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The plu.giocla.se reaches 2.0 mm. in diameter; many crystals are rounded or 

broken or fissured. Its composition varies between andesinc ftAn3lto oligo- 

clase ^An^.Sericitisation develops in tbo vicinity of miorofractures.

Quartz occurs in granul ted crystals some of them reaching a diameter of

8.0 mm. The biotite flakoS are 2.0 mm. long and concentrated in thin layers; 

alteration to spheno or, if morj complete, to sphene and chlorite is 

developed near miorofractures. Grains of ore and zircon occuring in the 

g r o u n d m a 8 S  are often arranged in thin strings, parallel to the general 

foliation of the rock.

D. - PiSTROGENETIC CONSIDERATIONS

(a). - Ry,;ion.-l

Rocks of the southern belt have non-distinotive mineral associations. 

The significant minerals are plagioclase, quartz, biotite and hornblende. 

Though almandine is rare, the assemblage hornblende-plagioclase is 

diagnostic and demonstrates that the general facie this group of rocks

belongs to the almandine-amphibolita l'acies (TURNb. 1 VERHOOGEN, I960, 

p. 545 : "By no means all amphibolites of this paragenesis, however, 

contain almandine”). Owing to the lack of other symptomatic features it is 

impossible to determine the subfacies.

(b).- FY-tro^'-H'-■ i'-s '‘■nd cngir.

The narrow banding, politic composition and f m u e n t  gradational

transitions point to a sedimentary origin of 'be gneisses and banded 

amphibolites. This is verified under the ,„icr,.scope by several features 

indicating clastic origin : aligned stringers of or., and -ireen o 

concentrations of heavy minerals during sedimentation), rounded elastic

plagioclase and quartz.

Though many amphibolite layers merge into the gneisses, i ca

be proved that all of them are of sedimentary origin. However, no t r a c e s ^

of truly igneous texture have ever been found by the writer in

it is probably safe to assume that the majority of amphibolites

of metasedimentary origin. ^  y<ry „e U  dioplayed, though

Phenomena of second.uy a ,e

Aiata vicinity of miorofractures. They are 

they occur only in the imme « d sericitisation of

chloritisaticn and/or muscovitisation of bioti.e 

plagioclase.



In the chloritiaation cl' biotite, sphene or, less often, rutile are 

the first minerals to form j they crystallize in cleavages after exsolution 

of titanium from tht biotite. In I95$» SCHWARTZ uiso concluded that 

titanium tended to soparato rapidly from altering biotitw. In the following 

stage, formation of chlorite or muscovite takes place. The latter involves 

removal of iron and magnesium (SCHWARTZ, op. cit.) and the introduction of 

potassium. It is very significant that the3^ alterations have only been 

developed in the vicinity of microfractureS j hydrothermal solutions 

circulating in these fraotures w j t o responsible of the removal of these 

elements and the supply of potassiurru

f

The presence in som biotite flakes ot two minerals of alteration 

(chlorite and muscovite) shows that the conditions o;' alteration were 

essentially variable and that equilibrium was not reached.

The s«rioitisation of plagioclase necessitates no introduction of 

potash to take place. According to MICHOT (193$), potash is always present 

to a certain extent in plagioclase and could react with the anorthite

component of plt.gioclase to form mica j

4 anorthite + 1 orthoolase + 3 water «• 1 clinozoisite + 1 phengite

However, in this case, the plagioclase is aericitised only near micro-

fractures and it is evident that potassium-bearing solutions circulating

in these fissures, and not potash in solid solution in plagioclase, were

responsible for this alteration.

(c).- Deformation

The uniform vertical dip of various layers in the metasediments is

complicated by abundant plications in the vertical plane. The nature and 

the aspect of these folds are a direct functior of the relative mechanical 

properties of the rocks involved, i.e. their competence or incompetence.

It has been emphasised (OOUUEL, 1952) that this concept of competence is 

entirelyklativej i.e. a rock can only be competent or incompetent relative 

to another. Observation in this area proves the truth of this assertion.

In folded alternations of quartzofeldspathic and biotite gneiss, the 

former is deformed by straightforward flexure and, except in narrow bands, 

shows little variation in thickness in folds, rfhile the latter is laSinated 

and flows plastically during deformation ( P # o  7, Plate IV). Carried to the 

extreme, this may lead to ehearing out of the biotite gneiss and 

of arrowheads (under strong lateral compression, according to KRANCK, 1. ,



(Photo 9> Plate V). Hence, quartzofeldspathic gneiss i»s compuvent relative 

to biotite gneiss. However, this same "competent" material behavea in an 

incompetent way ielativo to amphibolite : it yi< Ids plastically and flows 

into ohe zones separating boudins of amphibolite. In fact, the v^ry 

occurence, of boudmage, nu described by several authors (iJOGUEL, 1952$

A

RAN;BERG, 1959? WILSON, 1961), necessitates the gneiss to be plastic : 

boudinago takes place when a layer of brittle material is intercalated in 

plastic material. Compression normal to the layering causes the plastic 

rock to flow outwards f.n under the frictional drag on the surface of the 

brittle material, the latter will fail by tension. Boudins form and are 

dragged farther apart under this strain. Zones in between boudins are 

subjected to a defioit in pressure relative to their environment (GOGLr,L, 

1952). In the central belt these are often filled with quartz segregations 

squeezed from the aurroundirg rocks into tho lo« pressure ^.reas in between

boudins (Photo 33* Plate XVII, chapter TIB).

Thu relative nature of competence is thus proved : though quartzoteld- 

spathic gneiss is competent relative to biotite gneiss, it is incompetent 

relative to amphibolites. Since this behaviour can be observed in a single 

outcrop, the.' validity of this conclusion is unquestionable.

Howov r. the isoclinal folds shown in Photo 6, 3late III, although 

they affect narrow alternations of biotite and quartzofeldspathic gneiss 

do not show evidence of plastic flow s they are of the normal concentric 

fold type. KRANCK (1^57) has pointed out that plastic folding involves 

a low degree of i n t e r n a l  friction compared with concentric folding. Thus, 

two periods, or two phases, of folding must be distinguished in these 

outcrops : plastic folding, which took place at depth, and normal folding 

of the conccntric type wnich took place at higher levels in the crust, in

more brittle rocks.

(d).- Conclusions

Tho origin of those rocks is metasodimontary, during motamorphism,

a grade of tho almandine-amphibolite faoios has boon roaohod.

Thoro aro two phases of teotonism , ono involving plastio folding 

at depth, tho othor of tho normal oonoentrio typo, at higher levels in 

tho crust. Secondary alteration of minerals ha. taken place as the result 

of oircu: tion of hydrothermal solutions in fissures formed during rook 

deformati. . postdating metamorphic recrystallizition.



I I I . -  PEG?:A T IT IC  I : A TtCH IA  I. IN THiJ ', .n 'A ^ B Ii^ T A H Y  HOCUS 

The abundance of pegmatitic material in augon, patches, streaks, 

conformable Veins and crosscuttm g  dykes in rocks of thu southern area 

(mostly in biotitic and quartzofeldspathio gneisses but also in amphibolites) 

will strike the most casual observer. Under close scrutiny, it becomes 

evident that two types of quartzofc-ldspathic crystallization coexist in 

the area. One, composed of quartz, plagioclase and nticrocline, is intimately 

connected with intrusive dykes of pegm tite -nd is characterized by a pink 

or rod colour; the pegmatitic material occurs parallel to the layering, 

as well • s across it, but tlwiys in Veins or oriented streaks which can 

ultimately be traced back as offBhoots of a dyke of red pegmatite. The 

other pugmat.itio material is white and always parallel to the layering. 

Microscopic «xaoBination shows it to be essentially composed ol quartz 

.nd pi.agioclaSu, it has no relationships with dykes, and its conformable

lization will be dealt with in the next aragraph.

TV.- h ^ Y S T A v v I ^  riON IIJ THE MSTASSDIMaJtTAKY R0CK3

A.- INTRODUCTION

The pegmatitic material of accretion or exsudation type shows no 

marked localisation, but affects all gnei3SuS to more or less the same 

degree. It is present but loss frequent in amphibolites.

pegmatites are of tho accretion or exsudaticn typo. Phis latter recrystal-

B. - OCCUri .aN’CE

of the surrounding rocks, are usually abundant.

parallel to t h . b e d d i n g

1959) structures (Photo 17, P^ate IX)

1 displayed in some of these pegmatites, 

as have also been developed by exsu-

illimuters thick alternate with thin
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C.- PETROQRA;'HY

(a).- Thu porph.yroblasts

Porphyrobl or mgen, are up to 1 cm. in diameter. Under the

microscope they ar« granular and consist of quartz and pligioclaso in 

varying proportions. They aro found mainly m  gneiss o b , to a lesser extent 

in amphibolites. During growth they have incorporated parts of the gneiss 

matrix; biotite is often found in inclusions within tho plagioclase. Tha 

latter is albite-twinried and its composition varies from andesine-oligoclaee 

.^OAn^to oligocl i3«j >5AnJ5.

Thu average modal composition of these porphyrobl j.3ts is displayed 

in table IV.

T A B L E__IV

Plagioclaso 54.6 

Quartz 34*6

Biotite 10.8

100.0

Thin sections ;3how every gradation between thesu augen segregations, or 

streaks, of quartzofeldspathic m tori tl. Thu overall mineralogical compo­

sition of gnuisscs rich in these Vuins is given in table V. The plagioclase 

retains the ibo�-j-muntioned composition.

T A B L E  V

I 2 

Plagioclase 43.9

Quartz 38*4 39*7

Biotite 17.7 5.4

100.0 100.0

There are"fundamental differences in moaal compositions of tables IV 

and V.

(b).- Pe/?me.titic veins m d  other bodi s

The main minerals of these are plagioclase aid quartz with somo bio­

tite and subsidiary soi-icite, upidote, or-i and ohlorite. Although modal 

analyses have been carried out on several slides per specimen, the results 

must be treated with oaution on account of the large grain-size of these 

rocks (up to 5 cm!).



C.- PSTROGRA DHY

(a).- Thu porph.yroblasts

Porphyroblast^ or ^ugen, .re up to 1 cm. in diameter. Und^r the 

microscope they are grtnular and consist of quartz and plagioolase in 

varying proportions. Thuy are found mainly in gneisses, to a lueser extent 

in amphibolies. During growth th^y have incorporated parts of tat gneist 

matrix, biotite is often found in inclusions within the plagioclase. Tho 

latter is albite-twinr d m d  its conposition varies from andesino-oligoclase 

.XJAn^to oligocl i3e ^Ar.15.

The average modal composition of those porphyrobl ists is displayed 

in tablo IV.

F A B L E__IV

Plagioclase 54.6 

Quartz 34*6

Biotite 10.6

100.0

Thin sections show e�ery gradation between these xugen segregations, or 

streaks, of quartzofeldspathic m.t.rial. The o�erall mineralogical compo­

sition of gneiss s rich in these Veins is given in tab'e V. Tho plagioclase 

retains the abo�e-mentioned composition.

T A B L E  V

18.

I 2

■ solas© 43.9 • ' 

Quartz 38.X 39*7

Biotite • ;

100.0 100.0

There areTfundamental differences in moaal compositions of tables IV 

and V.

(b ). - Pe/arm..i.titic veins nd other bodi o

Th main minerals of th^se are plagioclase and quartz with soma bio- 

tito and subsidiary sencite, epidote, ore m d  chlorite. Although modal 

analyses have been carried out on several slides per specimen, the results 

must be* treated with caution on account of the large grain-size 01 these 

rocks (up to c ..*)•



Plagioclase 77*9 58.2 

QUartz 1 5 . 5 38.4

Biotite 6 .6 3.4

100.0 100.0

Tho plagioclaae may reach 5 cm. in di imet r and is albite-twinned, its 

composition varies from and. sine -3lAnJ(to oligocl.io.. is slightly

aericitiSod in the vicinity of fractures. Quartz ia up to 2 cm. in diameter 

and is mostly interstitial. Biotite flakes reach 10 mm. .ind arc parti..1- 

ly altered to sphem. tnd chlorite.

A spec^Tien of thv lit-pir- lit gneiss men*ioned earlier has the following 

overall ..'inuralogioal composition (table VII).

T A B  L | __VII

Plagioclase 47.9

Quartz 37.5

Hornblende 9.9

Biotito 4.7

100.0

The composition of U u  light layers ia usauntially quartzofoldfputhic. Thu 

gram-aize of tr.j pl.-icci reaches 5 mm. ;nd its composition varies 1 rom 

oligocl SjVjB to *4An^. Quartz iu 6 mm. in max. diameter. Tne dark layers 

in this specimen conaiat of hornblende and biotit,. >.i> to 2 or 3 mm. in 

lengfctfc with : 1 *

D. - P^TROGiJISTIC CON31 DiiUATIONG

A complete gradation his been obser�ed 0 tween biotito gneisses and 

quaitzofeldspathic gneisses, aug.n gneisses .tnd, ultimately, pegm.atitio 

bodies. The main characteristics of this white pegmatitisation are its 

composition (quartz and plagioclaae) > i its conform ible nature, comparing 

thu mineralogical compositions of tables IV and V with those ol the 

ordinary gneisses in tables II and III, t can be seen that there are no 

fundamental differences m  composition between the gneiss nd the augon.

In both rock typea tn<- composition of the pi igxocl ise r ngi j >iotween 

andesine ^ A r ^ a n d  oligoolas* S^Ar^and no foreign minerals are present, even

i.i the largest pegnuititu lenBes.
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Bearing those .facts in mind., the writer haa ruled out the possibility 

of feldspathization with meta3omatic intro ;ction of minora! components. 

Redistribution and roorystiillization of qu irtzof*. id spathic material 

originally present in th^ metasodimentary rocks can account for all features s 

there are no significant differences in mineralogical composition between 

r«crystallized and normal gneisses} there ie no trace of foreign minerals 

(such as microcline) in the quartzofeldspathic; laye.osj thv. strictly 

conformable character of the r-crystallization >nd its confinement to 

certain layers show that its development is, partly, a function of the 

original composition of tho rocks subjected to motamorphism.

Extraction of a ^r initic phase from suitable metasediments is a 

rather old concept. llOLMQUIST w^s the first to obser�e, in 1920, that 

quartz and feldspar ire the first to melt during n ;tamorphism. Separation 

of an ichor (general granitin oauination) from deepseatod rocks has been 

postulated by SEDERHOLM (19^'6). Using this same concept, ESKOLA (1932,

1933) defined partial anatexis is the Selective fusion bringing about the 

formation of granitic magma which may eventually be squeezed out into

higher le�els of the crust.

Recent works (�on PLATEN, 1965* BO .’ES and PARK, 1966) have shown

that, under a metamorphism of the grade of the amphibolite facies, quartz

and acid plagioclase ire the most soluble phas s.

Bxiud.tiM. a m  r e p o s i t i o n  in b o l u s  of the quartzo-plagioclasic 

phase in tho rooks of the southern area may be explained by several 

processes which could, possibly, have acted together : selective fusion 

of quartz nd plagioolase .nd recry.tallizition in suitable parts o« the 

differential .. to heterogeneous pr.s.ur.) diffsisntiation by

differences in mterficiul tension.

It ie known (von rUFEM, op.oit.) that quartz and acid plagioclase

aro soluble under the conditions of this metamorphism. This dissol�ed

quartzo-foldspathic phase will be reprectpitated in suitable parts of the

rock, with other crystals of quartz and plagioclase acting as foci.

Augen ,111 begin to form. As a function of their original composition,

certain rocks will undergo recryetollization faster than others. The role

played by nucloation has been emphasised by LAFPITB (1957). according

to this author, slight original differences in composition in adjacen

horizons will influence the kinetics of nucleation and r e c r y s t a l l i z a t i o n .

„ nf 1 f.'w porphyroblasts of foldspeir m  a

For instance, the presence of a tew porprj

+ 1 mi pr ition of feldspathic material trom 

suitable layer may initiate iu g
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immediate ourreundings into this layer.. E�entually, it m .y bu transformed 

into an exclusively- feldop;ithio one. Applied to the rocks under discussion, 

this process could ex* I n n  the concentration .md aocrotion ol’ quartz md 

plagioclase in some layers nd, eventually, the formation of pegmatite 

bodies, such as that in Photo 17* Plate IX.

Different! on can Iso be caused by m e  existence of a pressure* 

gradient (RA1.BJK . .1952) i th* most diffusive constituents (her.-, 

plagieei. -''e m d  q u trt7) h^�e u tendency to migr :te towards low-pressure 

areas .no to r c a p i t a t e  there.

RA^BLRG (op.cit.) has ilso shown that clustering of minerals such 

as quirtz and feldspar could 1>; id to i decrease of the total free eneijy 

of a nass of rock.

Hence, it is v ry likely that quarts m d  plagiocluau were mobilised 

in the rocks of -he southern area by selective melting* recrystallization 

and redeposition of these minur:.ls were controlled, in function of the 

predominating factors, by one or se�eral of the above-men* oned prooesses.

To conclude, it appe .re necessary to the -Author to recall NIUGLI's 

(1942) statement to the effect that enrichment in feldspar do«s not Bean 

feldspatni.: ttion m d  the bulk of th * rock >n y remain unaffeoted. This is 

in aocorcUnoo with the uritor's obser�ation.: m d  conclusions.

E.- b-if'OK. .ATION

Photo 17, Plate IX, shows a conformable voin of pegmatite atfectc. 

by pi nob- nd-^well structure} it occurs in an .Item * -an of quartzc- 

feIdspathic and biotite gneiss. This emphasise* the cc., ont character 

of pegmatite relative to gneiss. According to experiments ^  RAMBURG 

(1955, 1959), - oor.f ormable 'md compe ' ent layer o c’.uring • ore plastic 

rock, if submitted to a pressure perpendicular to tho la;, r:n*, will 

develop pinch-and-Hwell structure .s the result of extei - .-1 “>-i- flow 

in tho incompetent rock. Here, the pegmatite responds tc th, fr: H i  nai 

drag of the more plastic gneiss by stretching and tending to break o -m 

into lenses while the gneiss yields plastically.

P.- CONCLUSIONS

Gneisses of appropriate composition in the souther,, bolt havo boon 

submitted to tho initi.il prooe.sos of ultramotamorphism resulting in 

tho separation of a quartso-plagioolusio phase, m i s  aggregated into 

augen, diffuse pogmatitio accretions m d  finally pogmatitio bodies
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immediate surroundings into this layer, Eventually, it m^y bo t ran of orrned 

into an exclusively feldspathic onu. Applied to the rocks under discussion, 

this process could explain the concentration tnd accretion oi' quartz m d  

plagioclase in some 1 iyers ..nd, eventually, the formation of pegmatite 

bodies, such as that in Photo 17» Plate IX.

Differentiation can Iso d.. caused by the existence of a pressure 

gradient (RAMB3RG, 1952) J the most diffusive constituents (here, 

plagioclase m d  quartz) have a tendency to migrate towards iow-pressure 

areas ina to reprucipatate there.

KA'-Bl.RC (op.cit.) has -Iso shown that clustering of minerals such 

as quarts and feldspar could lead to :i decrease of the total free energy

of a mas3 of rock.

Hence, it is Very likely that quart* m d  plagioclase were mobilised 

in the rocks of the southern <.rea by selective melting, recrystallization 

and redeposition of these minerals were controlled, in function of the 

predominating factors, by one or se�eral of the above-mentioned processes.

To conclude, it appears necessary to the author t o  recall NIGuLI s 

(1S«42) st ‘ tenent to t h e  e f f e c t  that enrichment in feldspar does not mean 

feldspathization and tne bulk of the rock may remain unaffected. This is 

in accordance with the writer's obser�ations and conclusions.

E.- DJORT.ATIOK

Fhoti 17, Plate IX, shows x conformable voin of pegmatite atfected 

by pinch- '.nd-swell structure! it occurs in an alternation of quartzo- 

feld spathic and biotite gneiss. This emphasises tne competent character 

of pegmatite relative to gneiss. According to experiments by RAWERG 

(1955, 1959), a conformable .nd oempetent laver ooouring in more plastic 

rock, if submitted to a pressure perpendicular to tho layering, will 

develop pinoh-and-swell strueture as the result of extensive plastic flow 

in tho incompetent rock. Here, the pegmatite responds to tne frictional 

drag of the more plistio gneiss by stretching and tending to break down 

into lenses while the gneiss yields plastically.

P.- CONCLUSIONS

Gneisses of appropriate composition in the southern belt have been 

submitted to the i n i t i a l  piooeesos ef ultrametamorphism resulting in 

t h e  separation ef a q u a r t s c - p l a g i o c l u s i c  phase. This aggregated into 

,n, diffuse pegmatitio secretions and finally pegmatitic bodies

-P

augen
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conformable to the layering.

Ti< writer belie�es this to be a cube of partial anatexis without 

extensive spatial separation of tho granitic phase from its parent rocks.

V. - KiiiTAoO ATI Si IN TIIL KaTAoULIi'iJJTARY HOCKS

A.- INTRODUCTION

Segregation, without introduction of extraneous material, of a pogmatitic 

phase from tho rocks of tho aouthurn b^lt by m  oitq generation and redistri­

bution of qu-rtz .nd j>1 giool.se h.o been described. Another fundamentally 

different pegmatitio phtse will next bo dealt with. It is distinguished

**•

from the former by its .-ink coLour and by its mode ol occurence; it will

be shown xo involve met'aom: tic processes.

1

B. - OCCU !JCL

---IT----
*

This pegm-ti tisation is roughly eonoontrated in a belt, up to 1/? 

mile in width, parallel to the regional strike of the metasodimentary rocks 

(see geologic :i nap, Plat© XXXIV) and oonfined to tho northern aid central 

p .rts of the southern b<jlt.

C.- STRUCTURE

The typic.il spect of this feldsp ■ this ition is shown in Photos 21 and 

22, Plato XI. In its most intense manifestations quartzofeldspathic and 

biotite gnuissos loos* the layering or foliation possessed by them pre�iously. 

In its initial phasos nebulous aggregates or streaks ol pegmatitic material 

give tho rock - to use a term of DiS SI ITER (I960) - tho .spect of "stirred 

porridge”.Rocks subjocted by this thorough soaking are �ery often affected 

by rock flowage (Photo 21, Plate Xl)j non foldspath?sed rocks occuring 

only a few yards away show no trace ol this feature.

Though f>. lspathisation may produce bodies oriented ohiiquely to the 

layering, mostly it take* place parallel to 1 tter. Replacement may bo 

extensive and somo outcrops are soon to consist entirely of pogmatitic 

material (Photo 24, Plate XIl) or including only a few sohlieron of biotite 

(Ph'to 25, Plate XIII), residues of t�u regional rocK, or rounded relicts ol 

gneiss undergoing dissolution md corrosion by the pegm.ititic matexi

(Photo 26, Plate XIII).

Close field examination shows those aggregates, dusters or streaks

of pink quarWofolispathio material to bo always rolatod to museive dykes 

of pink y. jnatits. Tho lattor may bo ooliquo or parsllol to tho layering, 

with offnn-ot veins or Voinloto or �agao streaks of pegmatite in the 

surroin?? gneiss (Photo 20, Plat. XV). In any euffioiently large outorop,
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the pink pegmatiticjveins ur clusters can be traced to a pink "mother-d^e 

of pegmatite* Injection* of veins into the p from the dyke may take 

placo in a very fine, minute way-(Photo 30, Plate XV)$ Veins sent into 

the gneiss perpendicularly to its layering often uhow ptygmatic folding 

(photo 27, Plato XIV).

In contrast with those dykes impregnating tho regional rock 

taoroughly, other, lean common uyK.es of pink pegmatite, up to 10 yards 

thick, cut cle i.nly .cross tin. ;n.iac with it offshoots .nd with no visibl 

sign of modification it th« sont y .iv clearly of a later ag .

D. - Po ?R0G.1APHY

(a ). - Felds;;. -thi sod region .1 rocks

This refers to all the rocks in which new feldspathic material is

so thoroughly mixed witn tho gneiss, that no clear differentiation is

d

possible between folsp i t m  sed gneis.; aid -c + ual pegmatite.

Und-~r the microscope, a l l  minerals appear to be completely mixed. 

The mineralogioal co position of 6  samples is giver, in t a b l e  VIII.

T A B L £ VIII

I
i 4

C

2

6

Plagioclase' 50.2 38.1 64.1 30.7 44.7 52.3

I'icrocline 0.8 1 3 . 6 6.0 23.6 4.8 1.2

Biotite 14.9 7.2
1 . 0 11.0 6.8 18.7

Quartz 34.1 41.1
26. y 34.7 43.7

27.8

100.0 100.0 100.0 100.0 100.0 100.0

The plagiocl.se is 2 or 3 mm. in diameter .nd amoeboid (pcrphyroblasts 

./ reach several cm.); it is albite-twinned and more or leas serioitised.

113 composition v .rius between oligoclase 6̂AnJc). 1 t, is corroded

by rnicrooline and often s^paratud from this mineral by an albitio rim 

showing myrmukite intergrowths. Microcline is mainly interstitial, but 

occasional poi jroblasta may reach I or 2 cms. It is often perthitic. 

Biotite is I to 3 mm. long and is concentrated in layers, it i* partially 

altered to sphene, chlorite and ore. Quart a grains at 4 to 5 

diameter. Susidiary rutile, aphone, opidote and ore occur in the groundmass. 

Two fold spa thi sed arnphibolites have the following minoralogioal

composi tion ( t a b l e  IX) !



Plagioclase 46.8 50.2

Microcline 3.2 2.3

Hornblende 1 7 . 8 13.0

Bioti te

•

C
O

H

23.7

Quartz
11.7

10.8

100.0 100.0

PLigiocla.se, microcline .nd cAu rtz often occur in 1 .y .rs or streaks. The 

composition ot pi. gioclase ii itv.ici j.nv ^lAn^to oligoclaat 2*>Anjgjit is 

ofton corroded by micirocline. In c.;l' mic 1 'yers, no microcline can be auen 

but hornblende is exton.ively replaced oy biotit* issooiated with epidote.

( b ). -  /v i n l e t s ,  d i K . e i e t . ;  .nu p a t c h e s  of p w c r o a t i t .

Moat of tue3e bodies .re too amall for modal analysis. Plagioclase, 

microcline ..nd quartz i k  the main minerals with subsidiary biotito, musco­

vite, epidote, spheric aid ore. The jr lin-size of the m .in minerals is 

about 1 to 2 cm. The plagioclaae is albite-twinned and partly corroded by 

microcline which is mostly interstitial, fht plagiocle.se id about oligoclase 

20An in composition ijnd is usually rather heavily sericitised.

When the Vein nas a clear-cut contact, the only transformation 

visible in the gneiss around the vein ia heavy sencitisation of the 

plagiocl aae. ifoen thu bound iry between the two rock types is less sharp 

and when th«r* ia a tendency for gradation, sericitisution also occurs; 

but thin is coupled with int.rouuction ot microcline into tb» biotitG or 

quartzof-. Lisp- thic gneiss. Phi• mioroolin >orr . the plagioolase in the 

host—rock} at the cortl '.ct between th< two minerals an albitic rim sfith 

myrmekitic intergrowths ia common. A lYw griins of microcline may reach 

several oentimeters.

When these Veinleta cut across amphibolites, the hornblende of these 

rocks is completely or partially altered to biotite o�er se�eral cms. 

away f om the' veinlet, v.nile the plagioclase is heavily sericitised.

L i t t l e  microcline has been introduced into the  amphibolito rock, ibis 

difference in behaviour of tmphibolite relative to gneiss will bo enlarged 

upon in the  pctrogenetic considerations.

( O ) . - ited |)' 1 t-e

No fundamental differences have been obser�ed between the tnicK 

dykes, cutting straight acrons the regional rook3 and sending no oifshoots



into thorn and tho thinn«..r pegmatite V e i n s  and veinlets which have rosultod 

in intense feldapathisation. Fnua, both types will bo described together.

On account of the very large griin-aize (several cms.), tho results 

of modal analyses differ widely, Averages of 6 analyses carried out on 

thick dykos (l) r.d fold spa thioing veinu (2) ire given in table X.

T A B L X

1 2

Plagioclase 28. 3 34.2

Microcline 23.3 22.7

Eiotite 2.7 1 . 0

Quartz <.5-7
42.1

100.0 100.0

Tho re is 	ery little dift ^ncc. Most pi a.-j odac-s are soricitised. They 

ire uligoalaBe and their composition n e e  between 26 m  LWw*. They are 

albito-twinned and moat, Well as microcline and quartz, have undergone 

a certain degree of granulation. Microcline is interstitial and corrodes 

the plagioclasc. Quartz tends to crystallise in strained elongrto crystals. 

Biotite is concentrated in 3hearod layei's. It is partially altered *nto 

chlorite, apheno and muscovite. Subsidiary minerals are sphone, opidote, 

tourmaline, musoovite and ore.

i3.- rROGOJSTic conoId^ra-:’!'-'." • ■■

(a).- Structure

The implications of tho above-fflentiom . clear j the

regional rocks hav. been suffused in certain regions by pegmatitic material 

from outside sources. This Is characterised in the field by the presence 

of pink streaKS or 	eins rich in microcline.

Several st agos can bo distinguished in this impregnation, which has 

been demonstrated to bo r, 1 a ted to dykes ol pink pogo ‘ ’• 1 ’* 1,1 “ liist 

stage, numerous small dykes of pegmatite have boon emplaced on a regional 

scale sending offshoots nd/or diffusing pegmatitic material into tho

injected rooks.

In the neighbourhood of thoso 

injections, tho country rock, is thoroughly soaked; but complete grariti- 

zation of any significant volume onn only be seun in a low outcrops.
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In a later stage, clean cutting thicker dyKes of pink pegmatite wore 

emplaced .in regional rocks ilreaay cold and unr>,.;ctive.

It is clear that tin.- initial phase took place ut depth : intimate 

impregn ition m  . diffusion of pugm.vtitio material fror.i dykes could nov^r

r
have occured in cold, u m v  ictivo i\ ,*ion il rocKu. The thick dykes of pink 

pegmatitiTe, which cut cleanly across tin. gneisses, h.ve produced no effect 

on them >robably because they wore emplaoed when these rocks were cooler 

and capable of fr icturing.

It can be iuf-onstr .ted that the p gmatitio material was umplaced 

as a fluid < roc* f low.,\ is always associated with pegmatitic soaking 

and is never seen to such '.n extent m  gneisses not affected by red 

pegmatites. In 196C, DiS HfTiSR and ZVfART pointed out that an increase in 

water con cent of metamorphites c..n reduce t yi«. Id valuo of these rocks, 

causing the transition from &lastioo»vi to flow folding to ooour.

This transition was caused her, by the entry of pogmatitic material as 

fluids,

Tlu, supply of pegmatitio matorial was limited} though corplete 

repl ice-ment fr.s ocoured in some small ..reas, the bulk of the regional 

rocks in the area specified has remained relatively unaffected by this 

granitization.

(b).- K-tasora itisrn

Pure physical injection of p.gmtite, as his been shown, is not the 

only phenomenon. It has be.,n aocompanied by the introduction of foreign 

materials into the regional rooks and by processes of reaction. The 

pegmatit; c fluids were rich in potash. The action of those on tuo 

quartzofeldspathic ,nd biotite gneisses led to the replacement of plagioclase 

by microolino. In amphiboliteo, potash-bearing solutions reacted 

preferentially witn hornblende which was altered to biotite. Intense senci- 

tisation of plagioolase in the gneiss in the vicinity of pegmatites 

further proof of the presence of potash-bearing solutions.

A e r e  is here a close parallel with the action of mag^tio solutions 

in the northern "granitic" massif. Since this is still to be described 

(chapter IV), suffice it to say here that the acid magma of the northern 

massif reacted with its .mphibolitic wall-rocks to form biotite from 

hornblende, little miorocline being evolved. In more central portions 

of the "granitic" massif, pot.sh-bearing solutions, in the absence of 

hornblende, reacted with plagioclase to form miorocline.



Honoe, the rnotamorphio action of potash-bearing solutions has been 

strikingly similar in thu c su of thu northorn "granitic" massif and of 

tho injection of acid m t> rial in the southern metasodimontary rocks* 

biotite formed from hornblende when it was prosent (viith deficit in 

microcline) or tho action of potash-bearing solutions transformed plagio- 

clase into microcline in tho ibsonce of hornblond* .

P.- COxNCLU.ilON3

The southern metasudimentary rocks have undergone potash metasomatism 

in a belt situated more tor 1,. su cr.ntrilly in th>. region of their occurence 

and parallel to the strike. Tina took tho for'i of the emplacement of 

pegmatites whicn cted s channe1ways J or tht permeation of the regional 

rocks by grarati^ing fluids. In the presenot; ol’ unphibolites, potash 

formed biotite from the existing aornblende, while tne etion of the fluids 

formed, in the case of th gneisses, microcline from plagiool^se.

VI.- IN:1RU31 V-J R0CK3 Oril.,R THAN PJGMAHT&S

These ire rel tti
ely rare and comprise both icid and basic intru­

sions.

A.- ACID INTRUSIONS

In the south of tho area, a fow dykes of adamollitic granite '’rop 

out. They have tiu following mineralogical composition (table XI) :

T A B L ii XI

Plagioclase 31*8

icroclino 3f>. 3

Quartz 31.2

Biotite 1.7

100.0

The average grain-sizo is ibout 2 to 3 mm. Tho plagioclase is C ..rlsbad-

twinnod albite of composition K)Anb < Potash feldspar is interstitial and

is microcline. Quartz is a]30 interstitial. Subsidiary biotite is partly

altered to chlorite and sphono.

B.- BASIC INTRUSIONS

These ocour only in the south of the area m d  are 
ery fow. They

have boon ernplaood in dilatation fractures of tne regional rooks (Vifro 20,

Plato X). Tney are amphibolites with hornblende m d  amooboid plagioclase

as main minerals and *ith subsidiary quartz, biotitu and ore.
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In a feu inatanceO, thu dyk.ua show .on a^matito aspect : they are 

brecciatod and tho fragm m t s  are cemented by lighter quartzofeldpathic 

material (Photo 3-t> Plate XVI). Under the microt’oope, the oemont is seen 

to be composed ol plagioalaas ( .ndf. m e  3?An^to oligoolase ^8An)? ;.nd nuarjz-, 

hornblende ia nearly absent. The fragments are made of normal -lmphiuoiit.. 

The writer explains t h u  aapeat by suloctivo fusion of quartz arid 

plagioclase in tiu fragments of amphibolite m d  migration into zones of 

minimum stress (fractures) (RAI.B.'lRG, 19 >  )• The brecci .tion of tho 

amphibolite itself was brought ibou* by differences in mechanical properties 

between tho dyke of rigid unyi^idinJrock oblique to tho layering, and the 

regional pi .stic gneisses. Tnie was followed by minor recrystallisation 

in the fractures.

f*

Two other ooeurencos ef ba.;ic rocks must be noted in a western

A

tributary of th«. Hlimbitw;. ri�er. These have been identified as post-Karroo 

tholeitic b .salt made of labradorite, clinopyroxene, glass m d  subsidiary 

ore.

VII.- CONCLU.iinNS

The bulk of the southern metasedimentary rocks consists of a rather 

monotonous series of qu&rtzofsldspathic and biotite gneisoeo . .nd some 

amphibolites. These rocks dip vertically though the structure is somewhat 

complicated by secondary folds. Boudinage ia common in amphibolite layers.

Recrystallisation "sense largo" has taken two aspects here »

(i).- Selective molting of quartz and plagioclase in gneisses has 

led to redistribution -nd aggregation of theao minerals in 

conformable streaks and, eventually, into conformable exsudation 

pegmatite a. This phaae is characterised by a white colour.

(ii).- Pink pegmatite Veir.e and dykes hive been ernplacod oblique to

t.h, i . . ■ ■ ' • ' ' ....... °f

Pl i into the gneisses. Locally, rook H o r n * *  has been

brought about by the introduction of these pegmatitio fluids.

Thorough imprecation of tho rocks by potash solutions brought about

U>. . tion f bi tii in imphiboUte* and microeline in gneisses. 

It is remarkable that in one and same area two tyvos offeldspathisation • 

are illustrated, the first resulting from simple redistribution ol pre-

i a uihi l. the second involved the introdution of 

existing salio minerals, while tne suoonu

material from outsido sources.



To tho writer, the close parallel between the typo of reaction of 

tho introduced pugmatitic material with tnu gneisses and that of the 

northern "granitic" massif rfith it .mphi bo 11 ticjwal 1 -rocks is rather 

striking} in both cases, roaotion of th. fluid with Hornblende produced 

biotite ind the production of microclme from plujiocl iso is identical. 

This does not mean that thu pegmatitic fluids are offshoots from this 

"granitic" massif (tais is very unlikely if one considers that tho central 

b^lt along tho Lilani v lley in between these two regions shows no trace 

of feldspathization iu^ to pin* poguatite).

Th.. conclusion is r*thur that both rock-typo3 have been omplaced 

in their wall-rocks under similar &eocher.;ica.l conditions, i.e. in the 

same FT conditions. Fluids from rock types no* dissimilar in composition 

re.icted in the same way with the same regional rocks or tho same minerals 

(hornblende or plagioclase). Thus, it is pro�en that both the northern 

"granitic" massif and the southern metasedimuntary rocks have reuched-at 

least, at some at-go of th^ir e�olution-the same geochemical conditions. 

Also, it is not entirely impossible that the "granitic" rocks and the 

pegmatites have the same source at deeper le�els.



Author  Colombin L G N  
Name of thesis The Petrology of the basements rocks in the Lilani area, Natal  1968 
 
 

PUBLISHER: 
University of the Witwatersrand, Johannesburg 

©2013 
 

LEGAL NOTICES: 
 

Copyright Notice: All materials on the Un i ve r s i t y  o f  the  Wi twa te r s rand ,  Johannesbu rg  L ib ra ry  website 
are protected by South African copyright law and may not be distributed, transmitted, displayed, or otherwise 
published in any format, without the prior written permission of the copyright owner. 

 

Disclaimer and Terms of Use: Provided that you maintain all copyright and other notices contained therein, you 
may download material (one machine readable copy and one print copy per page) for your personal and/or 
educational non-commercial use only. 

 

The University of the Witwatersrand, Johannesburg, is not responsible for any errors or omissions and excludes any 
and all liability for any errors in or omissions from the information on the Library website.  

 




