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ABSTHACT,
i
Detailed mapping establishedAdefinite rock units within the
Archaean inlier south of Normanville,The distribution of the rock

%&%‘t‘ 5 ;;(,2
types k3wsugg rtive-of a major antiformal structure.Only metamor-

34" 3 Nttt fater fos
phic layering ‘is recognised in the areal- “@,ﬁlg - e dhas oot

The first Archaean orogeny produced this layering and
reached upper amphibolite grade of metamorphismyas defined by the
minerals,sillimanite,garnet,diopside,and scapolite.The temperature
and pressure conditions were®750 C and 2-3 Kbar?@ﬁns was ¥
established using mineral assemblages and the presence of<§§§§emjy&
partial melting,pegmatitic masses and migmatites,

This same orogeny was also responsible for the develop-
ment of & strong schistosity,which was always paralétl to the
metamorphic layerlng.g

A Proterozoic orogeny produced a strong crénulation of
the schists,ihis-crinulaticn e paralddl to the fold axis df a
major antiform jwhich plunges 35 to 138,

The deformation reached biotite grade of matamorphismkas
shown by the minerals biotite,sericite,énd epidote,which,commonly
replace the higher grademminerals.An antiform overtarned to the
west was the major structure,Its uncerlimb was sheared away,so that
the inlier represents the eastern limb only,.The western outcrops
of the inlier represent the shear zonef'

Geochemical analyses of the Houghton granulite suggest a
sedimentary origin,This,coupled with its conformability with the
surrounding rocks,and its association with a zircon rich meta-

7
quartzite,support this conclusion, -

Introduction.

This project was completed under the supervision of
Doctor Robin L,0liver,The object of this thesis was to map}in
detail ,describe,and interpret the mineralogy ,metamorphic grades,

and structural elements of the area,and to examine the field



QY\Q}{ of the "Houghton ) gronulite,
relationships,ateng-with-the chemistrypfo decide if it is of
sedimentary or igneous origin,

An area of 3@2&%‘6 square miles was geologically
mapped in(about)G weeks,The remaining laboratory work involved
making thin sections of the different lithologies,describing
these slides using the petrological microscope,and carrying
out a detailed chemical analysis of the chosen specimens.
Messers S, Wicks and A, McEwin completed similar projects on
Archaean inliers at the Mt, Compass and Yankalilla areas
respectively.

My area was some 40miles south of Adelalde emg
j&gixge&ew-Hormanville.The Archaean basement rocks are overlair
by Adelaide geosynclinal sediments,Generally the outcrop was
poor,but good sections were found along the Yankalilla River
gorge,and on a cliff face on the seaward side of the inlier,
The cliff face section provided about 300 feet of outcropg
across the strike.Small creeks also promided useful sections,

The climate is temperate,with an annual rainfall of
30" ,The area is intensely cultivated,with natural scrub remain-
ing on isolated hilltops,.The maximum elevation%gggurs on the e
cliff face section,snd—is—680—feet,Generally,the area is very
hilly,with the prominent feature being the large Yankalilla
River gorge,which winds through the inlier,

The Permian sediments pressni,cover much of the
inlier,ﬁg%y arefiaitly sands,clays,sad minor tills and
conglomerates, . Meémy basement outcrops show glacial pavement
features,such as smooth surfaces and striations.Other cover
sediments were scree slopes on the c¢liff face,alluvial sand
in the river gorge,and soil cover on most hillsides,

Mapping wes done on enlarged serial photographs,on a

scale of Ig represents -60%'fest.8ma11er scale photos vere
used for stereos,ﬁg}hphogzGinterprcuation,but were—ol.no.-use.



3

fieology. Geological mapping of the area was carried out on a
large scale (as shown on the outcrop map,),with meitdeulete—care
taken in recording the lithologies of the outcrops,%o notéﬁa
differences such as,degree of feldspathisation,and sillimanite
content,In this way a sequence of units was built up,with
approximate lithological boundaries drawn in.These boundaries

were parallel to mearby Proterozoic boundaries.New outcrops of

the Houghton granulite were discovered,but did not prove to be
good marker beds,hecause of their disconyinuousknégaﬁéﬁThe
outcrop patterns of the granulite and sillimanite gneiss could
be interpreted as reflecting the major anti-formal structuire

of the arfa:The outcrop map is the most important map,as it is
aﬁwaccﬁfgté record of the rock type,.Faulting,thrust zones,and
migmatisation,have all complicated the geology,such that many
interpretations can be made to this map.The interprative map is

my contribution,
PETRQOGRAPHY .

Houghton grapulite. This rock type has been known by many names,
by past workers,such as hHoughton Diorite,and Houghton gyenite,
but because these names are biased toward an igneous origin,
T will refer to the rock as a granulite throughout the thesis,
The granulite is very resistant to weathering,with fresh surfaces
showing a pink and pale green colourjﬁxcellent webamerphie layer-
ing of these minerals,is observed in most outcrops.This layering
is planar,for the most part,but,in places,forms tight ovezt@hed
folds.No axial plane features are recognized,but the fold axis
plunges in a 8,5, direction,

The feldspar is mainly microcline,which is pink in
hand specimen,In thin section it has a granoblastic texture,
with an average grain size of I,0mm,The percentage varies,from

trace amounts to 45%,wilh an average of 3(0%,The grains are only



slightly sericitized and show a very prominent cross-hatchec
twinhing,The amphibole present is thought to ve hornvlende,but is
difficult to distingoish from actinolite,The extinctionmengles
range from low angles to 25:which suggests 1t is hornblende,.The
grains have & very ragged appearance,with epidote replacing the
amphibolegto a large extent,

Quartz is not present in all slides,but where it does
occur it has a very embayed shape,with a strong undulose extinctic
Definite bands of guertz rich and microcline rich layers can be
.58ehn.

Two minerals which are closely associated in a granoblastic
aggregate are diopside and scapolite.The diopside is recognised
in hand specimen by its dark _green colour,In thin section its
pleochroism is distinctive,The scapolite is a tan colour in
hand specimen,with many excellent cleavage surfaces present,In
thin section its excellent uni-axial (-ve) figure,birefringence,
and parallel extinction are most distinctive,The scapolite
contains small,xenoblastic inclusions of epidote within the
grains,One particular slide shows,in addition to scapolite,
diopside and microcline,a tan coloured garnet,which is probably
a grossularite-andradite garnet, (see plate I12)

Plagioclase is rare and only a few grains have been

found,Epidote is a very prominent mineral.It has a distinctive
yellow to green pleochroism,high refractive index,and mottled
bi-refingence,It varies from I0 to 50%,with an average of 3&%.
Instances can be seen where the epidote is replacing the
amphibole,but in most instances the epidote has completely
replaced the original mineral,

Common accessories are apatite and sphene,The sphene
grains are rcounded and become very abundant in slides contain-
ing the diopside-scapolite assemblage.In one particular slide(H5)
Calcite is?ssociated with epidote,both being alteration products

of amphiboles,Very minor amounts of opaques occur,



r!wwjﬂ s r"aw/s[tﬁ.
Field-relationships of -the- granull%e avejthat 1§'a§.conformahle
with the surrounding rocks,in all ﬁfsﬁﬁ?cii .No 1g;eous or
sedimentary features are noticed, }w&ﬁ@@ppn@z th&s-as sdue to
complete destruction oi such features by the high grade o8
metamorphism & produceﬁthe granoblastic texture,The granulite is

the least altered unit gpy the proterozoic orogeny,

Quartzite. This unit is closely assoc1ated with the granulite,
being found on either side of it,jn all I%%@ggg%s,.ln hand
specimen,jt is a white rock,consisting almost entirely of quartz,
with small gggﬁgg% of pink feldspar scattered throughout,In thin
section,the quartz exists in two forms.Firstly,there are large
embayed grains,showing a strong undulose extinction,which some-
times shows a preferred orientation within the grain,The
preferred orientafion is parallel to the poor foliation developed,
The other form of quartz is a polygonal recrystallized form,

This type occurs between the larger grains,and in pressure

shadows around microcline grains.Within the larger grains trails

of dusty inclusions occur and in some instances seem to indicate
former grain boundaries,

Rounded grains of microcline are prominent,showing the
distinctive cross hatched twinning(plate18),The grains show minor
sericitization around the edges.

o K\ercon s a prominent accessory.It is oval shaped,and
evenly dlstflﬁuted throughout the slldes No sedimentary layering
is seen,I consider the zircon ts/be of sedimentary origin,because
of its concentration and shape,

The original sediment may have been a slightly arkosic
sandstone.Its association with the grenulite may represent a
sedimentary assemblage of a close to shore sand (marine),with the
facies more seaward being a calcareous marlf

The strain features of the guartz were caused by the
Proterozoic orogemy.QOther horizons occur,distinct from those

associated with the granulite,and they show the same features,



UOne particular horizom is cross~cutting the layering of the
surrounding gneisses,It may be intrusive,although there is no
concrefe- evidence to- support this,but I favour a tectonickexplanation
for the gelationship.ie.,
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The Archaean orogeny may have produced tight isoclinal folding
of the original unit.As I suspect,considerable shearing may %QV&
occurled in the area,and the noses of these tight folds may

have been sheared away(as in diag above),to result in the &

observed outcrop pattern,,

The magority of the rocks in the area are gneisses,but
by°§Eﬁ§% descriptions,using mineralogical and textyral diff-
erences,] was able to sub-divide these @oekgﬂmﬁsggg nro hngiér

vnits
k dugen gnelsses. These rocks have a strong foliation developedr
which,in places,is a schistosity.The rock appearéﬁ@ainly
sericite,with large augens of guartz strung out along the
folimtdon,The strike of the foliation varies in a gently
““A“lﬂﬁéﬁﬁeé mamner,;with a strong crimulation developed on the
foliation surfaccs.,
In thin section,congiderable sericitization is
evident.,Layers of quartz alternating with sericite are a
common. feature,The sericite is replacing plagioclase,so this

indicates the original rock had quartzose and feldspathic
layers,which I would attribute to the original sediment and

not to a migmatizaticn or granitization process,
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Mostly the quartz grains are very embayed,with strong
undulogse extinction,but a few show uniform extinction,and
contain very few inclusions,The average percentage is 40%,
with a mean grain size of Q,7mm,The amount of recrystall-
ization is widely varying,

Biotite is a common constituent,sverapging at 20%.1t
is always associated with muscovite and opacues,possibly
representing & chemical reaction between these three miner:ls
The opaques form exsoluticn features in the bioctite grains,

“ericite forms 404 of the slides.Qccasionally
plagioclase can be recognised beneéath the sericitic nmces,

In most slides remnant sillimanite is found,which is &lsc
sericitized, (plate 5),The distinctive diagnol cleavage,

nigh refractive index and parallel extinction ayewmes£ldhw?f%
obuious e M;WZ an @t BT 7

A pink garnet is found in some slides,The original
grains are quite large,up to 3,0mm,but are ncw shettered,
and greatly chloritized,The garnet is probably grossularite,

Other more exotic minerals occur,such as large
bladed grains of muscovite,and bladed and fibrous aggregates
of pyrophyllite.Both these minerals are pseudomorphing
sillimanite,

The foliation and schistosity are Archaean features

While the lineations and folding are Proterozoic,
dugen schist. These rocks have a strong schistosity
developed,As in the augen gneisses,these rocks show an
undulation of the schistosity along the strike,large sugens
of quartz can be seen,and very tight folding of the micas
results in the formation of a pronounced crinulaticn, (plt.2)
The schistosity is of the same generation as the foliation

in the gneisses,



Figure 1. Mylonitic augen schist,showing larger augens

of strained gqumartz and microcline,There is
considerable recrystallization of quartz.The
micas are aligned along the strong foliation
developed,

Plate 2.
AUGEN SCHISE. Shows the development of a new
crinulation.,It is a crinulation of micas and

recrystallized qumartz,



Figure

Plate 2,

L.




Plate 3 :
AUGEN GHBISS Larger strained gqwartz and smaller

recrystallized quartz,with considerable sericite

present ,Minor opaques,

Plate 4, HOUGHTON GRANULITE

*Granoblastic texture of micro-

cline,showing cross-hatched twinning,and epidote,
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Flate 4,



ate 2. GRANITE GNEISS

*Shows a large,cross-hatched microcline
grain,with blebs of plagioclase.ie, perthitic

texture,Also considerable quartz.

Flate 6. GRANITE GNEISS

*Shows zoning of the central plagioclase
grain,with a mermekitic texture developed arocund

this grain.Also plagioclase with albite twinning
prominent,



Plate &,



Hornblend

Pluslodq'ﬁ@

Houghteon-grannlites
Metasomatized amphibolite,

Granoblastic texture of Hormblende and Plogioclase,
Epidote forms coronas around hornblende and

an alteration product of plagicclase,



Plate Q.Bo - Augen gneiss,
$i1l, =~ Sillimanite,-% mgin , bl Akxfx-
Ser. - Sericite,
qu. -  Quartz.

shows the sericitization ef sillimanite,

Plate 8, 9. Metasematized Amphibolite,

Am, - Amphibole
P1, - Plagioclage
Ep, « HEpidote

Opo - Opaques

Sp. - Sphene

shows the alteration of Plagioclase cto Epidebe.






Plate 2 10 Augen schist.
the development of & new orimilation (54) on the
(52),It 18 & crimlation of

ghows
older schistosity surface

micas.

Plate €. II. Augen schiste

; A o -(:—mm\g“/ n{’ ﬁﬂﬁ,
Am. = Amphibole, °™ :

shows the growth of Amphibole gmins across the foliation
direction as developed by blotite (bl) and opagues.



plate 10

plate 4 .




Plates 12, Heughten grenullte,
elodime s oac Di. = Diepside,
8¢, = Seapolite,
M, « Merocline,
Ga. = Garnets - Coplslahe Qo

Plate %, 33 Quartzite,
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Plate 14,
Augen Gneiss,

Very similar to the augen schist,but more quartz
rich,It shows excellent folding of quartz layers.
The micas are folded around with the quartz,which

is completely recrystallized,

Plate I5. Sillimanite gneiss.
Shows a central quartz grain,surrounded by a
garnet mass,which is extensively chloritized,
The garmet is almandine,related to the upper
amphibolite facies,whilst the chlorite is a

retrograde mineral,






Bictite is very prominent and is paralliel to the scnistosgity
surface,FProm this we Ceduce thesbiotite to belong to the Archaean
phase,The quartz is completely recrystallized,forming a polygonal
matrix,with a mean grain size of ¢,Imm.Muscevite is of the same
generation as the biotite,but much less concentrated,(ther .
acceggories are opggues and tourmaline,

One slide,(376—197#tgs markedly different in mineralogy,
although it shows the same texture.,A strong orientation of
Elmost colourless biotite,and dnidentified,tabular opacues
occursg,developed in a matrix of recrystallized quartz,.The
opaque may be graphite.An elongate,mottled,hornblende is
developed cross-cutting this orientation direction,and,in some
instances,paralleling it.This suggests the hornblende grew
at the same time,or just after the development of the foliation,

This unit is easily recognised,and could be used as a
mérker unit,On the geological map,several long horizons are

secn and they are all straight.The interpretation is that the

area represents the eastern limb,only,of a major antiform,and
S&ﬂﬁefolding is leeking,not enidlont.

The complete recrystallization of the quartz,resembles
that found in thrust zones of similarly aged rocks,.,For this
reason,I ?@Q@gign-that these horizons could represent Archaean

wewld add
R F—aTTOTN:

thrust zones,which tzﬁ%w thesgeological complexity of

the area,
Sillim@ai&g“g%glﬁﬁ'rThis is the most widespread gneiss in the
area mapped,It is poorly foliated im most instances,On the
foliation surface elongate graipns of relic sillimanite occur,
They show a rather poor mineral lineation.More quartzose
varietieg can be differentiated,but are not mappable units,

In thin section the minerals are quartz,muscovite,
biotite,microcline and opaques,The quartz is mostly recrystall-
ized with some larger elongate grains present,The muscovite and

biotite are parallel to the foliation,The same cr€nulation as



was found in the augen schist occurs,

The rock is,mineralogically,very stmilar to the augen
gneiss,but distinguished in the field by its poorer foliation
and the amest characteristic elongate,felic crystals of
sillimanite,which are sericit®®in thin section.

This extensive unit shows no recognizable meso~folding,
although considerable variatids in strike of foliation occuggé.
Stereo plots of these measurements defined a poor great circle
which defined a fold axis,parallel to the known fold axis of the
major antiform,This unit is extensively affected by the

retrograde metamorphic event,

Migmatite gnelss. As the name implies,this unit has undergone
more feldspathization tha the other gnelsses It is mest

similar mlneralogically,excggfm%fﬁ.Qhe higher concentration of £
feldspars.The augens are predominamtly pink feldspar,strung

out along the foliation plane,

Microcline is the dominant feldspar,showing only slight
sericitization,The augens vary considerably in size,from Q,5mm,~-
to 2,6mm.Minor amounts of plagioclase are recognisable,but
mostly sericitized beyond recognition,One particular slide
containg congiderable unaltered plagioclase,and the albite
twinning gives a composition of Ab75.,In this slide many basal
sections of biotite occur.Needle inclusions im these grains
s.grest this biotite is of the Archaean orogeny.,Accessories are

opaques and tourmaline,

Migmatitic Sillimenile gRedsS.qy g unit is identical with the

sillimanite gneiss,apart from the considerable migmatiiation
which has occuﬁéd,Quite good pink feldspar layering occurs,
with large augens of feldspar,commonly 5.0mm,found,Sillimanite,
biotite and quartz still occur,but microcline is much more
prominent,Sericitization is not as severe,and only partly
sericitized plagioclase grains are recognised,

Bioktite rich gpneiss.
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It is most distinctive in the field,being a very black rock,
with the most obvious minerals being biotite,quartz and
plagioclase,

It contains about 307,biotite.The biotite is most unusual
in that,there are many basal sections,showing a uni-axial$-ve)
figure,and full of needle like inclusions,in a hexagonal pattern,
The quartz is very embayed and the plagioclase shows little

sericitigzataon,

This is one of the puzzling units of the area,as the
outecropsof it appear to bear no relationship with the other
units,It appears“squashedﬂin between the other rock types,

1 consider that faitlting may have caused this complication

of the sequence,

Amphibolites. In hand specimen,they have a granoblastic
texture,are a dark green to black colour,and the plagioclase

- grains show excellent cleavage surfaces.Minor sulphides appear
disseminated in some,

In thin section,the granoblastic texture is most
prominent ,with many triple points evident,The average grain
size is (0.8mm,A pale green,mottled mineral,often rounded,
inclined ext&nction,2V=50-60,has been identified as augitle,

A dark green hornblende often rims the clinopyroxene,Cther
hornblende is a brown variety,and may reach 40%.The remainder of
the slide is plagioclase,These grains show slight alteraticn
along the Lwin planes,which are well developed,.The compcsition
of the plagioclase is most considtent,ranging from pAb6L-AbT5,
Apatite is a very common accessory occur&ng in large rounded
grains,Sphene occurs as a corona around opaques,Quartz &s rare,
Epidote rims hornblende in one slide,and other accessories are
sericite and biotite,

The smphibolites occur as g distinct unit within the
granite gneiss terrain,The boundaries between these units are
sharp,and not crosscutting,Bxcellent layerinésof some yresembles

layering seen in sedimentary calc-silicates,



IT

Chemical analyses were carried out for various trace elements
(see appendix V) ,And using these,plus field evidence,I favour a

P4
sedimentary origin of the amphibolites,

inopyroxene unit. ; : . . .
Gl xene unlt It is a most distinctive unit,being dark

green and very heavy.The rock weathers to give a very red soil,
which reflects the high iron content of this rock,There is no
layering,nor any igneous features,such as chilled edges or
igneous differentiation,It is very coarse grained and the miner-
alogy suggests 1t has been highly metamorphosed,

The main mineral is augite,with minor amounts of a
retrgressive hornblendezand plagioclase occuﬁing.

Chemical anelyses of these rokks was also doneyfor
trace elements only,but these results were inconclusive,

Examination of the outcrop map shows these rocks as occurg

ing in large masses and siall blobs,seemingly rsndomly distributed
which would indicate,to me,that they were intrusive.,Because they

are affecte@by the Archaean phase,they would be very ancient,

ueiasonatized amphibolite,

cliff face section of the area,on the western extent of the
inlier,They are often of a very blotchy appearance,@ggﬁwﬂage1%fwk
crystals of hornblende,up to 2" across,feuné,In other instances

These units are confined to the

good layering is exposed,which isgmarkedly cross-cutting}

Flesh coloured feldspar and pale green epidote are the
main minerals,The hornblende often has & corona of epidote,The
plagioclase is strongly sericitized along the twin planes,with
the composition ranging from Ab67 to AbT3,Epidote forms a corona
around these grains as well,Rounded microcline grains appear
surrounded by the plagioelase graing,This feature swmggests growth
of the plagioclasge around the microcline,

I think that these rocks have undergone sodium
metasomatism,and at the time of mobility,the forces present

caused the formation of a layering,parallel to the axial plane
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present at that time,whhich would be the Archaean axial plane,
The measurements of the layering give a reading of gtrike 170°
Dip, 70°W .Another possible explanation is that the layering
represents the nose of a fold,where the cross-cutting relation-
ship is preserved,and the limbs of the fold,where the layering
is parallel,haxebeen sheared away.

Grapite gnelss. Mostly pink feldspar,with minor biotite,The rock
has well develpped metamorphic layering.It has a granoblastic
texture ,with an average grain size of I,5mm,.,Both microcline and
plagioclase occur,each recognisable by its distinctive twinning,
There are about equal quantities of each,Minor perthitic
microcline occurs,ie, plagioclase exsolution from microcline,
The composition of the plagioclase ranges from Ab65 to Ab72.
Larger and recrystallized quartz forms about 304 of the slides,

Cleavage traces of biotiye,showing a strong pleochroism
are prominent,Pale green hornblende forms as much as 30% of one
slide,It is altered to epidote at the edges.Accessories are
apatite,sphene,rutile ,mugscovite,sericite and zircon,

Small folds in this unit are tight,showing the same §,E,
fold axis,The rocks are very similar,pinerslogically,to the
granites,.Three distinct types of granite gneiss are recognised.
There is the well layered type,another cohtaining mafic minerals,
and a third resembling a poorly foliated pegmatite.These rocks art

almost free from retrogradation,

Granite. The minerals are cearse grained pink feldspar,white
quartz,and black biotite,
The biotite shows a strong pleochroism and slight

chloritization,Microcline and plagioclase are present in equal
amounts,The plaghoclase shows large variation in degree of

sericitization,and a composition of Ab77.The microcline is
unaltered,qQuartz is very strained,with trails of inclusions and

needles occuﬂing withnin the grains,
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The plagioclase shows exwedlews 'zoning in one slide,an excellent
igneous feature.A mermekitic texture is observed in this same
slide,showing exsolution blebs of quartz within plagioclase,p

prominent accessory is a large zircon grain,T,5mm long,

Peematites. In hend specimen they are the same as t .e granite,

but lack biotite,They form large vien-like intrusions,and huge
structureless masses,On the beachfront they are crosscuttiing,but

more often,they are conformable with the s.i1rounding rocks,

The most prominent igneous texture is the random
orientation of plagieclase laths.Very minor retrogradetion has
occured,In hand specimen it is readily identified azs = basalt,and
its field occurlence as a cross-cutting dyke,about 6 fect wide
suggest that this is a recent event,related to the proterozoic

(
event.&

Cambrian. Occurs faulted against the Archzean on the South-esst

~boundary.It is a grey,slightly cslcareous siltstone,
I8 hard sp thin section,it shows & metrix of quartz,with

a strong preferred orientation of muscovite and biotite evident,

STRUCTURE.

An interpretation was attempted,using field relatbonships of
folding,layering,cleavage-layering intersections,and measurements
of schistosity and lineations,¥rom examination of the Proterozoic-
Archaesn boundasry,as established by previous geologists,an
overturned anticline to t.e west was the major structure present,
and wes related to a Broterozoic orogeny.,

The measurements taken weregmostly metamorphic layering,
Which appears in most umits,including the granulite.No evidence is
found to sugiest the layering mimics sedimentary layering.An

, . . ”
Archaean orogeny produced this layering, '

In all instances the schistosity surfaces are parallel to
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the metamorphic layering.My interpretation of this,is that tight

isoclinal folding occured in the Archacan orogeny,as in figure(a)

|ayef\ﬁg - - - =
e == o - _e—noses
axial PIOne_"”"%-;.‘; t’\_ 3;790"30{
- L TTTT— Sway:

$Ch:s1‘ost+y - -~

(@
The result is shown in figure{b),where the two surfaces are

parallel,The noses of the tight folds were destroyed by shearing,
From measurements of the schistosity surfaces,the axial plane
of the Archaean orogeny would appear to be strike,O}Oﬁdip,4o°S.E.
On the cliff-face section,one of these nose sections is
found,In a more guartzitic section of an augen gneiss,a very
tight fold is found.The limbs of the f&ld are parallel with the
surrounding schistosity,with the axial plane also parallel to %=
this surface}‘

The next orogenflis proterozoic and produced the
major antiform present,This being the case,we should expect to
find meso and micro folds mimidﬁng the major structiure,No meso-
folds are found,but microfolds and folds up to 6 feet across are,
All these folds are overturned to the west,although the plunges
of the folds are quwite variable,The sense of the folds is
random,givimg no clues to mesofolds,

Intersections of the cleavage and layering can be used
to determine,whether the beds are overturned,Two outcrops show
this intersection.One occurs on the eastern extent of the
inlier,where the cleavage is at a steeper angle tnan the
layering,This is interpreﬂéd as,the beds being right way up.

The other outcrop occurs in "Little Gorge”,on the western side of
the inlier,and shows the same relationship.The conclusgion
reached is,that the inlier represents the eastern limb only of
the antiform, ’

The fold axis of the antiform,ss defined by linestions

and minor folds was Iglto 1371



Figure 1. Plot of poles to layering,contoured on 1%,3%,
4% ,5%,8% and 10% intervals,of the eastern section
of Yankalilla River gorge.The fold axis thus
defined is 35 to I35.

Eigure 2. Represents contour plots(same intervals as fig I)
of the lineations of the whole area,The maximum
occurs at 40" to 134iThe rounded gection in the
south~west section represents rodding,¥Fold axis of

this is 10 to 207%

Elgure 3. Plots of poles to layering in sub-area I(see
interpretive map)e represent lineations,The fold

axis is 35 to 1282

Figure 4. Poles to schistosity in sub-area 1.The fold axis is
35 to 138

Eigure 2. Poles to schistosity in yankalilla River gorge,
north of sub-area I,The fold axls is 31°to 1351

Figure 6. Poles to layering in the same area as figure 5.
The fold axis is 32 to I26,The lineations secm

to define a small circle,suggesting it is folded

by a later event,
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fig.2,

fig.I.

fig.4.

fig.3.

fig.6

fig,5,



Eigure 7.

Poles to layering on northern section of beachfront.
Fold azis 23 to 148,
Eigure 8. Poles to iayerin schistosity in same area as
figure 7,Fold axis 20 to I25.
Elgure 3. Overturned fold in a pegmatitic gneiss from the
area of the prior two figures,Poles to layering,
Fold axis I9 to I37,

Iigure J0. Poles to layerinmg in sub-area 2,Fold axis 45 to

o
I75.

Poles to layering on southern portion of the
beachfront section,Fold axis 27 to IZS,

The lineations seem to lie on a small
circle,ie, folded by a later event,

BEigure Iz. same sub-area as figure 1I.Poles to
schistosity.No great circle defined

The lineations are crinulations,and show a large

spread of readings,which may be related to later

events,




fig.10.
fig.9.

fig.11.
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Mécrofolds were found in pelitic znd granitic lithologies,Only

one genervation of folds was recognized.A prominent quartz layer
occurs within one of the augen schists,which showed excellent fold
ing and,most importantly,the micas were folded around with the
quartz,This is W proof that the schistosity is earlier than
the proterozoic folding,

Although no large scale folding was recognised,plots of
schistosity and layering were done usipg an eg:al area net.A
change in strike directions was noted in the t'ield,but could not &
be related to any folding.These plots of poles to layering
defined a great cirecle,and the pole of this Eiii; defined the
fold axis of the plots,This plot alweys defined a fold ax1s the
same as the Proterozoic fold axis,We can conclude the Eﬁzfth
strike is due to the Proterozoic orogeny.

The area was divided up into sub-areas,which contained
different rock units.A sub-area containing schists defined a
great circle most clearly,but sub areas of layering were less
GlBaJ%\JJ%&%mJL

A weak lineation in the form of a broad warp is found in
some outcrops,The dominant crinulation is folded around this
lineation,making it later than the proterozoic lineation,Geologist
in #learby Proterozoic terrains have recognised at least 3 periods
of deformation.Assuming the lineation is parallel to the fold

axis of one of these deformations,its direction is 6 to 78.

FAULTING.

A thrust zome occurs on the western extent of the inlier,in
"Little Gorge",,This zome is recognised by the mylonitic augen

schists,considerable feldspathization,and occuﬂénce of large

cross-cutting pegmatites,This zone may be L as thrust-

ing on the underlimb of the antiform,
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other feults are less well defined,It may be that the schists
that occur within the granite gneiss terrains,represent old
shear zonegé%iese rocks appear very mylonitic,

Small faultgmare seen in "The Gorge",with only a small
displacement noticed,There is intense fracturing,and
pegmatization,The granulite between these two small faults
dips from gently north to low south-east,but either side of
these faults the granulite dips steeply south-east,Tilting of
a block of the granulite seems to have occured,The faults are
not folded,and are steep,

The boundary between the Archaean inlier and Cambrian
s1ltstone§3§~3;é%€%é$§ ghi:igggg uggestjn,mit té»u& faulted l7
In "The Gorge" ,Feldspathization occurs on the kower boundary
between the granulite and gneisses,I £ﬁ2§£#1t represent%@a
thrust fault,

#ir .D.Maughan ,using geophysical measurements,has
defined anomalies which may represent steep faults,If this is
t=1o) ﬁt may explain the outcrop pattern of the granulite,which
may be an expression of these faults. . |

In my opinion,there are manf?%ggiﬁécln the area whlch
complicate the geology,making 1nterpr§tatlon’of the outcrop

map most difficult, 2 m\b I R
MLTAMORPHTSM..

Two metamorphic grades are recognised in the area,one
reaching upper amphibolite facies,and the other a retro-gue
metamorphism,reaching biotite grade,The higher grade is
related to the Archaean orogeny,and the lower grade to the

Proterozoic phase.No isograds are recognised,

The Houghton granulite appears the least altered,and
shows the best high grade assemblages.When plotted on ACF.,and

AKF¥,diagrams,as used by Winkler,the mineralogies indicate
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-glwe upper amphibolite facies,The use of these diagrams assumes
equilibrium was reached at this high grade,and that no
metasomatism occured,The granoblastic texture rules out the
possibility of large scale mobility of elements,required for
metasomatism,and alsoksuggests complete reconstitution of the
original texture,explaining the lack of igneous or sgedimentary
‘i’"eatures./l:23

Plagioclase composition is most consistient,ranging
from Ab63 to AbT5.Turner and Verhoogen suggest this composition
is most indicative of a high grade of metamorphism,such as
upper amphibolite.

Other units are much more altered,but do show relic
minerals,which are not as specific as those of the granulite,.
ACF,and AKF. plots of these assemblages also indicate upper
amphibolite facies,(see appendix 4 ),

Assuming water saturation conditions,the reaction of
muscovite converted to sillimanite is most indicative of this
high gradé%zf temperature and pressure conditions were such
that they dlelineated a point on the curve of this reaction,
(appendix 4 fig.5),then both minerals should occur,But only
sillimanite is recognised,the muscovite present belonging. to
the lower grede,so temperature and pressure conditions must lie
above this curve, o ‘ :

To. pinpoint these conditions,the congiderable granitiz—
ation is taken into.acceunt,The granite melt curve(appendix 4
fig.3) intersects the above mentioned curve,thus defining the
conditions reached,These were,temperature 750C and 2-3 K-bars,

Other high grade‘features are perthitic textures and
needle inclusions inh' Archaean biotite grains,

The retrograde metamorphism reached biotite grade of the
Greenschist facies.,Prominent field features of this grade,are
a strong lineation,and tight folds.

Considerable recrystallization of quartz occurred,
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with larger grains showing pronounced strain features.

In the granulite retrograde minerals are epidote,calcite,
chlorite and biotite,,In the gneisses ‘sericite is prominent,
with other minerals being biotite,opaques,sphene,mascovite and
hormblende,These assemblages,when plotted on ACF,and AKF.
diagrams support the biotite grade(appendix 4),

METASQUATISM.

An extensive area of a metasomatised amphibolite occurs on the
beachfront,The amphibolites show a very blotchy character,with
large crystals of hornblende coexisting with good layeréng of
mafic minerals,

The plagioclase content indicates sodium metasomatism,
The plagioclase is retrograded by epidote,indicating the
metasomatism occurred prior to the Proterozoic metamorphism,T
suspect it took place the same time as the granitization event,
The metasomatism is related to the amphibolites only,suggesting
the Wa was mobilised because of its higher concentration in these
rocks.Because the surrounding rocks are not affected,it seems

the Na had only limited mobility,snd was not widespread,

Yo IGNEQUS ACTIVITY.

The most obvious igneous activity occurs in the form of
two cross-cutting basaltic dykes,.They are unaffected by later
retrogradation,so must postdate the Proterozoic orogeny,

Some dark gegeen amphibolites,of older appearance,in that
they are coarse grained ,may represernt an earlier basalt.Chemical
analyses of a few trace elements were carried out,but were not
conclusive,They occur as isolated pods and large masses,which

would suggest an igneous origén,and T conelude that they

represent an early igneous phase,prior to the Archaean phase,
Extensive outcrops of pegmatite and minor outcrops of
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granite,occur,The granites are cross-cutting and affected by
the retrograde event,large structureless "blobs" of pegmatite
occur along with the granite,so are the same generation as it,
I interpret this granitization as late stage Archaean
activity.I think that minor intrusions of granite did occur,
but the majority of the pegmatite represents the low melt
fraction of the country rocks.This represents considerable
mobility of the potassium content,along with some silica
mobility.Where the rock composition has been suitable,Na
mobility has occurred,The high K content may support the
theory that the gneisses represent sediments.Migmatitic rocks

are an intermediate expression of the ¥ mobility,

MINERATLISATION,

glides 376-263 & 264 ,describe an amphibolite which
shows copper mineralisation.Polished sections show the
minerals are chalcopyrite mainly,with minor pyrrhotite.The
copper content,by chemical analysis(appendix 5 fig. ),is
1600ppm,Acid digestions by different leaches show the Cu is
confined to the sulphides,Minor disseminated sulphides occur
in other swiphi amphibolites,

Blue disseminated azurite occurs in augen gneisses,and
small adits are found at these outcrops,

In the pegmatitic region of the beachfront,large viens
of ilmenite are found.One pegmatite has been worked extensively

for monazite and rutile.
GEOPHYSICS .

Mr.D.Maughan carried out an extensive magnetic
survey on the Permian sediments surrounding the inlier.He
discerned an anomsly which he attributed to the granulite,

Using this informetion I was able to exlend the main

horizon of granulite,considerably to the north-east.
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GEQCHEMISTIRY .

The "Houghton” granulite was chemically analysed to determine
whether it was of igneous or sedimentary origin.

Field relationships were inconclusive%The granulite was
conformable in all instances.Associated with it was a zircon
;;éi?@uartzite.The boundary between these units wes very sharp,
and the strickly conformable nature of all outrops of the
granulite ,which includes outcrons in other aress,fogether with
the mineralogy,lead me to favour a secimentary origin,

The major elements,plus certain trace elements,are then
used tgmggﬁxg)this guestion, {appendix 5 fig, ).

The major elements were analysed by X-ray Fluorescence
spectrometry{RF, JA search of the literature revealed that the
rocks with almost identical major element content as the
granulite,were Syenites,Diorites and ferraginous,dolomitic
marls,Thus we haVJX¥ggﬁced our search to two possible igneous
parents and one sedimentary paren%fThe most distinctive major
elements were FeQ and Fe203,as well as K:Na ratios,

Having pinpointed likely parents,the trace element
contents of these rocks maSe e examined,I was able to gather
sufficient informetion for the Diorite model,but was less
successful with Syenites and marls,making these comparisons
less reliable, ;

1{ was argued that the different processes of igneous
and sedimentary fractionation would result in different contente
of elements,or different ratios of elements,A comparison with
1iterature values would help define these trends,

Niggli numbers were used by Leake and Evans to distin-
guish between ortho and para amphibolites,so I tried the same,

hoping to distinguish between Diorites,greywackes,and the
granulite,I wes not able to do so for Syenites or marls.

Appendix 5 figures Ito I0,show vario@s plots of results,
Figure 9 showvs the granulite plotting midway between a pelite
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and a limestone,This fits very nicely with our concept of a
rock of a calcareous marl origin,Diorites and Syenites plot in
a slightly different field,

Figure 3; does not distinguish between diorites,syenites
and granulites,which all plot in similar positions,

Figure 4, shows sthe granulite plotting in a sedimentary
field ‘in all cases,separate from the igneocué fields,but,not at
all,conclusive evidence,

Figures 5,6,7,9, and 109 show the same trend as figure
4,¥igure 8, shows the granulite plotting in a sedimentary
field,quite distinct from any igneous trends,particularly the
mg to k plot,

An overall examination of the niggli number method
reveals two promising plots which reveal sedimentary origins of
the granulite,These plots are figures 2 and 8,The remainder were
inconclusive,But,still,the evidence is not conclusive and
log-log graphs were used,to further define any sedimentary
trends,

Bome of these plots show the granulite plotting in a
field of its own,These graphs are of no use,as no comparisons
can be made,More useful graphs are V-Cu;Cr-CujZn-Cujla-Ce;
Cr-V;Co-Cr; and Hi-Cr; ,

Examination of these graphs,shows the gfanuiite to
plot in the marine seciment field in all cases,and in igneous
fieldsg,seldom,Unce again there are no conclusiﬁe graphs;but a
sedimentary field does seem ewident, 10 he mone the tund L

lables 2 and 3 of appendix 5,contein lists of the
various lithologies showing the ranges of major and trace
elements present.Examination of thesge tables supports the

concliisions reached from the graphs.

My final conclusion is that the Houghtom granulite is
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of sedimentary.origin,probably a dolomitic,ferruginous marl,

My comclusions could be substanciated by analysing for
more trace elements,and by analysing more specimens of granulit
to establish any trends,



CONCLUSI10RS.,

There were three periods of deformaticm recognised,The first
‘was an Archaean orogeny,vhich produced a strong metamorphic
layering,This phase reached upper amphibolite grade of
metamorphism,The second phase was recognised by the tight
isoclinal folding,with a south-e€ast plunging fold axis,

‘The third phase was & weak tertiary orogony producing
a waek lineation in a north-east plunge,of very low dip,

The second phase produced a major overturned anti-cline
and it reached biotite grade of metamorphism,iBis phase alsc
affected the Adelaidean sediments surrounding the inlier,

A thrust zone was recognised on the underlimb of the anti-
cline,by the presence of mylonitic rocks,The main lineation
of the area is paraldkl to the foid axis of the anti-cline,
and is plunging 26 to 137:

Field relationships proved inconclusive as to
deciding whether the granulite was igneous or sedimentary.The
granulite was conformable with the surrounding rocks in all
instances,lt was associated with a quartzite in all instances,
which itself was interpreted as beimg sedimentary,due to the
high eoncentration of zircon found in thin section.This assoc-
iation suggests a sedimentary origin of the gramulite

Chemical regults reveal sedimentary trends of the
granulite ,but there is no conclusive evidence,To reach & pesit-
ive conclusion I would recommend further work to be carried out
on the granulite,such as analysing for Th,Ufall the rare eartihs
Sc, and Zr,lwould also recommend many more analyses of the gran-
ulite to be done,to define any trends which may be present,

A more detailed analysis of the quar1zite may also be

beneficial, tg) S WW‘/\,\,an% 0{ \%\L WW"\«» O By xf,‘?/
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g1lide numbers which correspond to the rock units,
Houghton Granulite. 576 ys5 pe, u7, H8, HY, HII, HIT, 238,
269,0

Quartzite unit, 376~ 5B2, I14B, 69,.

Amphibolite. 376- AIS8, 28, 265, 264, 263, 300, 29,
Metesomatiged amphibolite. 376- AIT, 83,,

gillimanite gneigs. 376- 4A, 5A, 1I6, 173, 223,,
Migmatitic_sillimenite gneiss. 376- 168, ITI, 249, 253,,
Augen gneiss. 376~ 1IA, I, 79, 97, 192,.99,

Calc-silicate. 37b- 286,,

Augen schisgt,
376- 142, 197, 252,.

Granite gneiss. 376- 144, I86, 221,

Granite. 376- 3A

Pegmatite. 3(6- 8I, II7, 146,.
Clinopyroxene unit. 376- 90, I2I,.
Basaltic dyke, 376- 26I,

BRiotite unit, 376~ 130,.

cambriasn. 376- K
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376-H5,

L —

Mecro, Medium grained granoblastic texture,with a weak
foliation developed,Main minerals are pink feldspar,dark green
amphibole,and pale green epidote,

Micro Granoblastic texture,with a mean grain size of O, 7mm,
Quartz.About 35%.8ize O,2mm,Uniform extinction with an embayed
shape.égggigglg.About 10%%.Size O, Tmm,Commonly associated with

calecite,Pale green,weakly pleochroic,Extinction angles range from

5-23 Probably hornblende.BEpidote,About 50%.Size O, Tmm,.Commonly

associated with calcite.Plagioclasg.Trace amounts,8ize 0O,5mm,

Excellent albite twinning giving & composition of Ab,75,Microcline

Trace amounts,Size 0O,7Tmm,Cross hatched twinning prominent,Calcite

5%.8ize 0.5mm,Distinctive cleavage showing twinkling effect,

Accessories,Sphene,apatite,dark green mineral ,Unisxial (=ve),

distinctive maximum absorption with the c-axis normal to the

polarizer vibration direction,i,e,Tourmaline,

376-H6 "H i ite,

géggg. Same as above,A courser layer of pink feldspar and epidote

is seen,

MICRO.Same as above,A small section of the slide contains diopside

and scapolite,with a sharp boundary existing between this section

and the remainder of the slide,

Microcline,About 30%.Size O, Tmm,.Quartz,About 304.Uniform extinction
idote.About 30%.Diopside,About 5%,.Distinctive dark green,with

prominent cleavage traces, capolite.High birefringence,uni-axial

(=ve),parallel extinction.éccessorig§;8phene and. opagues,

376-H7, "Houghton" granulite,
MICRO,weak foliation developed.

Amphibole,10%. I.0mm, Mottled appearance,very pale green,non
pleochroic,extinction angles 5117° Probably actinolite,
Epidote.60%.Quartz,30%,Weak undulose extinction,Microcline,Trace

amounts,Accessories,Sphene and apatite,



376-H8. "Houghton" granulite.

MACRQ.Adarker coloured rock,foliation
well developed,
MICRO.Granoblastic texture.Scapolite,5-10% Size I,0mm.8 sided
crystals.Amphibolite.5% very pleochroic,bi-axial (-ve),2v)=70°
maximum extinction angles are 24 ,Probably hornblende,Microcline,
40% ,Epidote,25¢% alteration product of the amphibole in most instan-

Sphene 2% ,apatite,opaques and quartz,

316-H9. "Houghton! granulite.

MACRO, Fine to medium grained,
MICRO .,Same as above ,Microcline, 504 well developed granoblastic
aggregates.&ggh}bolite.Io% Pale green hornblende,Epidote, 25%
Sﬁ%ne. 2% rounded grains of high relief.Qpaques, 2% embayed shapes.,
Accessory, apatite,

376-HII. "Houghton" granmulite.

MACRO,Grey coloured rock with
lineation of dark green minerals.
MICRO.Same as above.Scapolite. 30% tabular crystals occur within
the grains,epidote?Biopgide. 30% closely associated with &iepside,
scapolite,Microcline, 40% Accessories. sphene and apatite.

376-269. "Houghton" gramulite.

MACRO, pale green,obviously much more
quartz comtent, ‘
MICRO.Promiment quartz rich layer.Amphihg;;Lg. 5% actinolite,
Quartz, two distinct layers recognizable.,One is quartz rich,the
other microcline rich,The quariz layer contains;bboth ,large grains
showing strain features,and undulose extinction,and small re-cryssg-
tallized quattz grains,This layer comprises quartz:;epidote I:I,
Overall it is 40%,THe other layer is quartz,microcline,and epidote,
Microclime. 304 Epidote. 30% Accessorieg.apatite,opaques,sphene,
amphibole,



376=-018, Amphibolite,
MACRO, coarse grained black amphibolite,
mainly hornblende,
MICRO, Horn®blende,60% dark greenm,stromngly pleochroic,maximum
extinction angle 23°,0ften found as an alteration product on a
paler mottled mineral,probably hornblende . Actinolite.5% albite
twinning prominent,surrcunded by a corona of epidote,Plagioclase.
30% albite twinning,composition Ab74.Forms a granoblastic aggregate
Microcline, I10% The plagioclase forms around the-se grains,
,Acceggoriesg, opaques surrounded by a spene corona,i.e, ilmenite or
rutile,quartz,.
_376-28, Amphibolite.
MACRO,fine grained granoblastic texture,black &
and white speckled appearance,
MICRO. mean grain size 0,4mm, Plagioclage.75% albite twinning
gives composition of Ab73,.,8ericitization along the grain boundaries
and along the twin planes,puartz 154 uniform extinction,very clean
grains,Biotite. 104 closely associated with muscovite,Needles of
inclusions within the biotite . Accessories. zircon within the

quartz grains.An absence of opaques is prominent,

276-5B2. Quartzite,

MACRQ,coarse grained gneiss,almost all quartz,
a poor foliation is developed. ’
MICRO.Quartz. 704 large grains with a strong undulose extinction
showing a preferred orientation,parallel to the foliation devel-
oped,gurrounding these grains is a mass of small re-crystallised
quartz,.Many inclusions occur.Mugcovite., 3egtrace.Microcline, 304
very rounded,recrystallised quartz,sometimes,forms large pressure
shadows around these graims.,Minor sericitizatdon.Agcessories.

A single plagioclase grain occurs,sericite masses,iron oxides

forming yellow stain-like &reas,and prominent zircon,

316-3A. Granite. i )
MACRO , coarse grained,pink granite,

54 gize 2,5mm slight alteration tb chlorite,minor

MICRO,Biotite ,




muscovite,Quartz.30% inclusions of needles and trails of bubbles,
Elagigglage.35% almost completely sericitized,.Migrocline. 304
weak perthitic texture.pcgessorv.A large zircon grain,I,5mm,

corona of opaques,uni-axial (+ve),

576-K. Cambrian siltgtone,

MACROU,fine grained grey silgstone,
cleavage well developed,
MICRO.well oriented biotite and muscovite,inaa groundmass of
quartz,Quartz.604 size 0,06mm.Muscovite:Biotite.is 60:40 and
total %age of micas is 35%.Plagioclase.trace,unaltered K=feldgpar,
5%.Accessories.zircon,opaques,

376=142. Augen schist,
MACRO.grey schist with a wavy foliation,

The gentle undulation along the strike forms small folds,in places
whose fold axes are responsible for a strong crinulation developed
on the schigtosity surface,
MICRO.excellent crinulation of micas seen.Quartz.>0Z most is
recrystallised,but a few very large grains exist,showing consid-
erable strain features,Biotite.50% strong preferred orientation,
Very elongate grains.Muggovite,?204 same form as biotite.,Access~
oriesg, ilmenite,
376-99, Feldspar-biotite gneiss.
MACRQ.well foliated gneiss,very

prominent black biotite comtent,
MICRO.strong preferred orientation of biotite and sericite,
Biotite., 30% pleoé}oic from grey-green to pale yellow,Uniaxial
(-ve) figure obtained,Plagioclase., 40% dusty sericitisation along
the twin planes.,A few grains completely sericitized,Composition
Ab75.Quartz. 20% mostly large,strained grains,surrounded by a
mass of polygomal ,recrystallised quartz,
376-261. Basaliic dyke,

MACBQ. fine grained basalt,minor sulphides,
MICRO. random laths of elongate plagioclsse,.Plaghoclase. 60%
Amphibole. 30% I20° cleavage traces prominent.Pleoé&oic from



olive green to yellow-green,bi-axial (-ve),ragged appearance
probably hornblende,Epidote.5% colourless,high relief,bi-axial
(—ve),§traight extinction,length slow.Accessories. opaques,
376-8T. Pigk g

MACRQ. coarse grained,pink feldspar and
white quartz,
MICRU.Microcline, 50% size 6.4mm,Prominent cross-hatched twinning,
minor sericitization.Perthitic microclipne.Plagioclase within the
microcline,Quartz.very strained,minor re-crystallisation,

6-2 ranite ei . . .
el CRQ. coarse greined granodiorite,

MICRO.Quartz. 3074 size 1,0mm,straight trails of inclusions,mainly
in two directdons,running perpendicular,minor re-xtallised quartz,
Plagioclase., 504 both twinned and untwinned grains present.Ab77.
promineht zoning of plagioclase,Microcline, 104 a mermekitic
texture,of quartz exsolved within microcline,is noticed,piotite.

10% size 2.0mm, assoclated with apatite in clusters.

316-186. Granite gneiss,
texture of pink feldspar and green amphibole,
MICRQ.Plagioclase.304 granoblastic texture,but grain boundaries
very embayed.Perthitic microcline., 5% Amphibole,I0% pale green,
non pleochroic,length slow,extinction angles low to 19 .Hornblende

Epidote.T0% Qpagques.5# rhombic shapes with sphene coronas.Quartz.
104 minor recrystallizatbon.jccessories. sphene and zircon,

MACRO.coarse grained granoblastic

516=121. Clino-pyroxene umit,

HACEQ,coarse grained,green mafics
in a grancblastic texture,

MICHO.mean grain size I,.2mm,Plagioclase., 60% AbT3. Climopyroxene.
30% bi-axial {(+ve),weak pleochroism,2v= 6oo,length fast,extinction
angles 33" %o 52o.Augite.Qu&z&z.5%.Agg§§§gx;g§.sphene,opaques.

216=285 Cal 1L ©-Bnit MACRQ, amphibolite,consisting of

medium-grained grahoblastic aggregate of hornblende and plagioclas



MICRQ.Plagioclase,50% size I,0mm.albite twinning prominent ,Ab75.
Hornblende.30% brown to green pleochroism,Amphibpole.I5% rounded
grains,surrounded by hornblende,Qpacues.5% sphene corona,Access-

orieg.apatite,
216=24. sillimanite MACRO. Quartz,sericite gneiss,well
foliated,

MICRO. Garpet. I% size 0,3mm,colourless to pale pink,Thin aniso-
tropic needles within the grain,Extensively chloritized.Grossularite
Biotite.Associated with chlorite,I0%.Chlorite. 504 low birefring-
ence, ,bi-axial ,length slow,pleochroic.Quartz 204 mostly recrystall-
ized,some larger grains,Plagioclage trace,almost completely sericit-
ized,gericite.Prominent alteration product. 30%.Accessories.Fe
staining,opaques,.

- . Miematiti o . R
376=249, Migmatitic sillimanite gneiss, MACRO.well layered

MICRO.Alternating bands of sericite and quartz.gericite.50% alter-
ation product.Plagioglase. 104 large variatioms in degree of
sericitization,Quartz, 40% mixture of recrystallized and larger
unaltered grains.Sillimanite. 5% forms relic cores in the sericite
layers.pccegsorieg.zircon in the quartz grains

honad 3 Am&hi.bﬂliiﬁ.. 3
1162262 MACRQ. very granoblastic texture

MICRO,mean size 0, 5mm,HBornblende,25% form between the granoblastic
aggregate of plagioclase,dark green,pleochroic,Plagicoclasge, 654
grain boundaries somewhat lobate,Ab68.Clinopyroxepe.5k bi-axial$+ Ve,
2V=50160°,colourless,extinction angles low to 68%ie.Augite.Apatite,
54 rounded and hekagonal grains,high relief,low birefringence,

,grey colour,

Opaques.5% sphene forms & corona around the opaques,ie,Rutile,

376-H11. "Houghton" gramulite. MACRO.Grey coloured,dark green
diopside and tan scapolite recognised,.,

MICRO.mean sige Q,7mm.Microcline.30% Diopside.20% very pleochroic,
minor alteration to epidote,Scapolite.i54 small inclusions can be
traced from a few crystals,to a more concentrated mass,identifisble

as epidote,Garmet.I0% tan colour,grossularite-andracite,



Epidote.20% alteration product of plagioclase.g;ggigglggg.5%
accessories,apatite,sphene,opaques.,

2I6=130 MACRO. Dark grey gneiss with poor

schiistosity developed,

MICRQ.mean grain size O, Tmm,Groundmass of recrystallizec¢ quartz,
with a few larger quartz grains scatiered about,Biotite. 30%
brown variety,many basal seetions showing a uni-axial (-ve) figure.
Long needles with a hexagonal configuration within the grains,
Plagioclase ,§b% I.2mm,Considerable dusty sericitization.gQuartz.

304 larger grains show sutured boundaries,uniform extinction,about

20% is recrystallized.Tgurmaline 2¢ charicteristic pleochroism,
Opaques. 3%.

316=83 £ MACRQ.coarse grained,granoblasti

MICRO.Plagioclage. 60% I.2mm.Considerable dusty sericitization,
AbTI,contains rounded microcline grains.Epidote.5% forms a

corona between amphiboles and plagioclase.Amphibole.30% extinctiorn
angles range from 7117tProbably hornblende ,Accegsories, sphene and
apatite 59%,No opagues,

316=411. Metasomatised amphibolite. MACRQ,Well layered gneiss,

MICRO,Plagioclase.b60% dusty sericitization,especially around the e
edges of the grains,0ften an epidote corona,Amphibole.20% pale
green,mottled,surrounded by & greener,more pleochroic hornblende,
Epidote. 30% alteration product of plagioclase,pccessories,sphene
and biotite,

~116., gillimanite gneiss, i i
316=-116 illimanite MACRO, well layered gnmeiss,with

schistosity developed along more micaceous layers,
MIGRQ.Distinctive quartzose and sericitic layers,much fractured

and recrystallized,.Quartz.30% strong undulose extinction,
preferentially oriented parallel to the layering.Sericite.50%

alteration product of feldspars.Sillimanite.I% Prominent diagnol
cleavage ,and higher refractive index,also strongly sericitized

Biotite.5% Occurs inbetween the quartz grains,in a more quartzose

layer,.Qpagueg.5% occur in layers,



316=223. sillimanite gneiss. MACRO. dark,fine grained,well layered

gneiss,mostly sericite,

MICRQ.Can see 3 layers ,consisting of sericite and quartz ,microcline
quartz and sericite,with a mean grainsize of 1,5mm, ,and a layer of
quartz,sericite,and plagioclase with a mean grain size of Q. 7mm,
Garnet.2% Actually is one large grain,broken up and chloritized,
Quartz.40Z strong undulose extinction,consideravle recrystallizatior
Needle-like inclusions seen,Plagioclage. I0% Ab72, All have
undergone various degrees of sericiﬁ%zation.migzggling.IO% I.5mm,,

216=4A. gillima MACRQ. well foliated gneiss,prominent

augens of quartz,

MICRO.Quartz. 307 O,7mm.Mostly uniform extinction,few inclusions.
Biotite.307 many basal sections,intimately related with muscovite
and opaques.Sillimanite.2% almost completely sericitized,Plagioclase
5% wvery much altered.Pyrophyllite, ILong tabular grains pseudomorph-
ing sillimanite,Form fibrous bundles,

T . 4 _ schist. X .
376=252 2 MACRO.extremely schistose,mostly micas,

MICRQ.Minor crimulation of micas seen,Muscovite,30% bi-axial (-ve),
associated with biotite.Quartz.Granoblastic aggregates,some larger
grains show a preferred orientation,45% ,Opaques I0% .evenly

scattered throughout the slide,Chlorite. 5% Accegsoriesg.apatite,
sphene ,and considerable Fe staining,

216=20. Clinopyroxene unit. MACROQ.dark green rock,allmafics
MICRO. coarse grained,Plagioclase. Ab67. 5% Bormblende, 90% green
mineral,bi-axial(-ve),,faintly pleochroic,length slow.Epidote.5%
216-263. Ore contajning amphibolite. MACRO.Prominent chalco-
pyrite and pyrrhotite,and opalime quartz,

MICRO.Apatite, 20% high refractive index,low birefringence,Quartf.
strong linear features,slight undulose extinction,Pyroxene. 30%

N . ] ]
bi-axial (+ve).2V=30-35 ,weak pleochroism,ie,Augite.Hornblende,Forms

& corona around the pyroxene,Plagioclase, Prominent albite tvinning
minor sericitization,



iy

376-IA. Augen gneiss. MACRQ, very schistose gneiss,with many

augens of quartz,

MIBRC.Biotite.Needle-like inclusions,20%,pleochroic from dark
brown to straw yellow,preferred orientation parallel to the layer-
ing.Quartz.40%,slight undulose extinction,clean grsins,a few
Xenoblastic opacues,poor layers of quartz seen,larger grains are ve
very embayed,with recrystallization around the edges,Feldgpar. 30%
same habitat as quartz,but grains more embayed,mostly microcline,
minor plagioclase is extremely altered.,Muscovite,.70%,high biref-
ingence,elongate,encased in sericite,opacue rods with sub parallel
distribution within grains,length slow,parallel extiinction,mostly
associated with biotite,and quartz,It seems to be pseudomorphing

an elongate,bladed mineral,ie, gillimanite.Accegsories. opaques.

MICHY Granoblastic texture of plagioclase ,mean grain size of (Q,5mm,

MACRQ. Granoblastic texturggrey.

Grain boundaries somewhat lobate,Clinopyroxene.bi-axial (+ve),
2V=50160f,colourless,non pleochroic,extinction angles low to 687
Augite.plagioclase.65% composition Ab68,form a prominent granoblast
ic aggregate,grains only slightly sericitized alomg twin plsanes
Hornblende. form anhe@ral shapes between the granoblastic plagio-
clase grains,very pleochpoic,dark green to pale green,bi-axial(-ve)
2V-40:453,a1teration product of the rounded clinopyroxene grains,
QOpagues.5% sphene coronas,some show a rhombic shape.Apatite.5%
rounded ,high refractive index,

316-168. WMigmatitic sillimanite sneiss. MAGRQ.fine grained,well
foliated,

MICRQ.Quartz.454 very embayed shapes,slight undulose extinction,
clean grains,little recrystallization.gerigite,45% some,slightly
larger muscovite greins,associated with opacues,Bigtite.54§.
Garnet.one large,broken grain,surrounded by red Fe staining,and
a corona of chlorite,

il6-146. yhite peemetite. MACRC.coarse grained,rounded cuartz,



MICRQ Quariz.35%,very strained,prominent recrystallization,in and
around plagioclase grains,strong undulose extinction,pPlagioclase.
60%,grains rounded,with sutured edges,multiple twinning prominent,
size Q,7Tmm,compositdon AL6T,,very little alteration,.Qpagues.5%
rhombic shapes,Accesgorieg.biotite,

316-J92. Augen gneiss,

MiCRO.Quartz completely recrystallized,,complete preferred orien-

"MACRBO.mylonitic rock,minor fclding seen

tation of mices,strong crinulation developed,in one instance the
micas are folded around a small cuartz fold,Quartz.completely
recrystallized,50% 3Muscovite-biotite, 50:50,0verall is 50%.
Accessorieg.ovarues scattered randomly,chlorite,apatite,,

316-144. Granite goeiss. HACRO. medium grainedgranoblastic rock
MICRO.Quartz. large grains with an undulose extinction,much re-
crystallization,40%,size 2,0mm,Plagioclase. 20% Ab70,dusty
alteration,and some multiple twinning,Microcline. cross-hatched
twinning prominent,unaltered.Bigtite., closely associated with

muscovite and opagques,,.

316-19., Augen gneiss.

and crinulation of micas,
MICRO.same as 376~192.In this slide the folding of cuartz and

micas is even more spectacular,It has the same mineralogy,
3216=300. Amphibolite,
minor sulphides disseminsted throughout,

MICRO.Hornblende,60% bi-axial(-ve),,2V moderate,cleavage sets at
Izoi,extinction angles 0-24:strong pleochroism,Plagioclase.30%

Considerable dusty sericitization,with minor,coarser sericitizatior

MACRQ.excellent folding of quartz augens

MACRQ. black,medium grained,grancblastic,

around the edges of the grains,Albite twinning not prominent.
Riotite, associated with hornblende in some imstances.Acgessoriess
opacues (sulphides).

216=19Y. Augen sghist. ,,opo pine greinedpblack,schist,

MICRO.extremely well developed orientation of micas and opacues,



Hornblende, I5%%,green pleochroic,mottled grains,whose outstand-
ing festure was their cross cutting relationship with the micas,
Tendency of micas to be displaced around the hornblende,The
grains are random in their orientation,with a significant
proportion parallel to the micas,Quartz. forms a large portion of
the groundmass,and ie recrystallized, Biotite.30%4%pleochroic from
colourless to brown,very elongate shape,Qpaquesg ,tabular shapes,
most strongly orienged,104.Accessoryv.apatite,

1 - [ 3 Q ___LL..’ i L] - 1 SN I 1
416=29 aupnlbollile MACRQ, coarse greined,poor foliation,
MICRQ.Granoblastic texture,Achtinglite.I54,bi-axial(-ve),pale

green,non pleochroic,.8phene. 5% large grains,often broken,and
rounded,Plagioclase .Ab66,75% ,minor sericitization along the
grain boundaries,Shows a very weak perthitic texture.Aggessories.

onacues and epidote,an slteration product of actino.ite,

216=14F, = L8 MAC. C.Poor foliation,specks of oparues,

MICRQ.Akout 6C7 of the cusrtz present is recrystsllized.Quartz.
80% ,larger grains are very embeyed,and strained,Microcline,mofe
fractured,slightly recrystallized.Accessories.biotite,tourmaline,
sericite,opacues,muscovite, ,Prominently scattered thromgh the
slide is a hexagonal grain,uni-axial(+ve),elongate,length fast,
parallel extinction,= zircon,

316=177,. Migmatitic sillimanite gneigs. MACRQ.well foliated,

pink feldspar layered,Fe stained gneiss,

MICRQ.Biotite. I10%,strong pleochroism,associated with opacues,
puartz.No preferred orientation,in definite layers,clean grains,
uniform extinction,remnant granoblastic texture,associated with
muscovite containing needles of oparues,Sillimanite.minor

unweathered cores in a sericite mass,gSericite.50%

216<238. “Houghton" eranulite. MACRQ.Poor foliation developed,
MICRQEpidote. 60%,high biretingence,very mottled,pleochroic,
parallel extinction.Biotite.Pale green,uni-axial(-ve),Quartz.

A few larger grains,but most recrystallized.Agcessorieg, calcite

sphene ,and apatite,rare,rounded opacues,



216-63. Quartzite unit. MACRQ.Granoblastic texture,black-grey
rock,poor feldspar roliatiompinor lineation on layered surface,
MICRO.Quartz,70%,size 0.5mm,strong undulose extinction,a trail of
bubbles meeting in a triplie point,suggest recementation,Plagio-
clase,.20%,completely sericitized,Microcline,5% less altered,
Biotite., %% preferred orientation,Accegsorieg.scattered opacues,
muscovite,zircon,

e »

MACRO.Grey,fine grained,well foliated
MICRQ.Opacues.5% larger,embayed grains and small disseminated
specks,Quartg,60%,forms detinite layers,ususl mixture ot larger
and recrystallized grains.Sillimanite,trace,very sericitized,
Sericite.36%,alteration of feldspars.Accessories.Chlorite,piotite,
muscovite,Fe staining,

2462223 : MACRQO.black,poor foliation ,

MICRO.Quartz.Masses of fractured grains,considerably recrystalli-
zed,unitorm extinction,40%,size 6,7mm,Plagioclasge,40%,uniform
extinction,forms very large grains,Biotite,I5%,within the matrix
of recrystallized quartz,very mottled,broken grains.Qpaques, 2k
scattered anout the slide,Accegssorieg,muscovite,

(b=1. Augen gneiss.

azurite disseminated throughout,

MICRY , puartz,40%,larger grains snow slight undulose extinction onl
trails of bubbles,most is recrystallized,torming a polygonal
matrix,Microcline, 10% very large graing,wesk sericitization,
serrated edgesoroken and rractured.Blagioclase.%% smauller size,

well foliated,many cuartz augens,blue

sericitized PBiotite.closely associated with the polygonsl quartz,
Red_stainine, looks like Fe stuining,but the azurite in hand
hand speciman is 8 more likely anSWer;Agcggggxleﬁ.epi&ote,muscovit

i1b=111 Le ne MACRO, very coarse grained,prominent
multiple twinning in hand specimen,

MICRO.Plagioclase., 9% most grains show dusty sericitization,



add sone coarser sericitization,Good albite twinning,Ab67,
Quartz.54 ,occurs as a small vienlet,crosscutting plagioclase g

grains,

iZﬁéQZ. Epidosed augen gneiss,,

MACRQ.Prominent pale geeen,
epidote,well layered,slightly migmatitic,

MICRO,Riotite.forming foliation between the granoblastic texture
present, 157 ,very pleochroic,uni-axial (-me),Quartz.80%,trails
within the grains suggest former grain boundaries.Recrystalliz-
ation has occured between the larger grains,Plagioclase.45% Ab76,
all grains sericitized,some extensively.Microcline, trace,
Epidote 154, alteration product of plsgioclase,Accessories.

muscovite,opaques,apatite,green biotite,
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Analyiical teghniques,
Sampling. Large unweathered blocks of granulite were gathered
and 5 samples chosen,of the most widely varying texture and
mineralogy.i.e.376-H6,H7,H8,H9,HII,Also two amphibolites were
chosen to act as controls for the element ranges expected in the
area,i,e,AI7 and AI8.These rocks were crushed and then ground to
& very fine powder ,in an agate mill,to avoid possible contamin-
ation from Ni or Cr.

¥X-ray Fluorescence,(X.,R.F,)

The fine powder was pressed into
briquettes for each sample,using boracic acid as the binding
agent,Trace elements were analysed using these briquettes,Fused
buttons were prepared for the major element analyses,using the
method of Norrish and Hutton,

Rb and Sr, U,8.G.S. standards were run with our samples,Qur

results were calculated using values of these standards obtained
from the literature,This proved to be a most satisfactory method
as I was able to.check my precision,by ruﬁ&ng through the X,R.F.
2 or more standards,to compare the values obtained,with those

values listed in the literature,The confidence limit of the X.R.F

wvas found using the formula _ Méb
b T .

where m number of counts/sec/ppm.

T = total analytical count time,

Cb = C.P.s, on background position,

The mass abgorption of the samples was calculated using Compton's
scattering,Background counts were obtained using ultra-sil,

A combitron programme was used to calculate the final ppm.
I"-9'-~Lg~-e--—§]3§--§2'These elements were analysed in the same manner as
Rb and Sr,but a computer programme was useé to calculate the

mass absorpyion,instead of Compton's scattering,.This programme



was devised by A,W.Kleeman and K,Collerson in 197I.0Once again

@he gus.G,S. standards were used,with success,
%gi Us books of tables were used to determine correct angles,

crystals,e,t,c, for the X,R.F.

Atomic absorption spectroscopy. (a'a's’)The fine powder was

digesteg in acids,To I gm, of rock powder was added 30mls osf HF,
and the mixture let stand for I2 hours in a plastic beaker,It was

then evaporated to a sludge,over a hot water bath,when 8 mls of

HC104 was added,This mixture was evaporated to dryness and the
residue dissolved im a small volume of distilled water.This was
then,made up to a final volume of 50 mls,using a volumetric flask
For Wa and K determimations,by flame photometry,the final volume
was 1000 mls,The calculation was,

ppm, (rock), = ppm,(soln) x vol. (cc)
wt, of sample,.{gms)

50 I X 80

wt.

wk, = I gram,
A techron,number 3 was the spectrophotometer used,and the elemen-
ts analysed were Ni,Cr,Co,V,Pb,Zn,and Cu,

FeQ determination,

An accurately known weight of rock powder,
about 0.5 to 0,7 grams,was digested in HF and H2S04,.This was
done in a reducing enviromment,to prevent oxidation of the FeQ
present,by using a platinum crucible with a lid.After complete
digestion,usually 5 minutes,the solution was rapidly plunged
into a beaker,containing 300 mls of a solution of H20,I0cc I;I
Sulphuric acid,IOcc saturated boric acid solution,,and titrated
immediatelygto prevent oxidation by the air.The end poin} was a
faint pink,Calculation,

% Fe0O = titration(mls) X .07I84 X100 xNormality KMno,
Weight of sample,




B,C,R.,I, and B,H,N, were used as standards,The results were,

B.C.R.I. 8.98% (This thesis)
B,H,H, 6,37% n n
B.C.R.I, 8,917 (standard from literatmre)

B, H N, 7.55% e " 0
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Calcite

Figure I,
Almandine-amphibolite facies,

-+ = assemblage in "Houghton",

Figure 2,



Pressvre (K.ba,.s)

64

Appendix 4 Figure 3.

gramite mel+ curve

S0 690

Almandine-amphibolite facies,
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_ Chloritoid,
Epidote‘

*Chlorite,

Figure 4,

Greenschist facies,

Quartz-albite-~epidote-biotite-,subfacies,

<+ = "Houghton®? assemblage is

Musc~Epidote~Riot,
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© 376~

8102,
Fe203,
Fe0,
Mno,

¥ Tio2,
Cag,
K20,
A1203,
P205,
Mgo,
Na20,
H20™
total,

la,
Ce,
Rb,
sr.
Ba,
Ni,
Cr.
. Co,
Ve
Pb,
in.

SCw,

Results of chemical analyges.,

ng e

53,19
5.25
I.82

J1°

.63
11.64
6.12
15,52
.20
2.19
.17
2.18

11.36
6.31
I17.06
.26
2.15
I.74
I.05

10I.77 100.41I T100.08
Trace elements. (ppm. )

Houghton granulite.
H6,  HT. H8.
54,15 54,97 55,22
3.83 4,4 4.3
2.24 1.66 1.71

W34 .29 .32
+65 .63 65
9.71 10.98 1I.56
T.22 4.9 4,56
I5.94 15,78 16,46
022 .I7 JI
2,55 2,23 2,93
.99 .83 1.24
I.73 I.31 2,12
99.58 97.77
60 25 78
79 125 106
369 283 342
263 63 233
1086 864  TATI
57 55 60
85 91 91
37 29 37
69 69 80
28 32 41
90 69 81
20 32 12

70
83
314
183
906
57
100
37
92
30
52
T4

66
54
375
86
1574
60
91
37
46
39
>
24

pmphibolites,

A"I?.

58,67
3.88
1.I6
I2
.66
T.54
I.52
16.0I
«29
4,08
2.22
I.47

97.61

44
76
43

279

67
76
37
I38
30
51
I5

A-1I8,

52,96
5.00
T.77

oI2
2,52
T.31
2.21

I12.90

e 45
4.45
4.06

-I.00

98,64

T4T
I41
38
95
166
31
I2
60
552
39
90
100



376-119,

376-123,

376-248.

376-255.,

376-263,

(Silicate
leach, )

376-263,

(SBulphide
leach, )

376-265,

376~300A,

376-3008,

ANALYSES OF AMPHIBOLITES,

Ni,

60,

50,

98,

90.

575,

800,

I35,

250,

233,

(in ppm,)

Cu,

49,

. D4,

8.
112,

1600,

1625,

107,
127,

122,

Cr.

30,

61.

350,

250,

225,

250,

200,

380,

850,

Zn,

19.

87.

87.

91.

82,

27,

5.

89,

89.

Co,

59.

50.

59.

70,

400,

480,

95.

108,

108,

Mn,

110.

Fe,

T.5%.



TABLE 2,

Whole rock analyses of rocks similar to the Houghton granulite
(%ages)

Te 2, 3. 4, 5. 6,
sio2, 59.93 5331 54,95 50.87. 51.50 55.40.

Al1203., I4,07 I5.79 15,88 18,13 16.30 T7.20.

Fe203, + 15 3.69 .68 5.5 2,8 9.4
FeO, 2.87 I.37 5.84 1,86 7.9

MnQ. .06 .45 .04 .08 JIT I.3
cap.,  TII.77 I3.81 10.09 12.48 9.8 8.1
Mg0o. 5.02 T.73 5.06 4,03 5.9 3.1
Na20. 3.72 I.04 3.76 2,15 2.50 I.8
K20. .36 4,15 .76 4,15 .86 2.8
Tio2, .19 .70 1.80 o 15 1.20 .9
P205. .16 I.2 .24 .21 .30
Others, 21 o 21 22 o 21

Total, 100,31  97.90 99.33 100,00 99,94 100.30



8102,
A1203,
Fe203,
FeO,
Mno.
Ca0.
MgO,
Ka20,
K20,
Ti02,

P205,

Gthers,

Total.,

TABLE 2,
Te
55.50.

15.10.

5'8.

o7
9.7
2,3
I.0
2,2

o5

)

6.9

100,00

{(continued, )

8.

58.90.

16,70

2.8,

3.7

.09

2,2

2.6

I.6

3.6

.78

.16

6.3

99.70

9.
52,32

I7.00.

4'090

T.44

9.79

4,75

I.5

T.84

.48

99.91

I10.

60,76,

14.23

5.4,

.99

.I8

4.36

5.3

3.67

.9

3.42

100.27

ii,
56.06

17,61
.65
7.59

.16
7.26
3,38
3.47

I.67

100.40

12,
58,70

I7.05

3,17

4,71

2.41

4,38

4.44



~ LNDEX OF WHOLE ROCK ANALYSES(%).

3. V?ﬁHCUGHTONﬁ GHANULITE, Alderman,(1938).Transactions
. _of the Royal Society of South Australia,(TRSSA)

. Vol.62,pt. I,

2, & 3, "HOUGHTON" GRANULITE. England H.N. Ibid. Vol. 58-60.
' 1938-45,

44 Dolomitic marl, Sidorenko et al, Doklady Acad, NAUK,
8SSH, Vol,182, page 84,

5 Average continental basalt, Hallberg J, Journal of
Petrology. vol,I3, pp. 45, 1972,

6. Red clay, Crust of the Barth, Special papers 62,

Geol, Soc,. America,

T, Siliceous ooze, Ibid,

8, Neafishore shale,Physics and chemistry of the Earth,
Ve B, pp B,

9; ‘:f"Diorite.' prlin; B.M.R, Bull, 65, Analyses of
Australian rocks I.

%0, Syenite, B,

II. & I2, Diorite and Syenite respectively,
Wedepohl ,K,H, Executime director,Handbook of Geochemis-

try.



TARLE 3,

o o)

L. 2. 3. 4. 5. 6. 1. s
Ba. | 580. 230. 620. 60. 200. €30.
Rb, 36. 125, 550, I8, 391. 300.
Sr. 428, 465, 440, 260, 600, 140, 60. I70.
La, 26. 52, 18,
Ce, 49, 46,
Ni, 12, 150. 15, 40. 8, 65, 253,
Cro 200,  76. 68, 200, 300.
Co. ~ 48, 8. 32, 8, 56,
Ve 250, 8. 34, 320, I20. I20,
L ,jlbé; | Is, ~§8; ?:38. 149, 160, 128,




Ba,
Bb;
8r.
La,
Ce,
Ni,
Cr,

Co.

Cu,
Zn,

Pb,

40,
86,
II.
2k,

37.

TABLE 3 (cont.)

10, i1,
651,
0,
160,
42, 15,
92, 6I.
20, 3.

118, 125,

28, 1%,

13,

12,
150,
69.

330,

15,
98,

9.
73,

19.

I3,
60.
7.
130,

32,
%6,
10,
63,

27,

i4,
700,
140,
300,
40,
95,
68,
90.
is.
130,
45,

95

140,
300.
10,

22,

le,

600,
13,

27,



INDEX OF TRACE ELEMENT ANALYSES.,

I, Average continental basalt, Geochimica et Cosmochemica
Acta,Vol,33,pp 8I,

2, Average Canadian shield basalt. Ibid,

3, Cretaceous calcareous marl,Maurel B.Bull,Soc.Franc,
~ Min.Crist. $2 368-375,199,

4. Diorite, Rankama and Sahama,"Geochemistry,”

5, Syenite. n " n "
6, Basglts. n n n ]
7. Red clay. " [ " "

8 . Shale S. " " " 7

9, Modern marine sediments,Geochimica et cosmochemica
acta,1970, pp. 852,

10. Apcient marine sediments, Ibid,

1I. Calcareous clays.,Maurel P.Bull,Soc,Franc,Min.Crist,
92, 1969,

12 & 13, Calcareous clays., Ibid.

14, Near shore shales.Physics and Chemistry of the Earth,
Vol.8. pp. 518, '

15, Clays and shales. Geochemistry of the rare earths.

16,  Syenites. Ibid,



NIGGLLI NUMBERS OF VARIQUS LITHOLOGIES.

Sh, = Marine shale,
Dio, = Diorite,
Sy. = OSyenite,
Sy,
376- H6. HT- Hs- H9. HII. AI7- AIS- Syo Dioo Shc

si, is8, 168, Is6, 153, 153, 213, I42, 217, 197, 234,

al. 27, 28, 27. 26, 28, 34, 2v, 31, 33, 39,
fm, 26, 25, 26, 26, 2I, 36, 44, 23. 27, 36,
c, 30. 35. 35, 35, 34, 29, 21, 17. 17, 9.

&1k. 16. 12. IIo 13. 16. II. 140 280 24 o 15.

ti, I.4 I.5 1.4 I.& I.4 1.7 5.1 2.5 2,4, 2.4

P 035 02 o3 034 .34 .43 .64 .45 .40 .31

k. .83 .80 071 .84 070 031 027 DBI .40, «59

mg, 43 41 47 ¥ .43 .61 .38 .19 A5 W45
ke = K mg, = M

..F__E_..__..
——ﬁa—‘* e e+ Mn t Mg,



List of symbols of lithologies,

Houghton Granulite, - é
Diorite; = o
Marine sediments, - a
Syenite, = N
Ortho-amphibolites, = °
Para-amphibolites, - ®
Greywackes, ™ a
Basalts, = 4

For appendix 5,figures I to 10,the symbols are the same
as those for figure 2,which is the plot of
I00mg + {al+alk) +¢ = 100,

Field of Ortho-amphibolites is, ¢ -

Field of Pelites and semi-pelites is, )



Appendix $

Fig. 1.

’\I?' Al-rich clays & shales
-\fé Clays & shales free of carbonat
TToor containing up to 35%
carbonate.
between arrows: marls
e With 35 -850 carbonate.
IO Greywackes

@ Ultrabasic rocks.

@ Basaltic &

andesitic rocks.

@ Basaltic rocks.

® Tonalites
¢ Granodiorites.

a Calc-aikali granites.

¥ Alkali granites.

M Field of graywackes
e Clays

@3 Continental clays of
the tropical belt

4 #® Marine clays

« Houghton' granulite
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Rock Type.

Houghton granulite

Quarizite

Migmatilic gneiss
- Augen schist

(schistpse)

Sillimanite gneiss
{quartose)

F

D Granite gneiss
Foliaied pegmalite
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- Clinopyroxene unil

—
fx"il'{ Metasomatized amphibotite

T
[ Migmatitic  sillimanite gneiss
i

S .
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Cambrian
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Permian
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Outcrop map of Archaean basement rocks

south of Normanville.
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Rock

Type.

"Houghton granulite
,”‘& Quartzite.

Augen gneiss
Mfgmdtltlc gneiss.
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5 (schistose) i

g8l Sillimanile gneiss
& (quartose)

Granite gneiss.

Folialed pegmatite,
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Cambrian,
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Basaltic dyke.
Permian

Alluvium,

Outcrop map of

south of Normanville.
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Rock Type.

.

"Houghton granulite

Outcrop map of Archaean basement rocks
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P I g south of Normanville
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1
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Interpretative map of the gqeology of fchaeun Inlier
south of Normanville.
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