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SUMIEARY.

The reistionsbips between Upper Precambrian snd “Archaean"
rocks have been studied in two small aveas in Zouth Australia.
ir. both areas the Upper Precamirisen rocks consist of a sequence
of mevamcrphic rocks showing many originel sedimentary features.
e underlying "Archaesn” rocks conslst of e complex of
schicts snd gneisses of uninown age. In both areas the
prosont metsmoryhiic grade of the "Archasan" rocks is the
gzme as khat of the overlying strata. 1a one oi the areas
(nesr Afelaide), bhe grads 1s that of the chlorite zone of
the gysenschist fecles, snd In she other arees (in the Clary
Frovincs), the roeks have bean metamorphosed to the bilctite
zone of %he gresnschist facles. The "svcheean” rocks show
velic winavsls from s hisher grede of metbemorphism, and the
vresent grade of uetemorphism results from & period, cr
pericds, of valrograde e tamornhisn,

e pelic minerals of the "Archascan® of the Atiala ide

i

‘opilon Andicate wn Uppel ampnicolite facies of me tomorpiilsm,
and the original complex consisted ¢f garmeft, silliassnite
end andalusits schists with iimited outerops of microcling -
oligocless-diopside gneisses. The grnelsges are probebly
nmetagometised igrnecus or sedimentary rocks. The ira jority

of the vocks, howsever, are now blastomylonites, possessing

s strongly scvalopea foliation which has obliteratec the
ecariier structures. 7The schiste have been altered to
ageregetes of quartz end serilcits, with reiic higher grade

minerals, and the feldspar-diopside gneisses have besn
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altered to microcline-alblte-actinolite assemblages. Pebbles

in the overlying conglomerates indicate that some of the
retrograde effects are pre-Upper Precambrisn in age.

The Upper Precambrilan rocks consist of a sequence of
phyllites and interlayered dolomites and quartzites. The
effests of two phases of folding are well displayed in these
rocks. An earlier serles of asymmetrical structures
assoclated witk a slaty cleavage are overprinted by
symuetrical folds related to a crenulation cleavage. The
foliation in the "Archaean" rocks is subparallel to the
slaty cleavage in the younger sequerce and the deformation
of both sequences appears to be related,

In the second area investigated (in the Olary Province
near Weekerco) mica schists, dolomites and quartzites overly
a basement complex of mica schists, gnelsses and granites.
Relics of a higher grade of metamorphlism in the older rocks
sre rare, but slllimanite and staurclite occur in the mica
schists. The metamorphic grade in both sequences is unow
that of the blotite zone of the greenschist facies. The
equilibrium fabrics in these rocks are in merked contrast
to the disequilibrium fabrics in the "Archsean' in the
Adelside reglon., These differences are attributed to the
differences in conditions of the retrograde metemorphism in
the two areas.

In the Weekeroo area, the structure in the basement
rocks is simple; a vertical east-west follatlion and layering

dominate the structure. The structure in the overlying
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Upper Precambrian roeks is more varied, and a greater
complexity of folding 1s observed in those rocks which
overly mica schists of the "Archaean". The more intimate
relationships between the structures in the two sequences
(compared with the Adelaide region) 1s aseribed to the

markedly anisotropic nature of the basement rocks In the

Weekeroo aresa.
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1.

INTRODUCTION.

Deformed rocks of Upper Precembrian age are exposed
over large srzas of South Australia. These rocks lie with
marked unconformity on a "erystalline vasement" zgeneraily
considered to be Archasan in age.

Although the stratigraphy of the U;per Precambrian is
woll ¥nown, very little Information has been published
concerning the relationshilps between these rocks and the
underlying Archaean. A reconnaissance of ths areas in
central South: Australie, where the contacts betwsen the
two sequences can be observed, showed that the two mein
regions whore the Archasan crous cut have difforent mete-
moryphic and structural rslationshilps.

These two reglons are:

(2) The Adslalde Reglon (ses Pig, 1).

Isolated inliers of* highly retrograds schists and gnelssgs
of the Archaean are overlain by phylllites, quartzites and
dolomites of Upper Pracambrian age.

(b) The Olarr Province (the Archaean complexes north

and east of Hannahill on Filg. 1 and extending beyond the cone
fines of that map).

In this reglon cosrse-gralned mica-schists, gneisses and
granites of tne Archaean are In contact with blotite schists,
quartzites and dolomlte martles of Upper Precembrian age.

A small area from escin of these reglons waa chosen for

study in order to estsablish the structural and metemorphic
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history of each area, and to determine the influenes of the
Archaean on the deformatlon of the Upper rrecamwrian,
GLOGRAFHICAL LGCATION OF THE AbBmAS S TUDARD

The two areas studied are; (a) ar area about 10 miles
northeast of Adelaids referred to as the Paracombe - Mt.
Gawler area and (D) an area about 25 miles north of kiannahill
referred to as the Whey lihey Creek area.

(a) Paracombe -lNt. Gawler area.

The general loécatlon of the Furacombe ares is shown in
Pig. 1 and in more detail in rslation to Adelaide in Fig. 2
end 3. The area lies within the region of a heavily dis-
sected Tertiary piaiecau. Its general lével is about 1200-
1500* with a2 maximum elevation (in the erea mapped) of 17791
at #t. Gawler and a minimum elevation of *ust under 400! at
the mouth of the Torrens Gorge. The crea !z ecrosaed by nany
deep cerecks most of which flow only in winter althougk some,
notably the River Torrens and its tributary at Castambul,
Sixth Creek, are sald to flow even in drought. The Little
Para River flows in all but the driest of summers. In apite
of the deep dissectlon, erposures are generally poor and the
ares 1s charecterized by stesp soil-covered slopes with dis-
connec ted outerops of guartzites and more rarely dolomites
and phyliitss.

Excellent exposures are found in euttings on many of the
major roads and & study of these road cuts supplied much of

the information ?egading small scale structures.

(p) VWhey Wher Creek Ares, %eekeroo Statiorn..
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Fig. 3

Part of Adelaide 1 mileomilitary
sheet. Grid north is 1 17' east
of true north.

Scale: 1 inch =1 mile.
For grid references read east before

north; e.g., the island in Millbrook
Reservoir has the reference 811 976.
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The secund area investigeted lies irn semi-arid shegp-
grazing country about 220 miles north northeast of Adelaide
and 11 miles northwest of Weekeroo Head Station (Pig. 4).
Access to the reglon is quite good, the ares lying just
north of jannahill which is on the Adelaide-Broken Hill road;
but aceess within the ares 1s limited to a few station tracks,

The relief of the region is much more subdued than in
the Faracombe region, belng no more thar 400! in the area
mapped but exposures are generally #ood due to the arid
climate. Differentisl erosion is very marked and the gevie
eral outline ¢f the structure is readil: discernible on
aerial photographs, Furtherxore, the vezetation differences
on the virious rock tvpes are very striking. Species of
Casuarina are dominant on the Archaean rocks, with eucalypts
on the Upper Precaririen rocks. The upper parts of the Upper
Precambrian sequence supuort very little vegetation.

Large areas of alluvium are associated with many oi the
oresks (all of whiech are dry except after the infrequent
heavy rains); these deposits and associsted pediments have
not been delineated accurately, but their broad distribution
can be seen 1in Pig. 4.

SUMMARY OF PREVIOUS INVESTIG, TIONS.

In view of the wide geo.raphicel separation, the two

areas will be treated separately.

(a) Faracombe - Kt. Gawler Area.

Huch of the esrlier work in this region was of general
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gecliogic- and -eeonomie interest, -and-deait-mainly with-strati-
eraphic-relationships. On the first geological map of south
Austrualis (Brown, 1886) all the metamorphosed rocks of the
Mt. Lofty Ranges in the Adelalde reglon are grouped as one
sequence. However Howchin's work (1904, 1906) established
that a low grade metamorphic sequence of "Lower Cambrian"

age overlies a "Precambrian Complex (Archaean)”.

The metarorphic rocks on the eastern slde of the MMt.
Lofty Renges are of a much higher grade than those i1n the area
studied by Howechin and on this account Woelnough (1908) con-
sidered that they were vpart of a basement sequence. He Pro-
posed the name "Barussa series or Barossian" for these rocks
and thought that they showed similarities to the basement recks
of Yorke and Eyre Peninsulas. Benson (1909) correlated the
Barrossien Series with the older seguence of rocks in the
vicinity of Houghton and Paracombe. However, Howchin (1926)
demonstrated that Woolnough's "Barossian' is the metamorphosed
equivalent of the "Cambrian” sequence of the western part
of the Mt. ilofty Ranges and 8o reverted to calling the older
sequence the "Archaesn or Fundemental Complex (or Houghtonian)}
the last name denoting the complex et Houghton. Hossfeld (1935
disagreed with Howchin's correlation, equated the Houghtonian
with the Barossian, and suggested that both be called
Barossian as this name had precedence. However, subsequent
work has confirmed Howehin's correlations (e.g. Sprigg snd

others 1951: Campana, 1955; Kleeman and White, 1956), although
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meny of the beds to the sast of the ranges are younger than
the beds on the west.

Much has been written concerning the ages of the two
sequences. All of the rocks were originally called Lower
Silurian ( Brown and Woodward, 1885) on the basls of lithologie
similarities to the rocks of the Victorian Goldflelds. The
discovery of Cambrian fossils south of Adelaide (Howchin,
1897) and the division of the rocks Into two sequences
(Howehin, 1904) led to a revision of these idsas. Howchin
(1906) considered all of the rocks down to the basement
complex as Lower Cambrian. Fowever, David (1922) suggested
that all the beds below the lowest fossiliferous beds be
grouped as the Adelalde Series and a tentative Proterozoic
age be assigned to them. In 1927 he concluded that the
Adelaide Series might be Lower Cambrian, but later assigned
them to the Proterozoiec (Devid 1928). Howchin (1929)
placed the Precambrian - Cambrian boundary of the top of
the Brighton Limestone, still some distance below the lowest
fossiliferous beds.

Hawson (1948) was the first to use the term Adelaide
System to include all local rocks of Upper Precembrian age.
Mawson snd Sprigg (1950) defined the system more precisely
and subdivided it into three series: the Torrension, Sturtian
and Marinoan Seriles. The Marinoan was defined as including
all the beds above the brighton limestone up to the first
fossiliferous formation of the Cambrien.

Daily {in press) has suggested that In view of the

recommendations of the Australian Code of Stratigraphic
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Nomencleture (Anonymous 1958) the terms Adelaide System
and Torrensian {(ete.) Series be.not uscd as they have an
unwarranted time significance. He suggested that the terms
Terrens Group, Sturt Croup and Marino grour be used to
replace the three "Seriles" of the younger vrecambrian
sequsence and if it 1s necessary to refer to the three groups
together ther should be called the Adelaide Supergroup., This
suggaestion hes been sccepted for the purposes of this thesis.

The age status of the c¢ldar sequence 1s sven more
unsatisfectoy. The rocks are locally referred to as
Archazean (e.3. Cmmpena, in Gleessner and Parkin, 1958) althe
ough unsupportad by age determinations, 4 phase of mineralw
izetlon in related rocks at Hommanville hos beer detsd at
approxinstely 1000 million yeers (Thomes, 1024). Hence until
riore definite dates are avallsble use of terzms with 2 time
gsignificance is not% juétified; It 1s therefore proposed to

refer tc the rocks of the Houghton-Barosss inlier gs the

Houghton Jomplex, using Howchin's "Houghtenlen" in & menner
prescribed by the Australlan Code of Stratigraphic Nomenclate
ure (op. cit.). The term Houghton Complex is chosen in
preforence to Barosss Complex because the %erm "Barossian®
was originally used for rocks now ielioved to be Cambrian
or younger in age.

Worx of a specifically petrographic nature concerning
the doughton reglon is less sbundant. Significant contribut-

ions heve beer made by Benson (1902), England (1935),
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Aldermen (1938) and Spry (1951).

Studies of the structure of the ranges have been
limited to considerations of the large scale distribution
of rock units, the main contributions having been made by
Howehin (1929), Sprigg (1945), Webb (1953) and Campana (1965.).
These petrologic and structural studies will be reviewed in
more detail in the later sectlons of the thesis.

(b) The Whev Whev Creek Ares, VWeekeroo Station,

Published geolglcal investigations in the Vieekerco area
have been mors limited, probably owing to the remote nature
of the area, and until recently the lack of adequate base
maps. Mewson (1912) studied a very large area in the BSroken
1111 region and recognised two unconformable sequences of
rocks; the older sequence of schists and gneisses he named
the Willyams Complex (%illyema 1s the eboriginal name for the
Broken Hill environs); the younger sequence &f "sedimentary
rocks" he called the Torrowangee Serles, noting their
similsrity with the younger sequence in the Adelaide region.
Although HMawson's mapping finished a few miles east of the
Weekeroo reglon, the lithological sinilarities of the Weekeroo
rocks to thoase described by Mawson is such that the terms
Willyama Complex and Torrowangee Series cen be extended to
these rocks, Campena and King (1958), however, referred to
the Willyame Complex as Archaean, and equated the younger
rocks with the Torrensian and Sturtian Series of the Adelaide

region.
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For the purposes of this thesis 1% 1s proposed to uae
the rock-stratigraphic nemes Willlyama Complex for the older
sequence, end Torrens Groups and Sturt Group for the younger
sequence. By analogy with the Adelaide reglon the younger
sequence 1s considersd to be Upper Precambrian in age. The
age of the Willyame Complex at Weekeroco 1s unknown but the
oldest phases of mineralization in the Olary and Broken Hill
provinces are all approximately 1500-1600 milllon years;
Crocker Well 1,600; Radium Hill 1,510; Eroken Hill 1,800
million yesrs (Wilson and others, 1960). 'These dates suggest
an Archsesn age for the Willyama Complex.

Other publications dealing with the Weekerce area are
Cempana (1955), which considered the broad structural features
of the Mount lLofty-Olary arc; Csmpana, 1956 (Geological Atlas
of South Australia, Plumbago 1 mile sheet); and Jones, Talbot
and WeBriar {1962) which discussed the origin of the major
smphitolites In the area.
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CHAPTER I.

THE HOUGHTON COMPLEX.
Introduction.

The older complex of schists and gnelases, called the
Roughton Complex, occurs as a lozenge shaped mass extending
from the River Torrens in the south te the Barossa Reservoir
In the north (See Figs. 2 and 3). The complex 1s atout
17 miles long (in a north - northeast direction) and asbout
5} miles wide at the widest part. Much of the area forms
part of a Tertiary erosion surface, particularly north of
Mt. Gawler and the basement cutcrop 1s very sparse. Only
the southern, somewhat better exposed reglons have Lesn
mapped, the general roek distribution being shown on Plate I.

Until fairly recently the rocks of the Houghton Complex
kave recelved scent attention. In early papers (e.g. Brown
end Woodward, 1885) they were referred to as a complex of
highly metemorphosed rocks. Howehin (1906) refers to them
as the Archaean complex of the "central axis of the iit, Lofty
Ranges" underlying the "Cambrian® (now considered Upper
Procambrian) with marked unconformity. His comments are
restricted to fleld observations and he coneludes that the
complex is & sequence of metamorphosed sedimentary rocks
which have been intruded and altered by "pegmatization" along
the clisavage.

Benson (1909) was the first to deseribe the rocks of
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the complex in any dstail. He referred to the augen-gneisses
of Barossa and Humbug Scrub and descrlbed the achlsts and
gnelsses as well as "intrusive" diorites and syenites.

Much of his paper 1ls confined to description of the "dioritea"
and related rocks in the immediate vicinity of Houghton.
These rocks, which he considered igneous, were compared very
briefly with similar rocks st Aldgate and Yankalilla. He
concluded that "so widespread arc the rocks... throughout
South Australis that the State may be considered as a
petrographic province, the charecteristic feature of which

1s & high percentage of titanium acid, to a less degree the
abundance of soda.® Ile called the "magme" the "Houghton
megma" but noted that "the majority of the rocks, however,
has & marked gnelssic tanding® and elso that some of the
gehlsts appear to be altered dlorites.

Hewson (1926) noted that the rocks derived from the
Hougiiton magma are distinctly monzonltle in charscter.
England (1935) extended Benson's observations and studied all
the "diloritiec” rocks in the Mt. Lofty Renges. He followed
Bensonts Interpretatlon of thelr igneous nature and published
11 analyses of them, classifying them according to the C.I.P.W.
eclassification. Unfortunately only six of his analyses are
from rocks whieh can be correlated with the "Houghton igneous
suite", analysss 9 - 11 being of a much younger sulte and

analyses 5 and € being of intrusive dolerites., However,
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England's study established the wldespread occurrence of
these unusual "diontic" rocks which ean be found from 4
miles south of Yankelilla to Houghton, = distance of about
60 miles.
Hossfeld (1935) in a reglonal study of the northern
Mt. Lofty Ranges concluded that the "Archaean" gneisases (not
the Houghton magme-type rocks, but the surrounding metamorphics)
wore formed by a process of llt-par-lit injection of pegmatitie
materlal and that the common augen greisses of this region
wers the result of lster erushing ¢f the pegmetitic material.
Alderman (1038) in a study of these augen gnelsses noted
the high content of soda feidspar and concluded thet they
were formed by a process of metasometisn, soda and cilica
having been the chief constlbtuwents added,
Spry (1951) producod a recennsissance map of the
Houghton complex and gave petrographic descriptions of the
main roek types in the complex. IHis paper 1s concerned
lergely with the origin of the "dlorite" and he concludes
that it 1s & soda-metasomatizasd sedluwent rathier than an
ignoous rock, VWebb (1953) as a result f a more deballed
mapring of the " diorite" in conmrexion with uranium exploration
gupperts Spryts conclusions and dividss the rocks of the
couplex into "strongly albitized metasediments”,"partially

albitized motasedimonts! and "non zlbitizsd mehaseciilzenta®.
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Although the petrology ef the rocks of the complex
has excited some ccnsldersble Interest from time to time,
the structure of the complex has been largely ignored.
This 12 not surprising in view of the poor outerop, general
lack of marker horizons and the widespread later changes
which have lergely obliterated the original sbruetures.
Early reports dismiss the structure ss "complex" or "highly
folded" and the umly serious attempts To unravel the structe
ural history aro those of Spry (19&1) end Wb (1953), whose

ohgservations and conclusions wlll be discussed laker.

Classification of the rock types ¢of the gomplex.

Tre diverasity of views on the origin of the various
roeks of the complex hag resulted in & variety of rock terms
and classifications, but briefly the rocks can be dlvided
into a highly feldapethic sulbe occurring around Houghton
and east of Kersbrook, and a mlcaceous suite occurring in
the remainder of the complex, The rocks of the first named
sulte are characterized by scid plagloclase with actinolite
and/or diopside snd accessories. They have a more or less
well-developed layering or linestlon due to the segregation
and parellel arrangement of elongate actinollte prisms. They
have been called syenites and diorites by Benson (1909),
granulites by Spry (1951) and albltized metasedinents by Webb
{1953)., The present author prefers the somewhat more general
term gneiss to describe them.

Thore are further difficulties in nomenclature with

rogard to the micaceous suite. Superficially, the rocks
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resemble normal schists and gneisses but closer studies
roveal that many of them are "cataclasites". In many
cases the rocks are completely recrystallirzed, and Sander's
term blastomylonite could be applied to them (Xnopf, 1931;
Christie, 1960). True phyllonites (Knopf, 1931) sre rare
and are observed only as narrow zones within the feldspar
gnelsses. Some of the rocks are well layered and are

similar to the flaser gnelsses described by Hamilton (1960).

It will be demonstrated later that these changes ere
manifestations of retrogressive metamorphism which has changed
the rocks from the amphibolite facles to the lower green-
sehist facles. This phase of retrograde metamorphlsm has
resulted in 2 considerable amount of neomineralization
(Xnopf, 1931) which has obscured msny of the cataclastic

textures in the rocks.
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CHAPTER IX.

THE PETROGRAPHY OF THE FELDSPAR GNEIS:ES OF THE HOUGHTON
COMPLEX.

Feldspar gneisses occur ln three main regions: 1) the
area around Houghton and Inglewood {the type area for the
"Houghton magma® rocks), 2) the area east of Kersbrook and
3) the Paracombe-Torrens (orge region (See Plate I).

In all threoe areas the rocks show marked lithologlcal
gimilarities. The Paracombe and Boughton areas may in fact
be parts of the same mass; however, they are separsted by
an eroslon surface with deep lasbteritic soils., The Kersbrook
mass is separated Ivom the Houghton mass by an area of
retrograde rocks the originsl mineralogical couposition
¢f which was gulte Giffsrent frowm thet of the rocks of the
two feldapar gneilss messes,

The greisses of the Torrens Gorga are very different
mineralogically frox the Houghton mazs but sre discussed
in this chaspter as meny of them ars highly feldspsthic, 1t
is believed that they have an origlin different from that of
Houghton rocks,

The feldspar gneisses were studied in some detall as
they represent the largest occurrence of rock iypes displaying
pre-retrograde as well as retrograde mineralogy and textures.
By oontrasi, in the majority of the rocks of the complex
retrogressive wmetamorphism has largely obliterated earlier

foabtures.
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Over 100 specimens of these gneisses have been collected
end examined under low power megnification and thin sectiona
have been prepared of each specimen. The mineralogy of the
gnelsses 1s relatively simple and observations have been
dirscted towards gelning an understanding of the textural
foatures of the rocks,

The gneisses of the Houghtoneinglewood area are described
first and the other occurrences cosipersd with then.

1. OGNEISRES OF THE BEOUCGHETON«INCGLEWCOD DISTRICT.

(a) Oross struetural features,.

Meny of the roocks are well leayered. The leyers may be
diffuse or sharp, (Pig. &), and may be quite planer and
regular (Fig. 6). The layering is commonly dus to veriations
in the relative proportions of dark (actinclite and/or
diopside) and light (feldspar) mineruls. In many cascs a
gross layering is not ohserved and only the yreferrsd
orientation of the actinoilitea glvss arn overall foliabtion
or in socme cages lineatlon to the rock (Fig. 7). In other
cases the leyering ls due to concentvation of iron oxides
inte distinet planar layers, In which cass the rocks look
very much like btanded quartzites (except thet in thin section
they are seen to be slmost antirely of plagioclase with minor
microcline snd cpaques). Cross cubtiting non-diistational veins
of pure feldsper rmey nroduce a secendsry iuyering in placea
but is gemerslly aquite distinet from the regional layering
(fiz. 8).



Fig. 6.

Fig. 6.

layering in feldsper sctinolite gneiss
due to variatlons in the actinolite to
plagioclase ratio.

Houghton. {(Grid. ref. 772 965).
Metric scale.

Regular leminations in feldspar gneiss.
The darker laminations are rich in

actinolite.
Inglewood. (Grid. ref. 773 977).



FIG. 5

FiG 6



Fig. 7. Folistion In feldspar gnelss due to
preferred orientation of actinolite
prisms.

Foughton. (Grid. ref. 772 965)

Fig. 8. Vein of finee-grained feldspar in
feldspar gnelss,

Inglewood, (Crid.rvef. 773 9%7)
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Layering due to differences in grain size or variations
In the amount of quartz is rare in the main body of the'feld-
spar gneiss but is important In the marginal areas where it
may represent orlginal compositional differences.

In the guartz-rich feldspar gneisses near Houghton a
foliation due to flattened quartz spindles and lenticles
raesembles true granulitic fabriec (Williams, Turner and Gilbert,
1988, p. 236); the preferred orientetion of the spindles
lmparts o strong lineation to tho rock. The feldspar gnelsses
in general dov not show a strong lineation although as previously
mentioned actinolite prisms may impert a fair lineation in
rocks which ere poorly laycred.

The layering in these gnelsses hes basen Interproted as
mimetic after bedding (Spry, 1951: Webb, 1953) and structures
resembling cross bedding have been used to support this
hypothesis (Spry, 1961, Plate VII, Fig, 3), Although this
interpretation may well be correct it is thought that suech
structures « which are rare - could be the result of transposi-
tion of an earller layering.

(b) Petrographic feaiures.

The dominant minerals in the gneisses are feldspars
(pl&gieelasa cormionly more abundant than mieroeline perthite),
actinolite and/or diopside, with miror quartz, epldete and
opaques. The variation in the proportions of these minersls
is considerable; rocks composed essentially of plagioclase
are falrly common, but rocks with as much as 30% dark minerals

also are common. Similarly the content of microcline and



7.

quartz 1if very veriable, a few specimens being almost pure
quartz and microcline.

For convenlience of description the feldspar gneisses
have been divided into three groups: l. FPeldspar gneisses
with significant pyroxene or amphibole, 2. Feldspar gneilsses
with accessory or no dark minerals and 3, Quartz-feldspar
gnoeisses., Such » subdivisicon 1z quite arbitrary and does
not reflect any distinet geogrephical distribution, although
the gneizses of fGrour I are the dominant gnelsses of the
eres north and =2ast of Houghton, and gnelsses of Groups II and
III are wore cormon in the reglon esst and south of Houghton.
However, small seals varlabtlons in eomposition in a single

outerop are feirly common. (Tabls I).

Group I, Feldspar gneisses with gignitficant smvhlbole or
pyrozene.

Most of the “"Houghton magma® rocks described by Kenson

{1209} fall inte this group, In particular Benson described
and analised a 2pecimen from a quarry in the Houghton Cemelery
Reoserve and this can be taken ss a "type" locality for the
Foughiten "Diorite™. He desoribes this rock as conslsting

of plagioclase (Anzy), dicpside (elightly uralitized), minor
microcliine, with common eccessorlies Tl megnetite, sphane,
apubite snd epidote. "The roek would be hest termed a diopside
dierite." The anzlvels wes carried out on this perticular

rock Dbsczusc 1% avpasrad %9 be the lz2ast aliersd of the

Houghson rocks. le commsnis furkher that the nlagioclase



TABLE I

variations in the feldspar gneisses In s small outcrop in

the Little Para Hiver at Inglewood. (727 977).

Spec. No, Representative Description.
Thickness.
187-700 et Somewhat altered. Av. grain size

oL 4mm. 70% oligeclase,20% act-
inoilte with accessory epidote,
apatite, opaques. Secondary alt-
aration of plaglcclsse to0 seric-
ite, BSome biotite.
7004 Thin concordent Coarse grained phase. 70% plagi-
vein oclase Anpgg. Some patch antiper-
tiite. 15% actinolite with abund-

ant accessory epldote.

700B 1t Coarser phase of 700. Average
grain size 1,.5mm. The plagiocle

ase shows strain shadowsa.

700C 31 40% plagioclase (albite), 40%
actinolite, 20% epidote most
commonly as clusters in the clear
plagioclase., Accessorles bieotite,

aphene, opaques.,

700D 6' osale of clear poorly twinned
plagloclase (4ing) with abundant
epidote. MNMinor actinolite. Acce~

ssories sphene, opaques, bilotite.



Spec., No.

157-700E

700F

700G

700H

700J

Representatilve
Thickness.

o

1t

41

a1

Deseription.

Microcline, film perthite 60%.
Plagloclase 25% in distinct
layers and as patech perthite in
the K feldspar. Abundant acces-
sory actinolite (giving rise to
layering), blotite and epldote.

Similar to E but with more
blotite (5%) in good preferred
orientation., 3ome relic pyrox-

aneo.

80% hornblende and epidote, 10%
biotite, 1l0¥ water clear alblte.

Well banded., 45% plagioclase,

10% microcline, 40% diopside,
Accessory epldote, apatite,

opaques.

Slightly crosscutting relation-
ship to H, Mierocline perthite
and plagioclase 60%. Dippside
30%. Accessory epldote and
actinolite.
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seems to be more tasic than any other in the mass.
A specimen collected (157-888) at what is considered to
be the same quarry as that mentioned by Benson} showed a far
greater degree of alteration than Benson's "diorite" and serves
to illustrate the veriatlion in dsgree of retrogression to be
expected within the "diorite" body. The hand specimen exhibits
a orude layering due to varylng amounts of dsrk minerals, but
thore i1s no lineation. In thin section the following mode
has teen obtalned: plagloclase 39%, mierocline 7%, actinolite
18%, epidote 28%, accessories (apatite, sphene and opaques) 8.
The plagioclase is albitic(Ang, X' " cleavege in sections
perpendicular to &, 13-15° neg.), and occurs in two distinct
nebits. In tho mafic-rich bands the plagloclase 1s clear and
is studded with granules of epidote; in the feldsparerich
vands the plaglioclase 1s cloudy, the alteration products
being a very fine grained sericite and an unidentified "dust®.
¥icroeline occurs sporadically and most commonly in pateh
perthitic relationship with the albite. Actinolite occurs as
ragged individuals, the margins of which contain much epidote
and a more fibrous actinolite. Epidote, apart from ocecurring
in the plagloclass, forms elusters of grains iIn the mafie
lavers, and occurs in cross-cutting veinlets.
1. This author could net find a quarry in section 5657,
which Benson gives as the seection from which the analysed
specimen was collected. The quarry from which 157-888 was

collected 1s in section 85816 and is less than 200 yards
from the cemetery.



19.

These two rocks illustrate rather well the variation
in degree of regrogression of the rocks of the mass. FKocks
which show no elteration of the pyroxene to actinolite are
virtually absent, and it 1s believed that the feldspars in
most ceses have altered in composition st the same ahage as
the alteration of the pyroxene, as low snorthite content
plagiocleses are found in rocks rich in fibrous actlnolite.

As far as can be seen the originel assemblage befors
retrograde metamorphism was plagioclase (Aneﬁ-so) and diopside
wlth variable amounts of microcline. Plagloclase -diopside
rocks are more abundant than microcline~-diopside rocks.
Quartx 1s rare as a constituent of the main pert of the
mess but is found in the gneisses south of Houghton.
Hornblende l& rare as s primary metamorphic mineral, being
found only in cvne specimen (157-1064); opaques, apatite and
possibly epldote may have been original accessories.

Yore commonliy the present motamorphlc assemblage 1s
plagioclase of variable composition (albite-oligocl&se),
with actinolite and epidote as the common dark minerals.

The observation of abundant disequllibrium texturss indicate
that these winerals sre d:rived from the oligoclase (andesine) -

diopside assemblages,

Mineralogv.

The plagioclase grains are charscterised in thin section
by the presence of fine albite law twin lamellas. Only rarely

(157-58 a and b) are more complex twin relations observed
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and then in somewhat larger grains than the matrlx plegioclase;
the twin law in thils case proved %o be [lenebach-alblte law.

In rare cases a fine lamellar twinning sub-parallel to {001}

+a8 observed,

As a consoquencs of the finsness of the twinning the
compositions of the plagioclases were determined by the Rittman
zonal methodl (Emmons, 1943) using the data from Troger (1986).
As stataed Lefore, some assembleges had plagloclase of composit-
ion An ggp.30 but more commonly the composition varied from
Ay 10 (in the actinoilte rick rocks), although plagioclases
morse albitic have been obesrved. In the rocks where large
plaglioclese crystels wore observed (38z and 38b) the larger
erystals wore more Ca rich than the matrix feldspars. (Table
11).

In many thin sections a patchy alteration of the plagio-
nrlase to albite-sericite 1s eviZent, 1In such cases %the
eltered (sericite-rich) portions are always less calcic
than the unaltered portioms,

Kierocline 1s present in smell amounts in many of the
feldspar gneisses and in some gnelsses varles in amourt up

to about 80% of the total feldspar.

1. It was a2 matter of common observation that the extinction
angles in sections perpendicular to & were remarkably
consistent (49 variation rare) in any one thin section unless
the plagioclase was partlally altered to sericite. This
suggests the general attainment of feldspar composition
equilibrium in most of the rocks even though arrested

stages in the alteration of diopsids to actinolite are
widespread.
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Turner (1947)

van der Xaaden
(19561).

Rittman zonal

Feldspar Compositions in 107-38a and 38b,

157-38a 157-38b
Large Small Large Small
greins, grains. grains. grains.
Angs Anyo Angs Anyg, A3

{ Manebeach) {Albite law)

%22(001) Ang, Anlo M23(001) Anll, An15

Anoz(010) - Angq,Anye An,-{010) An,,

Renge of compositions: Large grains Ango_gg
Small grains Ang 4§
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A high mierocline content does not show any particular
correlation with the amount of dark mineral present;
amounts of up to 50% dark minerals in mierocline-rich
rocks have been observed, although commonly the wafic
content 1s less than 25% of the rock. The microcline is
almost Invariably twinned and commonly perthitic, and is
fresh in most thin sections,

Pyroxene is the most important primary mafiec mineral
and has opticel properties sugpesting diopside, z Ve 40-44°,
2Vy 58-600, 8 ca. 1.69 (difficult to determine due to a dusty
alteration), No detectable difference in 2V and Z " c was
found between the less altered grains and the grsins in whiech
pyroxéene is relle in amphibole,

Hornblende was observed in only one slide (157-1064),

It bes @ high negative 2V, Z ~ ¢ 22° and =2 plecchroic scheme,
X light brown, Y brownlsh-green and Z blue-green.

| Actinolite 1s extremely common in the feldspar gnelsses,
elther as flbrous masses afiter pyroxense or as individual
anbedral grains. In some cases actinolite ncedles are
common bthroughout the sllde or as outgrowtis on pyroxene or
asctinolite. Where the optics can be dehormined Z Ve is
13.17° andpca. 1.,65. The pleochroic schome 1s X pale yellow-
green, Y vellowegreen and Z light blue-groen.

Epldote mmy occur as an esczential constituent or as
an eccessory, In meny cases it appears to be the result of

alteration of plagloclase o give an slblte-epidote assemblage,
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and in some rocks the presence ¢f epldote veins suggests
highk mobility of the constituents 1f not introduction of
material.

Common accessory minerals are epldote, opaques, apatite,
zircon and sphene, with biotlite occurring in only a few
specimens. Sericite is alsc common but is thought to be

due to a later slteration.

Group IX. Feldspsr gnelsses with essentlally no mafic minerals,

Only seven rocks of this type were collecteld and
possibly this represents an oversampling as they are
distinctive rocks in the field, appearing rather lize
white gquartzites in outerop.

Fineralogically they are very simple, consisting of
slblte (Aneav) and microeline in Inversely varying proportions,
and zccessory opaques and rare brown blotite (largely altered
to a greeu-brown variety). The opaques are disposed in
layers for the most part and in hand specimen the roclk looks
ilke a quaritzite wlth sparse beavy mineral lavers.

Apatits, zircon and green btourmaline are rare accsssories

(The last appears to be a late stage mineral).

group III. Quartz feldspar gneisses.

With inocreasing amounts of quartz the leucecratic
feldspar gneisses grade into quartz-feldspar gneisses, which
contain quartz (up to 20%), microcline and acid plagioclase

ag the dominant constituents. The ratico of microcline to



23,

plagloclase is extremely variable, both quartzemicrocline
and quartzeplagloclase rocks being observed. Some phasss
appear granitic In texture and contaln essentisl blotlte
(157-835) . In thin section 157-835 18 seen to consizt of
irregular sHaped strained quartz fresh anhedral microcline
(.4 - o6 mg.), sericitized;plagioclase and a streweysllow

to brown éﬁeochroi& bilotite (up to 1 mm.). Plagioclase

is moreﬁagundant than microcline end if ignecvus and
unmetasomatized the rock would correspond to & granodiorite.
accessories are epldote, opaques, epatite and rutile. The
biotite shows signs of alteration and shows the characteristic
erystallographlcaily-oriented rutile needles. The field
relations of this mass (south of Houghton) are not kuown

as 1t occurs as isolated low outcrops in a grassy paddock.

Another textural varilant 1s the occurrence of quard
foldspar gnelsses with granulitic fabric in the region
just south of Houghton (1£7-994) and will be dlscussed under
textural features, These are the leucocratic granulltes of
spry (1551) and the gneissic aplites of Bemson (1909).

It 18 seen from the description ebove that the rocks
of Groups II and III ere closely similar but that the rocks
of Group I may form a distinet composliional group. This
is borne out in the geographical distribution as the mafice
rich rocks are confined to distinet regions wheveas ths
other groups may be interlayered with schists and less

feldspathic gneisses (see description of River Torrens greisses).
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Cutting across the feldspar gneisses are rare pegmate
1tes which sre commonly small veilns of guartz, wicrocline
and varlable amounts of plagiloclase., Graphic texture ocours
in some pegmatites. In %hin section microcline &and plagloclase
are seen to be intergrown in structural continuity, with
quartz occurring as rounded grains,separated in twe dimensions,

tut which are in opiical continuity(Fis.9).

(e¢) Textural features of the feldspar gnelsses.,

Derk minerals,

Diopside commonly occurs as subhedral grains, eunhedral
rarely. It 1s generally somewhat altercé and st an early
stege of alteration ninute needlss of actirolite pro ject
from the dlopside into the surrourding minerals(Fig. 10).
More advenced stages show s distinet btorder of setinolite
enclosing the diopside, with good erystallographic continuity
of pyroxene and amphibole. In other cases the amphiboles
appear to cut across the pyroxene grains with no crystallo=-
graphle control. Other types of alteration shovw as welle
oriented patches of sctinolite in pyroxene. These may be
discrete, giving a chequerboard appearance to the crystal
in extinction (Flg. 11) or the parts may be connected.

Actinolite commonly oceurs as sheaves of needles, but
may also occur as largs diserete grains., Irn some instances
veins contain euhedral crystals of actirolite. Some of

the large actinolite grains encluse feldspar grains in s



Figo S.

Fig. 10,

Regular intergrowth of plagloclase
{light-grey), microcline (oross =
hatehed) and guartz (medium-grey,
strained). The plagioclase and micro-
cline are in structural continulty,
Pogmatite. Spec. 157-1025,

Crossed polars.

Needles of sctinollte &8 outgrowthsa
on diopsaide,
Yeldspar gnelss, GSpec. 157-T704 Bl,

Crossed polars.






poikiloblastic relationship. Fibrous actinolite 1s seen
filling fractures in some of the specimens (Fig. 12).

Epidote occurs as granules in feldspar or as clusters
of grains or in veins., In 157-704B & small vein cuts across
several crystals, Where the veln 1s cutting scross foldspar
the epidote is grenular but where cutting across amphibole
it appears as a single crystal, having a somewhat flbrous
appearance,

Biotite occurs as a minor phase in some of the rocks end
cowmon.y shows & good preferred orientation. In many cases
the biotite has been altered and the new phase is an ollve-
green biotite with needles of ? rutile arranged in a 60°
network in the besal plane (Fig. 13). More commonly, the blo-
tite 1s crowded with very small grains of an opaque mineral.

The opaque minerals, titano-haematite and magnetite,
commonly ccour as equidimensional anhedral grains or as
elongate interstitial groups of grains. Very rarely euhedral

grains are observed.

Peldspars,

An anhedrsl grenular texture with stralght or slightly
curved feldspar-feldspar btoundaries 1s relatively rare in
the mass., Suckt a texture 1s most common in the rocks very
rich in plagioclase and may represent the rare attainment
of metamorphic (or metasomatiec) equilibrium. In these rocks
(6., 1571047, 157-916) the plagicclase forms anhedral to

subbedral grains wnich are clear and have well-developed alblte



Fig. 1il. Opticslly continuous pateches of
actinolite (grey) in large diopside
grain,

Peldspar gnelss. Spec. 157-1047.

Crossed polars.

Fig. 12, layering in feldspar gnelss with
gactinolite prisme showing s preferred
orlentation psrallel to the levering.
Actinollbe is concentreted in the fault
in the centre of the picture.

Houghton. (Grid. ref. 7¢6 96¢£),



9
|

5
o~ .

&

Y

Is\-. :_.'

/1

Fl6.

FlG. /2



<6,

twins which cross the grains without change or imterruption
(Fig. 14). The nmicrocline tends to be interstitisl but

may form grains as large as the plagloclase. Neither of the
feldspars are perthitic.

lore commonly the rocks do not have an even granular
texture. The boundaries between feldspars are complexly
gutured end perthitic relations are common, In some rocks
the microcline is sinply & £ilm perthite with the fibres of
albite. fairly uniformly distrlbuted. Good braid perthite
{Goldich and Xinser, 1939) has not been observed, but some

film perthites show & tendency to creoss cut the nourmal
film direction ca. (100) and may be ciose to the (110) and
(1To) planes (Fig. 15) which Goldich and Xinser report as
eharacteristic of braid perthite. Ir view of Joldich znd
Kinserts conclusion thet much braid pertiite 1s the result
of replacement 1t should be nobed thet this texture occocurs
(in the iHoughton areas) only in perthites with s high percent-
age ol albite,

Another type of perthite commonly observed is a mixture
of pateh and Illm perthite.  In some cases veilns may cut
across the films or may be narallel to them. 1In other cases
the albite occurs in patches instesd of veins, the albite
in the patches being in optical continuity with the albite
in the films,



Fig- 13,

Figt 14.

Crystallographically oriented rutile
needles in biotite.

Feldspar gneiss. (retrograde) Spec.
187 -« 700.

Plane polarized light.

Suthedral to anhedral granular
textbture in plegloclese-actinolite
gneiss.

Feldspaer gneiss. Spec. 157816,

Crossed polarsa.
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The patches tend to be in areas poor in albite films, a
relationship interpreted by Gates (1953) as that of the
patches developing from the film perthite by more complete
separation of the microcline and albite. Tuttle and Bowen
(1958) invoke such a mechanism to produce completely segregated
rotash feldspar and albite grains in some granites.

However, the evlid-nce at Houghton suggests that processes
in addition to exsolution also have been important. 4ilbite
patches occur also in regions rich in film albite (Pig. 16), a
distribution not in conformity with Gates (1983) exsolution
hypothesis. Furthermore, cases have been cbserved where filam
perthite is distinctlyv concentrsted near pateches of slbilte
(FPig. 17) and here 1t could be interpreted that the film
perthite 1s an early replacement stege in the sequence
rather than that the pateh is a later stage in en exsolution
and recrystallizatlon.

Rins of alblte around microcline grains are also very
common in the gnelsses, In rere instances there are rins
around non-perthitic microclines (Fig. 18) but more often
the rims are found In rocks where the microclines are perth-
itic. In a few cases the alblte 18 not in erystallographle
continuity with the alblte perthite lamellas but more commonly
it is. A%t some contacts the albite rims swpesr to be replacing
the microcline perthite, and the alblite lamellae of the
perthite are unaffected (Fig. 19).

These tvpes of perthitic-rin relationsiiips have been



Fig. 15. liicrocline film perthite grading into
(?) braid perthite. Some albite 1s
econcontrated 2t the margins of the
microcline grain and is in optical
continulty with the albit:lamelleae
in the perthite.

Teldsper gnelss. Spec. 157-846

Crossed polars.

Fig. l€. Patches and films of slblte (grey) in
microcline (cross hatched)., The alblte
patches occur in areas both wich and
poor ln alblte fllma.

Feldspar gnelas. 8Spec. 1&7=606B3

Crossed polars.






FPig. 17. Marginal petch of alblte in continuity
with f1llm albite in microcline (cross-
hatched).

Feldapar gnelss. Spec. 157-1076

Crosged polars.

¥ig. 18, Clear alblte rim (grey) eround microe
¢line greln (cross hatched),
Feldspsar gnelse. Spec. 157-701.

Crossed polars.
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Pig. 19.

Y¥icrocline perthite (microcline mediunm
grey, with white alblte lamelles and
patehes) with s rin of albite (dark
grey). The albite rim 1is replacing the
microcline, leaving the white alblte
lamellee as remnants in the dark grey
alblte.

Feldspar gneiss. 3pec. 157-846

Crossed polars,
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interpreted by Ramberg (1962) es the result of sxsolution
from the mierocline, followed by migration of the albite.
While this seems difficult to disprove conclusively,similar
relatlionshlipys lhave been considered to be of replacement
origin by other suthors, (Gilluly, 1933).

Witk Increasing concentration of albite in the perthites,
trhey grade into antiperthltes. Although f1lm perthitic
relationships are observed in highly alblitic perthites, the
rogt compon relsbion is pateh perthitie., In theso exanples
the ploglioclass iz commonly twinned and in crystallographic
continulty with the aicrocline.

4 few cases ars obssrved where ths albite in crystallo=-
gravhic continuity wlth microcline in one grain extends into
another microcline grain of different orientation. (Fig. £0).
Other sxamples are common where mlerocline appears ss relics
in plagiloclase (Fig. 21),

Albl%e occurs more rerely at quartz-feldspar or plagio-
clase - plagloclase Loundarles. These relationships are seen
nere clesrly in the Torrens Gorge and a discuasion of them
is postponed to that secbtion as 1s also a dlscussion of the
origin of the features mentloned above,

Quartz.

Uncommonly quarts oceurs ag interstitilal grains betbtween
feldspers or dark minerals. HMore commonly 1t occurs as small
circular grainsg in thin section. The rounded grains occur
voth at grain boundaries,  In which case the feldspars are

moulded onto the quartz, or as incluslons in the feldspars



Fig. 20, Pateh intergrowth of microcline and
plagloclase. The plagloclase is in
g truc tural continulty with one microcl-
ine grain but cuts across the principal
erystallographic directions in a second
grain. The plagieclase 1is crowd-d with
sericilte.
Feldspar gneiss. Spec. 157-988

Crossed polars.

Fig. 21 Kicrocline remnants {(cross hatched) in
irregular interzrowth with plagioclaae
(light-grey). The microcline remments
are in opticel continuity.

Feldsper gnelss, Spec,. 157 - 6948,

Crosz polars,
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(most commoﬁly micerealine),

In some cases quartz occurs as flattened spindles giving
a characteristlc granulitic texbure. This type of occurrence
is restricted to the area south of Houghton end is widespread
in the Torrens Gorge area.

In certaln cross-cutting pegmatites quartz occurs in
typical graphic intergrowth with feldspars.

Guartz "intrudes" feldspars in some cases, along
fractures and cleavages; this appears to be related %o a
later prase in the metamorphic history.

(d) Post-crystallire deformstion and sericitization.

Quartz where present invariably shows strain shadows
and in meny cases 1s recrystallized. Plagioclase and
microcline show undulose extinction in many specimens
and in some cases the twin lamelilse of plagloclase show
distinet flexures (Fig. 22). In other, rerer casece kinks
are observed in the plagloclase lumellae (Fig. 23). Recrysg«
talllzation of the feldspars is rare and most re-crystallized
aggregetes are composed of qusrtz and sericite. Howevar,
some cases are observed where zones of recrystallization
cutting plagloclase consist largely of plagloclase and
sericite. The genoral absence of feldspar in the recrystall-
ized portlons may be the result of the ease of alteration of
the plagloclase to sericite.

Most of the gnelsses show retrogression features to a

greater or lesser extent. The abundance of epidote has



Filg. 22, Bent twin lsmellase In plagiloclase.
Feldspar gneiss. Spec. LE57-106.

Crossed polars.

Flg. 5. Zinked twin lamellae in plagloclasae.
Ketrograde feldspar gnelss. ipec.
187-109.

Crossed polars.






already been commented on and represents a very common
alteration of the plagloclase gneisses. Sericite 1is another
common alteration product of plagioclase and is important in
considering the development of the widespread retrograde
rocks.

This sericitic alteration occurs in many different
ways. The sericlte may occur along grain boundaries or in
cross-cutting fractures, the main body of the plagicclase
grains remalining relatively unaltered. Such an alteration
18 most common in rocks which show gigns of postecrystaliine
deformation and is probably related to the wide-spresd
phyllonitization which 1s discussed later.

ffore commonly the plagiocclases have sericite flakes
randomly distributed throughout the grains. The slteration
may be patclky, the altered portion of a grain being more
albitic than the unaltered parts. A more advanced stage
of this type of alteratlon 1s shown In grains where the
nature of the original mineral 1s only just discernible as
vague multiple twinning.

The orilentation of the sericites within the plagloclase
is most commonly random but in meny cases the flakes lie in
the (00l) cleavage plane, less commonly in the (010) cleavage
and twin boundary planes., This tvpe of ocourrence is common
in the less altered plagloclases and may indicate an early
stage of alteration,

The end result of this alteration in plagloclase rocks
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is a rock In which the grains can still be seen in outline
but appear as & confused agzregate of sericite with rarae
light green bilotite and chlorite. “here the slteration is
complete the nmture of the origimal grain may be unknown.

Microcline is much less susceptible to alteration than
vlagioclase. Even in rocks whers the plagicclase can only
Just be recognized, mierocline is quite fresh. (Fig. 20).
This feature 1s observed also in the various verthites, “
sven to the finest of film perfhiten where the albite lamellae
ma§ be altered although the host is st111 fresh., This
greater ease of slteration of plagioclasa may lead to false
concluslions concerning the relative proportions of original
vlagioclase and mierocline in the highly retrosrade rocks
surrounding the feldspar gnelsses,
2. THE FELDSPAR GNEISGES OF THE <9ESBROOK EESION.

Rociks lithologieally sisilar to ths Houghton feldspar
gnelsses are fournd in the arsa south and sast of Lersbrook.

L)

On the south and sast sid s of the mass they arc in contact
with younger Frecambrlan rocks, while thelr contacts with the
surrounding schists of the Houghton Complex are larasly
obscured on the west and north by Tertiary and Kecent alluvial
deposlts of the Kersbrook Valley.

Two distinet lithologic types ere dominant in the

the mafle gneisses at Houghton) which sre dominant in the

northern pert of the mass, 2. well-layersd fine-grained
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leucocratic gnelsses which are cemmon in the southern part
of the mass,

0f minor quantitative importance 1s the occurrence of
a few velns of pegmatite which consist of crosse-cutting
nasses of elther dlopside or actinolite commonly associated
with Ti-haematite.

Petrographically the maflc gnelsses consist of
plagicclase, microcline~-perthite, quartz and actinolite
(Diopside was not observed in any of the gnelss gpecimens,
although 1t cccurs in pegmatite as mentioned etiove},

Plagloclase 1ls the most abundant mineral (up to 90% in
some rocks); miscrocline is rarely the dominant feldspar.
The amphllbole vccurs as sheaves of fibrous sctinolite and
may be parallel to the cruds layering or mey be randomly
oriented. There is commonly not more than 10¥ amphibole
present, although up to 25% has been observed locally.

The most common accessory ls dispersed anhedral haemstite.
Epldote, apatite, sphene, zircon and monazite are also
present (given in order of abundence =~spidote most sebundant) .

The leucccratic gnelsses differ mainly in their lack
of emphibolie, grester emount of microcline (with respect
to plagioclase) and quartz, and ubliquitous occcurrence of
opaques concentrated in certein layers, Green blotite 1s
abundent in some specimens,

All the specimens colilected from the Kersbrook arsa

show very similar textural festures. In the rocks just
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ecast of the Kersbrook Cemetery (157-1128 and 1129) the quartz
and feldspar occur a&s an anhedral granular mosalc {microcline
being dominent). The quartz shows distinct strain bands and
the microcline shows undulose extinction. Blotite occurs
in these specimens but is not strained. It cuts across the
othsr mineral bounderies, and has a poor preferred orientation.
In the plagioclase-rich rocks the plagloclase does not
show the normal type of albite twinning. Single albite
grains show an irregular development of short twin lamellae
which give a chequer-board aypesrance to the grain (Fig. 24.
Thin sections 157-1130 and 1149 also show excellent examples).
Elsewhere aimilar plagloclases have been called chequer-albilte
(e.g. Gilluly, 1933). The grein boundaries of the plagloclases
sre commonly irreguler and may be sutured in e manner similar
to quartz grains,
It 1s believed that the undulose extinction 1n quartsz
and mierocline and the development of chequer-albite are
indicative of deformation, The origin of chequer-albite
has been discussed in the literature and 1s commonly thought
to be the result of metasomatic replacement of potash-feldspar
bv albite (Gilluly, 1933) although Battey (19EG) conaliders
that the chegquer board appesrance results from "porphyroblastie
growth proceeding from numerous centres and approaching axial
parallelism by successive recrystallizations". Starkey (1956)
demonstrated that the development of chequer-alblte in some

metamorphosed porphyries of New Brunswilck is related to



Pig. 24. Discontinuous alblte-law twins in
plegloclase (Chequer alblte),
Feldspar gnelss, Spec. 157-.1149,

Crossed polars,

Pig. 25. Foldao albite lomellae in vlapiloclase.
Jquartze-plagioclase gnelss Spec, 1b7e
1127,

Crogssed polars.
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inereasing metamorphism (particularlﬁ inereasing stress).
This conclusion is in accord with the authort's observations
that the Kersbrook gnelsses show more deformation textures
than the Houghton feldspar gneisﬂms, and that chequer-albite
is excluslvely developed in the quabwgnk mass .

Gnelsses with texbtures simllar to ﬁhe\Houghton mass are
raro. An exception 1is an 1aolateq outeray of quartz-plagiocl-
ase gneiss (Grid ref. 853~988) which has an anhedral granular
toxture with kinked plagioclase 1amellae (Fig 26).

%z. FELDSPAR GNEISSES OF THE PARACQMBE AND TORRENS GORGE REGIOMN.

(a) Feldspar gnelsses aimilan to the Hougptpn types have
s vory restricted distribvution In ﬂhe southernmbsﬁdparh of %he
Houghton Complex. A very limited series of outcrops poccurring
in the vicinity of Paracombe may be ralated to the Houghton

mass, but is separated from 1%t by a @ertiary erosion aﬁﬁfaee
N

.'\

between Houghton and Paracombe. A\
Three samples of noughton~ty§ejghaiss were ¢ollected

from isolated ocuterops In the eroa#on surfece around Paracombe

(157-880, 889, 941), These appear ‘to be indistinguishable

¢rom the Houghton type in hand spe¢1men and in thin section.

They all contain predominant plagi@clase (50-70%) of oligoclase

composition with some rare micropline (ca, 104). Diopsidic

pyroxene was found in each, showﬁng a variable amount of

glteration to uralitie amphibole. GSome larger single grains

of sctinolite ocourred in one samp%q (157-880) . Epidote,

sphene and cpaques are ubiquitous éécesseries.
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(b) The other feldspar gneisses in the reglon differ
markedly from the Houghton types just described and are
subordinate %o associated mica gnelsses, Only one of the
twentyfive exgmined miecroscopically showed any smphiibole,

All of them tend to be less massive than the Houghton type

and occur interlayered with the more micaceous rocks. These
feldspathle rocks appear to he of two distinct typess those
wlth dominant plagloeclese and those with dominant microcline,
ths latter having significent quartz in all gspecimens examined.
No rocks with roughly equal proportlons of foldspars were
observed although plagioclase-rich and microcliine-r=ick gnelsses

can be found ir close proximity,

1. Dominant plagiocclase group,

Some of the specimens examined (e.g. 157-398, 387) consist
almost entirely of plagioclase (albite) in anhedral grains
1-2 mm. in diemeter, the only other minerals present being
accesaory strained quartz, granular opaques and rare zircon
and apatite. Sericite occurs as an alteration product in most
of the samples. In other samples (e.g. 187-886) as much ag
20% quartz may be present,and chlorite, muscovite and a
light green mice are common ( secondary) acecessories, The
quartz mey occur interstially or as flattened rods or lenses
cutting scross the other minerals,

fiierocline commonly occurs,as an accessory,as clear
Interstitial grains, Higher proportions {(up to 30%) do

occur but then the microcline occurs as an irregular inter-
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growth with plagloclase. The plagioclase generally appears
to polkiloblastically enclose miecrocline. In rare casas
where a grain is made up of equal proportions of the two
feldspars the appearance 1s that of a regular intimate
intergrowth,

2. Quartze-microcline gneisses,

Typlcally, rocks of the quartz-microcline gneiss group
consist of 10-20% quartz, 70-80% feldspar and variable small
amounts of mica, |

The quartz occurs most commonly in croass~-cutting lenses
in thin sectlon but also occurs as individuael snhedral grains,
Most speclimens show strain shadows.

The dominent feldspar i1s a microeline film perthite with
minor amounts of plagloclase (varying from 5~30% of the total
feldspar). Both feldspars occur as anhedrsl grains to give
an xenoblastic texture but in some cases microecline may be
enclesed in or intergrown with the plegioclase,

In some cases a brown or green-brown biotite is a fairly
common accessory and becomes an important constituent in
the darker phases. Sericite is common as an alteration
product and opaques, sphene, zircon and apatite are the most

comnon accessories,

Textural features,

The texture of feldspar gnelsses in the vicinity of

Paracombe, is anhedral granular, the feldspar gralin boundaries
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being smooth and gently curved. Pyroxene appears to have
been subhedral but now exhiblts overgrowths or replacements
by actinolite. Actinolite also occurs as isolated ragged
groups presumably representing completely altered pyroxsne.
In the asctinolite-defilcient gnelsses of the Torrens
Gorge, quartz 1is a common constituent and exhlbits a variety
of textures. It may form part of an anhedral granular texture
but more commonly occurs as rounded individuals onto which
other minerals are moulded, or as grains encloged in miorociine.
It also occurs in vein 1like forms (.5-1 mm. wide) which are
rods or lanséa flattened in the plane of the layering,
Cormonly each vein (in thin section) is a single grain of
quartz, although polycrystalline aggregates do occur. The
quartz shows abundant well developed strain shadows and in
some cases small polygonel quartz grains are present within
the large grain, either in clusters or chain-like forms.
Oceurring at right angles to these coarse velns are a ‘
subsidiary set of thinner quertz veins (generslly .lmm.)
(Fig. 26). They may cut, be eut or appear as offshoots of
the main quertz stringers snd are considered to be contemp~
oraneous with the larger veins., They differ from the larger
veins in always being polycrystalline; the veins are only
one grain wide and the grain boundaries asre at right angles

to the vein wall. The large lenses as well as the fiall
mey appear cutting across single greins of feldspar and the

boundaries wlth other minerals are fairly smooth and not

sutured as are coummonly quartzegquartz boundaries where the



Fig. 26,

Pig. 7.

Veins of strained quartz crossing e
microcline-plaglicclase sggregate. A
second system of ( thinner) quarts

veins appesrs contemporaneous with the
first, (The two larger veins are
connec ted outside the fileld of view of
the picture).

Nuartz-feldspar gneiss. Spec., 157-341.

Crossed polars.

Intergranular fine-grained quartz
batweoen plegloclese gralns, lots also
tha sericite grains psrallel to {0¢1)
in the top right-hand plagloclase.
guartz-foldspar gnelss. Spec., 1H7-36L.

Crossad polers,
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FIG. 27
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quartz shows strain shadows. In some specinens the velne may
be numerous and large (e.g. up to 5 mu, in 157-361la) and
enclose microcline greins as well as cutting across the
graing In the external aggregate. The mobllity of quartz

13 alse 1llusitrated by the numerous polygonal aggregetes
wnich occur along the grain boundaries between feldspars
(?ig. 27) .

Plagioclase also shows many btexbtures which could be
interpretsd as recrystalllization or woizilization. Textures
similsr %o the Xersbrook chequer-albite have boen observed
tut are rare. Nany serileitized plagioclasse show water
¢lsar borders of alblte. These waler clear zones may also,
theugh rarely, cubt acrovs the hwst grains {Flg. 28). The
rims have the same conposiltlon as the sericltized plagioclase
which is alsc albltle. Albite ls not limited to microcline=-
plagloclase bounderles but occurs also at plagloclase-plaglo-
clase boundaries, Tie Loundarles between such grains are
commonly countrelled by the different twin lamellae, alternate
lamellae "intruding® the adjscent grain more than the other
(Flg. 29), In other cases the zone of clear plagioclase
1s not so well defired, and the bounderies tencd te be highly
irregular.

In many par®s of the world, rims of alblte arcund feld-
spars are common Ir both wmetamorphie and lgnecus rocks,

Ramberg( 1962, Plate I, Figs, 2, 4,and 8) desecribes CeXbtures
very simllar to those described here, but he does not report



Flg. 28,

Fig. 9.

Rim of clear plagiloclase around
sericitized plagloclase. The
surrounding gralns are microcline.
Quartz~-feldsper gnelss. Spec. 157-36la.

Crossed poliars,

Zone oif clear pliagloclase bLetwesn
serlcitized vplagloclase zrains,
Feldsper gnelss. Spec. 157-362,

Crossed polars.
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FIG. 29
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albite at plagloclase-plagioclase contacta. He concluded
that the plagioclass is derived from the migration of albite
from microeline perthite.

Whitten (1957) hes reported clear albite bordering
somewhct altered plagloclase at plagloclase-plagioclase
boundaries (his Fig. 10-D,p. 269) as well as at microcline-
plagloclase boundaries and concluded that "late stage circul-
ation of media along some inter-crystalline boundaries caused
the alterstion",

Agron (1950) concludes that albite rims may indicate two
guccessive phases in metamorphism, Rogers (196l1) considers
such rims In granitic rocks %o be merely a late stage direct
erystallization of the albite.

In the Houghton Complex no single mechanism can be
proposed which will explain all of the textural features
of the albite rims. Some albite rims may result from the
¢iroulation of solutions as suggested by Whiktten (1957), In
many cases the solutions, migrating along grain boundaries,
would simply have aided in the recrystellization of altered
plagioclase or the migration of albite from perthites. In
other cases where the source of the albite is not obvious
(that is where albite rims non-perthitic microcline), 1t 1s

necessary to assume that the solutions themselves carried
— albitie constituents. However these constituents could be
derived from other parts of the rock and have not necessarily

been Introduced from outside sources.,
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OTHER PRIMARY METAMORPHIC ROCKS.
Apart from the feldspar gneisses described above, aress
wilth recognizable higher grade metamorphic rocks are few.
The more important of these areas are:

1. JLower Hermitage « W. Houghton region.

These rocks are characterized by the assemblage quartsz,
microcline, biotlite, minor plagloclase and muscovite. They
are extremely well-layered (Fig. 30) and appear at first sight
in hand specimen to be low grade metamorphosed sandstones and
as such were included with the Torrens Group on the Adelaids
1 mlle Geological sheet. However, both Spry and Webb subseq=-
uently grouped them with the "Archaean,"

The rocks commonly possess a granular texture with quartz
and mierocline as the principal constituents, With increasing
blotite the texture becomes more oriented with the quartz and
feldspar fitting between the elongate biotites. Wuscovite,
where present, occurs as large randomly oriented polkiloblastic
flakes enclosing all other grains,’

The microecline 1s most commonly perthitic, f1lm perthite
predominating but occasionally irregular veln perthite also
occurs, HMeny of the specimens show rims of clear plagloclase
(Ang.p5) (e.g. 157-847) surrounding the microclines. Individual
grains of plagloclase of comparable size witk the microcline
are found In only a few rocks,

In a few rocks 10-15% plagloclase is present. This may

indicate an early stage in the soda-metasomatism of these rocks



Pig. 30. Layering in mlca gneisses. The
layering varies from  ocm. to 8 cm.
end 1lg separated by thin mices-rich
layers.,

Houghton School. (Grid. ref, 757 964).
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as suggested by Webb (.983), but censiderable ameunts alsc
of Qa-would-have %o be introduced in order to produce the
typical oligoclase-andesine-dlopslide gneisses.

The retrograde changes are similar to those of the
foldspar gnelsses. Plagloclase shows the greatest degree
of alteration, namely to sericlte. Biotlite has altered
to an olive-green varlety and also to chlorite in some cases.
Mierocline, quertz and muscovite show l1little alteration.
The striking feature of the alteration 1s that 1t 1s
concentrated in zones and ls responsible for the strikingly
"pbedded" sppeasrance of these rocks in hand specimen. In
thin section relatively unaltered rock alterrnates with
thin layers (up to 5 mm.) conslsting essentially of sericilte.
The sericite layers may be shear planes in the rock control-
led by the mica foliation or they may represent layers
which were more susceptible to alteration due to differences
in original composition (e.g., higher proportion of plagio-

clase).

2. Torrens Gorge region.

In the region around the feldspar gnelisses in the River
Torrens and surrounding country, many of the rocks show pre-
retrogression textursl and mineraloglcal features. Rock 157~
352 can be taken as falrly typlecal of this sulte and occurs
about 4 mile southwest of Prairie Bridge. In hand specimen
the rock is moderately well-laminated, the laminations being

composed of alternations of micaceous and quartzo-feldspathic
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material, the latter varying up to about 5 cm. in width.
The layering is accentuated by %he presence of sericitic
partings parallel to the general layering. (In other rocks,
particularly near the western margin of the complex In and
around the River Torrens, the sericitie parting forms a
foliation at an angle te the layering). In thin sectlon
the rock consists of an irregular granular aggreg:te of
quartz, wicrocline an@ minor plagioclasze, with about 5%
colourless to olive-groen pleochrolc blotite flakes exhib-
1ting a good preferred orientatlon parallel %o thealayaring.
Apaktite, zireon,sphene and anhedral opaques are couion
acceasorios. Epldote 1s a rare accessory. The léyéring
shows as prominent lensoid and irregular bands up tdfz nma.,
thiek whieh are composed of & highly oriented mass of
sericite grains ancloaing a few relic quartz and fe;dspar
greins. Specimen 157-352a illustrates a more advenced stage
iﬁ'the producﬁion of layering. The hand speéjmen coﬁld still
be classified as a quartzo-feldspathic gnaiss?aq@ giffers
from 157-352 in being highly laminated, the 1gzn,s,na{;15igs
{(1-10 mm.) being defined by very thin aericihi@fpartiﬂgﬁ
separating gquertzo-feldspathic material., In thin section
the sericitic alteration is more widespread than suspec ted
in hand specimen, irregular lenses of seric%pé]baing fairly
uniformly distributed throughout the slide; with prominent
zones of saricite crossing the slide an@ycoﬁrégbonding to the

magroscopically visible follation.
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In maﬁy of the Tocks the sericitic zones are comcontrated
in the more mica-rich layers of the gneisses and the sericite
zones serve to accentuate the original foliation ard layering,

It should be pointed out that these rocks are also
interlayed with the actinolite-free feldspar gneisses of the
Torrens Gorge and that they presumably have a related origin,
The presence of abundant albite in some of the rocks has
led Webb (1953) and Spry (1951) to the conciusion that the
roocks have undergone soda-metasomatism and beth these authors
have correlated these rocks with *he Boughton suite consider-
ing them as less metazomatized equivalents.

Liowever, the petrographic differences and field
¢ccurrences suggest that these gnelsses should not be
consldered to be simply related ko the‘feldspar gnelsses
near Houghton. The feldspar gneisses with oliéeclaae»act-
inolite {(or diopside) are distinct from the quartz-miorocline-
albite rocks of the Torrens Gorge. The latter are slso interw
'layered with "normel" quartsz-microcline-mica gnelsses; the
feldspar gneisses are not.

It 18 quite possible that sods metasomatism has played
an important part in the origin of the quartz-alblte rocks
of the Torrens Gorge but such a conclusion should not
necessarily be regarded es an indication of s similar origin
for the feldspar-actinolite gnelsses.

OTHER AREAS WITH RELIC HIGH GRADZ METAMORPHIC ROCK TYPES.

Apart from the aress already discussad no large area
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within- the-Foughten- Cowpiex-ean pe cenaideresd %o have been -
froe- frem-large seuis retrogressive ehanges: A few isclated
outerops show tyiical high grade metaroryhic minerals,
notably sillimenite, andalusite and garnet. Andalusite

and garnet have each Leen found in three locallties and
81illimenite in six. Sillimenite 3hows & replacement
relationship with endalusite in one specimen (157-13) but

no other primsry relationships have bsen observed. All three
minerals cccur ag large {up to 2 mm, ) generally subhedral
grains, mostly showing considerable alteration to sericite
(and chlorite in the garnets).

The distribution of these netemorphic minerals show
no apperent zoral relstionship. Spry (1961) states that
(p, 123+4), "Sillimanite and garnst occur together in the
Torrens Gorge, .ut that gernet alone occurs in the vicinity
of fersbrook. This suggests a sories of sillimanits~-gornet-
and biotite zones towsrds the north, although the 1limits
cannot be accurately delineated in the Field." Sillimanite,
however, has been found by the yrssent author as fer north
a8 One Tree Hill (north of the ursa mapped) and its distribe
ution appears to be random.

Other minerals, of less use in determining metamoryhnic
grade, are common as relics in these rocis. bBilotite, now
largely alterad, is recent in meny slides and perthitic
microcline is present in most rocks not completely altered

to quertz-sericlite aggregates. The microcline i1s most
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comronly & Iilm perthite. Flsgicclase is also Freserved in
some rocis, commonly albitic in composition, though this
compositlon may reflect retrogressive changes snd need not

be indicative of the original compoaition,
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CHAPTER III.

STRUCTURAL FEATURES OF THE FELDSPAR GNEISSES.

Owing to the later retrograde structures Present in
most of the Houghton Complex exposures, information congern-
ing the structures of the high grade gnelsses is limited to
the areas around Xersbrook and Houghton. Even within these
areas structures which ecan be regarded as pre-retrograde
structures are rare; mesoscopic folds can for the most
part be related to later phases of deformation.

The only structure that can be definitely related
to e high grade metamorphism is the layering. This layer=
ing, which is the result of differing concentrations of
dark and 1light minerals, 1s commonly very regular (Figs. 5,
6 and 12) and varies in thickness from 2 mm. to greater than
< em. In other cases the layering is more irregular and
resembles the layering of migmatitic gneisses (FPig. 31).
Structures resembling croas bedding have been reported by
Spry (1951), Plate VII, Fig. 3) and have been observed by
the author (Pig. 32). Such structures are found only in the
feldspar-actinolite gnelsses and have not Leen observed in
the more quartzitic rocks (arkoses and quartzites of Spry
and Wetb).

The development of a lineation depends on the degree
of preferred orientation of the long axes of the actinolite
grains, which commonly lie parallel to the layering. Many
of the exposures whioch appear follated in the field are found



Fig. 31, Irregular gneissic layering in feldspar-
actinolite gneiss.
Parecombe. (Grid. ref. 789 937).

Fig. 32, Hoo%ed crose laminatlons in feldspore
actinollte gnelss,

Houghton. (Grid, ref. 771 964).
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to be lineated when cut surfaces are examined. Due Ho this
difficulty of determining lineation in the fleld only a
limited number of lineation measurements could be taken;
however, these show a falr preferred orientation for the
mass &8 & whole.

Mesoscople folds in both the Houghton and Kersbrook
masses are almost completely lacking, An indistinet anti-
formal struscture can be seen in the Little Para River at
Inglewood (Grid. Ref. 768 977); the structure is symmetrical
and at least 10 m. high, Both limbs dip about 45° and the
orestal reglon ls not visible. Nelther the style of the fold
nor its axis could be cbserved. The presence of larger
folds in the Houghton reglon is suapected from the curved
trend of disconnected outerops in some areas and also in
the distribution of layering attitudes in 7 diagrems (Plate
II). The sorrespondence of the lineations with the statist-
icel fold axes so deduced 1s only approxinate and so 1%
cannot be stated with certalnty whether or not the large
scale folding took place contemporaneously with the formation
of the lineation,

A number of folds of doubtful age have been described
by Webb (1953) and are well exposed in the road cuts along
the River Torrens just north of Prairie bridge. These
folds have & concentric style and except for one example
are larger than 1lOm. amplitude. The axisl surfaces ¢f these

structures dip about 70° to the east; a new foliation (equive
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alent to the retrograde foliation) 1s developed in part
of the ares and is sub=-parallel to the axial surfaces of
these folds, a genetlc relatlonship being suggested.

Folding in the Kersbrook mass was not observed and
the layered attitudes show a marked planar preferred
orientation (Plate II).

Structures not directly related te the layering and
lineation are present in both the Houghton and Kersbrook
masses, Crossecutting velins of actinolite-rich material
are fairly common and in some cases the actinolitic material
i1s 80 abundant that 1t completely encloses patches of the
feldspar gnelss and the rock has the appearance of an
agmatite. Pegmatites composed of coarse-grained diopside
(up to .5 cm. dlameter grains) with minor plagloclsse are
also found end were called "yatalite™ by Benson (1909). In
rarer cases, plagloclase occurs in veins, some of whiech
are cross-cutting. The gneisses have been mineralized in
part, small veins of quirtz and haematite belng extremely
common; uraniferous minerals have also been reported (Dieck-
inson and others, 1954).

These structures tend to obscure the earller fabric in
some areas but in many parts of the feldspar gneisses layer-
ing end lineation (or follation)are atill dominant structures.
Berison (1909) was apparently not influenced by the layering
when he referred to the Houghton feldspar gnelsses as diorites
and syenites, Spry's (1951) account of the area is the
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firat to dlscuss the layering lﬁ any detall and he concludes
that the 1ayering “may be treated as bedding and mapped
similar %o &, nérmal sediment” (p. 125). While it is possible
that these strucfures repraswnt original bedding features
they mey well reprgﬁknt the combined efects of metamorphic
differentiation,/ﬁeformamion and transposition. The mobility
of the aomponanta of the feldspars and amphiboles is seen

by the numerous intérgrowth textures in thin section and by
the caventration of égtinolita in cross-cutting structures
such as joints and sﬁéll faults (Fig. 12); and by the
concqgtratibn of derk minerals into pods and pegmatitic
_vein#Q If such ready structural control by ninor features
cag»ba seen, 1t seems 1ikely that a welledeveloped me tamorphic
foliation, especially if of a phyllonitic type, could ve
e:x:psem:ew'i to control the deposition of new minerals during
meﬁamorphic aifferentiation. "Cross bedding" structures could
thén be interpreted as transposition structures assoclated
wiﬁh the development of a follation.

‘ A somewhat different plcture 1s obtained from the
1&y§rad gneisses surrounding the Houghton feldspar gneisses.
In the Torrens Gorge many of the gnelsses consist of inter~
leyered quartzo-feldspsthic material end mica-rioh gnelss.
The layering tends %o be 111-defined (except where accentua~-
ted or produced by later changes) but wheré sharp, the
rock types represent distinet changes in compositlon. It

may be that these changes in composition represent original
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differences in composition and are probably metamorphosed
transposed bedding.

Whatever the origin of the layering 1t has been
affected by later deformatlions, especially in the more
micaceous rocks. The resulting structures will be dlas-

cussed later.
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ORIGIN OF THE FELDSPAR GNEI35ES.

48 niready indicated, earlier writers considered tie
feldapar gneisses to be ignecus in origin {*diorites” of
Bensor 1909, Ingland, 1635, Hawson 1926) and later, sedimentary
in origin (Spry 1951; Webb 1963). The ignecus origin was
sdvanced largely on account of thelr meeslve appearande,
compared with the surrounding schists, end their chemicel
gimilarity to known ignsous voske. Velns of similer eompe-
sition %o the "diorites" were thought %o be pegmetitic phases,
The rocks were rocognised ss metamorphic rocks Lut the banding
was rno% considered in dotall,

After o study of the field relationships and the smail
coale ztructures Spry (1961} coneluded thet the reochs were
motasomatised cedimenis.Weblts (1953) dotalled mapping of
the disoonnects’ euterops showed that tho form surfaces were
foldas or warped on & large scsle.

A discussion of the ¢rigin of the feldapar gneisses is
hampered by & lack sf eny objective criteris for distinguishing
botween an igneous and & sedinentery origin for the features
observed, Field relations should be of sonsidersble importsnce
in such a discussion but unfortunstely the Tertiary ercvsion
gurface has obsoured all the contects, , in areas wiere the
feldspar gneissas ere in close proximity e the surrounding
schists and gnoiaaaﬁ (i.0. sast of Lowor lermitage), the
contact is scen to be paramllel %u the (retrograde) fo.lastion
jn the aschists and at & small angle to the Ffoliation in the
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feldspar gneisses. Brecciated rocks are found at the northern
end of the contact and prominent quartz«haematite veins occur
at intervals along the contact, which is interpreted as a
fault, The lack of intrusive contacts as noted by Spry mey
be explained if the contacts are tectonic in origin,

Spry also noted gracdational contacts with the surrounding
schists. Such gradational eontacts appear to be due to the
greater degree of retrogressive effects in the surrounding
schists. His sequences of feldspar gneiss through transition
gnelss to schist woudd be Interpreted by the bresent suthor as
& soquence of unaltered feldspar gneiss through a retrograde
border zone in the feldspar gnelsses to highly retrograde rocks
derived from schists and gnoisses of an original chemical md
mine.aloglical composition entirely different from the feldspar
gneissgs,

The layering and cross lsminations (Pig. 31) in the
feldspar gneisses have also been used as evidence that the
rocks were originally sedizentary in origin, However, as
Dietrich (1960a) showed, leyering in gneisses can be the
result of (1) relic sedimentary layering, (2) relic igneous
layering, (3) various processes of migmetization and permeation,
(4) metamorphic differentiation. Dletrich ettempted to set up
eriteria for distinguishing these processes but in reviewing
the evidence showed a strong blas towerds g sedlmentary origin
for banding in gnelsses, & fact which he later admitted (Dietriboh
1960b). Banding, similar to that seen in sediments, is not



63,

ecommon in ligneous rocks but has been duscribed from ultremafic
rocks (Jackson, 1961),from syenites (Upton, 1960) and from
granites (Harry and Emeleus, 1960). Small scale sedimentary
features such as cross bedding and trough banding are also
seen In these igneous rocks (especially well figured in Upton,
19€0).

Layering produced by metamorphic differentistion may
also resemble sedimentary layering in its regulsrity and
persistance. Evans and Leake (1960) have shown that the
layering in smphibolites of Connemsara 1s parallel to the
foliabtlon in the rocks and 1s not folded. They conclude that
the layering ls produced by intense metamorphic differentiation
in rocka wiich were originally fzneous, Walker and others
(1960) in a comparative study of ortho and para-amphibolites
concluded that the differences bebtwesn theo two types decreases
with inereasing grade of metamorphism especially where the
rocks are affected by metasometism.

Layering can slso be produced by intense transposition
and by shearing. Bowes and Jones (1958) deseribe pseudo-
sedimentary features in greywackes and conclude that the
structures are tectonic in origin. "Cross bedding" 1s
particularly essily produced by transposition of an earllier
layering (not necessarily sedimentarsy layering).

The layering in the feldspar gneisses is not thorefors
as conclusive of a sedimentary origin as was thought by Spry.

If the rocks were of & lower grade of metamorphism ( they have
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reached at least as high &s the upper amphibolite facies)
1t might be possible to determine the origin of the laysring.
However the composition of the rocks suggests that if they
were sediments they have been fundamentally changad by
metasomatism (as Spry suggzested). The metasomatism combined
with the high grade of wmebtamorphism makes 1t extremely
unlikely that sedimentary struetures could atill be disting-
uished from igneous or matamorphic structures in these racks,

Other evidence which has been used by Spry 1s that of
the large scelo heterogeneity of the feldspar gnelsses. The
present author bellevaes that this heterogenelity was brought
about by several proccsses. Firstly, there may have been
original differences in composition In varlous parts of the
mass. These diffeoronces may have been in aither igneous or
sedimentary rooks. Secondly, the redistribution of material,
poasibly accompanied by metasomatism, would have Increased
the compositional variations in the mess, Thirdly rocks
suffering different degress of retrogression would impart
additional inhomogeneities to the rocka., (The diversity of
rock types in the mass has heen over-emphasized by Spry who
fncluded some granitoid rocks(recrystallized "arkoses"]with
the feldspar gneisses. These roocks are quite distinc% from
the Peldspar gnelsses and occur for the most part as "4slands®
in the schists),

Mineralogically and chemlecally the rocks do not match

either common sediments or common igneous rocks. Benson (1909)
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end Englend (1935) both calculated norms from their analyses
and matched the rocks with some rock types in the C.I.PiW.
classification, notably syenltes and dioritea. liowever, the
compositional similerities are only approximate and if the
foldspar gneisses were lgneous, their chemical composition has
been modified by later additions or redistribution. If the
rocks were derived from sediments, their composition must have
been even more profoundly altered. Both the minerelogical
somposition and the chemical analyses (Appendix I) show that
the felidspar gnelsses have high contentas of Nag0, Ca0 and
MgO. By comparison, the surrounding schlsts are characteris-
tically poor in Ca and lMg-rich minersls. Similar schists and
gnelsses from Humbug Scrub (& few miles north in the same
inlier) show low contents of Ca0 and Mg0 (Alderman 1938,
pp.176-6), In particular the Ca0 content is very low
(0.26 and 0.43% Ca® in the schists end 0.86% in the augen
gneisses). These values are lower than those given by
Clarke (1924) for average shale (3.11% Ca0) or by Pettijchn
(1957) for a variety of shales (1.00 - 2.17% Ca0}.

If the feldspar gneisses were formed by sode metasomeatlsm
of sediments, these sediments would therefore have to be calclum-
rich as suggested by Spry. This hypothesis is not unreasonsble
but is extremely difficult to establish with certainty. A
necessary eorollary to this bhypothesls is that the soda
motasomatism is selective and affects only the ecalelumerich
rocks and not the surrounding schists which are poor in both

caleiun and sodium. In addition sods metasomatism must have
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affected all of the caleium-rich sediments, as no soda-poor
caleium-rich rocks have been discovered,

The minerslogical, chemical and structural evidence is
therefore considered %to be inconcliusive and the present author

considers that the origin of the feldspar gnelsses is unknown.
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CHAPTER IV.

RETROGRESSIVE CHANGES IN THE HOUGHTON COMPLEX.

In previous sechtions only those retrograde chenges
incidentel to the understanding of the high grade metamorphlc
rocks have been considered. However, most of the
rocks outside the zones of feldspar gnelsses have been more or
less fundeamentally changed until now they represent phases
stable in the greenschist facies of mebamorphism.

In hand specimen these retrograde rocks vary conslderably
in sppearance. The less altered rocks appear as quartzo-
feldspathic gneisses in which there ils a well-defined sghlst-
0osity commonly parallel to the layering. This schistosity,
a3 has been noted before, 1s due to narrow zones of sericits,
possibly representing selective alteratlon of differing
compositional layers in the gnelss. With greater degree
of retrogression the rocks are well-layered and resemble the
flaser gneisses described by Hamilton (1960). The layering — —
1s very variable in thiskness (1-10 om.) and reflects differ-
ences in amount ef alteration and the original composition of
the rocks. In some outcrops the layering appesrs to be uniform
with individual layers persistent over several metres; in
others the layering is distinctly lensoid and rather irregular.

Where the amount of sericitlzation is large the rock
loges its well-lsyered appearance and even the schistosity ls
irregular and the rocks do not cleave parallel te the foeliatlon.
However in thin sections and pelished blocks the schistosilty 1s
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still easily observed.

In manr of the rocks, larger quartz and feldspar grains
bave survived as augen. Alderman (1938) has describted these
augen in the Humbug Scrub region and concluded they were the
rasult of growth of crystsls Ly metasometism. Hossfeld (19%5)
thought they represented the uncrushed remnants of interfolial
pegmatitic material.

The Humbug Scrub sugen heve a large grain size;
indivicusl subhedral feldspar grains larger than 1 cm. are
fairly common. The margins of the osugen asre alwaye bourded
by zones of abundant sericite and 1t appears that the augen
have boen distinctly modified in shape during the later
retrograde metamorphism.

In the arca examined by the author the augen are not as
large or as coarse-grained as the Humbug Scrub augen. The
augen congist of a granular sggregate of quartz and feldspar,
in marked contrast to $the suthedral textures of the larger
feldspars in the Humbug Scrub oxamples. It 1s thought that
the differencas between the two arees reflect differences in
the degree of retrogression end recrystallization, the southern
area showing very few examples of original textures.

The mineralogiéal changes which the high grade minorals
have undsrgone have been dilscussed In the previous chapter
and only a discussion of the textural feamtures «f this
alteration will be discusased hLere. |

In one type of alteratlon the mineralogical changes are

brought sbout without any noticeable dlstortion of the shapes
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of the original minerals nor does the aericite show any
visible degree of preferred orientation, Perfect crosas
sections of sillimanite are preserved in sericite (Fig.
33)and presumably many of tbe patohes of unoriented sericite
in the rocks could represent thils same type of replacement
(Fig. 34). The end product of this type of alteration is a
rock composed almost entirely of a flne-grained quartz-
sericlto aggregate with relics of quartz and rare miecrecline.
In another type of alteration sericite is concentrated
Inte irregular sub paréllel zenes and within these zones the
gsericite tends to show strong preferred orientation (Fig. 35).
Relics of quartz and microcline are not uncommon in these
zones; plagloclase and biotlte occur rarely. These zones
tend to be lenticular but in some cases can be traced across
a gingle bhand specilmen without diffieulty. With an inersase
in the number of oriented 2ones the rocks become more schistose
ther layered (Fig. 36), In tho earlier stuges of alteration
the relic minerals show no particular habit-preferred orient-
atlon to the follation but in many of the rocks in a nore
advanced stage of alteration the relics tend to lie with
their long axes in the follstion, although sxceptions do
oeccur (centre of Fig. 36). _
Rocks resembling true phyllonites are uncommon and are
confined to limited zones within the feldspar gneilss mass
(e.g. 157-908, 117). They consist of thin lenses of
finegralned quartz In e very fine«grained quartz~sericite



Fig. 335, Pseudomorphs of sericite after silliman-
ite.
Retrograde schist. Spec. 157-212,

Flg. 54 felics of guartz and microcliine in a
ground mass of non-oriented sericite
and fine-grained gquartz.

Retrograde schist. Spec. 157«1031.
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Fig. 35. Zone of fine-grained quartz-sericite
crossing retrograde gneiss.

Flaser gnelss. Spec. 157-907.

Flg. 36 Follated blastomylonite with sericite
concentrated in lentleculsr zones.

Blastomylonite. Spec. 157-102.
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matrix (FPig. 7). In ths west advanced phylienite ebsarved
(167-908) the roclc has the &appoarsncs of a rocfing slate and
in thin section hardly any coarse-grained relics are observed,
the rock being a finely foliated and extremely fine-gralined
( < .005 mm.) quartz-mlca aggregate with small lenticular
masses of slightly coarser material (.01 wm.)

The common observation that these zones cut across the non=-
oriented portilons suggests that the orientation pirocess is later
than the production of non-oriented sericites. uhether the
sericitization and later orientation represent two distinct eplso~
des of alteration or two phases of the same elbteration is not
KNOWN.

sssoclated with the retrograde changes 1s a consideratle
degree of deformation of the relic ninerals. Although deform-
atiqn offects are visible even ir relatively s ltered rocks
they are most apparent in the folilated sericite rocks. Quartz
shows a greater varlety of deforuation features than the other
minerals, and exhibits undulstory extinctlon, frecturing,
marginal granulation and recrystallization. The undulatory
extinction varies from a broad swesping of the extinction across
the grain, to falrly sharply defined bands of extinction. Tre
oxtinction bends are sub-parellel to the ¢ axes and in the course
of petrofabric investigations no exceptions to this were observed.
(This 1s the common orientetion of extinection bands reported -
in the literature, e.g. Hietanen, 1938). No distinet
correlation exists between the smount of rotation of the ¢ sxes
in single quartz grains and tha ovidence of deformation in

other minerals. In fact quartz can deform %o @ mariked



Fig. 37. Lenses of quartz in a highly foliated
quartzesericlite matrix.

Phyllonlte. Spec, 157-117.

Fig. 38. Rhombilc strained quartz in quartz

augen in s fine-grained quartz-
sericlite matrix.

Blastomylonite. Spec. 157-76.
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extent with no evidence of deformation of feldspars {(cf. the
deformation of "sand® grains in dolomites, Chap. V). Fractures
in the quartz grains are quite irregularly developed and show
no merked tendency to occur parallel to the extinction bands

as reported by Balley and others (1958). In many cases the
quartz grains are lentioular and suggest the operation of
inclined shear planes which are apparent in some quartz-rich
augen (Fig. 38},

Many grains of qusrtz have recrystallized to a mosaic of
unstrained polygonal grains. The boundaries between these
gr:ins are genbly curved.and smooth and tend to meet in triple
points, but the angles at which the faces meet commonly depart
from the equilibrium angle of 120° (Voll, 1960).

The presence of abundant serlcite in the polygonal
aggregatses distinctly modifles the quartz boundaries. The
quartz-quartz interfaces tend to lie perpendicular to sericite
{0001} planes and tend to butt against the sericite grains
rather than form quarbtz-quartz triple points. The quartz
a nd mies grains are of comparable grain size even where
different grain sizes for the qurrtz grains are sesn 1n one
thin section., (Fig. 39).

The distribution of the quartz polygons in relation to
the large grains is quite variable. The large grains commonly
show sutured boundaries (e.g. Fig. 38) and in many cases the
sutured appearance is dus to a single layer of iIntergranular
polygonal grains whose orilentatlons are closely related to

the edjoining large grains (Fig. 40). In a few cases stringers



Fig. 39. Coarse queritz-muscovite sgpgregate
in a finer sericitic matrix. The
large grain 1s microcline.

Blastomylonite Spec. 157-87A,

Fig. 40, Intergranular recrystallization along
sutured guartz boundary,
Retrograds gnelss, Spec. 157-1188,
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of polygonal grains cross gingle quartz gralins {(Fig. 41)
and the preferred orientation of the C axes of the volygonal
grains 1= fairly close %o that of the host graln ( Appendix
11). These foatures may represent incomplete stages in %the
racrystallization of strained grains; more commonly the process
is nore advanced and patcnes of polygonal grains are observed.
In many cases only relles of the large quartz gralins are
observed in the polygcnal agoresate. in other cases the
polygonal grains ocowr ags tails on lenticular quartz grains.,
The isatures soseribea avove 8rs interpreted 2s changes
prought about by deforzation. Undulatory extinction and
extinction Lands of quartz have Lees interpretea DY palley
and othars (1958) as the result of plastic deformation by
hend gliding, snd thev hzve also shown that such features
ropresent polygonization of the strailned grains. The wides-
gyread development of fine=-grained polygounal quartz ig inter-
preted u8 recryst&llization end grain growth from & gstressed
sgarepgate, the relics of which ape still visible (Voll, 1980;
Griggs and landin, 1960). In quartz-sericlte agsregates the
roxtures suggest contempcraneous recrystallizatien of these
minerals and pozsibly the widespread gericitization is contem=-
poraneous with the recrystallization. This possibllity is
gupported O¥ the generally graater dggree of gsericitization
in the more deformed epgregates. There 1s, howsver, & strong
possibility thet the bvextures observed represent two phases of

daformatlon, & retrogressive yhase prior to the deposition of



Fig. 41. Trains of polygonal quartz greins

crossing large streined grains.

Augen schist. Spec. 167-172.



FIG 41
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the Upper Precambrian sediments and a second phase assoclated
with the deformation of these sedliments. gvidence for these
two phases of deformation and rotrogression is discussed later

(Cnaps. V and X) .

MESOSCOPIC STRUCTURES HBLATE! T¢ TEL RETROGRESS IVE METAVORPHISM.

As noted previously & strongly d-veloped foliatilon is the
dominent structure in the cataclasites which form the bulk of
the Houghton CouplexX. In rost cases the foliation 1s nob
continuous over 8 whole cutcrop and consists of a serles
of lensoid zones containing abundant soricite., These sericite
zonos are commonly irregularly Gistrivuted but may impart a
cruds layering to the rock, & linestion 1is also present 1iun
many outerops, and results from the intorsection of %the
somgwh&t irregular folistion zones and slso coincides wlth the
lohg‘axes of quartz and feldspar augen.

Fold structures assoclated with this foliation are rare
oxcept in the soutnern part of the complex. {(Fig. 42). ‘Tue
style of %he folds is veriable, 424, D and F 3howiﬁguéome
concentric cherecteristics and 42B showing slnilar style. In
all of these caso: the foids are in gquartz-feldspar rich
layers in gsericitic schist, Folds gré not proeserved in very
+hin layers, the layering teing completely tpansposed into
the foliation. Lven though nmany of the microscopic folds
nave a concentric stvle, bthe wovenents in the rock as & ghole
appear to have been domirated by the foliatlon.

some of the larger folds in the Torrens gorge (Webb, 1953)



Fig. 42 Style of folds assoclated with the
retrograde follation. Houghton
Complex.
Ccestambul. (Fig. 42, A and D at Grid.
ref. 762 925) .
(Fig. 42 B, C, & and F at Grid. vef,
762 926) . ‘






(Fig, 45), The folds apparentl: are S-active folds ang the
folding has taken Plsce by 8lip along planes of weakness, noy
sericitic partings, in the original gneiss,



Flg. 43. Small scale concentric folds in
feldspar gneiss,
Paracombe (Grid. ref. 788 939).
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CHAPTER V.
THE PETROGRAPHY OF THE UPPER PRECAMBRIAN SEQUENCE.

Tn mueh of the area mapped the contact between the older
and younger Frecambrian sequence 1s faulted. On the waestern
side of the Houghton Complex, the contact dips steeply and
many of the beds in the younger serles are overturned. Contacts
along the eastern margin are less disturbed and although
faulting may have occurrsé, horizons neer the base of the
sequence can be traced parallel to the contact for considerable
distences. Some degree of shearing is observed at most of the
oxposed contacts, notable exceptions teing the conglomerates
occurring as small outliers in the'Archaean'at Houghton and
near Castambul.

Faulting along the western contact is so extensive and
the relation between those "basal” songlomerates end the rest
of younger beds so indistinct that it 1s not kmown how much
of the Torrens Group is missing. Certainly to the north, beds
much higher in the sequence are seen against the "Archaean'
then in the south. This makes the River Torrens area a
particularly unsultable area in which to entablish the type
sequence for a group.

Publications concerning these beds of the Adelailde
"gystem" have been mentioned in the introduction. The sequence
has been described formally by Mawson and Sprigg (1950) and
their description of the Torrensian 1s reproduced here:-
"Torrensian Series Thickness 7450 « 9450 feet

(Range due to variable thickness of basal

sandstone)
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Glen Osmond slates with cccasional thin dolomite bands 1540’
Beaumont Dolomites and Interbedded slates 450
Upper slates (and phyllitic phases } with minor quartz-

ites 1000
stoneyfell(Mt. Lofty) quartzite, in part arkosic and
arglllaceous 1000
Lower aiates (and phyllites) with included minor quart-

zltes . 1100
montacute Dolomite: UGlue and grey dolomites, limestones

and sedimentary magnesites with chert tands and minor

quartzltes 430
Slates (and phyllites) with minor quartzites 680
Castarmbul Dolomite | 150
sletes{end phyllites) 100
Hmenilic

Aldgate Sandstones, wainly arglllaceous and in part A}
also with interbedded lentlcular conglomerates and
recurrent argillacecus banda, This formation rests with
violent unconformity on the underlying Barossisn Complex.
1000 - 3000™
Tn the area mepped the Stonyfell quartzite 1s the
youngest formetion encounterod.
Detalled observaetions on the stratigrephy and correlation
of the various rock types were not attempted but certqiﬁ
observations conceralng the nature of the sediaents and

gequence are relevant to the present dilscussion.
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Bagal beds,

The basal beds of the"Proterozoid'are preserved in only
a few places on tiie western side of thelkrchaeant Where
present, they consist of polymictic conglomerates with fragments
up to 4 cm, dismeter. (Good exposures are north of Houghton
and east of Castambul). The rocks are well-layered and vary
from grits to conglomerate. These beds have a rough cleavage
subparallel to the cleavege in the underlying “Archaean” (however,
no case was obssrved where the two sequences ere in «ctual
contact and this conclusion 1s based solely on cemparison o-f
measurements on adjacent outerops).

The localities at Houghton are particularly instructive,
Specimen 157-1025 is from a small outerop Just north of the
main road (Grid ref. 763-975) snd in hand specimen appears s
schistose conglomerate. It contains one lerge pebble
(2 x1x ¢ cm.) of medium-grained quartz-feldspar rock ,
with many smaller (ca 5§ x ? x £ mm.) pebbles of feldspathic
material, Many of the fragments have a marked tendency
for the short axils to lle in the plane of schlstosity. Ne
marked lineation of long axes of pebbles is apparent,

In thin sectlon the first impression isthet the rock is
an "Archaean" phyllonite, and with the absence of pebbles (or
heavy wineral lamination in 157-10254) the rocks may well
have been mapped as "Archaean', eéspeclally as the outcrop is
a small outlier in the loughton Complex near the main contact,.

The "sandy" matrix consists of angular fragments of quartz,
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microcline and some albite in a granular matrix of quartz
and serlcite. Many of the grains are elongate parallel to
the follation and show tails of sericite and polygonal
quartz. Thus the clastic nature of the matrix is not obvious
except by analogy with the "pebbles", That the pebbles are
not of tectonic origin is readily apparent from their variety
of composition. The most common type of pebbls is & quartz-
microcline rock., A few fragments are large grains of microcline
but most are polyerystalline an¢ contain quartz and miercecline.
Graphle texture occurs in one pebble, and granulitic texture
in another. One frggmant of plagioclase rock was observed.
It is of note that the plagioclase in this pebble is crowdad
with sericite. This alteration is probably pre-depositional
and not induced at the time of the formation of the schistosity,
2¢ meny grains of fresh plagloclase are observed in the rock.
In the "Archeean" feldspar gnelsses such small scale variations
in amount of retrogression are not commen.,

Weny of the mierocline grains are film perthites and
some contein rounded inclusions of guartz, & common feature
in some of the feldspar gneisses. O(ther microclines show
orinkled twins typical of the phyllonites but this could
result from the deformation of the cunglomerate. Other pebbles
conelst of quartze-microcline and poikiloblastic muscovite, typ-
ical of the rouks around Lioughton, west of the feldspar gneiss-
es. Other fragments appear to be typical phyllonites. They are
elongate but have sharp contacts witk the sandy matrix and
are not thought to be produced during the formation of the
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schistesity but are derived from the Houghton Complex.

The adjacent finer grained rocks are arkosic in composite
lon consisting of plagioclase, microcline and quartz, The
rocks have a foliation marked by zones very rieh in fine-grained
micaceous material. The layering is well defined by heavy
minerals (haematite and minor amounts of zircon).

The nearby outerop in Houghton 1itself (157-1015) is
much less schistose and the clastic nature of the microcline
and quartz 1s readily recognizable. The grains are angular
to subsrounded,having been modified somewhat by the formation
of sericite at the margin, Hany of the microclines have
outlines controlled by the cleavage faces., & heavy minersal
facies of this outerop contains, In addition to microcline
and quartz, much haematite in rounded gralns. Clastic
tourmaline and zircon are present in accessory amounts and s
new generation of fine grained euvhedral tourmaline is also
presenﬁ as an accessory replacing the felsic minerals,

The outcrops just north of the River Torrens (157-980)
show a different mineralegy reflecting the different nature of
the rocks of the Houghton Complex in this region. The adjacent
Houghton Complex consists of micaceous retrograde quartsz-
feldsper gneisses. The conglomerate contains much more
quartz than the Houghton ocourrences, the grains showing
pronounced undulatory extinection. Teldspar 1s fairly abundant
(both microeline and albite)., Textural features which can be

matehed in the feldspar gneisses are rare.
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In the Torrens Gorge east of Castambul is another outcrop
of basal beds in contact with the older sequence (157-324),
Although the contact 1s sheared the beds above are thought
to be very low in the Sequence if not the true basal beds.
Rounded grains of quartz and microcline are dominant with
opaques abundant in certain layers. Plagioclase is a common
accessory. Sericite and quartz form the groundmess. The rock
is relatively undeformed although some recrystaliized quarts
is present.

On the eastern side of the Houghton Complex, the basal
beds are somewhat better 8lze-sorted and have a high proportion
of quartz. Specimen 157-1176 contains about 60% quartz with
ninor rounded microcline and opaques, The original clsstic
nature of the gquartz is breserved as rounded grains, and
optically continuous quartz outgrowths form a completely
interlocking mosaiec with adjacent quartz grains. The strain
bands which occur in all the d:trital grains are continvous
into the outgrowths. Some outgrowths on microcline are .
observed but the interstices between microoline grains are
moatly filled with quartz. 0f three large pebbles sectloned
from this locslity two appeared very similar to the nearby
feldapar gneisses, showing the confused chequer naturs of the
plagioclase twins characteristic of the gneisses in the
Kersbrook region. The third pebble 1is a granular quartz=

microclineg rock which could not be matched with immediately
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local rocks.

Other quartzites close to the Houghton Complex - Torrens
Group contact have not been included in this discussion as
the nature of the structure suggests that they are faulted
against the Houghton Complex. As such, they are dilscussed
later with other quartzites. Spry (1951) also notes some
Torrens Group outlliers in the region around Paracombe in the
centre of the southern part of the complex (Spry 1951 Fig. 4,
p. 126). These occurrences are not consistent with Spryt's
ldeas of the structure and from his schemstic cross section
(his Fig. 3) the unconformity would be estimated to be more
than = thousand feet above thase localities. These are in
fact conglomerates related to the Tertiery peneplanation
and have no structures attributable to deformation.

Features of these basal beds of the Torrens Group have
been described in some detall because 1t is thought that they
offer some evidencs concerhing the relative sges of events
in the Houghton Complex snd Torrens Group. The evidence that
many of the retrograde features of the Houghton Complex rocis
are found in the pebbles of the Torrens Group conglomerates
suggasté that many of the textural features observed in the
floughton Complex were produced before the deposition of the
Torrens Group. However, as lddlcated by the structures in
the basal beds, fabrics similar to the phyllonites in the
Houghton Complex hgve been preoduced during the deformation of
the Torrens Group. Effects of these twe phases of low grade

metamorphlism are presumatly present in the Houghton Complésx
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but 1t seems impossible to dlstinguish them on fabrle evidence.

THE TORRENS GROUP SEQUENCE ABSOVE THE BASAL CONGIOMERATE.

The remainder of the sequence willl ba discussed according
to rock type rather than order of deposition. Stratigraphic
relations are only brilefly mentioned and have not been
studled in detall.

Quartzites.

RQuartzites occur as prominent horizons in verious parts
of the sequence; the most important are the Stonyfell
quartzite snd those assoclated with the lontacute Lolomite.

Mineralogically and texturalily all the quartzltes are
very similar and they also show similar deformetion features.
They are characterlzed by the assemblage quartz-microcline=
albite with some interstitial sericite and accessories
zlrcon and tourmaline. In most cases they would be classifled
&3 arkoses or feldspathic quartzites (if they were unmetamor-
phosed) with the exception of certain of the coarser=grained
rocks which conslst predominantly of quartz., Plagloclase
is less common in the quartzites higher in the sequence.

The quartzlites close to the dolomite horizons commonly contain
Intevrstitial carbonate end with Increasing carbonste grade
into "sandy" dolomites.

In some quartzltes outgrowths on mierecline are observed
(FFig. 44) and the original clastic nature of the grsins is
well preserved, (uartz less commonly shows the original

clastic grains but thls may be largely due to the difficulty



Plg. 44. Square outgrowth of mierocline on a
clastic mierocline grain.
Quartzite. Spec. 157-584.

¥Pig. 45. Undulatory extinetion in largse
quartz grains, and intergranular
polygonal quartz,
Quartzite.3pec. 157-34,
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of observing the boundaries between the clastic grain and the
outgrowth where this boundary is not marked by inclusions,

Evidence of deformation is mostly limited to unduloss
extinction and extinction bands in guartz although patches of
intergranular polygonal aggregates are to be found in many
specimens (Fig. 45),

In the southesst and east parts of the area some of
the quartzites are completely recrystallized and 2 quartzite
near it, Gould appeared to be a blasto~-mylonite (157-1170).
The rock is finely layersd, the lavers being lensoid and
approxinately + - 2 mm. thick. In thin section elongute
relics of coarser quartz sre observed, but most of the rock
conslsts of a mosaic of irregularly shaped greins which show
& high degres of preferred orientation when tested with s
first order retsrdation plate. The orientation groups are
in layers parallel to the foliestion (Fig. 4€). Unfortunately
an orlented apecimen could not te collected so the febrie
cannot be related +o the macroscopic gecmetrw,

Dolomite marbles,

Thick layers ¢f dolomite marble, which can be rocognized
&8 original dolomites occur in the Torrens Group near the base
(Castambul Dolomite) and in the middle of the sequence
(Hontacute Dolomite). Dolomitic beds also occur ebove the
liontacute but are thinly bBedded anda highly phrilitie,

The dolomites are fine-grained rocks, .01-.04 mm, with
coarser patches and stringers with grains up to 0.5 mm,.

White mica is a common accessory. Set in this matrix are



Filg. 46. Elongate relics of strained gquartz in
& polygonal quartz aggregate.

Blastomylonite Spec. 157-1170.

Flg. 47. Fine~grained quartz dolomite aggre-
gate. Clastlc quartz grain (medium
grey in centre of picture) shows a
quartz outgrowth which is embayed
by carbonate grains.

Dolomlte marble. Spec. 157-T13A,
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sand-size grains of quurtz and microcline oB=.8 mm, dlameter,
The content of this clastic material varies from less then 5%
to layers which bave over 90% clsstic materlsl, Some rocks
contain rounded pebbles of magnesite.

The textureé of the dolomites 1is granoblastic; however,
the microcline grains and to & lesser extent the quartz
grains still show rounded clastic outlines, llerocline
commonly shtows square outgrowths, as in the quartzltes; such
outgrowths are considered by Baskin ( 1056 ) to be autbigenic.'
nuartz does not commonly show its clestic nebure and occurs
23 lenses; usually sach lens is 2 single grain, and the long
axes of these lenses tend to be paralilel and are oriented
parallel to the local foliatlon. 1t is possible that the
quartz has been recrystallized or hes had 1ts shape modifled
by some other metamorphic process. Certainly solution or
replacement of the quartz snd microcline has gecurred, embayed
contacts being common and in meny cases microcline has been
repleced by carbonate praferentially along cleavage vlanes.

‘In some rocks (e.g. 157-713A) the quartz has recrystallized
to & fine-grained sggregate (Fig., 47) and csrbonate grains are
found in the mosaic.

411 of the carbonste grains are considered to be re-
crystallized and show no evidence of the original nature of
the grains, liowever, Forbes {1960) in a study of the Montacute
dolomite in localities where it is unmetamorphosed, reports

rounded carbonate grains, some wilth an éngular aguartz grain
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at thelr centres., The abundance of mud cracks, ripple marks
end slump structures in theose areas suggests that the dolomites
and magnesites were deposited in shallow water and some re=-
working has produced the magnesite conglomerates. This mode
of origin is consistent with that deduced from the Torrens
Gorge occurrences.

Phyllites,

Phyllites form the bulk of the rocks in the Torrens Group.
They conslst of quartz, sericite, chlorite and minor feldspar
but meny of them have consldersble c¢arbonate. In the lower
part of the sequence sbundant lenses of fine-grained quartzite
occur in the phyllites; iIn the phyllites between the Montacute
Dolomite and the Stonyfell Quartzite, dolomite is abundant
and most of the rocks can be described gs phyllitic dolomites.
In these latter rocks the mica is somewhat coarser grained
and it is in these rocks that the best exsmples of crenulation
cleavage are observed (seo Chap. VII).

Distributlion of the Terrens Group.

The Torrens Group rocks can be traced sround the southern
end of the Houghton Complex and certain lithological changes
are noteworthy. It i1s obvicus that the sequence on the sast
of the Houghton Complex canrot be mateched with the sequence on
the west, This fact has been long recognized and is embodied
in the Adelaide 1 mile Geological sheet where two stratigraphic
coiumns sre glven, one for each side of the"Archaean® core.

The dolomite horizons are the only marker formations

which can be followed around the southwest end of the Houghton
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Complex. The Castambul dolomite has a very restricted
gecourrence, not being found north of the Anstey Hill-
Paracombe Road (possibly faulted ¢ut) and being faulted

out against the Houghton complex just south of the Kiver
Torrens. No changes could be observed in it over the oxtent
of 1ts outerop. The Montacute Dolomite 1s more widsspread,
extending from the Tes Tree Gully»Inglewood Road %o esst

of Castambul., To the north, vhyllites eceur in the poaition
where the dolomlte should be ssen snd the relatiohships
between these two rock types is not ktnown, they may represent
a facles change or a fault contact. To the soutk the
Golomites can be traced south of Castembul and around the
southern end of the Houghton complex, Individual bands ara
richer In meartz grains to the cast and most of them grade
into quartzltes before they appsar to be faulted ageinst

the Iloughton Complex.

Outerops to the east of the complex sre very poor but the
absence of carbonste beds is s striking festure of the River
Torrens sections. However, many of the phyllites are very
carbonete-rich and msy represent the equivalents of thas
dolomites to the west,

it seems reasonable that this area now occupied by the
Houghton Complex acted as an axis o¢f sedimentation during
the deposition of the Upper Precambrian sediments.

This axls of sedimentation 1s coincident with the axiel
surface of the regional anticlinorium. This may be a coinecidence

but suggests a fundamental structural control which operated
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over a long period of geological time,
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CHAPTER VI.
NOMENCLATURE OF STRUCTURES IN THE TORRENS GROUF ROCKS.

The structures observed in the Torrens group are:

l. Folds on all scales with s slaty cleavage parallel to

the axlal surfeces of individual folds.

2, MNesoscople folds in certain horizens with a crenulation
cleavage as axial surface,
5. Rare chevron folds.

Rare small-scale structures sre observed which cannot
be related to the other structures. Structural analysis
Suggests that there may ve macroscople struec tures present
which are not rocognizable on the scale of a single sub-area,

In accordance with established practice, symbols have
been assigned to the various struc ture surfsces and lineations
observed,

Surfaces.,

S Original bedding

31 Transposed bedding

So  8laty cleavage

Sz  Crenulation ¢leavage

54 Axiel surfaco of kink folds

Fold axes are called Bo, By, 84; for example By Indicates
that the fold has Sg as axial surface and is a fold in 8,
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The scale of foldsgl is referred to as:
1. Microscopic - scale of a thin section,

2. Hesoscopie - 8cale of a small outerop or hand
specimen.

3, Macroscopic - scale larger than a single outerop,
A1l figures of folds are transverse profiles with W on the

left and the scale horizontal.,

l. The scale of folds used follows that of Welss (1957),
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CHAPTER viI, |
Bp FOIDS. FOLDS ' ITH SLATY CLEAVAGE PARALLEL T0 THE AXIAL

SURFACE.

Folds with Sp as axial surface occur in all regions
where the Torrens Group has been studied, The folds occur
on all scales from microscopic to over 1 km, In wavelength and
%+ km. amplitude, and in all roek types from phyliite to
messive quartzite. Hesoscopic folds are best studied on
the west dide of the Houghton Complex where outcrops ars
better snd road cuts more mmerous. Much of the ground esst
of the Complex is devoid of all outerop axcapt quertzite, and
mesoscepic folds are rarely seen. lowever the bast'axpoaed
area of macroscopic folds is in thia reglon and the profile
of this seriss of folds is quite consistent with the mesoscopie
styletin the west,
STYLE' OF MESOSCOFIC By FOLDS.

The style of folding varies with the gross lithology and
with the smell scale varlations in lithology,and characteristic

examples of each type are described,

&) Interlavered quartzltes ang phyllites,
Folds are markedly asymmetric in vrofile, and ifr any
differsnces in the lengths of limbs is Iresent the east limb1

is elways longer than the west limb, in some cases markedly so,

Commonly the boundsries between the quertzite and phyilits are

1. Kota)alweys referring to the antiforms,
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quite sharp and the folds are outlined as smooth curves of
the interfaces between the two rock types. Each individual
quartzite layer may be considered separately and 1s seen
to have the characteristics of concentric folding, namely
decreasing radius of curvature downwards in the antiform
and essentially the saeme thickness measured yerpesndicular
to 8 at any position on the fold. In some cases the
curvature of the top of the antiform in s quartzite is
reflected in the eurvature of the overlying quartzite but
in other cases there is a distinct structural break between
the two gquartzites, the smooth top of one an%iform in
contact with the shaip cuspate base of the antiform in the
overlylng quartzite (Fig. 482). These differencos roflect
differences in competence of various of the interlayaered
phyliites, structural breaks occurring only in places whare
the differences in properties between the phyllite and
quartzite are large: whare the differences are not as great
the fold continues across the phyllite into the overlying
quartzite., Small scale laminations within the quartzites
commonly show smooth fold outlines verallel to the larger
scale layering but in other instances a small scele puckering
of these laminations is observed in the crestal regions of
the folds.

In meny cases the thickness of individuel beds varies
around the fold and a thickening of the crestal raeglons is
observed (Fig. 48C). Remsey (1962) has Interpretsd such

structures as modificaticns of concentric folding due to



Flg. 48. Concentriec foids in Torrens Group
quartzites.
48 A and B Lower Hermitage. (Grid ref.
764 996)
48C River Torrens. (Grid. ref. 748 927),
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flattening.

A common feature of folds in these rocks is the presence
of small thrust zones subparallel to the axial surface and
breaking through the west limbs. They sre particularly common
in the closely bedded rocks and emphasize the marked asymme try
of the folds (Fig. 48).

b) Minor guartzites in phyllitic sequences.

Whereas in the previous group the amount of aprression of
a particular fold is controlled by the confining nature of
the edjacent quartzites, no such constrdint is noticeable in
the deformation of single thin quartzites in = rhrllite
sequence. Even in tha neighbourheood of thicker aquartzitic
sequences, great differences in the degree of apursssion are
obsaerved., 1t is not uncommon to ses a quartzite showing
fairly broed concentric foliding with the extenalon of the fold
into the phyllites becoming much more appressed (Fig. 494).
Completeiy appressed folds of guartzite in phyllite are not
uncommon (Fig. 49B) and rootless folds are extremely common
(Fig. 504) Extreme variations in the thicknesses of the limbs
can be seen, the west limb being more commonly thinner than the
east (Flg. 50B).

c) Homogeneous sequencas.

Te this category are roeferred poorly laminated phyllites
and some fine-grained quartzites with fine laminaticns. In
both cases the layering is of less importance than in the

pravious sxamples and appears to have played a more passive



Pig. 49. Folded quartziltes in phyllltes.
A Appressed syncline core beneath
open fold in quartzite.
Lower Hermitage (Grid. ref. 764-996).
B. "Isoclinel" fold of quartzite in
phyllite.
Little Para River. (Grid ref.
774 031).



FIG 49



Fig. 60. Folds in quartzltes.
A. Rootless folds of quartzites in
phyllites.
Lower Hermitage. (Grid. ref. 781 022).

B. Fold of quartzlte in phylliite. One
1imb 1s consldsrably thlnned.

River Torrens (Grid ref. 746 ©26).



FI6 50



83,

role in the deformation. In many cases the style is
iIntermediate between concentric and similar, and 1is less
asymmetric than the previous examples (Fig. 51). I
phyllites strictly similar folds are observed, generally
however in thin sectlon or on polished blocks. vhere
differences in lithology are great enough to be easily
visible in hend specimen the style tends to be similar to

that of the previous group.

STYLE OF MaCROSCOPIC Be FOLDS.

Owing to diffleculties due to lack of outerop, faulting
end low plunpge, the style of macroscopic By folds west of
the Toughbon Couplex Is diffienl’ to deterwins. In the
River Torrens the anticlines esre characterizsd Ly long east
limbs with low dips snd short west limbs with stoep dips.
The assoclated synclines are more epvnressed then tho antie
clines. In some cases feulting of the west 1izb ic observed,
notably in the folds iIn guartzite north of Crouch's Hiil
where a thrust fault cuts out much of the west 1imb of a
large ssymmetric antilcline.

To the east of Cudlee Cresk on tihe southeast side of
the Foughton Complex a series of quartzites forms & group of
hills around Mt. Bera. These have been heavily dissected by
the River Torrens and good exuposures of tho Juartzitc are
visible. tThe fransverse profile of the folids formed in thase
quartzites (Flg. 52) shows many similarities te the style of

the moesoscople folds, In the sres whers the quartzites are



Fig. 51. Folds in laminated quartzite (oblique
profile).

River Torrems. (Grid ref. 747 917).
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Pig. 52. Transverse profile of folded quartzites.
Mt. Bera.
grid ref. A. 842 970
Grid ref. A' 852 953
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thickest long east limbs dominate the structure with shorter
faulted west limbs. In the more highly folded parts of the
quartzites the folds are more symmetrical and faulting is less
common. The right-hsnd fault at the top left of the profile
mey be & conjugate fault, such faults elso being observed in
microfolds,

In no case was there anv evidence of mecrofold styles
conflicting with the fold styvles described above and it is
concluded that the macrofolds, which can be mapped in an
eres of ore or two kllometres square, are gonetically related
to the mesoscople folds end do not reprssent en earlier phase
of folding. HMeeroscoplec enelysls supports ttis comclusion
btut there remains the possibility that very large folds
exlsted before this mein period of dsformation (See Chapter
).

STYLE OF MICROSCOFPIC Bp FOLDS.

In their broader features the style of folding on the
~#cale of e thin sectlon (Fig. 53) shows close similsrities
to the style ¢f mesoscoplc folds but e better pilcture of the
deformation is obtéined from e study of microscopic folds ss
no problems of "poor outcrop” and 'doubtful correlations® are
encounterad.

In the less miceceous lavers 1t is clesarly seen that the
Told surface is contrelled by sherp changes in litrology and
that the outline of the folds at thess junctions 1as concentric
in pattern. The adjacent micaceous bands may show no corres-

pondence of structure whatsoever or just reflect the gross



Fig. 85. Style of microscopic foids in
interlayered phyllites and quaertzites.
Spec. 1OT«637.
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features of the folding (Fig. 53B). 1If, as is commonly the
case, one of the contacts between "silt" and phyllite is more
pronounced than the other, then the less pronounced contact
will have & smoother, less lndented profile than the other
contact. In fact the foldas may dile out without eny detachment
surface, the intensity of folding becoming greater towards

the sharp contact (Fig. 534). In contrast a strong decollement
is commonly observed at the sharp contact (Fig. 53B centre).

In thinner quertzitic layers (less than 1 mm.) folding
is less regular and small scale faulting along cleavage
planes commonly results in the layers being quite discontinuous.
If the breaking is regular, structures similar to cleavage
boudins result. In some cases "intrusion" of the broken
materiasl along the cleavage results in dispiric structures
(FPig. 54).

The faulting observed in mesoscopic structures is also
observed in thin section. As in mesoscopic folds the west
1imb e faulted although some oconjugete right-hand faults are
observed (Flg. 54). In some cases the faults are clean breaks
although more commonly the west limb is extremely attenuatsd
(Pig. 55). This observation is in accord with the mesoscopic
evidence (e.g., Flg. 48 A), and in most cases the apparent
shearing is parallel to the local cleavage (Fig. 55). A
further consequence of the concentration of deformation in
zones parallel to the cleavage 1s that the boundaries between

different lithologiles vary in sharpness in 8ifferent parts of



Fig. ©4. Dispiric structure of quartzite in
phyllite. Drawn from photomierograph
of Spec. 187-637. Part of fleld of
Tig. B34,
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the folds. The east limbs are more nearly parallel to the
cleavage then the west limbs, and may have sharper boundaries
than the west limbs, which are in fact often only extended
crestal reglions. Deformation may have been cme ntrated in
planes parallel to the cleavage resulting in differential
slip parallel to the east limbs. In the west limb, the
cleavage 1s at a high angle to the layering , there ia no
comparable slip parallel to the layering and the boundaries
maintain their gradational character (Fig. 56). These
observations suggest that the folding has taken place by a
combination of rotation of west limbs and "8lip" parallel to
the east limbs, Fig. 57 shows this rotation in more detsil.
The east limb is considerably thinned compared with the crestal
region and 1is perallel to the cleavage. The cleavage 1is
somewhat rotated in the crestal region, the sense of rotation
btelng anticlockwise and consistent with the folding ( A certesin
amount of grain enlargement appears to have teken place in the
core of this antiform although this phenomenon 1s not common) ,

Where deformation 1s concentrated into a narrow domain
parallel to the cleavage, K shearing through the metasilts is
observed (e.g., Flgs 48A and 55). The quartz in these layers
is notably reduced iIn grain size and tends to be excluded from
the deformation zone; the amount of micaceous material is
increased and the rock may look more like the surrounding
phyllites (Fig. 484).

A phase of post-kinematic mineralization 1s seen as the



Fig. 55.

Pig. E6.

Sheared antiform in quartzite. The
shear zone is parallel to the local
foliation.
Photomicrograph of part of field of
Flg. 53A.

Folds in qusrtzlte. The limb parallel
to the cleavage has sharp boundaries.
The other limb has more diffuse
boundaries.

Spec. 157-637D.






Fig. 87 Smell fold in phyllite. Guartz ls
notably elongate between foliation
planes.

Spec. 157-1242.



FIG 57
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enlargement of dolomite grains at the expense of quartz and
mica and in the aypearance of rare cross-sutting muscovite and
green blotite.

Phyllites with essentlally no metasilt layers are
tyvically featureless and show a cleavage as the only important
structural element., In some of the specimens faint traces of
layering are visible and show typical simllar-fold styles

with much of the layering shredded out parallel to the
cleavege (Fig. 58).
Cleavege.

Two types of cleavage are assoclated with this phase
of deformation, a slaty cleavage in phyllites and a fracture
cleavage in gquartzites. The fracture cleavage has the appeare
ance of falrly close but irregularly spaced jointa which in
some cases grade Into slaty cleavage where they pass into
adjacent phyllites. The attitude of the fracture cleavage
is more varlable than that of the slaty cleavage. Commonly
the slaty cleavage is subparallel to the axial surface of the
folds (4f not, 1t 1s subparallel to the east 1imbs of appressed
folds) whereas the fracture cleavage is always at a higher
angle to the layering than the slaty cleavage (Fig. 59) and
fans around the crests of folds in a manner compatible with
this (Fig. 60). Where the contacts between different lithol-
ogles are gradational, smoother transitions in attitude are
observed.

In thin section the cleavage 1s very irregular in develop-

ment and veries with the quantity of micaceous material present.



Fig. 58. Similar folds in phyllite. The phyll-

itic groundmess is rich In mica and

carbonate.

Specimen 157-569, Drawing of thin

section,



FlG. 58



Fig. £G.

Closely spaced joints (fracture
cleavage) in quartzite. Slaty
cleavage in phyllite. The fracture
cleavage 18 at a higher angle to the
bedding than the slaty cleavage.
River Torrens. (Grid ref. 784 921).



FIG 59



Fig. €0, Fracture cleavage in folded quartzite.
River Torrens. (Grid ref. 746 927),.
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In the metasiltstones the fine-grained micas commonly show

a planar preferred orientation which 1s less apparent in

the more quartz-rich rocks. In the micaceous rocks not

only is there a stronger preferred orientation of the micas
but the rocks tend %o be laminated with the concentration

of micas in certain zones (e.g., Fig. 57). The quartz grains
are commonly elongate and occur as eyes in the follation,
Elongate quartz grains are not observed in the quaritz-rich
layers, suggesting that the elongatlon is not produced by
flattening but rather by recrystallization, the sericites
exerting a marked influence on the grain shape of the growing
quartz crystals (Vell, 1960). Commonly the cleavage is much
botter developed in the region of the cores of folds (Fig. 61)
and the grain size of the quartz and mica 1s noticeably finer
in these regions. Whether this is accompanied by any removal
of material from these zones, as 1s noted in the dsvelopment
of 8z, 1s not known but would be a possible mechanism for
rolease of stress in such highly deformed regions.

MECHANISMS OF Bo FOLDING.

The concepts of "flsxural slip" or "slip" folding as
simple mechanlams do not seem to apply in the deformation
pattern deduced. Slip surfaces are only locally developed
although it 1s possible that they may have been masked by
laster recrystallization. However, the model of S passive
deformation on planes (or in domains) parallel to the cleavage
is applicable to the deformation of the most abundant rock
types in the Torrens group, that 1s phyllite; but S-active



Pig. 61. Syaform in quartzitic layer in phyllite.
Spec. 157-637. Part of Fig. 534.
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deformation has considerably modified the fold vattern where
lithological variations have rendered the rocks markedly
anlsotropic., In fact i1t is the S-active component of the
deformation which is most aprarent on a mesoscopic scale,

a8 folding is rarely visible unless the rock is markedly
enisotropie.

The cleavage seems %o have doeveloped at an early astage
in the deformation and in the quartz-rich layers has been
passively rotated during the deformation. Thils period of
deformatlion seems to be related to the main period of
metamorphism of the Torrens group although much of the
folding may have occurred after the formation of the

metamorphic minerals,
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CHAPTER VIII.

B3 FOLDS. FOLD3S WITH CRENULATION CLEAVAGE PARALLEL TO THE
AXIAL SURFACE,

Bz folds are seen to consistently overprint So structures
and are therefore later than the Sg structures. Only rarely
are Bz structures seen to overprint Bp folds as the By and Bg
axes are roughly parallel, and B, folds are rare in the areas
where Sz 13 well developed. However folds and microcrenulations
in the cleavage are extremely common and the BS folds appear
to be related to these folds,

The distribution of By folds is relatively restricted.
They are best exposed in the road cuts in the Torrens Gorge
just to the east of the main quartzites (Stonyfell Quartzite)
near the mouth of the Gorge but are found as far north as
TeatTree Gully and Upper Hermitage. The occurrence of
microcrenulations in So is more widespread and they are found
throughout the whole area west of the Houghton Complex. These
ecrernlations are rare to the east; however this may partly be
the result of differences In roek type and exposure in this
area.

MESOSCOFIC STYLE OF Bz FOLDS,

Bz folds are best developed in the laminated dolomitic
phyllites stratigraphically below the Stonyfell Quartzite in
the Torrens Gorge. Examples are more rarely found in gquartz-
itic phylllites provided that the quartzitile laminations are
thin. The dolomitic phyvllites can be traced to the north of
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the River Torrens and in the neighbourhood of Tea Tree Gully
and Hermlitage they are seen to be less dolomitic and nore
quartzitic. Assoclated with the decrease in dolomite,Bg
folds are less common but folds in 8, are abundant, elther
as a crenulation cleavage or as a larger scale folding of
Soe

In contrast to the By folds, Bz folds have a pseudo-
orthorhombic symmetry; the limbs are commonly symmetrical,
in length as well as orientation and both 1imbs may be highly
attenuated, & crenulation cleavage is strictly parallel to
the axial surface of the folds (Fig.624), although in some
outcrops two cleavages are seen at low angles to one another
and symmetrical to the axlsl surface of the mesoscopilc foid,
In no case could a "fanning" of the cleavage be proved for s
single mesoscoplec fold although in some instances the crestal
regions show slight deviations from the planar attitude of the
foliamtion (Fig. 628).

The size of an Indlvidusl fold rarély exceods 1 m. in
amplitude and no macroscopic structures could be interpreted
as Bj;structures, although the mecroscopic flexing of So may
‘ve ralated to this phase of deformation. The folds in the
thinly laminated phyllites have a similar style, the individual
microfolds being remaerkably persistent down the dip of the
axlel surfece. However the interlayered thicker dolomites
cormonly show concentric style with only minor attenuation of

the limbs (Filg. 628). In some of the folds the laminations in



Fig. 62, Bz folds in phylllte and dolomite.

L. A oronuletion cleavage is perallel
to the folds in the more massive
dolomite beds. “heo dolomites show
concentric shesr planes.

B. The attitude of the cremulation
cleavage 1s somewhat varlable but
is parallel to the =zxial surfece in
the spices of the folds.

River Torrens (Grid ref. 734 9370).
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the dolomites are remarkably persistent and sherp (Fig. 624),
sn obssrvation not in keeping with the general nature of
layering in the dolomites, and it 1s thought that these
planes may have besn domains of intense deformation and that
the folds msy approxliate to ths model 0of concentric shear.
Certainly no other mesoscopic folds in the reglon contain
such convineing evidence of a flexural slip mechanlsm,

The cleavage assoclated with the Bz folds 1s a crenulation
claavagel and appears as a serles of closely spaced parallel
planes which are commonly the steeper limbs ¢f microfolds,
or may be discrete planes showlng small offsets of the quartze
rich layers. In some cases a 1ayer1ng is developed in the
more phyllitic lsyers parallel to the cleavage. In many
outcrops this new layering and the originel layering can be
seen in adjacent parts of the outerop (Fig. 63).

Folds in 8. are common in the poorly laminated phrlilites.
Apsrt from the microfolds the common styles are gentle waves
in 8¢ (Fig. €4) or kinks where the Cevelopment of 5, occurs
only in limited zones (Fig. 65A). In these regions it is
common to find that 53 does not affect the more quartzltic
layers and abuts against them (Fig. 65B).

1. The terminoclogy of cleavages used in this thesls follows
that of Knill (1960) except that erenulation cleavage 1s used
instead of "strain slip cleavage®™ as the latter implles s
genetic significance., Xnill himself points this out but still
uses strain slip cleavage in his suggested classification.,
Rickerd (1961) formslly proposed the use of crenulation cleavage
to "designate cleavage planes whether micaceous layers or

sherp breaks, which are separated by thin slices of rock
containing u crenulated cross-lamination".



Fig. 63, Layering parallel to Sz (vertical)

Original layering visible Crossing the
top third of the piec ture,

River Torrens (Grid ref. 734 930),

Fig. 64. Foldea 8q = Sg surfaces with crenulee
tion cleavages parallel to the axial
surface of the folds,

Upper Hermitage (Grid ref. 748 985),






Fig. 65.

be

B.

Folded 3g surfsce wilth differential
development of S3.

Lower Hermlitage. (Grid ref, 765 996).
Appressed rootless By fold
overprinted by Sgz.

insteys Hill. (Grid ref. %45 952).
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STYIE OF KICROSCOPIC Bz FOLDS

The development of erenulations is strictly related to
the presence of abundent mica in the deformed layer., ‘lihere
mica 1s relatively rare, crenulations are not observed. In
the micaceous layers, deformation shows as asymuetric waves
in So which rapidly die cut at the contact with more quartzose
layers. The regularity of the corrugations depends on (a) +re
degree of uniformity of the micaceous leyers; (b) the compc-
sltion of the mica-riech layers and (¢) the thieckness of the
layers,

In very thin (less than 0.2 mm.) and thick (grester than
S mm.) micaceous laminae S5z tends to be very irregular and
in the thin laminse mav be absent. Sz 18 most regularly
developed 1n laminee of intermediate thickness and constant
composition. Attempts were made to correlate wavelengths of
the corrugations with the thickness of the laminae with only
limited success owing to variabilities introduced by the
irregularity of the laysrs; & further difficulty is that the
wavelength decreases with increasing appression. However
there 1s 2 suggestion that the wavelength increases with the
thickness of the layers (cf. Fig. 66).

Where Sz 1s not perpendicular to the layering, the
corrugations are markedly asymmetrical and the two limbs
have a distinctly different aprearance. One of the limbs
(e.g., the east limb of antiforms in the middle layer of Fig.
66) 1s commonly at a low angle to the layering (30° in this case)



Pig. €6,

Figo 67.

Crenulatlion cleavage in laminated
phyllite,
Specimen 157-627,

Part of field of Fig. 66.

The left limbs of antiforms of
nlcroerenulations are markedly appres-
sed and contain less quartz than the
right limbs.

Crossed poclars,
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and contains sericite, cﬁlorite and quartz with a small
amount of opaques, the quartz and opaques not markedly
elongate. The west limb is at a somewhat higher angle to

the layering but in the opposite sense and differs markedly
in appearance from the other 1imb., Individual micaceous
gralns are of allghtly finer grain size than in the cast
limb and are more closely spaced, and where the degres of
appression 1s pronounced the quartsz grains tend to be
markedly elongate and thin and there is a suggestion that
quartz decreases in amount (Fig, 67). In most cases the
appressed limb is richer in very fine-grained opaques. At
the contact between the micaceous and the quartzose layers the
quartz grains are commonly larger in the troughs of the aynforms
(Fig. €7), possibly representing a process of simple grain
growth consequent on deformation or movement of moterial
from the more appressed limbs,

In rocks with less mica the appearance of S5 is somewhat
different. Discrete Sz plenes tend to develop raiher than
appressed corrugations although transitions betwsen the two
types suggest that the discrete S8z planes have passed through
a8 stage of being corrugations. The transition stages show
that the change 1s accompanied by a marked increase in the
degree of preferred orientation of the mices parallel to Ss
(Hoeppener, 1956) and to sonme degree of breakdown of the micas,
the Sz planes characterized by very fine-grained micaceous
minerals eand sbundant opaques (Fig. 68).

In many cases differential sliyp along 35 has not taken



Fig. 68.

Fig. €9.

Sy cutting 8. Micas are parallel to
S5z In Sz zones. These zones ere
crowded with an opaque dust.

Spec. 157-034.

Differential development of Sz in zone
in phyllite. Individual Sz planes have
acted as planes of slip. {Note
attituds of S8z is vertical),

Spec. 157-731 U3.
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place, although differential movements by folding are
apparent (e.g., Fig. 66)., However in some thinly laminated
phyllites, slip along discrete Sz planes has taken place
(Plg. 69). The individual slipped blocks (or microlithons,
De Sitter, 1956) may retain their originsl outline (Fig. 69)
or may be boudinaged, especlally in the more appressed
gtructures.

In the crests of meny small scale Bz folds two crenulation:
cleavage surfaces are observed, making low angles with each
other and having different senses of rotation (Fig. 70). On
the limbs only one of the $3 planes is observed and it is
always the plane which mekes the smaller angle with the limb.
If this is & general relgticnship it may indicste that the
fenning of crenulation cleavages commonly recorded is in
roality the development ¢f two cloavage vlanes at an angle to
one &another.,

In a few locallties & new layering is produced parallel to
Sz (Flg. 63). In some cases the layering is the result of
transposition of the original layering by folding on Sz, but
in many cases the new layering is the result of the differential
development ¢f Sz in certain zones (see alse Flinn, 1958 who
reports en irregular striping in phyllites caused by crenulation
cleavage)., In such cases the original layering can still be
observed in the quartz-rlch portions and the new layering may
be quite bpoad, layers up to 5 em. being fairly common (¥Fig.
t3). In some cases the layers developed are very regular and

cut through alternations of quartzose and micaceous layers



Fig. 70. Development of two Sz surfaces in the
crest of a Bz fold.
Phyllite. Spec., 157-934,

Fig. 71, Layering deveioped parsllel to Sz
(horizontal) cutting transposed
sedimentary layering (sloping).
(33 is vertical in the outsrop).
Specimen 157 - 731,
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(Fig. 71) but more commonly the best develoyment of laysring
occurs in the more phyllitic beds.

In thin sectior this layering appears less apparent as it
is easler to distingulsh the original layering. Sz planes are
more abundant and cleser together in the darker layers (Fig.69)
and 1t is this difference which gives rise %o the mesoscopic
levering. ileasurements on the thicvnesses of original laycrs
involved in the deformation suggest that considsrable thinning
of the layers has taken place. Heasurements perpendicular to

e layering and parallel to the axial plane glve values
inconsistent with elther conmcentric or similar styla, (Table III).
The apparent thinning in many of the structures is

correlated with

%

decroase In the quantity ¢f carbonate present.
lieasurements were made on the 53 zones and the relatively
undsformsd crestzl regions in 1lE7-7231J to confirm this common
visual Ilmprasslon (Table IV). FPFirstly a particularly rich
quartz-dclcmite~-mica laver was chosen, then runs across

several layars wers made., Difficulties in dealilng with
restrictod bends made the counting of the requisite 2000 grains
impossikle end so the resuvlts ghould bte treated with caution,
tut 1t 1is belleved that theoy indicate the order of changes
involved. Thus there 1s a very real change ir composition and
ths laverins 1s in fsct compositicnal and not simply textural.
Quartz as well a2s cartonzte must have migrated out of the Sz
zones to account for the amount of mica present. Rickard (1961)
and Dunroth (196%2) report a siniler increase in the amount of

mica in the long limbs of the microflexures and conclude that



TABLE III.
VARIATIONS IN THICKNESS OF 4 QUARTZ-CARBONATE-MICA LAYER
AROUND AN Sy FOLD.

Keasurements from thin section 157-751 U3

Thickness in crestal regions Thickness on apyressed limb.
Parallel Perpendicular Parallel Perpendicular
to Sz to & to Sz to S

1.885 cm, 1.62 cm, +83 cm, +59 cm.
1.61 ecn., 1.49 cm, 1.5% em. »66 cm.

1.3 om, 1.3 om, 1.6 om, «81 em.




TABLE IV,
VARIATIONS IN QUARTZ, CARBONATE AND MICA CONTENT IN DIFFERENT
 PARTS OF AN Sg FOLD.
Specimen 187 - 731J.

Readings in the quartz-dclomlte-mlica layers.

Crestal region Sz zone.
Guartz( + feldsypar) 30% 21%
Carbonate 54% 8%
Mice 16% 714
Humber of grains 261 863,

~nunted
Teadirgs in several bands.

Left hand side Sz zone  Right hand side.

guartz( + feldspar) 26% £0% 29%
Carvonate 55% 14% 43%
Mica 19% 66% 28%
Humber of grains 1801 12563 1424

counted



the quartz has migrated to the crestal regions., No significant
irerzaege ir quartz in the crestal reglons aupears %o have
occurred in the Torrens Gorge examples.

Discusgsion.

It 1s a common ¢bssrvation that crenulation cleavage
geccurs only in rocks vhich have avundant micaceous minerals
alrecady possessing a high dogree of planar preferred orient-
ation (¥Whibe, 1549; Gillott, 19663 Rickerd, 19¢l). In
general this iaplies the prior formation of a8 slaty cleavage
or foilation altkough in certaln clrcumstances s shale might

develop & crenulstion cleavage. BExamples of crenulation

19&9: Rest, 19&8; Weiss and HeIntyre, 1957). Crenulation
cleavage cen slsc occur as & later stapge develoument in one
tectonic vhase, especlaliy 1l the crenulation cleavage bears
some symmetrical reletlon %o the prs-existing slaty cleavags
(sgron 1950; Cummings and Sheckelbon, i9&L),

In the Torrens Gorge crenulatlon cleavage is also
restricted to micacecus rocks with a good slaty cleavage.
The crenulastion clesvage is «lso homoaxial with the slaty
clegavane and 52 folds end 13 thus thought to be related to
the same or parallel system of stresses as the Bo folds.

The mechanism of folding of the slaty cleavage is in
gsome doubt. The restriction of crenulations to portions
where micas are sufficiently ebundant %o overlap sug:ests

thet & concentric slip mechanlsm may have occurred. Although



g8.

this mechanism would sdequately explain the presence of
microecrenulations there seems no reason why thils should
result In the rsgular pseudo-orthorbombic Bz folds. Rather
it seems that the folding expresses &n overall siortening
of the rock perpendicular to S and that the thicker, more
massive beds which outline the Bz folds have adjusted %o what
could have been axilal stresses by folding in a predomimantly
concentric style. Orthorhombic snd monecelinic folds resulting
from the application of axial stresses on rocks possessing
a pre-existing piéﬁér arisotropy huve boon produced experinante
ally bry Paterson and Weiss (1962). However, an orthorhombie
stress system would slso produce the rolds deserlied above,
The developmen® of z new laveringerallel to S5z is also
considered to indicets & shurteniné pervendicular *o Sz. In
these rocks this layering is vestricted to the more dolowitic
mlcaceous layers and indicates the ease of wigrstion of the
dolomite. As noted previcusly Rickard {op. cit,) veports
thet such layering can alsc ke senieved by sxclusion of guartz,
presumably under conditions of higher grade wetamorphism than
exlsted in the Torrens reglon, as the smount of quartz
reroved in these rocks 1s not very great,
HISCELLANEQUS STRUCTURES I THE TORRENS GROUP HOCKS.
lesoscopic structures ether than those descriked above
are rare in the area mapped. 4 faow occurrences of eogtewest
erenulation cleavages have been observed at the western end

of the Torrens Gorge and elso along the Tea Tres Gully-
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Houghton road. 'they are too limited in number to be considered
with the other structures but may be related to *“he better
developed east-west crenulations in the Hacclesfileld =
Strathalbin area 25 miles southeast of idelalde. Wr. K., Offler
(personal communicatiocn) considers thesse sast-west crenulations
in the Hacclesfleld area contemvoraneous with the major
north-south crenulaticns and hence indieative of a single
oeplsode of triaxilal strain. In the arsa exemined by the
author, the e¢astewest and northe-south crenulations were not
sesen 1n thoe seame ouberop so nu relaticnships between the o
closveges could Le determined.

In two outcrops good ikzink folds are observsd. In the
tetter of the two cutcrous (Orid ref., 867 930, & rosd cut
east of Gumeracha Weir,) the sxial surfsce of the kinks
striles 5400 and dips 65° to the west. In thin ssction
(¥ig. 72) the ikinkt folds zre seen te have overprinted and
rotateld an earlier crenulecticn-type cleavage. In the other
outerop (Grid ref. 8E7 973, in cubt for MernumeAdslaide
pipelins), Yrinks ccewr with axlal surfeces perallel %o
prominent Joints, and are simllar to joint drags dJdescribed by
£nill (1961). The Xkinks cksorved had axial surfzces which
strike 0389, dip 2B% to the west; and strike 025°, daip 400
to the west. The relationship of the iinke to other recogniza-

ble structures is rot Lnown.



rig. 72,

Kink folds in dolomitic phyllite,

The kink fold (5, axial surface) has
rotsted both the laminstions snd a
crenulstion cloavage (33).

53pec. 187=-1336.
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ChAPTERr IX.

RELATIONSHIPS BETWEEN STRUCTUH®: OF Ths HOUGHTOL COlPLIEF AND
TORRENS GROUF.
A discussion of the orientation of the structural
elements has been left out of the previous secticns so that
a unified analysis of the structural relationships betwsen
different rocks end pheses of deformation can be undertaken,
In viow of the absence of wmacroscopic fold surtaces in
the Houghton Complex extsusive use has to be mads of mathods
emploving statistlcal analysis of the structural slements.
These methods are in comson use in sreas suchk 28 the Scobtilsh
Highlan&é and revies wpapers regarding multlple deformatlons
have fully trested tieir use (Welss, 1987 ; lelss, 19%0
Ramsey, 1960).

Oriertation of structural elements in the nougubun CompleX.

Due to the large scale rotrogressicn in the Houghton
Complex the visible structures are very few. The sericitic
foliztion is the most prominent structural element and shows
a marked degree of preferred orientuticn. The statistical
maximum is 350¢ 58°E end there is a tendency for the readings
to spread about a great circle whose pole plunges at 550
in & directlon 093° (Fleg. 735). Devistions from the norm
arc not zreat: in the southern part of the arsa the maximum
of follation is 340° 60%K and in the rorth 1t is 388° 760 E,
The rogionsl varistions have been sumuerizea in ilate 11

and selected readings plutied on rilate L.



Fig. 75. Collective dlagrams ¢f structural
olements of the Houghton Complex.
A. Rles to layering 531 points.
Contours le2-3-4-5% per 1% area.
B, Poles to folliation 512 points.
Contours l=3-5+7-9-11% per 1% area.
C. Lineation 149 points
Contours 1-3-5-7-9% per 1% area.

(Maximum concentration 12%).
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The down dip iineation in the sericite schists has a
maximus plunging 50° In & direction 104° which is essentially
the sanme aé the axis of macroscopic warping of the folistion.
Leyerlng is observed locally irn the highly retrograde
rocks but 1s subparallel to the follation, and thus ro Gias%..-
macroscopic snelysis waz possibls. In the southwest part of
the Corilex layering is fairly common, especlally in the
Teldzpar gnelswas. 2 collactive plot of roadings on layering
shows 2 spread stout & diffuse girdle whose sxis vlunges 380
in ¢ dirsction 1809, éignifie&rtly differont from the warping
axle of the folisticn.
Plots of individual subareas show a wide varistion in
fold exes but give Ffalrly wolledefined syes withir each area,
The notalle excoptions are north of liovghton{Subsraa I}, where
the girdls of voles to lavering is julte dirfuse, and Kersbrook
(Subsres VIII), where folding 1¢ not apuarent,
The distribution of ﬁ 2x=28 in the mouzhton Complex 1s
? t0 the orilsntstion of *ha lineations (7ig, 75)
whethsr of lavering or foliastion, although 25 is obviocus from
the collectivs Llot of tsyering (Fig. 724), the [ axes of
layering plunge in a mors southerly directics than the A axes
of folistion. Fhe distribution of ail thsg ﬁ axas liles
rougtly In 3 plane which 1s parallel to the statistical
maxliorn of the foliation vlanes, slthoush s somewhat better
Tit car Le obtained using a Liane 0f strike 1¢° dip 50° i,
However the number of axes invelved (17) makes the determination

of the plans containing them very uncertain.
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Orientation of Structurel Elements in the Torrens Grougp.,

leasurements for statistical analysis over the whole
area were made on btedding S; cleavage Sp; and fold axes and
bedding-cleavage intersections. Attitudes of bedding were
taken only where aesoscople folding was not apparent, and
the correspondence of the linear elements with the statistical
wmacroscopic fold axes indicate ihat the mecroscopic folds for
most suheress have sxes parslisl tc the nmgsoscoplic fold axes.
Attitudes of crenulstion cleaveges have been measured where
they occur, that 1s, in the southwestern part of the area,
but a genersl msecroscopic anslysis of this cleavage is not
possible as Bp, Bz, 8, So znd S5z sre all roughly cozonal in
this area. FHowever, in other arsss in the 4delaide Hills
this 1s not always 8o znd hence khis arga may give an satypical
relationship of Bo and Bz folding. Discussion of Bz geometry
has thierefore been linited to the style of the folds unkil
more wpublished dete i3 svailsile from these areas,

Co:lective plots of she various structural elements are
shown In Plg. 74, Synopbic date from these plots ave as

fol

o

ows
Attitude of S Statisticsl maximum orientetion (7% per 1% area),
strike 2469 dip 350 sast.
Poles to bedding spread atout a very diffuse
plane whose pole plunges 100 in a direction 99
Attltude of Sg Statistical maximun (17%}), strike 129, dip 600
east, 4 secondary meximum (9%) coincides with

the meximum of bedding attitudes.



Flg. 74. Collective dlsgrams of structural elem-

ents in the Torrens Group.

A. Poles to bedding. 729 pédints
Contours l-2-3-4-5-6% por 1% area.

B. Poles to cleavage (Sz) 164 points
Contours le3-6-9-12% per 1% area.

C. Poles to cleavage (Sg). 53 points
Contours 2-6-9-12-15% per 1% area.

D. Pold axes (Bg) 170 points
Contoivs  le3=5-7<9% per 1% area.
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S¢ tends to spread sbout a axis plurging
66° in a direction 929,

Attltude of S3 Statisticai meximum (15%) strike 12°, dip 80-85°
east., A plane in which the poles spread can be
defined only approxiaately. 1ts pole plunges
aprroxinately 60° in a direction 45%,

Attitude of By Statistical Bo vlunges at avout 209 in a
dirsction 015%, However the Bg axes are fairly
well dispersed In a plane which strikes 59 and
dips 45° eest., This is %he only colilective
plot which expresses any major variation in
struc ture throughbout the area.

Subsres plots are shown on Plate 1i. In particular these
show & macroscouic varilation of Bp folds which is in hermony
with the variation of the mescscopic By folds. If the synoptic
dlagrams of g's of 7 S, 7Sy end the collsctive mesosccpic B
diagram of the Torrens Group, and the ﬂ's of W’Sl,Trﬁz and
the coilectlve lineation diagrams of the Houghton Complex are
compared (Fig., 75), it is seen that all the ma jor linear
slements 1n both the Houghton Complex and the Torrens Grouyp
lis approximetely in s single plane, although the Houghton
Complex linear slements are grouped suite differently from
those of the Torrens Group structurss,

This plene 1s approximately parallel to the foliation in
the two sequences and i1t apypeers that the atructures in the
twe sequonces show a good degree of correlaticn and may be

related genetically.
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Spry has suggested that the production of the foliation
in the Houghton Complex is contemporaneocus with the folding
in the Torrenms Group, but evidence of retrograde fsbrics in
the pebbles in the Torrens Groupy conglomersates suggests that
much of the retrograde metamoryhism took place prior to the
deposition of these conglomerates. It scems brobable therefore
thaet the retrograde metamorphism began before the deposition
of the Torrens Grouy and continued during the period of folding
of the Torrens Group and that the operation of the local stress
field depended o & large extent on the presence of already
sctive planar directions in the Loughton Conplex.

The spread 1in the foilabtion stititudes in both the Torrens
Group end Houghton Jomplex is simllsr and sppears related to
an axls of warping which plunges due sast, Although miecroecopic
evidence for folding on this axis 1s limited in the ares mapped
by the suthor, subsidiary structures on & vertical east-west
exlel surfsce are common in the 3trathelbyn area as noted above.
Cross-folds psrpendicular tc the main fold system are common
elseyhere and are generally interpreted as expressions of one
period of strain (Rast end Platt, 18E&7).

Yhe spread of Bo and o axes in the Torrens Group suggoests
thet the by felds are overprinied on earlier struc tures;
alternatively large-scale inhomogenelties in the deformation
may have produced variable plunges (Harlend and Bayly, 1958;
Voll, 1960). Fileld evidence suggesting overprinting is lacking

but the en echelon distributiocn of "irchaean" corss in the
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whole of the Mount Lofty ranges (Fig. 2) is consistent with
the patterns obtained in experimental superposed folds.
(0'Driscoll 1962),

If 1t 1s assumed that very large pre-B; folds exist in
the Mount Lofty ranges, 1t 1s possible to caleulate the
plunge of the axes of -~uch foids. In any one subarea the
attitude of(22 will te the intersection of 3o with the
original attitude of the lavering in %hat subarea (Welss 1959,
lamsey 1960, MNeBirney and Best 1961). If another line- -
direction in the layering can be determined the attitude of
the layering csn then be calculated. The only other linear
direction which can be determined in the ares mapped 1s the
sontact betwesn the lioughton Complex and the Torrens Group
which may be the intersection of the form surface of the
origiral fold with the topography.

Using these assumptions the calculation of the attitudes
of the foldaed surfece i anv subares is stralghtforward. The
strike of the locul contect is the strike of %the pre-Bz fold
1limb and the @2 fold axis lies in this limb., lience if these
are plotted on & stereo net the great circle pessing through
?beiw prejections is the projectiun of that limb. The results
of such an analysis are presented in Kig, 7¢, subject to the
Cogree of uncerteinty of the asswiptions, the near perallelism
of the fold nxes and strikes of the contact in scme subsareas
and the probability that the contacts are faults. The fold
axis indicated by these calculations vlunges to the southwest

at about 10° and is not a protatle B, axis.



Figq 76,

A.

B.

C.

Fossible attitudes of limbs of By
fold.

Caleculation of ettitudes of limbs
of B, fold. Xs are the statistical
fold axes of varlous sm2ll sress.
Uncontoured ﬂ dlagram of the inter-

seoctlon of the limbs of By folid,
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The attitudes of the varilous parts of the supposed fold
swpshown in Fig., 76. The calculation of such & folded surface

Anss not nruve that 1t exlsts and 1t 1s hoped that better

eviderse for or against such structures may be found in other
arzas of the Mt. Lofty Ranges.

The relationship of the 35 snd 33 planes is not clear.
Thelr intersection 1is roughly horizontal and is parallel to
the local fold exis. The sttitudes of the 55 planes are
steeper than the 32 plenes in this ares although in sn area
to the southwest, #r. I. Pontifex, in the courss of field
mepping for an honours thesis, showed the auther some examples
of crenulation cleavage which were dlpying at very low angles
to the esst. It may ve that & symwetrical relstionship betwemn
the sla%y and crenulation clesavages can be proved by further
investigstions., SHymmwetrical crenulstion cloavages have been
roported by Peach and others (1909) and igron (1950), and
these authors conclude tbhat such 2 symmetrical relationship

implies that the crenuletlon clesvace ls related %o the same

series of stresses as that of the slaty clraveps,
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CEAPTER X.

THE WHEY WHEY CREEK ARZA.
INTRODUCTION.

The second area investigated 1ies within the Olary
Province as defined by Cempana and King (1958). The rocks
of the Olary Province fall into three main groups; =a
"erystalline basement" named the Willyama Complex by
Mawson (1912): a sequsnce of metamorphosad sedimentary
rocks of Upper Procsmbrian spge and unconsolidesed alluviael
and pediment deposits. 4 small part of the Frovince was
selected for study (sse Fig. 4) %o investigate whother the
different metamerphic grade (compared with the rnougitton
Area) has afifected the structural snd metamorphilc rslatione
ships between the basement rocks and the wverlying Upper
Precambrian.,

Certain aspects of the geology of the ragioh were
chosen for specilal study after s prelimdinery investigstion
of the areay 1) The boundary relationships between the two
metamorphlic sequences were investlgated in detail in the
field. The basal rocks of the Torrens Group ars very well
exposed (in marked contrask to the poor exposures of %Hhe Para-
combe - lt. Gawler srea}; 2) The relationships of the structe
ures in the Willyama Compléx to those in the Upper Frecambrian
were studied, both on a mesoscoyic scale and statisticelly on a
macroscoplic scale. Thesse studies were supvlemented by the
examination of selected specimens in the laboratery. 3) The

relationships between the structures in the Torrens Group to
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those in the overlylng Sturt Group were examined.
A brief account of the petrology 1s presented %o
establish the metamorphic environment in which the rocks

were deformed.
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CHAPTER XI.

ROCK TYPES OF THE WILLYAMA COMPLEX.

In the Olary reglon Campana and King (1958) recognized
three broad units in the Willlyama Complex (which they called
Archesesn). These are (oldest first): 1. Weekeroo Billeroo
schists, 2, Ethiudne cale-silicate group, 3. Arkosic
quartzites, grading into granite-gneisses,

Unfortunately, the present author was umable to find
any evidence for the relative ages of the sequence of
metamorphic rocks in the part of the Complex around ithey
Whey Creek. Cempana does not state the evidence on which
his succession 1s based and appears to have relied on the
rogional distribution of different lithologiles,

In the mapping undertaken by the author the Willyama
Complex was subdivided on the basis of dominant lithologiles,
and the distribution of Fhase units 1s shown on Flate III.

1. Mica schistﬂo

Extenslive outcrops ¢f brown and grey mica schist occur
in several paris of the area. The main occurrences are in the
nelghbourhood of the central amphlbolite (Subareas T, uland'mjlg
gsouth of the large granite in the northwest (Subarea7]) and
north of the granite in the northeast of the area (SubaresaVI).

Campana (1956) maps the rocks east of the eastern Torrens

l. Iocalitlies and the distribution of subareass are shown on
Plate IV.
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Group "sleeve" (Subarea®) as mice schist but these rocks

are granltic gnelsses and granites., lie dows not differentilate
between the mica schists and the granite in the northwest

( Subareail)s

The mica schists in all three regions sre very similar
and are part of Campana's Weekeroo Billerco schists. They
form a monotonous group of rocks which are dominantly quartze
mice schists, commonly skowing a silky lustre in hand spec lmen
due to the concentration of muscovite in planes parallel
to the folistion. Other rock types are rare but some quartzites
(less than a metre wide) are obssrved as discontinuous lenses
parallel to the foliation. In some parts of the area (e.ge
in parts of Subarea I', near Locallty 32) lenses of quartzose
material less than 1 c¢m. in thickness are relatively common.
These lenses which are commonly very tightly folded are thought
to bﬁ transposed rormanhs nf originally coaveeresrained lavans
(Fig. 77).

The schists gonth of +ho emihilclite puss into a group
of_rocks transitional to the gneisses of subarea I. These
rocks contain thicker layers (up to 20 cm. of ouar tzo-feldspat-
hic materlal interlayered with the mics schist, the layers
commonly being quite regular and parallel-sided. The foliation
In the schists and the preferred orientation of the micas in
the quartz-rich layers are parallel to the layering. The

differences in composition probably represent original
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sedimentary differences, accentuated by transposition and
metamorphlic differentiation.

Pegmatites are common in the thists as Interfolial
bodies, although some small cross-cuttlng pegmatites are
observed. Some of the pegmatlites can be traced for many
hundreds of metres and some may be up to 30 metres in width.
More commonly they occur as small bodles, and msny are folded
with the layering. They are quartz-feldspar pegmatites cont-
aining bleck tourmaline and books of muscovite as common
accessories. Beryl occurs in a few pegmatites. No pegmatites
are found cutting the Upper Precambrian rocks.

Quartz velns are also common in the Willlyama rocks, Some
of these are cross-cuitting and a few are observed crossing
the contact into the Torrens Group.l

In thin section the mica schists are seen to consist
essentially of quartz and muscovite with minor biotite, chlorite
and feldspar, light brown to blue pleochroic tourmaline is
a common accessory, and a cclourless garnet i1s found in some
gspecimens. Staurolite, chloritolid and asillimanite occur
together in one locality just south of the amphibolite (211-24),
the sillimanlte ovccurring in needles cutting 2ll other minersls.
Clusters of muscovite are common In the northeast oukerops
(Subarea ) suggesting original endalusite; K. J. Kills reports
1. Quartz veins perallel to the foliation are very common in
parts of the Uppe? Frecambrian, especlally in the northern

part of the area.
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(personcl communication) the presence of andalusite in the
schists about a mlle east of the area mapped.

In the mica-rich rocks (50-75% mica, e.g. 231-33 and 40)
the planar orientation of the micas ls very marked and the
micas are commonly in aggregates more than a centimetre in
length making estimates of the grain size 4ifficult. Where
individual grains are observed 0.2 mm. ls the common grain
size. Both biotite and chlorite occur in erystallographic
continuity with muscovite, Clusters of blotite and chlorite
are also observed, some parallel to the follation and some
cutting 1t. The quartz and feldspsr grains ocacur between
mica flekes and are clear, generally rectangular grains, and
sre elongate parallel to the mica {001}planes. where clusters
of quartz and feldspar are observed the grains are more
nearly equidimensional and the esbove example illustrates the
marked control exerted by the micas on the habit of the felsic
minerals,

With an increase in quartz and feldsper the micas show
less tendency to aggregate and occur as lsolated grains still
showing & marked preferred orlentation. In such rocks a
yellow to bronze pleochroic biotlte tends to he more important
quantitetively and in some rocks is more abundant than
muscovite.

Most of the schists show poor or no lineatlons where they
have not developed crenulation cleavages. Some however show

a fairly strong lineation parallel to the small appressed folds
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previously mentioned (Fig. 77). In these rocks (e.g. 231-57
end 60) the micas are concentrated in l2vers about a millimetre
apart, parallel to the foliation, and in these layers they have
a strong planer orientation which gives the rock a well-
developed fissility. In between the mica-rich layers are
lensold zones of quartz, feldspar and mica, The mice shows
& good planar orilentation even in these zones, but in some
lenses the micas outline microfolds even where individual
micas are not in contact with one another (Pig. 78). Whether
these structures should be grouped with the more obvious
erenulation ¢leavages or with the normal follation 1s not
known.

In the area around the western and northeastern margins
of the amphlbolite, the orientation of micas is not parallel
to the layering but 1s parallel to the axlal surface of small
folds (231-61, 62 and 65). These rocks are richer in quartz
and finer-grained than the typical mica schist and can be
mlistaken for the Torrens Group mica schists. However, they
are overlain by the basal conglomerate eand in the absence of
unsuspec ted structural complications they are included in the
%Willyema Complex. Moreover, theygrade iInto typical mica schists
over a short distance (231-€0).

In thin sections of the layered mica schists, the micas
show & good planar preferred orlentation, This orientation
is parallel to the axlal surface of small folds, and the

preferred orlentation is stronger Iin rocks with higher



rig. 77. sppressed folds in laminated mica

Schisto
Scale in millimetres.

Subarea II. Plate. 1V.

Fig. 78. Rotated attitude of micas in quarts-
rich layer in mica schist.
Spec. 231-60. Willyaema Complex.
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proportions of mica (e.g. 231-61, with 20% mica, shows a
strong preferred orientation wheresas 231-65, with less

than 5% mica, shows a poor preferred orientation). In a

few of the mica-rich laminations the micas lie parallsl to

the layering and they may outline weak micro-crenulations

(Fig. 79) or show a well-developed ecrenulation cleavage. The
erenulation cleavage is subparallel to the foliation in the
less micaceous lamlnations and suggests a genetic relationship,
although there is no indication that the foliation is a

crenulation cleavage.

2. Platy gneisses,

With an increase in the quartz and feldspar content the
mica schists grade into quartz-feldspar gnelsses, In the
reglon south of the amphlbolite the transitional rock types
are very striking and consist of interlayered mica schists
end platy gnelsses. Near the gneiss unit, thin (2 5o 20 cn.
quartzo-feldspathic Interlayers are more abundant asnd the
roeks grade into gquartz-feldspar gneisses with micaceous
partings.

#ith a decresse in mica the rocks grade into quartz-
feldspar rocks which resemble aplites in hand specimen. A
large zone of these rocits occurs south of Localities 38 and
76 in 2ubarea 1, These rocks may be well-layered, the layering
defined by accessory minerals. The rocks consist essontially
of quaertz and alblte (An@_5) with rarer potash feldspar and

accessory rutlle, hsematite, amphibole and apatite. The



Plg. 79. Weak microcrenulations in schist,
Spec. 231«63, Willyama Complexs.,

Fig. 80. Irregular layering in migmetite.

Subarea VI. Plate IV.
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texture ls granoblastic. Quartz commonly shows strain shadows
and the plagioclase shows rare offsets of the twin lamellae
along microfaults. Campana and Xing (1958) interpret these
rocks as recrystallized arkoses.

The typical gneiss of this subarea (231-24, 25 and 26)
is characterized by the association quartz and feldspar (both
microcline and albite) with minor muscovite and biotite. The
rocks are well layered, due to the different proportions of
mica to felsic minerals. Some layers are very rich in mica
(blotite most common) and the mics is always oriented parallel
to the layering.

In some parts of the gneiss complex, signiflcant pods
of mlea schist are found (e.g. 231-27 and 29). These are not
significantly different from the ma jor occurrences of mica
schists although some facies of them are very rich in biotite
(6ege 231-29B) with a very good planar preferred orientation.

Although the layering in the gneisses is remarkably
planar over much of the area another type of layering is
observed in the south. This layering consists of anas tomosing
velns of mice-rich materisl which divide the quartzo-feldspat-
hic rocks into distinct lenses. In thin section (231-25) the
mica-rich zones are curved, irregular and discontinuous snd
nprear as zones of retrogression, rich in sericite with
some biotite. The areas between these zones appear to be
little altered and are typically quartz, feldspar, biotite

gnelisses,
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3. Granite gnelsses,

Llmited areas of granitic gneilsses occur in the eastern
part of the area mapped and constitute the bulk of the rocks
of the Willyama Complex south of the mapped area., The rocks
vary from migmatites to granite gneisses with a planar
follation. The migmatites are characterised by an irregular
development of micaceous zones (Fig. 80) which apparently
are unrelated to the other structure elemehts of the comppex,
These micaceous zones have a similar appearance to the zones
of retrogression in the platy gneisses except that they are
composed essentially of dark brown biotite rather than
sericite. |

The other gneisses whioh are grouped with these migmatites
are well-layered quartz-feldspar gnelisses. The contacts
batween the spelsses and migmatites are irregular and
1t 1s possible that the migmatites are derived from the
gnelsses. The gneisses consist of & granoolastic aggregate
of quartz and plagioclase (Ano_s) with minor dark brown
blotite and accessory zircon, apatite, sphene and muscovite.
The layering is defined by verying broportions of biotite and
the accessory minersls. Strain effects are rare, some of the
micas are vent slightly and e few plagioclase grains show
small offsets of the twin lamellse. Quartz commonly shows neo
strain shadows,

4, Oranitoid rocks. ("Granites" on Plate IIIY)

Tie areas marked granite on the map are a varied sulte
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of rocks but were included together as they appeared to be
structurally similar. They have not been studied in detail
and only a brief description by area is given here.

The granite area in the northwest (north of Suhares VIII)
1s mostly non-layered. The granite grades through a zene of
interlayered granite and mica schist into relatively unaltered
mica schist along 1ts southern margin, Elongate inclusions
of the mica schist in the cranite occur in various places
along its southern margin. The approximste southern 1imit
of granitic follae within the schist is marked on the map
by a broken line through the centre of the schist.

The "granites" (231-91 and 964) consist essentially of
quartz, microcline and plegloclase (ing.g) with accessory
muscovite and dark brown biotite with pleochroic haloes .
Microcline is more abundant than piagioclase. The original
textures appeszr to have been modified somewhat although
relic hypidiomorphic texture ia apparent; The quartz grains
show strain shadows, grenulation and some recrystallization;
the plagloclase shows a flexing of the albite twin lamellse
and the mierocline shows crinkled twinning. The micas are
bent but in general are not kinked. Over much of the outerop
the granite shows a follation marked by the preferred
orientation of the accessory micas, Layering 1s rare except
along the southern transition zone.

The other areas of granitoid rocks are fognd along the
eastern margin of the mapped area. In this region several

rock types have been grouped together for simplicity. The
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northern area of these granites (Subares VI) 1s divisible
inte two distinet groups which are distinguilshed ¢m the

map by & dotted line through Subarea VI. The northern part
of this mass 1s very similar in appesrance to the granlite in
the northwest; massive, but with a good preferred orientation
of mlcas,

The northern contact of the granite with the mica
schistes 13 sharp. The schists contaln numerous pegmatitic
follae near the contact (FPig. 82), but otherwise appear to
be unmetamorphosed. The follation in the schist is parallel
to the contact with the granite, even though the contact 1s
curved. This relationship sugpests that the graﬁita hasg
pushec aside the schist during intrusion.

The southern part of thils granite mass consists of inter-
layered granitie material and welle-layered gneisses, The
boundary of the "granite" is considered to be at +the southern-
most vccurrence of wassive granite in the area. Tha granitie
portions are indlstinguishable from the main mess of granite.
The gneissic portions are well-layered (Fig. 81) quartz.
feldspar gnelsses (231-69 and 70) siuilar to the granitic
-gnelsses south of the "granite®,

The graenite in the extreme southeast part of the area is
8 fine-grained quartz-feldspar-biotite granite. The granite
ls commonly messive but in parts the blotite hes a good
preferred orientation: the granite 1s rarely layered. In the
southwest portion of this granilte mass migmetites and gneisses

occur In peatehes and appear to e more numerous bevond the



Flg. 81, Pegmatitic schlleren in mice schist
close to contact with granite.

Subarea VII. pPlate IV. LOcality 84,

Fiz. 82. Layering in a artz-plagloclase gneliss.
Subarea VI. Plste IV.
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southern boundary of the map.

Amphibolites and pegmatites,

Bodies of amphibolite and pegmatite are widespread In the
Willyama Complex. In the area mapped all of the amphlbolites
are considered to be igneous in orlgin; none can be equated wilth
Campans's Bthiudna calc-silicate group. MNost of the small
bodies of amphiboiite are cross-cutting lentimular bodies
composed essentially of actinolite and plagloclase. Gearnet,
sphene and opaqQues &re ¢oOmmon accessory minerals. Other
cross-cutting bodies (e.g., 231-71) are composed essentlally
of a dark green chlorite (2V, = 15%; 4 - 1.615; birefringence
.0063; probably e prochlorite) with accessory biotite, sphens,
apatite, cuartz and some opaques. Both these types are
congsidered to be metamorphosed basic dykes.

A much larger ouhcrop of amphibolite occurs in the
northern part of Subarea III. This mass was thought to be
a serles of soda-rich volcanic rocks by Jones, Talbot and
MeBriar (1962). The rocks are composed essentially of
actinolite and albite and accessory epldote. Relic
porphyritic and ophitic textures are fairly common in the
mess and lavering is observed in parts. The volcanic nature
6f the rocks was suggested by the layering &anc the presence
of structures belileved to be pillows. The contact relations
with the surrounding schists were thought to be tectonic,
However, the contacts are highly irreguler Iin places and

marginal alteration of the schists is common along parts of
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the northern contact. Both the outer margins of the
amphibolite and the surrounding schists have been albitised
and structures resembling sgmatites are observed in parts
of the marginal zones of the amphibolites (Fig, 83)., It
seems more likely that the amphibolite is an intrusive basic
lgneous rock whose margins have been sheared and albltized,
Pogmatites are extremely common in thé Willyama Complex,
elther as thin interfolial bodies or as larger masses of
slightly cross-cutting nature. Individusl pegmatites have
not been shown on the map; the two large pegmatite masses
in ths southern nert of the érea are complexes of pegmatite
and minor gneissic or schistose material, The pegmatites
are typical of the Olary Province, consisting essentially
of quartz, microcline (commonly perthitic),; and minor albite

with sccessory muscovite, tourmsline snd rare beryl.



Fig. 83. Blocks of amphibolite. (darker grey),
in a matrix of fine-grained albite.
Lgmatlte.
Subsrea 1I1I. Plate IV,
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CHAFTER XII.

STRUCTURES IN ThE WILLYAMA COMPLEX.

The large scale structure of the Willyama Complex 1s
comparatively simple. The structure is dominated Ly aast-
northeast trends and variations in these trends are rare
(Plate III). The only major departures from this simple
struc ture occur in Subarea VII, where the granite appears
to have pushed asidc the mica schist, and between Subsaress
I end III, where the mica schist appears to be faulted
against the platy gnelsses, At this latter cont=ct the
trend of the platy gneisses swings into near conformity
with the contact. fnother lsrge scale varlaticn in the
foliation trend occurs in the extreme zouthweat part of the
area., Here the gnelsses show a smooth swing of about 900
in the foiiationutrend, but alluvium obscures the relatlionship
of this struCture'fo others in the Willyame Complex.

The most prominent mesoscoplc structures in the Willyema
Complex are follation and compositional layering. Both of
these structures show a more or less woll-developed nlarer
preferred orientation parallel to the strike of tke boundariles
between the major rock units in the reglon. The layering
varies from plenar in the platy gneilsses to lerscld and
irrcguliar in the migmatites., Only rerely is the platy
layering not parallel to the locel foliatlon, even where the
layering is folded.

The layering 1s locally folded on a small scale and
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several styles of folds are common:

1. Folds without e crenulation cleavage parallel to the
axial surface. (82 folds).

2, Folds with s cremulation cleavage parallel to the axial
surface. (55 folds),

%. Xink folds with a crenulation cleavage parallel to the
axiel surfsce. (B4 folds).

4. Kink folds without & crenulation cleavage psrallel to the
axial surface. (B, folds).

Within these groups variations in style éra common and appear

to be releted to differences in rock type. The strles tend

to be mutually exclusive and do not commonly overprirt one

gnother. hixceptions are the B4afolds vhich overprint the

other stylas in limlited sreas.

1. : Bg fOldB-

¥Yolds without a crenulation clsavage paralilel teo the
axial surface ere compsratively rare. They are found in
hoth the gneiszes and schists and show different character-
jgtics in each rock Sype. In the gnelsses moderate variations
in the ettitude of the layering may represent a macroscopilc
veriation rslated to the rare mesoscopic folds. Ilowever, the
amount of varlation is no% sufficlent to establish an
aceurate macroscopic fold axis (See Subarea I, rlate V).
Mesoscopic folds, though rare, have a fairly consistent
fold st-le. They are always small and generally invoive only

a limited number of layers. The style 1s concentric and the
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limbs are nearly parallel in most examples. Polyclinal
folds tend to be present in the less highly appressed
examples (Fig. 84). The micas are most commonly oriented
parallel to the layering even in the cores of tight folds,
Some micas tend to be aligned subpara_.lel to the axisal
surface of a few folds, especially in mica-rich leyers, but
a8 new axial plane fdiiation is never strongly developed.,
Small folds which nev be related to the mesoscopic
folds in the gneisses occur in mica schists with thin
quartz-feldspar laminations. The folds have straight 1limbs
snd sharp crests (Pig. 77) and are commonl- rootless,
Irregular lenses of quartzerich material may be the transposed
reunants of these folids, 7The foliation assocliated with
these folds ismrallel to the zxiesl sueface of the folds,
However, this does not distinguish them from By folds in
mica schiSus, gince these elso develop an axisl plane
foliaticn ir very tight folds (e.g., Fig. 88). The plunge
of the By folds In the schists is 8%tcep and contrasts with
the variable plunge of Bg folds in the gneiss ard with +he
moderate plunge of By folds. The By folds in schists hsve
been included in this group because of their lack of crenue

latlon cleavage, but they may be related to either By or Rz

folds.
o 85 folds.

Folds with a crenulation cleavage parallel to the axial

surface are common in limited areas, especislly in the gones



Flg. 84, Style of folding in gneiss. Folds
are slipghtly polyclinal,
Spec., L31=244,
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of interlayered schist and platy gneiss. The best localities
for these folds are in the transition zone between Subareas

I and II (Localities 38, 75 and 76). B, folds are also
observed in some of the thicker schist bands in the gnelsses
of Subarea I. The crenulation cleavage is present alone in
mice schists with no gneissic layers.

Folds of this type are never very large (most commonly
less than one metre amplitude). The mesoscopic style is
highly sppressed concentric, with rounded crests and long
feirly uniform limbs (Fig. 85). Some apparent thirning
of the quartz-feldspar-rich layers 1s seen in the 1liubs
of the foids but is much more marked in the micaceous
layers. In most cases the gneissic layers are continuous
although in other cases certain parts of the fold mey be
considerably thinned, Boudinaged gnelss layers were not
observed. Thin interfolial pegmatites are commonly folded
with the By folds (Fig. 86); no pegmstites were observed teo
cut Bz structures; however, since the bz folds occur in such
a restricted area 1t does not follow that there are no
post-Bz pegmatites.

dssoclated with the Bz folds is a vertical, axial-plane
crenulation cleavage (Fig. 86). This cleavage 1s observed
only in the mice-rich layers and has many ¢f the character=-
istics of the crenulation cleavage in the Houghton area,
except that the micas are coarser-grained and hence some
of the relationships are more evident. In thin section the

cleavage is seen as closely spaced planes which are the long



Fig. 85. Typicael Bz folds in interlayered mica
schlet and platy gnelss. Oblique
profiles. Taken looking east.
Subarea II. Locality 7b.






Pig. 86. PTransverse profile of B folds in
interlayered schist and gneiss. A
thin pegmatite 1s folded in eonformity
with the layering. A crenulation
cleavage (85) is parallel to the axial
gsurface of the Bz folds.
gubarea II. Loecallty 76.

Fig. 87. Crenulation cleuvage (Sz) in mica
schist. Quartz is virtually absent
from the limbs of the mierocrenulations.

Subarea VII. Spec. 231-56.



FlG. 86

FlG. 87
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apprressed limbs of microfolds. As at Houghton 1t is only
one of the ilmbs which 1s appressed, and gquartz and feldspar
are 0lwiously excludsed from this limb (Fig. 87). However this
metamorvhic differentiation does not give rise to the
pronounced coarse layering seen in the Torrens Gorge, although
the rocks may appear laminated. In conirast to the Houghton
area, the cleavege planes are only very rarely planes of
discrete slip; this can probably be correlated with the higher
eontent ol mica in the Weekeroo rocks, and nmav reflect lower
differences in competency between the schist and the quartz-
rich layers uander the conditions of higher grade metamorphism.
A few specimena of Bz folds were collected and polished
surfaces and thin sections sxamined. They are commonly
more highly apiresse: than the larger folds (Fig. 53) aend
the two lisbks may be almost in contact with only & few
miilisetres of schilst Letween them, but the overall concentric
nature of the folding is still meintained. In all such
f0lés the micas in the guaritz-Teldspar lavers are oriented
parallel to the layering. In the micaerich layers the
orientation of mica 1s determined by its position in the
erenuiaticne, but In the cores of sppressed folds the mica
has a strong preferred orisntation prarallel to the axisl
surface.
In many outerops more than one crenulation cleavage
is observed, although only one c¢renulatlon cleavage is axilal
surface % DBz folds. The other crenulations are commonly

only waves in the folilation surface and have extreusly



Fig. 88, Microscopic style of By folds. A
good sxlal plane folisation is develo=-
ped in the cores of the folds.

Spec. 231=-75.
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variable attitudes. 1t is not known what relationship
these have to any larger scale structures,

In all of the samples studied only a few oxamples of

kinked or warped micas were observed. Even in the tightest
crenulations the Individual mica flskes are unstrained. That
the micas are unstrained indicstes a period of post-tectonic
crystallization at the biotite grade of me tamorphism.
The rocks of the Torrens Group are also mebtenorphosed to the
blotite grade and 1t is quite probable that the postetectonic
recrystallisation in ‘the Willyama schists wes contemporaneous
with the neomineralizatilon of the Torrens Group rocks,

In the fault vloek of Willyama rocks north of the emphibe
olite (Subsrea 4) are a number of folds which Giffer from
tho 53 folds. The strle and degree of appression vary
congiderably; commoniy the folds heve kinked crests, although
meny have sharply inflected but rounded craszts (Pig. 89).
The axial surfaces (34) dip at moderate angles to the
southeast and meny individual folds are polyclinal, Some
of the folds have a crenulation cleavage parsllel %o the
axilasl surface,

The attitude, style and restricted occcurrence of these
folds separates them from the By and Bs folds. The occurrence
of Bg folds in the vicinity o an important fault suggoests
they might be related to the fault; however, no comparable

gigns of deformetion sre visible in the overlying Torrens



Fig. 89.

Kink fold in platy gnelss and schilst.

Photo teken looking northeast.

Subarea IV. Locality 48.

Fig. 90.

Kink fold in mica schist. The
axiel surface of the kinks is
vertical northesouth. View
towsrds the north.

3ubarea II.



FIG. 89

F16. 90
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Group rocks.

4, B4a folds,

Kink folds (B4a) with essentially vertical northesouth’
axliael surfaces are found in some of the mica schists (Filg.90).
They are never tlght structures; the angle between the limbs
is always less then 40°, They sre commonly associated with
northesouth joints whkich may act as exiasl planes to individuel
kinks. As the axlal surface of these folds is essentially

verpendicular to the steeyly dipping follstilon, all the
' kink exes plunge steeply.

These kink folds overprint crepuletlon cleavages in
mica schists, No overprinting of B; folds was observed, sas
kink folds are not found in the transition gneisses vhere
the Bz folds are abundant.

In the gneisses and pegmatites very small scale offsets
on vertical north-south joints are extremely common. These
offsets and the By kinks in schists mey be expressions of
the same strain and in turn may be related to the large

scale northe-south faults in the sresa.
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CHAPTER XIII.
UPPER PRECAMBRIAN FOCK TYPES.

Lying with marked unconformity on the Willyama Complex
are rocks of presumed Upper Frecambrian age. They were
correlated with similar rocks in the Adeleide reglon by
lawson (1912), although in the area investigated by Mawson
only the equivalent of the Sturt Group is present., Campana
(1986) correlated soms of the lowsr Leds in the Plumbago
Zheet area with the Torrens Group of Adelaide., Koclts of
the Sturt OGrouy are alsc widespread in the Plumbago rrea.

" The general distriiution of the Upper Precsmbrien rocks
in the Plumbago-Weekeroo crea is shown on Flg. 4 and the
distrivution of the forrens Groupy and 3turt Group in the
area mapped on Flate I1I,

General apvearsnce of the rocks of the Torrens Group end

Sturt Grouvp,

The original sedisentary nature of the roungsar sequence
of rocks 1s readily spparens. The roc4s gre well-layéred
and show an abundance of small scale sedimentary features
such as riprle merks, cross vedding and convolute 1aminations,
and in the basal beds,rare suncracks, Facies changes in
meny horizons can be distinguished easily and original
variations in the guertzites sand glecial horizons sre
particularliy prominent. The macroscople structures are

relatively simple snd individual marker horizons can be

followed for comparatively large distances.
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Meny of ‘the original sedisentary features, however,
have boen profourdly modifisd by deformation and me tamorphism,
Campans sud King (1958) concluded that the rocks were not
regionally metamorphosed but the present suthor does not
agree with this conclusion. The monomineralic rﬁcks such
as gquartzite and dolomite are simply recrystallized tut
all the other rocks show considerable neomineralization.
Muscovite end biotite occur in all of bthe "silts" and commonly
define o good follation. Cther, rarer metamorpkic minerels
are trgmplita and actinolite, Scapolite is widespread
in mary of the Sturt Croup "silts" nesr the top of the
sequence oLserved by the author. If this minerslogy is
comparad with thet of the mica schists of the Williyema
Complex, it is soeen that the Uuper Precambrian rocks lack
only garnet s a regional minersl (the sccurrence of
staurolite, chloritoid and sillimsnlte in the Willyame
Complex is local, and they sre obviously relic minerals
4n the rocks 1in which they occur), It i1s coneluded that
the present mehemorphic grade of the Willyama Complex and
the Upper Precambrian rocks is sssentlally similar,

The overall simplicity of structure is also misleading.
Although mescscopic fold structurea are rare ln the Torrens
Group, a conslderable degree of transposition of thin-
competent beds has taken place by votetion of small faulted
blocks. On e large acéle tha consldarable thinning 6f

sedimentary units on the limbs of macroscopic folds also



indicates & considerable amount of deforme tion.

In this section the basal unit ig described separately
and the other rocks are discussed only in terms of their
inportance to the structural history of the area.

1, The bassl unit of the Torrens Group.

The contact between the Willyams Complex and the Torrens
Group is reedily mapped except in the southwestern part
of the avea where alluvium obscures most of the rocks. The
best cxvosures of the contact are found on the western
margin of Subarea A4 and parts of the western margin of
Subarza B.

The rocks lying directly on the unconformity are for
the most part metamorphosed conglomerates. in & few local-
{1ties impure quertzites rest on the Willyama rocks. The
conglomerate i1s qulte variable in particle size, composition
gnd thickness, and these varlations show & correlation with
veriations in the underlying Willyams (Complex.

The maximum thickness of the conglbmerate is sbout
15 metres. Tne thickest sections are found adjacent to the
schists in the Willyama Complex and even locel occurrences
of schist in the gneiss unit show a corresponding thickening
of the conglomerate at thoseo localitles. The pebbles show
a corresponding increase of size(up to 10 cm. dismeter) in
the thiecxaer sections. A4Adjacent Lo very magsive rocks the
conglomerates are thin or may be absent (Fig. 91).

"he composition of the basal beds varies sympathetically

with the rocks in tie underlying Willysma Complex. In 81l



Fig. 91. Contact between pegmatlte of the
Willyama Complex (right hand side)
and impure quertzlte of the Torrens

Group.

Subarea A. Locality 102,

Fig. 92, Pogmatitic and quartz debris resting
on pegmatite of the Willyema Complex.
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the outerops pebbles of vein quartz are prominent. Adjacent
to the gnelsses,pebbles of quartz-feldspar gneiss are very
common and pebbles of quartz-feldspar-blotite gnelss are
also present. Adjacent to the schists, gnelss petbles are
less common and veln gquartz peobles predominate., As might
Le expected, schist pebbles are not abundant. In contact
with pegmetites, conglomerates are less common (Fig. 91).
Pocksts of pegmatite debris occur in places zeainst the
pogmatite and probably represent dopisssions on +the original
surface (IFig. 92). Pebbles of amphibolite end albite rock
are found In the conglomerate resting un the swphibolite

and in some exposures opidote (from fhe amphibolite} is
aburdant in the matrix,

The shapes of the pebbles are gulte verieble but ratios
of long %o short axes are nol commonly gesater than 3:1;
more spharicel pebbles sare more common., The pebbliss are
roundsd %o subrounded slthough some enguler pebbles are
sresent, To mest cuterops dimensionsl preferred orientation
of the pebhles is only poorly developed and whore strongly
developed can nesrly always be correlsted with other fabric
elements ir the rocks,

VYertical variations in the tesal unit sre also fairly
regular. The incidence of conplomerate decreases with
helght above the base and ths pebbles are smaller (less than
0.5 em, Glameter). Although the composition of ths basal

bed varies with the Willyama rock type, velr ‘uartz pebbles
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are slways predominant in the higher conglomerates. MNore
commonly however, the higher veds of this unit consist of
fairly uniferm iapure quartzites, metagreywackes and inters
layered mica schists, The quertzites commonly show cross
bedding, heavy mineral laminations, and ripple marks; sun-
cracks were observed in two localities. These struc tures
ere consistent with deposition in a shallow water environment,
In thin section both metemorphic and relic sedimentary
features can be observed in the conglomerstas. nssentially
unaltersd clastic grains are sbundant in meny of the finer-
grained rocks (e.g. £31-35) and the pebble ouklines in nany
Cas08 sppear lit!le affected. The recognizable clustic
gralnsare predominantly plagioclsese (aibite) (FPig, 93)
and, ere not modified spart from marginal replacement by &
Tine-grained guertz-biotits aggregate. ‘uartz is loss
common 238 recognizable clastic grains. This apucsrs
Inconsistent with the high centent of quartz In most of the
grelsses snd wilth the grest abundance of vein quaris pebbles,
However, many nolygonal aggregeates of fine-grained juarts
could be Interpreted as clastie grains whose bounderies
merge Into the matrix, the apparent anomaly could %hus be
Interpreted se the gireater tendency of quartsz compared with
feldspar to recrystaliize to a fine-grained aggregate. It
is unlikely that all khe clastic quartz grains were originally
aggragates, as aggregates of pure fine-grained quartz are

not comuon in the Willyema Compler,



FPig. 23. Clastic grain of plagioclase in
recrystalilised groundmess aof
conglomsrate.

Spec. 2317,



FIG 93
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Nany otkher textural features may be Interpreted ss of
metamorphic origin, Biotite is a common mineral in the
matrix of the conglomerates and in many cases 1s present in
sufficient quantity to impart a poor foliation to the rock.
The matrix of the conglomerates 1is an sggregate of fine-
grained quartz and mica, and the textures resemble those
of the fine~grained mics schists higher in the scquence,
The grain size of the matrix is variable even within a
single thin section varying from ebout .0l mm. to more
then ., £ mm, These variations mev reflect differences in
original grain size but are 2lsc correletsd with differences
in composition; perts of the rock fsirly rich in mics are
fine~-grained; the coarse-grained portions are pure quartsz
agorege tes,

2. The remainder of the Torrens Group sequence.

The rocks lying sbove the basal bads consist of a
sequence of mica schists, dolomite msrbles snd pure and
impure quartzites, A stratigraphic column showing tentative
thicknesses of each unit has.been constructed (¥Fig., 94).
Such & column is difficult to construct owing to the considera-
ble changes in apperent thickness associated with deformation.

The thicknesses, kaken from the traunsverse profile (Fig+98),
were mosasured In a dirsction perallel to thne axiasi surface

in the crestal reglons. This method is open to the objection
that the amount of elongation (and hence thickening) which
may have %aken place In a directlon perpendicular to the

fold axls is unlmown, Iliowever, the column ;robably gives
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Generalised Stratigraphic Column of the
Torrens Group, YWeekeroo.

Sturt "Tillite"

Mica schists
Quartzites and quartz-rich mica schists

Yica schiste (poorly exposed)

White quartzite

Hica schists with minor quartzites and dolomites

Biotite schists

Quartzite with slump structures

Dolomitic mica schists with minor
dolomite horizons

Dolomite
Carbonate-rich mica schists (poorly exposed)
Quartz~-rich schilsts with some thin gquartzites

Conglomerate with interlayered impure quartzites
Villyama Complex
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a falrly good Indication of the relative positions of the
more messive mappable horizons,

Most of the section consists of finee-grained mica
schists, which vary from roeks which have greater than 50%
biotite to rocks whieh superficially resemble siltstones,
but which also contain biotife showing a good preferred
orientetion. Commonly these rocks are laminated in parts,
but meny of the roeks appsar quite messive. In thin éaction
(Bege, 231l=3, 14, 44) they are seen to counsist esséntially
of gusrtz and brown Liotite with less muscovite and rare
fgldspar. Caritonate 1s commorn in some specimens. The
grain size of the micas is falrly constent et about .06-.1 by
02 mm. with the quartsz grains somewhat smallsr, .03 mm.,
although rising to O,Llmm. in guartz-rich schists. The
sceessory zircons in the rocks have a smeller grain size
(ca, .005 mm.) and may indicate the grain size of the original
rocks, which would 1ls just within the range of siltstones.

Yolomite mardles, both pure and impure, occur in many
poerts ol the sequence and have only been differentiasted from
the mica schistis where they sre urominent merker horizons.

A dolomite about £0-70 metres thick forms a distinct marker
horizon near the base of the secuence. - The dolomites are
conmmonly Iline~grained, varying in grain size from ,08-.10 mu.
tusrtz and muscovite are coumon sccessories in the zrey
colomites (e.g., 231lel 2nd £)., In the rsgion near the east

end of the amphibolite, coarse tremclits cceours in the
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dolomites (231-774) and appears to be & metasomatic replace-
ment product of the dolomite.

Quartzites also occur as thin layers throughout the
sequence: however, the msin quartzlte near the middle of
the sequence is the only reliable merker quartzite. Other
quartzites tend to be irregular and lensoid and are not
reliable for correlstion purposes over the whole are:. In
rend specimen many of the quartzites show a crude follation
which in some instences is due to the preferred orientation
of micas, In some casc3 & "foliatlon" 1s present in pure
gquartzites end appears to be due to the elongation of
original quartz grains, although in thin section these
eppear as elongate groups of polygonal grains, the greins
within each group having closely similsr orientations (231
46 and 46) .

3., hocks of the Sturt Croup.

The base of the Sturt Group has been placed arbitrarily
at the bass of a urit of mice schists which contain abundant
large graenitic boulders. Above this unilt large boulders
oceur sparsely in all sypes of rock and have only been
indicated on the map where they are persistently developed.
Small pockets of schist or dolomite with abundant boulders
have not been distinguished on the map. DBouiders are rare
in the beds above the quartzite outlining the syncline south
of the northwest grenite. lowever, no unit in the Sturt
Group can be said tc be completely irece of boulders.

The basal unit of the Sturt Group is marked ss "Tillite"
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on the map. This is the most persistent of ths boulder
norizons in the Sturt Group and has been interpreted as a
1ithifled boulder clay by Cempana and King (1958). The
norlzor 4s very varisble, containing numerous granite
boulders in some parts and being almost free of boulders

in other parts, & typlecal outerép is shown in Fig, 25. The
boulders renge in size up to 50 em. dlameter and are most
commonly welle-rounded, although boulders lass then 5 cm.
diameter tend to be subasngular. The dowmlnant boulders

are of massive granitoid rocks; meny othev rock gGypes

are represented; guelss, quartzlte, veln guartz and dolomite
are yresent in wmany localitles. The metrix of the rock is
& cheracteristic derz grey siructursless flineegrained
viotite grancfels (231-7€j. In thin secbion Uhe clastic
nature of grains down to eboub 0.1 mm. is stlil apparent.
The grains, mosbtly of gusrtbz bub alsc of asggregates of
Joiomite or gquertz (and feldspar) vary from rounded %o
gubangulaer and show & wid. variation in grein size. Tae
matrix in which these Sragments cccur nas & zrain size
varying from 0.0%Z %o $.00 um. and consists gssenbtlally of
quartz, olive-greean blotlte,and carbonate, with accessory
muscovibe and granulsr opagues. This mabtrix is entirely
pecrysta llized{ snd neomineralized) and its orlginal nature
is thevefore no longer ciscernable. The blotlte nas only

& poor preferrved orimntation and In mosH cuterops the rocis

do not exhivit an, marked schistosity, IHowever In the thick



Fig. 95. iica schist with granlte boulders.
Basal Sturt Group.

Hast of Subares D, Plate 1V.
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is well developed in rocks which trend at right angles to
the regional foliation,

Campana (1956) shows the rocks in contact with the
granite in the northwest alse as basal tillite. However,
the "tillite" which oeccurs closs to the contact 1s stratie
graphlcally higher than the basal "t111ite" and is better
correlated with the bouldep horizons just to the north of
Locallty 78 (in the southern part of Subares H). The wholk
of the southern contact of the granite with the Sturt Group
is = fault, and the outerop pattern along the poorly exposed
northern contact suggests that this 4is alsgo s fault., The
true stratigraphic relatinnships are therefore unknoewn in
this area.

fn isoiated pocket of granite debris is seen at Locality
95 in close proximity to the granite. The outcrop consists
of boulders of granits (sluilar %o the adjacent granite)
varying in size up to 1.5 metres in diametef. The matrix
of the fock is also granitic and the rock 8lpears to be an
infilled depression on the original granite surface. The
relationship to the underlying granite appears to be similar
to that of the smaller pockets of pegmatitic debris lying
on the large pegmatite in the south (Fig. 92, near Locallty
102). The outerop is overlgin by & coarse songlomerate wikh
rounded boulders up to 20 cm. in dlameter set in & Finer
grained metrix., Alluvium separates these outcrops from
the Sturt Grouy outerops just to the sast. Campana and

King (1958) have Interpreted very similaer boulder beds at
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0ld Boolcoomata Fomestead (32 miles easte-northeast of the
Weekeroo ocecurrence) as basal ti1llite horizons and the map
symbol used for the Weekeroo occurrence 1s also for "bassl
t111ite". The present author belleves that these granitic
debtris outerops are Fossil residual deposits and ars not
necessarily glacial in origin,

The majority of the rocks of the Sturt Group are
fine-grained quartz-rich miea schists with minor dolomite
marbles and quartzites., Seanolits is tommon 28 porphyroblasts
uY to 0.5 om. in diameter in some horlzons in the mice schists
in the northern port of the arss (231-13). Scattored
bouldsrs (most commonly sranite) up to one matre in diameter
oceur in all parts of ths sequenca but are nosdt common below
the me jor quartzite which outlines the syncline in Subarea
. Poulders ars common also Just above this qu rtzite but
are rare hisher in ths ssaunencs. Sadimantary s truc tures,
such as sonvolute laminations and swmall acale cross bedding,
are common In thse qusrtz-rich mics schists,

The unpermost beds of the Sturt Group in the avea mapped
“rs a ssgusnce of massive guartzites, Theose are nadium-grained
and the clastic nature of meny of ths grainc is readily apparent
(231-97), 2uertz, feldspar and quartz-faldsper azgregates are
the most abundant rascognizable clastic grainsl ang the matrix
is 2 granoblastic azgregate of quartz, reddish-brown blotite
and cerbonata,

l. 2uite a number of grains consist of &n aggrogate of

interlecking plagloclase lathes in random orientetion., They
appear to be foreign to the urvea, .
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CHAPTER X1IV.

STRUCTURES IN THE TORRENS AND STURT GROUPS.

The overall distribution of Upper Precambrian rock
types indicates a relatively simple structural pattern as
Campana has shown (1958). The structure is dominated by
a broad synclinal region trending west-southwest to east-
northeast, between the southern and northern outcrops of
the Willlyama Complex. Corresponding anticlinal reglons
are dominant at the eastern margins of the older rocks. The
structure 1is complicated by many macroscopic folds of a
smaller scale than these and also by the presence of many
large faults, These various structural elements are all
thought to be intimetely related but will be discussed
separately before eny analysis of their relationships is
attempted.

The varilous rock types of the Upper Precembrian show
rather different styles of deformation and each rock type
will be discqssed separately. Particular attention has
been pald to the deformation of the basal conglomerate unit,
and an Intimate relation between the structures in the
conglomerate and those in the directly underlying Willyama
rocks can be dem'onstrated.

Structures in the Basal Conglomerate.

It was pointed out in the previous chapter that
variations in the thickness and compoaition of the conglomerate

can be correlated with the underlying rock type of the
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Willyama Complex. The correlation between the degree of
deformation and underlying rock types is also s triking,
particularly where there 1is a marked change in lithology in
the wWillyama rocks,

On a2 macroscopic scale the structure of the conglomerate
is shown on the map (Plate III) and the transverse profile
(Fig. 96). Adjacent to the gneiss unit in the south
(Subarea I of the Willyama Complex), the outerop pattern of
the conglomerate 1s relatlvely straight and strikes about
northwes t-southeast and dips 60° to the northeast. A few
small structures are observed in this reglon but will be
discussed later., At the contact with the Weekeroo Schists
(Subarea II) the strike of the conglomerate changes sharply
to northeast-southwest, and then outlines a lsrge anticline
around the schlsts,

To the west the conglomerate oceurs in a very appressed
syncline in which the conglomerates on either 1irb are almost
in contact. The limbs are exceedingly straight and are
essentially parallel to the follation in the immediately
adjacent schist outerops. The conglomerate then delineates
a serles of faulted folds at the eastern end of the amphi-
bolite, before swinging again into conformity of strike with
the follation in the schists. A series of tight folds are
observed before the conglomerate finally abuts against the

north-south fault system in the west. Just te the north
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deformation of the conglomerate to the underlying rocik type
virtually impossible. However the greater complexity of
folds in the extreme south can be correlated with a gendral
Increase in the amount of schistose materiel in the plagy
gneisses there,

The mesoscopic structures in the conglomerste alse
show sympathetie varlations with rook types of the Willyama
Complex. Whare the conglomerate rests on massive units of
the Willyama Complex it appesrs relatively little deformed
although the matrix is comple tely recrystallized, The
pebbles show no marked tendency for barallel orlentation,

Adjacent to sows of the more micaceous rocks, the
conélomerate commonly shows a weak foliation andg in some
c&ses the pebbles tend to lire up with theip long axes
barallel to the foliation even where they retain their
original sedimentary shapesl (pig, 97).

Where there are large differences in competency in
adjacent rock units in the Willyams Complex the deformation

of the conglomerate 1s more bronounced. Geoog examples of

l. Flinn(1956) notes a similar tendency fop the long axes
of undeformed pebbles to show g preferred orientation in
the early stages or the deformation of the Funzie conglomerate.,



Figc o%7.

Conglomerate. The long axes of the
pebbles heve a preferred orlentation
perallel to the foliation (Hammer
lying parallel to trace of foliation),
Subarea A, Plate 1Iv,
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such deformed conglomerate are found adjacent to the gneliss
unit (Subarea I) at Localitiss 28 and 29, At both of these
localities the conglomerate norizon 1s folded into a syncline
with a very sharp axial region. In both localities the
northern limb of the syncline is longer than the southern
limb, and the axial regilons of the synelines are close to
the southern border of the mica schists (Fig. 98A)( at
Location 28 the southern limb of the syneline is very
ingignificant). This gives an overall right-hand sense

of movement in the conglomerate.(Fig. 984A). Crenulations

in the underlying schist also indicste a right-handed
displacement. I°should be noted that the conglomerate 1is
not foided on a small scale; the northern 1limb is remarkably
stralght. At the northern contact of the mica schists the
conglomerate swings back to its normal northwest strike.

(It is not possible to follow these folds very far into

the Torrens Group as the beds above the basal conglomerate
and quartzites are poorly-exposed mica achists).

In these synclinal regions (especially Loca? i+v29) the
pebbles 1in the conglomerate are highly elongate,. The symme try
of the pebbles is orthorhombie although some pure quartzite
pebbles are nearly spindle shaped. Measurements on the pebbles
(Loc. 20)! are shown in Table IV.

1. Locality 29 is the only locality at which all three axes

could be measured. Greater differences in the lengths of
the axes are seen in other localities.



TABLE V.

MEASUREMENTS ON ELONGATE PEBBLES. (LOCALITY 29).

Measurements in centimetres.

long Medium short axis. z y x yix

10 3.5 0.6 2.8 ¢+ 1 : 0,17/ 5.8:1
7 2.3 0.3 5.0 ¢+ 1 .+ 9,13/7.7:1
8 1.7 0.3 4.7 * 1 s 0.18/5.5:1
i2 3.0 1.0 4 1 0,335 :1
17 1.6 0.3 11 * 1 : 0.19|5,3:1
19 4 0.8 4.8 ¢+ 1 : 0.2 5 1l
16 2.7 1.8 5.9 ¢+ 1 : 0.67(1.5:1




Fig. 98. A. Relatlonships bebtwsen the relatlve
soenses of movement in the conglome=-
rete and the crenulsted mica schlsts.
Diagrammatic representation of
Locality 29.

B. Eelationshlps of foliding in the
Torrens Group to the Iractures
in the underlying pegmatite.

locality 102,
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The short eaxes x are perpendicular to the foliation.

In only a few outcrops can an accurate relationship between
bedding and elongation of pebbles be determined, and in these
the pebbles plunge more steeply than the bedding-cleavage
intersection (Fig. 99).

& somewhat different relatiohship is illustrated at the
contact ef the large pegmatite with the conzlomerate. The
pegmatite i3 cut by a series of north-south fractures possibly
related to the large scale northesouth faults of the region.
At one point on the contact these fractures are more pronounced
and have resulted in a total displacement of about 10 metres
in the pogmatite with a corresponding fold in the overlying
conglomerate (Fig. 98B). The sense of movement is right-
handed and agrees with the movement on the larger fault to
the west of Locality 102, The fold in the conglomerate 1s
reflected in folding in the overlying sandstone. The fold
appears to be concentric in style as the curvaturs decreases
upwards .

North of the gneisses of Subarea I the Willyama rocks
ere dominantly mica schist (Subarea II), The contact between
the two units is gradational and at this contac% the strike
of the conglomerate swings to the northeast and continues in
this direction for about 700 metres. In contrast with the
very tight folds described avove the conglomerate appesrs
relatively little deformed. The pebbles do not show any

marked elongation and In most outerops even parallel



Pig. 99. Deformed conglomerate. The pebble
elongations (L) plunge more steeply
than bedding cleavage intersections
(B).

Subarea 4. Locality 29 and 4,
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orlentation of the original long axes 1s not apparent. The
conglomerate, however, commonly shows a crude foliation which
1s parallel to that of the underlying schists,

To the north (near Locality 33) the conglomerate outlines
a broad antioline complicated by a series of small folds and
faults in the crestal reglon., The faults are parallel to
the foliation, end there appears to be no obvious reason for
the localilzation of the faults. Similarly there appears bo
be no obvious reason for the localization of the large
appressed syncline of Localities 35 and 36, The conglomerste
in this syncline is highly deformed (Spes. 231-36)., The
long axes of the pebbles plunge steeply as in Locality 29,
but the plunge on the syncline could not bs determined. (This
plunge may be quite different from that of the adjacent
anticlines which plunge at 50° to 60° to the eas t-northeast),
The ibng limbs of the syncline are essentially parallel to
the foliation in the closely adjacent schists, It must be
smphaslzed that over the whole length of the large anticline
and the tight syncline there is no significant change in
the attituds of the foliation in the Weekeroo Schists,

The conglomereto then outlines another anticlinal region
even more broken than the anticlinsl reglon te the south; the
extent of this faulting appears to be corralated with presence
of the underlying more massive amphibolite. The conglomerate
is largely undeformed. Another very appressed synclinal
limb 1s observed north of the amphibolite and shows similar
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relationships to the syncline south of the amphibolite,
The conglomerate is highly deformed (231-104) and the
grogs layering in the conglomerate (here parallel to the
follation in the conglomerate) 1s parallel to the follation
in the Weekerco schists. The piteh of the elongation of
the pebbles is essentially 90°(1,e., 1t blurnges steeply

to the south, but outcrops which 4re not slumped about an
8xls parallel to the strike of the bedding are rare, so
plunge measurements cannot usually be made.). In sharp
contrast to the highly deformed limbs, the core of the
syncline shows almost no deformation of the pebbles.
Although it was not possible to measure the plunge of this
fold, a measurement on bedding in the core gave a strike
of 163° and a dip of 18° to the east. As noted before,the
long axes of pebbles in the adjacent limbs plunge very
steeply.

The northern limb of the syneline 1s cut by a series
of strike faults and the conglomerate appears again as a
highly deformed north dlpping limb (Fig. 100) which is
finally cut out by a large north-south fault,

Another outecrop of relatively undeformed conglomersate
(231-1006). occurs north of the syncline and 1is separated
from the other conglomerates by a fault, Its position as
a8 llmb structure seems anomalous with the undeformed nature
of the pebbles. Possibly the presence of two large faults
bounding the bloek in which the conglomerate is found is in



Filg. 100,

Deformed conglomerate. View

looking down the long axes of pebbles.
The intermediate axis lies in the
plane of the follation.

Subarea II1I. Locallty 47,
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some way responsible for this apparent anomaly.

In thin section the relatively undeformed conglomerates
(231-100) show abundant clastic pebbles of vein-quartz,
mierocline (some single lerge grains up to & mm.) and
quartz~-feldspar aggregates of various kinds which can be
matehed readily with rock types from the Willyema Complex.
Tese pebbles are in a matrix of clastlc grains of quartz,
microcline, albite, mica and granular opaques. The smallest
recognizable clastiec grains are about 0.2 nm. in diameter
and these in turn 1ie in a recrystallized metrix of quartz,
feldspar end varisble amounts of mica. Heny cf the opaque
grenules are euhedral and are possibly recrystallized.

In rocks richer in mica (231-24E) small clastic gralns
are still recognizable (Fig. 101) but the recrystallized
matrix shows a good preferred orientstion of the micas,
resulting in a foliation which appears to ffiow"” round the
clastic grains leaving the latter as augen.

In the conglomerates which show a fair degree of deforma=-
tion of the pebbles (e.g., 231-3b and 36) the individual
pebbles are still distinguilshable from the mebtrix although
the vein-quartz pebbles are highly strained or composed of
polygonal aggregates of small quartz grains, Some parts
of the matrix may be quartz-rich snd the boundaries between
pebbles and matriz are diffuse. Clastie sand-size grains are
less abundant, and feldspars are the only commonly recogniz-

able clastic grains, The clastic feldspar grains are



Fig. 101. Deformed vein quartz pebble in
recrystallised groundmass.

Conglomerate. Spec. 231-24E.

Fig. 102. Chequer alblte grains in conglomer-
ate.

Spec . 251"6
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commonly deformed; the microcline shows crinkled twinning,
the plagloclase shows strein bands and bent lamellae and ir
some specimens chequer albite is common (Fig. 102).

In highly deformed conglomerates(231-104) the original
clastic nature of the grains 1s not readily apparent. A few
relatively undeformed grains are present but all other
constituents are highly deformed and recrystallized. The
"pebbles" are highly elongate bodies of polygonal quartz;
the individual quartz grains are not noticeably elongate
parallel to the foliation or lineation. The boundariles
of "pebbles" ara crmﬁonly indistinct and are marked only
by changes in grain size. (rig. iOS). In other examples
éhe matrix has a composition different from that of the
pebbles, but it 1s not alﬁays completely certain whether
changes In composition across the folistion-layering are
changes due to the presence of pebbles or simply changes in
the matrix itself.

gtructures in the Torrens Group above the conglomerate.

The folds in the units above the conglomerate reflect
the overall folding of the conglomerate unit although the
minor irregularitles observed in the conglomerate camnot
be traced into higher beds. This dying out of minor irregule-
aritles can be correlated with the presence of a thick sequence
of mica schists sbove the basal unite.

Mesoscopic folds are rather rare in quartzites and
dolomites of the Torrens Group. Where sbserved they have

axes consistent with the maeroscoplic axes. Smell folds in



Fig. 103, Deformed quartz pebble (coarser grain-
ed) in contect with gquartzite matrix.

Conglomerate. Spec., 231-104,

Fig. 104. Layering in dolomite (8) showing
transposition into Sge

Subarea 4. Locality 1.
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mica schists have more variable axes. The style of the
folds varies from concentric in the masslve sandstones to
gimilar in the mica schists,

Although mesoscoplc folds are rare, evidence for
deformation is sbundant. Thin dolomite bands appesar to be
well and evenly layered in parts but with much contorted
bedding in others., In some localities (e.g. some small
Polds around Locality 1) a transition between these two
types 1s observed. The "bedding" 1s extremely regular in
most perts of the foids, and there 1s a good lineation
parallel to the fold axis, but in a few places small patches
of dolomite show a more irregular laminatlon which is seen
to be the untransposed remmants of the original bedding
(Fig. 104) . The evenly layerad "bedding" is therefore
iﬁterpreted as & transpesition structure.

Evidence for transposition is also sepﬁ in many of the
thin impure quartzites in the sequence. These may show
relatively small scale Tolding but more often the outcrop
shows & regulsr small scale faulting,and the individual
quartzite vands are at an angle tc the overall cutcrop
trend (The effect 1s pronouncea enoggh‘to be represented
on the map in the eastern "sleeve" west of Locality 14),
Where the contacts with the adjacent schists are observec,
the layering in the quartzite 1is coﬁmonly subparallel to the
foliation. (Better sxemples of this are seen in the Sturt

Group and are described in the next sec tion).
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The thick quartzite in the upper third of the sequence
1s folded into z series of spectacular folds in the vicinity
of Localities 45 and 46 (Fig. 105). The foids show a
c¢lassical concentric pattern with the limits of the folds
defined by the thickness of the quartzite. Measurements
along the top and bottom of the quartzite along its folded
vart indicate a shor tening of 45% bperpendicular to the
axial surface of the folds, assuming no flattening of the
quartzite as a whole. However, the follation which is
developed in parts of the quartzite Suggests considerable
flattening of individual grains,

The mica schists which form the major part of the Torrens
Group sequence show very few structurasl feastures other than
& well-dsveloped schistosity in the mica-rich varieties,
laminations are fairly abundant and appear clearly on many
foliation surfaces as bedding-cleavaga Intersections. The
1aminations-are not so obvious on other surfaces and in
meny cases are shredded out in the foliation. The thieker
competent beds in the schist show simpler foid forms.
Another difference noted in the mica schists is that the
beddingecleavage interssctions are more variable in a small
area than the axes of folds in more competent horizons.

In a restricted region (the reglon between Localities
17 end 19) a crenulstion cleavage 1s seen cutting the
earlier structures. Well-developed chevron folds in 3¢ are

developed at Locality 19 (Fig. 1086).



Fig . 105,

Concentric folds in quartzite.
View from the north. Folds plunge
at 45° to the east. -

Folds ere those of localities 45
and 46 in Subarea C.
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Fig. 106. Chevron folds 1n Sg with 8 crenulstion
cleavage (3z) parallel %o she axial

gurface,

Bast of Suberea C. locallty 19.

Pig. 107. crenuletions in biotlite schist.
Spec. 231-197 from sane locallty
as Fig. 106.
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These folds commonly have & symmetrical chevron style,
the two limbs meking an external angle of up to 130° with esach
other (Fig. 106). The structures overprint 82 struc tures and
in some casss bedding-(sz) cleavage intersections cccur and
are ;clded around the chevrons; the angle batwnéﬁ’the folded
lineation and the axis of the chevron i3 rarely greater than
30°. ’

The rocks in which the chevrons are developed asre biotite
schists with 60~75% bilotlte (and minor muscovite), guartz and
rare feldspar. Intergranulasr opaque minerals are common
accessorlies, The chevrons develop as the mesoscoplc expression
of microcrenulations which develop most strongly in certain
zones. Only rarely are the crenulations very approssed and
then the micas have & strong préferred orientation parallel
o the nsw cleavage and have & smaller grain slze (Fig. 107).
The folds have remarkably regular iimba for folds associsted
with erenulation cleavage; this may be a function of the lack
of any competent leayers 1n the soequence.

Owing to the very limited area of thess folds, their
significance In terms of the reglonal structure can not be
determined. However it appears significent that the only
outcrops of 33 folds are adjacent to a zone of rather complex
faulting and a genetlic relation is suggested.

Structures in the Sturt Group.

No different styles of deformatlion are cbserved in the

Sturt Group but certain features are better displayed in these
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rocks than in the Torrens Group rocks. Some apparent
differences in deformation arise from the general lower
plunge in the Sturt Group, and because the Sturt Group

occurs more on the liubs of large structures whereas much

of the Torrens Group is in the crestal reglons of macrofolds.
Fowever this suthor has observed ro structures or stratigraph-
ical relationships which suggest that the Sturt Group lies
unconformably on the Torrens Group, as suggested by Cempans
and King (1958),

The basal "t1llite" shows almost no small scale
structures. Over much of its outerop it 1s on the limb of
the wsjor central synclinal structure and exhibits almost
no wvarlation in attitude except where affected by faults,

In thin lensoid interbeds of iapure quartzites the foliation
is perallel %o the leyering in most areas, The only najor
series of fold struectures affecting the "t111ite" are at

the ecastern end of its outcrop. Here the folding of the
"t11lite" is in conformity with that of the underlying
Torrens Group,

At the western end of these folds the plungq on the
structure 1s about 46-50° (sinilar to the plunge of 44° of
the Torrens Group in Subareas By, C and D), The fold is
simple and is outlined by thin quartzites at the top of the
"tillite". The baese of the "tillite" is more difficult to
foliow, as the underlylng beds have a asimilarp composition

but lack erratics, Just east of Locality 22 the foliation
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in the mica schists and tillite is strong and commonly
shreds out the contact, Furthermore the schistosity in the
"£11lite" is differantially developed in certain zones and
gives a pronounced large-scale layering to the rock. on

the top of the hill formed by the "t1llite" differential
erosion of the schistose and non-schistose layers results

in an outerop pattern dominated by the schistoaity. However,
the structure of the true laysring 1s revealed by the
quartzite layers and is also apparent on the aerial
photographs or when viewed from a dis tance in the field.

To the east of this easte-plunging structure the structure
changes in plunge to sbout 15° to the west, giving rise to
a basin structure in some of the beds 8lightly higher than
the "t1llite". Then the ti1llite is folded sharply (near
Locality 23) and most of the tillite ig faulted out in the
core of this structure. The "tillite" Qection is finally
cut out by the major northesouth fault to the east,

‘Another feature of the deformation of the Sturt Group
is the presence of numerous small scale foldgé in many of
the quartzites, These folds, which are quite regular in
thelr development are never larger than a few metres in
smplitude (Fig, 108) and would be termed parasitic folds
by Ie Sitter, (1958). The folds are seldom large enough
to reprssent on the scale of the map snd do not affect the
overall outerop pattern in any significant way. On most of
the llmbs of large folds the folded surface in the small



Fig. los, Small folds in quartzites. View
looking east.

Northern part of Plate IV,

Fig. 109, Transposed layoring in quartzite.
Subares H, Plate I¥.
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folds is continuous. However, in the crostal regions of

the large folds, transposition g tructures are found in the
thicker bands of quartzite. The quartzltes then appear 88

a seriles of en echelon lenses gubparallel %o the follatlon,
the lenses arranged in a very regular pattern; the enveloping
gurfaces outline & gmoo th outerop pattern (Fig. 109}, In

a few localities the genersally massive quartzltes show

good compositional layering which eppears to be bedding.

This bedding is parallel to the lengin of the plocks (Fig.
110) and mica schist occurs between the quartzlites.

only the thicker gquertzlite layers have been detormed
on this pattern; the thinner guartzives tend to show small
folds sinilar to those of ¥ig., 103. Tn elither case the
overall resulb i1 that the long 1imbs of the small structures
are closely parellel to the local £611ation, =2nd the s tructure
seems to be & compromise between the constraint of the
layering attitude a8 2 whole (represented by the enveloping
aurface) and the tendency for the individual gquertzibe
layers %o be transposed parallel %o the follatlon.

This style of deformation is also compon in meny of the
other thin martzites jn the Torrens end sturt Groups, and
these structures emphasizo the role of transposition in the
deformation of rocks which apparently show very uroad simple
gtructurod. Transposition on 8 large scale may also Dbe
importent 1in some parts of the aref. In Subarea E, the
northern part of subarea J and the southern part of Subarea

H, the layering and foliation are commonly parallel, and the



Pilg. 110. Transposed leyering in quartzlte.
The layering (parsllel to %hio hammer)
is approximately ot right sugles to
the enveloping surface.

Rorthern part of Plate ly,
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smoo th straigh: outerops may reflect a large scale
transposition of the layering.
Faults.

Faylts play a major part in the structure of the region
and in meny places have modified the folg structures to a
considerable degree. It is difficult to separate different
groups of faults, as large faults may change in strike by
90degrees in & compsratively short distance, It is not
believed that sueh changes represent the intersection of
different fracture systems, since the change in strike of
the faults is usually gradusl,

Feults with a small displacement are more common than
can be indicated on & map of any reasonable scale, A double
set of north-south faults is conmon in the central rert of
the aree as are a series of small eastewest faults, The
faults cut folded or Transposed structures ané éppear %o be
late structures,

The series of large curving faults are thought o be of
different nature ang appesr to be related to the folding in
the aree. Of special Importance are the lerge faults which

bound the eastern sides of both the Upper Precambrian "sleoves®,

The fault on the east of the eastern tongue can be traced
ever most of ite length except for a small part near the

ereex just south of the main "t1111te" (1.e., southeast of
Loc. 22), where alluvium covers the contact, Although the

fault contact is rarely observed, the vosltion of the fault
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can always be located to within 5 to 10 metres, In only

a few places does the fault cross regions of significant relief
(e.g. Localities 53<E5) and tne straight nature of the contact
in these regions suggests that the fault is essentially
varticasl,

The movements on the fault must also have been essentially
vertical, as the highly curved nature of outerop of the
fault 1s not consistent with a large lateral movement on &
vertical fault. The apparent left lateral movement on the
fault indicated by the disposition of the schist cuterops
is probably due to the granite intrusion on the eastern
side of the fault havins displaced the schist boundary in a
northerly direction.

The faults along the eastern and nor thern margins of the
western Torrens Group sleeve (east of Subares J and the ground
sround Subarea /) are not so well 8Xposed. The northesouth
pert of the faulte-system runs largely through partially
covered pediment but its trace can be reasonably accurately
locatsd and established by plotting scattered low outcrops.
North of the area where the fault diverges into at losst
three branches, the outerop along the weatern branch is
fairly good, and the position of the fault is well located.
Its northern extension is not mapped beyond the point where
displacemsnt of beds ean no longer be seen, although 1t scems
quite likely that 1& could continue sas s foliation fault for

some distance to the northoast,



The middle branch (passing just north of Subarea 1v)
is covered by alluvium. The approximate trace of the fault
has been determined on %he cceurrence of quar tz-haematite
breccias in the middle of the alluvium and the cutting out
of the main dolomite. The southern branch of the faulst,
which runs elong the southern boundery of Subarea v, is
considered to be well established, as the outcrop along
1ts length is somewhat better exposed than along the central
fault,

It is not known whethér the two southern faults are
merely branches of the main rorthern fault or whether they
should be considered us rari of a different system. In
particular the northern snd central Paults cut out some
of the sequence whereas the southern fault repeats the
asquence. A possible solution is suggested in Pig, 111,

a sketch sectlon through Locality 48, but the author
admits that he nas no real evidsnce to supvort such an
Interpretation.

Movements In the western sleeve seem consistent with
an east-west shortening in which the Sturt Group has over-
ridden the Torrens Group and has come into contact with the
Archaean. This interpretation would explain the buekling of
the Sturt Group ouberops pattern, the much greater squeezing
¢f the wmore incompetent Torrens Group schists and the
considerable thinning of the beds sbove the "t1llite". The
faults would be hinge faults as suggested by the considerable

Increase in apparent horizontal displacement from north to south,



Fig. 11l. Interpretation of faulting in

Subarea IV.

Korth-south eross-soction through

Locality 48.
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CHAPTER XV.

MACROSCOFIC STRUCTURAL ANALYSIS OF THE WHEY WHEY CRERK AREA.
Geometry.,
Measurements in the Willyama Complex of layering (81);

foliatlon (8,); fold axes (By), without a erenulation cleavage
parallel to the axial surface; crenulation cleavage (33);
fold axes (BS)’ with Sy as axiel surface; and axial surfaces
of kinks (84), wor measured where possible and eollective
plots constructed (Fig. 112A). Neasurements in the Upper
Precembrian of bedding or transposed bedding (8); cleavage
or schistosity (S5); fold axes (B); pebble elongations (L)
and rare crenulation cleavage (S3) are shown in collective
diagrems (Fig. 112B).

Subarea plots of S,, Sg,53, 54, Bp and Bz in the Willyama

Complex and S,, Sp and B in the Upper Precambrisn are shown
on Plate V. In subareas where less than 25 measurements
were taken of any particuler structural element, those
points were not contoured. A glance at Flate V therefore
gives some idea of the relative abundance of each structural
element in individual subareas (Subarea IV is an exception,
as the subares 1lg small and Sg is the only struc tural element
which can be measured with any degree of certainty).

Both the collective and subareas plots of the structural
elements 1n the Willyama Complex confirm the stfuctural

simplicity observed in the field, 547, S and Sz are all



Fig. 112A, Collective diagrams of structursl elements of

the Willyama ComplexX.
ﬂ'Sl 127 readings;

TS, 380 readings;
110 readings;
TS, 31 readings;
B 52 readings;

33 77 readings;

1-3-5«0 % contours per 1% area
13% lax.

1-3-6=0 % contours per 1% area
19% Hax.

1-3-6~3 % contours per 1% area
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1 -8=12~16% contours per 1% srea
20% Hax.

2.6-10-14% contours per 1% area
20% Hax.

2-6-10-141% contours per 1% area
27% Haxe
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Fig., 112B, Collective disgrams of structural elements of

the Upper Precambrian,
TS 815 readings;

g 32 217 readings;
B 152 readings;
L 28 readings.

(Pebble elongations)
e S3 15 readings.
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1-3-5-9% contours per 1% area
15% Max.



UPPER PRECAMBRIAN

COLLECTIVE DIAGRAMS

wSs;

FI16 1128



157,

essentially parallel and Bs and Bzhave a dominantly
east plunge, although theyvary considerably within the
planes of Sg and Sg.

The plots of the structural elements of the Upper
Precambrian show a greater variation. Plots of Subareas
A, B, C and D (Torrens Group) indicate moderate to steep
easterly plunges of fold axes (Subarea D is rather irregular,
due to the different plunge associated with the ma jor fault
on the east boundary of the area). The other subareas, all
In the Sturt Group, show a much lower plunge and even
reversals of plunge. This might be talken as evidence that
the Torrens Group was deformed prior to the deposition of
the Sturt Group. However, these differences cen be explained
In terms of the difference in proxinity of the two groups
to the Willyema Complex (see Chapkar XIV),

The comparison of structural elements in the Willyama
Complex with those in the Upper Precambrian shows certain
similerities between the two suites. The follation in both
suites 1is 6ssentlally parallel and the attitude of fold axes
in the Torrens Group are similar to those in the Willyama
Complex., |

Two subareas in the Upper Precambrisn have not been
blotted on Plate V. The first is the area in the far
northeast (north of Subareas D) which shows the reversal in
plunge of the axes in the Sturt Group. A collective plot

of this subarea gives a false impression of the strue ture,
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end the varilation in fold sxes 1s in too small an area
to be further subdivided on the scals of Plate V. Uncontoured
diagrams of the limited data available from this area are
shown in Fig. 113, These show the relatively inhomogeneous
nature of this subares.

The second subarea omitted from Plate V 1s that east
of Suberea A and B. This subarea is extremely important but
unfortunately lack of solid outerop made it impossible to
collect enough deta in this area. The data collected (Fig.
114) indicate that in this subarea there is a very strong
swing in follation, layering and fold axes towards parallelism
with the major fault direction. This swing, whiech is
apparent in the foliation attitudes even in Subareas 4 and
B, could be the result of a number of Processes. 1t could
represent overprinting of the east=west struzture on a
north-south structure cor vice~-versa, but no mesoscopic
evidence was seen to support thig hypothesis, Alternatively
the structure ecould be sn appressed basin structure similar
to the "t1llite" besin in the north. If so 1t 1s necessary
to invoke some process which has rotated the cleavage into
a nore northeriy attitude,
Movement picture (kinematics).

It has been demonstrated that there 1s a close geometric
relationship between the structures in the various groups
of rocks studled., It remains now to try to build a somewhat

speculative movement picture relating the various struc tural
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elements observsd,

Both mesoscopic and macroscopic evidence (e.g., the
profile, Fig. 96) suggest that elements of both similar ang
concentric style of deformation are Present in the final
structures. To a large extent the deformation of the mica
schists can be considered an Sepassive deformaticn, the
lamina tions playing only a smsll part in the deformation.
The thicker layers may have exerted a gonstraining influence
on the homogeneity of deformation. On the other hand the
style of deformation in the thicker quartzite horizons is
concentriec and indicates an S-active deformation, with a
considerable shortening perpendicular %o the axial surface.
As Carey (1962) points out this shor tening can be purely
& local effect and may not be found in the underlying strata,
but in the absence of distinct planes of separation be tween
the quartzites 2nd mica schists it 8cems reasonable that
the shortening In the quartzites is also present in the mica
schists. This deformation could be accomplished by a plastic
flattening perpendicular to the axlial surface with extenalion
perpendicular to andpossibly also bparallel to the steep fold N
axes.

The flattening indicated by tne deformed pebbles may
not be applicable %o the area as a whole. The amount of
highly deformed conglomerate is smell, but the orientation
of the long axes is fairly uniform over the whole area and
may indlcate constant strain axes for the area. The axis

of maximum (positive) strain is berpendiculer to the foliation.
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and the axls of maximum release is approximately vertical.
It 1s very doubtful whether these strain axes can be
correlated with movement axes. The symmetry of deformation
of the pebbles (orthorhomi:ic)is not the same as the symmetry
of folding (monoclinic). - One of the symmetry planes of the
deformed pebbles corresponds to the foliation but the other
symme try planes are neither parallel nor perpendicular to
the symmetry plene of the monoclinic folds. It is therefors
not possible to .relate the fabric axes of the pebbles to
those of the folding.

The movement picture therefore has to be deduced for
an aree which has essentially triclinie symme try but which
on a large scale may be orthorhombic. The movements in
the Torrens Group appear %o be related to a single period
of triaxiel strain in which the axis of greatest shortening
was perpendicular to the axlal surfuce of the Torrens Group
folds (and Willyama Complex follation)., A secondary axis
of positive strain was oriented parallel to the follation
but was essentlally horizontal. The bulk strain was
accompllshed by folding on east-northeast axes and possibly
also by plastic flattening. The strain perpendicular to
this direction appears to have been asccomplished partly by
cross-folding, resulting in variations in plunge in the
Sturt Group and partly by faulting., In the Torrens Group
the shortening was more localized and was manifested by

intense deformation accompanied by faulting in the western
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sleeve and to e less extent in the eastern 8leeve. The
analogy of squeezing between the Jaws of & vice (the two
blocks of the Willyama Complex) is bvarticularly striking
in the western sleeve but may also be applied to all parts
of the Upper Frecambrian where adjacent to major faults.

These movements afe consistent with the formation of
variable plunges in the younger sequence and with the
vertical axils of relief indicated by the deformed conglome
erates. During this phase of deformation the Willyama
Complex appears to have besn plesticelly deformed without
the forﬁation of large folds, The greater case of deformstion
of the mice schists has resulted in differential concentration
of the strain In these rocks snd it 1s belleved that the
mica schists have "flowed" and locallzed the more complex
folds in the Torrens Group adjacent to them, The presence
of more massive gneisses both to the west and the east may
have resulted in an easentially vertical rolasse in the
central bleock of the Willyame Complex giving rise (in part)

to the steeper fold axes in the Torrens Group.
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CHLPTER XVI.
RELATIONSHIPS BETJEEN THE “ARCHAEAN" AND THE UPPER
PRECAMBRIAN ROCKS.

In the previous chapters the evidence relating to the
metemorphle and structural histories of %wo areass in South
Australlia has been discussed. 1In this final chapter some
general conclusions are advanced concerning the relationships
be tween metamorphic sequences of two different ages.

tietamorphic relationships.

In both areas examined 1t was found that the wesent
metamerpnic grade of the two segquences in contsct are
essonblally similar. In the Paracombe=lit. Gawler area the
me tamorphic grade of the itwo sequences i1g that of the lower
greenschlst faciss. The Torrens Group rocks are charactorized
by assemblages of guartzesericite<chlorite. Carbonetes are
alsoc common. Albite and microcline way be solely rslic
sedimentary uinerals but are stable under these conditions
of wmetamorphism. The presence of microcline outgrowths on
microcline could be an asuthigenic change or a higher grade
metaﬁorphic one (baskin, 1986). These assemblsges, together
with the gensral absence of biotite, are consistent with the
quartz-albite-muscovite-chlorite subfacies of the greenschist
facles. (chlorite zone) (Fyfe and others, 1958).

The adjacent Loughton Complex alsc contains agserblages
conzistont with the lower greenschist facles. Te mineral

esgemblages are chasracterized by combinstions of quartz,



163.

alblte, muscovite, chlorite, epldote and actinolite. Biotite
occurs rarely but may indicate & somewhat higher grade of
me tamorphism in parts of the Houghton Complex.

As well as these assemblages characteristic of the
greenschist facles, relic sssemblages of an earlier higher
me tamorphic grade sre present in the Houghton Complex.
Assemblages occurring as relics are microcline (perthite)-
oligoclase (to andesine)-diopside; feldspar-hornblende;
rocks with relle sillimanite, andalusite-sillimanite, garnet
and blotite also occur. Epldote mey have been part of the
prinary assemblage. These assemblages are consistent with
the emphibolite facles (and also with the hornblende-granulite
facles, but the absence of hypersthene and the poasible
presence of epidote 1s more consistent with the amphibolite
facles). The rocks are thought to have been schists and
gnelsses wlth pegmatitic (or metesometic) schlieren. The
feldspar gnelsses may have besn igneous or rmetasomatic in
origin.

The relationship of the period (or periods) of the
retrograde metamorphism to the Torrens Group is not completely
urderstood. The Houghton Complex must have undergone a
period of retrograde metamorphism before the deposition of
the Torrens Group, presumably in the greenschists facies.
However, since the Torrens Group has also been metamcrphosed
to the greenschist facles, 1t is not %nown whether the main

period of retrogression in the Koughton Complex was related
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to the earlisr or later greenschist facles meteamorphlsm.

The conly features which might be sevsrated Inte two phases

of retrogression are (1) the change sndesirs to eollizoclsse-
albite and epldote, comparsd with the change olige~olacze to
sericite, and (2) the formetion of zones of orienteda ssricite
in roeks which showed a more uniform depree of elteratlon.
These features could, however, heve been producad in a single
phese of metamorphism in the greenschilst facles.

The grade of wetamorphism in the area mepped (l.e.,
greonschist facles) 1s lower than in ths surrounding eress.
The grade increrses sharply Just to the east of the ares
nepped and the suthor has found sillicenite just north of
Gumerache. oonditions of higher grade metamorphism ave
more gensral about 510 miles east of the area maepped,
Assemblages contaln andaluslte, staurvlite, kyanite, garnet
snd sillizanite (Kleeman and Skirner, 1959).

Bigher grade rocks (eontaining sililimanite) are also
reported on the Gawler milibtary sheet north of the arsa
meppad (Campana end others, 1956; Alderman, 1942). Koeks
of the blotlte grade occcur %o the south of Adelaide (Campana
end others, 1963), Kleeman snd White (1956) stste that the
highest gredes of.metanorphism in the kt. iLoftvianges occur
to the east of the "Archaean" maesses {nesr Tanunda) and
that the grade of metamorphlism decresses rapidly out from
thils high grade region, The metamorphic evidence in the area

mapped fits into this pattern of incressing metsmorphism to
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the east. Host of the ares mapped can be considered to

be in the chlorite zone but & diffuse zone ninning nor thwest
from Gumeracha, and inecluding parts of the Hough ton Complex
defines an approxincte biotite lsograd. The presence of the
"Archaean" core does not seem to hsve arffected the distribution
of metamorphic zones.

In the Wihey Whey Creek arez the rocks of the Willyama
Compliex and overlying ﬁpper:&r:cambrian ars also similer in
me tamorphic grade. The characteristic minerel assemblages
in the Willyaws Complex ere quartzemnicrocline~slbiteemuscovite -
blotite: albite-actinalit&—epidote; quartz-muscovite-biotites
quartz-puscovite-biotite~garnet; actinolite~albite=garnet=
sphene. (ne outcrop containing stauro.ite, chloritoid and
slllimanite mey be a relic from an overall bigher metamorphie
grade. Knots of wuscovite vbserved in the schists may be
after andalusite and ¥r. €. J. Mills reports andalusite
and abundant garnet to the east of the area mapped. However,
most of the assemblages observed in the Wihey %hey Creex ares
are consistent with the blotite and garnet zones of ths
greenschist faclies of metemorphism, and if the rociks are
retrograde from a higher grads of me tamorvinism mwost of the
etldenee for this higher grade has been destroyed. It is
pernaps suggestive that the ares contains non-laysred
granites, massive begmatites and numerous migmatites,
Although thess rocks could have formed in the greenschist

facies they sre more consistent with the amphibolite facies
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(Turnert's Fig. 107 in Fyfe and others, 1958) which the rare
relics suggest. The present mineralogy of the rocks would
then reflect a peiod of recrystallization in the upper
greenschist facies.

The metamorphic grade of the Upper FPrecambrian rocis
is alsoc of the groenschist facies., ‘The characteristic
assemblages are quartz~muacoviteabiotite; quartz-feldspar-
biotite»actinolitey carbonate-tremolite., These assemblages
are characterist;c of the middle greenschist facles (biotite
zone) and as noted before, the only equilibrium minoral found
in the Willyanma Complex but lacking in these assemblages 1is
garnet. The presence of the rare garnet in the Willyama
Coumplex may indicate &n upper greenschist facies compared
with the middle greenschist facies of the Torrens Group, but
1t is possible that the garnet is a relic mineral from the
period of higher grade metamorphism,

The rocks of the two areal mapred show considorable
differences in eppearance. The widesprsad cataclasites of
the Houghton Complex contrast strongly with the coarsar-
grained schists and gnelsses of the Willyama Compiex.
Similarly the relatively abundaent rocks with relic higher
grade minerals in the Houghtor. Complex Compares with their
relative sbsence in the Villlyama rocks in the Whey Whey Creek
area. It is thought that these differences arise mainly
through the differences in metsmorphic grade between the two

areas mapped. in incresse in me tamorphism from chlorite



zon: to biotlte zone east of the ioughton Complex is
accompanied by a large ircrease in grain size and obliteration
of the orlginal textures (but not larger scale structures

such as bedding). Simileriy it is expected that retrogression
at the blotite zone will have resulted in iore complete
breskdown of the originsl minerals than retrogression at

the chlorite zone. The lower grade ¢f retrogroession =t
ﬁoughton appears to have resulted in dominantly c«taclastic
effects, In the Willyesms Complex on the other tand the
bigher grade of mctamorphism has resultsd in schists and
gnelsges with & more normal appearance, wilth equilibrium

grain growth felrics end ouly rare plsstic deformetion fabrics,

Structural Relstionships.

Areas in whichk two different sequences of rocks are
teformed together are fairly common in meny parts of the
world., GSeversl types of sﬁruetural~relaticnships between
the two sequences are reported in the litersture. kxamyles
of rolatlvely unmetemorphosed rocks of g younger soquence
resting on a crystalline basement are recordod by Hudson (1955),
Fooss and others (164/) and Buicher (1962). In bhese
axamples the vounger rocke appear o drsve over an ulder
sequence which has been either faulted, sheared or folded.

At & gsomewkat higher grade of we tamorphism and deformation,
parallel folilations in the two Sequences arg doveloped, and
commonly the contuet zones are nighly sheared and any

structures in the underlying sequence are rotated into
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parallelism with the contact., Such relationshiys have been
reported by Oriel (1951), brace (1958), Sutton and Watson
(1958), Choquette (1960) and Bryant and Read (1962). Ross
(1962) has attempted 4o snalvae the effect of the folding in
the upper sequence on the structures of the lower sequence. His
conclusions sre based on the suproaition that the structures

in the older sequence played a gemnerally passive part in the
deformation, or have been foldsd. Neither of these conditions
are Important in the areas studied by the author.

A%t even higher prades of wetamorphism both the younger
and older rocks may become mobilized and appear to act as a
single unit. Under this heading sre the mantled gneliss domes,
the relationships of which were reviewed by Eskola (1949).
However these conditlons of metamorphism appear quite
different from the South fustralian examples, although some
of Lskola's examples show broad features in common wlth those
studled by the author.

In all of these studises clted the =ffects of pro-
existing structures on the deformation of the younger sequance
have apparently been unimportant. Hven in regions whare the
strike of layering in the vounger series cuts aecress the
dominant strike of the foliation in the older sequencs, the
foliatlon trends swing parallel to the contact,

In South Austrelia and the borderinsz Barrier Renges
of New South Wales, relationships different from those

described elsewherse are important., Leslie and White (1988),
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in a study of the unconformlty between the Torrowangee
series and the Will yama Complex, pointed out that the
structure in the older sequence is much simpler than the
structure observed in the Torrowangee rocks. They offered
several alternatives in expleanation. The maln alternatives
were (1) that the younger sequence was folded independently
of the basement, (2) that faulting in the  "Archaesn" is
reflected in folding in the Torrowengee roecks and (3) that
differences in plasticity between the two sequences has
glven rise to differences in folding.

In the Whey Whey Creek area none of these alternatives
will explain completely the relaticnships observed. The
contacts between the Willyama Complex esnd the Torrens Group
are most commonly unsheared, and only in the large highly
appressed synclines can sny significant movement or
detachment have taken place. The correlation of mesoscopilec
and macroscdpic folds in the Torrens Group with differences
in rock type in the Willyama Cémplex suggests that differences
in bulk strain in the different rocks of the o¢older sequence
have localized these folds. There is no evidence that any
large scale folds in the Willyams Complex correspond to the
scale of folds in the Torrens Group, and the smell scale folds
in the Willyama Complex are not important in determining the
structures in the overlying beds. It hes been noted tunat
even close to large folds in the Torrens Group the foliation
in the Willyama Complex maintains its plansr preferred

orientation and is not foided into conformity with the contact.
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Rather the layering in the Torrens Group is seen to swing
parallel to the folistion in the Willyama Complex in the
c¢ores of appressed synclines, It appears therefore that
during the deposition of the Torrens Group the gross
layering and follation in the “illysme Complex weras vertical.
This perpendiculer relationship must have profoundly
Influenced the deformation of the Torrens Group. The prior
exlstence of a well-dsvelopad planar ztructure in ths Willyamsa
Complex has resulted in the concentration of deformstion in
zones parallel %o the foliilation, which has bsen modified in
part by a crenulation cleavage. Although the strain in the
Willyema Complex is probably reflacted in the Upper Frege-
cambriasn reoks, the deformation in the latter is %o s large
extent localized Ly the influence of the basemant.

The contact ¢f Upper Precembrian 2nd besement rocks
in the northwest part of the Whey Whey Creek arss diffasrs

A

from the southerun conbact in thals 1t ls faulted over mach

e
(o

1

tacts

o

of its lengih. The diflerences between these co

s

provedbly resulted from the mors messive nature of the
Farchaean” in the north.

In the rsracoumbe-lit. Gawler area the sontact rslatione
2nips are not su well c.uossd as at “hey Whey Jreak, but
the relationships appear to be sssentislly similsr. Over
muach of the Houghton Complex a glanar rreferred orientation
0f the iciiatlon is the dominant structural feature. This

fellation is largely a secondary one, sndé its azge relation
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to the deformation of the overlying Torrens Group has neot

been firmly esteblished. liowever, as at Weekeroo, this
foliation appears to have besn active in the deformation,

In the southern pert of the area, in the'nose" of the regional
anticline; rare contacts between the two sequences show a
sving in the foliation into near parallelism with the contact.
This relationship is similsr to most of the examples cited

in the literature. The swing of the foliation appears to
result from shearing along the contact.

The structures in the Torrens Group have a style which
conforms with the large ecale deformation, fioderately
dipping esst limbs with faulted steep west limba, indicate
tectonic transport in the westerly direction.. The Houghton
Complex appears %o nave acted as a simple core structure and
has adjusted to the folding in the overlying Torrens Group
by a predominantly Sepassive deformation.

These relatlonships deduced from a study of two smmll
areas In South Australia appear to have a broader application
to other areas in the State, and an Intimate relationship
betwesn the older rocks and the stratigraphy and structure
of the Upper Frecembraln rocks mey prove to be of more

regional importance than hitherto reslized.
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APPENDIX T,
ANALYSES OF HOUGHTON COMPLEX ROCKS.

Analysis Rock type Locality Reference
A Diorite Houghton Benson, 1909,
Complex
B Diorite o Alderman in Mawson, 1926,
c Adamellite " Spry, 1951.
D Syenite Yankalilla England, 1935,
B Syenite " ’
T Diorite B .
G Syenite ¥t. Compass =
H folerite » "
I Diorite o o
J Dolerite . "
K Diorite Aldgate .
1 Augen Humbug Scrud Alderman, 1938,
sneiss
1] Aagen " -
gneige
N Augen " #
oneiss
0 1 S o d.a it t
hybrid"
P Banded - "
gneiss
0 Schist = -

R Sehist - "
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0.08
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3.85
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0.148
0.05
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c
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0.16
0.13
0.01
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Trace

D

53.31
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3.69
1.37
1.73
13.81
1.0h
1,15
0.51
0.21
1.20
0.5
0.70
2.01
0.06

"

52,08
15.67
5438
1.76
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0.99
hoBY
0453
0.18
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0.06
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F

54..95
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.85
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3.76
0.76
O.1s1
0.22
0.2h
0,01
1.80

Neda

G
60,62
14.94

8.12
1.07
1.96
2.60
34140
6.16
0.33
0.13
O.hh
0.01
0.76

n.d.

H

18,66
17.99
2.13
ety
6.72
10,81
2.23
0.30
0.37
0.19
0.33
0.20
2.18
Trace
n.d.

99.74 100.54 100,55

I

51.78
15.53
L 17
6491
5,42
BJ12
2,82
0.72
0.69
0.20
0.51
.23
1.9%

n.d.

J

19.99
15.54
3.07
8lth
6.61
11.15
1.7
043
0.89
0.14
045
0.19
1.50

n.d.

K

61.09
15,75
2.
1.77
155
6.3
.69
0.73
0.51
0.08
0.33
.21
0.87
n.de.
n.d.

99,94 100.14 99.95

max



L
Si0, 66.89
TiO2 0.80
A1203 11,96
FeZOj 2.53
Pel 173
MnoO 0.01
MgO 1.57
Cao 1.59

Na20 2.13

¥,0 5.54
H20+ 1.23
HéO— C.22
co, 0.89

M
71.19
0.50
15,26
1.66
1.05
0.78
0.56
2.6l
5.87
0.96
n.d.

]

R
69.69
G«S0
15,51
2421
1.29
1.10
Okt
2.8
Lh.,91
1.12
nedes

0
5926
0.19
22.94
2.h41
1.49
n.d,
1.00
0.63
7.13
312
n.Qe
1.33
n.d.
n.d.

100.26 100,47 100.02 100.10

P
68.31
0.82
15.12
2.52
1.46
Ned.
1.22
0.91
2.1
533
n.d,.
1,11
n.d.
0.55

Q
61.53
0.75
20.70
2.96
2.35
1.69
0.26
0.71
G.2h
n.de.
2.87
n.de.
n.d.

R
60,02
n,d.
21.84
;u.67
as F520§
n.d.
2.11
0.43
1.09
6.25
n.d,.
n.d.
n.d,.
n.d.

99,76 100,06 (partial

enalysis)
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APPENDIX 11I.

PETROFABRIC STUDIES.

A limited number of quartz orientation diagrams were
prepared to determine the relationship between the mierofabric
and the mesoscopic structures.

In the Paracombe-Mt. Gawler area, nine dlagrams were
prepared from the retrograde rocks of the Houghton Complex,
and one from a rock showing granulitic fabrie. Quartz orientations
in three Torrens Group rocks wers also studied.

In the Whey Whey Creek area, six diagrams were prepared
from pebbles in the tasal conglomerates of the Torrens Group
and two from a foliated quartzite.

Statistically significant dlagrams are shown in Plate VI.
Conbours ave l’2'3'(’-t°%f>% lZwNé.,
SPECIMENS STUDIED.

Houghton Complex.

167+1875. Quartz-rich gneiss. The rock consists of an
aggregate of coarse-grained quartz with minor feldspar and
sericite. The quartz grains show undula tory extine tion but
are equidimensional. Xo significant pattern was seen after
meas&ring 255 grains, |

157-1374¢. A more highly deformed variant of 157-1375. The
quartz grains are elongite perallel to s weak follation, The
quartz dlagram shows monoclinie symmetry with a diffuse girdle
verpendicular to a mesoscopic lineation (Fig, 4, 259 grains),

157-283., Augen schist with zones of fine-grained quartz

and sericite separating relic zones rich in quartz. The large



xx|

grains show undulatory extinetion but show no significant
preferred orientation. Small quartz grains in s cross-cutting
veln of quartz show a wea% glrdle perpendicular to the lineation
and e maximum parallel %o the lineation (Fig. B, 230 grains),
Small quartz grains in °ne of the retrograde zones show
an incomplete girdle perpendicular te the lineation (Fig. c,
212 grains). However the maxime in diagrams B and C do not
coincide.
167-71. Augen schist with a strong retrograde foliation,
Diagrams prepared from both the large relic grains and the
swall polygonal grains show no significant preferred orientation,
167-172. Augen schist with rare quartz relics., ‘The
polygonal quartz grains show no significant preferred orientation,
Two hundred and twenty polygnnal graing in single large quartz
grain were measured separately from the other quarts grains,
The preferred orientation is poor but the c-axes tend to be
concentrated in the vicinity of the orientation of the c-axis
(¥ in Fig. D) of the host grain (Fig. D, 220 grains). (Diagram
brepared from fleld around that of text Pig, 41).
187-9944, Quartznfeldspgr gneiss. The quarts occurs in
highly elongate spindles, imparting a strong lineation to the

rock. The diagram shows a strong incomplete girdle perpendicular
to the lineation (Fig. &, 230 grains),

Torrens Group. Paracombe- Mt, Gawler area,

A pecimen of a quartz-rich nica schist from north of Gumeracha
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(157-1350, 267 grains) and two speclinens of quartzites (157-34
and 62F, 302 grains in each) showed no significant preferred

orientations.

ihey Whey Creek area,

Quartzite.

Four hundred grains were measured in each of two folilated
quartzites. The diegrams are similar, end show two girdles
intersecting in a line which is not perpendicular to the local
fold axis. The axis perpendicular to this intersection is
about 30° steeper than the fold axis; that 1s, it plunges about
75° to the northeast. Flg. F, 251-45; Fig. G, 231-46,

Conglomerates,

Five quartz diaorams from six pebbles in the basal

conglomerate show wimilar features (Figs, H, J, K, ¥ and N).

T™wo girdles sre more or less strongly developed symnme trically

to the follation an& ars broken in the region parallel to the
foliation (particularly ¥Fig. H). The best preferred orientation
(rig. ﬁ) is form s higkly deformed conglomerate; the other
diagrams are from weakly deformed conglomerates.

The apparently aberrant dlagram (Fig. L) shows only one of
the glrdles shown in Figs. K and M (from the same specimen). In
all three diagrams the northwest maximum 1is enly weakly developed.

Fig. H, 231-24B, 412 grains; Fig. J, B31-6, 410 grains.
Figs.&L end I are from separate pebbles in the same specimen
(231-246). Pig. K, 355 grains; Fig. L, 259 grains; Fig, H,

600 grains. Fig. N, 231-104, 353 grains,



xxiil
isoussion.

Petrofabric studies in the Paracombe-Nt. Gawler region
confirm the findings of Kleeman (1954) who reported no significant
preferrad orilentations from the retrograde schists of the Hough ton
Complex. However, a few of the diagrams show girdles perpendiculer
to a weak lineation. The granulitic gneiss shows a stronger
concentration of points but with the same general pattern.
Diagrams A, B, C and E show monoclinic symaetry with the lineation
P erpendicular to the symmetry. The girdles are thercfore ac
(fabric) girdles, and the linestion 1ia perallel to a b fabric
axis. However, the relationship pf the fabris axes to possible
kinématic axes eannot Le deduced with confiderce from the dats
avallsbla.

In the Whey Whey Creek are: the patterns of preferred
orientation of quartz are very similsr to those pubilished in the
literaturs for deformed pebtlos (Brace, 1955; Strand, 1944 and
Fllnn, 1956). Balk (1952) described sinilar festures from
quartzlites in the neighbourhood of thrust faults. It is of note
that thesa suthors intervret the lineations as parsllel to an g
axls, ard the girdles are therefore be girdles. Howeovoswr, their
cholce of axes was based on considerations of other fabric elementas
and s0 mey not be valid,

The fabrie in the quartzites 1s of interest in indicating a
L febriec exis which 1s steeper thsn the local fold axis. This
relationship 1s similar to the mésoscopic svidence that the long

axes of pebbles are stesper than the bedding-cleavage intersections.
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Flinn (195€6) reports a similar sltuation in the deformed
Funzle conglomerate. He demonstrated that the‘lonéiaxes
of the pebhbles remsained relativel#zconstant ovér thé whole
area, although the bedding-cleavaﬁe intersections vary
conaldorably, Such a situstion which is glso present- in
the Whey Whey Cresk area, indicates the difficulty in
correlating febric axes of one scale ef homogeneitv with

those of another ascale of homogeneity,‘ h i
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