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Top not exposed

lYhite water
volcanics.

0lympio Fm

9,000 m

Biscay Fm

fr0m m

Unit 4

Unit 3

u/c

u/c

u/c

Ignimbrite.

Dacitic and rhyodacitic ashflow tuffs
PisoLites and volcanic aggLomerate.

Sandstone, minor siltstone and chert.
VoLcanic conglomerate.

Rhyolitic crystaJ. Iithic tuff. Dactite towards
top. Local quartz granule or pebble conglomerate
at base.

Thinly bedded schists and phyllite. Meta dacitic
and rhyodacitic tuff. VolcanogenÍc metasediments

Base of sequence frequently extensively replaced by
Woodward Dolerite.

fuartzwacke, felspathic sandstone and shale sequence
with graded bedding, smal-l scaLe cross bedding and
slump structures,

Complete Bouma sequences in places, Locally
conglomeratic and with few thin carbonate bands in
East Kimberley.

Base of sequence frequently extensively replaced by
Woodwa¡d Dolerite.

Abundant carbonate and calc sÍIicate, wÍth carbonaceous
shaÌe and peJ,itic interbeds. In places replaced by
thick pillow basalts. Underlain by greywacke,
quartzwacke with metapelitic l-enses.

Carbonate - two thin discontinuous bands with pelitic
(or l{oodward Dolerite interbed).
Rhyolite domal structu¡es and associated tuff in south
of the Halls Creek Mobile Zone. Ccnerally metapelitic.
Some thick basal-t horizons. Schists and gneisses. In
places up to three carbonate bands. Much of this unit
frequentJ.y obliterated by l{oodward Dolerite.

Carbonate - thlck and lateralJ.y continuous.

Binpdal volcanic sequence - generally three or
more cycles of interbedded pillow basalts and
acid tuff (occasionally rhyolitic). Away from
the vents, acidic material replaced by pelites.
Banded iron formation (B.I.F.) in places.

Carbonate of variable thickness.

Eimodal voLcanic sequence - interbedded felsic
vol.canics and pillow basalt, occasionally
replaced by transitionaL Saunders Cr.+iscay Fm.
metapelites, or ignimbrÍte.

Q.rartzite, felspathic quartzite, conglomerate
lenses.

Acid tuff.
Epidotised amygdaloidal basaft.
Acid tuff.
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Acid tuff.
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F19 2.6

selected photographs and photom'icrographs of basalts of the Ding

Dong Downs Volcanics from the Saunders Creek Dome.

(a) Spilitised pillow basalt, from the lower basalt horizon, showing

piì low with fine grained bleached rim and amygdalar core.

(b) Spi'lite from lower basalt horizon with ramifying system of quartz

veins, overlying zone of highìy schistose basaltic materia'r.

(c) Photomicrograph of ducti I e folding of my'lonit,ised amygdaloidal

basa ì t.
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F is 2.7

Selected photomicrographs of felsic tuffs from the D'ing Dong

Downs Volcanics in the Saunders Creek Dome.

(a) Rhyoì ìtic crystal I ithic tuff from m'iddle tuff horizon

Basalt clast (quartz veined) from lower basalt unit. Strong Sl/SZ.

(b) Photomicrograph showing basalt clast (dark) and K-spar phenocryst

with fine cross hatched twinning, in microcrystal line felsic matrix.

(c) Corroded felspar phenocryst (Carlsbad twinnìng) in fine grained

felsic matrix showing development of metamorphic biotite. Fragment

of dev'itri f i ed g'l ass at top of photomi crograph.

(d) Glass fragment show'ing spherul itjc devitrificat'ion.

(e) Fe'lspar crystal (L.H.S.) corroded and repìaced by quartz, in fine

grained matrix, with fragment of earlier crystal tuff (darker matrix -
I ower ha I f of photomi crograph). C I ast w'ith f e'l spar phenocryst i n

microcrystal I ine matrix. Clast outl ines d'iffuse.

(f) Euhedral sanidine phenocryst showÍng Carìsbad twinning and patchy

alb'itic replacenent.

(g) F2 f o I ding quartz veins in m'icrocrystal I ine matrix of fel sic

tuff, with deveìopment of ax'ial pìane 52 schistosity.

(h) Detail of euhedral sanidjne phenocnyst wrapped by Se schistosity

defined by fine gra'ined ragged musc-chlorite. Quartz rich pressure

shadows developed around phenocryst.
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Fis 2.8

Selected photographs and photomicrographs of Saunders Creek Formation.

(a) Looking East down sequence from the top of the Biscay Formation

to the distinctive quartzite ridge of the Saunders Creek Formation on

the horizon.

North of the Ord River, close to the Halls Creek Fault.

(b) Saunders Creek Formation showing conglomeratic base and cross

beds marked by heavy mineral bands above and to the right of hammer

head,

Saunders Creek Dome.

(c) Photomlcrograph showing heavy mineral band. Two generations of

heavy mineral are apparent.

(1)Fine grained and generaìly anhedral.

(2)Coarse grained and sub-hedral.

Saunders Creek Dome.
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Fis 2.10

Selected photographs of acid and basic volcanic rocks from Unit 1

of the Biscay Formation.

(a) Leucocratic rock of l^li I I s Creek Suite show'ing phyl losi I icate

lenses. Extensively devitrified and foliated rhyolitic lava.

(b) Thin felsic lava flow showing bottom orip-upo structure, (fine

grained block in centre of photograph). tBase of bedtstructures, and

stratigraphic position intencalated within pil low basalt units, and

overly'ing a beach or sub-tidal formation, indicates a shallow marine

environment of deposition.

(c) Deformed and st,retched pi I I ow basa I ts of 't^li I I s creek Suite'.

Stacking relationships indicate beds are younging and dipping steepìy

to the west.
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Fig 2.11

Selected photomicrographs of metamorphosed felsic volcanic rocks from

Units 1 and 2 of the Biscay Formation.

(a) Photomicrographs of I eucocratic rock of 'l^J'i I I s Creek Suite'

show.i ng primary, igneous, zoned fe'l spar phenocryst, and I ate

metamorphic spessartine rich garnet (black, bot,tom left)' in fine

grained matrix, w'ith phillosilicate patches.

Crossed pol ars.

(b) Composi te photom'icrograph of syn-t,ecton i c, textura 1 ì y zoned,

almandine garnets from da{¡lc ignimbrite in Unit 2 of Biscay Format'ion

(tCorkwood East Suitet). Core with fine grained quartz inclusions,

zone of fibrolitic sill'imanite 'inclusions, and euhedral rim

overgrowing micaceous matrix. (Plane polarised light)
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Fig 2.12

Selected photographs of ignimbrit,e from t,he lower Biscay Formation.

(d) Massive unbedded felsic vo.lcanic rock of the ,corkwood East
Suiter, showing felspar megacrysts, in a fine grained matrix. The

megacrysts are thought to represent metamorphosed pisorites, and t,his
voìuminous material to have been deposited sub-aeriaì ìy from coì ìapse
of an eruption coìumn. North of Ord River.

(e) schistose leucocrat,ic rock of the 'corkwood East suite, from
shear zone' with felspar megacrysts wrapped by protomyìonitic fabric.
South of Ord River.





Flg 2.13

Photom'icrographs of various I ithologies from Unit 2 of the Biscay

Formation ln the t¡lhite Rock Bore area.

(a) Leucocratic plagiophyric rock of volcanic origin. Densely packed

rounded feldspars wrapped by micaceous 52. Folded lnto open fo'ld by

F4.

(b) Banded Iron Formation. B.I.F. occurs in areas characterised by

voluminous basalt flows, and therefore a volcanic exhalative

affiliation is inferred.Magnetite rich and quartz rich bands folded by

F2.

(c) Carbonaceous schist. A reducing environment of deposition in

near shore bays and estuaries'ls suggested. 51 folded by F2 wit,h

development of 52 axJal plane to folds.





Fig 2.14

Photographs and photomicrographs of litholog'ies from Units 3 and 4 of

the Biscay Formation.

(a) Photom'icrograph of f low banded rhyol ite of 'Al kal i Suite'. Tlny

euhedral crystals of quartz pseudomorphing aì pha crist,obal it,e ? in
aphanitic felsic matrix. Unit 3 Biscay Formation. Saunders Creek area.

(b) Cl iff face of pi ì'l ow basal ts standing on end in the t^lhite Rock

Bore area. Sg Vounging west, and dipping very steeply to t,he west.

Thick unit (many tens of metres) rep'lacing carbonate at the top of

Unit 4 of the Biscay Formation.

(c) Detail of pilìow basalt showing dark chilled margins and

amygdules in the core' with carbonate and quartzite in the interstices

between the pi l l ows. Note fol ded pi l l ow near penci '1.
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F is 2.17

Sel ect,ed photographs and photomicroraphs of I itho'log'ies f rom the

0lympio Formation.

(a) Banded, m'icaceous quartzwacke fo I ded by D2. Fi ne, 'l ayer

paral'lel 51 micas crenulated by F2, with 52 axial p'lane to the folds.

Note high proportion of sedimentary quartz grains. Unit 1, 0lympio

Format'ion. t¡lhi te Rock area.

(b) Photomicrograph of quartzofelspathic gneiss from Unit 1 of

0'lympio Formation. Tiny rounded garnet,s enclosed in felspar.Ord River

area.

Crossed poìars.

(c) Large zoned boudins of wol lastonite-grossular-diopside

(+ epidote, scapol ite and sphene) w'ithin white marbl e. McKenzie's

bore.





F 1s 2.19

Selected photographs and photomicrographs of the l¡lhitewater Volcanics.

(a) Very fine strings of leucocratic material, defining channelways

up which streams of gas travelled through the fine gra'ined lithified

ash. Associated with volcanic autobreccia.

(b) Monollthic autobreccia. Angular fragments of a wide size range in

a matnJx of ash sized materlal. Produced in situ by gas streaming.

East Kimberley.





tis 2.19

(c) Fine grained felsic volcanic rock. Tiny quartz grains and

splinters, and fine grained feìspar phenocrysts and lithic clasts.

Ash sized matrix folded by D3 (?) l,rJest Kimberley.

(d) Detail of rhyolit,ic, crystal, lithic t,uff. Medium grained lithic
clast containing strained embayed quartz crystal, and altered K spar

i n f i ne grai ned fol i ated matrix. Ì¡lest Kimberì eys.

(e) Photomicrograph of rhyol itic crystal tuff. Embayed euhedral

quartz crystal and quartz crystaì chips and spl inters in

microcrystal line felsic matrix. l,rlest Kimberìey.

(f) Andesitic tuff showing ferro-hyperst,hene remnants (high relief -
OPx) in opt'icaì cont'inuity, ìargely replaced by chlorite and biotite

i n extensi veì y recrysta'l I i sed matrix. l¡lest Kimber'l ey.

(g) chlorite and biotite pseudomorphs after pyroxene (ìarge, central)

and sericite pseudomorphs after felspar (two at top left) in

extensively altered andesitic tuff. hlest Kimberley.
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Fis 3.2

Fl folds in the Saunders Creek area.

(a) Saunders Creek Formation quartzites, forming distinctive white'

resistent ridges,folded into macroscopic, overturned, anticl inal

structure. Both limbs dipping steeply to the west. Ding Dong Downs

Volcanics in the core of the structure, and basa'lts of the Biscay

Formation on the flanks.

Saunders Creek Dome.

(b) Fine grained metasediment of the Biscay Formation folded into

isoclinal, reclined fold by D1. Curved axia'l trace indicates refo'lding

by D2?
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Fis 3.5

Selected photographs of rocks from the t¡lhite Rock area ì ì lustrating

re I at'ive deve I opment, express'ion and preservation of superimposed

schistosities depending on rock composition and positionin fold.

a) Hinge regìon of F2u fold'in fine grained banded metasediment.

Micas a'l igned paral lel to beddìng, (So), can be seen in the I imb

region at, right of photograph. In the centre of the hinge, most, 51

mica flakes have been realigned or crenulated, w'ith the product.ion of
a new schìstosity, SZ, axial plane to the fold.

Spec.No. K498/413. Unit 1. 0lympio Fm.

(b) Detail of (a) near hìnge, showing crenulation origin of 52.

(c) Doubly crenulated peìitic schist. sl biotites crenulated by Fz.

This is a fine, smal I wavelength crenulation with coarse grained

biotite, axiaì plane to the crenulations, defining SZ. A coarse

crenulation overprints this fabric. The F3 crenulation has a

wavelength approx'imately twice to thrice that of the earl ier
crenu'lation, plunges south at a slightTy different azimuth, and the

plunge changes from shaìlow (10o - z0o) to very steep (zoo - g0o) for
L3. Swing in strike orientation seen in curved crenulation axes.

Field of view - 45mm.

Spec No. K498/369. Unit 4. Biscay Formation.





Fis 3.6

Photomicrograph of hinge region of F2 fold in banded metasediment

showing layer paral'lel 51, superimposed S2, and garnets syntecton'ic

with F1.

(a) Hinge region of an F2 fold. The first schistosity, S1, is defined

by biotite, concentrated in the more pelitic bands (two of which can

be seen in the photograph), aìigned para'llel to bedding, S0. A later

generation of coarser graìned biotite, SZ, has formed at a high angle

to 51, and has been crenulated Uy F3. Garnets, confined to peìitìc

bands, and elongate a'long S0/S1 have been rotated tV FZ'

Specimen Number K498/372. Unit 1. Olympio Formation.

(b) Detai I of above at hìgher magnification, showing superimposed

schistosities and syntecton'ic Aarnet.

Field of view - 20mm.
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Fis 3.7

Superimposed schistosities and syntectonic garnets.

(a) Zoned garnets. Core of garnets shows a weakìy rotational 51

fabric of very fine elongate quartz graìns, surrounded by a virtuaììy

i nc I us i on free zone. Euhedra I out I i nes and protrus i ons therefrom,

overgrow the matrix schistosity, SZ, defined by large pìates of

bioti t,e (c I eavage i ndi cated by dashed ì i nes) and fibrol itic
silliman'ite. Note the inclusions of large metamorphic opaques towards

the periphery of the garnets.

Speciman number K 498/1380. Unit 3. Biscay Formation.

Shadowmaster drawing.

(b) Skeletal garnets e'longate along layer paral ìeì schistosity in

very fine grained banded metasediment. Rotated to varying degrees

depend'ing on position'in foìd geometry. Crenulation 52 forming axia'l

plane to fold.

Specimen K498/377. Unit 4. Biscay Formation.

(c) Banded metasediment. Top band rich in garnet and staurolite

(Fe rich), centre band quartzo-felspathic, lower band sil limanite

rich (Aì rich).

Top band - 52 defined by biot'ite at ìow angle to So. Some smaller

corroded biotite flakes of earlier generation rema'in, but heavily

overprinted by ìater generat'ions of metamorphic minerals.

Lower band - 52 strongìy defined by fibrous sil limanite replacing

bi oti te.
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Fie 3.8

Se I ected photographs of profi'l e sections of hinge regions of

mesoscopic, very tìght to isoclinal, recumbent, FZa folds foìding a

'layer paraì'lel schistosity.

(a) Similar style folds in fine grained laminated metasediment. Unit

4, Biscay Formation. White Rock area.

(b) Coarseìy banded greywacke showing effect,s of composite D2 event.

Isoc I i na I fo I d sheared out a'long one I imb.

Unit 4, Biscay Formation. Black Rock Anticline.

(c) Banded coarse grained garnetiferous schJst, folded and sheared.

Unit 3, Biscay Format,ion. Black rock Anticline.
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F'ie 3. 9

Fabric elements associated with F2a folding.

(a) l¡/ell deveìoped Se schist,osity defined by coarse

graìned si I I imanite (fibrous material crossing field of view

obliquely) and biotite in pelitic sch'ist. Note ìarge garnets, eg. in

centre of photograph.

Unit 3 Biscay Formation. Dougals Bore area.

(b) SZ schistosity axial pìane to rootless D2u folds of granitic ve'ins

'in peì itic metasediment. Unit 1, 0lympio Formation. Ord R'iver area.

(c) Large scale boudinage of impure quartzwacke bands in more pelit'ic

matrix, and on a finer scale, boudinage of granitic veins.

Unit 4, Biscay Formation. Bìack Rock Anticline.
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Fig 3.1 1

Vertical shear zones.

(a) Western splay of the Halls Creek Fauìt delim'iting the Black Rock

Anticlìne to the west. Widê, steeply east diPping' NNE trending shear

zone. Basic rock completely serpentinised.Overlain to the west by

Saunders Creek Formation Quartzites. hljlls Creek, near its junction

with Ord River. Looking northeast.

(c) Vertical, f\f - S trending, shear zone in carbonate bed. Unit 4'

Biscay Formation. ldhite Rock Creek. Looking south.





Fis 3.1 1

Verticaï shear zones.

(c) Cìose up of the Halls Creek Fault, showing fine grained, strongly

foliated, protomy'lonitic and myìonitic material, with development of

sheath folds.

(d) ENE trending vertical shear zone affecting Mabel Downs

Granodiorite. Coarse grained felspar xenocrysts in a myìonitic matrix.

Stratigraphy offset in a dextral sense. D3 generation.

t^lhite Rock Bore area.
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Fis 3.15

Folds in myìon'ite.

(a) Shear zone showing non-cylindrical tbanana foldstwith curved

axial traces (centre bottom of photograph) folded and refolded

disharmoneously. Fine grained mylonitic fabric.

(b) Shear zone with fine bands of mylonite in a protomylonitic matrix.

Folded on an E - lÁJ azimuth by F3.



4¿f

.5^

il



Fis 3.16

D26 microfabrics.

(a) M1 garnet in a recryst,alìized matrix wrapped by fine quartz
ribbons (pl attung).

t¡lhite Rock Bore area.

(b) Plagioclase xenocryst in ignimbritfc material of the 'Corkwood
East Suiter. Micro shear zones with re-crystal I izxation of sheared
quartz grains and new grain growth around the periphery.

(c) Extreme'ly fine grained shredded myronitic fabric, wittrwisps of
phyt losilicate wrapping fractured staurorite porphyrobrasts, miI red
and rounded around the edges.
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Fìs 3.1 7

Mesoscopic D3 folds.

(a) 52 f o I ded and f au'lted by F3 on an E - l^, azimuth. Garnet mica

schi st.

Unit, 3. Biscay formation.

Black Rock Anticline.

(b) Banded metasediment. Protomyìonitic fabric with mylonitic bands in

a dzb shear zonef folded by F3.

Unit 3. Biscay Formation.

t¡Jhite Rock area.

(c) Knotted schist with clots of sillimanite replaced by muscovite,

strongly developed 52, gently folded by F3.

Unit 2. Biscay Formatlon.

Ord River area.





Fig 3.18

Effect of F3 on F2 folds.

Type 3 interference pattern (Ramsay, 1967) produced by superimposing

F3 folding on FZu folds. Refolded folds in finely banded tuffaceous

metasedi ment.

Unit 2. Biscay Formation.

Sa'lly Malay Bore area.

(b) Tracing of schistosity and fold closures in (a) above. F2u fold

closuresto the right of hammer head, F3 fold closures to the left of

hammer handle.
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Fie 3.19

D3 f au'l ts.

(a) Near vertjcal d'ip on E - t¡J fault of D3 generation, cross cutting

metased'iments with well deve'loped 52 laralìeì to hammer handle.

Black rock ant'icl ine.

(b) Dextral offsets on a quartz hornblende dyke, by a swarm of E - w

faults of D3 generation.

Saììy Malay Bore area.





Fig 3.20

Mesoscop'ic F4 folds.

(a) Garnet schist w'ith a strong'ly developed 52, folded Uy F+ into a

tight, shal low'ly p'lunging anticl ine.

Unit 2. Biscay Formation.

Black Rock Anticline.

(b) Calc silicate beds with flat ìy'ing 52 folded by F+. Shallowly

plunging 14.

Unit 4. Biscay Formation.

Ord River area.

(.) Se folded Uy F+ into shalìow1y p'lunging overturned syncline.

Unit, 3. Biscay Formation.
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Fis 3.21

(a) Vertical pìunge on F4 fold foìding mylonit'ic 52. Axial trace N -
S. Note open hinge area. Metasediment. Unit 2, Biscay Formatjon. trlh'ite

Rock area.

(b) Steep (near vertical) d'ips on fold limbs of D2u fold, pìunging

steeply to the north from same area as (a).

Metasediment. Unit 4. Biscay Formation. trlhite Rock area.





tls 3.22

F2u folds refolded bY F4.

(a) Isocl'inal F2 folds foìd'ing a schistosity in t¡loodward Dolerite. The

recumbent F2 folds have been refolded by F3 with the production of a

Type 3 interference pattern (folded axial trace).

Sa 1 
'ly Ma'l ay Bore area.

(b) Isoclinal recumbent FZ folds folding a sch'istosity, refolded by

F3. Interbedded pelitic and quartzofeìspathic metasedjment.

0'lymp'io Formation.

Ord River area.

(c) Near f I at ìying 52 folded into a shal lowly pìung'ing overturned

syncìine by F4. Tuffaceous metasediment-

Unjt 2. Biscay Formation.

Black Rock Anticline.
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F;9 4.2 Re I ati onshi p between

Deformati on Atti tude and
0rient,ationEvent,

D4 Upright
0pen-tight folds
Axes vary with location in
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Associ ated
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Event
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Fie 4.3

(a) Ml garnets with a linear internal fabric of fine elongate quartz

incl usions, finer grained than and d'iscontìnuous with wrapping 52.

Matrix 52 is a coarse grained differentiat,ed fabric defined by quartz

rich and mica rich areasf crenulated ¡y D+.

Metapeììte. unit 3. Biscay Formation. Lower sill'imanite Zone.

White Rock area,

(b) Mzu garnets with a rotational internal fabric of the same

grain size as, and continuous with the matrix sch'istosity, 52. The

coarser strained, quartz grains in the matrix are beìng recrystallized

into a protomylon'itic fabric,

Metapelite. unit 3. Biscay Formation. upper sillimanite Zone.

Ord River area.

(c) Pyrope rich zoned garnet. Ml core wrapped by fine gra.ined M2u

sillimanite in an onion skin texture. 0vergrowth of M2" garnet wrapped

by coarse graìned matrix silljmanite of M3 generation. Note cordierite

grain with incomplet,e twinning in top right corner.

Metapelite. Unit 4. Biscay Formation. Transitional Granulite Zone.

Saìly Ma'lay Bore area.
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Metamorphic Lower

Event Sillimanite Zone

Figure 4.5
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Sillimanite Zone

Trans i ti onal
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M2a

Stable Parageneses of Metape'lites in the Amphibolite Facies.



(a) Ml staurolite and quartz ìnclusions in core of M2u garnet.

Staurol ite (five grains in a l'ine trending ENE above plagioclase

mozaic incl usions) in optical cont'inuity and totaì ly enclosed in

garnet - never in contact w'ith quartz. Fibrous sillimanite inclusions

in outer zone,

Crossed poìars. Upper S'illimanite Zone.

(b) Rim of same M2u garnet with f ibrol itic s'i I I imanite inclus'ions

(top right corner) and sillimanite and small remnant staurolite (high

R.I.) associated with plagioclase mozaic. Staurolite inclus'ions ìn
garnet not obvious without crossed polars - little distinction in

colour or R.I. Same orientatìon, sì ìghtìy higher magnif.icat.ion.

Plane poìarised li9ht.

Fis 4.6

Fis 4.10

(a) Fine dropìets of remnant M1 staurolite(high R.I.) in optica'l

continuity'in Mzu pì ag'ioclase moza'ic. Scattered metamorphic opaques.

Abundant M2a fibrolitic sil limanit,e within the thin section. Crossed

Pol ars.

Specimen 366. Lower Sillimanite Zone
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Fig 4.7 Metamorphic parageneses in metapelites

iect i on
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GARNET- BIOTITE GEOTHERMOMETRY
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Fig 4.1 3

(a) Basal plate of biotite with siìlimanite needles arranged at

30o and 600 to one another. Sillimanite needles with cladding of

metamorphic i lmenite.

Plane Polarised Light,.

Spec'imen 901. Upper Si I I imanite Zone.

(b) Euhedral si I limanite crystals replacing biotite. Orientation

of sill'imanite controììed by lattice structure of biotite.

Crossed Polars.

Specimen 811. Upper S'i I I imanite Zone,
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Fis 4.14

(a) Garnets with M1 corer a fine grained MZu =i ì I imanite inclusion

zone and MZ" overgrowths (as i n' F'ig 4.3c). Coarse grai ned M3

si I l'imanite in matri*. MZu cordierite (two grey graìns centre top)

with faint twìnning and the grain on the right, showing a dark

pleochro'ic halo around zircon, repì aced around edges by s'implectite of

sì I I imanite and quartz with granuìar magnetite of M4 generation.

Spec'imen 960. Transitional Granulite Zone.

(b) Coexisting garnet, fine gra'ined sillimanite (rotational inclusion

tr:ails in garnet) and cordierite of M2u generat,ion. The cordierite is

corroded around the edges during M3. Coarse grained M3 sillimanite in

matr i x.

Crossed Polars

Specimen 804. Transitional Granulite Zone.

(c) Same specimen as (a) above showing si I I iman'ite-quartz-magnetite

simpl ectite coronas around cordierite and late stage fibrous

sillimanite in grain boundaries. The simplectite is normaìly very fine

grained, granular, high R.I. material (around the two gra'ins in lower

left corner), and only resol ved w'ith electron microscopy. The 'late

stage sillimanite is always fibrous, and sometimes nucleates on the

simplectite.

Pl ane pol ari sed I 'ight.
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Fis 4.1 6

Atomic number contrast in polished thin section. Garnet from

Specìmen 960. Scanning Electron Microscope Environmental Cell Image.

(back scattered electron and low vacuum). Area with lower atomic

number shows up darker. A narrow zone around the microfractures is

enriched in Mg (ie higher pyrope content) relative to Fe, due to

preferent,iaì migration of Fe ions a'long microf ractures to rim and

possìbìy across grain boundary (see text).

(Vertical dark lines are an artifact of the scanning process).





Fis 4.18

(a) Fine grained M1 biotite corroded and included by M2a plagioclase.

Concommitant formation of coarse grained M2u s'illimanite (strings of

high R. I. mì nera ì ). 0pen, wavy crenu I ation resu ì ti ng from D4

deformation. (Coarse grained Mza biotite visible in other parts of

same thin section).

Plane Polarised Light

Specimen 81 1. Upper Si I I imanite Zone.

(b) Very coarse gra'ined si I I jmanite with plag'ioclase inclusions.

Plane Polarised Light.

Specimen 813. Upper Sillimanite Zone.

(c) Same fiel d of view as above. Crossed poì ars. Pì agiocl ase

inclusions in opticaì continuity.
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Fig 4.19

(a) MZu sillimanite pseudomorphs after Ml andalusite.

predomìnantly carbonaceous material and pyrite.

Plane Polarised Light

Specimen DDH 44.5

Eileen Bore Prospect.

Lower Si I I imanite Zone.

Matr i x

(b) At higher magnification, pseudomorphic si ì I imanite replaced

around the edges by fine grained intergrown muscovite of MZA

generati on.

Same specimen.

Crossed Polars.





F is 4.20

(a) Clumps and thickets of sillimanite fibres crowd grain boundaries

and project into adjacent graìns. The fibrol ite is nucleating

preferential 1y on feldspar, with a lesser development on biotite.

Pl ane Pol ani sed L'ight.

(b) Rad'iating fibres of siI Iimanite on feìdspar grain boundary. Note

MZu sill'imanite inclusions in MZu garnet (right edge of photograph)

and the 'late stage fibrolite nucleating on its boundary.

Plane Polarised Lìght.

(c) Large p ì ate of 1425 musco v i te (centre of photograph) w'ith M2u

s'i I I imanite 'inclusions, and I ate stage f ibrol it,e nucleating on the

edge and projecting into the muscovite. Also coarse grained euhedral'

MZ" staurolite (bottom left corner) with quartz inclusion conta'ining

Mzu .i I I imanite. Pl ane Pol arised Light.

Specimen 366. Lower Sillimanite Zone.
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Eig 4.2I

(a) Large Mr_ K apar porphyroblast elongate along S,
overgrowing,-partly wrapped ¡y SZ schistosity, defineá
and sillimanite.
Specimen 1176 A. Transitional Granulite Zone

PartIy
by biotite

(b) Garnet-cordierite-sillimanite Gneiss showing sector twinning
in cordierite grains which are corroded around the edges.
Transitional Granulite Zone

(c) Tiny scattered M1 garnets, and fine orientated M., biotite
inclusions in very coårse Mr_ microcLine, part rr.pp"å by, part
overgrowing Srschistosity dêlined by biotite and sillimanite. (WeIl
developed perthite and some myrmikite in other parts of same thin
section) .
Specimen I474- Transitional- Granulite Zone.
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Fis 4.22

(a) Minute, euhedral M2" staurolite nucleating on M2u garnet, and in

M25 muscovite which overgrows M2u sil limanite.

Plane Polarised Light.

Specimen 68. Lower Sillimanite Zone.

Fis 4.23

(a) M2u sil limanite remnants in M25 muscovite plate (ìarge grain left
of cent'ral band of biotite). Coarse grained euhedral MZ" staurolite

in top right corner. Note clump of M1 staurolite relicts (tiny,
rounded, high R.I.) in plagioclase grain (above and to left of

muscovi t,e).

Plane Polarised Light.

Specimen 366. Lower Sillimanite Zone.

(b) Garnet with MZ" euhedral outline overgrowing intergrown felt of

fine grained M26 muscovite which repì aces Mzu ri I I imanite. Tiny

euhedral st,auroì ite grains nucleating in muscovite and overgrowing

remnant sillimanite.
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Figure 4.24

Prograde Metamorphic Mineral Occurrencs for Metabasites
and Calcareous Rocks

Rock Mineral Lower
Amphibolite

Upper Transitional Granul ite
Si I l'imanite Granul ite

Lower
Si I l'imanit,e

c

A

L

c

A

R

E

0

U

S

l¡lol lastonite

Dol omi te
Cal ci te
Tremol i te/
Acti nol i te
Di ops i de

Grossul ar
Epi dote
Scapoì 'ite
Pl agi oc I as

Quart,z
Magnet'ite

I

?

M

E

T

A

B

A

S

I
T

E

S

Tremol ite/ ----
Acti nol i te
Hornbl ende
Cummi ngton ì te
C I i nopyroxene
0rthopyroxene
Plagiocìase -----

InCfeaSe in An ç9¡!g¡l=====¡
Sphene

Epi dote
Chl ori te

Qu a rtz
Decrease in quartz çg¡lg¡f,=====¡

compiled by R.Allen from data of Allen, Gemuts, Neville, Thornett.





Fìs 5.2

Date

1 840+50

'l 834+32

Deformation

History of Lower Proterozoic Igneous

Rock Unit Distribution
( East or l,lest)

Events i n the Klmberl ey Sub Provi nce

Lithology Stratigraphlc Relatlons

L a t e tt 
G r a n i t o i d s 

t'

Violet Valìey Tonalite

Lennard Grani te etc.

Bow Ri ver,
& McHales Granodiorite

Cast'l erei gh H'i 1 ì Porphyr
frlount Di saster/Bl ckl eys
l,lhi tewater Vol cani cs

t.l GranodiorJte. tonallte' gran{te

Bio tonal ite, granodiorlte

Coarse porphyritic bio granlte

Coarse k-spar porphyritic aranlte
Bio granodiorite

Quartz-fel dspar PorPhrY
Porph. microgr., qtz-fel s PorPh.
Daclte-rhyo l ite tuff, cong lom. base

Muìtiple lntrusions. Perldotite'
troctol ite, norite, gabbro.
U/m granu l i te. Younger nori te.

Fo l i ated bi o-hbe granodi ori te

Andesite-dacite tuff,congl om base

Troctolite, ol gabbro, gabbro-
norite, minor anorthosite.
Ga bbro.

Fol i ated hbe granodiorite'
tonalite.
Fo l ì atedgabbro.

0px qtz gabbro, norite, tonalite.
Harzburgite, dunite, Peridotite'
troctolite. Gabbro

Intrude Lennard Gr./cut F3.

Intrudes Bow R. Granlte

Intrudes hlhitewaters & Halls Ck Gp.

fr'lineralised suJte postdates peak
metanorphi sm (M3
Intrudes earìy u m. Intruded by norite

Intr Castlere'igh Hiì l Porph.l.'lhitewa
Intr. crenulated, metamorph. Hal'ls

Equivalent of lrlhitewater volcs.
Unconformabìy overl{es Halìs Ck Gp

E

l'l

E

rphyrl es l,l

E&t,J
E&tü

E

E

ters
Ck Gp

v
Po

u/c
F4

Saììy Malay,
maf ics and u

McSherrys Granodiorite

lrlh l tewater Vo l can i cs

Mclntosh Sill Compìex
Toby Sill Complex

wood, Bow R

i-Cu beari ng )
Cork

/m (N
E

l'l

)

F3

u/c
Dzb

1 850-1 880 F2a Mabe l Downs Granod i ori te
"Dougaìs Tonaljte"
Mclntosh Gabbro

Wombarella Quartz Gabbro
Alice Downs Ultrabasics

F1

"Melon Patch Graniter'
"Black Rock Tonalite"t'l.lhite Rock LeucogranJte"
Sophie Downs Granite

lrloodward Doìerlte

B l scay Fm

?ca 2,000Ma Ding Dong Downs Volcanics

Correlation of DeformatJonaì Events between tast and l¡lest
Kimberleys pre D2b is tentative.

?

ttl

E&H
E

E

E

E

E

t'l

E

tllith S4. Intr.Hal ls Ck Gp' t,lhitewaters.
Intruded by Lennard Gr
Interbeddeð top of 0ìymplo. Folded by F3

Circular sil ls unmetamorphosed. Primary
mj neral s preserved. Gabbros sheared &

metamorph. No hornfels or chi lled margin

t.lith S2, Folded by F3 & F4.Intrudes
"Melon Patch Granjte", Haì ìs Ck Gp.
IntrudedbyMabeì Downs Granodiorlte

Ear'l y syn-metamorPh ic.
U/b'i cómpleteìy metamorphosed þv M2a.
0' ìy i ng gabbros metamorphosed. Contact
zonè sheàred. intruded by trondhjemite.

E

E

E

E&hl

lìl.tth s2.
l,li th S2.
I ntruded
Pre F2

Fine-med even gr' bÍo granite
Coarse gralned bio-hbe tonalite
Leucogranite. Bio or gt variants
Granophyri c Arani te

Altereddolerite siI Is & dYkes

ìded by F2, F3 & F4.
Mabel Do¡vns Granod I orl te

Fo
by

E&t.l

Folded & metamorphosed. Intrudes Hal ìs
Ck Gr base of Biscay into 0lympio Fm.

Basaìt, dacitic-rhyolitlc tuff Acld tuffs confined to two lower units.
Basalts throughout

Basalt, dacitic-rhyoì itic tuff Base not exposed. unconformably
underl ies Saunders Ck Fm.

compìled by R. All.en from data of- Allen, Dow & Gemuts, Gjles & Mancktelow'
Hami yn, Hancock & Rut I and. P I umb & Gemuts. Thornett.

E



(a) Xenolith of lrioodward Dolerite with quartzose veins folded by D
framboidal garnets in Mabel Do\^rns Granodiorite

Figure 5.3

Zc,
and

(b) Apophysis of Mabel Dor¡rns Granod.iorite in hloodward Dolerite, fold.ed
bY oz"

(c) Melon Patch Granite j-ntruded by coarse grain hornblende bearing phase of
Mabel Downs Granodiorite. Strongly developed 52 fabric evident in both



':a í-":- lt¡'*:-.i1 $¡



Figure 5.4

(a) Complex folding of fine biotite rich films and quartz rich segregation
bands in White Rock Leucogranite

(b) XenoliÈh of Vlhite Rock Leucogranite in l,tabel Dolvns Granodiorite

(c) Gradational contact between K spar megacrystic phase (by hamner head)
and hornblende bearing phase of the Mabel Downs Granodiorite
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Figure 5.5

(a) Fo folds in hornbl-ende bearing Mabel Downs Granodiorite intruded into
Vtóodward Doleritc

(b) Agmatitic blocks of lrloodward Dolerite in horn-l¡lende bearing Mabel Dolvns
Granodiorite





In chemical diagrams in chapters 5 and 6 the following symbols
are used
Open circles for Biscay felsic volcanics
Open triangles for Ding Dong Downs felsic volcanics
Open squares for !{trite Vtater volcanics
Open pentagons for White l{ater volcanics (West Kimberleys)

Closed, triangles for Ding Dong Downs basic volcanics
Closed. sçluares for Biscay basic r¡olcanics
Closed. diamonds for Wôoáward' Dolerité'
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Fjq. 5.ô Ptajor elements
Fis,5.7 sol'id

v/s Sì0, for Kimberley feìsic volcan'ic rocks. Symbols as for
lines eñclose the field of Cainozoic calc-alkaline volcanics.
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Fio. 5.9 Trace elements v/s Si0, for Kimberìey felsic volcanic rocks.- 
Fig 5.8 with addition 'of x leucogranites
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Fig 6.2 Comparison of Salient Features of Australian Lower-Mid Proterozoic Fold Belts
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Tu ffs

Tab l e 1

Ding Dong Downs Volcanics
' Descri pti on

Fj ne-coarse gr. subhedraì phenocrysts p1 ag med-coarse
gr fragments of basalt in v. fine gr patchy qtz-nusc
matri x. Areas of f i ne gr granu ì ar qtz some wi th i nc l.
phenocs.pìag-possibìy fragments of ear'lier xtal tuff?

Similar to 210, but fewer basalt fragments sub-rect-
ovoì d patches of recrysta l l i sed qtz-Pseudomorphs after
fels. Grannuìar aggregates of qtz & K-spar orig.
gìomero-porphylit'ic. Tuff fragments- qtz phenocs, or
coarse gr. feì s phenocs. I argely repl by qtz-seri ate.

Fi ne-coarse gr euhedraì-subhedral phenoes fel s'
coarse gr acid tuff & basaìt fragments in v fine 9r
qtz-fels-sejcite natrix. Some basalt frags with
amgydules infìlled with coarse gr chl. calc, epidote

Fine-coarse gr euhedral-subhedral phenocs. qtz & feìs
fine-coarse gr acid tuff & basalt fragments in v fine
gr. qtz-sericite matrix. Ground mass texture suggestive
of orj9. shard rich matrix

Fine-coarse gr euhedraì-subhedral qtz. Plag & K-spar
phenocs. med-coarse gr basalt & acid tuff fragments
in v. fine gr. qtz-sericite natrix

Sj mi l ar to 23 1 , but no K-spar phenocs i denti fi ab l e
& numerous fragments with spheroidal devitrification
texture, generally partial ly resorbed

Phenocs I 0 Advanced repl of fel s

Li thi c 1 5 by qtz around peri phery */
f ragmentsa ì o ngm i c ro f r a c t u r e s

one twin of Carlsbad
twin, or comp'l etely
pseudormorphì ng

Phenocs I0
Lithic 20 S'imilar lo 210
fragments

lll. R. A. T. E. Conments

Musc al igned -> schistosity
./ Fragments e ìongate along

schjstosity, with bendìn9
of elongate pìag.

Ch ì rep I by 'bi o'
¡/ Recrysta l I i sati on more adv

than2l0 Seriate schìstositY
wrapping orig phenocs &

fragments

Basalt amgydules infilled
J J pri or to eruption of fel sic

vo'l canics.

Microfractures, infi ì ìed by
J J qtz offset phenocs &

fragments

Saunders Creek Area

Z Minerals Aiteration

210

Rhyolìtic
212 Crystal-
photo Lj thic

Tu ff

Sample
No

213
photo

Roc k
Name

Crysta ì -
Lithic
Tu ff

Phenocs 1 5
Lithic 25
fragments

Pì ag phenocs show
patchy repì acement
are corroded
around perì phery

Rhyoìitic
Crystal-
Lithic
Tu ff

230
photo

Rhyolitic
Crystaì
Lithic
Tu ff

Phenocs I 0
Lithic 20
fragments

Phenocs I0
Lithic 15
fragments

Phenocs I0
Lithic 10
fragments

Ori g 1 5
glass

Phenocs part'iaì ìy
resorbed & repìaced
aìong microfractures
& around perìphery by
recrystaì1ised qtz.
Patchy repl acement of
fe l s. Mi crofractures
haematitic. Bio
replacing chì. Badìy
weathered

Cross hatched twinning in
K-spar weì 1 preserved
Perlitic cracking'in acid
porphry fragment

231
photo

232

Rhyoìitic
Crysta l
Lithic
Tuff

Rhyoì i ti c
Crysta l
Vi tri c
Li thi c
Tuff

A'l so badìy weathered J
0ne very coarse gr glomero-

J porphyriti c aggregate of
fe ì spar





Selected analyses of minerals in volcanic rocks



ospec. N

Rock Unit

l"[inera]-

o
Spec. N .

Rock Unit

Mineral

oSpec. N

Rock Unit
Mineral

(a) ]-454

Corkwood East Sui*.e

Plagioclase (megacryst)

(d) r{vrv 6

Whitewater Volcanics

Ferrohlpersthene

(g) t452
i{ills Creek Suite
Plagioclase phenocrYst

(b) 2]-O

Ðing Dong Dohtns r,rolcanics

K-spar (phenocrYst)

(e) L452

Wills Creek Suite

Spessartine Garnet

(h) L4O6
Corkwood East Suite
Plagioclase megacryst

(c) 2IO

Ding Dong Downs Volcanj-cs

A1bite (phenocryst)

(f) 1084

Corkwood East Suite

Almandine Garnet
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APPENDIX 4



Petrographic descriptions of metapelites of the Biscay Formation



Corrnen ts

Zone d
rinr si

g
,ì
tf-core staur
ì incì. Staur
. mosaìc.

incì,
incì.

ìn pìao

Abundant metamorphic opaques.
Staur.+Bio * Plag + siìì + 0Þ'

l'tytonite reactivðted Post 113

S" defined bY fib
16 sì ll so
52 crenuì ated.

at low ðnole

iltn
Mí
Lãte

staur- ( Bi o
Bì-o-Si ì I -P

)
ì ag-0p

Gt-Sta ur-Anda ì
Si ìT-

i¡^
FzB
I'13

staur-(Bio)
Bi o-Pl aq-Si ì 1 -0p
Musc.
Staur-Gt-Andaì

lil.¡

H.A
nie
Hã

Gt- ( Bi o)
Bi o-Si ì I
l.lusc
Gt-staur

Itl¡

l{zA
l{zB
M3

Late

B i o-Staur
Bio-Sill-Gt
Husc
Staur-Andal
siìl

Hetannrphic HistoçY.-
Coexistinq PhaseslDl

H, Staur-(aio)(c)
u)n ilìõ-s,i t ì -cJ-Pì iìf'-.I-l
l4r Staur
Lãre SìTl:

H¡
MzA

HzB
M3
La te

Staur-
Bi o-Si
l.lus c

(Bio)
lì-0p

Staur-Gt
sill.

Oeformatjon HistorY -
Texture + Fabric

Hatri x-med.or. strained qtz
& plaq.mzaic. Large gs
fine stður-round incl ,
euhedral xtals. tibroì itìc
sììì. S2-corroded bì0.

Matri x-med. qr. rextaì I ised qtz
Coarse siìl PorPh.S2-coarse
bio.& sììì, overgroùn bY rned.

gr.incì-free gt.clumPs &

mi nute staur.

l.htri x-Fi ne-med . gr. qtz -Pì a9.
mozaic. V.ìarge zoned qtz-
coarse qtz incì.wìth fib.
needìes in rim. 52 bio. rePl
bv fib. l4ed-coarse staur.
o-vergrowing fib. Fine
euhedraì andal.

Hatri x-Med. gr. qtz-Pì ag .

nnzaic. Sâ-coarse bio &

silì. FinÉ staur.incl. in
olaq. corrodinq bio. Silì
.eoÍ. uio. Srnìt gt clumPs +

staur. xtals overgrowinrl bio
& siìì.

I'latri x-Myì oni ti c qtz T rnì cas
Bio repì.by musc. Zoned qtz
Ht core I',l1 rim. H3 staur.
oüerqrowiñg H2B mYlqnite
fabric definiño 52. Rirm of
porphyrobì asts milled.

Qtz-fel s . bands- fi ne -med. gr.
Hr staur.reìics. Large qtz.
Sfumpy bio. Large Pìates
musc. l'led. gr.random euhedral
H3 staur. Peìitic bands -
Abundant fib. Hinute-coarse
H3 staur. Large oP.

Qtz
Pì ¿q
Bio
Husc

20
20
20

Gt
Staur
silì
0p

30
5
5

<5

Qtz
Pl ag
Bio
Musc

20
5

25
<5

Gt
Staur
siìì
0p

5
<5
30
t0

Qtz
Pì ag
Bio
Musc

30
l0
20

Gt
Sta ur
silì
0p
Anda I

5

ì0
ì0
t0
<5

Qtz
Pl ag
Bio
Husc

20
l5
35
.q

Gt
Sta ur
sill
0p
Anda l

5
<5
t0
ì0
<5

35
5
5

40

Gt
Sta ur
siìì
0p

5
5

tr
5

Qtz
Pl ag
Bio
llusc

Qtz
Pl ag
Bio
Musc

3s -40
5 -l0

t0-ì 5
5

Gt 5-ì0
Staur l0-.l5
siìl 5-.l0
0p 5-10
Anda I tr.

Name

Staur-Si I ì -
Gt

Schi st

Staur-Gt-
siìì

Schi st

Gt-Si I ì -
Staur

Schi st

Staur-Gt-
silì

Schi st

Hyì oni ti c
S ta ur- Gt

Schi st

Eanded
Gt-sì I I -

Sta ur
Schist

sp"c.Ho(a)

ì4128

ì 3384

ì 382

133.5

33

366

!I¡!!qulq sE¡&r_$_!!!11_s_li

Mi nera ì ogy
[4odal %

Underìined if analysed for major elements
Probed phases underl i ned.

M^/\ Siìl - 2 qens. Coarse gr-
16nl . fi broì i te ' Randorn Pì ates
rurc. ..ott-aut bio' Larçre sub-
hedra l opaques.

Staur. remnants in Pìao.
M, mineraìs v weìì deveìoPed
bút no M2B nusc.

(c) tarìier phases assumed-bracketed
a
b



5 IAUR0LllI UtARlllG SCtllStS (cont'd)

Deforrrr¿tion HistorY -
exture + f(a)

Name
Mi ner¿ ì

!4e tanþ ic lli
lllt¿r ComÌents

ìst Pha
Spec . No

tib. incì. trails in musc.
N' staur-fine euhedra nucìeattng
ii musc. & on ot.

Zoned qts-core staur. incì, rim
silì incl. Siìl derived from
staur. reaction also rePì ' bio'
Hatrix sill coôrser.

121

6ì 98

1327A

ì 380

Zoned ots-core v-fine gr' qtz'
incl. witn rotationaì S¡,. incì '
ire" rlt (some sì I ì incl ' ) '
iubhedraì outline, some outorowths
on bio.

Poikiìobìastic ned.gr- gts'
Rõtationaì S. = S¿. Si ì I needìes
incl - in qt'ötz,musc. Fine 9r'
euhedraì iandom staur.

Fine gr.equant oP. evenìY dis-
tribu[ed.'Hed-coarse gr. anhedraì

op. eìongate along schistositY'

Gts-v.fine qtz incl. in core,
incì. free rim, corroded & iron
stai ned.

I'l,
M]A
¡LiB
Hã

Staur-Gt- (Bio)
Bi o-Si ì ì -Pl aq
Musc
Gt-Staur

M.
rqlr

i^i'

(Bio)
Bio-Siìì-Gr
Husc
Staur

Si I ì -Bio
Bio-Si ì ì
Musc
Gt-Staur-Andaì

H¡
M.A
H:B
Hå

H¡
r'r.A
His
M5

Gt-(Bio)
Sill-Bio
Husc-Tor¡rn
Sta ur

M¡

H,
Mã

Staur-Bio
Gt-Sill-Bìo
Siìl-0p

il^
M;8
M3

Gt-(Bio)
Bio-Si ì ì
Hus c
Staur-gt

llatrìx-fine f!r.qtz-feìs. nDzaic
Pìaq.incl. fine staur. r€mnants
s^ weìl defined med.gr. bio.
rÉpì. by fib, both overgrown bY

musc. Zoned gts' 2nd qen.staur'
nucl .on gtlbi o, overqrows si I I .

S^-stronq domainal anôstrorn-
sfnq fauiic. Qtz domains-fine
or.Ãtrained & recçYstaìì ised'
úica rich donnins-ned.qr.elon-
oate bio.rePì. bY musc' weakìY
ðrenuìated. Syntectonic ot.
Post-tectonic staur.

tlatrix-fine gr.qtz. S, ned-
coarse qr.bió & fib. ñePl. bY

coarse iilì. Anhedral med.gr.
ets. incì.coarse siìì. Minute
èuhedral staur. & andaì. over-
grow f i b.

S.-coarse bio & fibroìitic silì
rÉpì.by ìarge Pìates & feìted
aooreqates of musc. & coarse
tóúrml rot¿e¿ bv 03. Zoned gts.
l'Þd.gr.euhedraì staur. over-
growing musc.

Matri x-med.9r. strained otz-feì s

mozaic. Larôe zoned qts. Sr-bio
repì. by siiI, crenuìated -&

poì ygonì sed.

Matri x-nted. 9r. strài ned &

recrystal ì i sed qtz. S2-

coarse bio.rePì. bY coarse
musc.pìates E fine inter-
growths. Zoned gts. M3 staur
on gt.

siìl
Gt
Staur
0p

5

ì5
.5

5

Qtz 30
Plag ì0
Bio 20
Musc ì5

.5
tr

Staur
siìl

40
ì0
40

5

Qtz
Bio
l'lusc
Gt

Qtz
Bio
si lì
Gt

45
'15

Jl.J

.5

0p
Musc
Stau r
Andaì

l0
<5

tr
tr

65
20
.5

5

tr
5

Gt
Staur
Tourm

Mus c
Bio
silì

30
l5
tr
<5

Gt
Sììì
Staur
0p

Qtz 30

Pì ag .5
K-spar.5
Bìo 20

Qtz 20
Pìag 5
8io ì0
Musc 50

Gt
Staur
Sì ì I
0p

t0
5

-C

.5

Staur-Siìl-
Gt

Schi st

Gt-Bi o-
Mus c

Schist

Bi o-Sì ì I
Schi st

Muscovitised
Gt-siìl
Schi st

Gt-sì I ì -
Bio

Gne i ss

Staur-Gt-
Husc

Schist

ì 469

68



Spec. No

10278

6874

t2l

I 337

I 383

Name

Sill-Staur-
Gt

Schi st

Mineraìogy -
Modaì I

Staurol ite Bearing Schists (cont'd)

Defonnatjon tlistorY
Texture & tabric

5, - med qr aìigned hio, heaviìY
rãpì. by nusc. Zoned qts. v-fine-
coarse random euhedraì staur-
nucl. on gtlbio/musc. Med gr.
andaì overgrows musc.

Metanrorphi c lli storY
Coexì stìng Phases

ConFnen ts

Zoned qts-core v.fìne qtz incì ,

outer incì- poor zone' some

si ll needìes, heavi ìY fractured
E søne rins apparentlY corroded
by staur-",lto

r¡Ín
Hi

ill
H3

Gt-(Bìo)
Bio-Gt-Si ì I
Musc
Stður-Andal

Staur-Bio
Si ìì-Gt-0p
Staur.

staur-(Bjo)
Bìo-Silì-Gt-0P
Staur-Andaì Late
silì.

Zoned gts-small qtz incì. in core
fewer iarger staur, oP, qtz incì.
in rim, heavilY fractured. Ha

minerals welì develoPed. Little
musc. 0p fine-coarse gr.

369

Qtz
Gt
Bio

30
30
ì0

Staur ì5
siil ì0
Andal tr
op5

Matrix - fine-med qtz- Coarse
bio & fib sill define 52- Large
zoned ots. Staur-v.coar3e' qtz
incl. éont siìì needles, or
smaìl idioblastic nucì' on gtl
bio. S¡nall euhedraì andaì overgrow
fib.

il¡
M3

Ooaques-v. fine trai I s

corplexly folded, sometimes in
bands, possibìY S.- coarse gr.
anhedral sometimeõ incl. gt.

Fine, rounded staur incì. in
pìag-qtz mozaic. Gt core - manY

fine op, rim-few, ìarge, oP' qtz,
staur, siì1.

Ea rl i est S. fi ne el ongate qtz .

Later S. còa.se, equant. Some

qt rins'inclusion Poor over-
lrowing fine myìonite, staur & oP

s, ll s, ll so
M, med. gí. euhèdral staur. nucì
oËeferentìal ly along microfrac-
tures cutting coarse silì bands
at hì9h angìe.

il¡

N3

Staur-8ìo
Bio-Siìl-Gt-Pìag-
0p
Staur-Andal -Chl

Bio
Bi o- Si ì I -Gt-0p
l'lusc -0p
Sta ur
Late Sill.

H.
¡rln
t4i}
Mã

i;
M3

Bio
Bio-Gt-Staur-Siì ì-
0p
chl -Gt

Hatrix-fìne gr. recrYst. qtz.
S. well def. bY coarse green
bÍo repì. by sììì. Large zoned
qts. V. fine-med, euhedraì staur
ó andaì overgrowing fib. 0P-f.ine
ran dom.

S" def. by med. gr. bio axial
pfane to fine crenuì ations.
boarse. crenul ations overPrint.
Large pìates musc. overgrow
bìo & incl. fibroììtìc siìì' gt'
oÞ. t,rlavy extinction. Minute
euhedraì staur nucì. on 9t/bio
& overgrows silì.

Matrix-coarse gr.qtz, bands of
recrystal I ìsed mylonite wrappìn9
porphyrobìasts.'57 coarse gr,
bio at high angìe-to earìier
fabric (finer). Poikiìobìastic
zoned gt & staur.

Bands coarse si I I , abundant fine
-coarse anhedral oP. eìongate
aìong 52, med. gr. gts with
fine stãur & oP incl. wraPPed
bv & incl. cill, post-tectonic
siaur. Bands of qtz with srnaìì
rounded gts, S, def. bY remnant
bio E sill neeãles.

Qtz
Pì a9
8io
sir I

30
.5
20
l5

Gt
Staur
0p
Andal

l0
ì0
t0
(

Gt l0
Siìl .5
Staur tr
op5

20
<5
25
40

Qtz
Pl ag
Bio
Musc

Sta ur
siìl
0p
cìi

l0
.5
<5
tr

40
25
l5

Qtz
Bio
Gt

60
E

ì5

l0
5
5

si I ì
Staur
0p

Qtz
Bio
Gt

Gt
Sta ur
Andaì
sitì

ì5
l0

5

tr

ì0
40
20

Qtz
Husc
Bio

Crenuì ated
Huscovitised

Gt
Schist

Staur-Gt-
siìì

Schi st

Siì l-Staur-
Gt

Schi st

Ban ded
Staur-5ill-

Gt
Schi st

Muscovi ti sed
Andaì -Staur-

Gt
Schist



Spec Rock Name MineralogY Modal Z Defo¡nation lü-story Texture and Fabric

Selected Garnet-Biotite Schists and Gneisses

Metanorphlc HistorY
Coexisting Phases

C¿nnents

Gt S1-linear fabric of rounded qtz
Incl, finer gr than natrix qtz.

Fib fibres in nusc PseudomorPhs

8

53

Gt-Bio-
Musc
Schist

Muscovitised
Gr-Bio
Schist

Tourn <5
tr

Qtz
Musc
Bio

35
15
45

5

50
25
10
15

Qtz
Bio
Musc
Gt

Qtz
PLag
Bio
Musc

Qtz
Bio
Musc
Gt

Qtz
Bio
Plag

Qtz
Musc
Bio
Gt

40Gr5
40 Sil1 tr
15 Àpatite tr

0p tr

M1
Mz¡
Mzs
M3

0p

M1
I'l 2
M3

Med-Coarse gr. Strong 52;
bio repl bY nusc, wrapPing large gts
¡rlth tliscontinuous Si, overgrovrn by

randon^¡lates nusc. 52 crenulated by D3'

Matrix fine interlobate qtz. S2coarse
bio. wrapping musc, pseudomorphs after
a¡ide1,(Fèiteã nat.fine nusc, recÈangular
ãuir:.nà, elongate-a1ong S2)' Bio replaceð
by nusc. Both micas overgrovn by equant
subhedral med' gr. gt.
Ifatrj.x qÈz strained & recrystallised,
seriate, anoeboid. Med gr Plag
sericitised & corroded. 52 bío repl by

nusc-fine sggregates & deforned plates'
Few large gis with fev large qtz & nusc

inc1.

Þlatrix qtz fíne gr recrystallised' S2

coarse bio rennants repl by nusc Part
\,rraps part overgrown by large zoned gts'
52 crenulated bY D3.

5 Fine-ned gr strained qtz' 2 gens bio at
t; high anglã to each oÈher' both file-qr' 

-
suË-equãnt, corroded."fabric i1l defined
lled gi zoned gÈs parÈ overgrow bio'

Â. Qtz rich betl. |latrix; med gr sÈrained
tr & recrystallised qÈ2. 52 ned.gr bio repl-; 

by nusc. Zoned gtJ elongate//Sg' Few op'

t; B. qtz poor Ued. 52 nusc with nany op &

fev bio, large equant zoned gts' many oP

incl '

Gt-(Bio)
Bio
Musc-Tourn
l,lusc

M1 (Anda1)
U2A Blo-Silt
M2B Musc-APatite
M3 Gt

M I (Bio)
112A Bio
M 28 Musc4t
M3 Gt

M 1 (Bio)
M 2À Bio-sill
M 28 Musc4t
M3 Gt

Bio
Gt-Bio
Gt

M i (Bio)
l'1 2A Gt-Bio
M 29 Musc-Op
M3 Gt

Gt-Bio
Musc
Schist

Gr-Bio
85B Musc

Schist

Gt-Bio
Schist

<5
tr

Gt
0p82

50 Gt
45 0p
<5

104

si11
0p
ch1

30 0p
15
50

5

20
30

5
45

<5

Musc part wraPs, & is Part incl bY

& overgrown bY gt. Orig fels Poss
volcaniclastic.

Zoned gts-core, nany fine qtz incl
defining veak S1, zone ¡rith few
large qtz incl containing
fibrolite, nârrow zone rrith nany
Fíne qtz, oP, uicas continuous
Fith Sc, euhedral rin.

Zone¿l gts-core fine, rounded qtz &

bío incl, zone vith ferr large qtz
& bio incl & rotational fabric'
rin overgrowing ragged bio.

A,Gt cores-linear fabric 11 Sg

fine elongate qtz incl & few bio,
terminal zone incl Poor'
B.Gt cores-rotational fabric nany
v. fine op* rim few fine oP. Rio
overgrolts b2.

106
Banded
Gt-Musc
Schist

1



Qtz
Bio
Gt

Qtz
BÍo
Gt
Epi.dote

Epidote
50
15
30

5
tr

0p
Matrix fine-med gr recrystallised qÈz'
Indistinct fabric of ragged bio wrapping
large equant rotated 8ts !,íth
disãontinuous linear S1 of med gr
elongate qtz & non-corroded bio '

Fine er strained qtz, bio rich wavy band

(Sn) tio rennants (Sf)//SO. Snall-med
elõngate zoned gts in bio rich bands'
rotafed, part wãpped by 52. S2 crenulated
bv D¡.

Bands of v. fine gr amoeboid qtz & fine
gr fels interbeddèd wilh more bio & Lbe

iich bands & laninae' 51 fine corroded
blo -& Lbe//SO folded by D2 r'reak axial
ptane 52, ""ãkly 

.."ttulated by D3' Zoned

gts rotated bY 02.
lJel1 defined interbedded fine gr'
otzofels & meLaPelitic bands of laminae'
dr fine sr musc // Sg fotded UY

D; veak axial Plane 52 Micas bent &

cienulated in hinge(sone polygonisation)
grain growth on 1imbs.

Zonal anastomosing mylonitic fabric
DarL wraDoinq zoned gts. Qtz areas
seriate,'å"oËuo:-d. 52 bio shredded &

largely repl by fíne nusc. Overgrowing
coarse musc deformed bY þ'

Med-coarse gr strained & recrysÈallised
qtz. 32 med gr bio. Large zoned gts
g"n"."11y equant' some elongate along
52. Variable 31 .

Mt Bio
142 Gt-Blo
M3 Gt
Late EPldoÈe

Ml Gt
142 Bio-Il
M3 GÈ

Late Epidote

Gt linear S1 fine gr elongate qtz'
Terninal lnc poor zone overgrowing
wrapping 52.

Iarge gts elongate along 51 with-
few op Lncl in core & granular rin
zone, with bio Poor coronas'
rotated & disruPted bY D2.

Matrlx blo shredded durtng D 2I|
Sone gt rins & Lncl Poor sma1l gts
overg,row sheared fabrlc.

Snal1 gts slightly elongate along
st // so.

GÈ cores-rotational fabric U-ith
nany fine rounded qtz inc1, incl
poor zone vith oP & coarser qtz'
Subhedral rin overgrowing fine
ItrUSC.

Some gts v-ith qÈz & bio incl sane
sr size & cont with Batrix. Sone

Its with Einute oP & qtz incl &

Iotational f:abríc. Sone skeletal
gts overgrow 52.

138 Gt-Bio
Schist

a1a
Banded
Gr-Bio
Schist

371
Banded
Hbe-Gt-Bio
SchisÈ

Banded
413 Musc

Schist
(Garnet bearì-ng)

<5
<5

10
5

tr

tr
tr

I'f

M

50 Gt
15 Hbe
10 Op

IO

50 Bio
20 0p
tr
30

Gt

45 Plag
40 0p
5 ch1
5

Qtz
Fels
Bio
Musc

Qtz

142
Bio-Gt-llbe
Bio-Hbe4t

Fels

Musc

2

lt1 Bio-lfusc-€t
Musc

M1 GÈ

M 2¡ Gt-Bio4P
M 23 Musc-Tourn
M 3 Gt-ìlusc

142 Gt-Bio
M3

Ì'11 Bio
142 Gt-Bio
tl3 Gt
Late Sill{P

608

660

723

Gt-l'lusc
Schist

Gt-Bio
Schist

GL-BÍo
Gnei. ss

Qtz
Bio
ìlusc

20
<5
tr

10
<5

Tourn

30
IO
40

Gt
0p

40 Bio
I0 0p
40

40 Bio
15 0p
25 Sill

BioM

GT
QÈz
PIag
Gt

Qtt
Plag
Gt

Coarse gr polygonal qtz-fe1s' irleIl
15 defined S -coarse bio. V. large gts'
5 elongate along 52, zoned, part overgrow

tr ,."pping 32. 52 deforned by þ-wavy
tr extincÈion.

Gt core-fine rounded bío & oP'
outer zone-ned gr elongate oP

(some nag-herc intergrowths)' med

bio & qtz. Bio exsolving nag on

grain boundaries.

Herc

2



749
Gt-Bio
Gneiss

GÈ-Bio
Schist

Gr-Bio
Gneiss

790
Gt-Bio
Gneiss

Gr-0Px
800 Bío-bearing

Gnei-ss

GÈ-Bio
Schist

8f5Á Gneiss

Qtz 30 Gt
Plag 40 OP

Bio 20 SiIl
Herc

25 Gt
25 0p
30

Qtz 30 Gt
Plag 25 0P

Bio 20 Si11
Herc

768

35 Gt
15 0p
25

Qtz

50 Hbe
40 OPx

5op
tr

30 GÈ

20 0p
30

Qtz

Bio
807

40 Gt
40 0p
10

Qtz

Matrix - inequigranular interlobate qÈz

10 & sericitísed plag. S¡v coarse gr bio
<5 euhedral & exsolving mag along grain
tr boun<laries & cleavages. Larrge skeleÈal
tr gts Part continuous with 32' palt

over8rowl"n8.

20 Seriate, interlobate qÈz & fels' 52 ned

tr gr well crystallised bio & elongaÈe
ãoned gts iolded by D3 wiÈh production
of veak overprinting schistosity S3'

Matrix-inequigranular interlobate qtz-
25 fels. S¡v. .óa.se gr bio part wrapping
<5 large è'q-uant zoned gts. Earlier.med gr
tr coriodeá bio. Coarse bio unstrained &

tr polygonised (Post D3)

l'laÈrix- strained qtz (deformation
25 lanellae) partly recrysÈal1ised(seriate
<5 ínÈerlobate) & fels fine--coarse'

frequently zoned. S2-ned-coarse bio
putt ttupþittg parÈ overgrown by-large
Ëquant gts. 52 bio shredded bY D23'

Èr Seriate a¡noeboi-d qtz-fels natrix' clumPs

5 of ferro-mags. Tiny rounded Bt rennants
<5 in fels & OÞx. OPx fractured, corroded

& part rePlaced bY Lbe, bio & nag'

Seriate amoeboid qtz & fels' S2 fine-med
20 gÈ. bio, corroded & repl by fels' part
<5 irapping gt, crenulaÈed by D3'-Coarse

g. ùio i.pr..es S2 forming weak.fabríc
coexisting with incl Poor 8È' rLns'

Seriate incerlobaÈe qtz & fels' Weak

10 fabric, S2, crystallographic orientation
tr of interstlitial bio, & shaPe &

crystallographic preferred orientation
of fe1s. Large skeletal gts'

Ml Bio Earlier ragged bío-corroded by &

üi cilãi.-re1s-si11 forning inãi in fels' -occ' clunps
l;1 "å."^- of fínõ síl1 incl ln fels' Late
'r,àtt" ðinop grain boundarY si1l'

M1
142
M3
M¡.

Gts-ill ttefined int zone r¡ith fine
iountletl qtz inc1, outer zone rrith
otz & bió conÈinuous rrith naErix'
S'r bio <leformed during þ have

rÉcovered & Polgonised'

(Bio)
Gr-Bio
Gr-Bio
Bio

763 Plag

Plag
Bio

Bio

M. Bio Gt core-fine rounded qtz & bio
uå ct-¡io-fels-Si11 incl, rin zone vith few large qtz'
ilí 

-Ga--- bio, op (some nag/hetc)+/or trails'Lj." 
iirr-op of sil1. Grain boundary nag & sil1

M1
t42
M3

Bio
Gt-Bio-Fels
Gt

Qtz
Fels
Bio
Gt

M1 Gt-Bio
M2¡ OPx-Fels
M29 Hbe-Bio-OP

Bio
Gr-Bio
Fels
Bio-Gt

M 1 Fels-Bio
14 2 Fels
M3 GÈ-Bio

Gt core-fine rounded qtz & bio.
Rim zone ínc1 Poor.

No fabric discernible ín thin
section.

Some late skeletal gts rd'ith
coarse 8¡ ínc1, others with
fine rounded incl'Fels

Qtz
Plag
Bío

M1

M3
M4

Scraps of rennant bio are
engulfed bY fels. Coarse incl in
gt strained & recrYstallYsed.



Gt-Siìì Schists & Gnelsses

Spec Rock Name Mineraìo9Y l'lodal Z Defornation History Texture and Fabric'

Gr-Si I ì-
8io
Schist

Qtz
Bio
Gt

Sa coarse bio heavi lY rePl
vlapping large zoned 9ts sl
e I ongate a ì ong S2' S2 cren

by
i9
uì

5

50
25

si I ì
chl
0p

20
<5
<5

si ì l
htly
ated

part

by D3.

'I arge
by siì1.

crenu I ated

obate fine-
gr elongate

oned gts &

fels & fine
random sub-
coarse oP.

1.,ì .

i3

ill
Ht3

H.

r¿

iå

Bi o
Gr-Bio-si I ì
Gt

Bìo
Gt-Bio-Sl ì l-0P
Gt

Gt-( Bio
Gt-Bio-Sl ì ì-0P-Feìs
Gt-Bio-Si 1 I
Late Si I I

Bio
Gt-Bio-SiIì-Plag-0P
Gt-Blo-Si I I
Late Slll

Blo
Gt-Bio-Silì-Fels-0P
Gr-Slll
Late Sl I I

Gt core fine rounded qtz & occ'
bio. few siìl lncl in rim zone
partìy overgrowing SZ.73

111

139

6804

6808

8',ì 0

Gt-Sill-
Bio
Schist

Gt-Silì-
Bio
Gne'iss

Gt-Sì I ì-
Bio
Schist

Qtz
Bio
si I I

Gt
l.lusc
0p

s2
zo
La
by

rg
D

Qtz
Fels
Bio

Gt
si l l
0p

l5
tr
<5

15
t5
<5

15
5

<5
lg;1
Larg
s2.

tz-feìs bands & 9t-sill-blo bands'
S^-med bio reoì bY coarse si ì l.
etzoned gts equant-elongate aìon9
l'latrix pìa9 rePl bio.

ne
coôrse b1o Part wraPPin I

Id gts. Bio heavi lY reP
e anhedra I matri x oP.

3'

Gt core rotatlonal
qtz, op & occ bio.
di sconti nuous wi th
have rim zone with
qtz & sill lncl.

Gt core flne rounded oP
i ntermed l ate zone of ne
anhedral qtz' lârger oP

needles. r'lm overgrows
incl coarse sill.

lr
ìt
5a.
fãw

flne eìongal
finer than I

Some gts
coarse qtz

& qtz,
d 9r
& fine si

52 & occ

35
35
15

35
l5
20

55
l5
l0

s2

I'latrix lnequlgrônulôr. lnter
med qtz & ned gr fels. S

bìo part wraPs ìðrge equ
is heavilY corroded & re
-coarse siì1. Large Pìat
equant bio overgrow S2 &

ne
nt
1b
so

?
ä
p v

f
i nc ì

ì
d
zQtz

Fels
Bio

Gt
si I I
0p

Gt core
rounded
slll &

coarse

fine siìI needles & occ
bio, rjm with coarse

bi o (occ b1 o reP 1 bY

sill) & qtz.

Gt-Si I l-
Bio
Schist

Qtz
Fels
Bio

60
'I 0
10

Gt
si I I
0p

10 Matrìx seriate amoeboid etz-fels' S2

t0 rned bio repì by coàrse s i I ì part wrãPs
.á lãige zoneä 9ti equant-eìongate along-S2

l,lati¡x plag iepl bio. Grain boundary fib'

M,

ilå

t4

l,l

H

Gt core
rounded
si I I &

f i ne
b1o.

bio &

sJll needles & occ
rim with coarse
qtz.

sill-Gt-
8io
Gneiss

10
z5

5
30

Gt
si I I
0p

25
5

<5

Sr-med gr eìongate bio repl by feìs &

côa.se silì elongate aìong S2'
l.led-coarse equant zoned 9ts Part
overgroe S2. Coarse random p l ates il3
bio include plag & crenulated by 03.

(Bio)
È i o-Gt- s I I I -P ì aq-Kspa r-0p-Herc
Gt-Bio-Sì I I
Late Sl I I

Gt core fìne rounded bio' rin
lntergrown wlth coarse blo &

sill & lncluding occ ma9-herc
lntergrowths.

Qtz
Plas 2

K Spar
Bio

3

7



si I l-Gr-
Bio
Gneiss

Qtz
Fels
Bio

t0
15
25

Gt
si ì l
0p

?5
20

5

Similar to 810 (above)
grained. Very coarse g

porphyroblasts incl Pl
opticaì continuitY.

but coarser
ralned slll
ag remnants i n

f med gr qtz & feìs (few
). polygonal outlines.
s embayed by Plag define
) Large poikilobìastic.gts
pìa9 (sLumpy siìì incì)
ed op.

Bio-Gt
Bto-Gt-Si ll -Pìag
Bio-Gt-Kspar
Late myrmikite

Blo
Bio-Siìì-Gt
Gt-Stlì-0p
Bio
Late Sl l l

Bio
Bio-Si ì ì-Gt-Kspar
Silì-Bio
l,lusc
Late myrmi kite

Bio-Gt-Si ì ì-Kspar
I'lusc
Late myrmi klte
Late siìlimanite

Staur-Bio
Bio-Gt-Feìs-Siìl-0P
l,lusc-Tourm
Late silìimanite

Gt-B I o
8io-S l ì ì-Kspar-Pertht te
Kspar-Sl I ì

Gt core choked vith f ine rounded
qtz & few bio, surrounding zone
with few med gr qtz, bio &

fibroìitic siìl forming sìgmoidal
Si. Rim overgrowing S2.

Gts. elongate along S2. ìarge
anhedraì qtz incì cont fib. rims
overgrou coarse sill. Coarse
anhedraì oP. intergrown Yith
coarse siì1. Fine thornYclumPs
sil ì crowd grain boundarìes.
also nucìeate on ìate bio.

Gt heaviìy fractured & Puììed
apart at high angìe to S2 & S3l
fractures infilled with m'rsc. lib
¡ncl /l Sr. String op a'long S-2 /l

S. & i n coh¡u9ate sets at 60u-
sü99ests healed microfractures.

Sill incl. in 9t. Siìì needles
nucìeate on graln boundaries of
pìag.9t, myrmikite, bio, musc.

il,

i:811

8304

901 B

930

1 029

'l 076

1176

Si I l-Bio-
Gt
Gneisss

siìì-Gt-
Bio

Siìl bearing
B i o-Gt
Gneìss

Crenulated
siìl-Gt
Bi-Hica
Schist

si ì ì-Gt-
Bio
Schist

a
F

tz
eìs

20 Gt
5 Si I I

25
15

Sì ì ì
0p

Matri x-mozai c o
fel s megacrysts
Stumpy bio lath
schistosìty (S2
include coarse-
med bio & round

Matri x qt
strong S2
large gts
coarse K

rim). Med

Qtz
Plag
K Spar
GI

30
'I 0

Ã

30

Bio
si I I
0p

15
10
<5

trix-seriate interlobate qtz-feìs.
rono S, bio rePl bY coarse siìl Part
"ooino'zoned ots. S2 crenulated by
."Gtr-t"uuily-fractired // crenulation
neation.

a
t
r

t'l
s

D

I

ill
il

l'latrix qtz-fels zones & bio zones. Fine-
ned qtz. fìne-coarse fel s interìobate'
Bio defines Se repl bv siìì wraps ìge 9ts'
Bio nicrol ithãns. S2 sheared, 9ts heavi ly
fractured, infil ìed'by phìo9opite.

Qtz
Plag
Bio

20
35
t5

Gt
si ì I
0p

20
<5

5-10

Q I't

Qtz 35-20
B i o 20-?5
Musc 30-35
Gt l0-15

Graded beddinq S^. Qtz rich bottom of bed
few ìarge 9ts. mYca rich top many smaller
gts- S2-stiongìy defined coarse bio repì
-bu rut'., Gts iyntectonic, rotational S¡
bìo, sìì1-qtz. Shearing along S2.

ill
i1

ill
¡4î

ilr
r,ri

Qtz
K spar
Bio

Èíusc
Gt
0p

'I 0
l0

5

z seriate (v.fine-med) amoeboìd
bio repl by siìl, Part wraPs
elongate along S . Few med-

spar iorphs in¿ì bio (siìì at-
randôm musc plates overgrow S2

Strong S2 def bY bio rePì bY slìì
domaiñaì'& anastomtsing, pòrt wraps ìarge
zoned 9ts. K spar & perthìte rotatf onôl
Si=Se(slìl incì).

Stôur incl fine rounded in
opticaì continuitY. Gt core
choked rith fine rounded qt
(littìe staur). rim zone fe
coarse qtz wlth tncl Gts Pu
apart S2 infllìed with nu
Late slìl-aìong grain bound
& microfractures in fels'
S, very well develoPed rlth
oT anastonosing fibrolite S

40

<5
<5

5
l0
<5

z

I
s

ô

5
30 I ed

c.
rles

zones
àt

h ¿t

Gt-Si I l-
K spar
Gneiss

Qtz
K spar
Pìa9
Bio

35
30

5
t5

Gt
si ì I
0p I'l 

1

ì42
l'13

nod angle to S2. Grain grow
rlm of fels PoiPhYroblasts.

¿

2



12 49

'r45lB

14578

r460

'r463

147 4

B i o-Gt-
K spar
Gneiss

si ì ì-Gt
Gneiss

sill-Gr-
K spar
Gneisss

P1a9
8io

Qtz
K spar
Pìa9
Bio

a
K

tz
spar

?0
20
'I 0
20

Gt
si I I
0p

25
tr

5

Coarse gr, recrystal ì ised. Domainaì S2

coarse gr bi o Pårt wraPs. Part overgrown
by lge ãquant zoned gts. Finer gr earìy-
bìo (same orientation) embayed by & incì.
in plag. tlyrmikite areas repì oìd fels.

Qtz
Pìa9
Bio

Qtz
K spar
Pì ag
Bio

55
5
5

35
5

15

Gt
si I ì
0p

si I I
Gt

15
10
l0

10
t0

5
5

Qtz seriôte amoeboid. str fa
bio(Sr )//ban¿s coarse bio(S2
prismi siìl.Coarse siì.|. axì
sill crens wraPs lge 9ts.D'¡
fractures gts.Bio lnfiìls Tr

& Kspar. Matrix siìl repì bio' strin
wrap Kspar.S cren by Dr. Bio. sill.
corroded by felted musci Hyrmikite in

ill
Mã

ilå

Qtz seriate amoeboìd. S2 ragged red-br bio
vraps poikilobìastic at'eìongate along S2

haìf moons aìong fels grain boundaries.

Sc red-brown bio, well defined in Pressure
sladows of syntectonic ats. & K spar. or
remnants in recrystôììised micro Shear
zones. So crenulated by 01, prod coniugòte
shears. Fine musc repì b1õ & fels.
I'lyrmiktte repì feìs from graln boundôrles.

S, areen-br bio. repì by si ì ì along foìd
lÍmÉs, remnant microl ithons in fold hlnges
Large rounded zoned 9ts & fels (both incì
staur) wrapped by siì1. Stumpy random musc
pìates cut S2. D3 crenuìates S2.

(Bio)
Bio-Gt-Siìl-Plag-0P
Gt-Sì I l- Bio
Late Sill

Gt
B i o-Gt-S I I ì -Ks Par-P ì a9
Siìl-Bio-Gt

Bio
Bio-Siìì-Gt-Feìs
Siìl-Blo-Gt
Late Si ì l

Bio
Siìì-Pla9-0p
Gt

(Bio)
Bio-Si I l-Gt
I'tlusc-Apati te
Garnet

Bi o-Gt
Bio-St ì l-Kspar-Gt
Musc-Gt

B i o-Gt
Blo-Si ì ì-Kspar-Perthlte
Gt

As 810 (above) but some 9ts
have med gr si I I incl & some
gts are coeval wìth sill
porphyrobìasts.

Gt cores 1ncì Poor. Fine siìl
incl trails in outer zones of
gts discont. with wraPPing S2

õu".q.o*n by 9t rim. Plag
fineiy perthitic. Areas of
myrmikite.

Gts-fib needles in core, coarsr
siìl incì in rim. Coarrse bio
microìithons reP noses of F2

crenuìations. Some euhedraì-9t
rims overgrow S2.

Gts chocked vith sill incì'
very little in matrix-

Some
p of

Sn at smaìl angle to S

sübhedrol gt faces at
bed overgrow S2'

Gt S. ( bi o-qtz )
& diécontinuous
overgrows S2 &

bric. Remnant
)repl by short
al pìane to
deforms qtz &

acts.

9s
Kspar

2

t'4

ll
M 3

Gt-K
Bio
Gne i ss

20

?5
20

5
25

0p
Jrlusc

Gt
siìì
¡,lusc
Op

0p
Musc

20
tr

5

2

l.l

1'l

14

t4

t4

t'4

üt
H3

3

Gt-Si ì l-
Bio
Gneiss

Qtz
Pìag
Bio
Musc

20
t5
30

5

Gt
sì I ì
0p
Staur
Tou rm

10
10

5-10
tr
tr

S2 bìo repì
lnc bio in
fib at rim.
by F3 with.
Preserved r

Qtz
Pìa9
K spar
Bio

20
10
?5
?5

Gt
st ì ì

l0
l0

by
rot

wr

fib. Syntec feìs PorPhs
ationaì fabric & equant garnets
apped by bio & fib. _S2 cren
bio axiaì pìane weìì

lå,

3;

finer gr. than
Rlm

3
2

with
incl ,ìti.Gt-Sì ì ì-

K spar
Gnei ss

s3
n pressure sh¡dows. 2 9ens, gt. Core v. fine round

oti ¡ncì. Rim fev coarse qtz
ìncì & overqroYlng blo & siìì.

3



Cordi eri te beari ng gne'i sses

Sampì e
Number

Deformati on Hì storY
Texture and Fabric.
t{iónq l i near fabrì c defi ned

rt wrappìngr Part incl bY'
Cord eibngãt"'aìong S2 sill
crenulated bY 03.

l4etamorPhic H{storY
Coexisting Phases

Comme n ts

Gt core-fine rounded qtz- inc'l
(occ. bio). rim-sil l incl cont
uith matrix.Qtz siìl sìmpìectite
coronas.

Gt zonation (core to ri-m) Core-
fine rounded qtz incl (occ bio)
incl free zone of fine si ll inc
ìncl free zone. rim maY incI co

& op. Gts wraPPed bY coarse

Roc k
N ame

sill-Gt-
Cord

Gnei ss

Qtz 40 SilI
Gt 20 0P
Cord 20 Bi o

20
5

tr

Minera'l o
Moda l

9y
z

804

si l l-Gt-
7848 Cord

Gnei ss

960
SIII-Cord- Qtz I0

Gt Pìag 5

Gnei ss Gt 40

Qtz 40
Pìas 15
Cord 20
Gt 20

si I I 5

0p
Bio <5

Strai ned and recrystal l i sed qtz ( seri ate
ameoboid) intergrown with fels'

ili

M,
t42

ili
M'(
M;G

ili ¡

sill
0p
Bio

15
10
tr

Coarse gr. zoned 9ts, 991. ro.unded.some, lt
xtal ouilines. Recrystallised qtz.&-cord uz

common triple iunctions. 3 gens sl I l ' Ï3
óãi¿-.ot¿ bordlop grain boundary intergr I14

14atrix-strained & recrystaìIised qtz. 
.

intergr with felspar. Seriate amoebord'
lìn"oi fabric def by sill & eìongate
opaques. Lge anhedra ì gts i nc I t ¡ ne gr
iiii ¿ sublequant op. Fine-med gr cord
incl fine gr siì.l.

Coarse gr.
by siìl Pa
zoned gt.
incl. Si l'l

-Co rd-0p

Gt-(Bio)
Gt-Si 1 1-Cord-OP
Si I ì -0p-Gt
Siìl-0p
Gt-(Bio)
Gt-Cord-Sì I l-0P
Gt-Si I ì-Qtz-0P
Si l I Qtz-0P

ct-(Bio
Gt-Si I l
Gt-sl I 1

Bio)-0p
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Sefected examples of mineral analyses: garnet-biotite pairs



L0t^lER SILLIMANITE Z0NE

1382
Garnet

37.51
0.03

20.96
33. 98

2 .89
3.94
l.6l

680 B

Garnet
37.37
0.05

21 .12
35. 25
0.7 4

Biotite
36. i 1

r .50
18.28.l3.71

0. 06
13.88
0. 00
0.23
9. 09
0. 00
0 .12
0.22

93.21

Biotite
35.76
2.69

r8.99
15.29
0.06

ll.l2
0. 00
0.ll
9.60
0. 08
0.1I
0.44

94.25

Biotite

I 382
Garnet

37.24
0.07

20 .84
33. 50
2.73
4 .04
1.54
0.00
0. 00
0. 08
0. 07
0. 00

r 00. l0

B'i ot'i te
36. 99
l.4l

18. 70
13.62
0.02

14.51

Biotite
36.82
2.56

r9.63

I 382
Garnet

36.81
0.16

21.04
33.43

B t'i te
.71
.41
.09
.34
.04
.95
.00
.25
.54
.08
.00
.12

Biotite
36.66

1.49
19.44
13.28
0.05

13 .28
0. 00
0 .22
9.7 5
0.07
0.00
0.16

94.41

l o
3

I
I

I

Si0c
Ti0;

Ê1a0,
Mn0
Mgo
Ca0
Naa0
K.b

fiiao,

6
I
8
3
0
3
0
0
9
0
0
0
39

2

3
I
0
0
0
0
0

100

0. 00
0 .21
9. 04
0.04
0.13
0.15

94 .87

0.01
0.01
0. 08
0. 00
0.00

r01.03

.99

.98

.56

.04

.00

.00

.06

.00

.05Ba0
Total

Si
T'i
AI
Fe
Mn
Ms
Ca
Na

si0
Ti0
Alz
Fe0

52

02
0;

6|''
0
0
0

14
0

ll
0
0
9
0
0
0

95

3
I
0
0
0
0
0

r00

3.42
r.38
0. 08
0. 00
0. 06
0. 00
0. 00

99 .47

Biotite
36 .17
2.52

18.94
14.26
0. 03

12 .15
0. 00

680 B

Garnet
37.35

0. 0l
21 .06
35.94
0.61

.47

.37

.04

.00

.01

.04

.16

.06

680 B

Garnet
37.10
0.07

21.?3
34. 83

.99

.00

.18

.00

.15

.48

.14

.10

.49

.52

0.14
10.01
0.08
0. 05
0.14

94.49

680 B

Garnet
37 .46
0.05

2r.08
36. I I
0.76
3.51
r.38
0.02
0.00
0. 03
0.r0
0. r0

100.60

6o

6o'
0
tal

\z
LT
Ni
Ba
To

2

Q'
Mn0
Mso
Ca0

680 B

Garnet
36.96
0. 00

21 .06
35.83
0. 69
3. 58
r.30
0. 04
0. 0l
0. 06
0.01
0. 00

99. 53

0
3
1

0
0
0
0
0

99

35
2

19
15

0
11

0
0
9
0
0
0

.23

.51

.18

.41

.04

.47

.00

.13

.94

.05

.04

.47

.63

.79

.21

.03

.00

.00

.12

.06

.13

1393 B

Garnet
36. 89
0.00

20.69
37 .12

0. 64
3.07
1.01
0.02
0.01
0. 01
0. 00
0.00

99.47

B'i ot ì'te
35.14

.10

.80

.44

.06

.77

.00

2
l
6
0
0
0
0
9

0
0
0
3

1

9

Nar0
Kr0

fi Îao'
Ba0
Tota I

.15

.97

.24

1

94.47

.22

.20

.11



LOI¡JER SILLIMANITE ZONE

S

T
A
F

M

M

C

i0z
i0;
la0,
n0
s0
a0

Si0c
Ti 0;

Ê la?'
Mn0
Mgo
Ca0
Nac0
K16

fiiaot
Ba0
Total

686 C

Garnet
36.77
0.06

20.44
31 .81

0.51
1.91
7 .82
0.03
0. 00
0 .02
0. 00
0.02

99. 39

1309
Garnet

37. 36
0.01

20.7 4
34. 10

1 .27
3. 33
2.65
0. 00
0. 00
0. 00
0. 00
0. 07

99. 53

'ite
.56
.86
.20

25.41
0.02

.28

.00

.09

.03

.09

.01

.10

Bì oti te
.41
.61
.06
.28
.01
.17
.00
.29
.35

B'i ot'ite
32 .20
4.26

15.54
27.30

0. 03

1393 B

Garnet
36.68

0.01
20.47
37 .84
0. 53
3.14
0.95
0. 00
0. 00
0.05
0 .12
0.10

99. 88

B tite
.67
.49
.63
.05
.00
.62
.00

.21

.21
93.33

Biotite
36.03
2.02

18.15
16 .07

.04

.66

.00

.21

.11

.09

.12

.31

.81

Biotite
35.89
0.95

21.53
13.7 2

1393 B

Garnet
37.34

0. 01
20.23
37.21
0. 56

.15

.98

.02

.00

.09

.00

.00

.59

1309
Garnet

37 .41
0. 00

20.47
34. 30

.39

.77

.68

.08

.01

.04

.00

.25

.39

Bi ot'it,e
35 .27

Bi ot
33

2
17 1

1

o
3

1

1

1

3
0
0
0
0
0
0

99

4
2
7

I
0
9
0
0
0
0
0
0

B i of l'te
36.42

1 .62
18.22
14.45
0.03

13.36
0. 00
0 .27
9.39
0.16
0.34
0 .32

94.57

.61

.21

.37

.00

.70

.00

.11

.19

.22

.23

.17

B'ioti te
34.70

1.31
18.63
16. 09
0.02

12.26
0. 00
0.23
9. 38
0.11
0.05
0.16
9.92

80

2
8
6
0
0
0
0
9

0
0
0
39

1

65

5
0
0
0
0
0
0
49

1

Naa0
Krb

f;îao,
Ba0
Tota I

1

.15

.12

.17

3

1

1

1

1

3
2
0
0
0
0
0

100

0
11

0
0
I
0
0
0

9310

.15

.16

.16

.64

6
1

8
5
0
2
0
0
9
0
0
0
39

1309
Garnet

37. 38
0. 05

20.7 9
34. 18

1 .25
3.77
2.67
0. 02
0.02
0. 06
0.14
0.05
0.38

1412 B

Garnet
37.51
0.00

20. 90
35.74

si02
Ti0;

Êla['
Mn0
Mgo
Ca0
Naa0
K.b

fi iao,
Ba0

1 311
Garnet

37.03
0. 09

19.96
28.63

1 .27
0.66

10.88
0 .02
0 .02
0.17
0. 00
0.09

98. 83

0
12

0
0
7

0
0
0

9?

0.55
3.33
1.30
0. 01
0 .02
0.06
0. 20
0. 08

99.72

3.95
0. 00
0. 08
9.19
0.73
0.15
0.22

93.64

.02

.58

.00

.27

.33

.07

.06

.05

.46

1412 B

Garnet
37 .16
0.01

21.32
33.41
0.45
5.31
1.16
0.02
0. 01

0.02
0. 00
0.00

98. 87Tota I

t



LOI,.,ER SI LLIMANITE ZONE

1384
Garnet

36.91
Biotite

33. 76
3.65

15.41
22.52

0. 02
9.20
0. 00
0.01
9. 45
0. 00
0.01
0. 59

94.64

Biotite
35.79

1 .81
18. 98
17.80
0.02

10.81
0.00
0.16
9. 58
0.05
0.05
0.03

95.07

680 A

Garnet
37.71
0.06

21.25
34.44

Biotite
37.17
1.66

19 .21
12 .21

0. 00
14.09
0. 00
0. 40
9.7 4
0.02
0.01
0.41

94.97

Biotite
35. 74

1.56
18.81
18.14
0.05

11.16
0.00
0.22
9. 58
0 .12
0.00
0.18

95.55

ot'i te
36. 18
2.04

19.42
18. 40
0. 00

10. 43
0. 00

.31
9.92
0.03
0. 00
0.11

96.84

680
Garnet

37.77
0. 04

21.33
33.65
0. 50
4.56
1 .22
0.0?
0. 00
0.01
0. 00
0. 00

99 .21

otite
36. 08

1.71
18.36
13.93

0. 00
13.33

0. 00
0.34
9.52
0.10
0 .25
0. 41

94.03

B'iotite
35. 44

2.01
18.11
18.54
0.05

11.08
0.00
0.18
9. 87
0. 09
0.13
0. 08

95. 64

B'i ot'i te
32.53
3.14

11.91
25.82
0. 06
5.15
0. 00

0. 09
9. 84
0.09
0.13
0. 01

94.78

B 'l

05
98
28

si02
Ti0;

Êlat'
Mn0
Mgo
Ca0

0.
20.
33.

Na20
K.r 0

fiÎao'
Ba0
Tota I

5'l
l'l
AI
Fe
Mn
Ms
Ca
Na20
K.,0

fi iao'
Ba0
Total

si0
Ti0
Al.,
Fe6

Na20
K.0

fiiao'
Ba0
Tota I

2.73
2.14
3.81
0 .02
0. 00
0. 00
0.11
0. 08

100.12

366
Garnet

37.86
0. 00

20. 98
34.25
3.18
2.62

.31

.00

.01

.03

.20

.07

.51

.64

.48

.12

.01

.03

.00

.00

.11

1380
Garnet

38.72
0. 04

19.89
36.09

366
Garnet

37 .43
0. 06

21 .14
34. 06
2.50
2.60
2.99
0. 02
0 .02
0.05
0. 00
0. 04

1 00. 90

366
G arn et

37 .43
0.07

19.73
34. 40

.48

.69

.11

.03

.05

.19

.01

.25

372
Garnet

36 .20

85

0
4
1

0
0
0
0
0

99

0c
o;

6?'
0
0
0 06

2
2
3
0
0
0
0
0

100

2
0
0
0
0
0

101

18
14
67
12
81

r 380
Garnet

37.68
0. 00

20.80
36. 30

1.54
2.65
2.49

0.03
0.02
0.05
0. 03
0. 00

1 01 .49

Bi

2

Q.

Biot'ite
35.81

1 .66
18.36
18.53
0. 00

10 .52
0. 00

0 .22
9. 90

.10

.13

.00

.23

0.
21 .
30.

0

1

2
1

0.0
0
0
0
0

102

0
0
0

95

Mn0
Mgo
Ca0

.84

.88

.80
5
.00
.05
.17
.12
.93

3
0
7 .75

0.02
0. 03
0.27
0. 06
0. 00

100.25

)



LOI^JER SILLIMANITE ZONE

Si
Ti
AI
Fe
Mn

Ms
Ca .00

.32

33.11
2.89

17.60

0c
0;

a8'
0
0
0

372
Garnet

34. 56
0.00

19.90
36.64

1.11
0.7 4
5. 96
0.15
0. 03
0.09
0.03
0. 00

99 .22

Biotite

25.86
0. 05
4.96

372
Garnet

36. 86
0.04

20.27
31 .40

2 .91
0.17

.83

.01

.00

.05

.04

.00

.17

1321 A

Garnet
34.19
2.92

19.53
36. 82
0.75

.01

.03

.03

.00

.00

.00

.07

.31

68
Garnet

37.53
0. 00

21 .29
36. 64

.71

.33

.72

.03

.00

.01

.00

.01

.33

B'i ot i te
31.71
3.09

15.93
?6.02

0 .12
4.7 2
1 .45
0.09
8.92
0.17
0. 00
0.23

92.44

372
Garnet

36. 59
0.05

20.48
30.35
2.62
0.7 2

8. 59
0. 01
0. 02
0.12
0. 00
0.00

99. 54

Bìotite
32.82
3.10

15.93
26 .02

0 .12
4 .12
1.45
0. 09
8.92
0.17
0. 00
0.23

92.44

Nae0
Krb

fi îao'
Ba0
Total

si0
Ti0
Al.,
Feó
Mn0
Mgo
Ca0
Nar0
Kub

fi i6o'
Ba0
Total

)'r
Ti
AI
Fe
Mn
Ms
Ca
Na20
Kr0

fiiao,
Ba0
Tota I

372
Garnet

36.39
0.

20.
36.

7

0
0
0
0
0

100

.60

.07

.00

.00

.44

0
0
9
0
0
0

94

1327 A

2

Q'

2
3
0
0
0
0
0

99

3
17
26

0
4
0
0
9
0
0
0

94

17
59
20
54
92
12

1

0
4
0
0
0
0
0

100

Biotite
32.42

.36

.71

.44

.03

.85

.00

.10

.66

.18

.01

.04

.78

B'i ot i te
37.97
1.35

22.35
16.00

Biot'ite
33.67

1.48
17.43
19.98

0. 00
9.7 4
0.00
0.28
9.43
0. 00
0.19
0. 08

92.29

Biotite
34. 98

1 .53
18.57
19.72
0.05
9.79
0.00
0.20
9 .27
0.03
0.07
0. 00

94 .22

Garnet
36. 61

0.01
20.71
36.58

1.40
2.18
2.29
0. 00
0. 01
0. 09
0. 00
0.01

99. B9

.00

.09

.07

.06

.00

.16

1327 A

Garnet
36. s9
0.03

19 .97
36.73

1 .21
2.13
2 .39
0. 01
0.02
0.07
0. 00
0.07

99 .22

Biotite
35.66

1 .38
19.60
18.40

0. 04
10.56

.00

.33

.60

.09

.09

.15

.91

33
Garnet

36. 53
0.05

20.66
37. 53

0.71
1 .96
1.82
0.03
0.0r
0.03
0. 00
0.07

99. 39

B tite'l

.88

4
1

I
0
0
9
0
0
8
0
0
0
3

o
3

1

2

9

0c
0;

a|"'
0
0
0

.51

.41

.21

.14

.06

.85

.00

.14

.12

.00

.00

.40

0
0
I
0
0
0

94

1

2
1

0
0
0
0
0

101

0
7

0
0
9

0
0
0

95

.01

.78

.00

.41

.30

.09

.04

.00

.30

1l



UPPER SILLIMANITE ZONE

Si
Ti
AI
Fe
Mn
Ms
Ca

2.55
17 .28
15.95

0. 00
12.40
0. 00
0.16
9. 63
0 .21
0.15
0.00

94. 60

3
2

0
0
0
0
0

100

0
6
1

0
0
0
0
0

100

0
6
1

0
0
0
0
0

100

02
0;

a|"'
0
0
0

807
Garnet

38. 43
0. 00

21 .67
31 .94

.85

.05

.61

.01

.01

.02

.09

.06

.74

784 D

Garnet
37.85

0. 03
20 .13
30.77
0.69
5. 20

.21

.00

.01

.02

.00

.07

.59

749
Garnet

37. 88
0.07

21 .10

0. 90
3.37
1.40
0. 00
0.01
0.06
0. 09
0 .02

1 00. 45

Biotite
37.90

1 .30
17.86
9.72
0.05

17.77
0. 00
0.32
9.01
0.14
0. 07
0.03

94.17

807
Garnet

38. 43
0. 00

21 .67
31.94

Biot'ite
36 .28
2.55

17.28
15.95
0. 00

12.40
0. 00
0.16
9. 63
0.21
0.,l5
0.00

94.60

807
Garnet

38. 25
0.05

20.95
34.33

0. 99
.57
.12
.01
.02
.05
.04
.04
.41

121
Garnet

38. 44
0. 00

21 .45
30. 96

0 .27

100.24

749
Garnet

37.74
0.06

21 .38
33.7 2
0. 78
4.43
1.48
0.04
0.03
0. 00
0. 04
0. 00

99. 70

Biotite
36. 28

Biotite
36.92
1.79

18.53
14.90

0. 00
12.64
0. 00
0.14
9.66
0. 04
0. 01
0. 08

94.71

Biotite
35.61
3.16

17 .46
18.51

.04

.74

.00

.12

.21

.17

.25

.75

Na20
K"0

fiÎao'
Ba0
Tota I

s'i0
T'i0
Alz
Fe0
Mn0
Mso
Ca0

2

0,

Biotite
36.38

1 .62
16.46

.66

.00

.63

.00

Biotite
35 .32
3.24

17.63
18.24

.04

.39

.00

184 D

Garnet
38.05

0. 00
20.7 6
30. 56
0.68
5. 08
4.27
0.03
0 .02
0 .02
0.00
0. 00

99 .47

.85

.05

.61

.01

.01

.02

.09

.06

.14

749
Garnet

38.18
0. 00

21 .00
33. 40

.94

.50

.23

.07

.03

.01

.00

.15

.52

Biotite
36.32
2.70

16. 64
.47
.0?
.98
.00
.15

.18

.28

.22

.58

Biotite
35. 50
2.85

18.01
17.93
0.03

10.11
0. 00
0. 08
9. 60
0 .12
0. 06
0.19

94.48

6.70
2.11
0. 03
0. 0l
0. 09
0.16
0.01

.61

15
0

12
0
0
9
0
0
0

94

.16

.97.

.15

.14

.38

.56

4
0
4
0
0
8
0
0
0
39

.41

0
9
0
0
9

0
0
0

94

0
5
1

0
0
0
0
0

100

.10

.51

.12

.16

.i5

.90

0
9
0
0
9

0
0
0
3

35. 56

0c
0;

6?'
0
0
0

6o

6o'

1

Na

tç
N'i

0

03
6

6

4
0
0
0
0
0

99
Ba0
Total

Si
Ti
AI
Fe
Mn
Ms
Ca
Na
K

c
2r

Ni
Ba0
Total 9

tr



UPPER SILLIMANITE ZONE

si02
Ti0;

Ê la?'
Mn0
Mgo
Ca0

69
Garnet

38. 06
0.03

21 .24
33.97

768
Garnet

37. 89
0.11

21.08
36. 46
0. 64
3.7 4
1.19
0.01
0. 00
0. 08
0. 07
0. 00

101.27

Biotite
34. 80
3.53

18.15
1 7.80
0.03
9.47
0. 00
0.13
9 .47
0.18
0. 08
0. 01

93.64

Bìotite
33.61

2.55
18.86
23.46
0.03
5. 57
0.00
0. 07
9.30
0. 04
0.22
0. 00

93.7 2

B'i ot i te
35. 45

2.41
18.78
21 .34

0. 07
t .40
0. 00
0.15
9 .26
0.11
0. 00
0.06

95.03

121
Garnet

38. 83
0.07

21 .60
30. 94
0. 50

.12

.67

.03

.00

.11

.02

.07

.97

106
Garnet

37 .32

Biotite
39.08

1 .32
1 7.09
16.16
0.01

11 .68
0. 00
0.10
7. 85
0.03
0. 08
0.03

94.02

iotite
33.61
2.55

18.86
23.46
0.03
5. 57
0. 00
0. 07
9.30
0. 04
0.22
0. 00

93.72

Biotite
36.01

2.31
17 .61
19.7 4
0.10
9.21
0. 00
0 .26
8.97
0. 04
0. 00
0. 00

6
2

0
0
0
0
0

100

1

3
2

0
0
0
0
0

101

6o

6ot

.10

.67

.93

.21

0
20
38

0
2
2
0
0
0
0
0

101

0
2
2
0
0
0
0
0

101

si02
Ti0;

Ê la?'
Mn0
Mgo
Ca0
Na"0
K16

fii6o'

7

0
0
9

0
0
0

95

3
2
0
0
0
0
0

101

3
2
0
0
0
0
0

100

.12

.00

.16

.65

.23

.13

.00

.25

35
2

20
19

0
7

0
0
8
0
0
0

94

Na

\z
LT
Ni
Ba0
Tota I

Ba0
Tota I

si0
T'i0
AI
Fe 6

.48

.83

.99

.03

.04

.12

.04

.00

.84

111
Garnet

37 .40
0.07

20 .87
34.82
0.7 6
2 .64
2.53
0.03
0.01
0.05
0. 00
0. 06

99 .23

94.31

8
Garnet

37.01
0. 28

20.65
35.30
0.94
3.12
1 .90
0. 04
0. 09
0. 05
0. 00
0.12

99.51

B l'ot i te
35.78

1 .42
18.67
21 .43
0.00
8. 89
0. 00
0. 07
9.30
0. 00
0.06
0. 03

95.64

Biotite
.19
.69
.37
.65
.07

106
Garnet

37. 1 5
0. 00

21.06
38.24

B

2

.19

.03

.09

.02

.00

.02

.11

.08

.72

111
Garnet

38. 00
0.08

20.82
36. 11
0.63

.08

.20

.05

.00

.00

.17

.00

.72

111
Garnet

37.59
0.03

21.25
35.87

0.61

Biotite
35.45

2.41
18. 78
21.34
0.07

.40

.00

.15

.26

.11

.00

.06

3

Mn0
Mgo
Ca0
Na
Kc
C'r
Ni
Ba0
Tota I

6o

6o'

.08

.01

.06

.01

.14

.00

.00

.94

.39

.24

.12

.02

.04

.04

.00

.19

A

.03



UPPER SI LLIMANITE ZONE

si0
T'i0
Al e
Feb
Mn0
Mgo
Ca0
Na.r0
K16

fii 6o'
Ba0
Tota I

si0
Ti0
Al "
FeÓ
Mn0
Mgo
Ca0
Na

\z
LT
Ni

111
Garnet

37. 38
0. 06

20 .59
35.40

0. 64
2.78
2.54
0. 04
0.01
0. 08
0.01
0.00

99. 53

Biotite
34. 59
2.17

19.89
21.68

0. 06
8. 08
0. 00
0.18
8. 44
0.20
0. 06
0.01

95.36

73
Garnet

37.83
0. 08

21 .11
33.37
0.62
5. 01
1 .69
0.00
0. 00
0.10
0 .20
0.0 3

100.05

Bi oti te
35.1'.|
2.14

18.52
18.43

0. 00
9.97
0. 00
0.38
8.91
0.12
0.12
0.0 5

93.74

73
Garnet

37.79
0.12

21.12
33.89

0. 49
4. 83
1 .64
0.02
0. 00
0.03
0.07
0.0 0

1 00. 00

Biotite
34.67
1.50

22.85
18.16

0. 03
7.85
0. 00
0.10
t .49
0.04
0.10
0.26

93.05

2

0'

2

0'

Si0"
Ti0á

Êla['
Mn0
Mgo
Ca0
Na20
Kr0

fiiao,

0

03

.35

.22

.68

.03

.01

.12

.06

.10

.99

.06

.01

.03

.03

.06

.00

.05

.28

.04

.69

.00

.06

.42

.07

.14

.01

.76

6

18
0

10
0
0
9
0
0
0

94

1

0
0
0
0
0

101

4.18
0.00
0. 07
9. 50
0.22
0.15
0.12

95.37

0.36
1.11
5.02
0. 04
0. 01
0.11
0.02
0. 04

100.13

27.53
0.02
4.18
0. 00
0. 07
9. 50
0 .22
0.15
0.12

95.37

0
1

3
0
0
0
0
0

100

104
Garnet

37.24
0.02

20.46
37.70

Biotite
33.68

3.41
16.49

B i ot'i te
34.29
3.43

17.81

104
Garnet

37.19
0. 00

20 .92
35.31

B i ot'i te
33. 68

3. 41
16. 49
21.53
0.02

768
Garnet

38.10
0. 04

21 .30
34.76
0. 58
5. 06

B'iotite
34.12
3.05

18.27

6
Ba0
Total

Ba0
Total

168
Garnet

36. 90
0.07

20. 83
36.82

0. 64
2.72
1 .29
0. 01
0. 04
0.07
0. 00
0. 00

99.39

660
Garnet

36. 68
0.11

20 .84
36. 89
0. 51
3.34
1.73
0.03
0. 01
0. 08
0.01
0.00

1 00. 23

Biotite
35.99
2.90

18.18
20.45

0. 00
8. 38
0. 00
0 .28
8.99
0.07
0. 07
0 .17

95.47

660
Garnet
37 .43

0. 00
20.61
35.93
0.47
3. 51
1 .86
0. 04
0 .02
0.06
0.14
0.07

100.15

Biotite
35.10
2.82

17.78
20.43

0. 00
8.79
0. 00
0.25
9. 05
0.03
0.16
0.04

94.47

19
0
9
0
0
9
0
0
0

94

.07

.05

.68

.00

.12

.41

.20

.05

.01

.11

1




