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(v).- Grey granitic rocka (medal analysis givet in sample 3 of table I I I ) .  

Uppor IHLnbitw.'. rivor.

fl3
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Tho Niggli 'f uluus have been plotted, in a di .grar. ae . function of thu 

parameter si (F ig .j)»  Aluminium and ilk ill p.r.mut rii increase atoadily 

towarda the axlioic member:) ;nd thu fumio parimuxura incroaae to wax'd a the 

oontandnati on sonu. The Patio mg h .u been plotted »n u gr.ph it a function 

of the ratio k (Fig* Ratio® 1 >r normal granite .nd quarta-diorite 

, jcording to Ni^gli ( lS‘>-3) have .-lao b^en plotted. Thu pointa runrnaunting 

tnufce rook a :.ru n. .r. r to tm id . -.1 point of the quartz-diori tu than to 

that of granite. Thuro i - a signifioont difference in the ratio k of thu 

various rocket It Lt n to b« uigh r in thu heavily contaminated rooka.

Thin point will be expl lined later.

There ia • break in thu curve of the o v iluu of fig‘3* aa well aa in 

the curvo Ca of the oati >n percentage (P ig .2). Prom the modal analyaus, it 

appear* that this 1 b du.> to the high concentration of epidote (9.6>. by 

volume) in ‘ample 3* T'u;- iJ v. ry probably oooaux n* J by loc 1 variation 

m  the comp;: . I R »h ha a cor li tie T,° oko*

Nevertheless, the general trend of th phenomena ib  unaffected b^ this 

variation: th- ro iu  progressive decrease of oufomio constituents md 'in 

increase in silica md aoda constituent* towards thu interior of the mas^f. 

MinerUocie-illy. this ia  expreaaed .a a ducru isu in hornblende and bioti-e 

md an inoreaav in plagioolaee nd quartz from the rim of the maasif toward a

its inturior.

Tho Niaell value, of tho ,;ruy "flranitio" rook huvo boon plotu-d lor

comparison in thu graph .s thoau of thu pink rock (fiff.. 3 and 4).

It is rich in aluminium, silicon nd iIk I I b .

Booauso of thu prusunco of » ln .r ,l «  ouch a .  hornblende and biotits,

thu norm ia different from thu modiil composition. Also, in thu 

contamination *onu thur. may bu a Curtain 1 ok of equilibrium, some 

microxenolithe of hornblende m.mtlod with biotitu h.vo stoppud being 

ruplacod boo-.uos tuo horriMonda wis iool itud Iron iurthor uont 

thu granitic liquid b, a shell of biotits surrounding it. In those 

conditions, it is  vury difficult to »ork out tho rual minoralogion

cornpoaition from thu norm.

S.-  OHIOIH o y j tĵ W i m c ' B g a a .  observed.
♦ . r. iru twe uxrlanations for the features 

Logically, there aru ( ^  mphibolitoS

The first is : transformation o j ' j j  n U ^ . j  ^  " J a i f ,  i n t o n a t i o n

to form "grani tic” rooks* .In tne uoutlurn , Kali-rocks ia clearly

botxssn thu "gr -nitio" rocks .nd thoir ampMbolltio



demonstrated. Hoover, it iiaet bo kept in mind th.t, tnough tho oontamina- 

tod zone is f -irly wide, the contact itself between the .iUartz-dioritic 

rocKS -nd the b.taio w .ll-rocka id r .ther oh -.rp wuen tue diGrty^Laona of tho 

whole "granitic'1 ninsuif are considered. In th*. aouth, the vr -.ll-rocKs 

described in chapter III  c m in places be Been to be broken .md 

broccicvtod. The ctn 1 c.mt ct botwefcn th ",-r.n.itio" rocks and the basic 

rocks in tho Hlimbitwa v .lloy is hidden by iluvi.., but it must take 

pi ice within [00 to 150 y rds unaccessible to observation. Tho writer 

f .ils to See -ny proof th t tho ",;ranitic" roc<cs could derive from tho 

0rmitigation of tho ^iphibolites. Such n extensive granitization 

involves tremendous movements .nd migrations of matter plus the supply 

of the tv it quantity of energy roqaired to complete the process. .hen 

one considers the soile nd th. extent of tho phenomena which would be 

involved in granitic tion, it see.ns impossible th t gr mitization should 

stop dead whithin 100 /  rds vrituout the .mphibolitic wall-rocks being 

otherwise modified th .n by ]oc.l breoci -tion ..nd p .rtial recrystallizatior 

(wi • my sttpply -ut«r s). Togath«r wi1

BOWEN (1948), the wrUer "d en ies ... that it is proper to extrapolate to 

tho whole body the met.̂  somatic replacement relation that may be patent

for p .rt of itb marginal faoius".

The writer prefers to believe m  the emplacement of an intrusive

m.gma. In this o a M , tho aout m  t ' ranitic" rock, rich in oafcrio

minor ,1s muut be considered to be tho result of endomorphism, i .e .

modification or contain ,tion  of tho "granitic" rocks by the basic rooks.

Th„ north.™  ”Kr ,ni-io“ maeaif h.>e a trend mor- or less parallel

with all tho other b, i t , .  It «u8t have been emplaned at some depth eince

tho contamin“Jd zono is a few hundreds yards wid«; tho wall-rocks ««*•»

h.vc boon in a state of potential roactivity, afostod by P“ ‘ ial

rscryatallization of tho amphibolies thomaelvoa (chapter I I I ) ,  o tv

a "normal" small contact aureole and not a thorough soaking of .sic

rocks hy .acid m torial v .r  a few hundred yards would have been - e d .

This fits  i» with fflrou*. (1932) definition of j M S t o a U l U  -  

concordant in atructure and emplaoed into highly mo ile sur J  

„ u for th. dictyonitic structures, it should be

term designates the relationships between t h e ^  ^  ^

ir Th 1 t, ter is the younger •• 
and the ,/rey rock. The

"granitic" rock.
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The writer ia of tuo opinion tkuit two events mu3t bo distinguished 

h e r e .  Tho first i . characterised by tho emplacement 'it depth of tho  pink 

quartz-dioritc magma. The whole m.ssif must then have undergone uplift to 

higher lovol3 of the  crurt whi.ro th o  solidified rock bo came brittle and 

una^rwunt . xtonsive br^cci .tion -no fragm ntation into .ngul .r fragments. 

Into the int-rstiti al :;p..coB flowed the younger grey "granitic” rock. tfhy is 

the dictyonitic structure not oosorvod in tho contaminated rock?

There is no obvious answer to this: tho nature of thi. tectonic forces 

which induced thv br>.ccx ation is not Known. The northern margin of the 

",*r mitic” massif ’ s hidden from v i e w .  It appears prcoabl to the writer 

that this bsonce of brooci tion in tho con laminated rim could bo e x p l a i n e d  

by differences in mechanical behaviour between tuo aoi laroinatod and 

uncontaminated rocks. The cont .minated zonei is by no tuoans freo o 1 

fr-ctur^sj faults involving i horizontal displacement of a f o w  inches can 

b^st b- socn with t h e  help 01 d .rk p .tches or layers of cifotiiic minerals 

which havo boon slightly offset by those faults. Though tho latter may in 

plaoes bo very abuna mt, they 1 ck th e  regular pattern of tho fractures 

in the unoentaoinatod rock .nd acaroely r< aoh I or 2 y .rds in Ier - u 

The term breooiation cannot possibly b© applied to those fractures. Th 

replacement by g r e y  "granitic* rock has taken placo only whore brecciat: on 

was extensively developed, l .o . in the uncontaminated "granitic" rocks. The 

breociation could quito simply bo duo to tho umplacoment of tho grey 

••gr^ito" i t s d f ,  perhaps by process akin to "magmatic stopping:".

It is well-known that in gr.nitic massifs early fractures can bo 

filled with a finer-drained lvter variety of the main rook. Is it the

case hero?

Firstly, th. cr'-y "granitic'’ roeK cannot eXaotly be called a variety

■ .in, pink "gr.mito", « in «  it i« ««•*»» in V * " * '  * •< " " » »  1‘

must hive been Very mobile to form large patches sometimes more than 

10 yard, across in th pink V a n !  tic" roc. . • corrode it. Thi. mobility 

would bo 4uite unexpected if this rock Were simply filling f- ctur,.  in 

the pink > . n i  tic" rook .t a late stag. of the latter's

in t h e  writer's opinion, the e m p l a c e m e n t  of the  grey tfn«

c h a r a c t e r is e s  a second e v e n t , i l  took p l .e e  in je c t io n  of more

d e p re s s io n  o f tho fra c tu re d  p ink  tfr .uutio  ”  fraoturoa  , l t h

pctaeeic "granitic" depression .did the

partial solution of the pinK >i



consequent elevation oi temperature Were suffici.nt to provide mobility to 

the magma of tile. grey"grinitio" rocks, but insufficient to a 11 ox of the 

complete digestion of the pink "tfr .nitic" rook. Puis process pust be envisaged 

.s an oscillation in tho uplift of the metamorphic complex rather than a 

complete pulingenetio cycle.

:: H :. ' .........  ■___.. ; ic inLL-R0CK3.

Thu most striiving feature of the "gr .ratio" rooKs in the vicinit1' of 

their amphibolitio w&ll-rocks ia their ibund ince in segregates of hornblende 

■.nd/or their .Iteration products: biotite associated with epidote, sphenc, 

ore rnd apatite.

The -friter r*. * rdo ' i . ' *t\. . .tes micrptftr-eli ths, i .e . minute relics 

of b .sic rocks which h-ve been 3oaked ind impregnated with quartz-diontic 

m.tgma,

BONiJi (1928) has shown m  his worn, on the reaction series that if 

hornblende comes into contact with molten roagm 1 already supersaturated 

with such a high member of the reaction series ;3 amphibole, this mineral 

cannot enter the liquid stage ( i .e .  re-melt), but rfill bt. converted to the 

ndn mu «ritb xnich th liquid is saturated .t this moment. In this case, 

the latter was biotite nd the hornblende wis transformed into biotite.

In this replacement excess lime from the hornblende is set free and 

crystallizes as epidote. Microscopic observation haB shown that some quartz

1 by-product of the reaction (symplektio association). 

There is no way of working out chemical reaction, since there is no 

evidence that the reaction took pi -ce at constant volume but a qualitative

reaction -roald h'.Ve the following forms

Hornblende + K^O * A l ^  * H_,0 - ispidcts + Quartz * Biotite

A consoquoncc of th. abov. reaction i .  tho inverse relation between 

the quantities of bio'.ite ana potash foldspari in thin reaction -one 

rich in biotite do not oor.tiin much potash feldspar. Hie ibund .noe 

biotits decreases from t h e  reaction sono toward- the intenor of the 

massif bee .use the contamination by hornblende is higher in the rim of the 

massif. There is no p o s s i b i l i t y  for potash feldspar to occur in Urge 

quantities in these rocks, since the potash ha. been fixed .nd near y 

exhausted in the bictitisaticn of hornblende higher up in tne rsncti

series, well aboge such lorf members is 1-1 i
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Thu dark aggregates 'tru ..Iso relatively rich in sphene and apatite. 

These derive from thu introduction of phosphorus .met titanium from tho acid 

magma and from their roaction with or^, ilwaya abundant in amphibolitos.

Tho pros*.nee of clots of biotite-opidoto-aphone-apati to at a few 

hundred yards from thu contact, indicates that the contamination has boon 

extensive and that these can bo considered is relics or ghosts of these 

mioroxenolitha, with x nucl> us of hornblende, which are to be found in tho 

immedivte vicinity of the contact :nd which havu boon completely altered 

towards tho interior of thu massif.

Prom the graph# in fig, 2 and '■>, it 13 dear that there h .3 been a 

progressive introduction of silic ^  .nd alkalis ( granitic constituents) 

from the. intrusive magma into tnu reaction zone. At tho same time, there

i .3 a progressive xpul.a in 01 caferiic constituents tow'.rds the rim oftbs 

reaction son.;. Farther towards the interior of tho re .ction zone, the basic 

rocks have boon thoroughly so.iked by tho acid Material »id an abundant 

supply of ttaormic energy w .s avail -ble; the hornblende has been completely 

repl ced md thoru h .a been a tendency towards th- ulsion of excess 

oafemio constituents. At tho rim of the massif, wh. assimilation came 

to a stop, th. thermal energy emanating from the main body of acid magma 

was ooon exhausted in tho presence of basic elements, these rocks are 

relatively rich in cafomic constituents and the hornblende was only

partially replaced.

It i»  seen from fig. 2 that there is a certain enrichment in the

reaction zone in potash, relative to tho K>in unoontaminated body. Ths

writer issumes that this is due to the presence of b ,sic material

(hornblende) susceptible to reaction with potash to form biotite. potash

in the contamination .one was soon exh usted by roaction with hornblen e

and tied up in biotite. This local deficit in potash of the liquid mag*

may have created ,  change in th,. chemical potentials of the v a r i o u s  phases

and some potash may Have migrated towards the roaction zone to c o ^  ^

with "unreacted" hornblende. filer. is no doubt that such , " » »

» i?35*
ro a certain » - d ^  applied here. However,

IflM U IB . 1943, 1944, e t c .m d  term miBht complicats

tho writer feels that and confuse the

the interpretation of. *>•
+h writer's position xn the problem, 

reader as to tho w rite* t



To aummariso, tho "granitic" massif h .a beon emplacod at depth in

oontict with tmpliibol itic wall-rocks. Ry.aotion h s taken place between the

two rock types rfith tho effoot th -t thy imphibolito h s boon thoroughly

soaked over a few hundred y .rds by tho .cid magnv. ;nd that its hornblende

was biotitisod. To aohiv Vi this, supply of some extra potassium from the

magma into the rim h s b ,uii necessary. AI30, migration of oafemic eleionta

towards tho rim of tho r...soif has occurod from tho interior of tho reaction

zono. Tho fvct that this reaction in tho contamination zone is far from

complete and th it unphibolitos situated farther to tho south of tho

/rinitic  massif luv, been un.ffeotod by tĥ . litter, allows rfull enough taat

thy supply of onorgy (mainly thermic) m  intrusive granites (and tuus

ondomorphism) is limited ( PERTIER, 1956). To concludo, thy Be ph«nomona
I 0

are thy result of thermodynamic d«rfiquilibnum between the "granitic" m-assil 

xnd its wall-rooks, at a levol of tho crust doep enough to allow of rather 

intonse reaction betWwon botii rock types.

G, - THEORETICAL Cv>N I DERATION3; RELATIONSHIPS BETVIEEi. '^UARTZOF^LDSPATKIC

MINERALS.

Though t.us p .r vgraph m iy seem out of place here, it appeared 

necessary to the writer first to givy a full description of the massif -r.d 

to clear up its origin before dealing with the important relationships 

butween quartzofeldsp thio minerals.

(a ). - Corrosion of al -^iocl -Se b.v pot .sh feldspar

In till, rocks of tho northern massif microcline frequently corrodss 

plagiocloc. Thin phenomenon h.s boon observed by various writers in acid 

. , DEBB (1935), ' WAU) (1955), M U JB S  (19«0)

tnd others. Among ttMW others, BBUIJSBB h-.s j e s t e d  .m in .r .s t is g  

solution, he h .« deduced from tho study of the rocrts cf tho Aiguilles 

Rooges massif in tho Alps that this oorrosicn results from tiio features 

of the ternary sy .t .,, o r t h o o la « - a ib lt .- ^ U «  » High » t «  )>— «- 

From the well-known ph.os diagram RaAlSijOg-KAl UjOg.jlj0 ,t t ,r 10J,J 

TUTTLE (1950), BELLIURE h,.e inferred that-at high rfalor pressure t.i

solvu. «u::t Intar* ot th. ilciuidu* in » •utaotio point. He then M g*»
n tho u n i  variant lino irom this

that-in the ternary system Or- -bxO,- h »  ^  ^

eutootic point on the join Or-Ab roach, P lagiooUto would

in the triangular diagram. At this poritoctio P .
a This would explain xno 

diminish in .mount while microcline increases.

observed corrosion effects.
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Elaborate, as this suggestion is, the writer does not think that it

is valid in thy light ol' recent experimental work. In 1957, YODER, STEvfART

nd SMITH have demonstrated that m  tho ay atom NaA13i.0o-K*lSi,0c-H,.p 
au 3 ^ 3 cr tha
solvua peak rises .̂t 0 .014°c /bar. They also have determined the oolvus it 

^000 bars H..,0: at this pressuref oolvus .nd liquidua have intersected in 

eUteotio point at 69 '• k> far, BELLIERE’ s assumption is  right though 

he did not refer to this earlier work.

However, TUTTLE md BO (1958) h..ve published an Ab-Or-iiC^-I^O 

diagram where they show t u position of the ooteotic minimum (quartz + 

alkali feldspar) it 83O0 -t 'ormal pressure. They have worked out the 

compositional change of this minimum up to 5000 b rsj nowheJTi* in these 

diagrams is there room for . periteotio reaction* There is 1 10 - certain 

lick of precision in BELLI ERE’ s reasoning since tne average granite 

plagioolase is oligoolas* rather than ilbite. This does not alter the 

writer's conclusions ibout the northern "granitio" massif, since the effect 

of caloium is to r tise the plagiool -s« field in temperature and to move 

the ootectio minimum towards the orthoclase-sllica join(C0hD0?j ^ITH , 1963) 

and does not alter the nature of this Ab-Or-SiO^HgO diagram.

Though somewhat lengthy, this discussion appeared necessary to tho 

writer to rule out the possibility of this corrosion occuring in the 

normal course of crystallisation m  tho sysUm Or-ab-SiO^O.

At this stage, two hypo the so a ire left to explain this corrosioni

(a) PotiBh metasomatism ( introduction of material from outside &ourees

(b) Corrosion of plagioclase by late-magmatio potash-rich

W M M .  U .  i .  Wtber dtfflottlt to ..ooount for „  M  M *  

True, it has boon ahown that there a radistrabution cf potassium (to a 

slight oxtentl) in the massif »ith onriohmsnt in tho reaction 

Ho*svsr, this ii mly • it tasomatism'l migration of I- 

in tho liquid phaso toward, tho r i . of the massif b - u ss  of the rmation^ 

of a gradient -by fixation of potassium in biotite- in the oonw ^

potassium in tho liquid phase. Actually, this migration ° ° ° Û
• „ ehen b io t it e  was buin,- formed from 

high staee o f  the r e a c t io n  s e r i e s ,  r u a o U o „  s„ n* are depleted

hornL!-‘ !" , .....aatism' cannot aooount
in microoline. Also, this pot t3Sium Which have

, .# t,lK uncontaminated area,
for this corrosion since th< rocks phenomenon of corrosion.

. ■ « ‘Iso snow i*** * 
not been affuo d by this migration,
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There are no indie tiona that ; true potassium metasomatism has taken 

place in the ' *r ni tic" rocks, which-in fact-are poor in potamium. If 

potassium metasomatism h A  taken plaoe, there iii no reason why tho wall- 

rocks should not h ive b . n affected to . Cert an  extent, which th.y have

not.

In the writer's opini n, iiypotiieais (b) is closer to reality. If 

natural sysU: .• were exactly within the Ab-Or-SiO,. -HgO system, the lowest 

t e m p e r  t u r  • t which . oilic .tv liquid could exist w juld be 6 6 0 ° .  (BO'fEN 

ind TUTTLE, 1956). But, .ccording to BOv'EN .nd TUTTLE, in natural eyEtem 

there would probably reman uilic te liquid below this temper .ture. The 

composition of tnis residu 1 liquid would be in tho N ^O-K^O-oiOg-H^O 

eyatea. ROY .nd FUTTLB (1956) . v« ghown that ths.ro ia oomplat® solubility 

in the system K?0-3i0..-H20 between .nnydrous ailie .tes .nd w ttr| TUTTLE 

and FBIEDMAN ( V) 46 )h a\ Sound ' r<.l -.tion ship for Na^O-oiGg-H^O.

GORDON SMTH (1963) h s pointed out that in pr .ctioe the difficulty is 

enormous, the system to be considered being qu-rtz Ab-Or-H^O-Na^-KgQ- 

Mg0-Ca0-»20.-P205-HP-HCl-S03-H2S etc. wx h P *nd T as additional variables.

Suffice it for t.iese purposes to conolude that the components, 

of alk .li si lie : t o s may exist in excess in late-aagmatla fluids. As e.-.rly 

is 1926, BOWEN demonstrated that potash increases relatively to soda in 

late d i f f e r e n t i a t e s .  In these rocks, where the plagioclase is oligoclaae 

or and.sino, th. pi MJiocl s.. f i .l d  in th. system plaglocUse-Or-SiO,, will 

b . vid* nd, .3 pi -Cloc-1 so io much in 0 * 0 0 .. ,  th i . mineral will bo tho 

first to orystalllso. Tho comminution of tho pliffioolase h..s b.en 

described .nd it . . .  pointed out that tho mioroolino . a .  not affected 

by t h i . oathol Oil ( XO.pt for . f «  «nimport art MaOlt.). Hm 

crystallization ol tho mioroolino h. .  thuo When placo aftor th. main 

p.riod of cat lol.asie. Th. erlter th t tho potassium silio , o .  . .

taken in solution in ro.idual water (probably und.r oomple* physica 

conditions duo to th. oynKin.matio nature ol th. m.esif I t  ̂

Ute-magmatic solution -cold ropl .o. »oda by pot sh under »  ^  foUo« lnB

■ ; ■ " "  r,!' 1 . 0 

reaction (purely hypothetic,.1) M M f r  * *2°  -  ̂ ^  i  » £

Th. ooda may be . U , i n  -tU . .  sodium carbonate solution

waters (/ioKOLA, 1956).



This replacement is particularly conspicuous in granulited pl^gio- 

clases or .long crooks of this miner'll where deformed, crystal lattices 

have permitted uasier corrosion.

Another problem cro^s up here: the. origin of the myrmeKites. The 

name myrmeK.it© was given by UKa'Ĵ KHOLI 1 in 1899 to wirt-like .ssociations 

of plagiocl a© -nd Vermicul r qu irtss. V n o u s  conflicting explanations 

h.vo been proposed for tho origin of myrmekite: migmatic corrosion (FOUQUE 

md NICHEL-LEVY, 1879), sup rfici .1 alteration (R03EKBU3CH, l887)jciloo- 

sodio solutions transforming • rthocl ;se (BECKjL, 1900), secondary 

transformation of plagioclvSe ( 3EDERH0LM, 1916) etc. In 1948, PRESCKER- 

KADSN demonstrated the exi ate-nce of two types of myrmekites myrmekite I, 

formed from plagiocl .so by orthocl i S e - b e  tnng solutions, ".nd myrmckitc II , 

formed by siliceous hydrothermal met asomatism along the reparation surfaces 

of orthocl .ae nd pi .giool se. SPENCER (1945) and TUTTLE (1955) believe 

that the constituents of myrmekite. ; were in -• lid solution in potash 

feldsp -.r t high temper-ture. This welter of explanations is r ..thur 

inconclusive. 3P':i:C::K* s nd TUTTLE'S hypo the s. s in general seem rather 

pi usible to the writer, but obviously c .nnot .'.pply to this type of rock, 

xn which tin. c r y s t a l liz tion of microcline is the result of late-m-gmatic 

reactions .t relatively low temperature. In 1955, ROQUES worked out the 

tr .nsform vtien of pi-.giocl .se to myrmokite for the first time in a 

quantitative w ty. H demonstrated that for the transformation to take 

pl*oo only silica ]8 needed, whiL .lumina, lime and soda are being 

released. Also, myrmekitos can form from potash feldspar in the vicinity 

of pi .giool ae with introduction of silica, sod . replacing potash ..nd

alumina being K  loh 1 out.

In th, rocku ol' the northern m.uslf, moat myrmeUtos oldor than

tho pot. 01. folds? r ad jroud < th a tho pla*l««l so. “ • >' ° “® 1 

to type I of MOiSCHKH-KADliN (from . deooripive point ol view . Those 

growths ,ro p .rtly dissolved hy tho potash f o l d e r ,  the .albito in tho 

myrmukitos is dissolved by tho potash feldspar but droplets of ,«ar .  

are usa.lly net assimilated « t  remain in tho pot .sh feldspar isolated 

from the rest of the intergrowths. This type of oorrosion h a. been 

observod by BUGG1S ( W i ) .  Also, a few myrmuKitio w.rts growine fr m

plagioolas© into the microcline have been noticed in tin g
of myrmekitc. in

though thoy .ro not as bund .nt as . ... • ■ ^  ^  Mtlon of

lif;ht of ROWMW t»per, both phonomon . o r. >o . « •  < in

silioa-oor.... ia ia* residual liquid , on p i .giool .se (or

Che last c s o .)
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Tims, myrmakitiaation h .s  mainly occurjd before the crystallization of

A p

microolino and ilao uftor, in tm  few ooouxvncws of .r.rts growing into 

the microcline. Actually, m.vrmeKiti3ition i.j responsible for tho corrosion

of , >1

Taia brings up third problems th. origin of the porthitic texture

of tiio microcline. The so purthitea .ro oi th., string typo. 'I hoy are of ton

concentrated on th., rirn of t ,e miorooline oryst ^lo in tho vicinity of the
eu

pl-.gioc* -so. /h-n, V' r myrm^kite 1 - oorrodod by i.acroclmo, a dustor of

.ilbitic strings occurs m  tne potash feldspar at t.ie contact or in the
<1

vicinity of the mturgrowth. ^xsoluti >n of aodium felspar in solid 

solution in potassium f.-.ldsp ar t highor t«rnp*-rature cannot expl .in theae 

porthitea (tiiis microolino h a be^n formed .t low tamporatura) and would 

b  ̂ cotntr ry to ito occurence in t.u vicinity of myrmokitoa. Hence, it 

must bo admitted th t .some -Ibito of tho myrmekitea h.s b^en t-ken into 

solid solution in the microcline during corrosion md has bean exsolved 

in tho areas of aigher concentration-;dj cant to tha myrmeKitaa- us 

string perthitoe. Holies of pi agio-.!, so m  potash feldspar are oiten 

devoid of % myrmoKitio rims the potash feldsp.ir has completely corroded

• . _____J__________■ | ?.•__ ___ ill— LL-,,.i --iocl ••

boon ;> rtlv .lbitieoa by rn.yrr.iokitiaationt when nicroclinc formed,,,..it

currocK.l thi 3 l M ‘.e.

The exeoluUon of porthite ia Uao connected to a lesser dagrco with

p .its of tho microcline orystala which nave been aubjeotad to atreaaoa.

Though tha Be crystals havo undergone nothing liko the granulation that

..f footed tho plagioclase, oome crystals have been fracturod or their

edges have been alightly strained. Thuse part, of tha cryatala ahow a

high development of ilbitio etringe. As suggested by OATES (1953) « d

KICHOT (1938), tha atr nud 1 ttica of microcline aooma to have

difficulties in keeping the ilbitio component in solid solution and

eXKOlVOB it.

A f « *  ooour.noos of potaoh f 1 r >n p l * i o ° l o «  *  “  

observed, tho, ,re int.,growths .nd result fro. tho ^solution ot lovor 

tempor-.turo of some pot .sh foldsp .r ohioh .os Jo solid solotton *» 

plhgiooluse feldspar it hitfhor tempor.-.turo (;>ntii>v.rthiu. . ili01tu.
♦ , rf t*w crystallisation, moltun silicates

To ooncludo, ut oo~ » <A- - ^  ^  magm.iti0 fluids. This

h,vo boon t,ken into solution «  ' ^  ^  tr. ̂ forrod to tho

liquid his ruao* rfi th pi '.giocl-Se
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rcaotion zone, corroding pi .giocl ;ao . .nci jenor -.ting rr.yrmok.ites. In turn, 

miorocline h^s crystallizod from thio liquid, or formed by the reaction of 

pot ash with the lbit.e of tue myrmekitus, aid was-on its edge-un .bio to 

atJimil ,te completely tho excess lbito which was exaolvod in perthite form. 

S-ncu • little microolmc lv a b.on lbitizod (myrmeKito warts), ailloeous 

solutions wore still slightly etivo .ft., r the formation of miorocline. In 

tho writer'b opinion, ill tiiose tortures -re the r-uoult of low temperature 

motions. Tno^gh this i3 highly upocul .tive, the granulation of tho 

plagioolj.se s.;um3 to h ive pl..yod very important role in thv.se replacements 

by cru , + ing stre3ao6 in the pl .giool so 1 'ttioe ;.nd increasing its

ro ictivity.

(b).-  K. I .M ' '1--' .M'-' t tw. . 1. , ■ n-.: ). ■ : 1 :i^el . ..

Complex relationships h v<* boon observed between quartz and 

pl’tgioolvU ■* quartz m y occur in l irge rounded relics in plagioclase 

(without my relvtion3hip with myrtnekitu!), but these same crystals of 

plagioclase may also bo coirodod by other quartz grains.

DRKSCHSR-KAflj-JN (194?) h -» explained these textures by complex 

motaBOinatiem actions. BSLLIERJi (1958) b-B found th. aame texture in 

gnoioBus whore no motaaomatlM, h.a taken plioe -md explained them by the

local offset of dirtooatlon. la oryBt U .  Ita urit.-r support* th, 1- tt.r 

hypothtaia, with > few additional romark.. B3LLI2RE called th.su asaooiationa 

'•mutual corroaion textures". Thia mutual corrosion i» different from the 

oorroeion of pl-Sioolaao by microolino which ia not reciprocal, there ia 

no oorroeton of nioroolmo by plagioclaBo. The importance of dialooationa 

.-.nd imporfootiona in oryetala h.18 been omphaaisud by Du.K-.YSER 

AMELINCK (1955) md by TURIIJR md VERHOOO® (I960). Those dialooationa are 

promoted by deformation md thoy m.ay provide ohannolwaya for g r a t in g  

material (RAKBKRd, 1952) ‘"d f a o i l i t .e  ro..Loomont proccaaoa, or m  

tho eolubility of Quart, has been ahown to increase with th.. dogreo o 

crushing of thle material (JACKSON and TRU00, 1939). 1”

of tho nortUo-rnVranitic" rooka, it ha . boon ahown that thoao roc ave

. 1B deformation must have
undergone oataolasis to a oorU in  extent, . a .  do ^  # ^  ^  ^

generated many crystal defects in pl-^ioo , ^  ^  irnport:vnt i8 th0

this led to mutual replacement of lll” “  prolfluroa may reach a degree 

axistence of differential tensions* o ^  ^  lJtluilibrium with the 

.here the plagioclase or tho quartz is iB 900n to 

liquid phaso '.nd uisf.olves igain J-n
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replace mainly tnc. gi'mulatod plagiool a bo .nd h. :> littlo uffoct on larger 

un> -ranu-*-ated pl^^i .^olaac.

This mutual corrosion m.iy luo oocur in i^grvgateB of quartz betwoun 

quartz graina and is  bust sown by tlio ubo of the gypBum auxiliary plate.

(o ).-  O nnal'.t io n  of th-.1 fri t,-.ucl an..

Moohanioal Btroeses iuv«. boon ..uiovni to granulate plagioclaao cryutala 

nd to break thum down into fino-grain>.d -*- n "‘ado of delicately

imbricated nd atr.iin-froo tiny p l .g io cl.se  oryatala. Tho writer attributes 

ttioso features to reeryatallization. Wio f ct that reoryatallization yi-lda 

fine-drained aggrog .tea r tlu.r tu.m 1 -.rgo oryat :1a ia not unusual and has

been noted by TOJOrSR md V a (I960) • •• * ‘ther ooramon.

(d ).-  Conc’lu< i ma.

Th* r«. lationshipa botweun quartz md fold spars have boon shown to be 

complex. Thuy r< th, r, ault of oombin .tion of factors! deformation md 

reaction of 1 -to m *t.i tic eolutiona with oarly-formad minerals.

Deformation h. s boon import mt xn facilitating roplaooment processes 

by l .te- rn^atic  solutions; to quo to OLANu, ,UD (1?47)« 'I f  the crystalline, 

vitr joub md liquid atatos aro Vory well-known to physicists md chemists, 

the same cannot bo a a d  of dynamomorphic atatos. Thoae ire known to 

to'•tom oi in s md p tr logists is oataolastio textures'.

H I .-  .^TKLLIPIC AfllD DYKK3, S M I T E S .  APLI I'riS AND T O O N D IU ^IT i^

A.- Pegmatites '.nd aplituB.

rooKo aro particularly in tho rim of the "granitic

o t P1 t , , y l r t Wi H  ^ivu mi idea of their complexity.
massif. Phtoa 44 *«d *5» PI lto A*111* v,iA1

J .  aoon to out p . ^  t i t * .  < F *o  45, « a *  W i l l )  an , ooour in

fiaauro. or .von in faulta  c h a t t i n g  tho p .^ a t i t o  voina (aamo Photo).

Thin quartz voina ire also numerous md miy bo mtorseo .

♦ ... M • r. ' . at ! •
pegmatites ..md the aplites or in small

l M offset by tho emplaoomont o 
showa aome quartz veins which a .vt. u

intruaivo and d lla t iv *  ., ,  w, , h u  ■ I - <
-l fdw yards wide .md along str^o

Thfe pegmatites aro novor more th-. 

potor out a ,to r  i anort d i .t n n o o ^  ind ooour in

Th. apli tuo U »  ■ , xx|Jl_ ■»

oompoaito dykua 2 to 3 yards wi o * .. a finu-
h 4 t’f^rent-looking typos oi - 

composod of is m my >s t)u>.-o ■ Lraoterizod by

z .sq than 1 mm.)» ;U1 l,)
grainod aplito (grain-aize



parallel iligr.ment of thin biotitu J’l ikesj nd a ooarser-grained npLite

(up to 2 mm.). Quitu a few -piite dyko3 follow thu samu tremd as some of

thu b iSic dyR.ua (Ph'-.4o 47* PI ito XXTV nd photo lB, Plato XXV)} th^y -.ire

3v,̂ n to bu cut by tin b asic dykos, /h u h  must therefore have buun umplacod

at a la tor sta,~o. Deformation of thu "granitic" host-rock has sometimes

folded or offset some of aplitu Vuins, whioh then piss laterally into

swarms of folded luaions, is in photo 49, Plate KXV.

Uni^r thu ‘ • oroeoopu, th>. .plites ru composed of pl-gioci . .se, micru-

alinu *r-- <1̂  rta. The. composition of th>_. ^ 1 -giocl .aus ranges from andusine

4fir ht. to oiigocl isu 1&- nn/G.Tu^y ire tanned .ccording to thu ilbite law 
K>

md thoir maximum uizo ia 2 .0  mm. They .ru moru or l^aa corroaud by 

mioroclino which ia p rthitio tnd may re .ch 2 .0  inm. .cross, The ^uarta

io 2 0 nun* wide and v rroaivu. It is of tun intorgrown with pi .gioolase.
" ^ L

£.00086 ri s up ohlori tissd biotite, vpidovo and tph •. . lal \ «.• • 

are giv~n in table # 6  .

T A E L :.. # A  &
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I H 111

1 m "

Pl .cTioOo. so 57.7 22. 3 28.2

Microclin'j 4.2 9**' 28.8

Quartz 35.1 42.4

Chlori ti^ud
0.4biot:te X.8 3.0

ophone 0.5 2.5 -

Epidote 0.7 - Q. c

100.0
TOO. 0 100.0

Thu re is uvidkintly a r .thur large v triation (V

Und_r thu mi0'-0scope the. pegmati t».s ahow tho

,.B the p̂l*1 out th-ir grain--aize is up to 10 om.

B.- Trondii.ie.mj.to':.

All over the rla of tho massif, dyko. of light coloured o„-

tho "granitic" TOOK*. V U g  « .  8 to 20 ft. thick and o»< the 

p s g ^ m . .  -nd tho ..put,* . Ho«v«r, th.y .gr i» turn *  

nut works of thin aplito Veino. Thin b.iaio dykes m y ,lao out tho 

(Photo 5 1 , Plato XXVI). Howovop, some of tho trondhjemit. dy o

have been e,.placed against thick

shattered the basio rook in tho o o n t  ot -one.



have been injected, into thu basic rock. ncid ayices arc thus younger than 

son.e of the basic dykes.

Mod .1 malyses of these rocks ar- giv-n in t .ble V*«27.

They art s^on to be widely divergent. These rocKs all have in common 

>. great abundance of s -lie minerals (from 80 to 90/1) :nd a very low colour 

indox. rh^y are best described by the t̂ rra TRONDHJi-lMITE.

T A B L E

P l - g . Mi. Ho. Bi. Qz. fip. Sp. Ore

1 77.5 4 .8 - 4-5 12.2 0.8 0.2 -/100.0

2 49 .0 5.4 0 .6 2 .4 38.8 2.1 0.7 I . 0/ 100.0

i  57.2 7 .0 - 5 .0 22.2 7 .6 - 1 . 0/ 100.0

Under tuc microscope, taoy «rO 8eon to consist of p o rp ay ro bliStic

pi igiocl .so (5  mm.) oco in n j  m ;rounim::.8S ol pi .giocl tse ( 0 . 1 to 0 .5  mmj,

microcline (I  tr.m.) -.nd -ju.rtz (0 .01  to 0 .5  mm.), with acme biotite, sphenvi,

^pidote -nd iiornblende. *o-3 0
the pi agioole-sos h ve compositions ranging from andeame iO to tHV-̂ rr 

m  thu porphyroblasta which -re positively zoned Jid twinned according 

to the albite-Carlabad 1 .w. Tho plogioclasea in tho groundmass have 

compositions ranging from ande-sine -H“ An^to oligoclase ^ A n ^ .T h c  latter 

_iro corroded by interstitial veins or grains of microcline. Biotite occurs 

in schlieren or in .e>gregatos .Jid is tnen associated with epidote, sphene 

and ore. It is strongly chlontized and altered to sphene. Hornblende in 

scarce -nd ia slightly altered to biotite -nd epidote. Quartz occurs in 

aggregates of aevjr'1’ iryst Is.

C .- Conclusions.

Pegmatites .nd aplites are abmdant in th. rim ef the massif and most 

of these veins h a w  been emplaoed in fraotures, i .e . » h «  th. "gr- m uc" 

massif v s more or less solidified. This ocourlnce is due to the faot 

that, when the magma solidified, fluid phases tended to escape from the 

massif and formed pogm titio '.nd, later en, aplitic veins in the fraotures 

of the cooler rim of the massif. Trondhjomit* veins are more difficult 

to account for. Tho writer has noticed a striKing s im ila r it y  between 

them and the c o n t a m i n a t e d  '•granitic” rocKs of ihe rim from a *ualit.,tive

♦ hive • ^reflates of biotite with epidote, sphene 
point of VleWJ they t_>- lliVe ê jL' Ij

, , , , ntioai with tne relics of raicroxenolitha found in
and ore which are identical

at . v .iso ehow a few crystals of hornblende bein*
the oontamir^ed rockaj they -
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