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ABSIEACT y

-AnthopþLll.te - garnet - eordierite rocks occr¡r j¡ the Preoanbrian

of the Cburehlll provJace at Bat Lalre, ÌrfanLtoba. TexÈuralþ the rocke

can be cLaEslfied as grenoblastites, porphyrohlastites a¡¡d schietg, They

occur in an aree of defo¡med meta-sedi,mentary rocks that have been

intnrded by grar,rodforite, tonal:lte, granite and pegnatite. Three

outcæope of the anthopþLltte - garnet - cordierite rocks, covering an,:l

area of 2o0r x 90? rmere napped on a seale of ltr + Iof and ninety-geren

sanples ¡,ære collected. Chenical analyses ¡uere obtained for 1O r*l¡ole

rock oaøples, a-lso for garnets separated from Eeven san¡rles, and one

sample of cozdlerite. €ornposltlons of other co¡rtlerlte and anthopþyalÍte

specf-nens ¡¡ere deternined by neasrrring optical properties.

I{f¡eral relationøhips s:an be faterpreted to bave origiaated fn tluo

stages of metanor?hlm. an earl{¡ hlgh pressure, high te,nperature

perLod of grantúLlte netanorphim is evideaced by the relict nir,reral

aesemblage orthop¡rroxene - s{1l{manlte - garßet - cordlertte (?). A

later retroguade garnet - cordierite grade of rnetamorphis@ of the

upperaost enphlbollte faelee 1E indicated by the aseenblage gan¡et -
cordlerite - anthophyllåte - heroy:aite, (the garnet of this aasemblage

being a rellot of tbe granullte grade netarnorphio) plus tercburaL

e'¡rldence of reactiono uhich are interprreted to be:

Garnet * stLlÍ"nanite --------+ cordierlte * herc¡mlte (1)

Orthopyroxene + qtrartz * ¡rater anthophylllte (al

Anthophyllite * bercynite cordierite (¡)

the presence of relict beddi.ng, and r¡nusnrar rock conpositions

support a theorXr of origfn of theee rocks as a ¡rcatlrerf.og deposit from

basic rockg.



SHAFTER T

I¡¡TROüICTION

Bat rake is located approd-nately go niles F.w. of rhompson,

Manitoba.

Tbe locatíon of anthopÏryllite - garnet - cordlerlte bearLag rocks

is show¡ l¡r the Lnset of Hlate No. I (pocket at back). Mappi¡¡g of the

outcrops and collection of sa,nples uas conducted duning the sunme r Lg6g,

whfle the author was employed by the Manltoba Mfnes þanch. T6e area

was revåslted fn the su¡rner of 1920.

In the Rat Iþke â,rea, pelitíc nock of the lrlasel*ran serfes are

overlarn by arkosic rockE of the sf.ckre series.

îhe rocks at Bat T,ake are Arôhean 1n age ar¡d are conplexly defomed.

Tbe oldest rocks ia til area are a layered seqnenee of pelitio gueieees

(neta-grey¡vackes) ëhet have been lnterpreted to belong to tbe Ï{asekruan

serLes. The mfneralo€l of these rocks is quartø, ¡ÍLagl.ocLase, bioüÍte,
ganrct, oordierite, sfLlSmanlte ] efanhlte. Stratlgraphlcally above

the pelttic gaeisoes iE a thtn band of anplliboËte; it is not, oont1uuousl¡r,

e:qrosed, but eoFetattön wÍttr nagaetia naps lr¡dicatee that it is persls-

tent, end Canpbel¡. (Lg7f) ptrts thle unlt l¡r the lo¡rer part of the

Siclcle series. The Sickle rooks are a sequence of quarAzo - feJ.dspathic

gaeisses, gr*r"Llry red to reddish hrom and dark bro¡nish se& thef¡
rnineralory is sinple, quartz, e.tkqlJ feldspar, biotite, * glll{qarrlfe

and garnet, and thelr regional metanorphlc grade f.s upper anphibolite

facies (Sclrlederaitz, Lg6gt and Elphick, 1969).

The anthoptryl-Lite - garnet - cordierite roclcs are located at the

stratigraphlc level of the amphibolite. Te:rbura}ly these rocks ar^e

granobl'astia, proptr¡rroblastic a¡¡d schists. In contrast to the surroundfng

rooks, the anthophyltlts - gêrnet + cordienlte rocks do not show conplex
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defomation on mlcro or &eso sca.lo.



OHAPTEA T

STBTICTTIRE

The defo:mation in the Rat rake Area is ver5r complex, a¡rd a

eomprete account of the strtroture is given by schredewåtg (Igfl):,,!n
brlef, evLdence of, an earþ deformation has beên targeþ obscured by

later conplex deformatio¡¡al events. The ear.L:lest recognizable eve¡rt

cousists of large scale, gentle, o¡rcn foldirag, with an E-d{ a¡d.€,l plane.

A seeond phase Í.riposed on the first, is repnesented by tigtrt lsoclinal
fsl¡Iíng with a Nw-sE a;d.al plane. the basl¡ and done outcrop pattenn

sf much of the area is the reeult of the interfere¡¡ce effect of these

fo1de. The thirri and most penetrative t¡as an a:d.al plane sub-parallel

to the,.E-W dLrectLon of the flret defo¡mational event, a¡rd has produced

a genera.l E-W follatioa in the Rat Lalce Area, A late stnong I{-.5 shear ,

dfu'ection is a proninent feature fui the area.

The a¡rthophytlite - garnet - cordlerite rooke occur at the sane

straülgraphia horf.aon as ttle araptrtbollte that lles between the tfase]clçan

pelitie gneisses a¡¡d the sLckle quartzo-fel.depathlc gnelsses,

í; Tt¡e ontcrop (plate L) ehows beddÍng, irregular folds and repetiù:ùon

of beds, wh-teh indi,caüe a folded eteeture lrith a¡r a¡claf phne sùriklng

Nlf-SE; the plunge of thI.s axis cannot be deteral¡ed. Â¡¡ aEtg.l pLanar

schistoeity Ís ¡rcaL developed in the schists, usitei# z, 3, and j.
The anthophyllite - gernet - cordferite roclcs do not df.splay,r$he

penetrative 8oL{.et&,øa-1¡aesociated ?rith the thlrd defonnatf.on, that is
seen in the adjecent pelLtio rock6, A duetíHty contrast nay have

e:dsted bet¡rcen the tr¿o rock types, the antbophylllte rd.al¡ rocks belng

nore competeat, and tbus the laterirreglonal fo}latlon le not developed.



CHA,SIER, rl[
MICROFABRTCS

trr contrast to the conplex ùectoalc fabr:lcs i.n the sunorrndÍng

rocrs, nenatoblasüic, porphyroblastic and granobtastlc te:<bures

predominate Lu the anthoplrylllte - garnet - cordierite ¡ocks. The

mferofabrics described below relete to the nineral assemblages wlthl¡
map unite called sctrists, granoblastites a¡¡d porphyrobllastites

(unlte # 2, j, 5 to l4ù,.

The anthoptrylllte - gar:net - aordler{te sehùsts typlcalì.y dlsplay

a nematoblastlc texLure, v¡ith biotlüe and anthophyll;tùe or{.entated with
their greatest dimensLon (a-axte of blotlte a¡rd c-e¡cls of alathopþLl:ile)

parallel or sub-parallel io the schistoslty (fte. t).
Most garnets are porph¡nrohlastic and ¿ao,áura*lo (rig. 2). sone

ænohlastle crXrsbals have an inclusion free cooe and an outer rLn that

is fi¡IL of íncluslons of, anthophyllite, biotite aad cordlerlte. These

:ceaoblasLl.c garnets generally have a reectlor¡ rL¡n of cordlerLfu t
hercarrtte surrroundl¡g then (¡'ig. 3). The,;;ùe¡ctu¡e ia the reaotioa rLn

consists of grantrlar co¡d.ierlite, ¡rith sone worrny lntergrowths of quar4z

and/or hereyaite an¿r/or anthophyJ-Itte (Fig. 3-L). The developent of

thls te:*ure is interpreted to be due to a second períod of reerysba'tli-

zatíon, (retrogreseion fræ granulite facåes).

Oordier{.te knotE are popX*ryroblasbic sith an l¡ternal granohlastic

te:rbure (nie. l¡). Hercynite l¡ these hots ls granohlastie (Fte. 4 end 5ù,

and if rrí]lima¡ite Í.s present displays a iÂ¡oray intergrowth i,rith

c' ¡dfpE:l'bc (Ftg. 6). Tbls te:<bure is tbought to represent tbe reaetion(l),
garraet + a¿:ü:n¡mrte----+cordierite + herrynite. Figure ? shows hots
pf cordier{te aosociated tråt},1 garaets of varioue 

"iu""; 
ganret haa reacted











-9-
wbere sl]li¡nsnite was íncluded or adjacent to it1

Cordierite also occurs l.:rterstitialty betlreen arrthoptrylLlte and

hercynföe, Both nl¡erals shor¡ comoslon edges (Fig. g). Reactfon (3)

anthopbyllite * herc¡nite--> corrdieri.te is lnterpreted from this
relationship.

cordierite in the quartaltle rocks (uurt S1, plate l) contains

l¡elusi.onE of fibrollte. Numerous quartz ínclusísns were obse¡:rred in
one large pöjJci-LobLastic cordierd.te.

Polysynùhetically twjnned cordierite is abundant.

Anthophylf,íte ls nematoh.Lastic, except ln r¡nits lL and 12 ritrere,

í¡ the preeenèe of relict p¡rrc:cene, it has a feathery radial crystal
grorvLh. The p¡mo:rene foms the nucleus from which ùhe radial a,nthophyllite

grons (¡'ie. 9). This Ls te:<bu¡rar er¡Ìidenoe for reactton (2), ortho-
pyïlrxene * quartr * rvater-> anthopl,ryJllte.

Magnetite Ís present as equidf.uaension¿l gre:tns dissemiriated

throughout the rocks. one notable exeeption ig unit #7, a nagnetlte

granoblastlte' The rock has granoblastie texburé wfth fine rrnidenti:fled

i¡rterstítlal nateri¿f fÍ]]íng the near.Ly'Enb-*ricroscopic spacÉs bet¡¡een

magnetite grn{ns (¡'ig. tO).

No te:rbural à.rriduo"" was seen for proposÍng two períods of deforaatlon,

(íi*. cross-cuttÍ.ng reletíons in the microfabries),

The presenèe of clear cores and inclqsion riddled outer rl¡as of

garnets wot¡.ld be taken by some rorkers as er¡ridence of two phases of,

gamet grolrbh. Wlthout htowÍng if there ie a dlff,erenee in the conposltion

of the cores and r5rns, plus the absence of a seeonda¡y phase assocÍated

wÍth the garnet, the author does not wÍEh to propose two perÍode of
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COMPOSIrION ÂISD PETBOßBAPHT

The chenicar conpositi.on of ten whole rock samples is g'iven f.n

Tahle 1, the Nrggll nonna of these sanples are given in Table 2. Table

3 shows nÍ-aeral nodal analyses sf the rocks. The locations of the tea

rocks analysed are þiven in Fig. 12, and their cornposltÍ.on plotted on

F5.g. lJ.

?he rocks (taule 1) are basÍc in composltlon, the siO, c¡iÀtei¡t

being less tha¡r':,'5q.. ?he rocks are rich fu Mg0, FeO and Ar2o3, lrith
verxr littls al¡{ali conponent and neg}lgibLe caO. one analyeis of

versicullte cLay and one of a hypersthene gabbro are given for eompar-

ison. The s1-0o, [o0" and Fer0o values for the vermlculite clay are1' ¿t ¿J
Elmil¿¡ to the values for the

FeO befng l'ow and MgO high.

rocks conoerned v¡lth in Èhis uork, the

The Si0rr fl203, FeO and l{gp are fn good

agreement to those f,or phyersthene gabbro, but the F"e03 of the gabbro

:i.o lov¡ and GaO high. The hfgh content of total iron i.n sanple BII-5

(gØ rrr¡rgrrtlte i¡r the node), êDd the relict beddin8 stnretuæ jn thts
rock, vnX,- #?t snrggest that it is probabþ a metarraorphosed sedf.mentarSr

iron fornation.

lable r-1 Ehows analyses 
.of 

two sanples from. tabre r, plus sanpJ.e

A, the average compositlon fron 9 sa,nples in table I (onitting sanrple

BH-5)r that have been recalculated to roú after the addition of j wr.%

CaO. Sj¡ce baslc igaeous rocks contain an average af 5 i;ib,% GaO this
anóust was'added to the anälysls to dete¡uÍ¡e the approxi.nation of the

rocks to a baslo J.gneous rock composition. sanple R-524, B and c are

put in for comparison. Fmm the comparison it is eeen that the chemietry

of the Rat l¿ke rocks 1s s{nrilar to that of baslc igneous rocks fronn

wt¡i.ch calcir¡n and Na * K have been leached, although no evldence of such

a procegs was o-ogerved.
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The chenietrXr of the rocks is refleeted by the mÍ¡eralory. ModaLLy,

anthophyllite, cordierite and garnet are the most abr¡ndant ninerals
present; anthophyrtite ) cordierite ) garnet (ta¡le 3). Bíotite fe
the no:rb ¡uost abr¡ndant nÍnerar follo¡æd by hercprite, 'rag¡stite,
pJrroxsne, sl]] trnantrte and uircon.

Anthophyll:lte I

The conpositlon of fíve saopLes of anthopþIlíte was dete:mined

from meagu:rements of the refraetfire index *d 2% (trig. 14). (Deer,

Iiowie a,r¡d Zrls-qn¡n , Lg66).

Anthopbyrlite occurs as short, rmlL fomed prlenatic cr'¡rstare,

commonly in a parallel oríentation (nematoblastic), ¡trore rarely f.n
radiatÍ.ng c}¡stero. Its pleochroic fomtrla is:

J- -- F = pale green - gaey

I : oolorless to pale green.

AnthophyJllte shows reaction te¡<tures when in contact wlth hercynite

wlth the fomatioa of a ri¡¡ of cordlerite bett¡een the tr¡o ¡nir¡erals. ltro

other dS.oequllibrirrm te¡sbures i¡rvolvång anthophyJlite are present, excepü

with hercynite.

Garnet¡

Seven garnets rlere separated uith healry tiquíds (methylene iodf.de).

Ohemlôal analysls of the garrnets is 'sho¡¡¡ fn Table l¡. The Locati.on of
the analyzed garnet sanples is sholûl in Fig. 12.

The enalysis showe that the garnets are almandi¡e in eomposLtion,

in te:ms of nole % endaenbers the garnets are eLnandine 52fr pwope fi%
and spessartite 1@.



Chemloal anal.ysis (whole ¡ock) ín. wt.%

Sample No. ¡'ts-I EF-3 BC-3

Þt u^,-AAIlu2
îe2oi
FeO -
IÍg0
Ca0
N%o
KzÕ

coz
Ti02
ZrO2
s
l"ln0

l*7.9O l*9./+O
28.02 .I5,32| /^aeYL 4¡Aö
10.4¿ r2.t+8
8.3C lt+.t+o
0.o0 0.00
0.16 1.00
0.?c 0.?0'o.52 t.52
0.14 O.29
0.14. 0,23
0.07 0.08
0.00 0.00
0.10 o.1o

99.t+o 99.57

TABLE 1

Done by X-Ray Fluorêscêhcê¡ Analyst K. Ra¡¡lsL

BH-5 Gl--l_ F¡Í-Io 10-2 Tp-3 JR-? HS-2

36.60 3.L0 t+O.25
16.¿6 t.t+9 r9.a6
6.59 6l .69 tr,ítr

L3.28 27.b7 15.80
20.20 3,t+0 I/,,.70
0,00 0.00 0.03
1.0/+ o.o3 L.06
0.09 0.00 0.90
t.B6 0.75 L.t¿,
- 0.03 0.19

0.08 0.07 o.3r
0.03 0.00 0.t2
0.11-9 0.0L 0.01
0.14 0.07 0.ry7

lotal-

NOTE¡ See page .Ié for sanple descrlption.

t). tv 4r.L)
20,I5 20.22
7.tro 3.68

L).)o L4.ó4
l-6.70 15.00
_l-.10 0,02
1.48 t,rz
0.12 0"5/+
)..26 L.62
- O.l/r

0.33 0.28
0.09 0.06
O.3/+ 0.0L
0.13 0.08

98.88 98.56 99.28 100.36 99.38 99.W 99.tro

39./+5 .)9.60^. /^4L.OV /.L.2ó
3.85 5.t8

u.68 1-3.56
1/+. B0 15 . 10
o.50 0.10
1./,0 1.40
0.6L 0 i41
r.62 L.55
o.il_ 0.16o.33 0.3r
0.o9 0.08
0.01 0.00
o.0? 0.07

32.55 t"L.',l] tr6.g6
19.93 23,25 W.t31r..38 6.05 0.76
L5.84 o.75 U.95
t5.7O 28"35 L5.Tl0.r1 - 2.32
L.24 - v¡J)
0.10 - t-.68
1.81. - 1.33
0.19
0.34 - 0.62
v ¡UY
0.04
0.08 0.93

99.514 100.00 100.00

1t

F
\JT
I
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FB-l; Cordierlte - garnet - båotlte Ectríst.

EF-3; Oordlerite - garnet - anthrùpþIltte schist.

BG-3t Magnetite - arnphibole porphyroblastite,

BH-5; MagnetÍte granohlastlte.

Gr-r-; Oordlerlte - garnet - anthophyJrite porphSroblastite.

FM-IO; I4agnetlte arqphibo:Lite.

LA-29 Ga¡:net-- cordlerite - anthophyAlite sehlst.

æ4t CordLerite - garnet - anthophyllíte porph¡æoblastite.

¿n-?; Garrret - eordierite - anthopbylLlte scLtst.

HS-€; Magnet{te - garnet - anthophyAlite porphyroblaEblte.

L; Terloish brom ve¡nicr¡lite, corr¡ndwq Hirr, Idorth tarolf¡a
(GhatardrISST) recaleulated to 100Ø after removal of ZZ.I+T Ít,. 1l HZA.

LL¡ ll¡pergbhene Gabbro, Gru¡frl¡t l{!rn. (rron clarke, F.w. lgz4).
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TABTE 1.]-

Sample No.

Si02
A1^0e
relol
FeÚ'
Meo
Ca0
Na20
¡i"0
rfio
caz
Ti02
ZrO,
S
Ì"ín0

F.T 3

¿fl.23
rl+.65
lr.lr8

IL.93
L3.77
/*.80
o.g5
0.07
L./+5
o.27
0.21
0.08
0.007
0.09

IO-2

39.42
Lg.3?

a f7'l

].,lr.2L
rt+.37
4.90
l'l+5
0.51
L.55
a.l4
o.27
0"08
0.01
0.08

A

39.77
rg.go

5.52
]l-3.72
Ll+.71+

5.17
1.12.
o.39
1./*0
0.16
o.2Ir
0.0?
0.06
0.08

R-521+

45.7
r]-.l+5
2.61r

10.16
rg.5
6.92
o.62
NÏL
1.80
o.lþ]-
o_.29

0.02
o.20

B

35.56
LL.25
6.62

6.67
r/0.68
8.99
3.86
1.70
I.72

8.03

:

c

30.2/+
]..6.83
3.95

L8.72
16."/3

l.g2
O.2'l
U¡UÃ.

IO.lr5
UoUè5

0.58

0.28

EF-3 Recalculated to 100% after addition of 5 ,å,.11 CaO

IO-2 Recaleulated to LOØ afl"er ad.dítion of 5 wt.% CaO

A Average of 9 analysis from lable 1, recalculated to IOA/" after

addítion of 5 wt.% Ca0'

R-521+ Cortla¡dtite, Beresford l,ake Area, Southeastern Manitoba; Ultramafic
rocks of the Rice l,ake Greenstone Belt; R. F. J. Scoates in Man.
Mj::es Br. pub. 71-1 (in press).

B Melilite - Basalt; Hohenatoffeln, Hegau, baden, Grubenmann,

analyst. Inaug. Dissert, Zurieh, 7886, 3j. (partíal analysis)

C ¡[. Vuagnatr Yariolites et spilites, Archiv. Sci., Vol. 2,

fasc. 2t F, 235, Lql+g. (partÍal analysis).



SAMPLE No.

Soturofion Inciex 23.0
Differentiotion lndex 28.7
Cclour lndex 41.0
Colcite
Pyriie
llmonire 0" l9g
O¡thoclose 4.227
Albite 1.464
,Anorthïte
Mcanetite 3.097
Hemqtiie
€orundum 30.04g
Enstoiiie 23.559
Ferrosilite '¡4. 

lgg
Hypersthene
Quortz 23.024
Olivène

FE- I

12.5
22"1
62"3

4.026
v. ézo
0.423
9. ró8

4"988

r!. rse
40.930
1 ó.03ó

12.565

TABLE 2

¡!]s.g_Ll_ll_oJ!!g

BG.3

-ó.0
9.9

25.5

0.314
0. 1't1

0.53ó
9.392

:' 
e18

16"524

47 "986

18.215

BH-5

-2"3
0.3

94"0

0.035
0.131

0.3ó3

eã. rss
0.729
2.120

3.38r

7.034

Gl-l

-2.4
15" 0
t¿" ó
0.0ó
0.026
0" 183
'5.415

9.67 1

5" 133

ri. oro

52"799

).oru

FM.TO

-9.6
13.9
J/ .ö

ã. rro
0.458
0.708

13.255
5.453
7_"704

16.964

25.735

zã. es¿

to-2

-2.7
17.0
12.7
0.040
v"vzo
0" 393
3;227

13.774

4"087

r8.875

51.167

ã"rot

tP-3

-4"2
ró.3
17.2
0.281
0"026
0.464
3. ó51

12.706
r.808
4.062

19.838

:
44.444

12.715

JR-7

-1" ó
l{ ô

I t. r

0.026
0.434
2.443

12.648

c. /23

zo.gz+

52.556

]"r0,

HS-2

-7.3
12.8
34" I
v"¿lJ
0,107
0.467
0. ó09

12.204

12.231

tõ_"esz

32.129

zi.oss

,L
ît



SAMPLE No.

Biotite

Cordierite

Gornef

Anthophyllite

Pyroxene

Zircon

Hercynite

Mcgnetîte

S illimon ite

Mi n e r o I Mo de s - fu:lZ:i-'_þ_to_'gl__C_o_ïl_[n g

rÞ- |

13.5

73"0

2.5

9.0

ET.J

TABLE 3

1.0

39.0

11000 polnts per section

BG.3 BH-s Gt-] FM.IO

.2.0

.c

2.0

79.0

9"0

1.0

ó.5

ó0.0

2.0

13.0

14.0

7.0

ós.0

5.0

3.0

3.5

5.0

90.0

to-2

7..0

r8" 0

mrnor

m¡nor

62.0 ó3.0

0.5

tP-3

31.0 12.0

JR-7

C{
oC r-{

OA.dE
{Þ6
O(D
a)
f/)t)

Zi¿

6"5

26,0

26.0

34.0

HS-2

1.0

1.0

0.5

72.5

herc 7.0+mt

0.5

,L\o
I

25.0
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Fig. .14 Relotion belween the opticol properlïes ond chemicol composition for onthophyllíte. (After Deer,
HowierZ.ussrn.en, '1966, in An Introduction to the Rock Forming Minerols, Longmons, London.)
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Chemícal analysis of Garnet in tft..%

Sample iio " F'-1 TP-4 JR-7 Jll'-It- Ef-5 GT-l JS-g

sio2

Atzo3

FeO

CaO

l'í ¿"fìlÊrr¡€i v

I,,{nO+r

37 ".45

20.40

2õ.63

0*00

I -43

4"25

37,15

20 
" 
íiô

24.24

o.oo

9.79

5.,98

38.10

20"36

24.60

ñ f'rl^ì

I "43

4".4"1

38.15

20 -22

24,.84

I "34

8,,70

4.01-

37.I5

22 "72

25.16

o. -26

ÊLL

3 "47

36.40

2A.76

25.O2

0 *10

LO.O4

4"go

36,50

20 -B'4

24^22

o.40

L2.49

2.85

roa4.L 94.46 97 "52 95-96_ 97.26 97^20 97"22 97¿30

rÊ A.nal.¡rsis done by vuet method. Other oxides done by X-Rqy

Fluorescence.

Analyst - i\{. Whitfield"
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Porph¡æoblasts of garnet are abïmdant. The garnets range in size

from O,5 m to 8.o m, l¡ dianeter. Grysta,l faces are not t¡eLL deneloped

althòugb the eut¡edral shape is generally pneserved. Ifíthout exception,

the gamets at€ badly fractr¡red.

Gamet does not show any sign of reactlon except l¡ tbe presence

of s{l1i¡nanÍte, where the gam.et aAd sillímanlte are bel¡rg repJ.aced

by cor.dierite and hereynite Fig. l5).

Cordlerite:

Gne chemlcal analysi.s of cordierite is gÍven ín Table 5, ed
plotted on Ff.g. $. The T{g0lFe0 - 3.1+t neking this cordiertùe a ver1r

Mg r{.oh variety. the refractive i¡dex of t¡qo¡'iother cordLer{.te samples

r¡as sLn&Ler to that of the chenlca,Lly ana-lysed sarrpJ.e (tanfe 5).

A væ1gþt loss dete¡mÍnation of HrO was done for sanple Xffi-t. The

weigþt loes ís ín accsrrile¡rce rsith the change fn refraetive ir¡dex as

descrLbed by sclrreyer & loder, L96l+ (trig. 16). see Appendf:r l for

celculatåon of væíghü loss.

ft may be seen fron Fig. 16 that for natura.l cordier{tes, high lrl

the ÞIg0 component, the deter:atnatiou of HrO content by nean refractive

jJrdex is q¡Xte accurate.

ErO content ana$rtieally :2.L8 wt.fr

HrCI content n* : L.9O wt.fi

The di.etortlon L¡adex of eordierl.te waE measu¡ed both before and

after heatíngr.1t remained the sa¡ne, f..elr,.[= Q.25o, rrhich puts this

sordierite in the nlow cordleríten fieLd, (Schreyer & Schsiser, 1961).
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lABf,E 5
... ,:._

chemical arialysis and optical properties of cordi.er{.te.

Analysf,s done by X-Bay Fluo:¡eecence.

Sanple XÐt-g

&clde \ft.fi

Xïar0

Ca0

ï4e0

Foeo

Keo

L4.92

5.70

o.078

2.90

o,00

o.00

Iþ5.9O

32.00

2.LO

99.60 Ana.lyst - K AanLa"t

FI-IL
L.5l+O

r10ä

s1%

fl¿o3

H¿o

Total

RefraotLve l¡dex of cordi.erite.

n.I. ffi-9 JA-2

I.5l+L L.539

L.550 L.5t+8 r,550

zv : Tzo \jo
d- = pale ye1Low

F=ö=coLorlees
A = 0.250
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Refractive
Index

Before
Eeating

After
I{eatir¡g

!-ig,16

l_.54L I"528
ì |:Ë'\
-L o ùùV I"534

_WeiÐht.þerËìt 
.H¿O

Relationship -l¡etu,¡een water con-i;ent ând. mearl

refraetive iadex. Sol-id line is for synthetic
It{g- corciierj-tes c
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The unit cell of cordierite fs:

% =.,1?.086t o.Oo3

b : 9.737to.ooao

e- = 9-337t0.002o

These ¡Beasurements sho¡r that the iron end member ¡nakes up 20Ø of

the cordierÍte (rryana 1960). This ís in agneement nith tbe Mg0lFe0

ratio from the chernlcal analysLe Table 5.

Ehe cordlerlte Le optically negetíve with a 2V of 7Zo. Ot tj
neasured crystals 3 have 2Vrs that deviate fron thls value but the

deviation l¡as never more than t 3o.

Cordierlte j¡a these r"ocks dfsplayed pleoeh:rolem Í¡ thÍck sectlons

onJ'Í, the fomula being:

Õ( = pale yellow

P: l: color.Less

The oorrålerd.te iE fresh no a"lteratlon, except Ín one tt¡l¡ section

some plníte rcas noted along fractures in the rock6, pi¡ite sae also

present on one large cordlerlte crysta"l col].ested fron the surface of

the outcrop. Pinite separated from cordierite from sa,nple E-3 is
ch-lorite plluo serpentlne (g) (X-8,ay diffractíon, Âppendlx II),

Gordierite contalr¡s abnndar¡t Éireon i¡rclusions that have deep

yellow pLeochroic haloes. It was also noted ühat short, curved fractures

often radi.ate out from the øircon ínclusions Lnto the eordlerlte.

Many cordierite grafno and larger crystals are tld¡ned. Thls

tutnnÍng nay be polys¡mtheti.c or penetration twi"nning (Fig. r?).

There is no texbural evidence of any replacenent of oordierlte.
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gll ll imeni te;

Sillfunaqite occurs as colorless, shorb príæatíc ctystals and as

bundles of fibres.

The 2V vari.es from I9o +,a 27a but nost grains ar:e Zho.

SiJti.nanite wa6 a stahle ni¡eral phase durÍng the fi.rst, (trighest)

grade of netamor?hiffi r€ached j¡r the area, but reaeted wlth garnet to

fotn cordíerite and herclmite during retrogæede metanorphim.

Orthopyroxene (Ëypersthene ) :

2v = ?0 - 9oo (rar,¡ge)

o( = pÍnk

Ê - faint Yellow

ö = very pale g"een

Only rare, coroded bíts of h¡çersthene have escaped alteration

to anthophyllÍüe

the ¡ryroxene was stable ùrrd.ng the fÍrst (hiehest) grade of

netanorphim and ls present as a relict phase 1n the retrograde

assembLage.

Magnetite:

Magnetlte is present ln al-t r.ock units except the nargfnal quartzites.

I¡n the rock uníts, with the exception of magaetite granoblastite ri

(Untt 7), nagrretite occr¡rs as Eub-euhedral graÍns. tühere it occurs

with cordieríte, hercynite is always present.

ïn the nagnetite granoblastite, magnetite makes up 90 modal

p"""""t of the rock. The magnetite crystals display euhedra.l outllnes.

Trio tr¡¡o crysbals of nagnetite contact each other along a conmon graín

boundary, ther^e is always a soall spåce betueen Cral¡ boundaríes, fllled
witt¡ r¡nidentifiable anisotropi.c ainera.I (fie. tO).
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O¡ddatlon of magaetite to hematlte is attr{.buted to ueathering

(hercynlüe and hematite eannot coexist in equïLlbrlum, Tr¡rnook &

Eugster, L962).

Late sÈage hydrothe::nal activity introduced carbonate along fractuneå.

Siderite was produced fmm the nr,agnetite durlng thls activity.

Herc¡rnite:

Hereyalte is present ln all rock units exeept the nargfnal

quartzites (rmtts I & 4). The anorrnt of hercynite present ie dependent

upon the exbent of reacti.on bet¡¡een garnet and sflli¡nanite and/or

anthophyllf.te ar¡d hergynite.

It has dark green color Ín plane polarized light. Some exsolution

te:rtures l¡ere noted betreen the heraynite and nag¡retite (¡'ig. t8).

Ilercynite ie a stable ni¡eral phase ln the retrograde assenblage in the

pr€sence of cordÍerfte. Tfhere hercynite shares a cormon mafn borrndarg

ruith anthophyllite, neithêr phase is sbable, ând cordlerite is produced.

Eiotite:

Blotlté- is present Ìrith al-l mineral assemblages. ft 1s preoent

ae euhedral crystale studded wlth abundEnt zircon lnclusions eurrounded

by haloee. Biotíte is pleochroic the formula being:

& : brownlsh green

P=U = dark green

Quartz:

Quartz is absent ln the schÍsts, porlptryrobtastltes and granoblastites.

ft iE present in the narglnal quartøites where it coexlste rrith sÏllimanite,

eordlerite, anthoptryllíte ar¡d bistÍte. A few garnets nay also be present.

Potash feldspar:

fhis mineral is found oaly Ín T,Init $, the coarse-graÍned cordlerite -
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ga¡:rret - feldspar rock. rt occurs as large crystaLs measurlng up to

one ineh across end is associated !ilith large crystaLs of cordierite
+
_ porphyroblasbs of garnet (fis. l9).
Plagioelase:

Plagloclase i.s absent from all assemblageo.

a petrographlc descriptlon of each nap r¡nLt is given Ín appendtx

IIr. g sanple locatlon nap is g!.ven irr Fig. 20.
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INTE.RPBSIATION

Metanorphic Histoqy and Reactions:

Tvo stages of netanorphls are recognizable ín the rockg, arx

early granulite facies metamorphisn and a later upper anphibolite

grade that wae retrogressed from the granulite grade.

The nineraL assemblagp garnet - aordj.eríte - sÍJLi-unanite - hypergthene

lndioates a hlgh temperature, moderately il-tgb pressure pyïrlxene granrrllte

grade of metanor?h5.s.

Thls earlly granulite facies assemblage tras been retrogr,aded to

an upper enphiboalte grade represented b¡r the assemblage garnet -
cordÍerite - anthophyllite.- hercynite. The cordieri.te - bercynlte

knots are pseudomorphous after the early garnets f.f, siJ.lÍ¡anite ie

presont.

The reactíons are¡

Ga¡:net * 2 Sll'l{raanite ----¡ Cordlerite * Hercyaite (1)

1f,5.28 + 2(t+9.9L) 233.50 + I+O.82

27h.3?, ñ3215.10 cm3

aÁV:+59.22ñ
Orthopyroxene * quartz * water-----> anthophyllite

?(r{#.e) si03 + sioa + nag (ugnefrsr*0za(0n)a

^Anthophyllíte * Herc¡mite 

-. 

Cor¿ierite (¡)

Sinae reaotion (a) is a trydration reaction the vol¡me lnerease

must be toward the right hand eide of the equetlon. L V for reaction

(3) car¡not be dete¡ui¡¡ed due to the absence of an additionaL (Fe, Mg)

phase .

(e)
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Reactlon (3) involves the removal of FeO and Mgo. There are no

other phases present in thin sectlon whictr eor¡Id take up these eomponents.

However, one possibÌlíty does exist. .4, seeondarT garnet Ís present as

fracture ftl]fngE i.n YnaF units ttLL and 12r (Fig. 2l+r 25). Tt may also

be possible that the cordierite produced durl-ng thri.s reaction Ls more

lron rich than that of reaction (1). The reactlon aE wrltten states only

ühat anthophyJltte and hero¡rníte cannot coexlst wÍth comon grain þoundaries

et the lor^¡est, gpade of metamo¡?hlsn.

The lovær grade of meta¡noryhis (anphibolíte faeies) could have

taken plaae at, tenperatures that overllap th¿t of the granullte facies

(65otc - ?oooc). À decrease i¡ presgu¡e fron approxirrately 4.5 to

I Kb (Hess, 1969) and hydratåon by ¡uater Ls all that Ls neeessalTr. The

presence of nagnetíte and hercynlte ind:icates that the P0, was low a¡¡d

congtant.

Phase reLatLonstrips are strowr fn Fig. 21. Fron thie figune, it
can be seen that the garnet - eilL{,nanite tie }î¡re of the granulite

facies 1s broken by the cordierite - hercynlte tfe }i.ne du¡{¡g arnFhlbo}Lte

facles (retrograde ) netanolphls.

Orc.gln of the Bocks:

The chemistry of theee rocks best fits that of a residual c.Lay

derived from a basic igneous rodr (ta¡le 1-). ALthough there ie ¡¡ot

e:¡act correEpondence betl¡een the analyees done for this study and those

glven for conpar5.son, 1t ie proposed that the anthophyllite - garnet -
cordierite rock orlginated as a¡¡ iron-riah resldual cJ-ay. The absence

of CaO and alka}L rr¡.les out the possíbllity of metanorpt¡ls of, an lgneous

rock r¡lthout netasonatism,.
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trr the GranvilLe Ï¿ke area, approxiuateLy 35 ntles N.Íi. of Rat

Lake, Canpbell (19?1) shons that the rmconfonnity betræen the Sickle

and l¡fase!¡uan series i.s aa:eked by a conglomerate lying at the baEe of

the Sickle seråes. To the easb of Granr¡il1e ï,ake the congJ.onerate

pfnches out and an atsphibolite narks the base of the serLes. The pos-

ition of this ¡¡ncor¡fo:mity 1n the Rat T,ake area should then fall at the

contact of the pelltio gneisses and the quartzo-f,eldspathlc gneisses.

It is at ttrls stratigraphic horfzon that the anthophyllite - garnet -
co¡dierite rocks occur. ThiE strbstaúrtlates the poosibÍllty of, these

rocks being a ¡¡eathered deposÍt.

The S.eaehing of CaO from basíe iggeous rocks cor¡Id pnoduce the

present chenistry of the anthophyllite - garnet - cordi.e¡ite rocks.

Sl¡ce these roeks are ueique in the Rat Lake and {ynarski T,akes areas,

a¡rd thelr chenist4¡ does not natch tfrat of a sedl,ment, a secônd possi.ble

origÍn ls that of a metasomatiaed basic or ultrebasic rock. Taylor

(19?1) has reeogniaed pillorus 1n the l{ynarskl f,akes area lying at

apprord.mately the stratigraphic level (the araphibolite) as the arrthophyll-

5.te - cordierite - Bartret rooks ai Rat Lake.

Robertson (lg5Ð describes ar¡ rrÂnthophyllite Bandrt fron the Batty

T,ake Area, Î{anitoba. Thís ¡nap unit is continuous for approxÍ.rnateþ

åtuouå mlles along Etrike ar¡d shows sbrict stratigraphic controll. The

charaoteris'b1c urfurera1 assemb:Lages are i

1, trnthophyllite - cu¡¡nnlr¡glonlte - biotíte;

2. AnthophylJ.lte - bíotite - aLnandine;

j, Anthophyllite - cordlerite - biotitte;

4. .ânthopkrylllte - cordlerlte - bioÈite - al¡andi¡e.
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ü¡artz and plagiocLase are mf.nor constftÉents ar¡d nagnetite - splael

ìntergrowbhs have been noted. The lron content of antbophyllite i¡creases

to the east, along with the appearance of cordlerlte and rnagnetite.

Robe¡Ason favors f.ron-aagaesite &etaso¡aatlsm of ar,r alrminrm, rich tuff to

produce the assenhlages and account for the latera,l orbent of the unit.

fþe slmìlar e:q)o$¿re at Rat Lake does not have any exbeneion aLong

etrike and qtrarta and plagioclase a,re absent from the aosemblagee. ft

1s for these reasons chat the anthophyalite rocks at Rat Lake are not

coasidered to have a si.nllar origin as those at Batty hk;.
Metasomstic procesoes such as those 1n models put forAh by

0rwltle (L969) ar¡d Vidale (L969) nay have taken plaoe i¡ these rocks

of ¡rnustral conpositiön. thls io orlly specalatíon, d.nce no conalrrsive

evidence of cation rrigration nas 6een i¡ these :¡ocks.

The abur¡dance of oordf.erite Ln these nocks ls Ín agreement rrlth

the chenica.l aontroL discribed by ÏI¡nne E&uards and Hay (]rg6S) -
lr...cord,ier{.te Ís thus a etabLe phase ín hJ.gh grade regionet

metanorphísr, but is foturd ln lÍne-poor, nagnesium-rLch

roclcs that are less cormon than those with conposltions

fall"i¡g Ín the sbabllity fiel"d of 6arrnet...rr.
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. Phase. relationships of pyroxene grarrulite grade metamorphism.

Phase relationships of upper a*pfri¡ofiie . grade metamorphism
showing the Garnet - sill-imanite tie line has been cut by
cordíerite - heroynite tie line.

Phase relationship of upper amphibolíte grade metanÞrphism
showing the'anthophyllite - hercynite tie line has been cut
by a garnet - magnetite'tie l-ine

c

Fig. 21; A.

.R

î
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APtmilÐÐ( r

Ueiltrt Loss of Cordierite

Sanpte of cordierite heated a\ Tgha for a duratlon of 12 hor¡rs

at 1' atm. pr€sgure.

The Pt foAL enveloped was pre-treated to drive off any nrå¡ÍEture

that nrlght be on the foil

1. Before heatÍng at ?91+o C

lrleight of Pb enveloped pre-heated = A.63294:EÆ

tfeight of Pb enveloped pre-$eated * sample = 1.5801¿ gn

Ffeigþt of sanple

2. .å,fter heatf;rg at 79ha G

tíeigþt of Fb envelope * sanple

ø.8h7h7 w

: L.F62Ol+ W

= 0.011837 gmWeight lost due to heati¡lg (HAP)

IÊ',
--*, = C lM
8l+75 k'Leta
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APPENDIX II

P¡tfilþ qlterotion offer cordierite. X-Roy powder determinotion;

Film #A-l788 X-Roy loborotory, Universify of Monitobo.
o

14.00 A - very weok

4.45 - weqk

- very weok

- Strong

- very weok

- sfrong

- weok

- weok

- very weok

- strong

- very weok

- very weok

- very weok
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APPEÞTDTX TII

Petrographic Deseription of l4ap Units

1. BÍotite quartuite: Quarta nakes Ìrp 85 nodal percent of the rock.

.ånthophyll:Lte, süIigaltlte and blotite nake up the remaíning 15 nodal

percent of the roek. Anthophyllite, sí]'l{maulte and biotlte all ocour

as mall, ehort, euhedral crystal.s as l¡rclusíons in quartø gralns. The

quarÈz gnatns. fo¡m. a granoblaotla moselc.

2. cordÍerÍte - Garnet - Biotite schistsi eusrtz plus cordLerite

make up 65 nodal percent of the æock, btatl:te 2Fßt sJ]]frnqnt-te Lffi,

ganaet 5fl hercynlte a¡rd anthophyJ-Llte are present fn trace anounts.

The platy Erìlgnnent of blotite glves the rock LtE schlsboee fabric. The

silri¡a¡rlte occure as short prísmatíc crystals in clusters snd as

fibrollte.

The cordieríte i.E genera]-ly f¡rtersti.tial to the quartz and the

t¡ro m{.'terals ar€ present in about equal anounts.

The gannet åe porph¡æoblastíe and is includ.on free.

3. Banded cord:lerite - Bi.otite schl.Ets: euartø and cordilerite

compråse 50 ¡nodal percent of the rock, blotlte 3O/, ana enthophyAlite

2ry1. There ís a faint, alte¡natLon bet¡¡een 15.ght ancl dark layers in ühe

rock whfch nay rell.ect prjnary layerÍng. The atignment of the biotite
plates glræs the rock lts sctristosc texbure. The quartø and cordlerite

foru, a nedlum grained mosaie.

Anthophyllite occr¡rE as tæLL developed euhedral crystals that aæe

allgned, paralleJ. to the bLotite schlstosLtr and therefore anpHfy the

schistose te:cbure.

The bíotitê- is the grreen var:Lety and is studded rrith zircon inclusj.ons.



-lr3-

4.. Aæphibole - Garnet quartzite: Quarts is present as 60 ¡nodal percent

of the rook, Gordierite ls generally present nalcÊng up 10s of the rock.

.AathophyJlite can nake up +'o Zffi of the roek whfle the ræmainfng LØ is
made up of garnet, s{]lfma¡rite, biotíte and trace nagnetfte. Thås ¡aodal

descnlption is the a.rrerage from four thin sectíons and hand specirnen

ånspectfon. The nodal percent of enthophyllLte varC.es betueen slldes

fron Ofi Lo ñiÃ v¡htle tbat of blotlte varC.eg fron approxi:nateþ Z% Xo Zjfr.

The rock Ín hand specinen doee not neflect these variatlons. The reason

for these varlations withln the arap u¡rit Ís not r:ndersbood. Bíotite,

Anthophyll:lte and sijtli¡nanite occurs as euhedraL crystals elr¡stered to-
gether to fom very thÍn layers or lenseg Í¡ the light coloured

materiaL.

5. Gamet - Go¡dierl.te - Arphibole schLsts; The 6O to 70 modal ¡rercent

of anthophyllf.te make.s: up the bulk of thls raap urt'it. Cordlerite 1s

present Ín the enor¡nt of 15 nodal. percent the r"est bei-ng uade up of

biotite and garreet. Magnetite and hercynlte nay be present ín trace

a¡nounts or nay be abeent all togeüher,

Ga¡:nets are porphyrobllasbs that show an fr¡slusion free eore with a

rin of aaptribole ar¡d biotite l¡rclusions. Inclusions of, a colorless

mfr¿eral are sometímes present. Because of the -çgnal'l siue of these

incLusionE i.t is f'riFossible to deternine rohether they are quarta or

cordi.e¡d"te.

The eordierite iE pitted ¡¿ith íacLusions of ¡ftat is probably

quartz, Zircon inclusions åre altuays present.

fhe båotlte Ís epeen in eolour. $eneral.ly lt dlsplays good euhedral

outllnes, but in a few cases appears corroded. This comoded biotÍte

has a Loraer blrefringence tha¡i the uncorroded variety. Sonae bi.oti.Èe
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appears to be replacing anphibole. The antbophyrlite is as good

euhedral crystals. I{any end sectlons show excellent araphibole cleavage,

The parallel ellig¡nsnt of thls nineral gives the rock a sehlstose and

Ií¡eated te$ure.

6. Magnetite -.Anphíbole porph¡nrcblastite: Anthophyllíte makes up

80 nodal percent of the rock. tr{agnetite and herc¡mite conbi_aed,

contribute 1O nodal percent. Biotite and p¡rroxene i¡ equat anounts

make up the remaining 10 percent.

The orthoa,nphibote has a radiatíng hablt. $rroæne generarly foms
the nucleus of this radÍatlng habit of the amFhibole, Biotlte can alss

be present at the grain bor¡ndaries of the nucleus pJ¡:ncxene, Sone of the

biotite appears to heve patchy ct¡-loríte associated !,rlth it.
7. Magnetite granoblasbite: Magnetite makes up 90 nsdal percent of

this rock. þro:rene and biotite nake up the ren^aÍning LM. Herc¡mite

is present but does not contrlbr¡te nore tt¡an LÉ to the nodal dLsütlf,butlon.

8' CIordleri.te - Garnet - anphibole porphyæoblastite: Thin section

nodal analysis of thie roch is not satlsfactorxr due to the rrnequal

dlEtribution of the garnets over the e:qlosed outcrop of this ruap r:nÍ.t,

(rig, 22). r¡ outcrop, ga¡nets make up about zsî( af the e:çoo.re, cord-

ierite LO to Ljfr aad qnthophy[ite 60 ra 65fr.

The garnete are porphyroblaste and are badþ fp¿etu¡ed. soüe

garnets are free of inclusionE while others have inclusions plus a

reaction ri"m. Oordierlte occurs as lorots and eliptlcal lenses. Cord-

1e¡{.te contal-ns aircon ineLuslons a¡¡d genera,lly has hereyr,rite associated

uith it. Cordierite cs¡r also occur interstitlally to the amphf.bole.

Anthophylllte occure in trio f,o¡ms. lfell developed euhedral crystaì.s,
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eany showing excellent end sections are ¡aore abundant than anthophyllÍ.te

displaying radlal growbh. the anthophyllite ground mass does not appear

to be bent around the garnet prophyroblasts, Two exceptions have been

noted but blotite þLays a ¡ro1e 1n these two cases.

Biötite i.s often present up to L5% in the ground mass. Irlhere

biotite eontacts a garrret, the biotíte ca¡r be bent around the garnet but

usua]-ly as in the case of the anptr-i.bo].eo the biotite termí¡ates at the

garnet boundary or at the reactíon rin surror¡ndlng the garnet. The

biotite in these rocks is a-1ways green i¡¡ colour ar¡d contaln zjrcon

inclusions.

Magnetite 1s associ.ated ¡rith the arnphibole whlle the herc¡m.ite is
associated wlth the cosdierlte.

9. spheroidal Magnetite - Garnet - .Anph-ibole pozphyroblastlte: Thls

nap unit is very mueh llke the stordierlte = Çarnet - Arnphibole porp]ry-

roblastiteil except for the anount of nagnetite present and lts te:rbr¡re.

The nagnetite can make up to zú of the rock a¡ld Ít occurs as

spheres. The spheres are nearly round. some show eloagation Ín
strike di.rection, (fig. a3).

The anount of garuet i¡ thls rock is no more than l0Ø and the

ganrets occur ag sall porptryroblasùs. cordlerite is preeent end

has hercynite associated vrith Ít.
.Anthophyllite makes up the greater part of the rock.

10. I'ragnetlte anphíbo}lte: tr[agnetite ma]ces vp 3M of the rock.

Anthophyll:lte makes up the renainlng ?OØ. Gordlerite is present Ín
tracé anounts and ganet ls absent.

Magnetlte oceu,r6 as propbyrobLasts and as Índiyidual grains ín the
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anthophyllite ground nass.

The ar¡thopbyllite has a radlaJ- crystal growth but no p¡nnoxene has

been seen in the cor€s of the radial habit.

rL. Magnetite - Ga¡net - anpbS.bole porphyroblastj.te: ThÍs mqF unit is
identical in nineralory to the ttspheroidal Magnetlte - Garnet -
Anphibole porphyroblastitett. The dífference between the t¡vo rocks is
the te:rture. This maF unit has no raagreilte qrheres. Garnets have

a porphyroblastiê habít and are large compared,to those of unit #9,

(see P1ate 1).

0ordieríte is present but not abundant.

L2. Ì4a'gnetite - Biotiträ - ÁnphÍbole grarroblastite: Anthophyllite

makes up 60 nodal percent of this nap nn:lt.I{agnetite i.s disseninated

throughout the rock. or¡ weathered $rface, the rock has a pebbly

textune, the silicates are weathered out, leaving the nagnetlte raised

sllghtly above the outarop øurface. Fractures are fiLled with garnet,

(fig. 24). Sone garnets have a nagnetite a core, (fig. z5).

Il0 thi¡ section, plnno:nene foras the nucLeus of radietlng anthophy-

Llite crysbel growbh.

L3. cordierite - Garnet - Feldspar roek (n*rv coarse grained): The

cordierite and feldspar crystals are veqr large neasuring fron 1rl?r to

3 or 4 inches ecnoss. The garnets are ilalt and make up approxirnately

Zfi af the roek.

Ltr. Altered Magnetite porphyrohlastite: ThíE rnaF unlt fs equivalent to

Uni.t 6 except that the rock has been hieÌûy weathered, the biotite has

a pa"le yellowish colour in hend speci"raen.
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