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FIGURE 1

A portion of the lYlannum I mile Sheet shorling the area studied





FIGURE 2

A genararized geological map of the tTrt. Lofty Ranges shoruing the

sedimentary and metamorphic rocks of the Archaean¡ Adelaide super-

grouP' Kanmantoo Group and Cainozoic cover. The important limestone

beds of the Kanmantoo Group are indicated on the map. The location

of the atea studied is outlined in the eastern part of the lylt. Lofty

Ranges.
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FIGURE 3

Kanmanfoo Group sedimentation during the uJaitpinga subsidence

(aft,er Thomson, f969b)
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FIGURE 4

A generarized geological map shouing the grade of metamorphism in

the post-A¡chaean rocks of the fllt. Lofty Ranges. Note the extent

of the migmatite zone rocks in the eastern part of the Ranges
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FIGURE 5

PROFILES OF FI FOLDS

F1 folds in the calc-schist uith marked axial plane schistosity

(51), deflined by pneferred orientation of actinolite prisms.

The actinolite rich layer is shourn by stippling.

L0CATION¡ 169981

Style of F1 folding in scapolite rich band (stippled) in tne

marble. The axial plane schistosity (S1) is produced by elonga-

tj-on of calcite grains parallel to axial plane of folds.

L0CATI0N: 197038

F1 folds in the thinly laminated quartzo-feldspathie gneise.

The axial plane schistosity (51) is ureLl developed and defined

by preferred orientation of biotite plates "

L0CATI0N g 171034

F1 folds in the banded quartzo-feldspathic Aneiss. The 1i9ht

bands are rich in quartz-feldspar (stippled) and dark bands are

¡ich in biotite (blank).

L0CATiONr l7jo44
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FIGURE 6

PROF T LE OFF FOLDS

F2 folds in the thinly laminated quartzo-feldspathic gneiss

L0CATION z L79O4O

F2 folds in the migmatÍte" The Leucocratic vein (blank) shous

varying thiekness in the limbs of folds

L0CATI0N: 171061

F2 folds in the thinly laminated quartzo-feldspathic aneiss.

A granitic veÍn is paralleL to the axial plane of the fo1d.

L0CATI0N z I79O22

F2 fords in the banded quartzo-feldspathic and semi-pelitic

schists. The axiar plane schistosÍty (sz) is r.uelr developed

in the hinges of the folds. A pegmatitic vein is emplaced

parallel to axial plane of the folds.

LOCATI0N: 199059

c

D
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FÍGURE 7

REFOLDED STRUCTURES

A F1 folds are Defolded by F2 folds in the banded quartzo-
feldspathic Aneiss " 52 schist,osity is uell developed

along the axial plane of F2 folds. The quartzo-feldspathic
layers a¡e stippled and the biotite rich layers are blank
in this flÍgure.
L0CATI0N: 166016

F1 folds refol-ded by lZ fotds in the interbedded meta-arkose
(the quartzo-feLdspathic layers are stippled and biotite rich
Iayers are blank). The 52 schistosity is uell developed
parallel to axial plane of F2 folds in the biotÍte rich 1ayers.
Note small crenulation in the tightly hinged zone of F, folds.
L0CATI0N: 199059

F1 folds refolded by FZ folds in the quartzo-feldspathic
gneiss. Note gentle folding in one limb of fold and small
crenulation in the other limb.
L0CATI0N: 18502?

Isoe1ina1 F1 folds refolded by an open F2 fold in the
quartzo-feldspathic Aneiss" 51 schistosity is uell developed
parallel to axial plane of F1 folds.

L0CATION z 182O47

F1 folds refolded by
gneiss.

LOCATI0N: 168015

F2 folds in the quartzo-feldspathic

C

D

E
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FIGURE B

Dip isogons draun on F2 flolds in alte¡nat,e quart,zo-feldspathic and

biotite rich layers. Note the thickening of hinges in both ¡ock

types (drauin and enl-arged from a large thin sectÍon: A2g5 /qzs)





FIGURE 9

Structural map shouing the trends of F1 and F2 majon structures in

the Cooke HilI and adjacent ateas (redraurn from the Adelaide Sheet

(ftZsOr000) after slight modification)
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FTGURE 10

Collective dÍagram shouring structural elements in the Cooke HilI area.

The figures in brackets represent the contour varues expressed as

percentage of points per I percent area.

Poles to 51 (L, z, S, S e 6fÁ)

600 points

Po1es to 50(;5, Ir 21 31 51 7r A e IOTL)

86 points

fflineral lineation - L (undÍfferentiated)
(1,5r9erll)
287 points

FoId axes - F,
43 points

fflineral lineation - L2 (1, S, 10, 1s, zo e zs%)

62 points

FoId axes - Fz (1, s, 10, Lg e L6/")

Poles üo axial planes of F2 folds
(1, s, ro, Is, 20 e 2sÁ)

65 points

Geometry of 51, F2 foJ-d axes and maximum oî L2

c
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G
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F]GURE 11

stereographic projectionsshouing the reration of the structural

elements in the sub-areas of the Cooke HiIi- area,

Sub-a¡ea
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FIGURE 12

fflacroscopic Aeomet,ry of 51 in the Cooke Hill- area. Average girdle

of fiS1 for each sub-area (numbered 1to 6); fS - âXES of ftSl

(smatl numbened circles); ffiaxima foc L2 lÍneation (OotteO circle)

and the avelage axial plane of F2 folds (marked F2)
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FIGURE 13

Four geologfcal sections shouring the stratigraphic sequence of the

Strangulay Hill and the Inman HiIl Formations in the Cooke Hill area

(see fYlap I)
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FIGURE 14

lYlineralogical composition of the quartzo-feldspathic and semi-pelitic

rocks in terms of quartz, feJ-dspar and others (mica and accessories)

(diagram after pettijohn, rgsz). fTtic¡ometric anaryses by Ìuhite

(rsooa). solid circres represent mica content less than 2ofi and

open circles mica content nore than 21rt
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FIGURE 15

A Curves shouing limits of stability of muscovite

Curve - A (aften B. lU" Evans, 1965)

Curve - At ( after H. S. Yoder & H. P, Eugster,

Curve - Atf (after B. Velde, 1966)

ress )

Equilibrium phase diagram for alumino-silicate minerals and

stability field of muscovite in plesence of quartz in hydrous

condition

(f) Stability fields of sillimanite-kyanite-andalusite proposed

by Netuton (1966b)

(z) Stability curve for the system

muscovite + quartz î-. sitlirnanite + potash-feldspar + ulater

(after Evansr 1965)

(g) Beginning of melting curve for graníte (tutfr, Jahns &

Tuttle, L964)

B
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FIGURE 16

tYlineralogical composition of leucocratic veins (open circÌes) and

host, rock (fiUeO cincles) of migmaùite expressed in terms of quartz,

leldspar and biotite (fig. 164) and quartz, plagioclase and potash

feldspar (fiq. f6e)
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FIGURE 17

fflineralogical assemblages of the silica deficient marble (stippled

area) represented on a tetrahedral diagram (after Burnhamr 1959)
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FIGURE 18

A triangular plot of ureight lÁ CaO, Na20 and K20 of the mígmatite

veins, host rock, the Dooke Hill intrusives¡ the fllassive granodiorite

and the metasediments of the present area. The arloul connects the

points representing the leucoc¡atic vein and its host rock -

speeimens 285/3?2 e /3?2AG. The field of comrnon Ígneous rocks

(Nockolds, 1954) is shouln by broken lines
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FIGURE 19

A plot of ionic percentages of Fe2 and Fe3 of the migmat,ite veins,

the host rock, the Cooke Hill intrusives, the lTlassive granodiorite

and the metasediments of the present a¡ea. Symbols as for Figure 18
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FIGURE 20

A plot of ureight % of tabal i¡on as FeO and fYlg0 of the migmatite

veins, the Cooke Hill intrusives and the metasediments of the present

area. The host rock of migmatite is not pJ-otted as it lies outside

the limits of the diagram. Symbols as for Figure 18
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FIGURE 21

A plot of ionic percentages of ri and re (total) of the migmatite

veinsr the host rock, the cooke Hirr intrusives, the fylassive grano-

diorite and the metasediments of the present area. symbols as for

Figure 18
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FIGURE 22

Ca-S¡ relationships for the tooke Hill migmaüite veins, the Cooke

Hilr intrusives, the fllassive granodiorite, the cooke Hirl metasedi-

ments, the Palmer migmatites, the Rathjen granite gneisses, the lylurray

Bridge granites and the PaLme¡ quartzo-feldspathic schists" The

arrou, connects the points rep¡esenting the 1eucocratic vein and its
host rock - speoimens za5/372 & /s?2AG. symbols as for Figute 22A.

Logarithmic scale
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Fig. 22 A.

Lege nd

A Migmatitic veins

^, 
Migmatitic host rock

o Cooke HiLL tonaLite

o Cooke HiLL granodiorite

o Massive granodiorite

+ Metasød im ents

X PaLmer quartzo -fe[dspathic schists

O PaLmer totaL rock migrnatite

g Patmar m ìgmatitic ve rn

V Rath j en gran ite gn eiss

V Murray Bridgc granite



FIGURE 23

K-Rh relationships for the Cooke Hill vein migmatites, the Cooke

Hill intrusives¡ the fÏlassive granodÍorite, the Cooke HilI metasedi-

ments, the Palmer migmatites, the Rathjen granite gneissesr. the lllunray

Bridge granites and the Palmer quartzo-feldspathic schists " The

amou, connects the points representing the leucoc¡atic veir, and its

host rock - specimens 285/372 e /37ZAG. Symbols as for Figure 22A.

Logarithmic scale





FIGURE 24

Ba-Rb ¡elationehips lor the tooke HiIl migmatite veins and migmatite

host rock, the Cooke Hill intrusives, the lTlassive granodiorite, the

Cooke Hill metasediments, the Palmer migmatites, the Rathjen gnanite

gneisses and the Palmer quartzo-feldspathic sehiets. The arrou

connects the points repDesenting the reucocratic vein and its host

rock - speeimens 285/3?2 e ß?zAG. Symbols as for Figure Z2A.

Logarithmic scale





FIGURE 25

K-Ba relationshÍps for the Cooke HíIl vein migmatites, the Cooke

HiIl intrusives, the fTlassive granodiorite, the Cooke HiIl metasedi-

mente, the Palmer migmatites, the Rathjen granite gneisses and the

Palner quartzo-feldspathic schists. The aruou, connects the points

representing the leucocratic vein and its host rock - specimens 285/

372 e /ZlZne. Symbols as for Figure 22A.

Logarithmic scale
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FIGURE 26

A plot of biotite compositíons on a triangular diagram representing

octahedral groups of AI-Fe3-Ti, Fe2-mn and fTlg, The compositional

fields of biotites from granite and sehist-gneiss are taken from

Foster's (ts6o) diagram. symbols for biotites from the rnigmatite

veins and migmatite host2 the Cooke HilI intrusÍvese the fylassive

granodiorite and the Cooke HiIl metasediments are the same as those

used for the total rocks in Figure 224
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FIGURE 27

ffiineralogical compositions of the leucocratic veins and host rock

of the Cooke Hill migmatites expressed in terms of quartz (SiO2)t

plagioclase (nn + An) and K-feldspar (Or) after recalculation from

the analysed samples " Symbols as for Figure 224
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FIGURE 28

Normative percentages of Q, Ab and 0r projected on to the diagram

representing the NaAlSi306-KA1Si30g-Si02-H20 system at ulater pressures

of 500-101000 bars (after Tutt1e & Bou.ren, 1958¡ Luth et al. , Lg64).

Fígure 284 is a plot of the Barth mesonoDms and Figure 288 is the

C.I.P.UJ. norms for the Cooke HÍlI migmatite veins and migmatite host

rock, the Cooke HilI intrusj-ves, the lllassive granodiorite and the

Cooke HilI metasediments. Symbols as for Figure 22A"



I
,
I
I
I
I

a

-tJ'

Tt-
8r3+

A

I
| 149

205

^
e

æ

r39
ô

o

( B6rth mesonorms )

a

A

Ab

o

À

-- ¡ pt'

Ê re5

Or

( c.l.P.w. norms)

s,oO

B FL9--
gogo-

õ---tJ---- sAgS
10' 00 o B

Y
t

t
t
I
I
I

Ab

¡l

Or



FIGURE 29

No¡mative peroentages of An¡ Ab and [Jr are projected on to a diagram

representing the KAlSig0B-NaA15i30g-CaAl2Si20B-Si02-H20 system urith

51000 ba¡ lour ternperature trough (after K1eeman, f965). Figure 29Ã

is the plot of the Barth rnesonorms and Figure 298 is the C.l.P.liJ.

norms for the Cooke HilI migmatite Veins and migmatite host rockt

the Cooke Hill intrusives and the fYlassive granodiorite. Symbols

as for Figure 22A
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FIGURE 30

Plot of K20 versus Na20 for the cooke Hirl tonalites, cooke Hirl
granodiorites and the fyìassive granodiorite. Symbols as for Figure

30A
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Fig. 3OA.

Legend

o Cooke Hil,L tonal.ite

@ Cooke Hìtt granodioritø

e MasEive granodiorite

A Mannum apLite

A Mannum granite

Ø Monarto granite

O Reedy Creek tonaIite

tl Swanport granite

Ë PaLmer granite

V MurraY Bridge granitc

W Rathjen granite gneiss



FIGURE 31

PIot of total iron as FeO versus tYlgO for the Cooke Hill tonal-ites,

Cooke Hill granodiorites and the fYlassive granodiorite. Symbols

as fo¡ Fiqure 304
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FTGURE 32

Plot of Ti versus Fe (total) for the Cooke Hilt tonalites¡ the

cooke Hill granodiorites and the fÏlassive granodiorite. symbols

as lor Figure 304
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FIGURE 53

C¡I¡P¿¡lJ¡ normaüive Q-Ab-0r proportions of the Cooke HiIl tonalítes¡

the 0ooke HíIL granodiolitas and thë fTlaesiüe granodiorite projeotad

on to the dlagrafi iepresenting NaA15i30a..'KAISigOg-5i02-H20 system

at ruater pressüle 500-10¡000 bars (after Tuttle & Bou¡en¡ 1958, Lufh

et al.r 1964). The flelds of granitic rocks (luttte & Bou¡en¡ 1958f

tUiñkler & v'òn P1aten¡ 1961) are also ehou¡n on the diagram. Symbols

as for FigUte 304
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FIGURE 34

C.I.P.lll. normative An-Ab-0r proportions of the Cooke Hill tonalites¡

the Cooke Hill granodiorites and the fÏassive granodiorite projected

on to the diagram nepresenting the KAlSig0g-NaAI30g-CaAlZSigOB-Si02-H20

system ruíth 5r000 bar rour temperature trough (after Kleernan, r96s).

Symbols as for Figure 30A
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FIGURE 35

fflineralogÍcar compositions of the cooke Hill tonarites, the cooke

Hill granodiorites and the fllassive granodiorite expressed in terms of
quartz (Q), plagioclase (Ru + nn) and K-feldspar (or) arter recarcula-
tion from the analyses. Symbols as for Figure 30A
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FIGURE 36

A triangurar plot of caO, Na20 and K20 ueight percentages of average

compositions of the Cooke Hill tonalites¡ the Cooke HilI granodiorites,

the fTlassive granodiorite, the palmer granites, the fylonarto granite,

the tflannr-m graniter the Suranport granite, the flannum aplite and the

Reedy Creek tonalite¡ The fietds of common igneous rocks are shorun

by dotted lines (after Nockords, 19s4) and greyruacke by solid tine
(after CondÍe, 1962). Symbols as for Figure 30A
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FÏGURE 37

K-Rb relationships for the cooke Hirr tonaritesr the cooke Hirr
granodiorites¡ the trassive granodiorite, the palmer granites, the

Rathjen granite gneissesl the iYlurray Bridge granites and the lylannum

granite. Symbols as for Figure S0A.

Logarithmic scale





FIGURE 38

K-Ba rerationships for the cooke Hill tonal-itesr the cooke Hirl
gnanodiorites, the lrassive granodiorite, the palmer granites and the

Rathjen granite gneisses" Symbols as for Figure 30A.

Logarithmic scale





FIGURE 39

Ba-Rb relationships for the cooke Hili tonalites, the cooke Hill
granodiorites, the lYlassive granodiorite, the palmer granites and the

Rathjen grani.te gneisses. Symbols as for Figure jOA.

Logarithmic scale
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FIGURE 40

Ca-Sr reLat,ionships for the Cooke Hill tonalitesy the Cooke Hill
granodiorites, the fflassive granodiorite, the Palmer granites and the

Rathjen grani-te gneisses. Symbols as for Figure 304"

Logarithmíc scale
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FIGURE 41

PIot of atomic ratios of Ca:fYlg:Fe (totaf ) for the clinopyroxenes,

the clinoamphiboles and the anthophyllite from the calc-schists

and the calc-gneisses. Note the composition cf the clinopyroxenes

lies in the compositional fields of diopside and salite (cf. Deet,

Houie & Zussman, L967, tloL.2, Fig. 1)
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F]GURE 42

PIot of tetrahedrally co-ordinated atoms of (nf)4 against (Na + K)

of the clinoamphiboLes from the calc-schists " flote the composition

oî the clinoamphiboles lies in the fields of hornblende, actinolite-

tremolite and anthophyltite (cf. Deer, Houlie & Zussman, 196?, \JoI.2,

Fig. ?1)
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FIGURE 43

Plots of tetrahedralty co-ordinated atoms of (nf)4 against

((Af)6 + FeS + Ti) of the cJ.inoamphiboles from the calc-schists.

Note the composition of hornblende and actinolite-tremolite fol-lous

the compositional fietds of Deerr Houie and Zussman (teæ, vor.2,

Fiq.72)



2.O

t.o 3
(At)4

o

3

o"5
( (Al)6 + Fe3+ Ti ) atoms

o
o

o

o
oo

o
t.o

G

o

hornblende
octinolile - lremolif e

onthophyllile¡



aÐ
L¡J
FJo-



PLATE 1

A

B.

Thin biotLte rich laminations in quartzo-feldspathic gneiss.
Intrusive pegmatite veins are shoun in the top and middle
part of photo"

SCALE: Pen 12.5 cm.

L0CATI0N: L72055

Compositional banding in quartzo-feldspathic aneiss '
51 schistosity is parallel to ühe compositional banding.

SCALEc Bar l0 cm.

L0CATIONs 169010
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PLATE 2

A general uieu¡ of the mapped area, looking nonth from the Locatíon
167006r arìd shouing the hilts composed of calc-gneisses on the
uestern side and quartzo-feldspathic gneisses on the eastern side
of photo" The shallor¡ valley is occupied by the calc-schists.
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PLATE 3

A Intrafolial F1 folds in quartzo-feldspathic aneíss. Note
the thickened-hÍnge of the fold. 0n the right hand side of
photo is a fslded pegmatite vein"

SCALE: Length of 'field: 45 cm.

LOCATI0N: 186011

B. F1 simitar folds in quartzo-feldspathic aneiss" The axial
plane schistosity St is defined by preleped orientation of
biotites. Note thíckened hinqes and thinned limbs.

SCALE: Pencil 15 cm"

LOCATIOT{ z L72O34

c. style of similar F1 folds in quartzo-feldspathic gneiss.

SCALE: RuLer 15 cm.

L0GATI0N: 15506?
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PLATE 4

A.

B.

C.

D

F1 folds in quartzo-feldspathic Aneiss. Note the glanitíc
veins are emplaced paral-lel to axial plane of folds.

SCALE: Ruler 15 cm.

LOCATION TB6O49

F1 folds in layered quartzo-feldspathic gneiss. Compositional
J-ãyering has developed parallel to the axial plane schistosity
(sr).

SCALE: Diameter of cap 55 mm.

L0CATItN 3 157068

style of F1 folds in interlayered quartz-feldspar rich bands
in quartzo-fel,dspathic Aneisses. The axial plane schistoeity
51 is strongly developed in biotite rich layers. A pegmatíte
vein is emplaced parallel to 51 schistosity.

SCALE: Ruler I2.5 cm.

L0CATI0N; 158065

F., folds in migmatites. Note the style of folding of leuco-
c^¡atic veins.'.uith thickened hinges.

SCALE: Pencil 12.5 cm.

L0CATI0N z l.67O49
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PLATE 5

A.

B.

c.

F, folds in interbedded arkosic/pelitic bands¡

thickening of one limb and thinning in other.

SCALE: Pen 12.5 cm.

L0CATI0N z L72O37

Note the

styte of F1 folds in quartzo-feldspathic schist. Note that
the quartzo-feldspathic area in the centre of the photogcaph
shouls a fold ruhich dies out douln the axial plane (tourards
the bottom left hand corner of the photograph) "

SCALE; Diarneter of coin is 22 mm.

LOCATI0N: I85999

F1 folds in mÍgmatised gneisses. Note the development of
Ieucocratic veins along the axial ttace of folds 

"

SCALE: Pencil 9 cm.

L0CATI0N: 171030



A

B

c



PLATE 6

A

B.

C.

F1 folds in migmatised gneiss. The laucocDatic veins of
migmatite appeal along the axial tnace of folds.

SCALE: Pencil 9 cm.

L0CATIONc 159u65

SCALE: Ruler 15 cm'

L0CATI0N: 16?006

Fr folds in quartzo-feldspathÍc schisü. Note the style of
föt¿ing of quartz veins (urhite) in the schist.

SCALE: Pen I2.5 cm.

L0CATI0N: 188005

overturned F, folds in a gently lolded F, structure' Plunge

of F1 folds i" p""p"ndicular to the plané of the photoqraph.
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PLATE 7

D

A. Tightly appressed F1 folds in quartzo-feldspathic aneiss.

SCALEc RuÌer l-5 cm.

L0CATI0N:149071

B. F, folds in marble.

SCALE: Rr.¡Ier 15 CM.

L0CATI0N t 2O7O67

Note the develoPmentSty1e of F1 folding in the calc-schist.
of a quart'z pod in the core of foLds.

SCALE: Pen 6.5 cm.

L0CATI0N: 151035
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PLATE 8

A.

B.

F2 folds in the migmatite gneiss shouling variations from
tight angular hinges to broad open tyPe hinges. A coarse
leucooratic vein is approximately parallel to 51 sehistosity.
Note tr¡o felsie veins are emplaced pa1.allel to axial, Plane of
F2 folds (see bottom centre of photo) "

SCALEg Pencil 15 cm.

L0CATIoN! 187003

F2 folds in quartzo-feldspathic schist.

SCALE: Pencil 15 cm.

LOCATION; 178056
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PLATE 9

A.

B.

C.

F2foldinginquartzo-feldspathicaneissruithstronqly
dãveloped axial plane schistosity SZ. Note folded pegmatite

veins.

SCALEg Ruler IL cm.

L0ÊATI0N c U8055

Style ol F2 folding in quartzo-feldspathic aneiss' Note the

vu"i"tions-in degrãe of folding from chevron type folds on

the top left of the outcrop to more open foLds Ín the same

lithological band.

SCALEc Pencil 15 cm.

L0CATION z I79O4O

Development of secondary schistosity 5Z.in migmatÍtic aneiss'
trtote si.ight fanning of ächistosity and-the behaviour of
pegmatitic veins during folding.

SCALE: Diameter of coin 28 mm'

L0CATI0N s 171055
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PLATE 10

A.

C.

B

SmaII scale crenulat.ion fol-ds in pelitic bands. The quartz-
feldspar nich arkosic bands have a diffe¡ent style of folding.

SEALE: Pen 13 cm.

LOGATION ! 163013

A hand specimBn (nZeS/SOf) shouing cnenulation folds in
migmatised peJ-itic gneiss.

50ALEå Length of fietrd: 13 crn.

style oî F2 folds in coarse graÍned quartzo-feldspathie
gnLis.. mic.ceous rich laminations shoul smalf scale
crenulation folds"

SCALEs Pen I2"5 cm.

LOCATI0N z 166O32
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PLATE 11

A L2 lineation - mullion structure on the surface of a folded
pegmatite layer 

"

SCALE: Pencil 15 cm.

LOCATI0N z ll2o54

L2 lineation defined by axeg of smal1 erenulations in biotite
rich layers (s1).

SGALE: Pencil- 15 cm.

L0CATI0t\: 187048

B
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PLATE 12

A.

B,

Relolded structures

F1 isoctinat folds (beloru the ruler) i.n the tl¡estern limb of
a F2 anticlinal fold. Crenulation folds are u¡ell developed
in ã micaceous rich band (iust belou the isoctÍnal F1 folds).

SCALE: Ruler L5 cm.

L0CATI0N: 171018

Fi¡st generation F1 folds in banded gneiss refolded by FZ_
folding. F1 axiai plane trends across the photoqraph - F2

axLal plane is vertical.

SCALE: Pen I2.5 cm.

LUtATION: t?2055
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PLATE 13

A.

B.

Refolded strucüures

F1 folds in mica schists and rneta-arkoser refolded by lZ
fäIds. Note the hinge of F1 folds near the coin: F1 axial
plane is sub-horizontal"

SCALE¡ Diameter of coin 28 cm"

L0CATI0N: 166015

F1 isoclinal folds in quartzo-feldspathic aneiss, refoldad
by gentle urarPing of F, folding.

SCALE: Length of rubber 25 mm.

LOCATI0N s I82O47
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PLATE 14

A.

B

Photomicrograph of F2 folds in quartzo-feldspathic gneiss

shouing the secondari schistosity Q defined !1-nreferred
ãri"ntãtion of biotiies. Section þerpendicular ta F2'

A285/371 Plane Pol. Iight Length of field: 20 mm'

Photomicrograph shouinq tuo schistosities 51 and SZ-i1-.

quartzo-f"ía.p"tii" 9nãÍ""' . Note coarse grained biotites
in 51 and fine grained biotites ín 52'

A285/3gO Plane pol' light Length of field: 9 mm"
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PLATE 15

A.

B.

A large thin section of quartzo-fetdspathic gneiss shogring
F1 folde refolded by FZ folds. The eecondary schistosity SZ

ie developed parallel to axial plane of F2 folds.

AZASß97 P1ane pol. light Length of fields 1I cm'

A large thin section of F2 folds (eut perpendicular to F2),

exhibiting the secondary schistosity SZ, developed in the
hinges of folds. Note a granitíc vein is emplaced parallel
to axial plane of folds.

AZBS/S7L Plane poli light Length of fielde 7 cm.
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PLATE 16

A

B.

Photomicrograph of pelitic schist shotuing cnenulation cleavage
(SZ). Note the dimensionally oriented quartz and feldspar
along 51 plane. Section Perpendicular to F2.

A2BS/ZOO Crossed polars Length of field: 15 mm"

photomicrograph of anthophyllite schist exhibiting fine and

coa.se grained layering (Sg) parallel to schistosity St.
SO-SI pi"n"" have been folded by FZ. Section peDpE¡ndicular

to F2.

A285i1'e Crossed polars Length of field: 15 mm'

photomicrograph of F2 fotds in quartzo-fleldspathic schist
shouring secondary schistosity (SZ) in tfre hinqes of folds.
Section perpendicular to F2.

A¡1S/S7L Crossed polars Length of field¡ f5 mm.

c.
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PLATE 17

B.

photomicrograph of F1 fctds refolded 6y Fz folds, The dark
layers are rich Ín biotite, u¡ith the coarse biotite flakes
parallel to 51; The secondary schistosity s2 is defined by

fine biotite plates parallel to axial plane of F2 folds'
Section perpendicular to F2.

A2B5/3e7 Plane pol. 1i9ht Length of field: 40 mm'

Photomicrograph of coarse grained quartzo-feldspathic gneiss
exhibiting-cpenulation folds (f2). Section perPendicular
io F2.

A285/4O8 Plane pol. Iight Length of fieldc 15 mm'

Photomicrograph shouríng tulo schistositíese 51 and 52 in a

quartzo-feldspathic aneiss .

AZBS/31B Plane pol. light Lenqth of field: 20 mm.

C.
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PLATE I8

A. Photomicrograph of a muscovite porphyroblast shoruing kink
bands.

A2B5/3?e Grossed polars Length of field: 2.8 mm.

B. Photomicrograph of strongly deformed manble shouing kink bands
and defocmation tuinning in calcite grains.

A2Bs/LB2 Crossed polars Length of field¡ 9 mm.
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PLATE 19

A a

B.

Photomic¡ograph of diopside shoruing deformatlon tuinning.
The turinning has been subsequently kinked.

A285/55 Pl-ane poI. light Length of fieldc 1.5 mm.

Photomicrograph of a ealcite porphyroblast in marblet
exhibiting kink st,ructures and cleavage. A scapolite
(S) porphyroblast is seen in the louler right hand corner
of photo. tYlatrix is composed of recrystallised grains
of caleÍüe.

A285/6eO Plane pot. light Length of fíe1d3 l-.5 mm.
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A

PLATE 20

B.

Thinly bedded quar,tzo-feldspathic schist, uith alternate
dark and light bands.

SCALEs Ruler 6 inches

L0CATI0N 3 198059

photomicrograph of a quartzo-feldspathic schist-shouing
quartze plãgioclase (mostly untuinned) and biotÍte'

A2g5/3 crossed polars lUidth of fielda 2.8 mm.
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PLATE 21

A.

B

compositional layering in quartzo-feldspathic aneiss uith
thin biotite rich laminations.

SCALE: Ruler maPked in inches

LOCATION z 165O32

Photomicrograph of quartzo-feldspathic aneiss shouing
incfusions of quartz in plaqJ-oc1ase.

A2B5/SBI Crossed polacs ìl1idth of fields 2 mm"
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PLATE 22

A Photomicrograph shouing replacement of plagioclase by

biotite in quartzo-feldspathic aneiss'

AZ1S/SBI Crossed polans Lenqth of field: 2 mm.

Photomicrograph shouring coarse hiotite in 51 plane and fine
biotite in 52 plane in quartzo-feldspathic schist"

AZBS/S¡1 P¡-ane pol. 1-i9ht Length of fieldc 9 mm'

B
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PLATE 23

A

B.

Photomicrograph of a semi-pelitic schist, shouing post
t"ctonic (É1)' *u"covites transecting Sl schistosity defined
by oríented-biotites and quartz grains'

A285/2AL plane pot. light Length of field¡ 1.5 mm.

Photomicrograph of sillímanite bearíng gneisse shouing

lib¡olite mats r¡líth numerous needles crouded in quantz

grains. A biotite flake (dark grey) is seen on the left
hand co¡ner of Photo.

A2A5{L32 Plane pol. 1i9hü Scale z x 25
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PLATE 24

A. photomicrograph of pelitic schist shouring prisms of silli-
manite in biotite.

^2e5/rge
Plane pol. light Length of fietd: I'5 mm'

B" Aluminous pelitic schist exhibiting the sillimanite (fiUro-
lite) faserkiesel.

SCALE: RuIe¡ 15 cm.

L0CATI0N: 179033

A hand specimen shouring nodules of fibrolite in quartzo-
ieldspat'híe gneiss. Th""" nodules are elongated paral1e1
to mineral lineation (tt1).

SCALE: fTìatch 45 mm.

A28s.226

C.
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PLATE 25

A

B

photomicrograph of fÍbrolitic mats associated ruith quartz
and feldspar grains " Note that the trails of fibrolite
needles are enclosed in quartz grains "

A2BS/LSO Plane pol. Iight Length of field¡l.Smm.

Photomicrograph of fibrolite nodules in aluminous pelitic
schist. The nodules consist of bundles of fibrolite (dark
grey) rimmed by skeletal muscovite (Iiqht srey) (see PJ'ate

ISC) " Fibrolitic noduÌes appea¡ to transect the schistosity
51 defined by preferred orientation of biotite plates '

A285/34e

A285/34s

Plane poI" Iiqht Length of field: 9mrn'

close associationc Photomicrograph ofl fibrofite (dark grey)
uiith marginal muscovite (fiqnt grey)'

P1ane pol. liqht Length of field: f'Smm'



m
C

)

)¡l

\

{



A

PLATE 26

B.

Photomicrograph of skeletal muscovite (Iight grey) is
replaced at the rnarginal part by fibrolites " Note the
cleavage þ1anes of the museovite continue on into the
bundles of fib¡olite fibres" Numerous needles of fibrolite
are eroulded in the adjacent quartz grains 

"

A285/13r Crossed polais Length of fields 2.8 mm.

Photomicrograph of fibrolite mats (S)
bordering ãgainst a biotite flake (B).

contains iron ores (0)
The quartz (olear

uhite) in the matrix is free of fibrolite needles.

A285/l:eï Crossed polars Length of fíe1d¡ 1.5 mm'
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PIATE 27

A A hand specimen (¡ZAS/gAS) shouing the Ieucocratic veih of
migmatite in the gneissic host rock. Note a thin biotite
selvedge at the contact;

SCALE: Length of sPecímen: 70mm.

photomicrograph of migmatite shoruing the contact of a leuco-
cratie veiñ and the gñeissic host" The preferred o¡ientation
of biotite is strongly developed panallel to 51 ín the hosü
rock.

AZBS/SBS Crossed polars Length of field: 9mm"
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PLATE 28

A photomicrograph of quartz shouing deformation lamellae
in the feucocratic vein of migmatite.

A2BS/474 Crossed polars Length of field: .4 mm.

Photomicroqraph of a strongly deformed plagioclase shouing

kink bands (X). The bright areas in plagioclase are muscovite
flakes.
A285/474 Crossed polars Length of field: 1'5 mm"
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PLATE 29

A

B.

A complexly trlinned plagioclase graih in the leÚcocratic
vein of migmatite. Note the deformation (91ide) tnrinning
and slf.ght bending of t¡¡in lamellae"

A2B5/4?9 Erossed polars Length of field: 2¡8 mm'

PhotornÍcrograph of deformed plagioclase in a leucocratic vein
of migmatíte, shouing bending of tu¡in lamellae. Note

secondary muscovite replacing plagioclase.

A2B5/4?4 Grossed polars Length of fíe1d3 1.5 mm"
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PLATE 30

A PhotomÍcrographB a megacryst of quartz replacing plagio-
clase in a leucocratic vein of the migmatÍte.

A285/4e6 Crossed polare Length of field; 2¿8 mm.

Photomi.crograph of secondafy musoovite replacíng microcline in
a leucocráti" vein of the migmatite" A highly sericLtized
plagioclase is seen on the top right hand corner of photo.

A2BF/179 Crossed polars Length of fieldl 2.8 mm.
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PLATT 31

A Photomicrograph shouring post teotonic secondary mtlscovite
replaeing plagioala"r lh'a leucocratic vein of migmaùite.

Ã285/4e6 Drossed polars Length of field: 2¿8 mm'

B. Photomicrograph of the gneissic host nock of the mlgmat'ite'

shouring quãrtz, plagíoclase and bíotite'

A2B5/398 Crosged polars Length of field: 2'8 mm'
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PLATE 52

A.

B.

Photomicrograph of the coarse grained granitio gneiss,
shouing quartz, plagioclase and biotite. Note smal1
inclusions of biotite in porphynoblastic quartz grain.

A28s/53r D¡ossed polars Length of field: 2¿B mm"

Photomicrograph of the medÍum grained granitic Aneiss,
shouring quartz, plagioolase and biotite.

A285/45e Grossed polars Length of field: 2rB mm.
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PLATE 33

B

Photomicrograph of a quartz porphyroblast in the medium
grained granitic Aneiss, shouing deformation lamellae.
The ulhite stlbrounded grains are quartz inclusions of optically
dif f erent orient,ation.

A2Bâ/2e3C Crossed polars Length of field: 0.4mm.

Photomicrograph of a quartz porphyroblast in the medÍum
grained granitic Aneiss. 9na11 plates of biotite occul
as inclusions in the porphyroblast.

A285/527 Crossed polars Length of fieldc 0.4mm.
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PLATE 34

H General vi.eu¡ of outcrop pattern of marble "

L0CATION t 197994

Photomicrograph shorLling hiqhly deformed marbl-e rLrith deformation
tuinning and kink bands in calcites. The other minerals are
scapollte (uhite colour), quartz and diopside (high relief,
dark grey).

A285/28I Pfane pol. light Length of field: 4.5mm.

B
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PLATE 55

A Phoüomicrograph of marble (c1ose to the fflilendella fault)
shouring monta¡ texture due to post-crystallization strain of
fault,ing. A megacryst of diopside ruith urell developed
deformation lamellae (e.9. Raleigh & Talbot, 1967), scaPolite
(uhite) and sphene (dark grey) are seen in the fine recrystal-
lized mat¡ix ofl calcite.

A285/6eO Flane po1. light Length of fields 1.5mm.

Photomicrograph of diopside uith strongly deformed 91ide
turinning and kinking, probabJ-y due to the brittle deformation.

A285/55 P1ane poL. IÍght Length of field: 1.5mm.

B
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PLATE 36

A Photomicrograph of quartz defÍcient marble u¡ith clinohumíte
(Ct_) intirãt"fy associated u¡ith forsterite (fS). The matrix
is calcite. Note crystals of spinel (Sp).

A285/635 Plane pol. Iight Length of field; 1.5mm.

Photomicrograph o
spinel (dark greY

A285/63s

f
)

marble shouing subhedral orystals of
Ín ealcite matrix.

Plane pol" Iight Length of field: l,Smm.
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PLATE 37

A A general vieu of outorop pattern of calc-silicate roeks.
Note the prominent uniform thin layerings caused by the
alteration of calcite and calc-silicate rich layers.

LOCATI0N z 196994

Photomicrograph of diopside uríth patches of hornblende
(dark colour). Note the numerous inclusions of sphene
and quartz in diopside. The matrix is composed of scppolite
and quartz.

A285/56 Plane pol. light Length of field: 1.5 mm.
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PLATE 38

A Photomicrograph of calc-silicate rook eontaining hornblende.
Note inclusíons ofl quartz and sphene; tTlatrix is mainly
conposed of quartz, microcline and plagioclase.

A285/357 Plane pol. light Length of fieldc 2.8mm.

Photomicrograph of scapollte ulith a series of parallel
partings fÍIled uith calcite. fllatríx is composed of calcite
(fignt colour), quartz (fignt grey) and scapolite (urhite to
dark colour) "

A285/619 C¡ossed polars Length of field: 0.5mm.
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PLATE 39

B

Photomicrograph of calc-silícate rock shouling strongly
deformed calcite grains. A scapolite grain is seen in the
middle part of photo.

A285/92 Plane pol. light Length of field; I.Smm.

Photomicrograph of calc-silicate rock shotLting ulell crystalJ-ized
epidote (dark grey) uith scapolite and quartz.

A2B5/e6 Crossed polars Lenqth of field: 1.Smm.
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PLATE 40

A A general vieul of the outc¡op of the calc-schist.

L0CATION r L62O27

Typical outcrop of the calc-gneiss shouring t,or-like boulders.

L0CATI0N z L49O2L

B
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PLATE 41.

A

B

Photomicrograph of the aetinolite schíst¿ Euhedral crystals
ofl actinoiite are seen in the central part of photo. The

other minerals are quartz and plagioclase (mostly untuinned).

A285/I23 Crossed polars Length of field: I.Smm.

Photon¡icrograph of anthophyllite echíst. In thís section,
eut normal to the lineatíon, the anthophyllite appears ae

small lozenge-shaped grains.

A28â/Líe Crossed polars Lengt'h of fi.eld: 1.5mm"
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PLATE 42

B

Photomicrognaph of the calc-gneiss shouling quartz, plagioclaset
diopsÍde (trign relief, dark grey) a¡d sphene; Note deforma-
ùion (91ide) turinning in plagioclase.

A285/539 Crossed polars Length of fields 2;8mm.

Photomícrograph of diopside in the caÌc-gneiss. Numerous
sphene graihs occur as inclusions or are closely associated
u¡ith the diopside.

A285/554 Plane pol. 1i9ht Length of field: 2,6nm.
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PLAT: 43

A

B

PhotomÍcrograph of skarn rock: the diopside is suerounded
by garnet (Ufack) ¿ Note the isolated patches of hornblende
(dark colour) in diopelde.

A285/6?4 Grossed polars Lenqth of fíe1d: l.Smm.

Photomicrograph of skarn rockt the scapolíte (ruhíte colour)
ís surrounded by garnet (Ufa*). A smal1 grain of diopside
(gr"y) is seen on the rlght-hand side of photo.

A285/6A2 Cnossed polars Length of fields l.Smm.
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PLATE 44

A Photomicrogtaph of skarn rock shouring urel1 erystalrÍzed
epidote (r), ho¡nbrende (H) and garnet (oract). scapolite(clear ulhite) either occurs as inclusions or associated uithother minerals.

A285/99 Crossed polars Length of field: l.Smm.

Photomicrograph of secondary epidote (dark grey) in thehighly altered scapolite (figtrt grey). Rn-unåitere¿scapolite (dark corour) is sãen ãn lr," top refi-hand cornerof photo.

A285/54 Crossed polars Length of fieldc l_mm.

B





PLATE 45

A Photomicrograph of potash feldspar gneiss shouling syntectonic
potash feldspar poikiloblasts. Small inclusions in K-feldspar
are quartz, plagioclase and biotite.

A285/r4 Crossed polars Length of field: 4.5mm.

Photomicrograph of potash feldspar gneiss. The post tectonic
potash leldspar porphyroblast appears to displace the 51

schistosity during its grourth.

A2B5/445 Crossed polars Length of field: 9mm.

B
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PLATE 46

A phoùomierograph of helicitic potaeh feldspan containing 51

(Oetined bf preferred orientation of biotite plates) at a high
angte to 52¡ Note the fine hair perthite in K-feldspar pol-
phy roblast.

AZBS/LA Crossed polars Length of fie.l-d:2.8mm.

Photomicrograph of syntectonic (Fr) pstash feldspar poikilo-
blast (uhi[e colour)'in the gneisË. Inclusion in potash
letdspar are quartz, plagioclase and biotite"

A2e5/445 Crossed polars Length of field: 9mm"





PLATE 47

A

B

Photornicrograph of mica schist. 0void porphyroblasts of
muscovite appear to transect the 51 sohistosity u¡hich is
defined by fine pJ-ates of biotite and muscovíte.

A285/84 Drossed polars Length of field: 9mrn.

Photoinicrograph of porphyroblastic muscovite in mica schist.
Note the inclusions of quartz and biotite in porphyroblastic
muscoVite.

A2B5n3 Orossed polars Length of fields 2¡8mm.
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PLATE 48

A general vieu¡ of the Cooke Hill tonalite: tor-like boul-de¡s
form the typical outcrop pattern.

SCALE: Hammer 3 foot long

L0CATI0N: 193065

B Xenoliths of quartzo-feldspathic Aneiss j.n the Cooke HÍlI
tonalite.

SCALEc Ruler l5cm.

LODATIûN z L79O42
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PLATE 49

A

B

Photomicrograph of a granitized rock near a Cooke HiLl
tonalite dyr<e. The highly altered plagioclase and quartz
are the main constÍtuents of the rock ¡

AZ1S/Z74C Crossed polars Length of field: 9mm.

Photomícrograph of altered plagiocLase in the granitized
rock. sericitization and muscovitizatÍon is generally more
common in the core of plagioclases"

A285/2e4C Grossed polars Length of field: 2.8mm.
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PLATE 50

It

B

Photomicrograph of the Cooke HiIl tonalite. The quartz,
plagioclase and biotite are the main minerals shouln in the
photo.

A285/?5 Crossed polars Length of field: 2.8mm'

Photomicrograph of the Cooke Hill granodiorite shoulinq quartz'
plagiocì-ase, potash feldspar and biotite.

A285/232 Crossed polars Length of fields 2.Bmm.
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PLATE 51

A PhotomicrograPh shouling
Cooke HilI tonalite.

A285/L9s

oscillatory zoned plagioclase in the
Note the sericitized core of plagioclase'

Crossed polars Length of fieldc 2mm'

photomic¡ograph shouring oscillatory zoned plagioclase in the

Gooke H1II granodioritã. Note sericitizatj.on and secondary

muscovites in the core'

A2g5/L37 Crossed polars Length of fields zmm.
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PLATE 52

A

B

photomicrograph of the fYìassive granodiorite. Note zoning
in some plagioclase.

AZBS/2OB Crossed polars Length of field: 2.8mm

Photomicrograph of oscillatory zoned plagioclase in the
fYlassive granodiorite.

A2BS/ZOB Crossed polars Length of field: f.Smm.
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PLATE 53

B

photomicrograph of foliated pegmatite shouing quartzr potash
feldspar, plagioclase and small- amount of biotite'

AZBS/Z2I Crossed polars Length of field: 9mm.

Photomicrog
hornblende

raph
( ris

of metadolerite rL.rith quartzr plagioclase'
ht to dark colour) and biotite (B).

A2B5/446 Crossed polars Length of field: 2.Bmrn.
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