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T A B L ii Ig

Flagioclase 57.1 

Hornblende 41.7 

Biotite 1 .2

100. 0

The texture is aubophitic. T*k  plagiool 3c lias . composition ranging from 

andesinj 4^An^to >5AnJ3( on recount of positive zoning). It, is 1 ith-shaped. 

The hornblende is hypidiomorphic md bluish green .long Z; it has undergone 

partial replacement by biotite.

(b).-  The fine-fTrain^d .amphiboli t«.s ..ni their modifications 

( i ). - The fine i:^d-.:p.piiiD)litus

Tiie ^ ‘incipal minor,:1s of this rocK aru plagioclase and 

hornblende *fitu subsidiary oro, biotite, chlorite, quartz, 

sphene and cpidote.

A ty.de.. 1 modal analysis i .> given in t .blc 1^.

T A 3 L S If 

Plagioclase 38.7 

Hornb1endo 59»7 

Ore 1 .6

100.0

The texture is aubophitic to granular. The pi igiocl-se ocoura in laths

0 .?  to 2 .0  mm. nd is ilbite-Carlshod t- n 1. It shows positive

zoning r, ■ its  composition varies from ondesine ^CTAx^to oligo#lase 

Reaction (a~ described Delow) has accused between tho plagiocli3e laths 

ana -the horrblende, and some of the plagioclase crystals have been 

tr .r.o^ono! i:.to finely granular aggregates *moue composition varies 

little fro.;, o.ligoclase ^ A n ^ .I n  one instance observed by the writer, the 

plagioclase Wis completely reduced to tiny grain;. O. c. to 0 .0 , mm. in 

diameter.

The properties of the hornblende are as follows :

2V (-) =» 76 to 80° z - bluish green

Z/c » 19 to 21° Y - oiiVu Sroen

X » light yellow

It occurs in noodlos or hypidiomorphio platas 1 .0  mm. Ion-. The larger 

crystals are usually poitaloblastic, including numerous rains of quart, 

or ore. Some of these large hornblende crystals are rimmed with smaller
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crystals of hornblende. Several st ilus of transformation of the hornbl^nde-

plagioclise association ar« usually observable in tho same specimen or

>ven in tho same thin Section. In thu first stage, tho poikilitic inclusions
9 P

in hornblende progressively di^apears the core of th« hornblende crystals 

is still crowd-d with inclusions of ore, but th . rim ib fro., of them. The 

colour of the core is pale green while the rim ie bluish green, rfaen tho
p

inclusions have completely c) l3| pe xred, the crystals are bluish

t h r o u g h o u t .  A t  the simu time, they begin to encroach upo.i plagioo ,

penetrating them md Separating l,:th3 into grains , which xre further

P
c o r r o d e d  until \ 11 tr .oes ol l .th  liaDit h .vt disaaj^eared.

Biotito is present in small quantities replacing ncrnblende. Grains 

of ore are rimmed with sphene md arc abundant m  the groundmass. Quartz 

and opidote -re rare. Somu chlorite and prelmite are present in the 

vicinity of miorofracturos of tuo rock.

(i i ) .-  i/.pdixi action-' of i.-iphiuoli tea.

1.- Lifcht patches

The n.odal composition of tho light patches into which ihe amphibolites 

merge progressively along the margin of the northern "granitic" massif is 

rather v .riable from sample to sample.

An average of tho moat common rock type is as follows (table Hi") \

T A B L E  ir iAO

Plagioclase 48.3  

Hornblende 51*0

Bioti te 0 -1

100.0

The plagiooluBe occurs in •,;,gregates of several grains free of amphibolo 

and up to I cm. in di meter. It is partly broken down into tiny grains 

which have recrystallised md are finely imbricated. Its composition 

varies from oligooluse 2dAl^t0 ^ A n ^ .  The amphibole iu hornblei.it 

crystallines in needles or hypidiomorphic plates 0 .2  mm. long, rhese have 

a bluish green colour along Z and are concentrated in layers or clusters. 

Biotite (replacing hornblende), sphene and opidote are subsidiary. Ore is 

very rare. In the vicinity of miorofractures, the plagioclase is  

saussuritised, th, biotite chloritiaed nd r hnit< occurs.

2. - Brecoi itod amphiboli i-y

Tho dark angular rounded) f r o n t s  of tho breccia are

of regional fine-grained amphioolite. They ohow no difference, in
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constitution or texture from unbrocciated amphibolites. Thu light material 

cementing these amphibolites is predominantly i'wldspathic: arno >.boid 

plagioclase is grouped in aggregates up to 1 cm. in diimetar. It3 

composition varies from andesine JlAn^to oligoolaso ^ A n ^ I t  i3 usually 

associated with a little interstitial quartz. The aggregates .re separated 

by laminae of large hypidiomorphic (3 to 4 nm.) plates of hornblende, 

However, some voms rr. iy be ntiroly feldsp .thic. The gr adation long 

contacts with the : mpliibolite fragments t kk.s pi.ice within less than 1 cm.; 

from the fragments of amphibolite to the feldspathic veins the plagioclase 

loses its lath babit and the Hornblende progress!vely diminishes in 

quanti ty.

( c ) .  - P.Viies putting tii-. ■ iphiboli te.

( i ). - Ur :Ii te r. »bbro

The black modium grained rock cutting tiio umphibolites in dykes

was found to be uralite gabbro. Its principal minerals are plagioclase

-nd ur.ilitv. Quartz, biotite and 3phene are subsicu -ry.
-ii

Modal analyses are as follows (table iV)t

T A B L J '■£? d  (

Plagioclase

I

55-0

"2

39.6

Urali te 44.2 56.1

Qu .rtz - <-’• 5

Biotite 0.8 1.8

100.0 100.0

The texture is oph^tic. The plagiocl se crystallises in l.-ths 2 .0  mm. to 

I cm. long and h s ncrm:il zoning. Its composition ranges from andesine 

^ A n ^ t o  labradorite 6ft An.o. 11 is ilbite-C..rlsb .d twinned and heavily 

sj-ussuritist-d (^pidote ind soricite).

The urilite amphibole oc :urs in iggregatcs of long fibrous needles 

ind is  palo gruon to light bluish g^een. Its fibrous habit renders precise 

identification very difficult} but, on account of i t 3  large optic..! angle 

(85 ° -nd more), this mineral must bt. m  the actinolite range. This 

actinolitic  character associated w th the typical fibrous habit is 

characteristic of urali te. Quartz is r -.ro and interstitial. Sphene rims 

grains of ore ind opidote anl b i o t i t e  art associated ’./ith the. amphibole.



(i i ). - Or oil tic dykes

Off shoot 8 frum the) northern granitic massif ire composed of plagiocla.se, 

microcline and qu-.rtz with some biotite. Phc. grain biao is oven (5mm.) ..nd 

toe albite-0 trlsbad twinned plagioclaae has a ooi.ipouitior tnging from 

indesine olit;jcl at ^6An^. i croc lint is I ways intorsti ti .1 and

quartz occurs in aggregates. This rooK is very similar to the trondhjemits 

dykes of tho northern massif ( tee oh ptur IV).

Offshoots from tae rod jrani tw so■ ut show no mineral ogic..l diff-.r«noes 

from the parent rock is described in chapter V.

( i i i ) .-  D.ykeS of dolerite

This rare rocK is  competed o< plagiocl 'Se xnd clinopyrojcone up to 

5 mm. in g ram - si/ , with subsidiary biotite and ore. It is perhaps similar 

to poat-Karroo d o lt n t c s .

IV.- pjJTROO^jflC CON3IDoKATI0N3

( a ) .-  . ^ c iv S  aiid origin

The basic assombl ige of these rocks is hornblende-plagiocluss and 

they can be assigned to the aim mdine amphibolite facics, tne absence of 

other characteristic minerals prevents further definition.

rhv. origin of t he  main fine-grained amphibolies is clear, the 

:,ubophitic textures pointing out to a magmatic origin. T h e y  have resulted 

from tho mot amor phi sm of a large conformable sheet oi basic igneous rock.

T^e strong oscillatory normil zoning of the plagioclase is a relic of the 

magmatic texture of this rock. During metamorphism hornblende is a reactive 

miner'll ind the initi-3 subophitic texture undergoes progressive destruction 

together with redistribution of th . minerals.

(b) Tr .nsforr, ition of b.-sio rocfts into unuhiDolite.3

In 1934, II S^r AN lucognised throe trends in the metamorphi sm cl 

basic rocks. Suffice it for the  purpose of this work to state that the 

amphiboli tea of this b e l t  may b e  assigned to the second series ol this 

author, the abnormal metadiabases., in which h o r n b l e n d e - o l i ^ o c i  ol-

assemblage ultimately produced,

SUTTON .md WAT30N ( 1V51 > enlarged MISlihAK's oonoopts anil also

distinguished throe trunds in thu motamorpliisni ol doli ii (

Laxfcrdian metamorpnis,,, , hornblonde-plogioolass is th. final aaaa-Mago.

(ii ) .-  SI Highlands amphibolitoa i upidotu-ohloriw ..i- th- first 

nd hom blond., which is  sarty-for* I, I ■ "  ' ' 11 ̂

into auglt&| ( i i i ) -  'Vroxen. ,-ranulitss, unstatito^iopsids ar., O .  stabla 

minerals.
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The ortho-amphibolites of tiu Lil ani r t'ion bear » strong simil«*arity 

with those of tho Loxfordian inetariiorphisu: homblende-plagioclaae is 

also huro tuo final assemblage. In the Laxfordion metamorphism, SUTTON and 

WATSON have studied the effect of mu tumorphi an on dolerites (pyroxene, 

plagioclase) and observed tho following stages ol progressive transfor- 

rrations: ( i ) .  - Pyrox ;n . rimmed oy secondary aornblendoj ( 1 1 ).- Pyroxene 

completely replaced by poikiloblastic hornb 1 ..-ncie-quiets aggregates; (i ii ) .-  

FeIdspar laths recryst l in in g ; (iv ).-  Ciuartz-nornblehde i-ecrystallizing; (v). 

Biotite forming, (v i).-  Green ^ugite farming. Unfortunately, a complete 

series of progressive transform-tion is n_t observable in the Lilani 

region; the initial pyroxene hts been completely replaced by hornblende.

It is to bo reoallvd that, in the orthoamphibolite belt hornblende 

plats8 are often rimmed with smaller needles or plates of hornblende.

Also» poikilobl.-stic plates of uornblend. (inclusions of quartz ind o r j  

3how the follo«*inf? evolution: inclusions of quarts disappear, leaving a 

residual cor- still r . tam ing inclusions. Thu core is pale green and the 

inclusion-free rim of ih hornblende is bluish green; th.. core 

progressively r^sorbs txie inclusions nd the inclusion—free crystals take 

on a bluiah .’reun colour t.:±r- ighout. At the same time hornblende encroaches 

upon plagioclaue 1 ths, separating them i- to smaller amoeboid grains of 

oligoclusu; son,., biotite usually forms from uornblende after this stage.

The same trend is in the Laxfordian metamorphism can be- recognized 

here: complete replacement ol pyroxene by poiKiloblastic liornblenae 

(stage ii )}  transformation of plagioclase by reaction with hornblende 

(stage i i i )  ana r>.crystallisation of nornblende (stage iv); formation 

of some biotite (stage v). As th- pyroxene has been v»rrpletcly replaced, 

stage (i )  is no longer observable? apparently the metamorphism was not 

of the intensity required tor augite to form ( “ .age vij. It ilsc seems 

that in the Lilani region, the ruorystallisation of hornblende (stageCiv) 

of SUTTON and VAT30N) was a phenomenon synchronous with the recryetal- 

11sation of plagioolase (stage ( i l l ) ) .  Apart from these features, the

s im il a r i t y  of the mineralogioal transformations in the orthoamphibolites 

of the Lilani area with tin intermediate stages of the Laxfordian-type 

metamorphism is unmistakable.
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Thti sm*ll inclusions oi' orv in the hornblende L.ru inout *vobably th*, 

residue- (magnetite) 01' the amphibolitisation oi pyroxene* at a more 

advanced stage of metamorohism the residue was completely ubsorbed by the
*

hornblunde md homogeniaati on of the hornblende wi th assimilation of tho 

inclusions of ore took place. At tlu same time, hornblende began to react 

with pi igioolaso and to take bluish jreen colour throughout. It is of 

interest to note that SUTTON md BATSON attribute this bluish gr^en colour 

to incorporation of Joda. rhis tends to show that, as hornblende encroaches 

upon plagioolaSe, some soda from the plagioclase h .s b e e n  taken up by the 

hornblende. Ho.JeV-r, -.6 the composition of the plagioclase in the process 

changes, from andesine-oligoolaoe to oligoclase, the quantity of soda 

available could not have been v.ry large. On the contrary, lime must have 

been transferred from the plagioc] ise :nto the hornblende in appreciable 

quantity, in order to acidify the plagioclase. This tr nsl'.r of lime is 

probably th- 1 ictor wuich biought :bont the hoir.ugerfitouation of hornblende, 

allowing the core to evolve into normal hornblende. As biotite formed at 

this stage, it is most lively tnat this was brought about by the release 

of potash in 3olid solution in pi ■.gioolaee, Set free as tms mineral

r e a c t e d  w i t h  hornblende.

The presence of several reaction stages m  these ortho-amphibolites 

shows that complete equilibrium s not quite reached between the venous 

components of the3e recks. Factors responsible lor this lack of 

equilibrium are complex: insufficient metafaorphism or duration of 

metamorphism, distribution of stresses, etc. The writer suspects that 

the presence of water was of primary importance. Without water, no 

hydroxyl-bearing mineral such as unphibolo could have formed. Ibis 

presence or absence of wat6r moat probably determines whether a d 1 

under metamorphism is going to follow the 'wet' Laxfordian trend or tho 

•dry* pyroxene granulite trend. In this case the writer suggests that 

the metamorphism of these rocks was stopped at various intermediate stages 

because water was no more available, or only in insufficient quantities. 

This supports WILCOX and POLDERVAART (195V )'«  statement that water content 

is more important m  the metamorphism of doloriteu than thi actual

temperature r e a c h e d .



(c ) . - Evolution of the Ortho-amphibolitea
r

Thu oldest rock, of this belt is thu eoars^ amphibolite occuring in
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xenoliths in the fine-grained urnphiboli tes. The aubophitio texture of this 

material indicates that it it. ilso of l/^iuous origin. It is unfortunately 

absolutely impossible to d .t.ruinu its struoturl suapej this has beun 

disrupted - nd . * u a n  down during t;u ei:iplaoum<-nt of tho main doleriWa 

( i . e . ,  corresponding to the fm^-grained imphit’olites before mutamorpni3m), 

younger in age.

At a later st :u-e of mutamorpaism, various processes locally modified
form

th e  ..spect and the structur.. ol' tin *mphibolites to^llght p-tclies -nd 

breccias in t h e  amphibolite. It ia recalled that t h e s e  b r e c c i a s  ire 

comented by Veins of pi ,aocl o'., -nd t h a t  t ~ l i g h t e r  p a t c h e s  re  slightly 

richer in plagiocl than the surrounding fine-gr .ined amphibolites. In 

t h e  writer's opinion, ocour ncc of plagiool .*«. i fissures or in pitches 

a t  the intersection is to be explained by migration of plagiooliso from 

the fine-grained imphibclitos into tu--.-. zcnus, nd not t»y 1 eldspathizati on. 

rVhe writer was struck by the fact that no forei<*gntninerals arc »o bo 

found in those plagioclase-nch honest no microcline or biotite indicating 

infusion of potush or no quartz duo to infusion of silica.

On thu other hand, YODER an TILLEY (1962) hav> demonstrated thnljaaphibolite* 

may yield anorthoaitic phases if  the temperature i s u c h  that plagioclase 

bugins to mult (this temperature is fairly low) and if a driving force 

can squeeze the plagioclase out of its mother r^ok (these writers suggest 

filter-pressing). Hence, thu origin of those concentrations of plagioclase 

may be traced to the regional ar„pnibolite itself. As for tho aiivm g 

force, RAMBERG (1952) showed that minerals growing in fractured zones 

have lover freu enorgius than the same minerals in adjacent rocks. Honce, 

tho partial melting of plagioclase and its Migration towards low pressure 

zones (fr-ctures) brought about tho concentration of pla&xoolase 

fissures or fractured /.ones. This phenomenon oporatod as well for 

brecciated zones as for fractures or intersections of fractures, giving 

rise in the latter case to patches P lu ra l  feet,diameter.

These fractures and breccias occur mostly ia thu northern portion 

of the belt, i .e .  in the vicinity of the northern •granitic" massif, an 

have without doobt beun c .used by t h e  e m p l a c e m e n t  of this ma.sif. It £  

also be suggustod that thu additional supply of heat from th e  gram 

— - — ... ,h"



slopes of tho Lilani valley (not studied by the writer), GEV2RS ( 1963) has 

shown those unphiboli tos to have 'bm n aubjoot .d to metasomatism with intro­

d u c t i o n  of soda(plagioolaoo) md pot a (biotito and potanh feldspar).

The writer will ohow (ohapter TV) th tliis resulted from tho roaotion 

of the northern "granitic" m.oaif on the amphiboliteB when the acid rock 

c tme in close contact with th*. b isic rocko.

An interesting, though aomewh.it minor, point is tho origin of tho 

uralite in tht iralil bi rhi . . .  > unger than I Lbolite*.

Uralito ia tho product of hydration of pyroxene. If a a tho water naoessary 

for this uraliti nation of poat-raagtn .tio or metaaomatic origin ? In other 

words, ha a tho gabbro boon omplaced at a stage oi metamorphism for it 

still to by affected oy th.. 1 tt r or after tiio ir. .in period Dll' motamorphiam? 

The writer thinks that this particular rojk c-nnot possibly have, undergone 

regional mot amor phi ami the pi giocl iSo is relatively fresh, in lath habit, 

zoned and shows no tracea of roaotion with amphlDoie.lt ia very likely 

that uraliti ia the roault of lutometamorphiair. by po3t-m.~gmatic solutions

iat tho gabbro has b.en einplaoed after tho main period of matamorphisn.

V.- CONCLUSIONS 

The probable succession of ovents ia ia followas-

(i).-  Baaic ign oua rock in unspooifi«d depth environment.

(i i ) .-  EmpLoemont of main body of b .sio ign .OU . rook from (i ) .

(iii ) .-  Bnrial, toctonism and wtamorphism of tho oomplo-.. Amphiboli-

tisation.

(iv). rimpl vComent of the northern "granitic" massif.

(v).- Fracturing and partial r,crystallisation of th. amphibolitos at

son j stage of ( iv ).

(vi).-  Emplacement it loBSor dupth lovols ol rod gr.nitd sh-st

south »ith  lt t t l . ®ct imorpaac uflaot on amphiboli too.

>< , 1 , + ibbro and dolori tes
(vii).-  E m p l a c e m e n t  of tew v. in.. o 1

(post-Karroo?).



CHAPTER IV.- T H E N O R T H E R N  " 0 R A N I T I C" V A S S I i

I.- INTRODUCTION

Thi3 "graitio" ma3sif is aituited aome two miles, as tho crow l'lies.

to thy north of tho confluence of the Lilani ana Hlimbitwa rivers. It

has a trend more or less parallel with tn« central -.nd metasedimentary

baits to the south. Unf ortun’i.tely, ita northorn boundary 13 hidden under

the TM3 plateau or under the ..lluvj .1 of the upper course of the Hlimbitwa

river, so that hardly mori than a mi’ e-from aouth to north- ia ope-n to

direct observation. Thu uppermost h ..itreim of thia river ia nearly devoid

of exposures; but fortunately, in tho southern portion of the area, the

river turns sharply ind flowsju-W for a mile or so, entrenching itself

deeply in tru. b iSement rocks. It is vory likely that this abrupt change

of course is due to an unexpo3eu W fault.

The boundary between the "granitic" massif and the ortho-amphibolitic 
cropp^s ovt

rocl*nw-n- r n v  t< th south ia f -r fron ah rpr transition occurs over 

.bout ^00 yards. This tr nsition zone is, -.ooording to the writer, a 

reaction or oontamir. .tion zoti. between the granitic roci md the

amphibolitic rock.

With thv "granitic" rook are associated b isic dykes. These present 

certain features rfhich vill be uaed iccording to ’'^GHANN' a methods to 

determine the geological history of 1

II.-  TH:.] "GRANITIC" ROCKS

A.- GjUN’JRAL e\A rUR,-3 uW J 1 ' L. 1 -■ •< -U i 'AililL—

rhe unoontaminated rock io exposed in the northern portion ol the 

area. It is a medium to coarso-grained rock, having a low colour index 

and studded with pink spots (feldspar) , ivm g a characteristic pink shad,. 

The rook, however, is far from uniform} ve.-y often it is Uturwoven with 

a quite difforent-looking rock which ha» a grey hue and ia fine-grained 

relatively to the pink granitic rock. In sufficiently large exposures, 

the grey rock gives the impression of a network transecting the pink rook



and isolating more or iv.33 rectangular chunks of the latter, often to form 

a breccia whose fragmenta of pink rock ire cemented b y  i matrix of grov 

rock (Photo 40, Plato XXI). The pink rock seems to be corroded and to occur 

as relics jr. t h e  grey rock. The pink rook m .y also b e  cut b y  dyke-like 

bodies of grey t o o k  (Photo 41» Plate XXI), which can b e  followed for only 

10 yards or so vnd then vanish or merge into larger patches of grey ror-.k. 

Xenoliths of pink rock are to be seen in these dyke-like bodies (Photo 60, 

Pinto XXXI).

Thoae observations show that the ^rey rock j.s the younger of the 

two and disrupts the pink reek. JiiDERHOU. (1926) h is given this type of 

structure a special name: die t.yom tic (net structure). He applied it to 

tho penetration oy network of veins of .n older granitic rock which has 

not been entirely dissolved. Recently (1962), WEGf'ANU has used thi3 term 

for a similar type of structure in Norway.

Towards the south of tnc massif, the colour of the pink rock 

becomes darKer ind eventually loses its characteristic tint, taking on 

bluish shade due to numerous clots of cufemio minerals (hornblende and 

biotite). In the vicinity of tho ortho- mphibolites, dark material 

usually occurs in the form of lung bands, but irregular patch©* are also 

formed. The aictyonitic utructure is no longer to bo seen. The®o are also 

a number of ar.pnibolitic relics whioh have undergone extensuve 

granitizatic n nd have no particular orientation (Photo 42 "-»d 43,

Plate XXII).

B.- M;, NATUhf 0Ir Hib "I, It AM  PIC' H0CK3

The term "granite" or "granitic rooks", is it is used here, mv’t oe 

unuorsood as a gener 1 term designating the complex aeries of rocks of 

tho northern massif. They tctually range in composition from adamellite

to qu irtz-diorite.

This terminology has been used by various writers, such as SELERHOLM,

•4EQMANN and, in particular, TURNER ukI VEHHOOGOT (I960, p. 342).

Modal an.il.vses have been carried out.

It oan be *>«m from t a b U i  that tho pink "granitic" rooks ha-e a 

fairly homogeneous minuralogioal composition. A U  of thorn are poor in 

potash feldspar. According to UNDOIttS-a ola.sifloation, the term 

gr.modiorite is roatriotud to rooks in which tho potash feldspar makes 

up from 13.3 to 53.3 of the total feldspar.
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On this basis norw of tho so rocks c. n be termed, granodiorites (though 

sample 2 is not far away from the lower limit of this clan). Howwvor,

French writers (JUIJG, 1958 b, H .&  G. T. rt’oIdR, 1956) consider that all 

"granitic" rocks rfith loss potash feldspar than plagioclasu may be called 

gr;-nodiorites. The Auurioan cl .ssification appears to be mor.  ̂ precise to 

the writer '.nd these rock3 may thus be as signed to the diorite clan * nd 

called quartz-diorites to indicate the bund .nee of quartz. Thus, in the. 

case of the northern "gram tjc" massif, tin term quartz-diorite stands 

for a rock poor in potash ft par (less than l/8  of the total feldspar)

«nd rich in plagiocl sc aid * quartz (mor«. than 20.' for the latter).

Also in tho rim of the m-ssif ( t ble <rt;,  the rock has the composition ol a 

quartz-diorite though it is here richer in cafemic minerals. Samples I 

to 4 have been taken in sequence from the southern rim ol the massif 

towards its interior .nd excluciivtly in the rim of oluisn rocks (no pink 

rocks from more central portions ru included;. .

Th- composition of the ,-rey rock ie more va le (table Itt).

Samples I , 3 and 6 are too ncii in potasn feldspar to be quartz-diorites 

and must hence be called granouiorit. s. Samples 2, 4 and 5 have a quartz- 

dioritic composition.
r a ;■ l 12- 

Pink jtjditic rocke

Plag. Mi. Ho.

1 54.0 1 .3 -

2 54.6 6. 3 -

i  56 .6 4 .3 -

4  56 .O 4 .2 —

H.Bi sample I showed 1 fow tr ices

Bi. £pidote Sphene Ore

10.8 23.0 9 .6 1 .3  - /I00.0

1.7 36.4 0. 3 0 .5  C. 2/100.0

12.5 25.9 0 .2 0.4 0 .1 /100 .0

1 0 .1 26.1 2.3 0 .8  0 .5 /100 .0

ot contamination by b sic material.



Contamined pink /yr.nitic rocks.

Flag. Mi. Ho. Bi. Qr. fipidote Sphene Ore

1 40.6 0.7 4 .2 21.9 21.0 I I . I 0.3 0 .2 /100 .0

2 47-7 3.9 - 1 8 . 2 ''2 .6 6.9 0. 3 0 .4 /100 .0

i 47.6 2.1 - I I . I 36.1 2 .0 0.7 0 .4 /100 .0

1 48.2 1 .8 - 12.4 34.8 1.8 0.4 0 .6 /100 .0

These samp1gs have boen taken
e

in scquene from th<- southern rim of the

massif towards its interior.

T A B L

Gr-.y granitic rock*

Plag. Ki. Ho. Bi. Qz. iipidote Sphene Ore

1 35.7 1 5 .1 — 6.8 39.2 1 .2 - 2 .0 /100 .0

2 5 1 . 2 0 .5 - 25.1 21.9 0 .5 0 .6 0 .2 /100 .0

1 53.8 1 0 .1 - 9 .3 24-3 0 .5 1 .0 1 . 0/ 100.0

4 59.2 7 .2 — 3.8 25.2 4.4 0.1 0 . 1 / 100.0

5-j 57 . 6 3.8 — 1 5 . 6 19.9 3.0 0.1 -/I00.0
a*

6 58. I 9 .6 - 8 .2 22.4 1.4 0.3 -/100.0

C. - Pw JRGGRA HIC DESCRIPTION

(a).- Ti:.- H-. lies

Inclusions of foreign rock, which are particularly atuodant in the 

rim of the massif, are seen andor the microscope to consist of cloudy

.......... .  f l l - s - i  —  x n t . r s t i t i a l  q u a r t z . ^

They undoubtly represent relics of granitized. amphibolite. A few hornblende 

crystals persist in the t;roundma6B but, towards the rim of the m assif...
MU+- V ---- jr - • W '

(b ).-  The Pmk "Uiarntiq" Hocks

These have been snown to bo quartz-diorite. llnd„r th. microscope, 

plagioclase occurs in p h .n . .r ,6 t .  up to I cm. in length and in small grams 

in th. groundmaas, averaging 0.1 mm. in diam.ter. Tho composition of the 

phenocrysts varies from andesine HAn^to oligoolase W A ^ m d  they are more 

or less saussuritised (sericite and epieote). Nest cf the phenocrysts 

exhibit somu normal zoning ..nd ire twinned predominantly according to the 

albi to -Carl shad law. They have wavy extinctions and shew seme mechamea
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twinning + due to incipient cataclasis. They i.r« never perfectly 

rectangular, their edges -iru rounded ;nd their outlines ire not clear cut. 

Parta of phenocrysta hive been converted into aggregates of small 

plagiocl me grains retaining the s.ime general optical orientation as the 

large crystals from which they h "o btt-n derived. Parts of a crystal have 

been separated by fine groundrnasfc plugiocliae resulting from granulation 

in the interior of auch crystals. The groundmass plagiocl iae has a mean 

composition of oligoclase >?Ari^tDetailed examination of tho groundmass 

al3o reveals that, whilst many pi .gioolases in it have raggod outlines, 

some patches consist of neat mosaics of tiny plagioclase polygons tightly 

packed with delicate imbrication texture.

Potash feldspar ir microcline md may occasionally reach 3 mm. in 

diameter, though it id mostly interstitial. The microcline is seen to 

corrode the plagioclase md the larger crystals of potash feldspar can 

dissolve whole patches of the plagioclase groundmass. The larger plagioclase 

crystals are then uaually mantled by the potash feldspar, but are also 

seen to h corroded by it . Relics of undigested pi tgioclase are not 

uncommon in microcline. Usually, in the zone of contact between the two 

feldspars, the plagioclase is fringed with an albitised rim crowded with 

droplots or fingers of quartz ( ...yr;,.■ ̂ itwj. Very often, the potash feldspar 

has partly resorted to'myrmekite, but has f-.led ao dissolve its quart* 

which is isolated in tho microcline from the rest of tho intergrowth. Also, 

a few myrmoKitic warts growing from tho plagioclase into tho microcline 

have been obsei-vod. However, these arc muc lass abundant than the first 

type. Holies of plagiocl sa within microcline have only fragmentary 

myrmekitic rime, if  any. String perthitee are abundant in the micrccline, 

particul ..rly in the vicinity of myrmokito or in granulated and fractured 

aroas of the crystals. Potash feldspar is .also present inside some . 

plagioclase, but only in smaP rectangular patches having the same optical 

orientation as the crystal host. These patches show no evidence of corrosion 

and are thus antinerthites, i .e . intergrowth, of potash feldspar in a 

plagioclase lattice resulting from the oxsolution of the potash feldspar 

which had boan in limited solid eolation in the plagioclase at high

temperature.

+ Mechanical twinning is a phenomenon well-known to metallurgists, 

twinning lamoll-e are bent and end in wedges (MCHOT, 1918).
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Flakes of biotite ;uv«> • <, maximun length of 1 .0  mm. 'Tioir pleochroism 

v r '^s  from brown to green. In the cont iminatiun zone- only, biotite occurs 

in Knots wht.ru it ropl ic .̂s hornblende md is ussoci .t^d with hornblende, 

epv'.ote, sphene *.nd chlorito. It may bo \ltered to a bluish chlorite and 

to aphene, the latter being tae first mineral to appear. A few flakes are 

embayed by plagior.'. ase crystals .nd ha/u b partly corroded by it. 

Ilmenit* I p l«ft behind .s a residue of this corrosion, unsoluble in

pi ;giocla3c.

In the very rim of the oontainmation zone, hornblende is present 

(see table I I ) .  It always occurs in knots whoso ouUr shells are composed 

of b iotit . surrounding cores of hornblende. The biotite ha. obviously 

replaced th . hornblende! it is also found intergrom with the U tter , 

replacement having been effected fro™ cleavages and cracks. The terminal 

portions of biotite flalceB in direct oontact with hornblende re 

fre q u e s tly . . r v u i u ; , i .e .  include delicate p .tterns of tiny drops and 

canal, of quartz. The optical p r o p e r t i e s  of this hornblende are tne

following s

g/o - 20 to 23° * •  bluiSh grBSn

2V( . )  .  73 to 77 “ * •  o U v “ ereon

Birefringence - about 0.023 X - U « M  ^ U o "

Away from the rim of the reaction zone, farther towards its interior, 

these knots of bictite persist, but the hornblende in the core has been 

completely replaced. Epidote, ophone, apatite .ind quartz are aseocia e

with these aggregates.
j individual grains may reach 2 mm. in

Quartz ie common and its m aivi e>
i ntieular aggregates, 5 to ^ mm. long, 

diameter. It usually occurs in lenticular agg g

It strongly corrodea the groundless but on y diameter,

It is also found m  rounded inclusions, up to 0 .2  or 0 .4  ~

(W ith out  any relationship tc myrmekiteO in pUgiocl ,ae phon cry a.

T h e s e  .appear like relica cf former quartz oryetals ingested by

plagioclase. gauaaurite or in lar-ge grains
Epidote occurs in small needle

(1 .0  mm.) a s s o c i a t e d  w i t h  b i o t i t u  and uornbler -t and hornblunde

^  “  ? r X ^ - r - i e n d o - b i o t i t e
and may also rim the opaque ore, par

a g gregates  of the contam ination  -one. , ss00iated  w ith  hornblende

opaque ore is not abundant

..n^tite which occurs 
An othei accessory i d lP



(c).~  The ftrey "g rm it ic " rocks

These are finor-gramed than tho pink quartz-diorite and are more 

ovengrainwd. Thu plagioclasu may roach 1 .5  mm. but on average docs not 

exceed 0 .5  to 0 .8  mm. Its composition v rios from oligonlasu-andosine 30An~o 

to oligoclasu l^An^.Thu m in composition is about oligoclaso 2€An^.It has a 

slight normal zoning .nd is twinned tccording to tho albite-Carlsbad or 

albite laws.

Thu microcline is mostly interstitial, but its scarce porphyroblMSta 

may reach 1 .5  mm. in di .motur. It slightly oorrodes tho p l a g i o c l .3 e ,  showing- 

on a smaller scalo-th. s.-.m. r«l tj.onships with it .s in the pink "g r a n i t i c "  

rocks.

Biotite occurs in schliuren of flakus 0 .2  to C > mm. in longth.

Quartz grains iro 2 .0  mm. in da imctur and ccrrode the groundrnass.

Epidoto, sphcno .nd ore .re eubeidiary mi smiller tuun 0.1 mm.

D .- CHEMISTRY.

Four specimens in 11 of pink "granitic" rock have been walyeed. 

Samples I ,  2 and 3 (sue tab lb J*) aru at Various stages of contamination: 

sample I comes from thu Vury edge of tho massif, simple 2 is two hundred 

yards away from this md sample 3 has boen taken at about 500 yards from 

tho rim of the massif. Sample 4 is unoontaminated pink "granitic" rock. The 

analyses are presented in thu following form: in thu first column are the 

weight percontages, -nd in the sucond thu cation percentages. The Niggli 

vilues appear in the third column md tho norm has b u u n  calculated in the

fourth column.

Specimen 5 18 '• sample of gruy "granitic" rock.

Cation percentages havo been plotted against cation percentage of 

silicon, i .e . from th u  h e ivily contaminated rock of the rim (n °l) towards 

the unoont iminated rock (n»4) (F ig .2 ). Thu  silicic end-momber (n°4) is Sddn 

to be much poorer in m -.gnobium, iron and oalcium than the contaminated 

rocks. Aluminium does not vary significantly, though it increases slightly 

towards n°4 specimon. This silioic end-momber (n°4) is richer in sodium 

but poorer in potassium. Thu cation percentage of magnesium v :ries in a 

spectacular way. Prom little moiu than nil in the uncontaminated zone, it 

reach*s 5 .3 *  in t h u  rim of thu  massif. Forrous iron and oalcium also

in 'i si <mifioant wa\. Mineralogioally, this increase, on thu average, in a signincani. w ^ .

variation IB expressed by tho proBor.ce of hornblende in 3 .mple I and by 

the presence of its replacement products (biotite, epidote) in samples 2 and
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T A B L E

CHEMICAL ANALYSES (Analyst : J. LAMBERT)

(i).- Contaminated quartz-diorite from tho rim of tho massif. Corresponds to 

sample I In table II.

NornWeight Cation Niggli Values

% %

S102 60.31 56.9 si 196

16.94 18.8 k 0.32

Pe2°3
2.40 1.6 mg 0.56

FeO 3.02 2.4 — ••

3.66 5.3 al 32

RaO 6.01 6.0 fm 32

Na-,0 3.29 6 .0 c 21

*2°
2 .31 2 .8 alk

i
•rt 

i 
rH 

1

Ti02 0.25 0.2 100

V
1.08

w -
0.07

99.34 io oTo

I2n = 0,4 

Or = M.,0 

Afc = 30.0 

An = 25.0 

Mt = 2.4 

Wo = 2.0 

Ens - 10.6

fs = 2 .a

Qz = 12.# 
100.0

(ii ) ._  Contaminated quartz-di-rite 200 yards away from the rim of the 

Corresponds to snmplo 2 in table I I .

SiO

U jOj

Fo2°3

FoO

MgO

CaO

NajO

¥
110,
Sjfc

h°-
Total

Weight

A ___

6 3 .BO 

16.51 

1.10

3.30

2.31 

4 .40  

4.04 

2.44 

0.26 

0.83 

0.04

99.03

Cation KM w ll  Values Norm

60.0 si 23.6 ilm = 0.4

18.3 k 0.28 Or = 15.0

0 .8 rag 0.49 Ab «= 36.5

2.6 - - An =* 20.0

3.3 al 36 Mt = 1.2

4.5 fm 2.6 Wo = 1.0

7.3 c 18 Ens _ 6.6

3.0 alk 20 Fs ~ 4#o

___ Qz = 15.3
0.2 100

100.0

100.0



(iii) .- Quartz-diorite slightly sontaminated. 500 yards from the rira of the 

massif. Simple I o*' table I.
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Weight Cation Ni^jrli Values Norn
$ %

Si°2 65 .34 61.0 si 253 11m = 0.6

17 .20 19 .0 k 0.13 Or = 6 . ;

Fe2°3 1 .32 0 .9 mg 0.50 Ab -7,4.5

FoO 0 .94 0 .7 — — An =22.6

MgO 1 .19 1 .7 <il 39 Mt = 1 .2

CaO 6 .23 6 .2 Wo = 3 .6

?Ia2 °
4 .9 1 8 .9 fin 14 Hem= 0 .1

K2°
1 .14 1 .3 0 26

t ! o2 0 .39 0 .3 nlk 21 Ens= 3 .4

1 .02 -- Qz=l8.1

0 .25
3.00 --

* 1 1 100.0

99.93 100.0

(!▼).- Uncontcuairu;ted quarts-diorite. Upper Hlinbitvn river. Sample 2 of table

Weight Cation Nieeli Values Norm

- * .. t  .

s i°2 70.36 66 .6 ai 361 11m = C .2

A^2°3 17.45 19 .4 k 0.33 Or => 7 .0

Fo20 0.40 0.3 mg 0.41 Ah = 43.6

FeO 0 .17 0.1 An - 15.6

MgO 0 .20 0.3 al 52 Ken = 0.3

CaO 3 .0 8 3 .1 fin 4 Cor 0 3 .1

Maa °
4 .8 0 8.7 c 17 Qz = 30 .2

*2 ° 1 .17 1 .4 alk 27
100.0

m . 0 .20 0 .1 100

«2°*
1 .08

V - 0.61

100.02 100.0
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