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FIGURE 4.1.1

Map showing stations and specimen locations nefenred to in the

text.
(tocated in pocket at back of Volume 2)



FIGURE 1.1

Location map of the Musgnave Block showing negional geotogical

and geognaphical featr:nes.

(Located in pocket at back of Votume 2)



D

I

Shcar--.-'
Davenport

a
Þ

Amph¡bot¡tc fecies Lithotogics

Granul.ita facics lithotogics

Lithotogi.s tr¡ns¡t¡onet betwcan
grånut¡ta and amphibotite facies

Myton ita

Norito

?

\
eF

oÈ

Þ
Wood ?a(

T

Thrust Fl4 oneissic ar¡nita1o

æ Fautt
AMATA

StructureI trcndt¡ncs

.æ Strika and dip of mytonitic Uaycring.
plunge of mincrat straaking Iinaat¡on

Strike and dip of schistos¡ty
añd plunga of [ineationF

æ

{

ll¡Lcs

I 0rz
l( i Loñctr.i

3

T +

ê

AAü
,?r

o

6

t(.D.c r9?l

Figure 1.2 Simptified gcotogicat map of tha Amåtâ åraa show¡n9 structuraI trcnd l¡nes
end tha d¡stribution of mctamorphic facies.



FIGURE 1.3

Geological rnap of the Anata anea' I"[usgnave Ranges'

(Located in the back poeket of Volume 2)



FIGURE 2.I

Map of the Amata area showing the strÍke and dip of planan stnuctu¡a1

elements
(Loeated in the back pocket of Voh¡ne 2')

FIGURE 2.2

l"tap of the /{mata a:r,ea showing the tnend and plunge of linean struetr:¡ral

elements

(Located ín the back pocket of Vo1r¡ne 2)

FIGURE 2.3

Steneog:rans of mesoscopic stnuctr¡¡ral elenents, Anata negion¡ central

Musgnave Ranges.

(L,oeated in the back pocket of Volr¡re 2)



FIGURE 2.I+

(a) cornpositional layening in intenbanded nafic and quantzo-

feldspathie gnanulites.

(b)Hinge:regionofanootlessgF,intna.folialfoldinbanded
naficgnanulite.NotethestnonglydevetopedgS,schistosity
in the sr¡r¡ror¡nding quartzo-feldspathic granulite and the

granoblastic microstnuctwe in the nafic unit '

A325- 579

t¡idth of field: 6 cr¡.

Cnossed polars.
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FIGURE 2.5

Sketches of typical mesoscopic folds fnom the granulite facies

terrain.

A

BrCrDrE rF -
GrHrr

pre gF, fold nefolded. by eF, fol'd
gF, folds
gF, folds
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FIGURE 2.6

(a) Rootless non-pnofile gF, folds in a garnetiferot¡.s quartzo-

feldspathic gnanulite.

(b) Mesoscopic isoclinal eFr(?) intrafolial fotd in gannetifenous

quartzo-feldspathic granulite folded by an open gFa fold'

Axia1 plane schistosity gsg is weakly developed'
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FIGUR.E 2.7

Lower: hemisphene Schmidt net pnojections showing:

(a) Fold plr:nges and poles to axial planes in the gnanulite facies

tennain.

Onnamentation: sotid tniangles - gFf fold axes

open tniangles - poles to gF, axial planes

solid circles - gE Z fol-d axes

open eincles - poles to gF, axial planes

solio squanes - gFS fold axes

(b) and (c) FoId plunges and poles to

tnansitional tennain.

Onnamentation: solid tniangles -
open tniangles
solid ci-ncles

open cincles
oPen squanes

axial planes in the

tF, fold axes

poles to tF, axiaI Planes

tF, fold axes

poles tc tE, axial Planes

tF, fold axes
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FIGURE 2.8

(a) Strongly developed 8L, lineation in nafic g:ranr:lite pnoduced by

the alignnent of elongate xenoblastÍc gnains of p¡n'oxene and

felðspar.Ttreschistosityandlayerínga.nepa:ralleltothe
photognaPhed srrface.

(b) stnongly developed gL, Iineation in garrtetiferous quantzo-

feldspathic granr¡lite. The schistosity and layening a:re

parallel to the photog:raphed sr¡rface'
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FIGURE 2.9

(a) Tnansposed gFg fold hinge zone. Note the steePly dipping

layening on the night of the photognaph' The layening in

the fonegnour¡d is dipping away from the viewer'

(b) Schmidt net lower hemispher:e projection giving the

orientation of gS, and gL, in the 8F, fold shown in

Figr:re 2.9a. Note the plunge of ß towards the north-east.

onnamentation: small so}íd. cincles - poles to gsa in hinge

large solid ci¡cles - poles to 8S, in the

tnansPosed limb

snall open eircle - plunges to 8L, Lineations

in the hínge

Iarge open cinele - plrrnges of glt lineation
in the transPosed limb'
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FIGURE 2.10

Schrnidt net lower hemísphene pnojections showing the sinilanity in
orientation cf poles to schistosity and ptunges of lineations in the

dolenite dykes and fault zones.

(a) g:ranulite facies ternain

(b) transitional terraÍn

(c) amphibolite facies tennain

Ornamentation: large

srnaII

snall-

large

cLosed cincLes - poles to schistosiþr ín dykes

(s4)

closed cincles - poles to rnylonitic layening

open cincles - plunges of mineral stneakÍng

l-ineation in fault zones (Lu)

open cincles - plunges of minenal lineation
ín dykes (Lu)
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FIGURE 2.1I

(a) Compositional layering and aS, schistosity in banded quantzo-

feldspathic gneiss fnom the amphibolite facies temain.

(b) steepJ-y dipping mafic inter.layers in banded quantzo-feldspathic

gneiss fnom the transitional' tennaín.
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FIGURE 2.].2

(a) Mesoscopic tF, intrafolial- fol-d in gannet-bea:ring quartzo-

feldspathic gneiss.

(b) Banded qua"rtzo-feldspathic gneiss showing the nose of a meso-

scopic tF, fold with refracted axial plane schistosity ts,
(panallel to the white ink line) in layers of diffening

anisotnopY.
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FIGURE 2.13

sketches of typical mesoscopic folds firom the transitiona] tenrain'

A,B,C - aFt intrafol-ial folds

D,E,F,GrH - Pnofiles of tF, folds

Ir.IrK'L - tFe folds



10 cm
B

A
7 cm

f "q I
c

I

I

I

D E Fl5 cm ¡l cm
, 0 cm 

,

I
L\
t( (--

-- .¡ \
)5cm

Ecm G l0 cm
H

.-- -_/ l_/--
)

- z
K

J , 15 cm 
, ,15 cm,6cm L



FIq'RE 2.14

(a) Lowen hernisphere Schrnidt net p:rojections shø.ring poles to a.F,

(open circles) and aF, (open squares with dot) axial planes'

aF, (solid cireLes) and al:a (open squares) fold axes, and the

Ê orientation of a illacroscopic aFU fold axis (solid squa:re).

(b) Lower hemisphere Sct¡¡nÍdt net pncjections shoning the

orientation of Pre-tL2 IÍneations.
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FIGURE 2.15

(a) Mesoscopic tF, fold in mafic and quantzo-feldspathic lithologies'

Ncte the thickening of the nose and the fnclined axial plane'

(b) ¡e¡-pnofile view of mesoscopie aF, fold in banded quartzo-

feldspathic gneiss.
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FTGURE 2.16

(a) Hinge region of a snall mesoscopie tE, fotd in mafic and quantzo-

feldspathic lithologies showing the stnongty develoPed tS, axial

plane schistosity in the quartzo-feldspathic gneiss and the mone

isotnopic nature of the mafic unit.

A325-669

llidth of field: 4 cm.

Crossed polars.

(b) Mesoscopie tE, fold in quartzo-feldspathíc vein through mafic

tithology. Note the stnongly developed ts, axial plane schistosity

in the quantzo-feldsPathic vein.

A325- 850

Vlidth of field: 7 cm.

Cnossed polans.
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FIGURE 2.17

(a) Qr¡artzo-feldspathic gneiss with weII developed tL, lineatÍon

defined by the alignment of pnismatic clustens of quartz and

feldspar. the schistosity and layening are panallel to the

photog:raphed sr¡rface .

(b) Schistosity srrrface showing r'efotding of the tL, líneation by

tF, connrr8ations.
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FIGURE 2.18

Sclunidt net lowen heuisphene p:rojections shov'ring:

(a) the orientation of the laye:ring,/schistosíty (solid cincles),

the stneaking lineation (open cir:eles) and the plunges of

nesoscopic fold axes (solid squares) in the Davenpont Shea:r

zone.

(b) the effect of the Davenpont shear on the onientation of Es, and

gL, near station 2053.

(I) 30 metnes f:ronr shear;

(2) I.2 rnetnes fnom sheari

(3) I meÐre fnotn shean;

(4) 90 centùnetnes fnm shear;

(5) 30 centimet?es fi¡on shea¡o.
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FIGURE 2.19

(a) View towands the east south east from nonth of Anata, showing the

alnupt escarpment of the lÍoodroffe Thrust and the gently dipping

Ìayered granulites above the thrust.

(b) Typical outcrop pattern of the massive quartzo-feldspathic

gneisses in the tnansitionaf tennain south of Amata'
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FIGURE 3.I

Diagnan showing the orientation of thin sections with nespect to the

¡naín linean featr¡re in the nocks.

FIGURE 3.2

Classification of gfain bounda:r'y shapes, taken fnorn Spny (1969)

Figure I
a sbraight
b cu¡r'ved

c embayed

d scal-loped, cusPate

e autured: (l) tobate
(2) semated

f national n¡rilatenal

e ratÍona1 bilatq¡al
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FIGURE 3.3

(a) Mafic gnanulite with xenoblastic inequignanular to equigranular

microstnucture defined by grains with straight or gently curvecl

boundanies.. .

4325-11-17aN

Plane polarized light
width of fiel-d: 6 mm.

(b) Intencalated compositional- bands of elongate xenoblastic

fornomagnesian ar¡d fel-sic gnains in mafic gnanulite.

A325-2000P

Ptane polanized light
flidth of field: 6 nrn.

(c) Mafic gnanulite composed of straight sided on gently cr:¡ved

gnains defining an equig:ranula.n gnanoblastic nicrostructure.

Note the coronas anound the onthoPyroxene grain.

A325-949bN

Plene polanized light.
l{idth of field: 2 ¡nn.

(d) Garnetiferlous guartzo-feldspathic gnanulite with platy
aggnegates of ma:rganite pseudomonphing basal sections of
silLimanite.
A32s-927

P1ane polarized light
I'lidth of field: 0.6 mm.
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FIGURE 3.4

(a) Ga¡netiferous mafíc granulite with inequigranular gnanoblastic

mic:rostructu.ne. Fine stipple, clinoPyroxene; heavy stipple'
garnet; moderate stipple, orthoplmoxene.

4325-111-SaN

Length of ban: I mm.

(b) Xenoblastic gnains of fennomagnesian and. felsic phases showing

straight or gently nounded intenfaces with adjacent gnains.

Dense stipple, honnblende.

4325-1lI7aN

Lenght of ba.n: 1 run.

(c) Mafic granulite with inequignanular gnanoblastic nicrostructure.
j,lote the development of coronas around onthopytroxene.

A325-953bN

Length of bar: I mm.
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FIGURE 3.5

(a) Ribbon-type exsolution in mesoperthite from quartzo-feldspathic

granulite.
432 5-138P

Crossed pola:rs

ilidth of field: 0.6 mm.

(b) Kink bands in plagioclase fnon nafic gnanulite developed norrnal

to glide lamellae. Note the gentle bending of some of the

lamellae.
A325-r207P

Cr"ossed poJ-ars

iüidth of field: 0.6 nm.

(c) Mechanical twinning on both albite and penieline Laws in a

plagioclase grain.

A325-2074

Cnossed polans

I'lidth of field: 0-6 nm.

(d) Mechanical twinning in plagioclase fnom mafic transitionaf

te:rnain lithology. Note the wedging of the twin lamellae.

4325-1353

Crossed polans

llidth of field : o. 6 nrn '
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FIGURE 3.6

(a) Tlr¡pical micnostnuctr¡ral appearance of defonmed qua:rtzite fnom

granulite tennain. Note the highly strained wavey lenticles of

quatrtz and fine gnained marginal recrystallization zones.

432 5-140

Crossed polans

fÍidth of field: 2.0 mm.

(b) Quantzo-feJ-dspathic gnanulíte with elongate tabular lenticles

of quantz wrapping anour¡d garnet ponph¡rroblast '

A325-U.75P

Crossed polans

!Íidth of field: 3.8 cn.

(c) WeIl developed exsolution Ìamel}ae of onthoP]¡noxene in host

grain of clinoPynoxene.

4325-176rP

Crossed Polans
l¡idth of f ield: 0.6 mm.

(d) Ascicular needles of nutile in onthopynoxene f:rom ultranafic

gnanulite.
4325-2050c

PLane Polanized light
width of field: 0.25 run.
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FIGURE 3.7

(a) Cononas of clinopynoxene and secondany amphibole around

onthopyloxene.

4325-949bN

Pla¡re polanized light
hlidth of field: 0.6 mn.

(b) conona of gannet and clinopl¡noxene a:round orthoPyroxene, and

garnet around opaque oxides. Note the needle-l-ike inclusions

in the pJ-agioclase.

4325-953bN

Plane poJ-anized light
tlidth of field: 1.4 mm.

(c) conona of ga::net anound orthop¡r:roxene. I'lote the absence of

cononal development anound clinopyroxene and the tllrbid nature

of the clinop5rroxene due to the Pnesence of opaque incl,usions.

A325-953bN

Plane polarized light
Width of field: 1.4 run.

(d) Fine lamellar twinning and kink bancis in orthoPyroxene.

A325-952N

Cnossed pola:rs

width of field: 0.6 nrn.
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FIGURE 3.8

(a) U1t:ramafic g:ranulite wíth stnaight or gently er:n¡ed grain

bor¡nda:¡ies. Innegulan xenoblastic intengrowths of clinop]rroxene

are present in the orthoP1rnoxene'

4325-2050e

Length of ba¡l: I nrn'

(b) Mafic g3anulite vrith xenobLastic inequigrannlan mierostnuctr:¡'e'

Some of the onthopJtrÐxene boundaries are embayed'

A325-IL52P

Length of bar: I mu¡.

(c) Ultnanafic glanulite with mÍcrostnuctr:¡e dominated by the Presence

of xenoblastic pynoxene grains (witn gently curved boru¡daries)

which form inequigranular on equignanula:r aggregates'

A325-952N

Length of ba.r: I mm.
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FIGURE 3.9

(a) Quartzo-feldspathic granulite with equigranrrlar to platey

ínequigrranular gnanob last ic micnostructure'

4325-126bP

Cnossed Polars
vtidth of field: 3.8 cm'

(b) Quartzo-feldspathic gnanutite with equignanular to slightly

inequigranular gnanoblastic micnosüructure'

4325-126bN

Cnossed Pola¡s
width of fierd: 3.8 cn.

(c) Quantzo-fetdspathic granulite with va:r'iable microstnucture'

inte¡rbanded platey inequigranular and equigr:anular granoblastic'

A325-11r0bP

Crossed, polans

lÍidth of field: 3.8 cm.
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FIGURE 3. J-O

(a) Garnetiferous quantzo-feldspathic gnanuJ-ite with el-ongate tabulan

aggnegates of quartz and feldspan, and xenoblastÍc ponphyr"oblasts.

A325-1144P

Cnossed polans

llidth of field: 3.8 cm.

(b) Qr:artzo-feldspathic g:ranulite with well developed platey gnanoblastic

microstnucture.

4325-92BgP

Crossed polans

llidth of field:

(c) Quantzo-feldspathic g:ranulite with lozenge shaped gnanoblastic

aggregate of feldspan in a platey gnanoblastic to gnanoblastic

gnoundrnass. Note the slightly anastomoaing natune of the gnoundmass.

4325-928jP

Cnossed polans

llidth of field: 3.8 cm.

3.8 cm.
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FIGURE 3. ]-1

(a) xenolith of coanse grained gneiss encl-osed in gnanite gneiss ft'on

the arnphibolite facies tenrain north of Amata'

(b) Quantz microcline pegmatite segregation vein thnough lineated

quant zo-f eldsPathic gnanulite .
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rrGïEq 3. 12

(a) Quartzo-feldspathic gueiss fnotn the anphibolite facies tenrain

shovting chalractenistic anastomos ing mic:lostructure'

4325-1640N

Cnossed PoJ-ans

Width of field: 4 en.

(b) Gnoss microstruetl8al nelationships in tounmaline beaning

pegnatite fnon the granulite facies terrain'
A325-9'53

Crossed pola:rs

width of field: 4 etu.
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FIGURE 3.13

(a) Typical miqrostnucture of calc silicate rock fnom the tnansitional

tenrain. Note the nannovr nad.iating coronas of clinozoisite and

zoisite anor:nd the clinopyroxene gnains'

4325-425

Plane Polarized light
vlidth of field: 2 mm,

(b)Complexlykinkedbiotitewithsenratedkinkplanesshowingthe
development of necrystallized gnains'

A32s-682N

Pl-ane Polanized }ight
width of fierd: 0.6 mm'

(c)Arnphibolitewithinequigranula:rgranoblasticmicr"ostnucture'
A325-1684N

P1ane pola:rized light
width of field,: 6 mm.

(d)Amphibolitewithinequignanr:'Ia:rgnanoblasticmicnostructure'
A325-1748

Plane polarized light
lfidth of field: 6 mm.
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FIGURE 3.14

(a) I'lafic nock firom the transitional ter:rain composed pnedominantly

of hornblende (dense stipple) together with ctinop¡æoxene (1ight

stipple) onthopy:roxene (moderate stipple) and plagioctase with

inequignanular granoblastic micnostructure. Note the deveLopment

of cononas.

4325- 896N

Length of bar: I mrn.

(b) Inequignanufan to equignanuLar g:ranoblastic micnostnuctune in

plagioclase, clinoplmoxene, honnblende rock from the tra¡rsitionaL

tenrain.
4325-630a

Length of ban: I mm.

(c) Inequigranular gnanobfastic micnostructure exhibited by amphíbolite

f:rotn the transitional te:rrain.
4325-9369

Lrength of bar: 1 mn.
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FIGURE 3.15

(a) Poikiloblastic porphynobl-ast of o:rthopyroxene in mafic ¡rock from

the transitional terrain. Note the nounded shapes of the

inclusions.
A32s-664N

Length of bar: I mm.

(b) Embayed xenoblast of onthopyroxene in inicaceous mafic nock fi:om

the transitional te::nain with stight development of sieve st:ructure'

Inclusions incl-ude phlogopite and apatite. Note the natíonal

boundary of biotite against the onthopJmoxene'

A32s-990N

Length of bar: I mm.

(c) Hornblende, o:rthopyroxene, clinopyroxene, plagioclase beaning mafic

rock from the bransitional tennain. Note the rational bor¡¡¡dat'ies

displayed by the large hornblende ponph5rroblast'

A325-523

Length of ban: I run.
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FIGURE O.16

(a) Mafic nock frorn the tnansitional terrain with wetl developed

tsl layeping and tS, schistositY.
A325-8r+0N

Plane polanized light
I'Íidth of field: 3.8 cm.

(b) PorphSfroblastic on glometoponphyroblastic urafic nock f:rom the

ülansitienal tsrrain. Note the anastomgsing layering engulfing

small diarpnd shaped grains.

A325-874N

Plane polarized light
width of field: 2 nm.

(c) Roq¡rded gnaíns of ga:rnet asgociated With xenobl'astie g:rains of bead

penthite.
A325- 345P

Plane polarized light
Íridth of field: I.4 rm.

(d) Rounded inclusions of quantz a¡d feldspar in poikiloblastic

xenqblastic ponphyroblast of garnet.

A325-698N

Pla¡re pola:rized fight
l{idth of field: 6 r¡¡.
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FIGURE 3.I7

(a) Ramífying coronas of hornblende developed anound opaque oxides

and orthoplntoxene in a mafic rock fnorn the tnansitional ten:rain'

A325-L273

PLane polanized light
llidth of field: 1.4 mm.

(b) Intengrowths (and coronas) of ga:rnet with biotite in amphibolite

fuom the transitional tennain.

4325-936e

Plar¡e polanized líght
width of field: 2 mm.

(c) Garnet-guartz sJrmpl-ectites occrr:rríng as coronas arourrd honnblende

and opaque oxides.

A32s-611

Plene polarized light
lÍidth of field: 0.6 run.

(d) Decussate aggnegates of secondany horrrblende occu:rring as coronas

anound opaque oxides.

4325-49

P1ane polanized light
width of field: 1.4 nn.
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FIGURE 3.18

(a) Fine gnained coronas of garnet anor.¡nd írregulan g:rains of opaque

oxides. Note tÌ¡e sillimanite inclusíons in the plagioclase'

4325-70sbN

Plane Polanized light
lÍidth of field: 0.6 rrn.

(b) Ragged decussate aggregates, on discrete sr¡bidioblastie gnains

of horr¡btende intergrolrn with secondany gannet and biotite'

A325-400P

Plane Polanized light
vÍidth of field: 2 run.

(c) onhtopSrnoxene sumounded by synplectites of quartz and garnet'

coronas of gannet also surrorxrd grai¡¡s of oPaque oxide.

A32s-70sbN

Plane Polarized light
lfidth of field: 0.6 mm.

Cononas of decr¡ssate cumningtonite developed along a plagioclase

interface. Note the complex defonrnation twinning in the

plagioclase.
A325-523

Crossed polans

tfidtt¡ of field: 0.6 mm.

(d)
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FIGURE 3.19

(a) Irregulan g:rain of magnetite (light gney) and gnains of il-menite

(dank gney) in amphibolite f::om the transitíonal tenrain. Note

the presence of spinel exsol-ution Lamellae and martite in the

magnetite.

A325-6

PLane pola:rized light
width of field: o.2r rrn.

(b) Embayed, poikitoblastic gnain of il-menite with flame-like exsoLution

Iamellae of haenatite fi:om a mafÍc gnanulite. Note the stnaight

idioblastic intenface developed between rutile and ilmenite'

A325-81

Plane polarized light
width of field: 0.21 mm.

(c) Ilmenite (with flame-Iike haenatite exsol-ution l-amellae) partially

sunnounded by magnetite (shorring abundant mantite development)'

Haenatite exsolution is absent close to the magnetite.

4325- 564

Plane polarized light
llidth of field: 0.21 run.

(d) Magnetite (wittr nartite alteration) intergnown with ilnenite showing

rod-like (blact) lanellae of conundum.

A325- 56+

Plane polanized light
l{idth of field: 0.2I rm.
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FIGURE 3.20

(a) Internediate nock fnom the transitional terrain, composed of

xenoblasticplagioc.Iase(clear)rguartz(verylightstipple),
orthoplrnoxene (coarse stípple), clinopyroxene (fine dense stipple)

and opaque oxides (btack), Note the weakly developed prefenned

orientation <lisplayed by the gnains'

A325-1410N

Length of bar: I r¡rn.

(b) Twin-like intengnowth betr¡een clinopynoxene and orthopylroxene In

ultranafic nock fnom the transitional ternain'

A325-776N

Length of ban: I mm.

(c) cornplex intengnowths between hornbfende (very dense stipple),

clinop¡rnoxene (fine stipple) and orthopy:roxene (widely spaeed

stipple) in uttramafic rock fnon the transitional tennain'

A325-295N

Length of bar: 1 mm.
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FIGURE 3.21

(a) Quartzo-feldspathic gneiss fnom the transitional ter:nain, consisting

of xenobl-astic elongate grains of quartz and micnocline perthite

with minon amounts of opaque oxides. Note the ponphynoblastic natlæe

of the micnostructure and. the dir¡lensional prefenned onientation of

the phases.

4325-940

Cnossed polars

ifidth of field: 3.8 cm.

(b) Quartz-rrierocline penthite-plagioclase-biotite gneiss fnom the

tnansitional terrain. The rnicnostructtre is medilrn to coanse

grained inequígnanular gnanoblastic and a weakly defined schistosity

is pnesent.

A325-474N

Cnossed polars
width of field: 3.8 qn.

( c ) Quantz-penthite-plagioelase-onthopynoxene-biotite-hornblende gneiss

from the tnansitional- te:rnain showing inequignanulan to equigranula:r

gr.anoblastic micnostnuctt¡re defined by gnains displaying cunved,

embayed and ser:rated interfaces.
A325-49N

Crossed polans

vlidth of field: 3.8 cn.
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FIGURE 3.22

(a) Qrrartzo-feldspathic gneiss fnorn the tnansitional tennain with a

banded equigranular gnanoblastic micnostnuctur:e. Note the

compositional layening tSO//tS, and the v¡eakly developed tS,
schistosity defined by wavy lenticles of quantz and feldspan,
and prismatic aggregates of fernomagnesian phases.

A325- 788N

Crossed polans

Width of field: 3.8 cm.

(b) Quartzo-feldspathic gneiss fnon the tnansitional ter:rain with an

inequignanuLar g:ranoblastic microstnuctu:re. The dimensional pnefenned

orientation is dominantly the tS, schistosity.
4325-620cN

Crossed polans

llidth of field: 3.8 cn.

(c) Ga:rnetiferous quantzo-feLdspathic gneiss with well developed

anastomosing microstnuctune and lozenge shaped feldspar and gannet

porphynoblasts (or -clasts ).
A32s- 3lBbN

Cnossed polars
I^lidth of field: 3.8 cm.
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FIGURE 3.23

(a) Quartzo-feldspathie gneiss fnom the arnphibolite facies tennain.

The miqrostructure is defined by the Presence of coarse gnained

lozenge shaped ponphynoblasts of feldspar in a fine gnained

inequignanulan granoblastic groundmass .

4325-174r+N

Crossed polans

vlidth of fieLd: 4.5 cm.

(b) Qr:antzo-feldspathic gneiss fnom the amphibolite facies ternain.

The microstructt¡¡re is ineguigranulan gnanobla,stic. A weakly

defined anastomosing schistosity Ís pnesent.

A325-1657N

Cnossed pola.ns

![idth of field: 4 cm.
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FIGURE 4.1

Tennany plot of quartz, feldspa:r and othen phases.

(a) GranuLite facies ten:rain.

Ornamentation:

smal-I open eincles - guartzo-feldspathic lithologies
small closed ci¡cles - mafic lithologies containing antiperthitic

plagioclase
large cLosed cÍrcles - mafic lithologies containing non-

antiperthitic plagioclase

closed square - ultnamafic lithology
open tniangle - ca.Lc silicate lithology
open square - manganifenous lithology.

(b) Tnansitional tennain.

Ornamentation:

smalL open cincles - quartzo-feldspathic l-ithologies
small closed cincLes - non-micaceous mafic lithologies
large cl-osed circLes - micaceous nafic lithologies
cLosed square - ulbramafÍc lithology
open tniangle - calc silicate lithology.

(c) tunphibolite facies tennaín.

Onnamentation:

snaÌI open circles - qr:antzo-feldspathic lithologies
small closed cincles - nafic lithologies
half open cincle - pelitic lithology.
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FIGURE 4.2

Normative Q-On-Ab pnoportions (a) and On-Ab-An pnopontions (b) fon

the quartzo-feldspathic rocks fi:om the Arnata anea.

A l-ine repnesentÍng the vaniation in position of minimum melting
in the system NaAlsigOg - I(AlSi3Og - SiO2 - HZO fon vaniations in water
pressure finorn 500-10,000 bar:s (aften Tuttle and Bowen, 1958; and Luth,
.Iahns and luttle, 1964) is shown in Figr:ne a, as ane contoulls representing
the distríbution of nonmative Q, 0rr, Ab in the 571 analysed plutonic
rocks from ltashingtonrs Tables (aften Tuttle and Bowen, 1958).

The position of the the:¡rnal trough in the system

Ì(AISigOg - NaAfSi3C, - CaAIZSiZOe - Si02 (after KJ-eeman, 1965) is shovrn

in Figune b.

FIGURE 4.2.L

Granulite facies tennain.

open circles, C.I.P.W. nonmative values

closed circles, catanorltnative values.

1. 4325=205

2. 4325-199

3. 4325-1165a

4. A325-138

5. A325-1121

6. A325-77
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FIGURE 4.2,2

Transitional tennain.

open cÍrcles , C. I . P. Ï1. nonmative val-ues

closed cincles, mesonormative values.

1. A325-531

2. 4325-396

3. 4325-400

4. A32s-323

s. A32s-783

6. A32s-474

7, A325-18

8. 4325-326

9. 4325-405
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FTGURE 4.2,3

Amphibolite facies ten:rain.

open cireles, C.I.P.W. norrnative values

cLosed cincles, mesonormative vaLues.

A325-1744

4325-1636a

A325-1,659

1

2

3
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FIGURE 4.3

Tenn¿ny normative Or-Ab-An diagnan showing corrpositional tnend lines.

tunata Rocks - Solid lines
A-A Quantzo-ieldspathic gnanulites with minor K feldspar

At-At QuaÌrtzo-feldspathic gnanulites with two feldspars

B-B Composite quartzo-feldspathic gnanulites

C-C Cornposite quartzo-feldspathic tnansitíonal nocks.

D-D

DI-DI

E-E

F.F

- Bnoken lines
Hlrpersthene gnanrrlites

Quantz feldspar granulites
Charnockitic nocks, Langöy, Nonway

Charnockítíc nocks, furendal, Nonway

Mont Treurblant (aften l(atz, 1969)
)

ì
)

ì
(aften Ba¡th, f969)
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FIGURE 4.4

(a) PIot of nock oxidation natio against total inon fo¡r the

granulite facies tennain.

Orr¡amentation:

O¡ren cincles - quartzo-feldspathic lithologies
closed cincles - mafic lithologies
closed squane - ultnanafic litholory
üriangle - calc silicate lithology
open sguare - manganifenous lithology

(after Chinnqr, 1960)
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FIGURE 4.4

PIot of rock oxidation
tnansitional tenrain.

Onna¡rentation:

open circles

invented tniangle

smal]. closed circles -
J.ange closed ci:rcles -
closed squEüe

tnÍangJ.e

ratio against total inon for the

qnantzo-feldspathic lithologies with K20,
Naro

quantzo-feldspathic l-ithologies with Nar0 >

Kzo

mica-fnee nafic lithologies
micaceous nafic lÍthologies
ultnamafic lithologies
cal-c silicate lithologies

(b)

(after Chinnen, 1960)

(e) Plot of nock oxidation natio against total inon for the

amphibolite facies te::rain.

Or'namentation:

open cincles - quantzo-feläspathic lithologíes
closed circles - r¡afic lithologies
half operr cincle - pelitic lithology.

(aften Chinnen, 1960)
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FIGURE 4.5

(a) Plot of rock oxidation ratio against manganese fon the gnanuJ-ite

facies ten¡ain.

(aften Chinner, 1960)

Onnamentation:

(sane as Figure 4.4a).
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FIGURE 4.5

(b) Plot of ::ock oxidation natio against manganese for the

transitional ternain.

(aften Chínnen, 1960)

Onnamentation:

(same as Figune 4.4b)

(c) Pl-ot of nock or-idation natio against manganese for the

amphibclite facies terrain.

(after. Chinne:r, 1960)

Onnamentation:

(same as Figr:re t+.+c)
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F]GURE 4.6

Te::nary ACF plcts for:

(a) the granuLite facies ternain;

(b) the tnansitionaL tenrain.
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FIGURE 4.6

Ternany ACF plots for

(c) the amphibolite facies ternain;

(d) the avenage nocks listed in Table 4.8.
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FIGURE 4.7

Ternary A.K.F. plots fon:

(a) the granulite facies ter:rain;

(b) the transitional- tennain.
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FIGURE 4.7

Tennany A.K.F. plots for:

(c) the anphibotite facies ternain;

(d) the average noeks listed in TabLe 4.8.
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FIGURË 4.8

(a) Log-Iog plots of potassiun against n¡bidium for the gnanulite

facies terrain.

Ornamentation:

open circles
closed circles
squalre

quartzo-f eldspathic lithoJ-ogies

mafic lithologies
ultrarnaf ic lítttologY
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FIGURE 4.8

(b) Log-log plot of potassium against nubidium fon the tnansitionaL

tenrain.

Ornamentation:

open circles

*ro
small cl-osed circles - mica fnee mafic lithologies
lange cLosed circles - micaceous mafic lithologies
closed sguare - ultranafic lithology.

(c) L,og-log plot of potassium against rubidium fon the amphibolite

facies tennain.

Onnamentation

invented tniangle

open cincles
cfosed cincles
half open ci:rcle

- quartzo-feldspathic lithologies wj.th K20 >

Naro

- quartzo-feldspathic Lithologies with Nar0 >

- quartzo-feldspathic lithologies
- mafíc Ìíthologies
- pelitic lithologY
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FIGURE +. 9

(a) K-Rb neg:ression fines fon guartzo-feldspathic, mafic and quantzo-

fetdspathic plus mafie gnanuJ-ites.

(b) K-Rb neduced najor axes for:
A. quantzo-feldspathic gnanulites

B. mafic gnanul-ites

C. guartzo-feldspathic plus mafic granulites.
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FIGURE 4.9

(c) K-Rb reg:ression lines for transitional ternain.

(d) K-Rb reduced majo:: axes for transitional te¡'nain'

A. quantzo-feldspathic lithologies
B. total PoPulation
C. mica f:ree mafic lithologies
D. micaceous mafic lithologies
E. total population of nafic tithologies'
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FIGURE 4.10

(a) K-Rb neduced rnajor axes fon the total popr-rlations of quartzo-

feldspathic ar¡d mafic lithologies fnom the g:ranulite facies'

transitional and amphibolite facies tennains'

(b) K-Rb redueed majon axes fon data from other high grade metamonphic

tennains.

A. Granulite facies Pa:r'agneiss )
) Adinondaek Mor:¡rtains
) (aften WhitneY, 1969)
)

Amphibolite facies Paragneiss
B

c

a

oè

amphibolite facies
granulíte facies

ì
)

Valle Stnona (after Sighinolfi, 1969)
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FIGURE 4.17

(a) K/Rb natio against potassium fon the granulite facies teÛarn'

(b)

O::naner¡tation:

open cineles

closed circles
squane

open cineLes

s¡rnll closed cincles

lange cl-osed eincles

sqìlare

- quartzo-feldspathie g:ranulites

- mafic gnanulites

- ul-tna¡nafic gnanulite.

K/Rb ratio against potassir:rr fon the üransitional te¡rain.

O:rnamentation:

- guêrtzo-feldspathic lithologies

- nica firee nafic líthologies

- micaeeous mafíc lithologies

- ultranafic litholory
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FIGURE 4.1}

(c) K/Rb ¡atio against potassiun fon the amphibol-ite facies terraln'

Ornarnentation:

(d) K/Rb r.atio against potassíum for" selected felctspans fnorn:

Gnanulite Facies

open cincles
closed ci:lcl-es

half open cincLe

open cincles
snall cfosed cincles

Iange closed cincles

- quartzo-feldspathÍc lithologies
- mafic lithologies
- pelitic lithologY

- Ceylon

- Musg:rave Ranges

- tsnoken HiLl

Arnphibolite Facies

sguare

plus sign

triangle

(Aata fnom Vingo, 1966)

CTOSS

diamond

- Pewsey VaLe)

- Spnington ì
-.Palmen )

Mor¡rt Lofty Ranges

- basic igneous rock

- anorthosites

(data from Mr:nthy and Gniffin, 1970)
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FIGURE 4.12

(a) Rb-S¡' relationships in the granulite facies te:¡rain'

Onnamentation:

open cílcles - qu¿ìrltzo-feldspathic grarrulites with K20

Naro

- qr:artzo-feldspathic gnanulites with iiiarO

Kzo

- mafic granulites

- ultnam¿rfic gnanulite

(b) Rb-Sr nelationships in the tnansitional terrain'

Ornamentation:

open cincles

invented triangles

closed ci:rcles

sguare

inverted trí-angles

snall cl-osed ci::cles

Iange closed circl,es

square

- guartzo-feldspathic lithologies with KtO >

Naro

- guartzo-feldspathic lithologies with N3'20 >

Kzo

- mica fnee mafic lithologies

- nricaceous mafic lithologies

- ultramafic lithology.
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FIGURE 4. 12

(c) Rb-sr relationships in the amphibolite facies terrrain.

Onnamentation:

(same as in Figune 4.1Ic)

(d) Potassiu¡r against Rb/Sr ratio fon tire anrphiboiite facies terrain'

(e) Calcium against Rb/Sr natio fon the amphibolite facies tennaj-n.
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(f) Potassium against Rb/Sr natio for the gnanulite facies terrain'

FIGURE 4.12

Ornamentation:

open ci:rcles
cLosed circles

quant zo-f eldsPathic gnanulit es

mafic granulites
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FIGURE 4.T2

(g) Potassiun against Rb/Sr ratio fo:r the tnansitional tenrain'

Onnamentation:

(same as in Figr:re 4.I2b)
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FIGUFE 4.12

Calcium against Rb/Sr natio for the:

(h) gnanutite facies tennain;

(i) transitional terrain.

Onnamentation:

Open cireles
Cl,osed circles -

quartzc- feldspathic lithologies
mafic lithologies
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FIGURE 4.13

Titaniur¡ against Tí/Zn ratio fon the:

(a) granulite facies terrain;

(b ) tra¡rsitiorial te:rnain;

(c) anphibolite facies terrain.

Onnamentation:

small open circles
small closed circles
lange closed cincles

sguare

triangle
half open ci.ncle

- quartzo-feldspathic lithologies
- mica fnee mafic lithologies
- micaceous mafic lithologies
- ultnamafic lithologr
: calc siLicate ]-ithology

- pelitic líthologY
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FIGURE 4.}4

(a) La-Ce rel-ationship for the Amata rocks'

(b) Zn-(La+Ce) nelationship for the Anata rocks'

Onnainentation:

cl-osed cincLes

open circles
squares

gnanulite facies tenrain

transitionaL terrain
amphibolite facies tenrain
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FIGURE 4.f5

(a) Th-K relationship for the granulite facies tenrain lithologies'

Ornamentation:

smaLl- open cincles - quartzo-feldspathic

snral-I closed circles - mafic

triangle - calc silicate
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FIGURE 4.15

(b) Th-K nel-ationship fon the tnansitional ternain lithologies'

Ornamentation:

smaLl open cincles - quartzo-feId'spathic r.ocks

small cLosed circles - mica f:ree mafic nocks

Iarge closed circles - rnicaceous mafic r:ocks

- ultramafic nock

- calc silicate rock
square

triangle
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FIGURE I 4. 15

(c) Th-K rel-ationship for the arnphibolite facies ternain lithologres'

Ornamentatíon:

oÞen circl-es - quartzo-feld'spathic lithologies

cl-osed circles - mafic lithologies
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FIGURE 4.16.1

PIot of relative modal percentage of Ìrornblende (b) an¿ orthop5rnoxene

(a), fro¡n gnanulite facies ten:¡ain, against nock oxidation ratio'

Or:namentation:

open cincles - quartzo-feidspathic lithologies

cl,osed cir"cJes - mafic lithologies
square - ultranafic lithologY
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FIGURE 4.l-6.2

plot of r:etative lnod.al percentage of clinoPJæoxene, fnom granulite

facies ternain, against nock oxidation r-atio'

Ornamentation:

open circle - quartzo-feldspathic títhology

closed cincle - mafic i-ithologies

closed. square - ultrainafic J-ithology

open square - manganiferous J-ithology
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FIGURE 4.16.3

Piot of reiative modaL percelltage of opaque oxides, fnorn gr:anulite

facies tennain, against rock oxidation natio'

Onnamentation:

open circles - guartzo-feldspathic lithologies
closed ci:rcles - mafic lithologies
tniangle - calc silicate J-ithology

open sguare - manganiforous lithology
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FIGURb +.16.4

(a) PIot of nelative moda.L parcentage of mica, fnom the tnansitLonal

ternain, against nock oxidation ratio'

Orna¡nentation:

opencineles.quantzo-feldspathiclithologies
lange closed cíncles - roicaceous rnafic lithologies

(b) Plot of relative modal Percentage of ga.r:neto fnom the granuJ-ite

facies te:rrain, against rock oxidatiori ratio'

Ornamentation:

open circles - qr:artzo-feldspathic lithologies

srnall closed cincles - mafic lithologies
squêLne - manganifenous Lithology

tniangle - calc silicate lithotogy
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FIGIJRE 4.16. 5

plot of reJative modat percentage of (a) honnblende and clinopynoxene (b),

f:rom the tnansitional- terrain, against nock oxidation:ratio.

Ornanentation:

srrall open cincles - quartzo-feldspathíc tithologies wittr XrO i
Naro

ínverrted tniangte - quartzo-feldspathic lithologies vtith Na20 >

Kzo

snall closed cincles - mica fuee nafic lithologies

Ia:nge closed eincles - micaceorJs rnafic lithologies

square - uJ.üranafic litholory
trí,angle - cal-c silicate lithology
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FIGURE 4.16.6

plot of relative modal pencenta.ge of opaque oxides (a) and onthopyroxene

(b), fron the transitional terrain' against rock oxidation ratio'

Ornamentation:
(the same as for Figræe 4'16'5)
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FIGURE 4.1ô.7

pl-ot of nel-ative modaÌ pencentage of (a) oPaque oxides, (b) hornblende

and (c) biotite, from the amphibolite facies ternain, against nock

oxidation ratio.

Onnamentation:

(the same as fo:r Figu:re a'15c)
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FrGtfRE 4.17.1

plot of t"2+ /(tu2* * ,r) orthopyroxene (a) and hornblende (b) against

rock oxidation natio.

Onnamentation:

open ei:rcl-es - minenals

closed circles - rninenals

open tniangles - mineraLs

cLosed tríangle - minenal.s

from. il¡nenite-haemat ite assenblages

from magnetit e- ilmenite-haemat ite as semblages

from magnetite-haematite assemblages

firom magnetite assernblages
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FIGURE 4.l.7.2

Plot of r"2+ /(Fe2+ + Mg) crinopynoxene against rock oxidation natio'

Ornamentation:

(the same as fo:: Figr:re +.17'1)
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FIGURE 4.17.3

pl_ot of y"2+¡qyu2+ + ug) mica (a) and garnet (b) against rock

cxidation natio.

Onnamentation:

(the sane as fon Figr:r'e 4.17)
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FIGURE 4.18. ].

Plot of Mg/(Me + FuZ+) onthopynoxene (a) and hornb.l-ende (b) agaínst

rcck oxidation ratio.

Ornamentation:

(the same as for Figr:re 4.17.])
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FIGUR.E 4.18. 2

Plot of Mgl(Mg + F.2*) ctinopyr?oxene against nock oxidation natio.

Ornamentation:

(the same as for Figune 4.17.1)
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FIGURË] 4.18. 3

Pl-ot of My/WE + Fu2+) mica (a) and ga:rnet (b) against nock oxidation

natio.

O:rnamentation:

(the same as fo:r Figure 4.17.1)
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FIGURE 4.19.].

Plot of nock oxidation natio against rock IOO.Hg/(MS + F"2+) natio for

the granulite facies.

Orr¡anentation:

s¡¡all open círcles - qrrartzo-feldspathic lithologíes

small closed ci¡eles - mafic lithologies
cl-osed squalle - ultnamafic lithoJ'ogy

tniangle - qalc silicate litholc'gy

open square - rnanganife¡rous lithology
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I

FIqJRE 4.19.2

Plot of :rock oxidation natío against rock 100'Mg/(Me + re

the t¡.ansitiona1 tennain,

2+ ) ratio for

onnanentation¡

sr¡all open cincle - quat'tzo-feldspathic lithologies with K20 >

Na 0
2

inverted open triangles - ql4rtzo-feldspathic lithologíes with Nar0 >

Kzo

s¡nall cl_osed circles - mica free mafic lithologies

Iarge çloced circles - nicaceous mafic lithologiçs

elqsed square - t¡l-t:ranafic litholory
open trriangle - qalc siLicate lithology
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FIGUREI 4.]-9.3

Plot of r"ock oxidation ratio against nock L00.tfg/(l'fg + fe

the amphibol-ite facies.

On¡ramentation:

smal-I open circle - gua::tzo-feldspathic I'ithologies

small closed cinc.Les - rnafic lithologies
half open cincLe - pelitic lithology

2+ ) natio fc¡r



60

50

f0

.9
a

Ê.
to

€30'i
o
I
o

É,

20

f0

60 7050a03020t0

100 Mo

Mg +Fe z+
Rock



FIGURE 4.20

plot of r.3*/(ru3* * F"2n) ratio of onthop,æoxene (a), honnblende (b),

garnet (c) and mica (d) against nock oxidation natio.

Of'namentation:
(the same as in Figune 4.17.r)
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FIGIJRE 4. 2I.1

plot of [Mn/(Mn + Mg + fo2+)i x I03 ratÍo of ga.nnet (a) and hornblende

(b) against :rock oxidation ¡-atio.

Ornamentation:

(the same as for Figune 4.17.1)
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FIGURE 4,2I.2

plot of [Mn/(Mn + Mg + f"2+)j x ]-03 ratio of onthopjmoxene against:rock

oxidation ratio.

Ornamentation:

(the same as for Figure 4.I7.L)
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FIGURE 4.21.3

pt-ot of [Mn/(gn + Mg + f.2+)] x ]03 ratio of mica (a) and clinopSrroxene

(b) against rock oxidation natio.

Onnamentation:

(the sane as for Figr::re 4.17.1)
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FIGURE 4.22.I

plot of the Mgl(Mg + tu2+) r:atios of (a) micas and (b) garnets, and

the same natíos in Pa:rent nocks.

Onnarnentation:

cl_osed ci:rcles - minerals fnom gnanulite facies ternain

open circles - minerals from the tnansitional ternain.
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FIGURE +.22.2

plot of the Hgl(tfg+ Eez+) ratios of (a) clinopyroxenes and (b)

orthoplæoxenes' and the same ratios in panent :locks'

Onnamentation:

(the sar¡e as for Figure 4.22.L>
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Frq.rRE 4.22,3

plot of the lte/(Mg + Ee2+) ratios of honr¡blendes and Parent nocks fnom

AtrEta (o:rna¡rentation the same as in Figrrre 4'22'I)'

Data compíIed by Sen (lg7O) for'honnblendes fnon Madras (open cincles),

Salen (open triangle), Adirondacks (closed cincles), Bnoken HiII (closed

sqr:atre) and Pennsylvania and Delaware (closed tniangle), ane shown fon

compa.rison.
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FIGURE 4.23.I

Pl-ot of the Mn/(Mg + Mg + F"2t) natios of (a) clinopynoxenes and' (b)

onthop5rroxenes, and the same ratio in panent nocks'

Onnamentation:

(the sarne as for Figr:ne 4-22,1)
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FIGURE +.23.2

plot of the [Mn/(Mn + Mg , F"2*)i x iO3 ratios of (a) honnblendes,

(b) micas and (c) garnets, and the same ¡'atio in parent nocks.

Ornamentation:

(the same as for Figr::ne 4.22.I)
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FIGURE 4.24

Pynoxene quadrilateral- En-Fs-Di-He showing comPositions of Pyroxenes

firom Amata.

Onnamentation:

open ciucles - clinoPYroxenes

closed cincles - orthoPYroxenes
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FIGURE 4.25

Plot of the Fe3+/(Fe3+ + î"2+ ) ::atios of orthoplmoxenes against

(a) Ti content in Y gnouP; and

(u) errv/(errv + si).

Ornamentation:

(the same as in Figune 4.17.1)



.5t7

.523

.60

o 295

.tl

0105b

o 339

.121

.f l9

I
Clo
It+l,P

cr+rl+'
l,Ê

0.10

0.08

006

0-0t

0 .08

ä 0.06
o

0.020.02

0. 001 0 .002

# oo"

0.003 0.03 005

opt

0060 .0a

Alrv
Ãiw s¡

a b

.ô0

o 517

.295

0105b

.523

oEl .tSfirs

.339



FIGURE 4.26

PIot of AIVI against AIIV for cJ-inopy:ìoxenes (after Aoki and Kushino,

re68 )

Ornamentatíon:

(the same as in Figr::re 4.22.L)
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FIGURE 4.27

Chernical affinities of the Amata honnblendes'

- hornblende from the gnanulite facies tenrain

- honnbtendes fnom the transitional- ternain

Ornamentation:

closed cincl-e

open cincle
open circl-e with d.ot - hornblende fnon the amphibotite facies terr:ain'
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FIGURE 4.28

(a) Plot of Al
1965a).

VI IVagainst Al for the Amata honnblendes (after Binnst

(b) plot of alVI against A1IV for hornblendes fnom othen high grade

nocks:

1) honr¡blendes firom the Delegate pipe (Loveníng and llhite' l-969)

2) R8O3 and 4117 ::espeetivelY

ML) horr¡blendes f¡'om eclogites (Mottana and Edgar' 1970)

142) 3b and P2a nespectively

Kl) hornblende fuom ga:rnet anphibolite (iknisawa, 1969)

81)

B2)

B3)

hornblendes firom arnphÍbolite facies rocks in the Anacena

Metamonphic bett (Band' 1970)

Binnsi (1965d Bnoken Hill metamorphic zones ar:e shown fon companisc¡n.

(c) PIot of títaniurn in the Y group against A1

Annta honnblendes.

IV IV/$t + Si) for the
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FIGURE 4.29

plot of -h" ,u3*/(Fe3+ + E"2t) natios of hornblendes against (a) tÍtanium

in the Y group, (b) A1
IV

IV
A1 +Si

Ornamentation:

(the same as fon Figure 4.17.1)
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FIGURE 4.30

TernarSr plot of F.2t + Mn - Ca - Mg showing the compositions of the

Amata pynalspite garnets. The compositíonal- fiel-d of gannets fnom other
gnanulite complexes (after llhite, 1969) is shovrn for comparison.

Ornamentation:

(the same as for Figr:re 4.22.1)
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FTGURE 4.31

Ternany plot of octahed:rally co-ordinated atoms

(Mg:re2+ + Mn2+ , elVr + F"3+ + Ti4+) for rnicas f:rom the Anata anea

(after Foster, l-960 ).

Ornamentation:

(the same as fon Figure 4.22.I,
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FIGURE +.32

(a) Rounded gnain of ílmenite (i1¡neno-haematite) with bead-Iike

exsolution blebs of haenatite. Note the concentration of

exsolution blebs along grain boundaries'

A325- 6

Plane polanized light
I'Iidth of field: 0.21 ¡nm.

(b) Equignanulan to inequig:ranular gnanobla.stÍe aggregates of magnetite

in contact r^rith ilmeno-haematite. The haematite exsolution blebs in

the il-menÍte a¡e coallse to fine g:rained and appea:r to be absent close

to the magnetite.

A32s-81

Plane polanized light
vridth of field: 0.21 mm.

(c) Fl-ane-like exsolution lametlae of haernatite in ilmenite showing

secondary exsolution lanelLae of ifunenite. B]ade-like lameflae of

co:rundum are Present in the ilnenite'
A325- 564

Plane polanized light
width of fierd: o.2L m¡n.

(d) Rounded gnain of ilmenite alnost totally enclosed in magnetite

(showing martite altenation). The haernatite exsolution in the

iimenite decneases in abr¡ndance towands the magnetite gnains'

A325-564

Plane polanized light
vfidth of field: 0.21 m¡n.



t_ I \ \

i

Ê
¡

o

.ù
3 "I
¡>

¡.
f

\.
t

(

\$
:

\L
5

S

f
-*

(

,t
fÊ

u
o-



FIGURE 4.33

(a) Abso¡rbed electnon iurage of a g:rain of haemo-ilnenite with tabular

Íntengnowths of nagnetite (bfack).

/i325-6

Vüidth of field: 75u

(b) FeKq nadiation

(c) TÍI(cl nadiatíon

(d) Absonbed elect¡ron image of a gBaiu of rnagnetite enclosed

in haeno-i]¡nenite.

A325- 538

llidth of field: 75u

(e) FeKc radiation

(f) TiKa nadiation
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FIGURE 4.34

Tenna:ry plot of On-Ab-An showing the eompositions of the Amata alkali
feldspars.

Onnamentation:

(the same as fon Figr:re 4,22.I)
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FIGURE 4.35

Degree of onder of the a1kali feldspans shown by plotting on the degree

of orden 1l g*/þa't graph of Jones (1966).

Ornamentation:

closed cincl-es

open squalles

closed squäres

- gnanulite facies

- tnansitional
- anphibolite facies
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FIGURE 4.36

Potassir¡n feldspans fnon lable 4.39 on b-c plot with cetl edges of

end members and equal Abc lines fnom Stewant and Ribbe (fg$g) (aften

Cnosby, 1g7L). The lengths of the ba:rs show the b and c standa:¡d eruors

fon each sample.
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FIGURE 4.37

Distri-bution diagnam for co-existing pyroxenes fnorn the Amata alrea

(atonic natio t"2*/(r"2+ + t'tg)) fon onthop¡nroxene is plotted against

that of clinopynoxene.

Onnamentation:

(the same as fon Figr:re 4.22.I)
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FIGURE 4.38

pLot of t"2+/(t"2+ + Mg) fon onthopyl?oxene against the same ratio fon

clinopyroxenerfon pynoxene pains fnorn other high gnade tennains (after

Binns, 1962). The field occupied by the Anata samples is outlined.

The avenage distnibution curves K-oPx-cpx = l'78 (dotted fine) and'

= 1.OO (solid line) are dnawn. 
DF"',* - Mg

Orrrarnentatíon:

solid squa¡re - Bnoken HilL (BÍnns, 1962)

solid ci¡rcle ' Quainading (Davidson, 1968' 1969)

inverted open tiíangles - Scotland (Uuir and Tilley, 1958; O'Hara' 1960'

Ig6Ia,b)
invented solid tniangle - Madras (Howie' 1955)

solid uríangle - Lapland (Eskola, 1952)

open square - Vanberg (Saxena, 1968a)
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FIGURE 4.39

Plot of KO against

(a) nock oxidation natio
(b) nock tu2+ /(t"2+ + ttg) natio

(c) pl-ot of K.oPx-tP* o, against rock Mg/(Iig + Fe2+\ u(Mg - Fe'' )

Onnamentation:

(the same as fon Figune 4.22.I)

opx-cPx
Dt(Fe'' - Mg)

) ratio.
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FIGURE 4.40

plot of t;¡eÊe2+/(Fe2+ + Mg) ratio of clinopynoxene (open circles) and

orthopynoxene (closed cincle) against the same ratio fon co-existing

honnblende.
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7. The cnitical line of the alkali feldspan soJrnrs (aften Morse' f970).

The stippled areas indicate the nanges of pnessu:re-tempenatune conditions

estimated fo¡: the gnanulite facies (dotted) and arnphibolite facies (ôashed)

tennains.



FIGURE 5. ]-

Petnogenetic gnid

L. Ia AL2SiCS triple point (after Althaus, L969)

lb A12sio5 tniple point (aften Richa:rd,son, GiLbent and Bell-, 1969)

2 2a

2b

2c

Solidus for wet g:ranite (aften Luth et aI- ' 1964)

Solidus for wet granite (after: Boettchen and l{yllie, 1968)

Liquidus fcr grnaníte with 2eo waten (after Tuttle and Bowen,

lss8)
2d Liquidus fo:r anhydtrous gnanite (aften lf.C. Bu:rnham, pe:rs.conrn. )

Uppen stability limit of honnblende in the presence of e*cess

waten (afte:r Nishikawa et 41., 1971)

Subsolidus boundanies marking the finst aPPeêIance of gannet in a

variety of compositions:

4a adamellíte (after Gneen and Lambent, 1965)

4b qua¡?tz tholeiite (after G:reen and Ringwood, L967)

4c high alurnina basalt (aften Gt:een, 1967)

4d olivine tholeiite (Ito and Kennedy, 1971)

Uppen stability limit of Mg-cordienite (aften Schneye:: and

Yode:r, 1964)

Uppen stability limit of co:rdienite in nocks $rith Mg/(Mg + r"2+)

natios of 0.7 and 0.3 nespectively (aften Hensen and Gneen' 1,97I)

Upper stability limit of Fe-condienite (after Richandson, 1968)

Extrapolated curve for Mgl(Mg + Fe2+) natio of 0.4

Expenirnentally detennined cu:rves fon the neaction:

muscovite + quantz f K feldspal^ + sillimanite + water

(after Althaus et aJ.r 1970 and Storne and Kanotker l97l respectively)
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FIGURË 5.2

Fnlationship between Niggli c ar¡d mg fon the mafíc nocks fnon the:

(a) gnanulite facies ternain;

(b) transitional and amphí-bolite facies terrains.

Dashed l-ine outlines the pelitic area, solid curve indicates the tnend

of vaniation of igneous rocks (after Leake, 1964 and Van de Ì€mp, 1968).

Onnamentation:

(a) dots

solíd squaue

(b) small dots

large dots

solid sguare

tniangle

- mafic nocks

- ultnarnafic rock

- mÍca fi¡ee mafic r:ocks frorn the transitional
ternain

- micaceor:s mafic nocks firorn the tnansitional
ternain

- ultramafic nock

- anphibolíte
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FIGURE 5.3

Relationship between Niggli al-alÌ and c for the:

(a) gnanr:tite facies tennain;

(b) tnansitional and 'mphibolite facies tenrain

(after Va¡r de KamP, 1968).

Ornamentation:

(the sane as in Figr¡:ne 5.2)
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FIGURE 5.4

TennarSr plot of c, al-alk and 100.mg for the mafic noeks fnom the:

(a) granulite facies terrain

(b) tnansitional and e"Ðhíbolite facies tenrains.

Fine dashed ctrve illustnates the tnend of variation of the Kannoo

Dolerites. (aften Leake, 1964 ar¡d Van de Kanp' 1968)'

Ornamentationl
(the same as in Figune 5.2)
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FIGURE 5.5

Plot of Naro + Kro against SiO, for the nefic rocks from the:

(a) granulite facies ternain;

(b) transitional and' anphibolite facies tenrains'

(aften MacDona1d and lGtsr¡ra, 1964)'
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