour had been high ot fthe tine of primary cipbel

Lization.

pyroxene, snd subsequent re-

H
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troduc tion

There eppear to have heen three wmajor successive

iy

phases of deformation of the rocks in the Az

Thege are recognised by the three different

folded surfecen which hove been produced,

surfeace of the first phase folds is marked

cleavege vhich in many vocks has develoned
wha I

defined sechistosity. Crenulation cleavoge

the axiel surface of folds which appear to
ond tricd

The

by

Pty

Types

[

into

€
ly

saton ares

of

1al

-~y ool
placty

vell

represents

be

the reoul

of & secondaphases of deformation, The occurrence of

Iink bands is congidered to be the wegult of

whigd deformation, The bhends are discussed

o

The Following terms hove been used to repres

structural elements, snd are similar fto thos

by Turaer and Velss (196%):

r

o
1

4

surfoces orientation of flaky minersls,

Grenulation cleavag

o
o

ol

it it

51 bBedding and transposed bedding.

-
¥

in

34

later,

Sl

UL

30 Blaty cleavage, ag defined by nlenar

371

!

baeati

1

e l 560



Pold Axe

ot

( Bgz o B2 Polds in hedded surfoces with slaty
cleavage, 5o, porallel Go the axial

suriace,
1 e
57 o B5 FPolds produced in schigbtonity, vith the

1

cevelopment of crenulation clenvoges,iz
.L b4 o

B or By | end 5a.
=5 i t

It should be noted that sy ond Uy cleaveges cannoet he
distingiished in the Tfield. Only in a few thin gection

could 2 cremilation cleavage (SA) be seen to have over-

printed an earlier one (Sa)n Thus, except where the

Ty e
A

context Leaves no doubt ag to the menning of bﬁg 53

been used for convenience %o represent either of the

crenulatlon cleavages. f(hic zpplies olso to BB and By

foldos. fhe nomenclature for linestions is o
that of the ovorticular set of Tolds with which the
Lineation 1o cunposed to he geneticelly associated.

Hence,Blinestions are those agsuwned to have heen formed

by the same deformotion which produced the Bo folds.

32 Tolds

these folds hove been recogniced on nmacroscople
and mesogcopic acales, Ihxeept in merbles, the nuwmber
of mesosgcopic folds recognised in the field wes very
Limited, Yhis 1s orobably becoause of the absence of
clogsures of mzcroscoplc folds in the present ares -

in other arvecas the best development of smaller scule

] 2

folds is comnonly ia the closures of macroscopic fold



=
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The Bo folding appenrs Lo control the shape of najor
tectonic features in the area and zlao the observed
distribuiion of rock types.
‘e regional struetuore (Figs.l, 2 and 3)ic

dominated by &

avea, Although

ig limited, the

noerth and gouth

ares Folds

gouth, but

appe

the closing

viere anticliine in the centire of the

L
i

ouvterop &t either end of the structure

Fold appears to close just ountside bhotl

pergins, Certainly over most of the

to plunge steeply To moderately steer

LT

-

of the major Ffold to the north

)

at the opposite end OF the area is not quite expected
from consideration of smaller scale gtruchures in that
ares. (See later in this section) Smaller macroscopic
fold closures are recognised in the area and these are
also dndicated on Blgs.l, 2 and 3. TFigure 7o shows the
statistical fold axis (R ) determined from dats
collected over most of the area: Mg.8a is o synopsis

7
g

By,
of =1lffold

.
R ]
LIRS

measured. ‘fhe latier diasgreom olso

indicates the reglonal atiitude of axisl surfaces of b
Folds as being genervclly dipping at steepn angles to the
eagt-northenst,
Megoscopic folds have been meagured in both the

sehists and marikes Unit 2, They were not observed
in Unit 1. [The few folds measured in the schists have
plungeks varying fron moderate angles to Ghe south,
throvgh verticel, to steep sngles north., The tyle of
these folds is approximetely concentiics; th is
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pirobably becousc, although nicaceous beds are nunerous
in these folds, the interbedded more competent, Sahdy
layers fend to fold concentiically =nd control the over-
all gtyvle, In zome cases the folds are slighily

appressed and show some characterictics of similar

Folding, Mate 35 and large thin sections A263-246 and

<129 dllustrete the fold styles, Holds din the warble

1

commonly show gtirong transposition of 84 surfaces into

.

clome parcllelism with axial surface Hp defined by

flatlening of caleite grains (Plotes 21-29236),  Although

the axial surfaces of the folds in the marbles avpesy

to be planar -the folds can be non-cylindrical in sonme

3 fal .

areas, MThis dis indicated by varistion in plunge of the

folds from outerop to adjacent oubterop, The varistion

carn evern be obgerved in sin

sle ouderops,  The weplonal
plunge oi these foldsm varies from shallow o moderately

steep angles to the south.

(dii) By ond B, foldu,

.

Macroscopic hw folds have not been recognised in

this area, fwo anell folds dn the wesgstern schists of

-

ot 2, are thought to be the only mesoscople folds of
this type recognised in the area, 'These folds have

cremilations in the more ndcaceousn laminae,  Crenulsatlon

are porsllel to the fold axis 5 in addition, @ poorly

developed crenulationscleavage is parallel o the oouoial

o

suriace of the fold, The otvle of folding io open

concentric {Plate 37 ),
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The smoll zedle megoscopic to nileroscopie expresaion
off Be folds is in the Torm of crenulations in ecplien
acehﬁﬁlateSB Y. The crenulations con have o wove.
lengeh up bo JHcm,., although this is rere, They are only
fully developed in pelitic lavers, but micas in more
sondy loyers commonly ochow o mavked parvollelism to those
in the crepuletion of adjocent milehceous leminee,

CThe erenulations.are mostly agymetric: few show well

developed crenulation cleavage, In some rocks though,
crenmuilation cleavage bhecomes evident in thin sections
et first as & alight displecement bedween the asyimebric
limbs, and, in & number of rocky, as & conplete trans.
o form the new cienulation cleavage,
I the field this clesavage can he recognised in some

T less venetrative nature rvelative to

ploces by i

enprlier cleavages, Klmevhere, nore venetrobive clesvoge

L) B Ty T .i £] n - [} .} LA T e —l L) o f 1 ol -1 -5 - B o Anuy -

simdllar to slaty cleavage dg seen in thin section to be

g crervietion cleavage, Crenmulation on ecrenulation

cleavage overpirints some mesosconic Bo Loldwo (e,o.0neci-
)

men A26%-246), but does not wppecr to hove changed the

nilficantly .

.'B?1 o B a0 tructures have not been observed in +the
- "

roclka of Unit 1.,

Il ~a

The exiatence of dwo sets of crenulation cleavage

(end hence two sgets of crenuletions) cen only be

¢

recognised in thin stion, @lthough the gnread in

WL

o
o

orlentotion of these clements in supeestive of theid
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being mnore thon one set.,  Por exowmpleo, in o fow

5%

sections

(Plate 39 ) nornhyvroblasts show helicitic structures

which are not compatible with the nresent crenulation or

crenulaetion cleavese geen In the section., his

that two crennlotion cleavepsges con affectl the

and probably one (& wog of least olishtly leter thon
8 B! 4 5

the other (55)9
(¢) Idneztions

(3.) By=lineations .

Hineral elongations stotisticolty perodicl to Bs

Folds are not uncommon in a1l Gypes of vocks in

It is assumed (ond con be chserved in 1 places) that these

nineral clongotions arve parellel to the intersect

[4¥)
-
(o
A
—la
7-:
T
o

51 ard B? sueiheen, Hinerals

this manner include bhiotite ond wwsecovibe in gohi

secapolite and anphibole dn marbles,

oblong,

~—
[}
—
jue
|
Ej:)
—
—
~
-
L
Focy
1
3
st
=
D
jan}
.

The Iineation Formed by micro-crenulation of

ldmensionally ori

ion of
ented in

fa
Lote,

earliecr & planes snd/or intersection of crenulafion

roce of these plenes hag bee

A Vineotion anproximetely parollcel o thesge

_____ dlocunoed obove,

lineations is defined by minerval atgen., These augen can

e perfectly circular in cross-oection, and are

to extrenely elongote to the crenulatio

40,41 ). The sugen contoin the some minerals

matrili, but have o cospser srain sice and are defil

n(Plates

cient

in micag, e crennlation does not seonm to have had a
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=] ! )

divect contrel in the growth of the augen, becouse

At

they seem Lo be scatitered randomly throupsh the

natrix, It do probable that since the B, and B

]

lineations are broadiy co-oxial (see below) bthat

LI a

wnese lLineations are in ract inherited B?-lineation:

(a) Structurel Analyeis

The avallable gources of structural date collected

during the mapping progron were oubjecet to certain

1

restrictions, Avart from the di

gtribution of sulteble
rock types contodining the various structural elemernts

stioated, the voriobility of outbcrop conditions in
[ IS > N

the ares obviously prevented nezpurement of sone

elements in certolin oreas, YWhere possible, the source

1 +

cures swmnarising them.

i

of data hag been shown on the
A& puwnber of sub-sress, la, 1bh, 2, 3, and 4 have been

delineated in an effort to vepresent arveas of siructur.

.o

al homogeneity and/or for date locality reference, The

location of these areas ond clse representative dato

concerning various structural elementa are shown on

)

Pig..

e

The dato are sunmericed on Schinldt-Lembert eguel

area projections; contours were prepared by using &

Live overld

rototable pri containing overlapning
Lin ellipses whoge shope wos aporopriate o thedlr
pogiltion on the net. Thig method gives nore ye-
ovoducible results than the dchuidt method veing 1

clreles, fThe method was susgested by D AL Kleenan
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a8 o modificotion of the Steond (1944) method.
Pollowing a present convention discussed by Parner

cnd-Weiss (196%), the statisticslly determined i

of folding obtoined by plotting the nole to the circle

of best £it dravm througsh poles of neagured I sepgments

ig celled B rvather than T,

(i) deometry of 4y (Bedding).

The'WSﬁ anolysin for the areas la, 2 oend % ig

given in Figz,fe. A faivly well-wdefined givdle

I
b
il

showil whose goetiatical &Xiﬂ(@)pluﬂgeﬂ 550
in & dirvection é§§ou

Mo enclysis for subarecas 1, 1z, 1h,2 and 3
sopear ag Tigs.fb - £, ALL these plote exceptd
7¢ (area 1b) show, concentretions covresponding to
arious prrts of the collective dimgram, but it

el ]

evident that mosgt of the

.
iy

Nal

old closures muat he
in arew %, unless folding in the other arems g
dlooclinal, It is most likely on considersation of

1iamh

Mega. Lo~ 5,that area 1b represents only one
of & fold and that the lack of points awey From
the masimun in the plot for arvea 2 is o bias
canged by lack of owberop in the area of fold
clooure, The disgrem for suvborez 1b ig interesi-
ingy,however ., The liwmited date ghow o folrly wel
defined pirdle whose statistical sxis (()

.

plunges steenly in a divection 006%., This

suggests that subares 1b way be inhomogeneous
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56,
wiith respect bo the rest of the ares. Droof of
the inhomogeneity ig given below,

Geometry of SZ (Blaty cleavage).

e geometry of &, in arens le and 1b is shown
in Mg.8e, and that for aresn 3 in Me.8d, Por
arens 18 end 3 slaty cleavage or schistosibty cen
be seen to mitrike north to junt west of north, whil
in 1b the orientalion is markedly different - about
cast-noutheast, Tt might be argued that the
difference between subareas la and 1h is notd
statistically sisnificant, particularly if more dat
were available ond had the effect of spreading both
populations, causing them to merpe into esch other.
However, the reader iz referved o Bo Linestions
plotted for these two aress, where further evidence
ig presented for inhomogeneity with respect to
gtrructural geometry associated with the Tir
phase ﬂLIOiHbeOn,

Geonmetry of “2 Todds.

The orientation of B2 Told axtks for the whole
ared is shown in Mg.82 together with poles of
axial plenes of these folds, Because of the laclk

oll data few conclusions can be drawn. The mogth

o
L

obvious fezture ig that the Ffolds in the marbhles
appear o have axes plunging ot shallower sngles
than those in the schists, The narbles from sube

area 4 have been nlotted also on Fie,.8h, Since mos
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of the marbles outerop in the northern part of the
area, one might deduce that therefore the vegional
Buiplunge becomes progressively shallower towards
p L (i} f Ly
the north, preparstoryv to plunging north (wWhere
| b o Re lvs3 (o) 9

£

Trom geotogical bonmuury configuration, the
macrogcopic folding avpecrs Lo plunge north), It
iz to be noted, however, that some of the most
northern marbles show mesoscoplc B2 folds plunging
moderately steen south (e.g. ot locality 09%431).
It geems thet in detail fold structure in thisc area

4 o)

ig more complicated than macrosconic field relations
suggest,

There are too few data to make = definite
sbebenent about the agreament between the @ axeg
and the measgured axesd, But reference to Mig,7d
shows that the two small folds are not significantly
diffferent from B for subarea 1b; this applies also
to Meg.7f foxr gubares %, A ﬁ axids could not be
determined for subares la, but the folds measured

plunge more steeply to the south than the (3 axds

shown in WMg.7a,
Geometry of Bo-lineations,

The BZ~1ineations for areas la (dots) and 1b
(crogses) are plothed in Mpg.8b, The different
populations wesulting are further evidence of

inhomogenelity between areas la ond 1lb, The Lineat-

ilong for ares 1a show some spread, but are clustered



Hh& o
about the @ axis determined for ayeas 1, 2 ond 3
(excluding 1b) from Mig.72.

The agreement bhetween
the B axis determined for area 1b ( gm o

Mg.7d,and the Llineation of that area is not guite

so marked, However, the disagreement mav not be

silgnificant without edditions]) aata

The agreement belbween lineations, neasured folds
end statisticel B for subarea 3 iz excellent, as

shown in #ig.94.

B? lineations

cured for subares 3 are

plotted
on Mg, 9c. They show a tendency to spread from o
shallow south-~dipping maximum along a great circle
striking 345° ang dipning 700 veat. The reasons for
this are not clear: an attempt to divide area Z intc

homogeneous subareas was not successful, I+t is to be
noted that the great circle is of similar orientstion
o the spresd obtained on the collective Fig.%a for
the whole area., fThe spread cowld resullt From folding
which is noncylindrical on o regional pseales however,
using the present dato noe other evidence for this hae

heen cevownL sed,

(v) Geomelry of By.&md B, folds; geometry of i, and 5
2 P T 4.
crenmulation cleaviges

Big.100 summarises the geomebry of micro-
crenulations and mesoscopic 53 folds., The spread of
plots ghown in this didgramdid partially resolved in
the separate plots for subareas 3, 1a and 1b (Figs

2y
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100 - d). Asimiler spread is still apparent for areas
la and 1b, but the plots Ffor arez 3 clusber around a
meximun whose orientation is similar to that of Bo
lineations and folds for this area (compare Mig.9d) .,
Thus in this subaresa at lezst, it would appear that
enulation (b3 folding) and By folds are close to co-
axiel . Mo this subares the measured date strongly
suggest one set of ecrenmuletions, Howewver, 1t ds from
this ares thet evidence of an early crenulatién (e.g.

I

thin section A263--652) is found. It is posaible, then,

thet the present crenulstion (B&) ig a result of oveyp-
printing of rocks with Bg crenulation o such an extend
hat obvious traces of the earlier crenulation have
been destroyed. In the other two subsreas it is also
possible thet the two crenulation-producing deformatiop
have heen active, This may explain the spread of plote
mentioned. One would then have o assune that both

deformztions have been confined to certain restricted

]
o
a

j )

ploces in th areas, or that, 1f Bx was wide-sgpreand,

4

b

N

the overprinting effect of B, has been more intense
only in certain aress,
The geometry of crenulstion cleavage is shown as a
55 plot dn Mg, lla,Although most poles vepresent
cleavages with steep dips, their gpread is remarkoble.
Por this reason the diograms 11lb - ¢ for subareas 3, la

-

and 1b were constructed, in an effort to determine

whether & particular well-defined population of
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crenulations (crosses) correspond Lo 2 certain
population of planes (ecircles), Grenulation »nd
corresponding cleavege poleg are joined by arcs of gzl
civeles, Insvection of the Pigures does not revezal two
obviously separate populations, The plot of subares 3
is interesting, however, where the cleavagze planes have
been plotted also, MThese cleavages fan through o lorge
angle sbout an axis aporoximately coincident with bolh
the crenulation axis ang B2 rolé axis,

sion and Conclusions

rst deformatbion phage, which produced By folds
with slaty cleavage, appesrs o have been the mosd
truetural

lmportant phase in controlli the regional

L
L)

geometiy, A pilmilar control of necroscoplc geometry by

Tirst phase deformetion has heen reporbed feom the Springto

ares, 10 wiles To the southeast of the present avea (Mills,

1964). On the other hend, R.OCEler presently working some
4

4 miles to the southwest of +the Angaston area in the Pewsey

Vale (personal comunication) that the last

@
©
9]
&

=
5

phase of folding -~ a cremuletion cleavege movement -

appesrs o have controlled the nacroscople geometry of
Adelelide Supergroun rocks in that aves,
The soread of crenulations hes been partially resolved
by considering subareas, A gpresd is to he expected in any
) - N n ] ) [T . J . o ] C' oy e - . .- - - A
case where the deformstion produdng crenulation has scted
upoxn an alyeady folded surioce, T4 ia significent that the

.

pies which is most homogeneous with respect to 52 (subaresn
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> - Big.8d) ds mosd homogeneous with respect to the
crenulations which are formed in this surface,

the inbomogeniety in crenulation cleavage, particularl)
in subsres 1, i not expected; the reaspon for this is not
clear, Similarly the peason fov famming of crenulation
clexvage zbout the crenulstion axis snd the Bo fold axis is

ot kmown, ‘The lack of date probably contributes to the
difficulty in interpreting these fealures.
Houlting,

I general, outerop is too poor to vllow recognition of
faults in $the area. The existonce of o major fault or faults
between the two mejor groups of rocks has been sugzested and
liscussed in Section A,

In the nore micaceous schists of Unit 2, kink bands were
obgerved (e.g. Hnecinens A26%5-130c, 602; Ploted4 )., 'These
structures consist of nerrow (& ~ 2 in.) semiplenas bunds,
in which the strong schistosity has been kinked sbhouwt $wo
plenes bounding the edge of the bhongs, The sense of movement
in the kink bends wes not determined. TMe,lle shows the

A e m

orientation of & few messured kink nlanes (plotted oo poles).

Inl ]

The average orientation of the plemes is close to horigzontol.,

Recent interpretations of these shruchures ottribute them to
brittle deformation occurring ot o lote stoge dn the ordgenic
history of e region (e.r, Andervson, 1964 Dewey, 1965),

LE the fault between Unit 1 and Unit 2 does @xiﬂt, there

may Love been gome renewod movemen along 1t in late Towu: LI
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times, Uhis io suggestoed by field evidence between 109372
and 1133567, fThe propesed major foult zone lies i away
petween these localities, On the ton of & regidunl hill
around 109372 the rocks of Unit 1 have bheen subjeet to
deen weathering and are capped by o Tateritic horimon - the
crosion suridtce so formed probably re}ﬁ‘“onLWHf part of
the old Bertiniy peneploin, A gimilor westh ering of Unitv ¢
rocks around 1137367 surgests that the Tertiocry surface 1o

.

eloo represented arovnd this locelity. 'The slgnificant

thing ds thet the two surfuces,

b

on oppoalite wides of the
intervening foult zone, are sepecoted by & verticel

digtence of about 100 Teet,susresting movemend long

near the fault zone in later Texdiory times,



A
.

HEGRION D&

1 BUNCIUSTONS

At the present time stratigraphic relationships in the
ares are obsoure,
There are two major groups of rocks in the ares. The

older gzroup constitutes a seriles of well-bedded and

A

laminated scapolite sehisto. The vounger gproup consists of
more end dmpare warbles underlying or grading by horizontal
Paciens chenges into 2 seguence of aluminous schists with

minor guerbzites,

Yhe boundaxry between the two major rock unite is not a

A -l ),

rattigraphic one. lwidence suggests the boundary is the

e
)

o

result of faulting. the exoct nature of which is not lmown,

sovrelation of roclh units with units in other arescs seen
inadvisable at the present tinme,

The roclks can be brocdly sbated as having veached the

anphibolite facies grode of metamorphism,

morphiom has resulted in andalusite-staurolite
aggenblages in alvminous schists, charscteristic of a
diglinet metamorphic facles sevies of regional metamorphism
IMigaeshirvo's low pressuve-intermedinte group. Chemical
analysis dls required to interpret some of the disequilibrium
asgemblages observed in these rocks.

It ecan only be agsuned that the rocks of Tnmit 1 have &
pimdlar metemorvhic grade to those of Unid 2

The eres has undergone three main phases of deformation.

The wacroscovic geometry has been largely controlled by
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the first phase of deformetion which vroduced folds with
ety cleavege ag oxial plane.,
Effects ol second and third phases of deformation are
apparent taldn areas,  Hew cecond or third phase

only in cer
struectures are recorniged apart from microcrenulation and

Third phagse struclbures are indio.

cremilation cleavage.
G i shahl from & d nhase atrucetures exeent where botl
tinguishable from second phase structures excent where both
geen in thin sectlon.
ge britvtle defoxmation has given rise to kink

are

Lo late sta

bands in micaceous schistls.
Poults in general have not been recognised because of
There mayv hove been renewoed movement in late

noor oubcron,
fevlt gone

[

Tertiary times along th

betveen the two major rock unift
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Subareas la, 2 and 3.
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Poor outcrop of Unit 2 quartzite striking

directly away from observer. Spotted

= R <
strike
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of younger Unit 1 occupy, an

to the first ridse (from A to B in
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PIATE 3

!_J
b
H
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.
e
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i te-spotted lamir

it 1 Note small scale

by truncetion

photo. Locality

PTLATE 4

giltstones of Unit 1,







Thinly interbedded calc-gilicates (dark)

/3

and im pure merbles (light) of Subunit 24.

PTATHE 6

Well bedded and laminated outcrop of aluminous
semipelitic and pelitic schists of Rock Unit 2B,

with boudinaged interbed of fine grained quartzite

Locality : 066356,







PIATE 7

Rock Unit 2B,

in

Wasghout structures in beds of Rock Unit 2R,
Semipelitic and pelitic beds have been cut and
chter more sandv meterial,

&

filled with 1i

The beds are overturned
bands (A) are rich in

. The dark pelitic
ndalusite. Locality







Sedimentary slumping in

=

.1 outcromp

Typ

4]

C

south

Rock Unit
10
lock Unit 2B.

from locality 0733%48.







PLATE 11
Photomicrograph: porphyroblastic staurolite

in quartz-mica matrix., Staurolite shows inter-
penetration twinning., Matrix shows crenulation

cleavage Specimen A263 - 156z, Crossed nicols.

PIATE 12
Porphyroblastic staurolite developed in thin
beds and laminations of deeply weathered schist

of Subunit 2B. Tocselity : 112367.







PIATE 13

Photomicrograph: post-tectonic muscovite
4

vorphyroblasts in andalusite staurolite biotite

schist. Specimen A263 - 117, Ordinary light.

g
5
1=
=l
4l__|

luscovite knots (arrows) in staurolite schist,

Locality : 078363,
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PTATE 15

Photomicrograph : Squarish outline of muscovite
o £ s B

aggregate after andalusite. Xnot zlso contains

quartz, relic biotite, and iron oxide. Specimen

A263-234, Crossed nicols.

PIATE 16

Skeletal andalusite (A) forming from plates of

muscovite (M). Specimen A263-133(3),

Ordinary
light.







PIATE 17
Stumpy orthorhombic prisms of andalusite
weathering from pelitic schist, A metamorphic
banding is almost vertical. Diameter of coin is

2.,8cm, Locality : 067357.

PIATE 18

Andalusite-rich bands (A) marking sedimentary
O [®

bedding. Tocality : 072347,







PLATE 19

Photomicrograph : staurolite (S) enclosed by

poikiloblastic andalusite. Specimen A263-117.

Ordinary light.

PTATE 20

Photomicrograph

late stage alteration of
andalusite (A) to muscovite (11) and chlorite (Q).
Note crenulations in matrix. Specimen A263-109.

Ordinary light.







PLATE 21
Photomicrograph : quartz-biotite augen in
andalusite porphyroblast. Note sillimanite (dark)
forming as fibrolite in biotite near the andalusite

boundary. Specimen A263-95, Ordinary light.

PIATE 99

Photomicrograph : One of the sugen shown in

Plate 21. Ordinary light.







PLATE 23
Photomicrograph : sillimenite (fibrolite) growing
as dark masses in biotite. Note relation to
andalusite grain boundary at right. Specimen

A26%3-95 Ordinary light.

PLATE 24
Photomicrograph : Fibrolite (dark masses) forming
in and around skeletal andalusite., Specimen A263-

631. Ordinery light.







PIATE 25
Photomicrograph : porphyroblastic garnets in
sendy mica schist of Subunit 2B, Note radial quartz

inclusions. Specimen A263-136, Ordinary light.

PIATE 26

Photomicrograph : garnet band in schist of Subunit

’ Qv . . .
2B. Note coreasely recrystallized cuartz and biotite
deficient areas associated with the garnets,

Specimen A263-226, Crossed nicols.







PIATE 27

e e ot

Intensely folded silty beds in marble,

Tocality : 079352,

PIATE 28

o ——— g s

Large thin section : folded,thin, phlogopite-

rich beds in marble., Specimen A263%-256b,







Targe thin section : strongly folded im-pure
marble, Note calcite filled tension cracks normal

to the limbs. Specimen A263-1580b.

PLATE 30

Lineation (approximately parallel to pencil)
in marble, defined by scapolite and occasional

amphibole prisms., Iocality 065352,







PLATH .31
Photomicrograph : strongly deformed marble

showing trains of granular celcite separating

larger deformed calcite grains with bent deformation

twin lamelllae, Specimen A263-812, Ordinary light.

PLATE 32

Photomicrograph : basal section of scapolite in
marble, Note inclusions end core of calcite and
zoning marked by dark lines of fine inclusions.

Specimen A263-834, Crossed nicols.







PLATE 33

Photomicrograph: Aggregates of muscovite (arrows)
in schist of Subunit 1B. Plate also includes
section of & rounded quartzite pebble. Specimen

A263%-%361, Crossed nicols.

PLATE 34

Metadolerite (dotted outline) intruding marbles

at Lindsay Bridge Quarry. ILocality : 066354,







B2 fold in laminated sandy

Locality 077367.

schi

e
ST

o

o1

Subunit 2B,







PIATE 36

Steeply plunging fold in thinly interbedded

marble and silty marble. Tocality :$1223%48,

-

Open concentric B, folds in laminated sendy

3

chists of Subunit 2B. Iocalitr : 069358,

w







PIATE 38
Crenulations (parallel to hemmer hendle) in
schistosity (52) of pelitic schist of Subunit 2B.
Bo (31/32) lineation plunges to right, parallel to

pencil, ITocality : 078338.

PIA,“w_ﬁ39
Photomicrograph : staurolite, mica schist.
Helicitic internal fabric (outlined in ink), Siz,
in idioblastic staurolite indicates present
crenulation and crenulation cleaveage, 34, has over-
printed an earlier one. Section cut normal to
present crenulation. Specimen A263652. Crossed

nicols,







PIATE 40

Photomicrograph : cross-sections quartz-rich

k.

avgen in semipelitic schist of Subunit 2B.
Section cut normal to crenulation. Specimen

A263-673(1). Ordinary light.

LIATE 4l
Photomicrograph : longtitudinal sections of
quartz-rich augen showing pronounced elongation.
section cut parallel to crenulation, Specimen

A263-673(2). Ordinery licht,
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