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Between Grey Spur in the Hundred of Encounter Bay
and Brown Hill in the Hundred of Goolwa is & faulted
and folded sedimentary Sequence with a possible strati-
graphic thickness of 26,000 feet. The succession
overlies an Archaean inlier along a faulted unconformity
To the west of the inlier neap Myponga Hill similar sedi-
ments are ovef%hrust.

In the main area investigated the succession dips
steeply in & direction about 130 degrees eest of north.
There are¢ distinguished three main formations named
merely for convenience quartzite, subgreywacke and arkose
formations, These are overlezin conformably by greywackes
and slates. The quartzite formation is considered to in-
dicate stable shelf conditions, the arkose sharp differegn-
tial uplift with neighbouring slow subsidence, the greywacke
rapid uplifv and rapid deposition helow wave-base.

The structural position is not clear, but the most
simple hypothesis is assumed viz. that there is no major

disturbance,



INTRODUCTTION

On the western scarp of the Mount Lofty ranges and in the
Flinders Hanges rocks of iroterozoiz age have been extensively
investigated. inowledge of the sedimentary‘succession to the
ezst of the archaean inliers is not as advanced; this f?fgis is
presented ags a contribution to that knowledge.

'ne area investlgated occurs mainly in the Hundred of En-
counter Bay, partly in the Euncared of Goolwa, County Hindmarsh.
spring Mount, the centre of field operations, is about 38 miles
almost due south of Adelaide. The area is of about iorty square
miles and extends from a little west of Spring Mount to about
two miles north west of Port Elliot. In respect to the one
inch military sheets, the erea lies mainly on the Milang Sheety
pertly on the Encounter Bay and Yankelilla Sheets.

The main purpose of the investigation is stratigraphic.

By studying lithology and succession it wes hoped some light,
might be thrown on Fost-archaean sediments on the eastern scarp
of the Mount Lofty Renges, particularly in regard to thelr
stratigraphic relationship with the better known Adelaide $ystem
to the west and with other sedimentary rocks being studied on
the eastern scarp.

Forty days' Tfield mapping wes carried out with the aia of
aerial photographs obtalned on loan trom the Lands Department,

The region nas been investigzted previously by a number of
workers incluaing Howchin, Mawson, King and Guppy.

The writer has carried out the investigation during the
tenmure of a Junior Research Scholarship, and is indebted to
sir Douglas Mawson for suggesting the problem and for assklance
during the year's work. Acknowledgment is due also to senior
students and members of the Geology Department staff for assis-
tance and advige. The work heas been greatly facilitated by
Seie Herdwoods Limited who orovided accomodelion and assistance

at Bpring lount, through their Supervisor, lr. Camac.
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GECGRAFHY

Ferhaps the chier itopograpnic Teature is the bpoad, mature
.valley of the River Imnman which trends S.E.JAlong the northern
margin of this lower country is a range of hills dominated by such
points as Spring Mount (1358)feet), Inmen Hill (897 feet), Liount
Billy and Feeralilla Hill (each about 900 feet) anc wrown Hill (827
feet, about four miles F.w. of Yrort &lliot). (The heights wvere
read from the 1:253,440 ailitary sheet). The Hindmarsh River
originates in & small basin with & 5.4. trend to the north of
Spring Lount, then cuts through the range and for the final section
of its course flows though the Inman glacial terrain.

The three main factors influencing the geography of the region
are the distribution of bed-rock types, the lzte Palaeozoic glaci-
ation and the Tertiary block-uplifts.

The Rlver Inman has long been held to ocecupy a fossil glacial
valley. The chlef ev1dence for giaClBthn is the ngggp;ijg
occurrence of erratics, chiefly in the valley ana the low lying
neighbourhood. In. addition to the large granite erratics of the
Inman, however, patches of smzll rounded pebbles occur in the
higher country to the north. The remmant of glaciofluvial
material sometimes gives ampil of & very variable and patchy nature,
causing embarrassment during cultivation.

Swamps are most commonly a feature of the upper reaches of
streams where they are due to a low gradient possibly combined
with the effects of glaciofluvial sediments. Examples of such
swamps are st the western end of the Upper Hindmersh basin (Edin-
burgh swamp) and at the head of some creeks 5.5.W. of Spring lMount.

The Upper Hindmersh bagin itself may be a glacial feature.
Through it the Hindmsrsh follows a meandering course. This
mezndering of streams is typical of parts where there is a remnant
of the glaciofluvisl mantle. Streams therefore meander most com-
monly in their lower courses for nearly a mile south of the Hind-
marsh Falls, however, the River Hindmarsh meanders within the arkose
formation with an amplitude as great as the meanders of the Inman.
These Hindmarsh meanders are incised and controlled by the structure

of the arkoses. Cn reaching the lower country a little further
south the Hindmersh changes its course towards the south east
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This lower Hindmarsh still meanders but with no evident geological
control and a much reduced amplitude.,

The glaciasl features amo£ﬁ$ the positive landscape elements
may be distinguished with even less confidence., . The long,
rounded ridge of Inmen Hill may be one such element. It is
composed of resistant arkose with 2 thin soil supporting only
a sparse, stunted vegeteation and constitutes & prominent landmark.
Flanking both sides of the ridge are deposits of glaciofluvial
clays and sands embedded in which are some erratics varying in
size from peg%es te granite boulders of more than ten feet
diameter, There 1s also & residual patch of till on top of the
ridge at its north eastern end. Southwest of Inmen Hill on the
north bank of the Hiver Inmen is a small hill of arkose. The
hill is in an unusual position and in view of its rounded profile
and plan may be a rockmoutonne. 1he house nearby 1is sig;éfi-
cantly named "Glacial Hill", The scarp running north east
parallel to the Gawpit Gully road has & steepness possibly
atfributable to zlaciation, The streams cutting the scerp drop
rapidly in a series of waterfalls to the mature. country below.
There 1s a2lso the possibility however, thet this is « feult-scarp.

The geographic effects of basement rock type distribution
have been greatly modified by the other two main Tactors. in
the resistant drchaean gneisses and schists the topography is
mature, and the drzinage paitern is radial. The change from -
low scrub vegetation to high forest in 1assing Ifrom the archszean
to the marginal conglomerate is abrupt and well marked in some
localities, particularly on the northern mergin of the Hindmarsh.
basin,  This change occurs, but is less evident, between Ldin-
burgh Svamp and Grey Spur. The quartzite and sthist with an
average strike of forty degrees gives a trellis drainzge pattern .
Some valleys confined to schist sre deeply incised. Flow at right
angles to the strike corresponds to a Joint direection. #here
suff1c1ent s0il has developed, as in the neighbourhoodl of Spring
Mount, the quartzite, subgreywacke and arkoge formations will

alike carry a high forest vegetation. The ruggedness of the

topography between Inman Hill and Peerzlillas Hill along the north



side of the Inman-Hindmarsh lower country is due to the arkose

formation. This formation does mnot normeliy support forest ano
often giwves: stony patches difficult to cultivate. The change

in rock type from resistant arkose to softer interbecced slates

and greywackes is evident on the eestern slop of Feeralills Iill.
The smooth, cultivaied hills stretching scuth east to lort

Elliot zre =z contrast to the scrub-covered rvgredness of Feeralille
Hill.

The Hindmarsh Falls and two other notable waterfalls are on
a line beearing forty degrees. This perellels the strike of ar-
koge outcropuing at the falls and 4= therefore susgests that this
series of falls coincides with a particulerly resistant bed. ALt
each eoxposure, Tovever, Lhe eariose is disturbed and & contributing
factor mey therefore be fazultine, 4 waterfall also attribvutable
to locel faulting is that north west of Lthe Tower oi abel,

« note ¢ s0lls end vegetdion may be added here, { Soomsme.,
1948, kcological Studies (Thefis, li.Bc.) University of adelaide)
Lkiost of the soils are podsols; s&ve in the vininity of Spring
Liount where there is a residual lateritic soil. siccording to
Boomsma most of the uplands podsels have probably developed from
bedrock while those of the lowlands are more likely to have
developed from transported meterial including glaciofluvial
sediments.
sediments. In the vicinity of Spring Mount the residual
lateritic soil suj.orts Hucalyptus obliqua (stringy bark) high
forest. This also is the most cormon eucelypt in & zone ecst
and west of Spring Lount outside the high forest are:. I rominent
in the understory is the Black Boy bush, Xanthorrhoea semiplana,
On stony patches of arkose a low scrub of . Cosmophyélla {scrub
gum) occurs locally, Distinguishing a zomne perelleling the Inman
and commencing about two miles north of the river, the common
tree eucalypt is fasciculogs (pink gum}) . On a ppor soil such as
that of Inman Iill E. sasciculosa is stunted ang occurs with o,

~cosmophylle, casuarine stricta (sheoak) and Xanthorrhoea semiplene.,
S{*A;-\The dominant trees near the rivers are #. Camaldulensis and E.

leucoxylon (red gum and blue gum, respectively).
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STRUCTURAL GEOLOGY

Archaean - Proterozoic Boundary
Both on the west (near Myponga Hill) and on the east margin

the Archaean inlier is faulted. Reverse faulting to the west
and faulting on the east have structurally modified the margin-
al conglomerﬁte and.Archaean gneipses to produce convergent
augen gneiss and schists.

OQutecrops near Myponga Hill are poor in the zone of ovepr-
thrusting, but the sequence unmodified Proterozoie slates and
quartzites, augen gneiss (modified conglomerate) and schists,
unmodified Archaean pegmatite, gneiss and cale-silicate hornfels
may be traced. The slates dip beneath the Archaean gneisses
approximately parallel to the sbhistosity conferred by over-
thrusting. The schistosity has the attitude: strike 50 de-
g;eea E. of N., dip 50 degrees 8.

Grey Spur provides the best exposures of the eastern margin
faulting. In the upper coarse arkose phase of the gconglomer~
ate quartz and feldspar phenoclasts are stretched most in the
bedding—plane parallel to the dip~trace. The intensity of
dynamic metemorphism, as indicated by elongation of cobbles
within the conglomerate, increases as the faulted Archeean
contact is neared, The pink granitic gneiss F57, occurs
bout forty feet from recognizeble strongly sheared conglomerste
in which some cobbles have dimensions 14+ x 20 inches, 1 x 15
inches. Between stretched conglomerate and Archaean gneiss
is a pericitic gritty schist.

The basal stretched conglomerate may be traced for a short
distance as a narrow extension across the ereek on the N.E.
side of Grey Spur. The remainder of the marginal conglomerate
is not represented on the N.E. side of the creek, but is replaced
by a fine-grained schist (F64) and contorted fine-grained arkose,
This may be attributed alternatively to faulting or non depoaition
In a deep creek further N.E. where the conglomerate re-appears
is a peculiar rock (B60) which is pPossibly & much stressed

coarse arkose,
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The Archaean block has therefore moved relatively to the
flanking younger sediments, over-thrusting toward the north-
west end possibly in turn being overthrust by younger g#diments.

Quartzibe, Subgreywacke and Arkose Formationg

A central member of the quartzite formatioﬁ has been
tightly folded and from the accompanying map it would appear
that the whole formation is a syncline pltching at a shallow
angle to the north. If this is B0 there must exist between
the quartzite and arkose formations either a mejor fault or
unconf'ormity, since the top of the subgreywacke - arkose
succession lies to the south east.

The writer favours the alternative and not so spectacular
interpretation that the tightly folded quartzite marks the
anticlinal portion of a large drag-fold posseasing a shallow
pitch to the south west, paralleled by a synelinal axis a
short distance west. Reasons for this are:-

(1) there is no symmetry about the axis of folding,

(2) about one mile N.N.E, of Spring Mount the quartzite
Tormation appears to young to the east,

(3) a small (drag?) fold about half a mile N.W. of Spring
Mount simulates the mode of folding favoured.

There is a disturbed zone gbout one mile south-west of
Spring Mount but paﬁbity of outcrops renders comment highly
interpretative, The thin flexed quartzi$e and the elongate
hill of quartzite may be a reflection of the folding revealed
more clearly further south~west in the arkose formation.

The westernmost synclinal axis and truncating fault within
the lower arkose are undoubted; the antielinal axis a little
further east may be accompanied or replaced by faulting. An
undoubted minor fault within the quartzite formation ocecurs

sabout 1% miles N.N.W. of Spring Mount.
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Pogt Arkose - Greywacke and Slate

Within the greywacke-slate sBuccession there is a marked
cleavage trending about 45 degrees east of north and dipping
at a steep angle, The average strike and dip of bedding
planes which are rerely geen in a single outerop are 35
degreeas east of north and 70 degrees east, respectively.
Undoubted anticlinel folding occurs west of Brown Hill
with pitch (about 30 degrees?) to the north-west. In view
of the fact Ehat near Hindmarsh Valley the dip is again to
the east, drgg-folding is assumed with an intermediate synclinal

exis as indicated on the map,
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PETROLOGY AND STRATIGRAPHY

1.

The Archaean Complex

Gneiseece and schists of Archaean age occur west of the
marginal conglomerate and have been investigated for 8 short
distance from the conglomerate. The common rock types are
gneiagses of a granlitic character interspersed with simple
microcline-quartz pegnatites and in one loecality, a cale-
silicate hornfels. At leasat part of the complex is of
sedimentary origin, therefore. Where the mineral agso-
clation is diagnostic¢, the alblte~epidote amphibolite facies
of metamorphism is indicated. Superimposed on this in some
cages 1s a more recent retrograde metamprphism of the biotite
chlorite subfacies.

At the sheared base of the marginal conglomerate retro-
grade metamorphism is of course more evident. At Grey Spur
one of the Archaean rock types is a granitic gneiss in which
has developed secondary sericite, It is a medium to coarse
grained quartz—microcline-albiggitith gacceggory zircon.

A solitary outcro% of cale-silicate hornfels veined with
black tounnaline occurs about 1% miles N.N.E. of Grey Spur.
This outerop is remarkably like that of s sedimentary rock,
and possesses a granoblastic texture, The minerals are dkli-
goclage, microcline, diopside, epidote, calcite, sphene,
garnet, iron ore and apatite.

Exposed in Gum Tree Gully and the creek south of it are
graniteéc gneisses of varying granularity and biotite-~richness.
Such types as biotite-sericite sthist (mainly near the base
of the conglomerate), quartz and feldspsr augen-gneiss, coarse
white microline-quartz, graphic pegmatite and erenulated qQuartz-
sericite-biotite gneiss are common., Microscopically, two
examples may be cited. One is a medium-grained quartz-
andegine-biotite-gneiss. It has a poeciloblastic texture and
is composed of quartz, andegine crowded with epidote inclu~-
gions, biotite, apatite and iron ore. The other example is
the only gneiss found to contaln garnet. This 1s a grey,

fine-grained rock composed of porphyroblastic garnet and
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quartz in an eighty per cent ground mass of gericite with
some biotite. At least part of the mica is an alteration
product of garnet.

Near the conglomerate, marginal faulting has obliteprated
the original foliation of the Archaean rocks, achistosity
here being parallel to the attiftude of the conglomersate,
Further from the conglomerate schistoeity may still be the
samey,but in m%& cases 1s at an angle approaching a right
angle,

On the Myponga side of the Archeean inliep the calc- S
8ilicate hornfels has been located in several places., This
isg a distinci&ye rock and may prove to be a useful marker
when the inlier is given a full structural and petrological

investigation, which is beyond the gcope of this thesis.

The Quartzite Formation

Although alternating quartziet, and schist characterize thés:
formation, conglomerate and arkose are included. The west-
ernmost and stratigraphically lowep boundary is marked by the
faulted function of Archaean gneisses and schiste with s
marginal conglomerates, The conglomerate is best known at
Grey Spur, from where it stretches north eagt with only one
bresk to Edinburgh Swamp. The thickness of individual units
and that of the whole formation increases gradually toward
the north, The formation more than doubles its thickness
for the three miles mapped along the strike. In the centre
of the part mapped the formation has an outerop width of about

{.¥one mile with a possible stratigraphic thickness in the
neighbourhood of 3000 feet,

The following constitutes a seetion through the Quartzite
Formation, the data being derived from field sheets of aip-
rhotograph scale, and not from actual measurements, The
section is at right angles to the average strike and is from
a point one mile southwest of the road ledding west Prom

Spring Mount to Myponga, assuming an averasge d&ip of 70 degrees.,
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Struct%él duplication, other than the obvious instance of
Unit 13, i1s not allowed for:-
Unit 1  nmarginal conglomerate 210 feet
2 schist 160

3 quartzite (arkose at

Grey Spur) 210
schist 75
5 quartzite 200

6 slate and schist with
interbedded thin quart-

zite 178

7 a., marble grading into 25
b. quartzite 280

8 schist 16@
9 quartzite 75

10 slate and schist with

interbedded quertzite 100
11 quartzite 90
12 schist 365
13 guartzite, folded with

schigt 320
12  ghist 450
14 quartzite
15 schist 206
16 quartzite
17 schist 1000
18 quartzite Sl
19 schist 330
20 quartzite 500
21 skhist 188
22 quartzite 94

Totel thickness perpendicular to strata:
5250 feet,

Schist : guartzite thickness = 1.8:1
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The thicknesses are correct to about the nearest fifty
feet and serve therefore as a qualitative indication of re-
lative thicknesses in the formation, The usefulness of a
séction is severely limited by structural uncertsinty and

thickness variation along the strike.

The marginal conglomerate outcrops well only in & few
ptaces along its strike. The best locality for examination
is on the north-east side of Grey Spur. lLowever, it may be
followed readily even where there is no outecrop, because of
the distinctive rounded cobbles lying on the surface.

It is composed of & 70 per cent or more coarse, angular
sandy matrix of quartz, feldsper (ahout 30 per cent of matrix)
finer material and secondary sericite and muscovite. Bands of
ilmenite sometimes occur up to one inch thick. In this matrix
are cobbles of various sizes, these near the base having an
average diameter of about four inches. The largest cobble noted
has dimensions %0 x 10 x 4 inches and is disc shaped. Near the
top of the bed large cobbles are rare and the average grain size
%: giner that at the base. About 66 per cent of the cobbles
are quartzite, perhaps 10 per cent quartz and the remainder
fine grained gneiss with some graphic pegmatite. Feldspar
fragments frequently reach a diameter of one inch. There occur
also occasional rounded pebbles of ilmenite. The sphericities
of the two typical cobbles weathered out from the metrix were
determined and gave values of 0.78 and 0.59. from Iinsgection
the roundness of cobbles is about 0.8 (Erumbein & Sloss - 3edi-
mentation and Stratigraphy).

The upper part of the bed is an arkose (Rock No. F56) and
is probably representative of the conglomerate matrix as a whole,
Feldspar constitutes 30 per cent and ocecirrs mainly with quartz
hornfels as phenoclastz. Doth microcline and acid plagioclase
gre present. The matrix is recrystellized quartz with chlorite,
sericite, and acces=ories ilmenite, tourmaline, zircon and apatite.

&# preferred orientution, more evident in the micas, extends also
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to tourmaline prisms. Ihe arkose exhibits cross-bedding, in-
dicating that younging is to the south sast.

The metrix meterial of the conglomerate coulc have been
derived from neesrby Archaean rocimtypes. Ko quartzite beds
have been seen in the Archaean mapped and a provenance for
quartzite cobbles can mnot therefore be given. The degree of
Irounding of these cobbles is at any rate suggestive of a longer

distance of transport thaw the immediate locality would afford.

Schists with some slates comprise nearly two thirds of the
formation's thickness., They are commonly fine-grained grey
rocks. The schistosity planes sparkle with mica, which is mainly
blotite, Besides quartz the schists contain a little feldspar and
Jsericite with accessory tourmaline. Biotite shows a marked pre-
ferred orientation. In one léecality a grey pyritic slate was
noted.

These beds are poorly ocutcropping.

The equivalent of units two to five neer Grey Spur is &
series of alternating bands of arkose, schigt and fine-grzined
greywacke, arkose being predominant. The erkose may he massive
or banded and cross bedded, of a vale grey to white colour. It
is a compact hard recrystallized fine-grained rock composed of
quartz, about thirty per cent feldspar and a little accessory
sericite, tourmaline, pyrites and spatite. The associzted
greywacke is finer greained, richer in biotite znd of &z dark
grey colour. from these beds, cdue to thickening further north,
there smerges Lhe seguence vhich appears on the section.

about half the quarvzite i(ypifying thelormation are ortno-
quartzites, the remasinder being feldspathic.quartzites, They
are all compact, light-coloured recrystellized rocks, the feld-
spar content ranging irom almost nil to about ten ser cent.
urein-size is chiefly fine, but irdiviéual rounded graing ol
quartz and feldspar mey reach a diaueter of lm.m. Tourmaline,
zircon and pyrites are occasional accesgories. In the quartzitesz

. v o 1 ~ - »
rossessing & 'fused' ap;earance recrystallization has been more
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intense. This may be due either to fgulting or intense folding.
The quartzites, including the fused variety, show occasional cross-
bedding, though generally not clearly enought to esteblish the
facing of the beds.

Cne calcargous horizon was observed, and tha£ in only one
plece - the bottom of a narrow deep valley about one mile north
east of Grey Spur. Here & siliceous marble grades upward into
quartzite, The colouw ogfggck is pale grey when fresh and darker
brownish-black on the weathered surface. aarts grenules stand
out on the beddinga planes. Thexpurer martle in addition to re-
crystallized calcitthontains 10 ver cent small angular grains of
quartz, some feldspar and plentiful pyrites. This last probably
causes the darker colour of the westhered ;urﬁace. The calcareous
quartzite of intermediste composition contains a higher proportion
of quartz and feldspar grains of about 0.09 m.m. diameter and also
about 30 per cent of angular cuartz and feldspar fragments of an
average 0,28 m.m.

The overlying quartzite into which the marble grades is feld-
spathic quartzite containing sbout 10 per cent microcline which has
an average diameter of half a millimetre. Cross-bedding indicates
(not conclusively) that the series still youngs to the east. On
the ridges outcrops are laterised to a soft red-brown powdery grit%
normel weathering produces a soft pale brown argillaceous grit.
Thin slabs may be weathered into unusual patterns resembling com-

pound ripple-marks and concentric circular unduletions.
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of about 1,200 feet of dDlue-gray siate overialn by 2,800 Zeet
of subgreywacke, somns schist and rape beds rloher in quartsz.

The upper limit is marked by alternating arkose and greywacks
passing conformably wpward into the arkose foruation. This
boundary may be mapped znd its approximate position appears
on the accompenying plaj. The lower limit, save in the south,
la poorly exposed; zni inyview of the folding, truncation and
recrystallization of the ﬁumaito unit 22 of the underlying
forastion, 1s 2t least in part faulted,.

The poorly outeropping equivalents of this formation
forming part of the range to the sow h of the upper Hindwasygh
Valley are subgreywacks and spotted sehists with interbsdded
quartsite,

The roek termed subgreywacke isi\mn fine-grained, slighi-

iy schistose quartg-blotite rock of subgreywacks composition.
The average grain dismeter of 0.0%m.m. iz on the border oif sand
and silt., The massive outerops possesc & asswoth, dark grey
surfaceq Varlations due to change in gralnaize or proportions
of conatituents give rise to interbedded quertzite, schists and
spotted achists.

In a restrictied ares neer the eastern end of the swamp,
1% miles S5.8.W. of Spring Hount, subgreywacke contains ocoe~

.Bional ineiusions of recrystallised quartz hornfels. There

are roundsd pebbles of about two to four inches diameter.
Microacopically the pebblies are very similar to the neamby
racrystallized quartsites save that they eontain biotite.
They are only a loealized featurs due probebly to & temporary
vicissitude in sedimentation.

Schiat variants are more gommon tham quartsite. The
apotisd schist ¥66 occuming about two miles S.5.Y. of Spring
Mount mey serve as an exapple. This is & quarts-biotite-
sericite rock of finer grain than the subgreywacke and cone
taining & greater proportion of biotite.



The biotite is oriented ~referventizll: ecave within the centres
of incipient minerslizetion represented by rounded spots. The
gpots are of sboul one to two millimetres in size and 2iffer fro:
the rest of the rock in & greater _ercentzse of mices and the
3ifferent orientation., The growth of spots has been most
evident in the direction at right ansles Lo schistosity where
micas are seen to oz inrced zside and bent around the spots.
Interbedded quartzite is more prominent to the north,

possibly inaicating a dight cizage in facies.
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R % |
Smosth, massive subgreywacke

near  swam 15 miles ssw
of Sprinq Mount.

[nclusions  in subﬂreywacke,
same localiTj-



117 arkese soruction

arxose predouinales in this lorretism, ut ainor chickneseos
vl greywacke also wceur witﬂ:it. The outerop width is just over i
three miles and the Tormetion extendg from the .iver Iiuuen soutli-
west of Inman Hill to o line beering apboul 20 degrees Just east
of reeralills {ill,  inrther eest bthe characteristic roce-type is
greywacke,

In view of o vearietion In dij from 25 degrees Lo vertical
tne calevleated chickness is onl: &puroximate, the thickness of
the formztion based on an aversge dir of 56 degrees is 14,300 feet.

The arkose ig similar macroscopically to the average quart-
zite. The massive variety ls a hard, compact light grey to light
brovn rock. when streeked with tuin bivtive-ricn psnas the
composition is still that of an arkose but mey grace into greywacke
by an8 increase in the proportion of micas.

In thin section these rocks are seen to be largely recry-
stallized, perﬁﬁhs with the exception of feldspar and seme acces-
sory minersals., aversge grein diameter varies from sbout ¢.13 to
C.23 m.m, The mea%uged feldspar content, acid plagioclase and
michaiing,ranges from 33 to Y8 per cent by volume. There is no
significefit stratigraphic variation in feldspar content. Biotite
and sericite show a preferred orientation. Accessories are the
commoniiron ore, apatite, zircon snd tourmaline.

The banded arkosesexhibit a variéty of structures contem-
poraneous or penecontemporsneous with deposition. The most use-
ful is cross-bedding, all obeervations on which indicate that the
top of the formetion is to the east. These observations are in
the writer's opinion sufficiently widespread to indicate that
there is little if any, repetition by folding within the formation.
another common structure is mbnor folding which simuletes nappe
structure s, These overturned fuslds generally have an amplitude
of six to twelve inches but in one instance more than five feet
was measured, They ere attributable to slumping which in most
cases appears to have come from the north, the projection of over-
turning being to the south. Truncated slump structures serve to

confirm the conclusions from cross-bedding, Small scale pene-

contemperaneous faulting also occurs within the formation.



QUARTZ

f L AN
\ o,
R ' FELDSPAR

MiCA
COMPOSITION. OF SEDIMENTS
EXPRESSED AS RELATIVE
PERCENTAGES OF QUARTZ,
FELDSPAR AND MICA.
ROCK NUMBER FORMATION A COMPQSITION M
F
F7 QUARTZITE 93 3 4
F27 M 91 0 0
F56 L 63 30 7
FS SUBGREYWACKE 66 4 30
ARKOSE 62 33 5
3 : BB
Ff 38 22 40
F52 i 57 [l 32
F80 POST-ARKOSE 52 25 23

Fothas 1952.
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FPoat Arkoae Reds t

Conformably overlying the n;kaae formatian are beds,
pradominantly greywacke, of' about 7000 feet thickneas,
overlain in turn by slates. (Fotal thickness of greywaske
and interbedded slate perpendicular to bedding is 8300 feet
This ignores folding),

The greywsackes vary from light to derk grey end possess
8 ptrongly developed sohistosity. Uranularity aleo wvaries,
bat is chiefly fine. Microscoplcally the greywacke P.83 is
mede up of lens~shaped grains of quartz with longer axes
parallel. In terstitial uo the quartz and some feldsper
are micas with a parallel orientation. Accessory minerals
are cpidote, sircon, tourmaline, apatite and iron core.

Both the interbedded and overlying slates are chiefly
dark=coioured. The upper boundary of the greywecke beda has
been in@ticated only tentatively on the map.

The rock-types demcribed represent three phases of
gedinentation:-
(1) stable ghelf
(2) sharp uplift with corpesponding slow subaidence of
the basin of deposition
(3) sharp uplift ~ith 2nrresvonding reapid subsidenge.
Evidence of condition (1) is supplied by the gquartszite

formation. The gobble-compnnent of the marginal conglomerate
is obligomietic in character, while the arkose~component is
#roermably a 'hasal' arkose. The formation represcnts marine
tranggression over the astable continental shelf accompanied by
slight fluctuations in level. The source ares, in view of
the well-sorted mature of the deposits, possessed probebly =
meture or senile topography. This sequencs is the one which
most resembles the Adelaide fystan.

The subgreywacke formation possibly reprcsents condition
transitional betweea (1) ana (2).

The arkose formation 1ls considered to be a tectonic arkose,

reflecting rapid uplifi of a neighdbouring granitic ares (the
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Archaeen inlier). The Crequent cr;ssdbedding encountered

in this formation suggests shallow water accumulation, hence
agiowly subsiding area of deposition is postulated, S8lumping
from the north indicates also 8 slight t11t to the Jouth.

The poat arkose interbedded greywackes and slates represent
original muddy ssndetones and dark muds deposited rapidly below
wave-base. They therefore represcent geogynclinal or unatable
shelf conditionzs (3).

The shape of the area investigated allows very little

enguiry into facles change., However, ithe rapid south~wegterly

thinning of the quartzite formation is conaidered %o be dus

to a depth decreage in the environment of deposition.

Buch time markers as tillite or foaslils are not pregent
in the sequence, hence an age sannot be agsigned. it may
nevertheless safely be masumed that the quarizite formation is

Proterozolo in age.

Indicated on the map are three ocourrences of altered
dolerits,

l, Hear the unconformity and where the merginal ceconglomerate
hag been seversly attenuated due to faulting im & ive lfeet
wide dolerite sill which was traced for asbout rifty reet,
The specimen, ¥59, 18 & green-blaci medium-grained rook
speckled with white feldapar. The siil intrudes Archssan
goneigsean and appears to bave an ettitude similar to that
of nearby Proterozoic quartzites,

2+ About half a wile from the above ig another sill of
similar dimensions and attitude ocouring near the basse of
quartzite (unit 11). This dolerite (P2L), is more
coarsely crystslline thenm ¥59 and has been converted to
schigt along 1ty western margin.

3+ Hear the 7wop of the marginal conglomerate gouth of Bdinburgh
Jwamp a8nd just north of the Myponga road is a gmall weathered
exposure of goarsge dolerite similar to F2l. The outerop is

only a fewmjuare feet in area.



8.

The dolerites, as described in the Appendix, are all uralitized
and coneiderably altersd, but show relict ophitic texture under
the microssope.

eta

The peirologic terms applied to rocks of the post-Archsesn
succession are scdimentary, in view of the fact that this study
i@ primerily stratigrsaphic. Nevertheless, the rocks are low-
grade metamorphie, the subfacies ¢f metamorphism being the
biotite-chlorite subfacies of the greenschist facies.

The gencral metamorphism is dynemo~thermal with in some
localities a marked streas factor. within the subgreywacke
formation eertain spotted schista (e.g. PG6), may represent
deficient gtress.

Conversion of meta-~dolerite (F21) to the biotite-hornblende
schist (F20) indicates that strong regional metamorphism post
dated the intrusion.
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During Archaean time a sedimentary series represented now dy
fine=grained biotite gnelsses cnd cale gilicate hornfels was folded

and Intruded by cosrse granitic pegmatite. Uver the Archasan
bassmeni there passed o marine trsnsgression with consequent slow
accumulation of slternating sand end smd beds. In the littoral zome
the washed soll provided & marginal arkose and conglomerate. Then
followed the sequence of events indicated in the strutigraphic
interpretation.

Sedimantation may have continued Into early ialaesolic time when
the gcosynclinal sediments were folded and faulted. Possibly
esgompanying the folding, and befors the conclusion of regional
metamorphism, dolerite sills were intrmuded. A4t ths end of the
pariocd of regicual metamorphism the Encounter Bay granites (unstressed,
were intruded into the succession and later thenasives intruded by
dolerite dykes.

In late Falaesosolc time glaciation occurred, modifying the
topography and leaving a mantle of dabris. During the Mesozoic this
mantle w¥as parily removed £row the higher p‘aﬂaﬁ mateﬁ in
the valleys.

Early Tertiary time saw another maring transgression which
ferther re-worked the glaciofluvial manmtle., Cozl and limestone
accumulated within certeln areas including ike Hyponga and lUpper
Hindnarsh basins., In later Tertiary time uplift of the zrea cocured,
causing rejuvenation of streams and possidbly inclsing of the ifiddle
Hindmersh meanders. Laterite may be pre or post Koscdusiian.



LIST OF HATERTAL ACCOMPANYING THESIS

1.

Three 4 ins. to 1 mile maps of field observations and
specimen locatiouns.
Field note-book (containing specimen index).
Hand-specimens numnbered F1 to Fa7.
Thin sections of the foilouwing:
F5,7,11,16-81,83,254,85,27,28 . 30,32-34,42,45,46,49-53,
56,57,59,60,64,74.
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INDEX

Number Name Text Reference Page
5 subgreywacke 18, 22,
Fl1 calc-silicate hornfels il, 26,

F17 granitie gneiss 1l.

F21 uralitized dolerite 24, 27.
F33 arkose 21,22,

F42 quartz-andesine~biotite gneiss 11, 26,
F46 banded greywacke 21, 22,
749 arkose 21, 22, 27.
F56 arkose 14, 22,

57 granitic gneiss 11,

F59 uralitized dolerite 24.

Fé6Q albite-quartz-viotite schist 6.

F74 gericite-biotite-garnet gneiss 1l.

F83 greywacke 23,



ROCK NUMBER F5

MACROSCOPIC

MICROSCOPIC

A grey, fine-grained arenaceous rock in which may be
distinguished tiny flakes of black biotite and white
grains of juartz,

The average grain size is 0.09 m.m.,and the texture
granoblastic but modified by a preferred orientation

a8 evidenced in biotite. The minerals are listed
below in order of abundance,

Quartz(66%) is clear, colourless, xenoblastic and of
low relief, Although the graines are recrystallized

the general shapes indicate an original angularity,
Biotite(30%) appears as brown pleochroic rods or
flakgs of moderate relief. The pleochroism is X pale
yellow-brown, Y brown, Z very dark brown.

Birefringence is masked by these colours,

Albite{47} in ordinary light may be identical in
appearance with guartz, but often shows a cleavage or
alteration. The refractive index is approximately the
Same as balsam (less tham Jquartz}, Between crossed
nicols albite twin lamellse frequently appear, the
maximum extinction angle in the symmetrical zone being
10 degrees. Thik indicates a compositieon of ADSO
(albite-oligoclase), The interference figure is biaxial
positive with a high 2V, In view of the difficulty of
distinguishing between quartz and some untwinned or
unaltered fekdspar, the above percentage is probably an
understatement., A powdery or sericitic alteration
product sometimes occupies the central part of feldspar
grains.,

Sericite occurs as occasional clear colourless flakes.
It attaine a size greater than the average biotite,
Birefringence is strong. Some sericitic mica is faintly
Pleochroic_- this may be altered biotite.

Apatite and other accessory minerals may be located

easily in refleg



easily in reflected light. It appears as clear, colourless
rounded graind of high relief and low birefringence.

Zircon occurs in smaller grains then apatite, is of higher
relief and strong birefringence.

fourmaline is seen occasionally as grey pleochroic grains of

high relief,

the volume percentages given for quartz, micas and feldspar were
determined with the integration stage. As seen from the triangular
plot, the compositon is that of a subgreywacke. The original
quartz grains and the finer metrix material have suffered
recrystaliization, the latter as far as the biotite-chlorite

subfacies of regional metamorphism,



ROCK _NUMBER F1l

MACROSCOPIC A medium-grained greenish-grey banded rock in which
way be distinguished white calcite and plagioclase,
dark green diopside, yellow-green epidote and brown
garnet and sphene. The bending is controlled by

varying abundance of coloured minerals.

MICROSCOPIC A medium—-grained rock of grancblastiec texture, com-

posed of the following minerslsi-

Oligosimse (508) sppears as sbundant clear colourless
equidimensional sectione of low relief. Mogt grains
have a refractive index notably greater than balsam,
but occasionaly in a partieunlar orientation, the re-
fractive index is less than balgam. On geversl®
sections the plagioclase cleavages are well shown.
Birefringence is low and the interference figure
bilaxial negative with a fairly high 2V. Albite
twin lamellae possess a maximum extinction angle
in the symmetrical zone of 10 degrees (positive).
This indicates a composition Ab 75. Oligoclase con-
tains calcite intergrowths and also-alters slightly

to a faint powdery brown material or micaceous flakes.

Microcline (5%) is clear, colourless and xenoblastic.
Relief is low, the refractive index being less than
talgam. The cross-hatched twinning is frequently
exhibited. Microcline is biaxial negative with a high

2V and low birefringence.

Diopside (25%) occurs as green rounded to subidioblastic
sections of high relief. The two main cleavages when
present together are irregular, but are at an angle of
approximately 90 degrees. Blrefringence is strong and
the interference figure (as recognised in sections

perpendicular to the optic axis) bilaxial positive with

a high 2V.



ROCK NUMBER F1l
(continued) Epidote (8%) is seen in irregular scattered yellow-

green pleochroic masses of high relief. The grains

show numerous irregular fractures., The pleochroism
is X = very pale yellow green, Y = greenish yellow,
Z = yellow-green, The interference figure is biaxisl n

negative with a high 2V, Birefringence is strong.

Calecite (6%) occurs as clear, colourliess xenoblastic
sections showing the rhombic cleavage. Relief

typically changes with rotation.

@iphene (4%) is in pale brown faintly pleochroie rounded
grains of high relief. Birefringence 1s strong and
the interference figure biaxial positive with a low
V.

Garnet occurs in large brown grains similar in appear-

ance to sphene but non-pleochroic and isotropie.

Iron ore is black, opaque and appears sporadically in

amall angular grains,

Apatite, clear, colourless and of high relief is in
rare rounded grains. Birefringence is low and the

interference figure uniaxial negative,

The composition of the rock is unusual in that quartz
is absent and nearly all the constituent minersls are calc-sllicates.
The texture is that of a metamorphic rock in the formation of which
the stress factor was absent, possibly to be explained by & richness
in calcite. The subfacies of regional metamorphism is probably
chloritoid-almandine, indicated by the assocliation epidote-garnet-
calcite-diopside, Calc—silicate hornfels is & suliteble name.



ROCK_NUMBER ¥F1

MACROSCOPIC

MICROSCOPIC

Medium grained pink microcline, white quartz

and plagioclase and dark micas combine to give

the rock a light pinkish grey coluur. The
arrangement of sericitic mica along certain

planes is indicative of shearing. Iron ore
reacts to the magnet as readily as magnetite.

The average grain-size is about 2 m.m. and the
general texture granoblastic. Into this micas,
particulady sericite, introduce a ménor directed
element,

Microcline (30%) is much altered to sericite,

but the unaltered portions of grains are clear,
colourless and of low relief. The refractive
index is less than balsam. Some micnﬁ}ine con-
tains small rounded blgbs of quartaz. The c¢ross-
hatching is frequently seen between crossed nicols.
Birefringence is low and the interference figure
negative with a high 2V.

Albite (20%) does not form such large crystals awm
microcline, but suffers as much alteration. Graing
are of the same general appearance but show a bet-
ter cleavage and between crossed nicols the albite
twin lamellae. On these the maximum gymmetrical
extinction angle is about 14 degrees indicating
the composition Ab95. The refractivelindex is
less than to approximately equal that of balsam.
Quartz (30%) is clear, colourless, Xenoblastic

and relatively free from inclusions. Scome of

the finest quartz is probably recrystallized.
Biotite (7%) occurs as wellformed brown pleochroic
flakes associated with iqyn ore and recrystallized
sericite and auartz.

Muscovite (8%) is seen sometimes in clear, colour-

less well-formed flakes but is more common ag the

variety sericite. This is &n abundant alteration



ROCK NUMBER F17
product of feldspars, occurring as fine flakes
within crystals or better developed between the
grains.
Iron_ore is probably all magnetite and appears in
irregular black opaque aggregates.

- Zircon 1is seen as occasional rounded or oval
yvellowish brown grains of high relief and sirong
birefringence. Some grains have a furry appear-
gnce. The interference firgure is uniaxial positive

Apatite occurs as rabe clear colourless grains of

high relief end low birefringence.

In this, as with most of the Archaean rocks near the marginal
conglomerate, there hes been a second low-grade metemorphism super-
imposed on the originsl fairly high-grade metamorphism. The
minerals taken to represent the first metamorphism are quartz,
feldspears, magnetite, zircomn, zpatite. Oricinal mice, if present,
has recrystallized. iiepresenting retrograde metamorphism is =ome
quartz, biotite and muscovite, indicetive of the biotite-chlorite

subfacies. A suilteble neme is granitéggneisg.



R0CK HUMBESZ FE

KACROSCOPIC

FICGROBCOPIC

Ahard, dense, dsrk greenish-grey mediu: grained rook

in whioh dark green hornblendeis recognisable.

Thg opnin size Yaries from avout 0,01 to 2 m.m,.,
averaging about 1 m.m, Texture is that of an altered
igneous rook. Laths of plagioclaee may be seen
oocssionally pertiy enclosed in nornblende.’his
vonstitutes a relict ophitic texture. On examination
of the powdered rock in oils of known refrsotive

index, plegloolase is found to correspond more to
andesine thar tise normal labradorite of doleriies. The
refraotive indices lie between sbout 1.55 sand 1,56,
Andesine (850%) ocours as large olear, colourless
suhedral laths of low relief., These contain numerous
inclusions, ochiefly hornblende and a powdexy grey
alteration product. Carlsbad, zericline end slbite
twin ismellas are exhibited, the latter possessing

& maximun symmetrical extinotion angle of 27 degrees,
The composition indicated im Ab 50, midway betwesn and-
¢sine snd labradorite. The interfersnve figure is viax-
ial pusitive wlith & high 2V,

Hornblende(40%) is the mormal green variety derived
frém originel pyroxene, It is in large subhedral sectie
-ions asowing generally one or both smphidole
cleavages., Dlsochroism is X pale yellow green,

Y yellow-green, 2 dark blue-green.

Iron ore(3%) ocours in irvegular black opsque frsgments
poseessing & metallic lustre in reflscted light.
Biotite in small brown glecoiiroic flakes is m scattered
secondary product oachring in minor smount.s

Zoisite appenrs in olsar ocolourless idioblastic rods

of high relief, Extinction is pesrallel and wvirefringenc:
low, The orpstals are length fast with a bisxisl

positive interference figure and s modaerste 2V, A



crose~fracture and less prominent longitudinal

cleavage are exhibited.

quartz is sometimes intergrown with bilotite ocoupying

the centre of some plagioclase crystals.

Bpidote is of rare occuronos as an aggregate of small

grains possessing a high relief and strong birefringence,

Theweis alsoc present some yellowish limonitic material.
The original composition snd texture of this rock approximatesto

that of a dolerite, hence the most useful name is urslitized dolerite,

The occursnce of sscondary uyuarts and biotite is suggestive of the

general regional metamorphism,



ROCK NUMBER (F33)

MACROSCOPIC A light-grey, fine grained hard siliceous rock.

MICROSCOPIC Average grain size is sbout 0.13 m.m. and the texture
granoblastic, being fominated by recrystallized quartz
and plagioclase.
guartz(62%} is clear, colourless and of low relief.
Peldspar(33%) occurs in clear colourless Xenoblastic
sections distinguished from guartzby a slight alteration
to wery fine sericite. Birefringence and relief are
low. There are present at least two varietiess
Qligoclase frequently shows albite twin lamellae, the
meximum extinction angle in the symmetrical zone being
15 degrees, Thie indicaies a composition Ab70. The
refractive index of plagioclase ranges from a little
less than balsam to greater than quartz. This, coupled
with the fact that both biaxial positive and negative
interference figures are present, suggests the presence

of more sodic plagioclase also, Microcline showing

the typical cross-hatching is present in small amount.
Biotite pleochroic from pale to flark brown occurs in
small irregular shreds and patches., Flakes are commonly
almost equidimensional,
Sericite appears as clear, colourless elongate flakes up
to 0.19 m.,m., in length. Some sericitic mica shows a very
pade brown pleochroism, possibly a transition to biotite,
Chlorite is in small green faintly pleochroic fragments.

Iron ore, apatite and zircon are alsoc present,

The volume percentages of quartzm, feldspar and micaceous minerals

classify this rock as an arkose in composition, Metamorphism is to

the biotite~chlorite subfacies,



ROCK NUMBER F42

MACROSCOPIC

MICROSCOPIC

A med{um- to fine-craiml #rav rook of cneissic texture,
Pale pinkish-brown streaks richer in ousrty =nd R
faldspar are set én a dark crev hiotite-rich bhaekeround,
The texture is woeciloblmstie.

Qfwrtz(20%) srmears as clesr, colourless xenoblastia
neeresates off low relfef, Seve Tor a 1ittke hiotite and

iron are 1t ix almnet Trae from ‘nelusioms, Some

juarts shows undulose extinction.

Andesine (307%) is clear, colourless and generally
crowded with inclusions of chiefly epidote. This
confers the posciloblastic texture., Relief is low

and the refractive index greater than guartz, Those
grains showing albite twin lamekkas are partly cleared
of inclusions. The maxémum extinction angle in the
symmetrical zone of albite twidne is 27 degrees,
indicating the composition AbBO. Some grains show also
pericline twinning, Birefringencd 1s low and the
interference figure biaxial positive with & 2V neaxr

90 dagrees,

Biotite (28%) oceurs in elongate brown pleochroic

flakes of moderate relief. The pleochroism is normal,

X pale straw yellow, Y brown, Z very dark brown (paralle.
to polarizer). Birefringence is strong and tae inter-
ference figure uniaxial negative.

Epidote (10%) is seen as colourless to very pale
yellow-green subidiocblastic granules of high relief. - Thi
grains form irregular clusters most commoniy associated
with endesine. Rod-snasped grains show obligue
extinction, and occesionelly, twinning., The interferenat
figure iz biaxisl negative with s high 2V and strong
birefringence,

Apatite 15 a fairly common accessory, appearing in clesr,
colourless rounded graind of high relief and low

pirefringencé. The figure is uniaxial negative.



Iron ere occurs in black opayue irregular grainm, in

in reflected light posresaing & sllvery metallic lustre.
ghlorite of & very pele greenish-yellow colour and low
relief is a rere inolusion in sndesine., Birefringence

igd almost nil,

The mineral association andesine, epidote suggests tuat regional
metamorphism has sdvancéd to ona of the lower subfacies of tne
albite-epidote amphibolite facies., juarte-andesine-biotite gneiss

is a suitable nsme.



ROCK NUMBER FL6

MACROSCOPIC

MICROSCOPIC

A dark grey fine grained rock composed of alternating
light and dark grey bands sveraging 2 and 1 m.m. thlck-
ness respectively. The rock fractures most easily

along the darker layers due to a richness in biotite.

The rock is fimsgrained, the average grain size being
about 0,13 m,m. The general texture is granoblagtic
but an evident preferred orientstiom of bilotite in the
darker bands introduces a schistose element. In the
section this parallelism is at an sngle of about 25

degrees to the palimpseat sedimentary layers.

The following ere the mineral constituents in
order of abundance:-

Biotite (39%) occurs as small flakes of a yellow-brown
to derk brownish-black colour. Average dimensions
sre 0,02 x C.,12 m.m. Relief is moderate, the re-
fractive index being greater than balsam. Strong
pleochroism X = pale yellow-brown, Y = grey-brown,

7 = brownish-black (almost opaque) is shown. The
001 cleavage appears on some flakes. A satisfactory
interference figure was not obtained. Birefringence

is strong.

gnartz:(}&%) appears as clear, colourless xencblastic
grains of low relief. The thin section was intended
for petrofabric work and some quartz sections there-
fore show first order orange-red between croesed

nicols.

Feldgpar (22%) is distinguished from quartz by its
alteration to sericite or a fine powdery grey mater-
ial. Some twinned plagioclase fragments are clear
however., Relief is low, the refractive index of

all feldspar examined being intermediate between



ROCK NUMBER F46 that of qusartz and balsam. The extinetion angles
(continued)

of ten fragments showing albite twinning in the
symmetrical zone gave a maximum value of 15 degrees.
In view of the refractive index the composition is
probably albite~oligoclase Ab 90 approximately.

The interference figures obtained from untwinned
feldaspar were poor, but indicated them to be biaxial
positive with a high 2V.

Accessory minerals, asg under, amount to about one or

two per cent.

Apatite occurs as clear colourless rounded granules of
high relief and low birefringence. The interference
figure is uniaxial negative.

Muscovite may be seen as occasional clear colourless
bent flakes, generally of about twice the gize of
biotite, Relief is fairly high and refractive in-
dex greater than quartz. With rotation relief
changes markedly. The 001 cleavage is generally
apparent. Birefringence is strong and the flakes
length glow,.

Tourmaline appears as occasional rounded or elongate

brownish pleochroic fragments of high relief. One
elongate fragment exhibits transverse fractures.
Pleochroigm is = dark greenish grey (when length
perpendicular to polarizer), = pale brown. Bire-
fringence is moderate, the interference figure being
uniaxial negative with several coloured rings.
Zirecon is present in small pale yellowish rounded wheat-
shaped grains of high relief and strong birefringence.
The volume percentages given for biotite, quartz and feldspare were
determined with the integration stage. This composition when plotted
on the triangular diagram falls into the field commonly ascribed to

greywacke. The rock is therefore a reginnally metamorphosed grey-



ROCK NUMBER Fh6
(continued)

wacke, The extent of metamorphism is not great, the main effects
being recrystallization of guartz and muscovite together with the
formation of biotite from micaceous material occurring in bands
and interstitial between quartz and feldspar greins. The rock
may be assigned to the biotite chlorite subfacies of metamorphism.
Not withstanding this, the most useful name appears to be banded
greywacke,



ROCK NUMBER F49

MACROSCOPIC  The rock is massive, light-brown and fine-grained.
MICROSCOPIC  The average diameter of feldspar grains is 0.28 m.m.

the value for the rock in general being somewhat less

than this, The texture is granoblastic, the rock

comprising largely an intergrowth of feldspar and

quartz.

Feldsparg (50%) are distinguished from quartz by a

slight cloudy alteration, They occur as roughly

equidimensional zenoblastic clear colourless grains

of low relief. At least two varieties are present.
Mirroline comprises about half the feldspar. It
commonly shows the microcline cross~hatching between
crossed nicols and has a refractive index less than
balsam.
Albite possesses a refractive index lessfhan quartz
and may show albite twinning. The maximum symme-
trical extinction angle on twin lamellae of 15 de-
grees indicates a composition nearly pure albite.

Quartz (47%) occurs as a clear colourless mosaic of

low relief.,

Biotite is the normal brown pleochroic variety occurring

in minor amount interstitially. Some biotite contains

small needles, probably rutile. Biotite is uniaxial

negative. There is also present some green mica,

other than colour possessing similar properties to bio-

tite.

Sericite is of sporadic occurrence as an irregular

aggregate of small clear colourless ragged flakes.

Iron ore, black and opaque, is scattered in small

granules,

Zircon is in rare, well rounded, clear colourless

grains of high relief and strong birefringence.

Iourmaline appears occasionally in greenish-grey

Pleochroic fragments of highrelief. The interference

figure is uniaxial negative.



ROCK_NUMBER F&Y
Edipote in small well formed rods, and apatite,
are also present.
This rock is different from the other arkoses described
in its greater average grain-diameter and greater proportion of
feldspar. Volume percentages were determined by integration

stage and plotted on the triangular diagram.



ROCK NUMBER FB6

HACROSCOXIC

MICROSCOPIC

A light brown clastic rock composed of & matrix of
medium grain size in which are occasional rock and
minersl phenocolasts, The matrix is largely .uartz and
feldspsr with some ilmenite grains, this last mineral
being sometimes concentratdd in 1.2 m.m,-thick bands,
Ilmenite responds readily to the magnet., The phenoclasta
are rounded juartz, pink feldspar, suaris-hornfels and
rare shale fragments., These range in size from about
one to two com,

The texture im that of a clsstic rook somewhat modified
by regional metamorpnism., The mineral and rock fragments
are sngular to subrounded or lenticular in ehape, with
irregulur boundaries due to recrystallization. Average
grain size is 2 m,m, The parallelism of sericitie flakes
in therecrystallized groundmess imparts a ninor directed
texture.

(1)} Rock fragments:

A Tine grained ,uartz-~hornfels was the only varisty of
rock fragment in esotion, The total yuarts in the rock
is 637 by volume,

(2) Mineral fragments;:

cuartz ocours less frequently aw separate grains,
Microcline constitutes more than half the feldspar content
of tie rock inwhioh tue total volume per cent of feldspar
is 30. It appears zs large equidimensional grains which
are clear and colourless save for & c¢loudy alteration
outlining the twinning., Relief is low and the refractive
index less than balsem. Microcline freguently exhibite
itas characteristic twinning.

Untwinned feldspar has the properties of, and is probably

microoline.

Acid plagicolmse ocours as clear, colourless, often bent

graine, slightly sltered to fine flakes of mericite.



Refractive index is intermediate hetween that of halsam
and quartz, while the maximum extinction angle in the
symmetrical zone of albite twins is 18 degrees. These
properties are the same as those of albitep~oligoclase in
F57, indicating a similar composition.

(3) Accessory minersls:

Ilmenite is the most common accessory, appearing as black
opaque granules with & metallic lustre.

Tourmaline occurs commonly as small prismetic crystals,

pleochroic from pale to dark grey-brown., In the groundmass
it hes a tendency to align iteelf parallel to sericite,
Apatite and gzircon appear as small rounded grains of

high relief,

(4} Recrystallized matrix:

This represents the original interstitial cement, and is
composed largely of fine sericite flakes together with
chlorite and quartsz.

Sericite constitutes about 4% by volume of the whole rock,
It occurs as clear , colourless shreds which show & marked
change in relief on rotation, Birefringence is strong.
Chlorite is colourless to pale yellow-green, of low relief
and birefringence.

guaryz is in small xenoblastic grains,

(Feldspar was not detected.)

The volume composition quartz 63%, #ldspar 30%, mica 7% was determined
with the integration stage. When plotted on the triangular disgram

this composition is seen to fall within the field assigned to arkose,



BOCK NUMBER F57

BACROGCORIC

MICROSCOPICS

‘A 1ight pele coloured coarse-grained rock. composed of

pink micoreline, palegreylsh quartiz,. and plagioclass,
pale greenish grey sericite and dark biotite. The
mics lies along curved slickenside-like planes of move-

ment. Powdered plagioclase was cxamined for its re-

fractive index by the oil immersion method. The valws
for twinned feldsper were A1.534; Y 1.542 corresponding
to albite-cligoclase of about AbYO-B5.

The rock is medium to coarss grained, the genersl tex-
ture being granoblastlc.

uertg (40%) occurs in clear colourless xencblastic
aggregates of low rellef and birefringence.

Mimrogline (30%) is seen as large cleer colourlsas but
often somewhat altered xencblasiic sectlons of low re-
lief. The refractive index iz less than balsmu. Sone
large cryetals show the erosshaitching between crossed
nicols. Hieroocline alters to numerous small Fiakes of
serieite.

Acid plagicclase (20%) is in clear colourless equidi-
mensional subldioblasatic sectionsef low relief. The
refractive index iz intermadiate betwesn thet of quarts
and balsam. Albite twin lamellaes are generally shown,
On these ithe maximam sxtinction angle msasured in the
synmetrical zone 1s asbout 17 dagrees, which does not well
accord with the refractive index data above. This later

is more liable to be correct, hence the composition may
be taken %o be about AbSO-85. Plagioclase alters exs

tensively to assricite.

&irgon as a solltary pale brown rounded grain of high
relief may be noted in the section. It is strongly
birefringent and uniaxial positive.

irsn.ere is very rare, but may bolscan as an occasional
small black opaque grain,

gsrigite is the mest common se¢ondary mineral. Although

occurring as an alteration product within erystals, it is
mogt plentiful along fractures and on certain parts of



the periphery of grains. It occurs as ¢lear colourlecs
flakes, strongly birefringent and shanging merkedly in
relief on rotation. A few flakes of a ysllow-Lrown
plecehroic minersl, pessibly blatise, ond yellowlsh
limonitic material aisc oelur.
The coarse grained zssemblage quartz-mieroeline-albite is
that of a high gra&e metamorphic or a meta~ignaous rock, conveniently
gSericite, typical of a low grade of

metamorphism gives svidence of a second retrograde metamorphism
in which stress was predominant,



ROCK RUMBER F59

This is a uralitized dolerite similar to F21, It differs from F21l

only in that (1) grain-size is a little less;
(2) hornblende and epidote are more plentiful;

(3) plagioclase is more acid andesine as indicated by

extinetion angles,



A dark grey medium grained massive rock in which may

be noted dark lusirous mica and feldspar grains, which

are both pink and whits. Two parallel planes of move-

ment ocour in the specimen.

MICROSCOPICs The rock is medium grained and the texturs markedly
blastoporphyritic. Mest of the large feldspar grains
are equidimensional, but some quarty and feldspar is
eyeshaped. DBetwsen the grains twine long trains of
mica and chlorite.

Albite (50%) oscurs as lerge ¢lear colourless but
somewhat altered sections of 1w relief. The red
fractive index 1s intermediate between that of quarts
and balsam, Meny sections axhibit albite twin lamel-
lae,; the maximum symmetrical angle of extinction
being 15 degrees, In view of the refractive index,
the ¢omposition is therafores in the nelighbourhood of
AbSO, Untwinned feldsper has the sbove refractive
index and muy be sassumed to be of the same composition
The interference figure is biaxial positive. Alter-
uation is to tiny flakes of sericite of larger flakes
of biotite and sericite whieh outline the twin lamellas
and cleaveges. No opticsl strain effects are shown.

uaryg (15%) appears in both lerge grains of quarts
hornfels and in the smaller xenoblastic grains. It is
tlear, colourless and little altered (probably recry-
at.ailiud}.

Biotite (188) oecurs in grsatest amount interstitially as

brown pleochroic flaskes. It shows & preferred orien-

tation in the same general direction as trains of
sericite and chlorite.

gardcits (10%) is also concentrated interstitially in

eggregates of long thin flakes chowing marked changs

in relief on rotation. Certain patches show & brown-
ish pleochroism, possibly a transition between sari-
¢lte and blotite. Birefringence is strong.



Qlok Bl

Chlorits iz clear colourless or of & very pale green

and occurs in sssociation with sericite. Birefringence
ig low.
Apatite is scattered In clear colourless rounded grainms
of high relief and low birefringence.
Iron cre (llmenite) oecurs plentifully in widespread
black opague granuiies of irregular shape. Somae grains
have been shattered znd drawn out along the serlcite
bands.
From a consideration of its field eccurpence, mineral composition
end texture, ilhe most likely explanation of the rock's nsture is
that it 1z a sheared arkose., A suitable petrogrsphical iamn is

be_sghiat. The biotite is most likely the
latest mineral development,




4 grey, Tine-grained gnelssic rock in which the

asohistosity planes are dsfined by sericite and dlotits.
Brownish gmrmet and quarts may alao be distinguished
in small smount.

Porphyroblestic garnet and quaris ocour in a fine
grained schistoge groundmase largely sericits with
some blotite. Trainsg of saricite aznd biotite pass

arcund quartz grains giving an augen like structure.
Sericite (758) varles in habit from a very fine grained
aggregate to well-formed flakes. It is clear, colour-
less and shows s strong birefringence. At least in
part, sericite together with biotite is an alteration
produet of garnet.
Bigtite (8%) 1z the normal brown pleochroic veriety,
and occurs in well-formed flakes or small ghrads.
Suarts (10%) occurs as large clear colourless pup
phfproblastic fragments occasionally showing undulose
extinetion,
garpat (5%) appears as large; considerably altersd
porphyroblastic srystals of high relief. The isotropic
garnet aliers along oracke to sericite and biotite
flakes, the original crystal often cgcuring as scattered
fragoents in a groundmass of micas.
dron.ore is seen in small smount as irregulsr black
opaque Tragmenis and somll greins, In reflescted
1ight thess posscss a silvery metallic lusive.
4irgon is present as several small rounded greaing of
high relief.  Birefringence is strong,
As indicated by the alteration of garmet, the rock has suffered
considerable retrograde metamorphism from a $fecies at leats as high
as the chloriteid almandine subfacies. The rock may be named geri-




ROCK NUMBER F83
WACROSCOPIZ A fine-greined grey compsct rock which olssves

readily parallel to oue piasne, Theae yplaces

are richer in mica, whereas in s section at

tight angles, smsll dark sngular greines of yuerts

gnd white flecks of feldaper may be distinguisged.
HMICROSCOFIC The rock is maae up 6?75\1argely ef lens-snaped

grains of queariz with longer axes jsrallel.

interstitial to the guartz end some {eldapar

gre micas with a parallel corientation.

Aversge dimensions of the lenses sre¢ 0,16 X

J.48 m.m.

cunsrtn (50%) is clear,colourless end little-

altered. It frequently contains Inclusions of

biotite, zircom or hair-like black crystels (rutile?)

end small liquid ineclusions cerrying bubbles of gas,

Some inclusions are sguare in section and may be Balite,

The section is thiock, hence hirefringence is aot normal.

Feldspar (20%} may bve dimtinguished from quarts by its

alteration, whicn is to sericite and & kaolinitic

material. Some feldspar, presumably acid plagioclase,

shows also one good cleavage, Such grains have &

refractive inde greester than balsam, Albite twinning

ie sxhibited occesionally.

Biotite (15€) ie the normal d¥ak brown plecohroic ,

variety and occurs as irregular shreds or less commonly
a3 well formed flakes interstitially to quartz and
faldspar. If may often be seen as a thin envelope
surrounding larger grains. A green variety is alme
present,

Sericite (10%) is similar in ococursnce to bioiite and .-

ray form separate colourless [flakes of stwveng birefiingencs

It is concentrated in the fine-grained ground mass,



Epidote, zircon, tourmeline and apatite are all pressent
in small amount as rounded grains save for tourmaline,
which occurs as prismatic crystals., Zpldote is pleo~
chroic from colowuless to pale yellow-green and is
probably detrital, Zireon is colourless and well-
rounded, Tourmaline is pleochroic from pale grey

to darker brown. Apatite is colourless and of low
birefringence. i
Iron ore is in sporadic and irregular biacsk opagque gre
grains. One larger grain resembles chromite, butthe

semi-transparent core is proovably limounite,

In composition this roock is a greywacke but has suffered regional

metamorphism in which the stress~factor has locally been high.
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