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£ variety of granitic and high grads astaaorphie 

rooks underlies the whole of 1!i*-Strthsp.y •  

£ petrographi eel description of the rooks of the 

Not" Series is givan and the petrology of minor t our 

 and eeai-eeleer.ous rocks dAaeussed. The dis-

tribution of udgmatleation in rocks of the loins Series 

and its relationship to the structure are demonstrated 

petrographically and structurally. 

Description and pitrologiea1 diacuselon have 

be= gives of previously unrecorded metamorphosed baste 

Igneous rocks is the loins awles. a9basis  Is laid on 

the relationship between the time of Intrusion and that 

of the peak of metamorphism in the surrounding rocks. 

The petrogrspby and the field relations of the 

rocks of the Grsntown Group, and of the granitic rocks 

within the oroup, are described in somo detail. Petro.. 

logical ant structural eonsidsrstione combine to suggest 

that carbon dioxide relaaeed during the metamorphism of 

the iure limestones has played a me1or role in the re-

aryatailisation, asbilleation and granitiution of the 

upper members of the group. £ brief review of ooapareble 

Scottish aigmotite complexes and their problius is given. 

i detailed statistical study of the moeroecopie 
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and aepaseopie fabric of the foliated rocks has been 

Mdo and a kinematic interpretation attagpted. After $ 

brief petrographic description of the Grentown Grenito 

the structur, of its z=wq= inclusions is compared with 

the atimoture of the snolosing country reeks. The in-

clenicee we fouM to have been displaed, haphassrd27 

OR a 111 seal, but regularly on a large sesle • during 

the poet-t.eteeie wP1400100st of the granite. Tb. possible 
physical and chemical conditions that attended the form-

ation of the granite and Its enpiseement are discussed. 

£ Study is made of the orientation of the post-t.etonie 

said veins in the south of the ares • The control exerted 

by pro-existing structures on the loealisetion of all Pont-

tectonic acid rocks is considered. 

The grade of netanorphiem, as determined from 

the five main rock types, is fowid to he the  sane over the 

Whole area. The various acid and basic pintonie reeks are 

compared and contrasted with particular regard to their 

respective times of formation, modes of origin and plaee 

mont • and structural controls over emplacement. 

It is inferred from the evidence now available 

that aetamerphie and aetasomatie processes have played a 

major pert in the production of most of the granitie and 

associated reeks of lid-8trstbspey, 
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I3RODUCT1O1 

(a) Lia and eoops of $tt4y 

This investigation in kil$trathepy was oosne.d 

with a thres-fold sin in vi•w, namely: 

(1) to study the structure am petrology of the 

erantowa granite in ardor to obtain evidence bearing on the 

aobl.ms of its modo of saplacement and origin; 

(5) to study in detail the structural geology of 

the Nobw Series to the north and west of Orantown; ant 

(s) to asahi the aigestitie rooks of the epey-
Dula&tn wstorehod with $ view to elucidating the relationship 

In time and space between metamorphism, aigmatisation and 

folding. 

Piwthor problem which presented themselves luring 

the course of th* study were the petrology of oale-silieate 

nodules in rooks of the sine series; the petrology of the 

arsatowa aroup with particular ref erenci to the granitic rocks 

of Orsig Re'vsek; and the description of prsvioim ly =described 

metamorphosed besia igneous reeks exposed mien Loebindorb. 

VbO area nuder investigation COMM Demo 48 square 

miles aM ii.s towards the heart of the 800ttThh Highlands, 

55 miles to the 3I of Inverness and 55 miles to the lfl of 

Aberdeen; the northern part of the area is in )raysbire 

sat the southern pert in Inverness -shire (a.. Pig. 1). 
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It is situated entirely in Strsthapoy and 8trathd earn 

the vsilsy of the River Pinthorn - isdiately to the RN of 

the stretch of the 'iver Spey between Boat of Garton and 8pey-

bridge • szospt for a small w.U-exposed area at Oraig ovaok 

on the si bank of the river. The western boundary runs from 

iinveaahy near Boat of Barton in the south to the southern 

and of Loehindorb. £ line from LoebiMorb to the bead of the 

Alit BlOBO has been selected as the northern boundary,, iilo 

a line from the latter point to a point 3at east of Orsig 

* Bovaek is takes as the boundary an the mot. 

(b) &walnag. and !opogrepy 

?be area Is divided into two unequal parts by the 

watershed *operating the tributaries of the apey, which drain 

four-fifths of the area, from these of the piadhorn which are 

fed by the meet northerly part of the area. The watershed 

follows a sinuous IM-M oom'ee across the north of The area; 

at Its lowest point, where oroeud by the Crantown-Porras 

road and railway, it Is some 1050 feet above sea-level. At 

Its highest point - Gem agrieb - it rises to almost 1600 feet 

(as0 pig, a). 

The gentle northern elope of the watershed is drained 

pertly by the Alit Loch an t-aith.in through the loch of that 

name to LOOMnI orb and the Pindliorn, and partly by the 

Anabo.rd 3urn which flows to the Pindhorn from the bleak 



ozponee of a.va moor. 

Oouth of the watershed. the Spay flows to tb. I 

In a valley 600-850 feet abovo sea-level • The nest laportant 

left bank tributary of the Spey Is the aaatwards-flowlng Dul - 

main which enters the ferasr obliquely near Dulnsinbridge, 

itnor tributeriie draining south and ai' inelndo tb. Glonbeg 

Burn, the Alit en flithish and the Lilt Irese running 

directly to the 8pey and the Aachnahannet Burn flowing into 

the Dn]n.in. 

Met of the bi* groimd secure on or a little to 

the south of the =is watershed, where several Mile such 

as Can $griob and Crug an nigh in the weet. Bolan Mhor In 

the aUdio and Cam lad na Oaoraeb in the II rise above 1500 

fs.t • In tbe audio of the area is $ large tract of - 

mistingmoorland above 1250 f set with s—ite at Ore.g 

Liath • Gorton Ru, Oreag BbeIth• and Oars Luig. 

Li isolated ridge ring n-W and enl.ainatiag 

In Creag an Phitbich at 1325 feat faLse the pay-ulnain 

ipatershad. on the east bank of the Spey at a.va.k the bars 

bill of Craig Ravack trends PJ-J across the valley, from 

which It rise. some 400 feet. 

Wide tracts of broken drift-covered ground occur 

at a height of 700-1000 feet above sea-level • Duch tracts 

are found went of the Lachnabannet luim in StmOdu1naln, 



1.tiat.ly  north and U of Grantown in $tzathepey sad at 

Days moor in 3trathd.arn. 

The mszimua relief is about 1000 feet, but that 

pert of the area sadirlein by granite to the 11 of Gto 

In dissectad to a depth of only 650 feet. The topography 

ean be asourstoly described as rolling moorisad nith a Li, 

proain.nt auits - the northern foothills of the great 

Gsirngora mosmit, wblah lies olitwith the area here being 

oonailerad. 

mob of the rouØi drlft-eovarad lead has bees 

afforestad • but ayen more to open gronoe moor. Oultivatlon 

In eparsi but is locally earned as high as 1250 feet. 

Lines of eouLleation are confined to the valleys, apart 

from the north-south 'anto-Porres road and railway in 

Us fl of the area. 

(a) k.t&t_of the 0.ologieal History of the Area 

As is to be expected in a Oentrsl HigblaM area 

the predominant rook types are eehiete and geeleses of 

high metamorphic grad., out here aM there by pest-ore ganie 

granitic reeks. The metamorphic reeks Include qnortso-

fildapathie gneisaas, biotito- sad kysnit.-gmeies.e and 

sehieta, cab-silicate rocks and mrbloo,, hornblend•-aeb fete 

and saphibolitsi. 



the q tso-feldepsthlc gaeiuem and biotite-

gasleese, in plaeee mitisd, are generally considered to 

belong to the wins series. a group of motaaarpbo.ed sediments, 

possibly of continental origin, whieb originally consisted 

for the most pert of thicknesses of impure eandatones with 

occasional argillaceous layers. lodulee and thin layers of 

marl intercalated in the sandstones are now represented by 

ealo-eilieato grenulites interbsvdsd in the gn•iseee, the 

IDine gaslasee occupy the western half aM the II! corner of 

tbe area. leer Loehialorb In the IV of the area slightly 

metamorphosed basic intrusions - now shibolitos - Sr. 

disposed along a narrow 1111-33W belt in the loine series. 

Doninamtlyr politic rocks occupy a north-south 

belt from Brooshill northwards to Pave. Within this ares 

art the biotits- and kyaaite-gn.iseea and the marbles and 

esla-silicate rooks which were grouped together by the 

Oeologioa]. Survey and named the erantoun series • the esi - 

ceresus members trend Mv.,49r across the spey from Dulnaim-

bridge to Speybridg.. The sediments which gave rise to 

these rocks were more or less impure limestones, with eel-

canons and sl4'.ous ahales. 

Di'tag STI erogenic phase - presumably Osledenlan - 

the above-mentioned reeks were folded together about axes 

which now plunge approximately 50 to the 31. 9m3l folds 
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and lineations are well developed In the rocks and are all 

parallel to this direction. In the south the ssveusnts were 

seeoianied by *tgsstiastion. The prevalent dip of the 

foliation 1s up to 40 towards cast or SZ. a feature ublab 

results In asny hills having $ stoop 'searp' slope to the 

west or II. 

Within the politic rocks to the IN of Orantown 

there was enlacoi after the above soviasata a aediun-

graIned, pink. biotite-granite known as the Grantown Granite. 

This sass undriiea roughly $ square silos (see Pig. 2) and 

encloses NOW blacks, large and Basil, of the country rooks. 

Narrow veins at granite and p.gsatite penetrate the gneisasa 

over the whole of the area =Aer investigation. Following 

the .aplscoa.nt of the granite there was slight faulting 

along Its Ii nargin. 

In coason with the rest of Seotland, Strathapey 

and StritM earn suffered severe glaciation during the 

Pleistocene epoch. From evidence displayed outwlth the 

area Brenner (1934b) inferred that there were three phases 

of glaciation separated by two interglacial periods. The 

too-aoulded ridge, aligned north and south are conspicuous 

features of the countryside as can The clearly asen on aerial 

photographs. The aoveaont at the ice concerned ass from the 

south. Thick boulder clay was deposited an ground asrsine 
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In the ve1l.,I ubile the hill-topm were scoured bars. 

?he last too-shoot left its main inprese In its 

retreat phen03ens. wide spreads of terminal and lateral 

moraines with later fluTioglaeial Bands and gravels being 

deposited over the valley floors and on elopes up to a 

height of about 1300 feet; suo eante and gravels lie 

astride the 8p.yPlndhorn waterehed half -s-i1e west of 

Uraig I.istb at a height of U50 feet. 

Differing levels of the toe betwean om etrath 

aM the next aM between one eiayn.nt and another in the 

sew valley caused the pond ing-back of asit waters which 

out overflow ehele across watereb.ds and spurs of eon - 

venlent height. sh channels are to be ae.a at B.as a' 

Ohladb.inh • Oreeg Liath, OeJ!3griob, Oe2T1 nsa Gabber, Alit 

an Phitbieb and at the headwaters of the Ryebrsan Burn. 

Plow in these channels was generally to the nerth • east or U. 

River-terraeea of postg1aeia1 date are developed 

at too levels along the banks of the River Dulnala and at 

four levelm along the 8pey. 

Peat has ferned extensively in the area where the 

gradient has been euffielently low, particularly at Drysaeb 

and 3hllloohaa In 2trathd"ln'In and on the southern part of 

lisTs moor. 

AS a result of these extensive superficial deposits 



fazed Luring aM after the Third alaetatiori exposures in 

the area or* gers11y poor (a.. Fig. ?). dome OO of the 

eisa is Overed by continuous spreads of drift; the reasiziing 

aO is very ierf.ot1y exposed. The beet exposures are to 

be found on the vat.rahsd hill-tops. 	posurse =do by 

quarrying and along road auk railway cuttinge are relatively 

few in number. 
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Por well Over a  OlUtUrY geologiesi investigations 

of a wide variety of topics have been carried out in Mid-

8tthepøy. The authors have been nun.roui, the calibre 

of their contribution. variabi.. Dining the nineteenth 

entsry obeerveti ens were of a brief and general turs, 

but advances in the velopaent and sppliestion of gee-  

logical tsehaijriae have encouraged more detailed studies 

to be made in the last f., deea*Iee. 

Among the earliest peologleal records of Mid-

Otratbepiry were ttrree ispe (Weaker, 1808; Ions • 1820; 

Rbl.M • 1842) on IblOb  the different rook types of the area 

were not distinguished, all being sham as malffarentiat.1 

schist or gneisa. 

The first written record • by Martin, sppssr.d in 

185? • lii stated that the upper. or southern, part of Mray-

shire was formed of "gray gneiea associated with porphyry 

and mica slate". 

In his "8k.teh of the Geology of Morar' Duff #1842) 

made brief mention of the metamorphic rocks and graait.a which 

occupy the southern part of the county. Ba described the 

OberaeUristic "wavings and contortions" of the gnsisns and 

entioned that "m.tamerphie or priaitiv• limestone' was to be 

fount at spybridg., a mlii 3M of arentown. It is interesting 



to note his postulated meobenian for the s?plaoea.nt of 

granite. He envisaged a nash of crystals, derived from 

jwiry granite, being lubricated by $ little water aM 

forced into the cover-rocks vrder greet preestre but at 

low teerature. Prinery granite wee, in his opinion, the 

lowest rock in the atratigraphical eolu. 

RIco]. (1844) in $ "Guide to the Geology of dootlando 

noted the generally low angle of dip of the 5trothapy 

gnats sea. Croy gneiae.e aM sios-sebiete, veined by granite, 

continua *thrOngh  the whole,  upper pert of Vorsyft4ro but with  

nothing of great interest". On the g.ologioal mop thlob 

seeoq*nied his "Guide" Jicol iMiested the rooks taig.atitee] 

of the ridge between wthil eM leat of Garton as granite. 

*nrshieon (1860), in the light of his biowledge of 

the rooks of the !ortb-west Highlands • considered that soet 

of the gneiss of away aM Banff b.leag.I to the "Younger 

Gnats." (now reamed the]Wine aeries) althob he admitted 

to the possibility that "seas of the fnta1 gnaisa 

(i1owieianj and older granite soy . . . be there pertially 

szhibited". 

following the publication of 	bhiesm' a work no 

further geological researches on the area appeared in print 

until 1901 when tbr aspects were dtouaad by different 

suthecs • a.iki. (1901) briefly described the fectee of 



the drift deposits to be seen along the line of the £vionar•-

Porres railway; Keddle (19011 gave a long list Si minerals 

to be fonol in the marbles and oslo-silicate rocks at 3pey-

bridge and Dulnsinbritpe, as well as the accessory ninerals 

of the Boat of Garton granite; and Ki.nmn (1901) in-

vestigated the variations in gradient of the River tipsy. 

In order to explain the presone. of 40 nibs of relatively 

low gradient - 5 feet/nil. - above Grantown in the middle 

resabse of a river whose average gradient is In feet/nil.. 

he postulated Post-glacial uplift in the Grantown dietriot, 

cawing a pending-back of the river water in the aldus 

reaches. 

The MP In Stanford 's G.ologieal Atlas (1907), 

whleb was preesb1y compiled from all the available in-

formation and thus represents the actual state of geoboglea 

knowledge of ths area at the tins of Its publication, showed 

gueise underlying the whole area except for a single tract 

of granite on either iid• of the railway two allis north of 

Orestoun, ?bia tract, one preeTalee, represents the Grontoen 

Granite, whose northern part Is well exposed In the railway 

cuttings north of the town. 

ebe first accurate and corehonsive account of 

the geology of the whole area appeared in 1915 as the .*-

etrathapey and StrstM earn Memoir of the Geological Survey 



of Seotlaad; this work was writton by L. V. R1as" mad 

1. 1. Anderson sad was seeosnie.d by brief petrogrephiesl 

sotea by j. D. llott. The Grantowe Series of 'paragneisess', 

iieb dip generally SL were described and were distinguished 

from the azrroweting reeks Ich were considered to belong 

to the zolne qWos. The mstamrphoa.d equivalents of 

limestone., shales, esicereowi &alee and seMitones were 

found. structurafly the rocks of the Orsatowe sines were 

coneidered to be either an outlier or S.nlier at the ')emff-

ahire or Oentrsl Righisad series' (Dslredien Sir!..], whose 

main outcrops oecur some ten miles onet and S of Srantown. 

There was believed to be a elide along the bow, I.e. alsag 

the western margin of the Grartowo Series • An attept was 

made to place the rests of the district in a etmatigrspMssl 

enee.aelon. TU quanteits and flue-grained pelitie 

granulit.' if the Grantoan Series were considered to be 

Intermediate in age between the eeleareoua rooks of that 

series and the sins sines; but the age if the Grantown 

Seri" relative to the home Series was left an open question. 

the p.trogrsbie similarity of two members of the strati-. 

graphical columa of the Maine Series suggested to the authors 

of the hemoir the possibility that there were two phases of 

folding, the earl tsr resulting in reewebent folds, which 

were gently arched by the later phase. 



?be 'persgisise.e' of the Noise 3riee were also 

aseeribed. They are =duly 'granulites' ibialh ee"grewitie 

In character" over ueb of the eovntry to the west of the 

rentown Granite. A Uneetion, or 'ilireetion of atritebing', 

was four to be parallel over wide areas and was considered 

to be related to the mullon-atmetnra found In the 1er-

west Rit1aMa. The produetlon of this lineation was re-

gaMed as ocntaipoz'aneona with or later than the 'leocitital' 

folding of the gn.iaeee. The 'isoelinel' folds Wire e-

eit*red to hove aeb-beilsontal azen trending U; hines the 

fingering of the outcrops on the Survey We. 

A brief description of the Grantown Granite - a 

Never Granite - was given, particular attention being directed 

to the nste aM widespread occurrence of luelusions and 

soaponad patites. As no steep contacts were aeon In the 

area it was suggested that a granite ness uaderli.s the 

ole district at no great depth below the present am'fscs. 

In the petrographic chapter Tlitt described the 

irineipel types of granite and eehiet. Is reeorded a 

graphite-eebi.t fin I.aggan 11111 r the sbnee if 

ambers of the tresolit•-aetInol 	sies in the sale-. 

silloati rooks of the Grantown series. The kyanite and 

ei1]-qpit. Is=& In reeks of the Qraatown series were 

considered to be products of the high temperature which 
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Prevailed during the regional neteaphiaa rather than 

aoduete of thersal astarpbiea at greite eon toots, 

The 1-ineh nap (Sheet 74) which accompanied this 

Manoir given an accurate and detailed representation of 

both solid and drift geology. It is nnfortmat., however, 

that drift covers so such of the district, a&ting practically 

all the bousisries eon3.cturel. 

The Mi*-Stmthapy Mmoir was aeon followed by the 

umir on the Lower PiMboru eM Lower Stret)maira (193) by 

Rome, in Iblell was described the geology of Sheet $4 a4L-

3o1ning the north eldi of shoot 74 — in whose 33 corner part 

of the thesis area is Included. As in the earlier Renoir 

general descriptions were given of the various rooks of the 

voine Series which occupy large areas of the Sheet • Th* 

'parasisse.' wer described out the general evidence for 

the asdineetery erigin of these MoTh* rooks was discussed, 

particular attention b.thg paid to the iroduction of the 

seisit.-gronulitse from ealeareona send atones • The evidence 

consisted of, firstly, a ehenicel Composition Ouch as is only 

found in eMiasete; secondly, the preservation of eediaentary 

structures and pebbles is the sieaes; and lastly, the 

layers of heavy accessory minerals which frequently its 

oblique to the foliation. 

The politic rocks seat of Looh ted orb , stretching 
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north to the snook of )raemoray, were equated with the 

politic geieeee in the Grantown 3eries to the south; 

and therefore with the Delra&lan rooks • As before, a 

tentative etiatigraphical eolunm was given, but it wan t  

and Is still • not certain whether the eolv= is right may 

up or not. Two structural hypotheses are founded an this 

ool, the first assuming one episode of relatively simple 

folding, the second requiring two phases of folding, Tho 

first phase of which resulted in recumbent folds. 

A short petrographic description of the rsntown 

anite wee given. 10 foliation was observed in the grits, 

which is cut by later veins of a strongly coloured pink 

granite. the granite mess was Been to contain wy large 

Inclusions of country rock up to hell a nil, from the mergis. 

The larger incluslona .1mrseerve the strike of t}ie country 

rocks, but the smaller freasmte are baphaurdly oriented. 

10 light was throw on the nature and origin of the mesa. 

A full description of the sill-like basic intruaion 

at Oar'n ass Gabber was given. The rock was originally am 

ophitie gsbbro. The effects of the netamor: plilea Ii• .,.y 

Inward.; original pyrozone is iroserved in the Interior of 

the ass., while at the edges the rock is an amphibolits. 

7l.tt  considered that the nose was Intruded either at an 

early stage is the metamorphism and by seas pscific4 wee 



eseapsa as high degree of astanorphisa of the surrounding 

rooks. or mw 1ntri in the late stages of the a. 	16 

jroeese and therefore only suffered a slight degree of *ban". 

On sheet 84, the 1-1.neh MP seeovpeuying thin Mamiolr, 

the solid and drift geology are seenrately depleted. 

In his work on the ?eevr eeeanaory ain.rals from 

almost all of the lower Gremiteg of the Orsaplan Bighiands, 

earned out in eoimeetion with his provenee stidtoo on 

aeottiab sandstones. Mackie Mee) ignored the Grantoim 

Granite. No reason for this anlanion is known. 

In 1954 there appeared two elasnie papers on the 

glaciation of Th dietniet (Breaner, 1934a and V. The 

first dealt with the nagnifleent retreat phenomena d.i$p137s1 

along th* edges of the basin of the Abernethy Forest, which 

'bounds the ares on the 31; in the aeeond was considered the 

avidenee for three plaeietione and the direotlon of ine aeve-

mont in eseh. Overflow ebannels slong the spay-Pin4hor, 

watershed within the thesis area were also deeenibed In this 

eeeond paper. tee-flow In the eeeonl glasistion, whieb was 

the moat offeetive in causing erosion, was towards the north 

and gave rise to the many north-south trending features of 

the area. 

Incorporated in a general aceowit of the Memo 

Series (Green, 1935) are two tentative suggestions as to the 
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etratigraphical position of the Qranton Series.  The 

latter was soasidared to be either the equivalent of tbo 

piadlater flags (Dalr.Aiam) of the Banflebire coast or on 

inlier of Lswiaisn gneiss lacking typical 'oxthogn*ise'. 

The s.eoM suggeatiov r5174M0 one of the possibility voiced 

by murehisea (1860) that Lewisian gneiss night be fo=A in 

the district. 

in the Britlab Regional Geology handbook on the 

Craipian aighianda (aos& • 1948) the ne "UeDtral Highland 

Granulites" was given preference f' those rooks da of the 

Great Glen, v&oao correlation with the *1ne Series of Rosa 

and 8*tb.r!Leud is accepted by most geologists. Brief aentien 

was ando of the lithology of the Central HI*tlamt Granulites 

which, with associated politic gseisaes, w.r1io seat of 

5trsthep.i. The deceptive general dip of tbo Central H1i-

lelil Granulites 'a, attributed to 'isoc11ia1' folding. 

It in of int.reat to rote her, that Anderson (1947) 

has eorr slated the rocks of the Grantowa Serbs with calcareous 

rooks in the win. Series at Kimlodblaggem 35 sites to the $1. 

In the Mineral Resources losofr of the Geologboal 

Survey on "she Limestones of Scotland" Robertson (1949) re-

port" that the metaiinrphic liaeetona of the Grantomn Series 

sre not of suffisiently good quality to be of present 

onoaie value". 
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In 1951 *clntyre published a general study of the 

t.etonioa of a wide area between Grantomi and Tenintoul. 

Using the methods of the AlpiTIe t.ctonioiana Lttgeon • Argend 

and Up", he determined the lineation of the area as a 

)-lineation saa on this baste constructed a structural woftle 

perpandionlar to the average lineation direotien. l7nfortm 

etely he gave  statietteel atruetm,'al data on the Ortees 

Series alone, The profile *owed the rocks of the Omatown 

Series to be lare t.etonie inelus lone Isolated in the Mine 

series and plunging at about 50" to the 82. The profile is 

son, seven miles deep and extends up to the relatively high 

level of the Dalrad Ian rocks at Tomintoul, ibldh appear to 

have suffered the same deformetlon as the =derlyin loins 

Series. oil contacts are toetonle; the upper layers appear 

to have moved towards the Off relative to the lover. 
1) 

lelntyse (19 5l). in a thesis on "Alpine Tectonics 

end 

 

the Study of A3leient aountaft Chains", gave a diagram 

ehowtng the relationship between the Iwer granites and tile 

regional strueto of lid-8trcthepey. The granitee do net 

appear to haie disturbed the structural trends developed in 

the non.gramitia areas; the relatively wide sheaf of 

lineations from ineluded bloeke in the Qrentown Granite, 

bowevsr • indicate a degree of mobility within the granite 

not foaa& in the eurrcding seMate. 



In a petrofabric study of the orientation of 

ealoite in naturally 4tfOrmeJ iarb1eu ie1ntyr. aid Turner 

(1953) azi&L.ys.4 the fabric of a marble frea UobLbo,a quarry, 

now Dulnaizibridge, &xil deduced directions of tension and 

corasaion. rabric and field eidenee agree; the resultant 

Of the last ata'eeaea acting on theee ,  reeks was found to be 

sub-horizontal sad transversely across an axis plunging 30 

to the Sj •  

The late-giseisi history of the aria boa recently 

been s'ria4 by Gliarleaworth (1955) in a regional study. 
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?K* ROOKS 07 TUI *DII SXHIZS  

ehists sal gas isa•s, which are gwsrslly 

s.kaovl.dg.d to b.boog to the *oia* series, underlie by far 

the pastor part if sit- strathipsy. The rocks heye a 

regional tip to the eset sat U. In hand epeeiasn and In 

thin section three valm. rook types sea eov.*isatly be 

resogaisel, rn.ly. (a) qurtso-f•ltepsthie and (b) p.litie 

or aaai-politic reeks, (a) ant (b) being about equally 

abnlant with (e) anborliasto wag-silhsate bearing rooks, 

representing siliceous, slualasna sad slightly eslear..us 

sediments respectively. Interasisted horizons of saphi-

bolite are considered to be derived from bseie igneous reeks 

sad are tescrib.d and liseussit later (p .S6 

Qusrtio-fellspatbie ga.isa.e are almost eat irely 

eonfia.d to the western part of the aria. In $ belt frea 

LOehlDdorb in th• north to the spey-Dulaeia watershed in 

the south. this Intercalated politic and s.aip.litle layers 

are quits eson in the quartso-fsllspstbie gasiaese, par-

tiaslarly is the southern pert of the belt, which In also 

sbar*terisit by intones aitisstio*. Asexhoro in the 

area aitiistion is unsh less save" and tsnia to be 

confined to the p.litie rooks. 

in the .sat and IJ of the area politic and seal.-

pelithc reeks predonlaste. they eeataia frequent, thick 
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qnsrtio-f.laapathie and thin Ode-silicate bearing lntr-

ealati ens • within this aria of politic and sesipelitis rooks 

there issue the Grsnto'upn granite. 

(a) pie].d 3.latiens 

I. Quartso-f.ldapathjo gneisae. 

Ike qviartso-foldspaftic rooks present the san, out-

ward eharseters .var a very site ares • Die tinot her is ens of 

quarts its can  in p]aeee be napped In the monotonous tracts of 

siss. Continuous gradation In mineral isesitien and * 

certain amount of Intercalation in the fisU ua.k* it difficult 
to draw $ satisfactory dividing line between the quartze-

fOldsPothis and Moulpolitle rooks, $ IlffIault which is 
illustrated by the fact that the wSilio.oue Sshist ant 

armlis.w an Sheet 74 (1915) In eantinued northward on 
3h0St 84 (1953) as RUntifferentIated Sehieta and Qneie..s" 

Isolated exposures of quartalte iscur In the 

ànsh.rasek lu's near Craig l.vas). The banding of the rock 

dips U but the r.lationshipe with the surriunting rooks are 

obscured by drift, and the quartilte ban been melded in the 

Rolm Series. 

On Beian nor, Sj miles due west of Srantoiun, the 

officers of the Qoologisal Bu'vsy mapped Lou' lsas.s of 

quortaite surrounded by pattic reeks, three leusee trending 
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as and me snail lens trending Ji. Tbe politic roda are 

he0* benaled by granite on the north side and by qiartie-

f.ldipathie rocks on the other iiti.. ke-napping has shows 

Out there are three arose of qnartsite - one of which is 

the snail lens napped by the Survey - trending IJ sad on,, 

In tieh the foliation is steep or vertleal, treading ax. 

This last area sorraspends to the middle l.as of south-

easterly treating qnartsito mapped by the survey. Jar,  eeYer, 

on the ground there s.aw to be little evidence for the snail 

holy ct loin. eilierns 'granulite' interposed an the Survey 

1-inch aheet between the largest quartaite sad the granite. 

A re-napping of the anetioa hotweon quartz o-filtspsthic eat 

politic rocks at O.hncir Is described on p.82 

* • Politic and slaipolitia gneisses 

The rock typos included under this head comprise  

aititie uiss-eisses - with minor augen gneieeee - 

g.ra.$if.rone ni-gseisncs, aics-sabists and granaliti. 

gnoiseee. The two first named types are distinetivs eaou* 

to fern locally mappable horizons. 

On the Geological Sarvey 1-inch Shoot 84 a narrow 

tongna of rooks is shown to extend south from Loch an t- 

itbaia for a distance of one nile • The writer has final, 

however, by ref orenee to the Geological Survey 6-inch shoots 

(unpublished) that his mpping is in agreement with that of 
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thi awyeY. in that both show this tongue to eousiit almost 

entirely of ahibolits sat hsrublosto-gniss (eto p.36 

and pig. S. sat picket). Iortb of Loch an t-$9b.in, on Cam 

guigh Qborrseh, the Survey map inticatee an alternation of 

banta of pal it is sed oil ii seas rock trending flx. ftposvroa 

we hen extremely poor and to net justify the detailed lines 

laid down on the 1-inch shoot; the detailed tieposition of 

the rook typos unfortunately mosaic absevro. 

Within the boundary of the Grantown Granite the 

Survey TseSg*ised twelve tiacrete lucius lens Of  country roOk, 

eleven of then politic. their total sfeoe area e016e9 

a very snail fraction of the suz'fseo area of the granite. 

The present mapping shows that the granite is practically 

nowhere without inclusions, most of uMeb are pelitie in 

eossitioa, although blocks of all the country rock typos - 

inciting aititee - have been ebsirvel. the surface ares 

of the Inclusions eonstitntos a large proportion of the area 

of the Grantm Granite Complex at the present level if 

sroeion. The dip of the foliation sad the plunge of the 

linear atrieturse in the inclusions are generally consist-

ently to the I, in eontraI8tlnction to the regional 

structures out'witli t1e grhnite (anfl p.I61.t 
S4

.). Large 

inclusions of cosmos,  politic gs•ies, in places bearing 

gam.t ant occasional tenmaslins, can be napped In an east- 



vest belt on Qr.agaa no h-Othaiege ond in a north-south 

hilt from Gorton Hill to Oreag Uheitho Mhor aM th.nes to 

Oresg 3h.ith. jbeag. Contact aeterpbie offset* od the 

granite on the iTIelnBiO*$ ore totally absent In hand 

ip..iaoa (Pl.t.VIII). 

Outside the eastern esatoet of the Irantown Ormits 

scattered exposures of li.tiaetly pelitie rocks have been 

ppod from âu.bnsf earn Wood northwards to Oaa.rory, Cern 

Tug and Cern as Orsisbe whereas on Ibeet 84 thee* rocks 

are not differentiated from other Memo rocks • Within these 

p.litic rocks a distinctive sono of aititie .iies-gnoisa 

has been foaM on the east side of Corn Laig and eon be 

traced northwards to Cern no Crolehe, $ distance of one 

ails (plate 1). 

In the north-.utera part of its area the politic 

and esaipelitie rocks have amy qurtse-f.ltspathie inter-

calations which are not, boamvr, sufficiently large to be 

ppod on  the 8-1nch seal. • On Corn led an Coorseb steeply 

inclined politic end eanipelitie rooks eon be mmMmA in a 

bro* band trending aa* parallel to the strike. On the 1* 

hill SW of Cern Bed as Onoresh the gvertao-foldspathie banda 

preponderate over the politic rooks in whi*h they are inter-

seisted and dip U at moderate=glen. ?bia quartiose honda 

on the two shiv, hills contain structures which are so nail ersi 
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to r.prsasnt current bedding (71g. 5), believed to ae, the 

first szsaplea recorded fron the bin. Series of this port 

of the Righiends. Sparsely enposel politic nt Senipelitis 

rocks south of the liver Dulmals have boon assigned to the 

lain. series proper rath.r than to the Grantoi.i Group on 

grounds of lithological elnilarity (p  .83 ). 

5, Gala-silicate 'granulit..' 

thus rocks are wId.aprsod, having bees observed 

in the asic qvartuo.o layers  au lob are intercalated through-

ut the politic and soaip.litio rocks • but they also occur, 

though lees esasonly, in the qunrtse-f.ldspsthie rocks in 

the most of the eras. They are net wintlonot in the geological  

$vay Sweir for Awet 74, but two instances frost localities 

In the north of the area are reported in the Sheet 84 less ii 

(pp. 59,57). the rock oeee as thin i*reiotant bouts and 

lessee up to f lvi lashes in thickness interbqIt.4 with either 

politic or ellieoous rooks, or as nodules ant leases never 

greater than 9 by 12 ineb.s in section, fount is qsartso-

feldapatbia layers (Plato II). Tbo longer sass of the 

modular bodies are parallel to the banding of the surrounding 

rook. the foliation of the enclosing reek toss net bent 

raw& the noduls; iphere the nodule Is sufficiently rich in 

alas, the foliation continues unehenged in attitude through 

the noduli. 
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So ssett•raL are these bards that they 4o not mrk 

• dietlnetive horizon or uns. They have been found In the 

Irictindol Meeks wi this the Gruttows Granite and they have 

been øbaer'y.d is rocks of the home Series ever a wide region 

subside the area. 

the bads aM nodulee weather distinetiy.ly. The 

bands have prominent outstanding mrglm and a less resistant, 

weathered-any interior, particularly *en the latter Is 

saleitie (pint. In); the riotulsa have a &**ply weathered 

bediag seas, *Ile the interior, whish sometime shows 

several conoon trio sores, stands out. 

(b) P.tror,hr 

?he stists and gnoias.a of the hilne b.ries 

riosive only brief sontion In the petrographie ohapt.rs of 

the moire an Sheets 14 =8 84. The desoriptions gives 

below apply sq'stly to the rooks outside the arsatowa Srsaite 

and to those melded within it. 

1. Qsartso-feldspathie ga,iaaes 

In bad apsainon these fine to nouns grained reeks 

are pale pink, psi. grey or whit, In oolour and are uuallr 

bant.4 • There are as easional aieaeeoua partings parallel to 

the banMsg, sad In some bands porjyroblastie losses of 

follepar are coamon. Quarts, feldspar, bietits and ausosyiti 
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Modal ena]9uee of quartzo..f.ldepstMc rooks of the 
Mom. 3srieo. 

Thin section no. 239 453 0.14 165 23 427 461 

Quarts 77 75 48 47 43 57 25 
plagioclase 16 3 35 40 20 8 56 
Iicroe1iie - 16 6 1 30 51 5 310t1te 5 - 9 12 6 3 14 
muscovite - 6 - 
Accessory 5 - 1 

POflIS eounet 1600 In eaeb case 

239. qUArtsite. 1000 yards BE of Auchernack 
Farm. 

453. Quartzite, 500 yards an of the top of 
can Sgriob, 

0.14. Qusxtso-f•ldepstbie gneies, Oebnoir, 

165. Quartso-f.ldspatbie gneisa, 400 yards 
38 	of the top of Creag an Phithich.. 

25. uartso-fe1da.'tMe gneiss. 300 yards 
sw of J?oriapv.aon. 

427. Urtso.fe1depathie gneiss, 500 yards 
33! of Rynd ian. 

461. izsrtso-fe16.psthie gneiss, 400 yards 
Of the top of creag an High. 

* Specimen presented by Dr I) .B. MIntyre. 



sen all be idontif led in bond apselasi, while aseT0500pie 

red garnet is rarely aeon. Linear structures are oneoason 

In thene rooks bit the quertsite on Reins Mhor has a faint 

lineation formed by the parallelism of email narrow ribbons 

of quartz seen 03 weathered foliation arfaees. This 

lineation is parallel to the regional fold ode aM is not 

Is be confused with the bread parallel ribbons of quarts in 

true granulit... 

A series of modal easlyooe  are given in table 1 

* all modal analyses were male on a swift Point Uountsr ad 

are therefore voluastrie aslimates • 1100 to 2100 points 

were counted depending on the coarseness of the rock. The 

traverses were made 1 ma. apart. Individual points in the 

traverse being 0.16 ma apart. Tbw proportions were eel-

oulated to the nearest one per sent. All the this sections 

analysed were out p.rpeMieulsr to the foliation of the rook. 

That the method of medal analysis is sppli•sble to mets- 

merphie rooks has been tononstrated by thaw and B&rrieon (1955) 
- 

to show the range in aineral composition of the reeks, per-

tieular].y the wide variation in the relative abundances of 

plagioclase,  and mieroelin., and the ay.tb.tie  variation* 

between plagioelaso and biotite. the analysis of 461 

indicates the approzit• upper limit of mica with the 



•osoeitant h1k prOp.rfftr of r1iolf. 	tra1. 

szaapl* is sbovm In Plate XII 

Quart! is alwarw found as zenoblastie crystals, 

.quirsxuler to polkiloblastie in habit, and up to 5-

in length. Gz'uler or sutured 5ST!1UI are ubiquitous 

as& aadJl000 extinction is Very eoon. Diff.zeies in 

sxtintiu position of up to 200 have baa. observed In a 

siagle strained, crystal. Tb* mailer graxulee, ho wever, 

are not etialas&. Large, very irregularly iMpo4 eryst ale 

haiu spp.r.xtly ftrae4 by •alae.aee of sevra1 axaller 

ITyBt1* diring reerjstalllsatlon (Plate XII). In  the 

qvarlsit.m of leixa lOtor the quarts' *art crystals are eharsoter. 

letleally elexat., with the loager axle of their ruptal 

strain abadows (Ii.taaea, 2938) jurallel to the foliation. 

in the lees quartsitle rocks the tda.ey for oryeftle to 

be elongate parallel to the foliation In loss worked. In 

oxe or two thin sections there sr* crystals of quarts which 

are slightly biaxial sad have the appoaraxee of inelpisat 

erose-batehiag between crossed uieols • tuarts with unduloss 

•x$iat lea always aee.npaaiee the biaxial quarts eM the 

dsv•l.paxt of biaxial eharesteriatiee in this amoral is 

th.refore considered, likely to be the result of strain. 

Isnobleetie erystals of lajloeiss. up $05 — 

across are found In most epeeixexa. The crystal* fora 



porphyroblaste with eonegve asrglue towards oryatsle of 

other afacrale. Twinning on the albite law to eoon; 

twinning on two laws in eparee; the twin laallae are 

relatively narrow. In the quartiltes - highly L.t.rnsI 

rocks - the plagloelsas twin laneilse are bent WSJ #Is-

Plaeod. 20RUS I. uncnaon end takeo the form of a narrow 

aedic na to the erystals. Who composition of plagiesises 

from 56 epecimsos foil in the rang. A*f  to AA3,j  9 the 

oe1onity being near 	 sow ape omens oh., pstehy 

* T'ouout this thesis the eoosition of plagieslas• 

has bet eetinatst by the mothod of naziaua sysastniosi 

entinetlon angles in elbits twins. 

sibitisatien of plagiolsse *11e others contain nagged 

pstehes of aleroilins meloso& within pie giocla.. (Plate Xm) 

lobby irt'  was observed in the pie.gioolaee crystals of 

few epseiaena. Alteration of the piaglooleas is typically 

to e•eanlsry aica, although easfl secondary elinesoisite 

crystals were occasionally obs.rysI within plagloolsas. 

Zicroeliao is rare in the plsgiaelue-r*oh types, 

but generally boissoc esason when plagi.cle.se  is low (259 

being en exeeption). It occure as fresh zeneblasts or per-

pbynoblsats up to 6 en in length, the pu phyroblast. sea-

taming ro,zde6 inolueiee of qnex'ts. ouadari*s betwoom  
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aicrocline ez'yetalo tend to be eatureA or gre1n1ar. XIeri-

c1tns-aieroperite is eooa1y found and takes the form 

either of a systeir, of very thin albito veins, often an 

echelon, in te tmtwinnod interior of a nieroeline crystal 

(as iii plate XtV. or of nueb lar.*r ragged rtringera and 

veins of elf goelsse-snteaftii tbreuhout thp nierolins; 

the latter type of ivtarrewtb is rare. ienity, and thors-

fore volunetrieally. there Is a complete grMation from 

plegloolese Vith $ few inelnei nieroeline to x4oreellas 

with a few inelud.l plsioclseo. TMe gradation is not, 

)iowesr, aeon in all sp.einens. In the qvartsites the 

aieroelin• crystals (be.nt in P9) ere leneold In outline, 

efr longer axes botr gr parallel to the foliation. 

The lispositlon of snail quantities of tabular 

rystale of biotite WUy ptv.i The ricks a foliation s  

but the quantity is seldom snffiei,nt to fern al.*erst. 

1.a7rn. ?bw crystals, wbich hev* * iaxisan 1etpth of 5 M, 

are often partly or ort1r*1T elilerltim*d Fmd ar* o,easionelly 

boat. cbs pleoebroie seem ie: I m y.11ow-br'3wa; 

T. S - lark bmn or rod-brown. 

Lass eoon tbsw tbs biotlt 	 fin 455) and 

usually absent, the rpseovitt eryatale range up to 2.5 — 

In else. The ery$tsle ra aenmonl,y bent • irregular in 

ontlius, and have tbsir cleavage traces •bllqe to the 



foliation. occasionally (as In 455) there in enough 

aano.vite present for it to torn discrete foils In the 

rook. 

Accessary aisorals, ieh together sever sxes.4 

4%, have been found In great variety In these rooks ant 

Include (is appraniante order of abuatanee) pink Cornet, 

psi. yellow spigots with occasional orth its eor.a, afress, 

iron ore, aphene, apatite, green borabboot., rut ii. and 

green toursolino. The crystals art Uhoblastie or bypili.-

blastie • Osrait, stloh is sometimes altered to shiorits 

along ersek., and asgn.tite ar exceptional in being 

occasionally as asoh as 3 an across. The sore usual upper 

unit Of sue snongat the accessory minerals is that of 

•pidets which doss sot exceed 0,7 an across. The gooloses 

at Di-woy 5.5? Lsehlndorb are unusual In that certain 

foliation planes are ez'oated with porphyroblasts of magnetite 

up *1 5 = s*rssa. Oxidation of the mineral by weathering 

gives the foliation planes a purplish or rusty eolour. 

!. Politic and a.aip.litle gneis.s 

)ark In colour, the rooks vary from fine to coarse 

In grain else. They are well-banded or foliate rooks, the 

coarser varieties commonly having small qusrtse-feldspathi* 

eyes, lenses and layers. Where thin politic and quartso-

feltapatbie rooks are lat.rbsntst the former teat to have a 
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106*1 sns1700 of p]itle rocks of the 10ini Series *  

Thin section no 	64 102 158 408 

QURTtZ 19 22 13 21 
plagioelue 21 28 42 26 

ieroc1jne 15 18 - - 

Biotite 31 29 40 32 
Muscovite 14 4 5 18 
garnet - - 

- 3 Accessory - 
- 1 - 

Points counted 1800 1500 1700 1500 

64. Biotite-pn.iee, Stec an 
Tolaleb. 

10. 3iotite-9riei88, 900 yards 
north of the top of Gorton 
Hill. 

156. Granulitic biotit-çn.1, 
Broorihili Quarry. 

408. Gsrnstiferous biotite-gneias 
500 yards IT of the top of 
areg Bb.ith. Itor. 	- 
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foliation oblique to The layering. Biotit., smscoviU. 

quarts and feldspar can readily be Identified in band 

specimen. Dark red garnet crystals up to 10 = across 

are sparsely distributed and are typical only of certain 

bands In the rocks • 8one of the coarser gu.isses contain 

thin quarts* -feldepathie bands and lenses in which oee 

idioblsatie, well-termed crystals of black tourneline, 

with a max1amm length Of 40ns secoupenied by crystals 

of red grnet. A lineation of mica crystals on the 

foliation planes of the finer grained reeks is the only 

visible linear structure. Garnet Is alenjs porphyroblastie 

while plagloelass is only sometimes so. Plat.sxui: Xiv show 

typical politic and senip.litio reeks in thin section. 

The most abundant also is biotite whose tabular 

crystals are ubiquitous, forming discrete layers in most 

apse mans, and reaching $ maximum length of 5-. NOW 

crystals *ieh are apparently large in ordinary light are 

seen between crossed nicole to consist of several crystals 

In parallel growth. The crystals are occasionally bent. 

In general the grain also of biotit. 1. about The *me as 

that of The Ober minerals in the reek. P].ee&ireie haloes 

surrounding smell inclusions are cineen. the typical 

pl.oebroie sebue Is: i - straw yellow; T o  I • rich red-

brown. Biotito is altered to pale green chlorite which 



contains ueaaien.l grains of iron 'e along the cleavage 

Planes. 

Israsily nusco'vits is lees abundant than biotite; 

unlike bietite • its crystals reach a 	lcagth of 4 — 

d are eoaly bent through angles of up to 20. The  

crystals are thick, rather irregular in outline, and often 

lie with their cleavage uos Oblique to the foliation as 

defined by biotite. SOW of the muscovite, however, is in 

perallel growth with biotite. lids variation in the grain 

ems of muscovite within a single thin section is usual. 

uarts is slwes present, the sqnidimsssioual 

zenabi sets reaching a aszia disaster of about 

Uaulose extinction is everywhere characteristic except in 

the mmall rounGod crystals ineluled in feldspar., and in 

the smaller granules. Sutured boundaries between quarts 

crystals are eooi • An in the quartso.f.ldspathie rocks 

slightly but definitely bIaxial quarts is occasionally 

encountered. 

The typical feldspar of the rocks is plegioelaee 

with a composition range of"R23 to L* 57  the aajority of 

crystals heving a composition of about AZ. The plaglo-

class f s zenoblsats which are •quitiwsionsl in the 

finer grained rocks and tend to be porphyroblastic or poikilo- 

hi astie In the coarser. Th. usual maximum also of porphyro- 



blasts is 0 sm, .zospt in the tonrn.line-bsring bends 

whire,  thy are up to 1* — aeress • Twin lsn.11*s are not 

strongly dsY.Ip.d and U. relatively nsrrew; W axing- on 

two ]swe in one crystal to rare, hint soning is e.Sn, 

may of the smiler crystals being sowed but not twinned. 

In all the zoned crystals in Which the oeosit ion range 

could be estimated sowing was towards a "die margin. Up 

to thr.. distinct son* bowMen.s heye been observed in a 

single crystal; they are normally roughly parallel to the 

crystal margin but some are Irregular in attune. In 

crystals that are both twinned mA sowed the twin and 

sfte bonMaries arose enob other uMistvrbeI. 3onJ.ing of 

the twin lansilso is rare. The plagloelea* is oeeuiosal] 

altered to secondary sian aM LQsty material. As in the 

qnartvo-f.]dspstbie rooks the plagioelaa* of the eoerser 

rooks is sometimes sibitised In Irregular patches, or alter-

natively contains irregular areas of siaroclins (plate XIII .) 

It is of ten difficult to tech* whether pleghoelase or 

aicrooliwo to the host ain.rsl. Tb* porphyroblastie 

crystals contain inclusions of other siasrals, particularly 

aicas, ariseted with their longer ss parallel to either 

or both of the two visible cleavage trss of the plagloelase 

Lees eeon thaw plaghoelase (aM sonetlass 

absent as in 156 and 408in Table !) is aieroslias Whose 
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zeuabl*atio crystals rang, up to 3 = across. Kierselins-

aicraperthito is also present (Plate XIV). Eeroeliae dose 

set occur in rocks whiih beer garnet. brushy the crystals 

eozafor* to the average grain 'size of the rook. 0eeaeiss]1y 

the aicroahia, crystals contain sushi rounded inclusions of 

quarts. in contrast to the quartI.-f.ltsps$hj, geisis th e  
crystals to not have granular margins as do they show eats-

elastic structures such as boat or broken twin lasellas. 

Although they torn only a W411 proportion of the 

rocks, p.rphyrobla.ts of gmet are prominent In certain 
layers (408). 	no crystals are Oquidismasional. their 

nezim disaster In thin section being 5—. Typically 

the crystals are pink in colour end are spongy, with in-

clue ions of quart', MUMOSIFItO sad biotite in that order of 

abundance. The tabular ineladed ninersia are sometimes 

seen to be concentrically arranged within the garnet. A 

biotits-poor zone eurronads many of the perphyroblast., 

around iftleh the foliation is dsfieet.*. Alteration to 

chlorite sling the crack, ban been obsrved in a few 

specimens. 

Large touxushine porphyroblasto occur in certain 

quartiosa, layers of the coarser geelsees • and lack a Jee-

ferr'.I orientation in these layers, In this e.etioa the 
idiobl*sIi are seen to  be 91I9y spongy  and olive or green- 
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brows is eo1o, which varies a little within the crystal. 

Absorption Is strong; 0 >1, dmall inclusions of quarts, 

muscovIto and sometimes biotite are arranged with their 

longer axes parallel to the orystallographia a-axis of the 

toux'aalin.. 

Idioblastie or bypidioblastie crystals of several 

accessary sine rsis are found in these reeks • the ainerals 

Include iron ore, apatits, ephine garnet, air-eon, and 

slinosoisits, and they tend to be concentrated along bietite-

rieh foils. The also of the crystals is silica above 0,5 m. 

Where sphene is a common aseessory amoral the biotit. is 

Lark brow n rather thm red-brews In eolanr, a fact which 

Indirectly beers out Rail's (1941) correlation if red-brown 

eolour In biotito with high titania eontwst. Thore appears 

to be no correlation between plagioelase eonpositioa and the 

co1o' of biotite when some is present. Iron ore for 

ragged arystals e  of ton along the cleavage planes of biotit.. 

Auges-gseises constitute a ainor proportion of 

the politic and •enip.litie gneiseee, and are confined to 

certain this layers. They have net bees found in the extrese 

NX of the area. the augon-gneiseea differ littie in p.tro-

gz'sphy from the other politic and sesipelitle reeks, the 

following foots being exceptions to the general slailarity. 

The quarts crystal, of the augen-gncise.s tend to be 
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ilongate parallel to the foliation and rsasb a 

lsagth of S ; blOby quarts is soastlass fsimd in ** 

plagioe].a.. erystala. the 'eyes' are not composed of $ 

single crystal but consist of an oquigrmulsr mosato if 

say or all of quarts, aieroeiine and plagloelass, the 

mosaic saldot being alarser than the aversge grain else 

of the gneiss. 

5. Oale-silicate 'grasulites' 

The bands end lose frequent nodules of theee 

rooks are asdina to fin, in grain, are pals in Solo' and 

are studded with pink or brown garnets and with .leagste 

peralisi straski of dark ainerals, hines the nam Oblotek-

Reek" given by j.rrow (1904, p.410). the lirtastion formed 

by parallelism if the streaks can. In a few favourable an-

pesures, as shown to be parallel to the regional fold axis. 

The larger nodules are concentrically sonod, showing very-

lag lap'..s of garnet concentration while the country rock 

for a distance of an inch or two entaile the nodule is 

lark In colour and has a content of bl•tits above the 

average. 

Along both sides of the belt of baste rooks 

between Osraloeb and Oarn nan Gabhar, near Lh1Morb, the 

politic and senipsiltie seblata and gneIaRee aontsin snail 

flattieb nodules of ale-ei11eate bearing rock. Tb.se 

nodules, which are ailton were than titres Inches thick 



Modal analyses of calc"ailicate 'granulites' in the Koine Series 

Thin Section Not 222 21+6 2148 251 253 254 255 276 282 304 306 339 438 

Quartz 36 147 145 32 1+5 144 145 56 23 39 142  33 32 
Plagioclase 5 31. 15 33 14 15 21. 50 27 1+1 15 35 
Cljnozojajt. 21+ 11 27 25 47 2 36 16 5 9 8 31 21 
Garnet 5 2 14 6 2 2 2 5 3 1 15 m 

Hornblende 14 2 - 2 1 9 11 ii 1+ 11 
Calcite 214 3 - 2 8 - 

Biotite - 14 3  14 5 14 2 - 

Muscovite - - - - - - i+ - - - 

Sphene 2 1 2 1 1 - 1 2 3 1 1 2 1 

Points counted 	 1200 to 1600 in every case 

222. Carn Bad na Caorach 276, 
21.6. NB. of Carn Bad na Caoi'ach 282. 
2148. NW. of Auchnagallin 301+. 
251. Cam a' Ghille Chearr 3v6. 
253. 
25'+. 

Cam 	a 
Cam a' 

Ghille Chearm 339. 
Ghille Chearm '+38. 

255. South Of Carnioch 

SW. of Creag an Fhithich 
Pityoulish 11111 
Tromie Bridge 
Creagan na h'Othaisge 
South of Camnioch 
South of Camnioch 
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and are fins in grain, stand out proalnently on nsatbar.4 

e'fass eM the larger ones are scuad fron a pale pink in-

tor.ior to s pals gi 	or rprvy margin. ?he thinner uulss 

contain only the pale"on or grey sons. 

lb0 usual mineral asa.lb].ag., shoVaer is band or 

module, Is qua te-pi ioclas.-eUnozeiaito (or .pl*ot•).. 

beTubleadaornst with oeeaaionsl NWII aunts of biotit., 

amac.vit., calcite MA •hene. table 3 shove the overall 

unity of the group • 55 being an *"Optional type. Plagio-

elsie and elisozeipits tond on the whole to nee and fall 

r.eiproeeliy. ?b• typical featar.d of reeks at this group 

are seen in Plate X  

Quarts, plegioclone or elin•soi.ito may be the 

neat abundant mineral In a particular Ipsolnon but of these 

It is g•rally qarts which makes up the major proportion 

Of the rooks. the crystals are zsneblaatje and •qui-

tiaeaeion.i, and usually have untulo.. ertiastiom. 

IMirits.1 specimens may contain up to 54% of 

pgieeia.., whieb for renoblastie crystals with a 

maximum length at 1 ma • Twin lemel 1s are sparss and marrow: 

zoning to a eodie margin is slight but distinct in ay 

cry tale. lest of the crystals are slIghtly  altered to 

aisa or slinozeiajt.. ?b* composition rings of plagios]se 

In thirty 	 to an, with two distinct 
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aaxlza at appxoxiaately AX 35 and' *n. There appears to 

be no sorrilation of p1aios1saa ,  eenpeition with MIS of 

oeer.noe, geographical position or diotinetiye amoral 

•ontent, such as the prosonee of elinozoisit, riOtin tbs 

plsii..1se.. 

Qolourl.es erystala of e3inuoisite are seamen, 

otearring either as a network around the qu artz  ant plsgio-
class or in elnipe SM patebea wl&t represent (in part) 

the dark streaks of the hand ipeefea. (iiornbl.ade and 

biotiti are also f•und in the lark streaks,) The crystal. 

are ip to 1 - across and betw.n eroseot nicole are .u-

ly soon to be zoned. In onny  eposinose the ci !nosoiaits 

oe.nrs within eryetals of plsgieelseo, WHO it ban possibly 

replaced; those plsioelaso crystals are no son or lose 

ealcie than the rest. 

!! 1 n.t dwss appears eenapieasia In band aposiasa 

but in thin sactics the porphyroblasts are found to be so 

poikilob]e.stie or even skeletal in habit that the pro-

portion of garnet in the a,o• is low. Qrystla of the 

mineral are pals pink or eolounle8, vp to 5 an aerosa, and 

asnally have Inclusion* of quarts with liseor snounts of 

slinessisits and calcite. Oryotal faees are eid.a developed. 

Basil, sparse, ragged poikflobluto of peon 

karablemAs are found in most epeeipene 4  The rirteral, wits.. 



crystals are too snail for neasuraent on the Universal atag., 

eaee is aesedatien with bictite eM eiinesoisit.. The 

pisoebrele eeber is: I = pale green; ! = peon; S 

bluish-green, the colours bong sometimes paler thign thee.. 

The blue-green cola-or uggeets that the hsrnb]sMs contains 

the kastingaite molecule. 

10t1ts to occasionally present in •eaatisl pro-

portions. The tabular crystals are snail • having the 

pleeohro1e sehame: I - oolurlm; T, £ - rich light brown. 

Obisrito is the nest esanen alteration product of biotit.. 

pIu1&li,n.nsionsl crystals of veil-twinned calcite 

ban a asilaus diaast.r of 05 mm. The ainsrel bas been 

detected IN only a tow sp•eiaene (e.g. 229 9  240. 682, 504) 

aM its presence bas no effect on the mineral assemblage, 

Levil,pe&. 

The acoe.ay itherale IDC1Ude ubiquitous pinkish-

brown api.zie in snail iUobluta forming up to Z% of the 

rook; eoeuionsl aicroaline In email zenoblestie crystals; 

and sparse shreds at muscovite which are sonstimes secondary 

after plsgioelaee. 

flier, are two notable •zceptisns to the description 

gives above. firstly, in the algastitia qnartzo-feUepathie 

peiess of ate. on Toisieb near Beat of Genes there have 

been found a tow this calo-silicate bearing bsnd276), The 
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bands are 000.res in grain and light in aolsur, spares 

garnet aa aphine being the only dark minerals present. 

P].giulu0 is predominant but Ia usually altered to 

esrbonat. aM •.oandsry- sian; Glinozoielto oeeara as 

easras zasobl.aeti, eryatals which eanotiass torn a net-

work in whiob the quarts and feldspar are act • ?Me 

rook typ rasa,bl,t t:ir, L,.n.: Thni1 i 	, p1.Itje 
TAL IS iC1$aOB of 	

On 	 The 

second exception Is the IM Of iiae-ginsd *qti.igrsanlsr 

rack found as nodules In the Loahinderb district (3$9,438) 

the middle of each nodule is a nens of all broen garnet 

crystals, tb• interstices between which are I illil by 

quartz and cllnezoieite, and this grates outwards into an 

int.ra.di.te eons rich in clincaclaite (or epidoto), poor 

in garnet and bearing tear-se shreds of $ eoloinl.s. ahi - 

bole; wbUh cone, in tur'*, grades into an o ator ions 

either nab in pølkiloblaato of blue-green hornblende 

with, in addition,, plagioelase (An-Au), quarts and 

cUnozaisits, or eon.i.tisg of the aaablag 	artc- 

01Ifl0ao1.8it6-a0oyjte-oh1jt. (255), the two last awnd 

amorale probably being alteration products of plaglo.lss* 

and bietits neap.etiyely. Outside this son, the enclosing 

granlitie q oarts -andes ine-bi otita rock is fount. 

Occasionally, 12 the a*11er nodules, the inner-seat, 



garn,tiferous zone Is 1aokfr (456). loaules of this tips 

are always found in fine- grained Politic or e*nipelitIe 

rocks, aid, a1tbonh their texture difjrs ties the sore 

uaual and more wideapr.4 eale-aflicate bands, they have 

the ease isberal seautbiag.. 

Intercalated in quaz'tso-feltepsthie gasias.n at 

inro, near Loehtndcrb, are a few thin bands of a reek 

iftose mole of occurrence and spp.arane e In band epseisen 

closely resemble thee, of the 0810-eilleate 'graimlit..'. 

In Thin ceeties, howvar, these are distinctive and uiie1 

hornbl.ndie reeks s teh ew be grouped with neither the 

basic nor the calearsona rocks • £ rodal ans1raia gav• the 

remit: horzblands, 3; •pidot., te'; plagioolaee(An40), 

6; quarts, '; ephsri, + apatite, 3%. The crystals of 

epidote • aphane and qatits are idioblsstie, 'to other 

minerals b*ivg znoblatie in habit. GonsiL.rMion of the 

mineral content has made poib1, an ,etiiatjon of the 

raUtiva abirndae ol ozideA I n The roft, Tha; 1111.8> 

aliaii.: > fran o.1dd(- > U 	4 	 > "Od ~-A 	Tltm origin 

of the bamda is Oeu. 

(a) 101SCUssion of Origins 

A Mgh content of plagioelaae asd/ur aisroolino 

ebaracterises the quarts.-fel&sp.thje gaieeee ( Table 1), 

whlah have an average s.c. of approzlt.ly 2.7. An extrese 



TOOk P1 (461) 002tain1g 5 by v*l=w of :p]agioelu. 
of IOoSitja Afl 	- 2.7), would theoretically 

seatain about 58% soda by weight, aid another aitises (25) 

with 30% by voluae of nieroelin. (S.C. = *.6) and 6$ biotit. 

(s.C. = 2.95) would contain about 511% potash. ?bses 

naziism valise for soda and potash in the qusrtao-f.lispathj0 

gneisses both lie within the eorresponding rsiee for analysed 

arkes.. (P.ttij.he, 1949, p.259) aM the ainersi eoositio 

Of  the rooks fall within the arkose field (Pettijehu, 1949 9  
p.258). 	editribtji of easa material in situ during 

UstWIOrPhIGm in imdieated by the eeeurrenee of porphyro-
blasts of feldapir, garnet and nanetite. Parallelism of 
the present bailing with the original bedding appears to be 
indieatsi is eon, this Ioetions by the paralleli of lines 

of rounds afrosne with the biotite foliation. The intwr-

growths shown by the fiUsp.r. la&ieato the action of either 

of two process..: (1) the essolution of a benogamooss 

(ls,Os,i) f*liapaz into its pisgiocleae aid alkeli feldspar 

eoapoaenta on cooling from a high temperature • or (i) a low 

tamp.raturo replacenent of plagloelaso by mierocliie and 

vie* verse, involving the small-seal, transport of sods and 

Potash. Theee intergrowths are also found in the feldopare 

of the teaperstur.-s.nsltjyo pelitit and samipebitie i•iss.e, 

*ith do not, however, show a development of high-temperature 
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minerals -
9 
 Therefore the second alternative is rh to be 

preferred. There to little evidence either for or against 

the large seale introdwation of sods sal/or potash. The 

qusrtso-fsld.patbie gesisees are therefore considered to 

have formed either by the metamorphism of s*oe.a or by the 

metamorphism and alkali a.tsmatisa of re qusrtsos. 

sediments. 

The petrography of the politic and ssaip.iitie 

rooks is consistent with The production of those rooks from 

ugillse.oua sediments. Tbo conditions of formation of 

plagisoisse were snob that twinning was not favoured, uMle 

continuous soning was • If twinning be considered a result 

of stress, as is eonmoaly hell to be the ease (see for 

example larker, 1904, pp.124-125; Ailing, 1936, pp.155,157; 

'go or, 1954, p.89), then the plagioelaae finally crystallised 

undsr low stress. Muscovite, Judging by its usual obliquity 

to the foliation, appears likely to have fernel *es directed 

stress was low or had ceased La in the qu.rtso-teldspsthis 

reeks ther. are intergrowths between plsgioelase and micro-

oils. ihose origin appear, to be in some doubt. Origin by 

replacement is preferred to one by ezsoiut ion, as the Ma.r.l 

development of the rocks loss not Indicate a bigh-tiapersture 

of formation. 

It could be argued That the restriction of 
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teu'aalinif.roia gnoieeee to within the boundary if the 

Orantomi Granite suggests that the tour line bas are 

spophy..e if the granite. A. the to1in.-bssring heMs 

are parallel to the gneieeie foliatica and Doew also as 

isolstd lessee aM pods along the line of the main bend, 

aM an the gnoiasio foliation has bean moulded aroani the 

pods 328t an it has around porpbroblaata • and the veins 

#tieb can be sees to connect with the granite are are..-

cutting and psrell.l-eid.d. than it is clear that the 

origin of the tourasliniferiva beads is bound up with that 

of the gneiseee and not with that of the granite. The 

constituent which control, the formation of tourmaline is 

boris oxide, and .rgillaeeons sadinests osntatn up to O.] 

Of that cxli (isakana and $aheaa, 1950, p.491; GoldnebudAt, 

1954, 9.286), Tourmaline contains approximately l()% boric 

Oxide by weight and therefore, without introduction of 3O 

from some outside source, n.terphesel e.diasats are 

Ithely to entain up to 1 tourmaline by w.ight, 9) 

* The pelitie gnoiseee of the Grantoun Oroup (5G. approx. 

5,0) contain up to ] by Yeluso - and thereforn rougbly ] 

by weight - of disseminated to1ine (see p °"ioS). 

proportion of teuraalin• (1-%) in the bands on ()r.sgsa as 

b-Otbsisgi and Ursag Bbeitbe is such as wouN require the 
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sigrati ca and eone*ntrati es of 1203  aM other oxides frost 

• asainon distan•• of only a few inehos • provided the 

irigisal sediment contained 0.1% bone oxide. the pr•esnes 

of sparse garnet porphynoblasts in the surrounding rock 

testifies to the oewsitme of diffusion In thiss reeks,, 

on the eeal* of metamorphic differentiation. 

The bends and nolulee of esle-eilioste 'graanlits' 

show a rrksb10 eoasiateney if mineral composition over a 

wide area. The nodular, send occurrence at some localities 

suggests that the medal.s represent original calcareous  

somerotiom in the quartso.e bands, eopsr.tione whose son-

tent of lime decremsed inWards • This hypothesis is 

sappuied by the fact that the foliation planes of the 

gaol.s coactimes pass tbrough the module and thit the presence 

of a nodule *i* net result in an increase In the thickness 

of the layer in which it Ii (Plate Ii). The examples of 

curteat bedding In the now lie tniet indicate that the 

original s.tiauntary struetu are preserved is the reeks 

eves at a high grade of metamorphism. The eals-silicato 

bonds therefore, by analogy, represent original ealesresus 

layers. 

Pros their mineralogy the omll coned nelules 

fran the Caraloob -Cern non eabbar area would appear to have 

been men. if as-rich and Use sandy than the forQoiag bands. 
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but to contain relatively large quantities of ainsrals ruib 

in .1aa (garnet • ellnasoisite sad labrUcrite) the 

original eoner.tion most have been ealcer.o-sl"i"•ua and 

rich In lies towarts the Interior • This is hardly surprising 

In view of the feet that those nodules are fount In politic 

and uaipalltie layers. They are therefore the honologee 

in politic rocks of the usual ealesilicati 'gzsaulites' 

*Ieh tent to be fount in quartz"* layers. Ti the beat 

of the present writer's knowledge similar nodular rooks 

have not previously been tea en bed Lion the Noise Series. 

The amoral content of all bands and layers allows the 

average lies content of theee rooks to be approximately 

estimated at about 10 9  This eoaerco favousbly with 

choniosily analysed ealo-allisate bearing rocks from ether 

regions (fl.tt, 1911; P.tti3obn, 1940; Isty, 1949), 

The amoral proportions in several nodal analyses 

were converted to the approximate proportions of sauce, 

king allowance for the different 3.0 •  of different amorals 

and the range of composition In minerals which fore solid 

solution series. 37 this method the ohonicel eocoitia* 

of the asic-silicate 'granulites' em be einisod thus: 

silica>>> S1 maim > lies> iron cxldes !llageesma> soda> 

potash. 

J.entioulsr bands of cab-silicate "granulito' 
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Mve been tesoribed from all parts of the *ia. series 

sines sean sat !sall (1896 9  p.41) first reeonin.I these 

reek., in *ess-ihtr.. The first dotailet petregraphie 

daseripticn to be ace awlet by $ ebealea]. eunlysis 

*ppearit in The Birn wyvis Newly (Pie", 1912, pp.4*-45). 

fl.tt (in Uorne, 195, p.55) eoneii.red the eelo-siiieete 

grmlites' &.rived from onlearsone eeudstms - to be 

ens of the distinguishing features of the y9fte Series. 

Jo* (1955, P1.1, 11g.) has fiurad aM P.ttl 

jebi (1940) has described from the Preesabr lea reeks of the 

Great Lakes region concretions shieh are struetrLrally and 

petrographiesily similar to the.e fo=l in 114 4trsttiwpey. 

P.ttioba oo miudes that the nodulen represent ealeareous 

ennoritiozis (doggrn) whieh formed In sendy reeks otter 

their deposition but prior to their netemerphis.. £ 

hsalael analysi,  of one aush nodule Ihews it to bsYe a 

Lime eeutaat of 9. bimiler .zel•e from the ]16 Coast 

have reeentl.y been d.eerlbed by Oonybeor. (1951). 

amsody (1949) has demonstrated the shangos 

browgbt about in eale-eilie.t. 'granslites' by progressive 

metamorphism. Two specimens from the boery betwosa 

£.nnedy's soisite zone and aaorthite-bornbleato some at 

Leehallort show tentual fool"Wes and mineral assemblages 

identical with theee seen in the eale-silieat• beat. of 
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lii -atrathapq. The Loebailort reeks contain the aseilbi-

age quarts -plagi souse (Ann) -slinono is it.4iombl.nd s-garnet 

with aee..sary sphans and e.leite. This is takes by lesn.dy 

to hteate a grads of astuuorphisa corresponding to that if 

the kyanits sone in politic reeks • i.e • to the i.v.r abi-

bouto feet..; in Ed Btrathsp.y the kyanito isogral is 

seen to be attained by all reeks (a.. p.193). Calcite in 

aantial proportions in seas of the rocks of Mid Jltratbap.y 

anggaat. that this amoral persists to a higher grad. than 

Dnaeiy has postulated. Its presence eea be aeconsted for 

by eoneid.riag that all the alusins originally present has 

been used to produce elinosoisite, etc., and the tp.rsturs 

baa mot rIsen hii .uan* for the production of a non-

alvainaus eale-ellisate such as wollastenit.. 

Where rooks with intercalated salo-allieste bands 

have undergone aigastisation the asseablage developed IS 

quarts-plagieelaas-eujnogoj.jts (or spidoto) with socessery 

garnet and aphane. This holds true for bands in both the 

aitise& quartso-f•ldspsthis gneisses of 8tso as Toisieb 

sad the aigastised politic gasiases of amig Zevaik (a.. P-107 

This new asseablago does not necessarily lad teats a higher 

grade of ast.rpbl.a than .ls.iuh•re in the area bat rather 

a different metamorphic en'vfronaent In which hornblende and 

biotite were both unstable. From the titers.t*re on the 
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HighiezEs th. only description aoapsrable to that given 

above is by Tonil (in Horns, 1910, 1.81), 'o Ssserib.a 

osle-silieate 'rainilitea' from the signetitia rooks of 

the Pm ieh Iovntsina. 

(4) NIMUsation  

?hronheut the area, ad partisniarly in the $W 

along the 5p•y-Pnlnain watershed • the rooks of the Mime 

Series )*ve suffered Isfornstioa and aigastisation. The 

intensity of deferastion eon be sham to be closely related 

in tins =6 space to ike Intensity of aignstiestiou (P. SS) 

Both qu*rtso-feltepsthie =1 politic rooks are aigtis.d 

In the NW but .1.e*rn the teiidimey In for the p.litie aM 

sonip.litie rooks alone to show evidence of aignatisation. 

Ileske of ii gnat it. are InS1M ii within the Gr town Gras ito. 

At various localities - aparsat1y distributed at 

reMan - the qnsrtso-.f.ld.p.tlUe rooks are granitic in 

character. They are pink in .olonr aM contain rsMoaly 

oriented • scattered sian fiskes, as was noted in the 

G.e logleel Survey lessir (1915, p.21).  

The Snaleses are now to contain aoeri quartso-

fldipathie bodies parallel to the foliation or basting 

* Throughout this thesis the ainsral banding of the rocks 

Is teneted by 4 . the foliation ii alesecous bends *ii is 
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Oblique to 
Ar in 

iniii*nt slip at 

aM in the torn 

all of vhiQh are 

linear atruatme 

gmeiese and the 

called 	 aM 8uieess of slip or 

a high angle to 1, are 8 (43.. also p.161). 
003 

f lenses, layers • knote, reds, and veins 

either .l.i€ato parallel to., or contain a 

parallel to, the regional fold axis. The 

qusrtsoso layers have, therefore, been 

folded together, end a onrv•e around the eoerae 	eea. 

Qosras quarts-rieb plygnatie veins are also fonad along 

On Greag Ater the qusrtsose layers show intrafolial folding 

In the Molsees. Where 3 is stoop or intensely folded 

(Pints III) the qnsrtsoee bodies are meat abundant and eon-

epiGnoss an they eonly oceur in the ereets of snail folds, 

but even where a is gatly tipping, as at Oreig Qsrt.n, 

there are many coarse quarts-fildipathic lenses parallel 

to 	ll quarts. -fal dspath Ia eyes eharseterisi many 

but not all of the nieaeaous layers. P*ery gradation in 

size Is feiug from quarter inshi thiek eyes to large lenses 

of up to one feet thick. The most ooianon oeeurronc• of the 

quartiose bodies is as sin1e or 	-eonneettng groups 	of 

lenses, sometime bapbasard In di atribntion, sometimes eon-

fined to a ,psrtionlar layer. The non-troaegrseeivs natare 

of the quartios* bodies and the Parallelism of their linear 

and plan  sr structures to the etrueturos in the gnsis )T; 
idlest, that the lens., me produeed during the 	ti 
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and assummA strustursi f.stur ewtroll.I by that do-

forastion. 

The petrographic tsseription given in the following 

paragraph applies equally to all mignatitie reeks of the 

area. The ]anoes and rote eieiet for the abet part of 

quarts aoeosnied by eonoidersble but lesser proportions 

of felIspe (nioreoUno, sioroelina-parthito sod ealeie 

sligoolase). Biotits, WAOMWIto and umil red crystals of 

garnet ar oecoaionsily four4 • Ooae of the owe feldspsthie 

pots have bi.tite-rich margins (Plate 1). 

in thin section the thinner qmrtsose ,  layers axe 

sees to contain the sane alnaxela tint are fou*t in the 

isaes but in different pop.rtis*e sod as wash lEgsr 

crystals. quarts and feldspar nsko up the greater part of 

the layers. some layers  sontain oligoelas. to The ax-

elusion of atoroolins ant vise versa. The plagioslase 

axyatala are usually well altered to secondary *Ites ant 

it is difficult to establish their eoositisn; in the 

fan available fresh crystals the oposition was ealeis 

sligoelas.. Some plagioelaae eryatals contain swell blobs 

of quarts. LinOsa in ihish olielase and atezoelino are 

fount together tent to have int.rgrootha of sieroeline in 

plsgiolsse dile the larger aicrocline crystals, contain 

Is their untwinnod areas tiny sib itie stringers.. Granular 



	

Fig. 4 	thin granite sheets along S and S in the rnirtitic 
rocks of the Spey-Dulnain tersh 

1,2. c1reag an FMthich. 	3. Creag Lior. 
4,5. Stac an Toisich. 
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asr 	betsoen oryatsl.a are counea in ate ooline-riá 

heals. The sparso auseovit• =A biotite are indistinguish-

able in also end optical properties from the aaisovits and 

biotits of the gnei..... The linesa do not invariably hew. 

biotite -nob mwWaso however, eluely contiguous layers 

are usually eaparated by a this biotite-rich wall. 

£ further affect of mignatisation is ma in ft 

thin iaperaiatont shoots of gronitie rook which are do-

veisped along slip sunfaco. () oblique both to 	and It  

and usually at $ high angie to the fera.r (Pig. 4; of. 

Ramberg,. 19M, Pig.121). Thees sheets are only found south 

of the soluda and are beet displays4 in the steply dipping 

gu.ise.s of areag an Phithieb and 8tso an Toisich. The 

sheets Up gently 82 but are not strictly planar, as the 

granite Is irregularly developed and sometimes tends to be 

heated far a little listens, along the qwartseree 1, please, 

leaving biotitto sspts pro3.eting from ths gu.iss into the 

granite (Plate 11). The ziana diaensiona of the sheets 

are one lash in thicknees and three feet in lateral ont.at, 

the observed extension parallel to the fold =do being 

about five feet. Nowhere have the sheets parallel to 

been seen to erose the quartis.e layers parallel to 

In only ow e*le was a sheet of granite observed to be 

parallel to the axial plane of a snail fold. The relative 
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4isplseant of h on iitber eit• of 	is slight; the 

llaplseeasnt lies sat lat.relly, nen4iaplseed foils being 

foiml on •ither site of the ].syer  containing 	*sn 

surfasis • hmv.r • are net r.e.gnismbly tisplaicel, net tbsr 

to thq eontain granite. h =4.13 intersect In a line 

aftlah is elses to the regional foil axis; the foils whish 

4sf ins 15 have am parallel to the regional fill axis. 

The tispisoonant about 	has ben used in the kinsaatle 

&ut.rpritatiou of the etrnstmes at those reeks seo p.170 

sut pig.19), 

Petrographieally the material of thies thin 

granitle sheets esasists of a assais of quarts, bypitis-

blastie oligos]ase, seas aieroeline and very mall quantities 

of auseovite and red-brown biotite. Th..e minerals are In-

listiuguiehabie ,  from the chief eonatltnents of the gaetaseo 

axe.pt that the plagloelaso of the granite Is slightly nero 

motto In ecaposition and more highly altered than tb. 

plegloelase In the nearby gnus.; the granits Is slightly 

coarser In grain than the gnie., Vwongheut XIt-*trsthepsy 

Us ulgtitie rooks are quit. &tatinst from the abaMaut 

and widespread persistent parallel-aide trins'roesive 

granite and petite vdns (see p.18ra et.). 

AS with the lszg.r quartzose bodies the struatursi 

vllsnes slowly shass a close relationship in time between 
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tho defoliation of ths VnIsses aM the fortion of the 

thin irsait. absata. Ptzographis sv14sas iMisatos a 

sloss si*1larity is a1rsl content bstwssn the p.atitie 

sat grsaitie rooks aM the samuMing gnoisseg. A large 

tovelopsast of soil nterial In the ga.issoe son b* 

directly correlated with a high 1.grso of t.fozi*tf on. 

ligbtly 1sf ornod aM ua-nigtiasd rooks (eentsining 

a.dia.ntsry strueti) ore, foaM In the north of the ares 

but not In the south. The sosbinod ovilene.a thirstero 

suggest to the present writsr that the ail..t and nest 

"equate bypothesis to soeount for the various  t ip  Mj:jtI@ 

rooks Isaortb.d above is to suppose t1hat qnartacae aM 

f 	nalwW181 segregated fres 00 gneiaese aMer 

the atinelue of netenerphisa eM dsfsrtion and erystall-

isol In localities who", possibly bies*is of lower stress, 

Us sa'vlrouaest was suitable. ligastiestisa vu, thsmfere, 

pntestoaie, berIng the period of this invostigetios tIns 

boa net pos*ltt.1 speculation as to the estq of the fun-

lassatsi pe000as.n  ithiob were reepesa ibis for reerystalli.-

sties aM Isforsat Son. 
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Several lansan and shoete of bornb].ntie rooks  

(spit iorit) lie asneorlantly In the Balm Tiaa at 

Yariota localities in *i&.8trathap.y. liar Lsabintorb 

buie rocks oeeupy a iieeontinnana belt whls]i trands UI 

sal Is about tm ntlee lang and up to *00 yards bie, 

8sa11 ]satieulsr boll.s of hornbl.nls-ahist are fount an 
the g slope of Orsig lawsek and in the River Dabalm now 

ebrseh Lodge. The basic reeks of O.rii nan asbbar in the 

Loehindorb belt alone are Intiostol on the Oclogiesl aurvaT 

1. mob amp ant are the only eeeirsaeo nieh has bean 

previously described. 

Jltt (19$3, pp.44,5940) has furnished an 

.zeell.nt daneription ant dlemselon of the basic rooks of 

Oars nan Osbbar • III description is ually appliesbl* to 

these abieb entarop Isasiatoly soath of Ssbhar but far 

which th.xs is no publish" nap or description. li eon-

altered that the original basis rooks more tsriy.t from 

•phitle gabbree which were broken to*t first to flaser 

gabbre and finally to .upMbolite containing pkseoits of 

the original minerals. P1.tt visualised pressure as the 

Raft some of the abango ant oanait.red it likely thit tho 

rook. war. intrntst at a late stag. In the regional asts- 
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asrpbiaa. the praszt study bas revealed n ow evilsnss 

relating to the origin and history of the reeks MA baa, 

In aUition, MAO pimeibis an savplifiestion of the seqne 

of changes a* *a by Plett. 

In the fteld several distinct rook typee can be 

r.eognissd, esieing homb1ei6s-eebiet, bornbhsndstsiae, 

wassive .hibohito with rsllet Igneous tszt, gsrn.t 

ifereus ab!bO11to and. fine-greined graimlitic aapbibohite 

(a) fold s1stisa 

1. LsoMM orb belt 

&pping in the 6-13oh seau by the writer 

(see pig.5, and pook.t) bas shown that (a) at Qsbh.r thore 

are eevral large said. ehl lenses of bale rook and not 

a single 7-9baped outcrop as indieated on the iaaplishe& 

purvey 6-Inch p; end (b) between the band of Tmsh an t-

pitbein said lb. 11 slops of Oat 3gr1ob there ii • sinilsily, 

a sari.s of lenses and not the plane parallel sheet shown 

on the sux'1vey 6-inch mp. Other detailed changes 1selnds 

the osaission of the areas of granite reported to lie slime 

to ths basic reeks both at Gabber and Gsa Sgriob (Pig.LsaiI 

pocket). 

the basic lanesn are parallel to the foliation of 

the enclosing rooks and soi*tia*e here a foliation dipping, 

and a lineation planging, psr.11.1 to the sans striwte 
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outside the louses. the large louses have outreps of up 

to 200 ysr4e by 100 yards aM are frvariably massive with 

relies of ophitie toxtux'o towards tb• Intoner. They are 

usually flanked by souse oortei niup either or bo hera- 

b1oute-,eies eM small discrete louses sad layers of aephi-

bolite, aewatias. goruetiferota (Plate TV). 

£aeoelatod with the belt of baste rooks are 

politic aM seaip.litie gasise.s bearing ode-silicate 

nodules ublob oe.m' on either or both*Idea of the bolt. 

The contacts of the large wasoe with the eotT, reeks 

tip eastwer, .ze.pt for the southern body at Osraloeb, 

whose seuth-noetera contact tips steeply W. Locally the 

contacts Intersect the foliation of the country rocks at 

• law angle 

There to wUe variation In both texture ad grain 

ciii within the baste noises. The relict ophitie torture ,  

eon be tet.eted at nest localities (Plate Ix) but is best 

diepisyod at Gabber uber. In head epseinon black pyrerone 

crystals are soon to be rinood by groce ahib.]e. An 

original parailelisu of feldspar crystals In the gebbro 

is seen iasedist.ly n'th of err!1 sob; the platy structure 

Ups gently east parallel to the foliation if the eesz!y 

rook. 

The assaive s.bibolite has erode. widely apsost 
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jointe eM weathers to buneocko wM.b have ; rough knobbly 

ourfaee • the upeteMing knobs having eer.o of resistant 

prexe or garnet. LooalI.y the mWelve ehibo1ite my 

son sin uaeroeecpie flakes of biotito, or may he pale gre.n 

aM idistoee. Porpbyroblssta of fol&.psr we spa"*. 

Iornbl.Mo ad biotite form the foliation of the horablonle-

gn.t.s.. • whlah are poorer In borubleMo thw the anihi-

boUt... ebs garnet perjiyrob1sa 1ba iM.h are typie.1 of 

so" of the Sawhibolites and, bornblente-gaoieeoo  usually 

have an anvelopo or a )uH sore abadow of uartso-f.lIapsthie 

aster tel • The psrpbyroblsats are of tan rsgge4 in outline 

aM are up to 10 — aer080; they are net found, in rocks 

with r000g*1ssble ophitie t.ztnr.. 

?)wougbsut the asasive mhibolite More are 

snell shoots aM Irregular patches of hornbliM•-'grsnulits' 

ieb stiaes eantain feldspar aM biotite (flat. IV). 

In the dwets the nergin of the granulitic rook cute 

sharply across the .pMtis texture of the enalsing reek. 

The sheets are vrtiial and ore up to $ inobes in width, 

iiib patches of up to one toot square have boss noted. 

Santa of O.rnlseh leek $ pots!" 10 bauMsi by a narrow oseree 

eons nob in feldspar out biotit.. granulitic rook is also 

found at the upper, that ii • motors mrgin of the iastsrn-

...t lne at Gabber • Kornbl.nde- 'grsnulit' 1*s been foaM 



0317 within the zwolve abibo1lt. There is no fish 

iil&.nes to IMleate whether the grsaulltie rock r•ute 

en irlgie11y fine-pained xenolith or portion of the basie 

rook, or * poet -intrusion d sv.lopusat frm at 

gabbre. 

the basle roche eontain thin rlfring qnsrtso 

f.1dast01 veins whieb are usually phener eM pro bsbly 

follow .0 joints which wire net parallel to the present 

Join". Cittlag the *1* veins are oecoslonsi Irregular 

patches of lauoocrstie rock containing quarts, fS1IUPeZ 

eM bhotit.; those patches grM. into the baste rook aM 

appenr to be an Integral pert of itEiP].ate V) there .ee 
thick transgressive veins of pegnstits which resemble the 

pstito. If the es_try rooks. Close to the margins if 

the Larger masøes s_lI, rust-coloured tabular Incisions 

if eshist have been sparsely foaM. Tb.rs are oeeaeis_l 

s_li roaM lasluions of at coarse gruitlo rock. I•ither 

incisions nor bordering country roehe have a herufeleil 

upset, despite the fast that both are politic in eon-

position eM thuefors thirwiuly sensitive. In $ layer of 

country rock botusen tie lansee of baste rock neon Oarnioeb 

Me" is $ sheet of Was granulit. sOus 9 lashes thick. 

*ibbono of quarts are met in on equipanular qsrtoo-

fsldapethie matrix and plunge si parallel to the regional 
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eda1 analyses of aetalDorDboaed  baste roes in the 
ioine series. 

?Mn section no • 286 265 257 429 350 036 

Ante 20 	- - - - - 

Hornbl.nd. 32 	53 80 39 68 48 
plagioclase 40 	23 16 31 25 19 
Biotite 1 	4 6 8 5 17 
iron ore+sphene R 	1 6 5 2 1 
'pidote 3 	19 - - - 10 
Quarts 2 	- 8 13 5 
Garnet - 	 - 5 4 - 

AeeeBeoriie negligible in .virv ease 

points eoimted 1200-1500 in eviry ease - 

266. Apbibo1ite with reliet opMtia 
texture • 200 yards SW of top of Gem 
van Gabhar. (stag. 1). 

568. Aaphibolite with reliet ophitie 
texture, 200 yards south of top of 
cern nan Gabber, (stage Ii). 

557. Gamnetif irons saphibolite. 500 yards 
ssw of oarnloeh, (stage III). 

429. Garnetiferous hornblende-gneiea, 600 
yar6e south of top of cern nan 
Gabber. 

350. Hornblende.gThnflhit.'. 600 y'dB 
south of G.rnloeh. 

536. iornb1end9-aehiat, 75 yards St of top 
of Craig Revaek. 
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fall Wds. 

?. valleys of the am MA, SM2MIN 

Discovery ha. beam vado of two smial aM pr.vioily 

nm'seer44A asen of bornblanda-.ebiat. Oas, a icie Wont 

15 yards long by Ores yards brOad, oamure an the alspse of 

Orals &vsek aM has an upper eozitaot muftel by a quaxtiese 

pegmatite with osoasional bsrflbleMs oryatsis up to amo ia.b 

In l.ngth, and the other, a sheet about 10 yards long and 

one foot in tbiees., e*krops in the River D.nsin at 

1ekraob Lodge. In both bodies aseroeeopio hornblende ,  and 

biotiti torn a crude foliation aM lineation parallel to 

the foliation aM lineation of the oonatry roe. Oirn.t 

Is absent from theee oehista in contrast With the baste 

rocks of the LoohiMos'b belt. 

(b) !2.!& 

An the original aphitia texture and gebbr.ie 

ainersie are well preserved in sane of the basic rooks it 

In pie sibi. to study the stages of eI*aIosl and physi.esl 

reed 3ustaent in the dir .ti O gabbro - > garnet if uoie 

pbibolite. The series of nodal sualyses in Table 4 give 

an indication of the ainerelogicel ebsngie aM the em-

position of eon* of the unvAml rook types. The optical 

prepertiss of some of the ainerels frea the various etsgsa 



TABLE 5 

Universal stags data on the a0hibo1ea and pyroxense 
Of the basis rooks on the Motu* Series, 

£1PIBOL 

Thin section no • 266 	 349 	 452 

PT! ZAC 	21 ZAC 	!TI ZAO 

100 10 100 14 108 16 
94 12 116 26 104 16 

104 28 102 22 Be 19 
98 23 92 tO 102 14 
90 20 96 16 

Average 102 21 VV IF 

Thin section no • 448 	 295 

PT! 	 P.,! Z,.e 

116 18 	104 	18 
110 18 	104 	20 

9P 16 	102 	25 
112 tO 

Average 	iOI 10 	104 	20 

4C 14Y45  

Thin section no. 

PVz :AC 

60 	47 
44 	35 
50 	40 

average 	51 	41 

268. aaphibolite with relict ophitie texture, 200 
yards SW of top of earn nan Gabber (star. I). 

349.' Aaphibolite • 600 yards south of Carnioch, 
(stag. 	). 	 [(stage III) 

432. Aphibo1ite, 300 yards norti, of (Jarnioah, 
448. Garnetiferous hornb1de-gneies, 600 yards 

Wff of top of osa sgriob. 
295. HOrnblande-Sehiat, 75 yards sV of top of 

Craig RtVsek. 
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. giv0* In table 5. 

1. stags 1 origInal orMtie 
pyrozan. p.ssnt 

2aks from this stage are restricted to the 

interior of ths large lonoss. 

In only on. thin section (Ui) are fro& ipMti• 

pyr0**ns ad •uhera1 pl.gioelase to be now In entaet. 

This pyrsione is free Iron lark memo ions and baa a 

pi*sst (100) e]savags; the plagioslase is twiiaed on 

the albit. 1, has a eoapesition of labrslor:ito eontin-

n.euly son.l tower" a sore sadie margin and contains now 

sll oryata3s of apstlte and ris4e of minute lark in-

elsaioo. Venally pyroxeno and plagloelas* are separetsd 

by  sons of herablondo • The tabular crystals if plagie-

olsee hay. a aino length of 5 so; their ceioøitio* 

range in all the ..eii Iron this stag. is Iron 1*55  to 

£fl. The pyrome is an 001t. with the (100) eleavage 

strongly developed (so. table 5) aM ophitle areas up to 

10 m asrosa we in optlesl eontinnity. &Parso Iran ore 

oeea and is probably sr1gi71. 

The angito shoes two types of alteration. nasaly, 

(a) to sparse aggregates of small grasulos ubleb lnv• poorly 

developed cleavag, and which are not necessarily atded 
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by hsrnbldo, au (b) marginal alteration to hornbl.nds 

which form at first an optically mmtlzmm rim. This 

first-formed asphibole is found within 0.5 m of the no- 

ining aug110 and ban th* pl.oehrole soh: I - pals 

broom; T,Z - gr•.n-brown. It cnot be dietinguiebsI 

otherwise from the second amphibole which form entails 

the first and which has fto plecebreic schono: 1 - 

colourless; T.1 m paln green, both the first ant second 

fomt s1boles are hornblendee wit! ,  b.l 	O and 

all thin sections with original pyrezexo are ebsrsetenisnd 

by pale honblonds. Angite, marginally altered to born- 

blend., aontai 	y small tank Inclusions *10b in places 
s in 

have cosliscod Is give a crystal  of Iron or. Visto XVII) 

thus indicating that the bornblsnd• Is poorer in iron than 

the prent aug11.. At an advanced stage of alteration 

masses of dark inclusions azd wisps of angite remain sdlhln 

the horublendo. In turn the large single hornblonti crystals 

give 	to $ mass of email, nor strongly  eoloord crystals 

which form first at hornblsnd.-plagioclas• boundaries. 

IsanwhIle four types of change son be recognised 

In the pisgioclase, nely • (a) further I .v.l,l'msnt of 

apatite crystals within the original crystals, (b) 

easasiomsi teval*paont of a second not of twin lasllaa 

approximately normal to the first, (e) alteration of the 



original orystals, psrtiei1erly in their intoricirs • to 

eee.ats,y ales • elinosolslt and Lusty material . we (t) 

r.erystalUsatloa of the lsrm original orystale to $ 

008010 if equ1azrnlar grains which bsv• lt the agrieft 

of snail dark inclusions tiesl of The lout sitorol 

crystals. signs of ost.cl.els are rare. 

Oryatsia of iron ore, probably original, us's 

naiL by. zone of granular spbon, the line for which 

u.s probably mipplisi by the ohenge in oompnition of the 

pisgioclas6 from more eslaiø to more eiie. ften qaaa. 

title* of rd-brown 'blotito are eo'n17 usoeiatd either 

with hombl.Me or arouM the iron ere crystals. 

raw rocks also contain. in seesseory  quantity. 

quarts, apatite ant nutlie rimed by apbene. In one thin 

uetion small colourless garnet crystals are iev.Lpsd 

between ar.es of hornblants and plogloelaso.  The presenoe 

Of garnet In roeka •f this stage is, ho'asvor, ezeaptlonal. 

1. $t.gs II 	aitle outlines f anal 
WY horablente alen 

the rocks of this stage are fouM in ths large 

linus • The sug its and the early pal* bornblezde have nay 

bes eoi]ataly eupnsodai by a hornblenda with the pisoebrole 

- pal. bison-green; T a brsoa-gre.n; 3 a,  bluish. 
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green, WA with 	Sb.,. W. A softie of large anhadrel 

smi small enheirel eretale of bwablende p.ndoapba the 

original qphitle sugite orpatala. done of the larger 

erysta].a still contain ep.eka of iron are inherited from 

the sagite =A tool also to eontain man IWIWJIOM of 

quarts. Best of the plagioelea (ooi,poeition range "30  

to AXOD now f•ris an iquigreaular nossie of eparasly 

twinned crystals with faint sening sub-parallel to the 

erystal margins. The boundaries of the ophitie arena hee 

bisone irregular and there is a tendency towards the pro-

duction of $ horsblenis-plagi eel ee. is.aie with an storage 

grain also of sppzoziistdy 0.34.5 w e  a reduction from 
&a F).tt xvii 

the avoragi gr.rm]zrity of the rooks of etee I. Aa further 

rsdwtion In grain also would give the granular hornblsnde-

plsioe1sae rook regarded by PI•tt as a borxtf 1e • lbs 

phacoida or sagan reported by Plett have not b.en observed. 

In general the proportion of quarts has Increased 

(but not in the nodal aaslsie given) end myrsakitle quarts-

plagioclase intargrovth is sparsely found. There is also 

an increase in the proportion ofred-brow biotIte nach d 

iieh .wrouMa the apheas wbich In turn nantie. the Iron 

ore • The sbaanee of aphane - in individual ci vat sri sma 

strings of small crystals - increases In proportion as noro 

Use is released from the plagloclaae md oubinoe with 
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titania from the Uaanitie Iron are. Ooeuionsl idis-

blasts of o]inosoieits are closely esaoaistsd with boi 

altered plafoelsae and ebloritised biotit.. 

Ike soo.aeory ainerale include strewn, pstit•, 

rutile and eololass garnt, 

S. Stage III - ainphibolits without trass 
of oMt10 texture 

With the lose of traces of ophitia text the 

basis reek beosse more or leec selristose and the grain 

else tends to inorsesi (Pkte XVII ), The rooks of stage 

In are nedia grained and are found either in easU lansis 

or at the mrglm of the large ones. 

Biotite and ephone are the only idioblastie 

minerals present. The hornblsudi is strongly coloured 

(pl.oebroie echeas: Z a pale green or brown; I arbrown -

green; g a blue-green); the plagioclase lies in the eon-

position range 	to An; While ealourless or psio 

pink gsrset porpbroblasta up to 5 an earses occur In the 

alUie of arose in wtileh pisgioslase, hornblende and bioti t. 

are finely int.rgroan. fto p3m gioeless is i.es abundant 

than 131 stags II, is well-twinned end shows an increasing 

tondemay to bi xWramidtleally intergroen with quarts. 

Quarts and biotite are slightly nero abundant than In 

itags 21, thi biotits soastinee foTe1'g dieerote fells in 
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Mw rook. 

Crystale of ephens,  still for, occasional eliatsre 

arowd oryatalo of tilaniferove Iron are or rtt1., but or 
news .ft.* found withiut such nuclei, IhIle nagn*tits 

commonly .eois as snail spongy erystat. without asooeist.t 

ephen.. there are pieoebroio baloso aroma sans of the 

snill SAMO crystals ludluded In hornbl.nd•. Itiobluts 

of .pidoto and clinosoislte are oonaon uhere the plaglo-

elaso boa suffered secondary alteration. Apatite is a 

ooansn sesessory ninersi. 

there are ocoesional feldspar porpbrroblaats up 

to 1* na long WA streaks of quartso.4aldspathi, weerjal. 

In thin secti on a few 'perpbyroblaets' are seen tea. areas 

of plagioelu. mosaic • The decrease in proportion of plaglo-

class throuiout the sortss suggests that it sontributs. 

material to tbose minerals whose proportion Inoreo.e • viz. 

hornb]anie, biotits, garnet aM quarts. 

4. Minor rook typos 

EarmblenL.-e lee., border now of The loses. 

Vwso eoorse grained rocks are banded and contain more 

quartu-feldepathie mteflal than do the a*phiboUtos. 

The r•cks consist of uarts, plagieolae. (000aitIon 

range AA SI to &nM).  biotite, hornbl.nAe (pleoePu'oio 
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•eba*: .1 - lb 	-green; I - greft: I blue-green) and 

garnet. Tb. pla€i eel ass is invariably crowded wilk niall 

Inclusions of starts or of mieroeline Metals in optleal 

continuity with each other • 2be accessory minarals Include 

z'utIl., e'atIto, epitote, clusters of sphane and ppauff  

oryotale of Iron ore. 

The psteb•s and abiote of bornbl.Me.-' graunUti' 

have an average grain ais. of O.l-O.2 m and contain bora 

blent. smiler to that in the rooks of stag. II plagin-

alsas (ooasitism range A!, to 	red-brown blotito,
55  

Iron or* and ephns (platc. xvru). There are oceaaienal 

qnartso-f.ldapsthie streaks and plagioelue porpbyroblssts 

up to ) — long. The eqvIgrowular cent ition of the born. 

blon•-' grulits' is incipiently seen In stage II, erA tees 

not appear to b* a physical breaktoim but an extreme stags 

of the general r.czyatallisetion, possibly favoured by 

local tthoasg.neiti.s in the gabbro. Psrhape this granular 

rook, whiab Is rich in herablonde (a.. Table 4) Is the 

coiplanentary motemorphic differentiate of the Irregular 

patches sit veins CE plagioclas9 	and biotito which
30  

occur in the rock. The thick trsisgr.seive said veins are 
rich In aicrocline sit aieroolin.-pertbito ant cannot be 

tistingulah.d from the cross-cutting p.gastitsa In the 

eoimtry reeks. 
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The small I e11.ns within the basis roe era 

I tn-rsInM grannUtie echiats eonta!nliig quarts,, plagio- 

elsa•. sotimoe porphyrobisetic, and biotite ii•b is rel-

breamvad. xsjg•t in outline. the reaM sasrss grsl*& i* 

ainsioms at granitia aspect consist misly of quarts eM 

aieroelins-psrthita with a little pisgiocisse and blotite 

resembling those of the e&istose moms Sons • These in-

clusions cannot be vatebod with any of the upogsa granites 

of the Uatrlet; their eoec is therefore 

the horeb2n4s-ecbista of Craig &vaek eM the 

giver pulnain are molium grain.d, thoroaly reeone$itntM 

roeks • All the minerals are moblastia snaspt biot its and 

sph.ns. ZorableMs fern the bulk of the rock eM has the 
pl.oebrsie ichomo: I • yellow-green; T a gisam; I - 

bluish-pm, and is a*eosnis& by lessor aunts of 

plegloolaso in the range An40 t0 An47. Olinosolisito aM 

qrts are the renaming eoaatitnants • The less at Orali 

leveek is bordered on Its upper .14.o bye quarts-rich 

pegmitits *16h. also contains certain Riii.rela  bornbleMe, 

elinossisite and spbono - *ldt are foaM to be eptieal]j 

i&sntieel with • and In some seaos optically cestlziuona with, 

*hS'r eerzespondiag aimors]a of the bornbleM-.i.t • It Is 

thsrt(,to ooasit.re& Mot this pegmatito formed more or lass 

In situ by the asbilisation of the materials of the  



borablasts-oshist • possibly ailed by the passaCio of earbon 
by t/e writer 

dioxide vuh as 1*. .as.ely been inferredAto hare easel 

tbzoui the ourrounting reeks (as. pp. 11Z -118). 

(e) Ji9en13aion 

The origin of the baste "eke of the Loehinderb 

belt as a gebbroie or doleritie Intrusion awe or i.es 

*Wined to a partieular horizon in the mine series is 

net In doubt • piett considered the seqonee of changes 

.b..rvid in thin asotion to be the result of pressure 

breaking up the original texture and pronot lug the re- 

crystallization of old a1nera3e ant the groft of new moo. 

Although prseure odsubtodly hat an offset on the xe-

arrangenenta in the roeks the evidence ,  presented above 

indicates that tpersture an/or ehasleal envirnt 

were b ners,  potent fact*" than pressure • the alumni - 

giesl sad textural r.arraag.a.nts were the results of the 

tend may of a high toapsrstun. assemblage to resob qui-

librino at a liver taspsrstur.. !.t the difference in 

taspsratur. botwess the Igneous rock ant the country reek 

was Insufficient to produce horaf class In the latter. 

Putt 'e claim  that bonzifele wee prolneid in the basin rooks 

by a later granite doe not app..? Justified; In fast, no 

snob granite has been detected. 
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?s this plover soil velse itbsbssis reeks 

possibly represent an uit rest"= wttieb erstsl1isel is 

Us joint planes of the parent gabbro (as in Oa*b.1l e 

La, 1917, P1st. 1, Pig.l). Later, there coeurrel ssg-

stion of plagioclase and bietite into irregular pstebes 

which, are,  possibly the ooleaestary sstsrpbio differ-

entiates of the bersblenI•-' grenulites'. 

the eoabined f  tell end petrograpMe evidonos 

essentially support. Plett'e view that the intrustion of 

Us gsbbrs  took pisee late In the a.teserpbie history of 

the country reeks, ibilo the country reeks were still at 

a relatively h1h tosperstur., Moreover. tb. Thnsoil 

shape of the baste bodies and the look of couplete re- 

ceestitution and of satselastie structures strongly suggest 

that the sabsoM were Intruded as $ eerls of louses slang 

the foliation of the country rook rather Than as a sheet 

iieb was subsequently sheered into lenses. lubsequent 

ehsagen gave rise to a progressive, series of reeks eul-

aiting In gersetiferove suphibolits. 

The iat.-entsrpbl* basis rooks •1 the IIOOIIMOIb 

belt therefore contrast with the pro- or synteatenic ,  baste 

rooks of the vailsys of the Spey and the Dulnain sow foe' 

nil.s to the U. The LcobIMorb reeks are part of an we-

usual province *ieh 1100 along the south side of the MOM 
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Mth =9 In whieb the a.taaorphosol hub rooka eentain 

Iiatinet ralist igneous etrueturas aM tx*oa deopite 

the high n.teaorphie grade (ReM, 1923; Wisonan, 1934). 

The .zistiae* of this ovinee athwart the sino-Jalrad Ian 

bouedary is Iedireet .vltsnos supporting the hypothesis 

that the kiwi and Dalradles. Series were reerystallbe.t 

and folded at the sans tins. It Is possible that the 

srsy..3anff province In also helmet ehesieslly. In 

Me regional aMy of the epidinritsa ileonan (1954, p.59* 

eonsUered that the .pidi.ritee of the kyanite asno lack 

biotit.; in feet he consI*eed that the prseene• of bulls 

In basis reeks at this grade ladieatst a sedinentary 

origin (p.397). Por eospszIeon with i(-Strathapsy the 

writer examined thin sections of kysniti sane opulent.. 

from Upper tr.thupoy and 2.rts.y. In 3onffabire • Thin 

sectionsfrom the fsr'asr district ]aeksd biotite; those 

from the latter contained blotits ,  aM closely rosiebled 

In many respects the basis rooks of Mi*-Stratbsp.y. It 

Ova appears that the baste reeks of the lato-nstsaorphie 

provina* are nieher In potash theji  the pro- or vynteetonie 

baaie reeks from fuor south. 

aM Watson (1951) have givan thought to 

the problem if the retention • in several regices • of 

original tiit.s by holenites (sad gsbbros) ebieh hays 
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b.m verionaly wetanarphosed to low grade amphibolites 

(iv E&tlaMs), to highas" sbiboUtes (Iv *ighlils 

3ff) aid to pyrozsua grtulitss (id.li. Load). They 

rogex4 the.e three eslprod nets as rapresauitative of thr 

of the possible types of regional aetaworphisa, ens of 

#ieh is astanorphisa with lavelopasat of Barrovian zones. 

Pron their dissuasion of the naturo of the types of nets-

worphion they reject variation in stress as $ aignif least 

fsetor and have recourse to variation in the tbrsholl' 

t.aperat,re of reaction to asossat for the Ufforont treats. 

But Sutton ond lateon 411 not take into consideration such 

factors an tine of intrusion of the doluites and the nets-

norphie grads of the country rooks at the time of intrusi*n, 

Late-aetanarphie intrusions in high-grad* reeks would not 

pose through the low-grade stages of astaasrpbisa yet th 

would in all probability revert to an asssablage stable at 

the tsapuatnrs of the eewttry rooks insofar as time was 

availabl, before the regional temperature fell and the rote 

resetion was greatly reduced. The higher the grads, and 

therefore the tpratur., of the country reeks the more the 

new asaeslsgs in the dolerite would approach the magmtie 

ass.lage of the original dolerite. Oensitsration of the 

tins of intrusion therefore aeeots for mowy of the 

apparently anomalous faets • The hypothesis, howver • would 



ri 

U atiartbsnd by the Iiaeovery at eloaely eontlguora 

(a zesgnlsabl•) pr-ataorpbi not 1it -a.tsMe 

baaie zoekg In ihlghps*. z'egIn. 
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IRE GEAJTcNJ 

(s) Intro4natiou 

On sea. ørtown Group was gives (1915) to a 

4istisettve group of natasorphie rooks shish uslerli. an 

.laigat. area In the spay valley b•twa.* frsntown in the 

V md Brooiii11 in the W. included In the Grantiwn 

oup wee the ss-eell.L Belia *her Pelitio aO1, vftso 

aesbers are so sIailaz to reeks of the oIne Sort as that 

OW are emitted from this Ilaeseaien, The Qaologieal 

Ourvey officers regarI the Grenteen Group as the equi-

valent of certain vnIts in the 1harsdian dense • then 

kmm as The 3anffahirs or Oantral. BlghlaM Series. 

Altbee* it will later be dseinetrstsI that the areaftow 

Group is en Intend post of the 'oIne denies it is san- 

velisat to retain the mme without sttaiiug stratIrapbianl 

aignifisanee to it. 

• The tern Grant ova Group we set In the Qeologi eel OWTGY 

MessIz (1915) by yw,n end Is preferable to thi amw 

Orentowa dories *ea4 by AMereon In the ease voiwas to 

denete the saw reeks. 
- 

the reek types eaninlas ,  zarbles end eslo-silioste 

rooks, bi•tit.. aM kyasite-gniise•e, eM granulitie 
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bi•tite-sehista. 

in f4fteml the rooks dip east, 81 or south at 

asd.rsto angles, 8mal.1 folds ago lineations p1nn eu-

sistiatly to the SI at aederste aag]se • The entarops of 

marble at iaggaa 1111 and Coidhoso dat in. a broM open 

synf era *J.l. the c4e-eilieato rook. at Poster zaggm 

show the arab of the M3seent  antif era, both straets 

planiz . At Craig &avaek there is a breed sutifora 

With a steep sostbw.stern 11. 

Marbles and isles Illoats reeks lie a10a8 the 

north-western bouary of the Group and are followed east-

ward, that is, atruetsl1y upwards • by biotit.- and 

kyanits-çiiseas, above which are further oslo-silicate 

rocks with thin rblos followed by aeon. biotit.gueieeos. 

The drift deposits if the spay valley eivar the reeks 

itistely evu'lyivg the uppermost gaciesee • The rooks 

sheve the gasiseis are very poorly ezposel and, in most 

parts of the aria, after a considerable interval typical 

nooks of the 'oine series outcrop to the east. 

Petalled aepplug of this Group an the 0-1nch 

seale she,s thst some ravielon of the O.oloiesl Survey's 

l-tneh Skeet 74 and MP 118'h@6 6-130h sheets is necessary. 

In particular a new area of cola-siliute rooks and marble 

bee been discovered on the 1! slope of Craig Ievsek on the 
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esat bask of the River Spey (as. Pig.l, end pocket). 

(b) fl.lt 1elatioi 

1. Marbles aM ealo-eiUeat• rocks 

aerbies and esle-iuest• reeks are exposed In 

seven discrete treats within the area • Loatuats correlation 

of outcrops fren one trset to another to prevented by the 

t1e of peat aM drift lying between the treats. 

The paucity of aelesreouc reeks is this part of 

the 14101.u&a has resulted in every wible outcrop having 

been worked for sgrieu1tsl line is the last. mromm -

are therefore alwsye in quarries or pits. Is gieral the 

marbles are intsr'baM.d with green eels-silicate reeks, 

the basis and lenses of marble ,  varying from a few isehse 

to about *0 fs.t is thickness. Dgividuel basis can be 

treas& for as each as 400 yards along the strike, as at 

geldbene 4uarry. ihore the thickest visible i*Tble In the 

area has be= wrought. 

A snail lens of marble is Isiiestsd on the bwvGr 

1-inch asp at a point on the east side of the IMembeg Jars 

800 yards due nest of Grantown !t 3tstion. Despite as 

intensive search so outcrops were sass at or soar this 

beauty. 

oldhsae 	The 	 on the l..Ineb ftest 74, 
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inlie&t• at Ooldlto,a uarry three befta of narbie anrorndsd 

by prsdoinatly politic rooks. During the present study 

It was S o=A possible to mp fern' diatinet beds of marble 

s1osoI Is -- separated by bode of esle.illeste rock and 

not p.litie rook as mWed by the a-v.y. The nearest ix-

posur.e of politic rocks are 200 ,sre as of the quarry. 

lisaw  Rill 	At Le.ggea liii too superposed 

aiMs of sarah, ea&t 6-10 feet In tbiekaes• • are found. 

This era again over- and underlain by i10i.lillOBtS roeks, 

not Politic gniiea so on Tho.t 74 • Rare the foliation 

dips south and kysnito-gneiee first occurs 50 yards south 

of the sxrbl.a. To the north of the sarbise, on the PT 

slope of the bIll, all the exposures we of oslo -iii lest. 

rooks ozespt for a narrow strip of kyezit.-gnsi.a not 

shoes on the "T  1-mob Phoet • Tb. exposures west of 

Laggon 11.11 aM north of Coidhons are ftwuffielirnt to 

Justify the large tongue-shaped outcrop of cele-ailiests 

reeks *ieh is reputed to lie Thm. To the east of 

Lawsm Kill the 3tkv.y  sap dhmm an area of politic rooks 

with a small rectangular area of quartao-feltspsthie reeks 

of AWIM type1 at its eastward end. Pelitis reeks are 

elearly sees to dip =der the eele-ellleete rocks, but 

above the latter no trace of politic rocks has beon Us-

savored. Sosip.hitie pranulitie rooks are exposed aver a 
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elki  

 trtsng1er area wd are appszeatly intor-bastid Sift 

the niib•uing ealo-ailleate rocks. The foliation planes 

are parallel in both reek types. One progwas that this 

area of Besipelitie reeks Z'eJ)?*Oel?ts the reeks of yebw  
type Ihoi on the Survey sap. Purtbere, thin bands of 

eele-ellieat* rook occur is the politic gaolseas lea Loon 

on the east aid, of the bill, thta espb*eieing the inter-

saist ten of the two rock types. 

aohTkgos911x1 	On the east bask of the River 
1. 

spey at Achnagosalis QUarry a bead of fairly pure ssrblo 

abed *0 feet in thickness me formerly werhed • ant the 

no*lnge are new filled by water and debris. Tb. grasulitle 

biotito-sehi.t Whish overlies the marble and dips Si at 50 

is not indicated on the l-Inch Sheet. 

Gaich Wood 	Along the north side of Web Wood 

the VWTGY off leers MPPSA a singl, thin band of marble 

dipping southwards and overlain by a belt of cab-oiliest. 

reeks Whose onterop to *00-500 yards in width, the southern 

pert of the wood being volorlaft by as mobrokez tract of 

politic gietsees. s-asppisg indicates that in Gsiei toed 

there are two distinct bands of sarbb., each about 5 tsst 

In thiknses The mere northerly can be traced for 600 fed 

along the etrib, and the other band for $00 feat. Mob 

marble bas oao-allleato reek above and below it to a width 
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of sea. 400 feet across the strike. 8eparting the two 

esleersona belts are coarse kyaxuit.-g.ia..e, 1hoso out-

crop is about 200 feet in wittb, *il• the upp.r oslasres 

rooks are averlein by soarsa biotito-gseisses containing 

eyes - losses of p.gtitia material. £ brisk in ix-

poess s.p.ratee the lower calcareous rooks from the 

byanits-giiei.eee of Lagges Hill to the Ii. 

Wester Laggp 	At the form of Vaster Lggsa 

bands of marble were qnsrriM. On Shoot 74 two bands are 

indieat, enclosed by pelitie reeks Iie1L are iedist.ly 

succeeded eastwards by sale -silieste reeks. The pree.nt 

stagy barn ahowa that here three bands of a.rble oust, each 

being berd.red by ernie-silicate, not politic, rocks. 

roover. IN of the marbles and Upping below thew and 

above the kyanite-gzt.iease of Pinlerig Wood, an area of 

atinctive greernit, aisse.oae and intensely eu].& 

rooks can be mapped. 

lotweis Teeter Lsggen and the south and of 

Pinlexig toed the Maevey indicate an areusts belt inter-

tLated between pelitie rocks - of ealo-ellieste reeks with 

a curving ontarop osuvan to the south • Tb. western end of 

this arenate belt can now be shown to bifurcate. the 

structurally lower but topogrephisally higher extension 

consisting of the 4 is tine tire aicacoowa reek mentioned 
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above. ?M$ is siparsted by course bl.tit.-ga.isa frsa 

the structurally upper ut.nef on of green sale-oiliesto 

rocks vh1ob, by virtue of the configuration of the poi, 

c've abruptly south before the Hatter outcrops tie out 

to the west. 

rs4 Revask 	Smelly, on the north-wset.ra 

slay" of Craig Lerack a new area, about 8 ser.e in .rtsut, 

of sale-silicate reeks and werbie has been discovered ant 

napped. In the memoir on 8heet 74 it 10 ..t.4 that in 

the lower slopes of the bill [Craig Rovaokj the rook bee 

• greasy tool, possibly due to the presence of $a1e. (p.R8) 

During the revision it was fount possible at this locality 

to nap inpur. rble • net me to coarse grsin.4, banded 

green sale-silicate rock, end fine grsinsd greanieb panel-

itia schist. !bsee rook tppee underlie ,  $ roughly triangular' 

ares bountad to south and sost by coarse politic guelse 

and granite, and to the 1w by drift deposits • Along the 

south-western margin of tho triangle the foliation to  

vertical in both .l.-$ ii. test. rocks ant heeling ga.i..., 

and trends $1. Along the eastern margin the esle-ailiesto 

rocks Lip gently aM beneath the gaeise.e • On the n•rth-

western sits of the triangle numerous very this basis of 

ftur* nsrb]e are seen to be bt.rcslsteI in the eels-

itlisate rooks, in shish are also fount the fine grainot 



gresnhab aehista ntioned above, be joints ii the marble 

haMs are Intensely eliekwsit.I in VwW directions. At 

this locality, as netere use in the •B1Oi.eillCtfttI rocks, 

tb*rs are emil 00200CAact veins  and lenses of quarts 

R. Biotit.- aM kysnit.-geeieeeø 

?litie rooks are found in five of the tracts 

in the pr.Yiom lub-seetion. Gears* biotit.-gr*is,ss 

are confined to the •uU.ra tracts of Weter Lsgaza, asich 

M itevack e  while kysnit.-gn.isa.e are minly found in the 

,V of the group. 

3010th of the liver Pubiain the øeoloies1 Mwvoy 

show a large wedge of politic rooks wheso eo*tben ap 

divides at Oshnoir into three branches aitnolly separated 

by siliceous Wine rocks. Tb. .saternat branch In wider 

than the others and .zt.Me further to the south. The 

writer's detailed mppbW shows that noar Ochnoir three 

horizons of gsra.tiS.rono biotite-ge.iss tip as edsraibly 
with the 	rouading quartso-f.ldspathie gneiss. There Is, 

however, no evidence either to eonfuts the suggesti on  tbst 

the pelitic rooks are normal intorasistiana In the Iii 

lezies • or to support the idea that the politic outcrop 

wilans Mrtbwsrs • Tbe are. at Obnelr where the wits 

eastern outcrop ehoi by the 3%sy should be located lacks 

erpssurs. Moreover, at Tom, where no politle reeks sr. 
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ehoi on the 1-mob abs .t • There In $ eons ilerable outexsp 

of garnetifroue biotit.-gneiea. 

At the querry of 3roeWtIll, also south of the 

I*lnsl*, Thero are asIta raInod p'ennlitie biotite-gnoiisee 

*ieb also closely roeelo typical rooks of the loin. O,ri•e 

bs sriiaonts presented by the ftrveV to support 

The oontIn*tIon of the armtow Group iiTh of the Dulnaln 

dep.Ms on the eseuned oontin*tion at the reeks for a 

distance at two adles over grewI devoid of exposures, sod 

on the apoeed lithologleel similarity of the rook types 

north aM south of the river. the politic rooks at Ireaum-

hill sad Obnofr are not of a "rk.a1y different type" 

(1915 9  p.27) from the rocks of the Main. Series, as was 

maintained by the 8mTe. ?hsr. Is • therefore, no uatifI - 

eatiou for separating the politic rooks south of the alluels 

from the wine Series poper. 

In Jinlerig Wool and along the sautbu's olsp.o of 

Leggen 1111, as previously noted, the outcrop of kjanit.-

geIs..a II nore restricted than thet nqMW by the 

On the 11 ald• of Iaggmi flli1l the foliation in the narrow 

oust-west outcrop of peUtie gceiosaa dips 55. ysnits-

gn.iss hen been napped in Gaeb Wood, the outerop salden 

being nero than 200 ft wide across the strike. 

At Orsig Itoymak. oub,ith the granite out Us vedg 
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of eslceiliest. reeks • politic rocks s1an have bean 

mapped. 'Politic rooks In the most saatex'ly 	oeures 

t.g to he lees coarse In grain than on the rest of the 

Mu • R•sks of tb* usmd Mol.ns type  hato net been ob-
served an the groM Immediately east of the hill. Well- 

exposed politic gn.ias at the gate of Rwnwk Lodge sugists 

that the outcrp on the 1-ineb map could be extended sane 

OO yards to the north. There is little 3uetifiestion for 

Us wedge of politic rooks marked by the sxwvay as extand-

1mg aw from the hilt. The area this mapped vu than and is 

now entirely eultivatsd. 

Now Dulnsinbridge there is, on the north bank 

of the Dnlnein, an elongate area of exposed rooks, ma rkod 

politic on the 1-inch hs.t, in*bleb it has been foirn* 

possible to p three rook types. The rooks dip southwards 

at mdomto angles. At the western and of the balmimbridge 

Plantation aM 1000 feet up from the mouth of the Pinlarig 

lwxn there are coarse politic gueloses of the sane tyje as 

tbos seen between Dulnainbridg and øss*, three miles to 

the mot. Tb. 0052'SO politic postsesis dip beneath and grade 

Into medium grained politic gneias.a which can be traced In 

an east-west belt from DulnainbrUgs almost to Stakreah 

Ledge. Above these, in the bed of the Dulnain and a little 

to the north, there lies a narrow belt of esmipelitic 



85 

flaga anoleses at typiesl I1na type. The &i.tsnee 

aei'oee the strike b*twom this last rook and the eearae 

gneiae struetw.11y b1ow is about 200 yards. )arefore 

the grain size of the plitie reek decreases Imrk.117 both 

upwards si*4 outwards from the eale-eilieate rooks. This 

decrease is illustrated in Plate XI. 

(0) 	rogf2,)3 

1. Previous work 

Previous ptrograpie descriptions of reeks from 

the area haye been brief. In the G.ologieel 8rvay Smeir 

(1915, p.27) Aereon, an the evidence of hand epecinoas, 

divided the cale-Mlieate rocks into coarse tre1ite rooks 

and granulitic soisite-basring rooks corresponding zouly 

to two of the tom" divisions listed in the following para-

graph. Plett, in the sum vol. (p.$), deseribed the 

ninerel soutent of the sale-silioste rooks of Imggan 1111. 

these rocks are rich in tremlite-aetino1ite together vitb 

white angite (alaeolite), phiogopite, opidete. soleite, 

•phsn., qwwts, alkali feldspar, and some carbonates. 	. 

recently wilhinus, 'turner and Gilbert (1954, p.239) used a 

marble from the Grentowa Group containing e.loft•, quarts. 

biotite, olinsgoieito mi aphene to 111u*trete a typical 

airbie of the eiibo1Sti fsoies. 
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S. P.trogrspby of the oslo-a ilisats 
bearing reeks 

The esle-ellioste reeks of the Grantouen  aroup 

eon be subdivided into four types • r.eognieable in )isn* 

apoetsen and distinctive in thin section. They are (a) 

impure marble, (b) *ioace.ue type, (e) granulitic type, 

and (d) a*pbibolitie (end diopei&ie) type. These types 

represent eaoaitiomal variants of the original sediments 

(p. III ) and it is not therefore enrptieing that th 

types grade into saab other. The distinctions and grad-

atione are will seen on the triangular diagram (Pig. 7) 

an ihish are plotted modal analyses of the rooks. In 

particular the boundary between the granulitic type and 

the ahibolitio type is rather arbitrary. The aicace.na 

and saloareone types are more distinct both from each 

other and from the two foregoing types. It is possible 

to find two of these types interbondel in the field, 

individual layers ranging In thickness down to a few -. 

seb snob layer hoe, hos ever, a distinctive mineral 

aencablage. nodal snalyass  have been made on slides 

ubish sontain one type en1. 

A. Impure marbles 

In band specimen the impure marbles are ooaet, 

diva grained, banded rooks. The mineral banding probably 
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Modal aa1yea of lupine warble, Oo1doue Quarry, 
u1xiainbrUge. 

TM11 aaetjor no. 175 

Qalalte 61 
pblogoplts 9 
?reuollt. 15 
DiOpBide 4 
Aeeeeuory 1 

points eoimt.4 1800 
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ispresanta origll b.Ulisg. Although westhorsi emfacea 

are nsually buff in colour, fresh surfaces are pale groin, 

ey or buff • The ealo-ailiasto ainerale are in prominent 

thin bands • The only lark amoral shlob am be recognised 

with ainfldnee is s bronsy alas ooeurrfr4 In this 1sre 

or In u*ll flame scattered throutout the roek • Some  

ap.eiasna have a ales linostion. 

Usloito In the asia constituent of the rook. 

The crystals tend to be eloageto, with a anzt 	length of 

1.5 — parallel to the foliation, and are nsl].y won 

twinned (Plate xviii). Oeeaalouslly coaeo4ant thin bands 

of very fine grained suigranulsr calcite are foumd; the 

larger crystals  in these bands have bent twin-lanelise. 

The bands are probably due to slight e.taelaste at a low 

toup.rature; they occur In a heavily sliekenaided rook (p.811) 

phibole is normally present In variable 

proportions, which, however, axesed the proportion of 

liepsid. • The crystals are colourless and show good 

prismatic torn, arose-sections being up to 0.4 an in 

disaster • the larger crystals are poikiloblastle, shIle 

the sailer are arranged In strings end clusters In the 

saleitie mtrlz. llaaoursanta on the J'ederov 4-axis 

Universal stage idlest, that the optical properties are 

not contest evon In the sane thin-section. The average 
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values of lys and Z Ae (Table 7) correspond with the 

tremolit. oitd by v1nobll (1951). (3.e also Pig.8,) 

E!!!t 

 

Is normally present in variable We-

portions. The crystals are colourless and roughly equt-

dsioas1, up to 1.0 = sersoe but with irregular out-

lines; they are eeastin.n poikiloblaetie. The smeller 

crystals are in strings or closely clustered aggregates. 

Qlos.ly ipacod (100) cleavages are co ,  m ,  in the crystals 

of rocks oharseterisid by the occurrence of shear bands 

In the calcite natriz. 

Ihile ropatsbbo for any one crystal, values of 

!fl and SAO  vary from one crystal to another within $ 

single spsin.n (Table 7); Vton plotted against such other, 

hwever, the values are sun to have a linear relationship 

over a considerable range (flg.9). The values indicate a 

range of eeuposition from Ilopsils to hsdonb.rgit.. 

is usually present in small quantity. The 

crystals are pl.oebroie with I * eolomwloue; I - $ = psie 

golden brown. they are not markedly tabular, their length 

being rarely more than 0.2 ma, In sons rocks they occur as 

Isolated crystals, In ethers they fern email clumps and 

thin layers • In eempecition the mica 1* probably a 

plilegepits 

Clinosoisite, occurring as colourless, isnoblastie 



!ABLE. 7 

universal Stage, data on t preenes and eb1bo1ee 
of the impiu'e asrblse. 

b1XI Beetioi 1W. 173 	173 	 371 

epb1bo1 	prozee 	prozen 

2Y J4%  c ffs 7 ^C PIN Z 1,o 

86 18 ft 36 70 50 
90 27 70 50 84 51 
96 16 60 45 66 47 

88 45 90 56 
6! 40 

AVEESgO 

173 Co1&bos Quarry, Dulnelnbridge. 

'fl. e9t 1• of Craig !rvaek. 
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crystals, is usually faizal In small quantity. Ql.svsge 

In poorly developed in the crystals, Which seldom eze...d 

0.4 — in lengi and show anomalous blue Interference tints. 

in bands rich In esic-silieste minerals elinosoisite tends 

to be interstitial. 

handle is oeasionally found in thin layers 

as a granoblaatie mosaic of equidimansional grains up to 

0.4 — in diameter. 

Me.seory minerals eorise email unoblsstie 

crystals of pyrite end, more eoonly, well-f orasd smell 

crystals of ephen. Which chews pleoehroi.m from £ n pals 

pinkish brown to Y nearly colourless, and exiall crystals 

of quarts. 

• hess eons esle -silicate reeks 

Those rocks are well-foliated, grey-green, faintly 

eolon banded and genrslly rather fin. grained, and eoonly 

show moll folds and crumples even in band specimens. lies 

plates. amphlbole needles, quarts rode and email folds form 

a parallel linear structure In the rock. Usloite has not 

UM found In this type. (see plate Xix,) 

hica (53-4) is eoneon to sbwdant In all 

specimens (pig.?). The tabular flakes vary from 0,1 — to 

1.2 = in length, the larger crystals being nero platy *ian 

the smaller • The pleoehroie seboms is: I "eolotwless; 



?ABLE 6 

a,aai anelysee of adoweaus eel .atlleate roeke 

h1r, section no. 	91 	242 	468 

pblogopite 42 42 33 T1.aolite 57 37 43 
Quartz 

- 20 15 
p1e€Ioelea. - 1 P 
Aeeeeeory 0.5 - 1 

ointa eountd 1200 1?00 1700 

91. Cale-silleat. rook, 300 yards south 
of tet.r Laggan Farm, 

242. 08,10-e111eate-.hjst, 150 yards IW 
Of waster Laggan Fern. 

468. Oa1e-e1i1at.-aeMst, 350 yards west 
of ceeter Lsggan FWD. 
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y es - psi* geld brown. Isasvres*nt on the iiv.ru1 

stags shows that there I. e$ie axial darkness over a 

range of 8-9 suggesting a value of $Va close to this 

figure. Dtinotion 11 straight • parallel to the cleavage. 

In composition the mica appear* to be close to pb3ogopit.. 

In. some specimens the ideas os our In rod -  or lena-shaped 

aggregates *ile in others the crystals td to form a 

continuous aieseeo*s 'matrix' to crystals of other minerals. 

2b.21t (43-5N) Is always preat in reeks 

of this group, the proportion varying inversely to that of 

the mica. The ahibo1e forme colourless crystals which 

are normally *e.11e-ahap.4 with good prismatic form. Cross-

coetioma are vp to 0.3 ma scroee; longitudinal sections 

have a maximum length of 1.0 ma.' "tale are normally 

* In all the ,Mb.i.-bsring rocks the amphiboles are 

naedle-shsp.d. Therefore throughout the tbeiu the isxI 

Liassalons will be given by the sties of the largest arms-

secti on and the longest length. 

too small for moramw esent on the Universal dtago v  but two 

large crystals gave the values: 

	

Thin section 91 	 Average 

	

STS 	104' 	104' 	104' 

	

4 A  C 
	230 	21 
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uBrtz (0-20) to oeeaeionslly present. no 
crystals, are 9quU1.aesional, interstitial, ls* unduloes 

extinction and are rarely as neh as 0.4 - asroes. 

Plagioclase (041) is aoaetlase present, as 

crystals,  isokiag good torn and usually about 0,1 w in 

Iist.r. Zist of the oryate.1e are lusty and altered to 

•eaon&ry aiea, but in ow fresh example the eoapoeitien 

$ estimated at An 300 

ieroeline is seldom seen and then only in 

mma3' quantity, tho oryatala being zneblsatie and *bout 

0.1 — sires.. 

Several epsoiae'na eontain up to 10 of a colour-

lass ohiorito in snail flakes up to 0.5 - in length. Tbo 

birofringsnc• is low, with man X.I. about 1.60; the 

crystals are length-fast and show one good cleavage and 

straight extinstion. 

£ee.asory minerals inelui the following:-  

.eovite In aggregates of snail flakes; iphen. SI snail 

ragged crystals; snail ragged crystals of iron ore, so-

ot whieb can be identified as b.rstite; graphite as small 

flakes eeeasion.11y Included In the aftb1bole; and spairse 

spatit. In snail Idiobl.sste. 

a. aranulitlo oale-ilioat• "eke  

In heM speeinen these are eo,sct grey or green 
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da1 a178e Of grenu1jft eale-ollieate rooks. 

Thin eeotlon no. 10? 177 -  131 232 

Quartz 3 41 45 18 
pla€loelaae 10 

- 13 26 MCToe1ine 24 
P11o'opit. 16 30 34 26 neoo'v1te 

- 5 - - 

?r.aollt. 45 - 
- 25 pi4ote 

- 24 8 
A00003ory 1 0.5 2 3 

Points counted 1100-1500 - 

107. 0810-8111te rock, 350 yards 
NW of top of Craig ReTook. 

in. 0le-0111te reek, 350 yard. 
3 	of top of I.aggan 111.11. 

251. Oale-eilieate reek, 350 yard. 
SW of Revack Lodge. 

232. Oa1e-it1ieate rock, sai'e 
locality as 10? sbov.. 
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rooks • well banded but Imperfectly foliated, with alter-

M" light and dark bands • NW11 folds and era,les are 

silica seen. the rooks are fine to asdiun In graft. md 

ales, i*srts sad needle-ebsp* u,hibole san be r.eegnlaed 

with the band lens. Chore the saphibole erystsla are eon-

epienona • they are aeon to fern a lineation • The modal 

analyses (?able 9) shiv the who variability in the abuni.. 

anise of even the asia constituents. 

Quartz (5-45w) is always present. it for 

squid iasnaional granules wMoh leek unduloee extinction and 

are up to 0.2 as in disaster. 

P]sgjofles. (O-s) form small xenoblastie 

crystal, with a asix1mom diameter of 0,4 as, while in a few 

pooiasne poikilobisate up to 1.0 as some osom' sparingly. 

the crystals are qnigrulsr • comonly altered to ales or 

lusty material and twinned an the albite law, the twin 

leashes being relatively narrow. Many crystals show psteh.y 

albitlestion both at the edges and in the interior. Paint 

continuous zoning in soastisase visible. Two speciass. gays 

$ soapseitias of about Ann e 

)ieroehini (0-e4) is not present in every 

apsolasa. The crystals are zenobleetie, Interstitial sad 

irregular in outline, fan having a disaster above 0.5 an 

and now above 2.0 an. the larger crystals tend to be 
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ailvereal Stage data or. the avipblbolee of the gran 
ulitle eale-ellioBte rocks. 

?bin section no, 294 	 566 

A  c 	 ' A 

	

.O4 	23 

	

iOS 	24 	 105 	P 

	

104 	19 	108 	18 

	

1U5 	22 	 105 	19 

*1 - eolourl.ee 
Y - very pale giean 

I, 

I - very pale green 
I w pale greet 
Z - pale blue-green 

* This plsoehroie aebeee is mob the were 
eOMnon. 
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potkiloblsetie. In rocks with a h1b content of aioro 

dine, per*xitle lnt.rgrovtlte in the torn of very thin 

stringers of elbite in the nicroeline are found. 

*ica (15-34%), probably phiogopita • is always 

present. The tabular e27etala heve a mzImm length of 

0.3 na, their pleo.broic sebom being: Z a  colonriass; 

pale golden brown or pale olive-brown. The crystals 

are too immell for aeesureint on the Thtvereal stage. Whore 

saphlbolo is abundant the alea crystals are noticeably more 

ragged then is wanal. 

usually present. The 

crystals are idioblastie with a maxim= also of 0.7 m  in 

cross-section aM 1.5 — in length. The larger crystals 

tend to be pQikI1ob1atIi, 1!onsm'eeasnte mode on the l-

varsal atage show the amphibole to have the composition of 

media tremolita-estinoilto in aceortones ,  with the blue-green 

shade seen in the more strongly coloured crysts1g. 

(Ouea) is nearly always present, the 

proportion decreasing almost to sere  in roeks rich in 

amphibole. The epidote form bypliioblastie or xenobl,etie 

erystele, up to 0.1 mo in cross eetl on and 0.5 	f, length, 

ieh are colourless or very pale yellow (Plate XIX ). The 

birefringonc. and ITs are high; the mineral is optically 

negative, 3Inp20 twins are occasionally soon • In one 
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sds1 analyses of ab1bo1it1e and diopeidi oslo- 
silicate rooks.  

This  eetiono. 96 175 205 2Pf 229 555 

quarts 4 - 18 3 24 - plagioolaee 8 8 19 23 19 13 Mie?oeline - 22 6 13 - 

phiogopite - 1 7 w 1 ?re11te 75 47 48 60 54 2 DlOpefde - 21 - - - 78 
ip1dote 13 1 - - - 6 Vuleovite 1 - - - -, - 

AGeSSEory 1 - 2 1 3 1 

Points eoLmt& 	 1100-1700 

96. Oalo-atlleat. rock, 200 yarde sw of top 
of Laggar 9111. 

195. 81e-8111eate rook, 100 yards Portli of 
Oo1dhoe Quarry. 

205. C918-slljente reek, 150 yards IM of top 
Of Oaiei Hill. 

128. Cale-ellicate rook; 500 yards !W of top 
of MIP Reveek. 

229. Oa1e-5111e8t5 rook, 400 yards SI of 
RSYBOk Lodge, 

355. Cale-silicate rock fdiopeidie band), 
Bae locality as enS above. 
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xaele the epidots crystals adjacent to accessory pyrite 

are greenish-yellow and strongly pleoebroie w2rena the 

epUote elae*.re in the slide is colourless. 

The most absnt aecessory mineral is ephine. 

The iioblaetis crystals are up to 0.7 — in length and 

occur 1* eluatere. Th. larger crystals are ploabroie from 

pinkish-brown to eolo1e.s. Tory smell quantities of 

maeovite in sparee short shreds are found in some spec ine. 

Iron or* is seldom encountered; where found it In usually 

pyrite in smell zenoblastie crystals. Mall Idioblastie 

needles of apatite occur sparsely. 

D. Amp hlbolitic eiEl diopeidie 
sale-silicate rooks 

Although in heM specimen the aapblboiitie rooks 

are the most typical and distinctive of the esic-ailiests 

hearing rooks the nodal analyses ølto, $ gradational change 

towards the granulitic type (Pig.?). In hand specimen the 

rooks are compact, eian].y banded, the bands being minly 

green but also grey, white and occasionally pink. The grain 

size Panic from fin, to acerss. With the hand lens fibromo 

spphibols is easily recognised together with mica, feldspar, 

quarts and oe essi onal ly aphane. The amphibole needles, up 

to 10 - long, usually form $ lineation. 

The aphibo1itie rocks contain occasional per- 

sistant &i•pailie bands up to t)a'ee inches thick. The bends - 
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ualvereal ata* data on the aii,b1bojea of the  wMbl- 
bollitile eale-'ailioate rooks. 

Thin section W. 96 
	

110 
	

175 

	

T5 ZA2 	ET 	Zc 	2V2 	e 

	

1b4 	 ircr jg 

	

98 	16 	92 	18 	108 	17 

	

102 	16 

Thin section no. 	204 	 362 

2Yz Z/\C - ?Ne ZAC 

108 	22 
100 	is 
108 	16 
100 	24 
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which form only a small properties of the rock - are pale 

OSD or white in colour out are parallel to the foliation 

of both the cab-silicate reeks aM the emlosing mica-

gmaiise (p. 81 ) aM to the contact between these two rock 

types. A  typical model analysis of one of these bands is 

given in Table 11 (355 aM a photoaaiarograph in flat. XXI 

The constituent minerals hav, the same optical properties 

and textural features as the minerals of the eaphibolitto 

rocks and $ separate petrographic description is therefore 

uaMeea.sry. 

Th. table of modal analyses (Table 11) shows the 

rooks to be poor in aieu but generally rich in feldspar 

aM seastimes in quarts. 

iphibole (47-7). the characteristic mineral 

of these reeks, is always present and its proportion is 

only low where pyroxene ,  is very high. the crystals are 

generally ii ioblaetie, especially the smaller ones. above 

1.0 ma long - up to 6.0 - long - the crystals are mono- 

blastie and tend to be poikilob1asti. The needles normally 

U. in the foliation plane • but are occasionally oblique. 

8ile twins are rare • dome crystals are colourless but 

the majority have the pl.oehroie scheme: I colourless; 

1,3 = very psis green. Thirteen crystals were examine& on 

the Universal stage. !Ys varied from one crystal to another 
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iveree1 stag* aata o the pyroms of the sbi. 
bolitie and diope1di ca1aai11ot. roeka. 

Thin eeetion no. 175 	 204 	555 
zv$ ZA  JA 	V! 14A 

70 	44 	56 46 	60 	38 
50 	40 	50 39 	52 	36 48 	41 	70 45 	57 	36 

68 49 
AT$g. 	 53_ 56 	42 45 	58 
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over the rang. "*to 1100 eM 	from 10' to W. $hen 

tYs is plotted against Y, e there is a usttar of points 

arouM ETC • 10*' eM ZAG = 170 9  values utileb suggest a 

mean 000eition elsae to aodlc actinolite (168). (1.. 

also Plate XX .) 

ifrolen. (0-.21%) fo e.ldom present, the crystals 

being colourles, in thin seotion. the also of crystal varies 

from 0.1 - to 3.0 ma, the smaller being bypidiob1ssti 

whereas the larger have a poikilitia zenoblastie habit. Many 

of the larger crystals can be seen to be formed of a now of 

email interlocking zenoblaste with almost the sans optical 

oriantstisn It is not clear whether the polkildbUsts are 

breaking up or forming by aggregation. closely spaced (100) 

cleavages are eomaom in MM crystals. 

Data from the Universal Btage on 10 crystals show 

a wide range of values, ETC ?R1-ylng fron 4 '' A0 

from 36' to r. As shown on Pig.9 these values are jr, two 

eoneentretione around STz a 
A0 38 and ETC a 670 , 

470 , corresponding to eoirotiomo of diopeids and 

b.denbergtte. 

Plagioclase (6-E$) is ieent  in variable pro-

portion. In most examples the mineral to completely altered 

to sesoMary mica, dusty mater 1*1 aM ocean ismal calcite. 

Crystal8 lack good fern end are interstitial; they very in 



2L= 14 

iv.res1 Stsge Gate or •p1dote minerals, aapbiboljtje 
cale-.eilleato rocks. 

no 	355 	36! 

	

vz 	 2VZ Z,..DO1 2Ts 	001 

21 	4 	24 	108 	23 

	

104 	23 	88 	20 
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also from 0.1 - (equiftasisional) to 0,7 me (poikilobleetle). 

aize* fresh crystals are rare it was possible to messawo the 

coioeition accurately In only two Specimens: 	Snd AS 
37 

	

icroc1131 	(0-$) Is found In about balf of the 

ep.eiasns • Its abundance being unrelated to that of the other 

minerals, melding plagiocleee. The crystals are inter-

stitial or poikiloblastle, end are ocosaioml].y up to 4.0 - 

across but normelly are about 0.5 me. Patches of e.00dary 

ales In the adorocline eugeat that the latter originally 

contained plagI odes. • i.e • was perthit 10. 

*pidote mineral 	(0-l3). Both •pidote (-,thigh 

birafriugense) ad alinozoisit. (+, low anonslow bi. 

refringenea) are fount, acastimea In the same thin section. 

Crystals of both minerals are eo1o1eee or a faint bjvwr. 

Those of alinosoislte are generally smell and interstitial, 

but larger ones 	zceptionally up to 1,0 me tend to he 

more Irregular In outline. øirple twins are rare. the  

r1 	A (001) 	racred rn t 	JnIvra1 tage for 

	

vra1 crystLi td 	e vlr!'- 	fror 16 °  to too  . 
The epidote crystals, also up to 1,0 me long are asse 

variable in size and sometimes show bypitioblastie form. 

Moseurement of five crystals on the Universal 4tage Shove 

that 2ys varies fron 94 °  to 108 and the A( 001 ) from I3 

to 58. (Table 14). 
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.!rt5  (0..4) is mally t of 

the eryst1:;  'r cmrL1 , pt 

a few of t 	1: 	 i >IT.5 ryr. 	 iMe CT. 

strained, they inok un&uloao ex I notion. txo.pti oa11y thw 

quarts crystals resah 13 w across, aM in one thin section 

were fount to eozttsin thin fibres of ruth.. 

Iles (o..) is sparse and is usually fount in 

thin layers in the rock. The erystals are snail, thick 

p1st.. up to 0.5 M long eM have a pisoebrole seheas: 

I = ooloia'lees; X.3 - pals golden brown • pale rid-brain 

or pale brown. Wlwn in thin ley*" the nba teMa to alter 

to a very palo green chlorite with low no:raal birefringonee. 

I2seoYite is fount occasionally in clunpe of Small crystals. 

8pbene, pleoehroie from pinki-brewn to colour- logo. 

 is the most comoon accessory mineral sni usually oeure 

as snaIl Uboblaetic crystals (0.1-0.5 ) but in the coarse 

rooks larger ragged crystals (*01.0 i) are fount • some 

have acreo of rut Ile. iron ore Is spars•, and fern snail 

interstitial crystals which eon sometimes be identif led as 

ji1ts. interstitial cebite In sometimes sparsely present. 

the ehemiesi composition of these eale-silicate 

rocks has heei e.,m'Mood (as on p.47) and contrasts with 

that of the •ele-eil5.cat' 	11 	t)rn: bi:Lie>) lime>, 

a&gIle.is> iron xide >i iuri:.> -otth > ucda. Iot*blr 



TABLE 15 

sde1 analyses of t7ft it..gieisee. 

Thin eotion no. 	98 538 

Q1i't 40 42 
Plagloelese 
Blotite 27 42 
Muscovite, primary 4 

secondary 19 4 
KMIts 11 5 
Accessory 3 1 

Points counted 1500 1800 

98. 	yenite-gneios, 450 yards 
EMW of Mater Lagan Fern, 

338. Kyerite-gneiss, 200 yards 
iortb of top of (}aich 
Hill. 
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the alkali ratio is reversed, alumina is amb lower and 

siUes is slightly lower, while the baio oxides have ia 

ereaa•d In Tirorortlon. 

S 	.trogtspby of the p.liti.e rooks 

In bond specisen the pelitie rooks can be divided 

Into: (a) kyanit•-nies-gneieeee without quertso-f.ldapathie 

layers and lentiolea, and (b) aiea-neiaees with asrked 

qusrtso-f.ldspstMe layers and isatielee. The latter are 

found iedistly $z of the Riack-Geieh-.otor lmggsa belt 

of esie-ailieste reeks and marbles ins sons varying fron 

50 yards ilds across the strike at i'lrinbz'Uge to over 

600 3ards at kevaek. 

A. 	enit.-aiee.-gnela$ee 

Tb..o rooks are erse rained sat flaky with 

large plates of biotite and auseor it. prowineat on the 

orate foliation planes. On weathered surfaces elongate ,  

n'ie of blue-grey kysaite are prominent. ?be prism. 

,blob  have a mailimia length of 50 ma, generally lie roughly 

sub-parallel to each other in the pleae of tho foliation 

forming a org* lineation. the biotite-gn.ias.s associated 

with the kyanite-gn.iaa•a differ only in abssaie of kyanit.. 

Biotito (57-4$) is siwaja present in fisks up 

to 5.0 ma across, but enually miah smaller. The plsoebroie 



eebm is: I = pele ;ellow-broen; y.Z • rich SoMom  

brown. Alteration along the cleavages is eon, resulting 

In a pale green chlorite (with low nernel birefri.iine.) and 

minor amounts of iron ore. 

j (8-.19Ø oeee eoionly an plates 

ioh are relatively thicker than Those of biotits and rem* 

a maximum length of 2.0 mu. ih*h of the aovite, hewevar, 

farmu either sheathe of email crystals ettrrounding the 

kyanits or ovoid to sub-reetangELer patches (the e1'i'ar-

sWegate of Barrow) probably ooiglstely replasing kyanits. 

such aneoovita has been recorded as secondary in the model 

analyses (able 15). sons thin needles inspected to be 

eill 4iirtiito were observed in the aggregates but their iden-

tity could not be confirmed. 

!! (5-11%) oces naftly an bladed crystals, 

up to 3.0 mu aeroes end 30 mu long, wbidh are usually well 

formed and surrounded by thin sheathe of meall nimeovite 

metals. One sxnmple contains kysnite *ieh tends to be 

spongy and poikiloblantic, each T'nt  containing its 

.o1ets mtmaovita sheath (Plat XXI). i'urth.r, in this 

example the 1a3'te of the spongy 	&l are not quit, in 

optical continuity • up to 12 differenc* being aeon in the 

ontinotion positions of the different parts. The minerals 

occurring in the interstitial spaces of the spongy kyanit. 
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ciyetals are moch smaller in grain also then the crystals 

of the same minerals in the mass of the rock. 

uartz forme about 4G, of the rooks. The 

crystals lack good form, are 'r to 3,0 am long 90 are 

•1lt1y strained. Intergranular boundaries axe smooth 

and 'ansitur.d. 

Plaoclse (up to ) is usually found in the 

varieties which contain epezigy kysnite. The crystals are 

intorQtitinl and zeneblastic, up to 4,0 am long. ftq tend 

to have =all rounded inclusions of other minerals, par- ticularly 
quarts, blotite and mmeeovlto. The crystals are 

fresh ant well-twinned with relatively narrow twin leaslime. 

The composition range is An to  to 

Leeeeaory minerals have not been observed to 

cx.eed 	of the rock. Tourinaline is the most coamon, 

oecn'ring in idiomerphie pl.00hroic olive grm*n 1priaw up 

to 0,2 am long. The absorption scheme is 	small 

colourless crystals of garnet up to 0.3 am in diameter 

are found in some specimens; and sparse ragged orystale 

of iron ore, probably liberated during the alteration of 

blotits, also occur, Small idioblante of ruth., epetit. 

SM zircon complete the list of accessories, 

B • Mioa-gt.les.e 

Thea* rocks are coarse grained and lark grey in 



TABLE 16 

Nodal analyses of adea-g!e18801 and soblets. 

?bin section no • 108 580 455 457 201 

Qwwtz 59 34 57 33 17 
plagloo]us 21 26 8 35 41 
3iotite 17 14 22 17 58 
ynsoovite 20 22 29 15 
iee.eaory 3 4 4 3 

Points counted 	15001600 In each ease 

108. !ieegneIes. 400 yards SP of the top 
of craig Revaek. 

560. yIee-pneies, 550 yards W of the top 
of oraig Rwveek. 

455. nice-gneiee, top of 9.ioh Hill. 

457. iies.gneiBs, 100 jude up from the 
south of the Vlnlerig Burn, Du1iaIn 
bridge. 

201. Biotite-sehlst • above amrbl., Lehns. 
gone]. in Quarry. 
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eolanr, crudely foliated end sometimes faintly banded. 

The banding is probably oritinal ez is not always parallel 

to the foliation (see . 162). The foliation surfaces are 

Intensely ron$h and erwpled, Luecovite • biotite, quartz 

and feldspar can be distinguished with a hand lens. The 

roeks typically contain lenses, rods and thin layers of 

eserse qnsrtsofeldapathie material (Plate fl). 

on the scale of an exposure the rooks are seldom 

without rods and lenses of quartz and pegmatite, or in-

folded narrow discontinuous pegmatites. The pegmatitie 

Parts of the reek are usually concordant with the foliation 

but arose-cutting .xal.e up to two feet In Width are seen. 

The quartz rode are up to 1 foot by Lo feet in arose-asetion 

(plate y) whil, the concordant pegmatite shet range up to 

5 feet in thickness. The meriie of some infold ad pegmatitee 

are richer in mie 40­;r,  the country rock (of. Plate land 

Greenly (1925), Pigs.4,s, 6). 

The reeuj.tirr rook aseelage (Plate TI) Is unique  

within the area end indeed enong the home Series of an ax-

teneive pert of the Highlands. The rocks show remeftabla 

consistency in medal coiripoeltior, apart from the echist 

which arlIea marble at Lebnagonalin (Table 16). 

luaoowita (18-9%) is comeomly in p.2511.1 

growth with biotite, ovrr Meh it predominates slightly 

12 meat epeelmens (Plate Xxit), The plates are will-formed, 
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up to 3,5 am long eM are usually thicker *ban biotit• 

cryatale of the same aize In the rock. The cr7st&La are 

often bent, sometimes throui angles of 20_300.  The total 

iea content (-s]) is hero sufflolortly high for eon- 

tinuuia layers of mlea to bave developed through the rook. 

Blotite (14-<k) form plates up to B.b - loxig, 

which are uJui1ly we1l-.ersta1lised. e ven arcuM the create 

of eaall folds. sent crystals ure occealonally fouM. The 

e&i1ler crytula tend to be Irregular in outline. dowe  

plates which appear large in ordinary light are aati*lly 

oowpoaod a! several crystals in parllol growth, in general 

the larger crystals are bus Irregular In outline than the 

smaller. the usual Plooebrolo schese la: I w straw yellow; 

I a dark brown or olive-brain • The moat coon alteration 

prodiiatu of the biotite era chlorite (with aneislou purple 

Interference colours) end looser aoante of Iron ore • in 

some slides the alteration of blot it. in complete over Smell 

areas. 

!artZ (17-39%) has two =Aes of oacurrce, as 

].tirg• xenobltic crystals up to 3.0 um long with inoxiin* 

uMulos e extinet ion, the orytalt t eid ixig to be e]. sugat 

parallel to the foliation; and so amll .quidinenaional 

crystals up to 0.,7 = across, usually forming a granoblastie 

oaie over areas of the same also an crystals of the first 
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type. These sonil crystals 1s* ondulose eztlnetion aM 

In seas eases are seen at the nirgine of the large strained 

crystals. It wouli therefore appear that the aoeaioe of 

11 erystels were fora.d by the break-dawn aM rs-

erystallisatlon of the large eryetals. 

plagioclase (8-41%) forna zonobisetie eryateis, 

the larger ones tending to be irregular In outline. In 

met speeia.ns the also of the crystals is not above 1.5 — 

but ezeepti cushy crystals up to 4.0 — long are foaM. 

Twinning is sparse and the twin hashes are narrow. Most 

Crystals abow faint continuous zoning to a n'e sodie mrgin. 

The e.ripeeltlon ranges fron Aa w  to £fl. the neat coneon 

type of alteration is to secondary ales In the lutor parts 

of crystals. partial alteration to carbonate and en nnknown 

dusty t.rla1 hayo also been observed. Z.isitieatiou of 

plagloolsas baa not been observed. 

in extensive aults of aeeee.ery alnerahe so ours, 

the prapertion of any one mineral and of the total C000saCry 

alnerali asidon ezes.&ing 1% and 4% respectively. Palo 

yellow bypidioblastle crystals of epidate ,  oeeur up to 0.5 on 

in length. Ooree of brow orth its are comes; unriassi 

orthite is alas feuM asruet alnoat attains to essential 

proportions in may specimens. The crystals are solou'hes 

or psl• pink, rounded and bypidiobleetis and up to 0.5 — 
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across. k.1.ts1 crystals up to 1.2 — in also we eperee. 

srs.et is of tan altered to obisrite along masks. Crystals 

of iron ire of various clue up to 1.0 - are commonly 

mattered through the reeks • amll orjstale tend to be 

nose idioble.atle than the larger. Scattered sill idle-

bleats of spetito and idioblaetie IvIsse of grey-eae or 

rid-brews tOUYnolInS see sparingly. 

At Aehnagenalin the politic rooks overlie the 

marble directly • there being no intervening band of sale-

elUsat. rook. Thus this tract dif firs in two was from 

the others, firstly in the absence of sale-silleate rooks 

and eseoutly in tbw absence of $ sever of eosroi niea-gniias 

within the sears. pelitie poisses ore two al nor 

rock types which both osew as bands and layers up to a ten 

inches thiek • The bands are 1sf oidid with end grad* into 

the gneiss  and are ususily but not always parallel to the 

foliation In the poles. Tbe bands frequently thin out 

after a few feet aid are ocean lousily seen to suffer 

bondinage (plg.l). They are pradtieslly absent at lulnain-

bridge bat Increase in abdenee towards the east at Revsk. 

preaunably they represent original competent beds In the 

rook • in hand specimen the rooks are eoipaet • aediun to 

Slid Is grain, •q*lgrwiu].ar, grey or pink In ee1ou; quarts, 

feldspar and biotite can be wAo out with the band lens. 
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isdal analyses of p1sg16e1eae-gneieg.s 

Thin section no. 354 388 

Quarts £0 15 
Plagioelae. 55 60 
iotits al 18 

Accessory 6 7 

Points eomted 1700 1700 

554. Plagiooiae*-gveiafl bond in 
coarse niea-gneies, 500 
yards U of the top of 
Oraig Rovack. 

388. ?lagioolue-gTJei.s band, 500 
yards 31 of t!e top of Orsi! 
Reveek. 



When Us last-named Is laeking garnet and a pale Mean 

mineral eam be mais out, Blot1te is not in discrete 1au's 

but is scattered through the rook. *ieroseopieelly two 

tpp.s we d lit iwgulshable. 

(1) Plagioelaae-gueisses 

These rocks are round in bend. up $04 inches 

tMek. Modal sualyasa are rivnr Iv,  Tpble 17; a potor1ero-

67aph is *own on Plate XXII. 

Plaioe1980 cryatals (55.40%) axe zeseblastle or 

hypid iobl&.tie. with a mozinvin length of * — and an average 

length of 0.5'1.0 me, Twinning is =woman or absent; most 

crystals show slight eonti.nnoui soning parallel to their 

mergimo. The coupe. itlon ranges from Au 23  to 	most33  
ery.tsla have the composition An 7 . Serleitisati on and 

hating are comma, particularly towards the enrgius of 

crystals. 

Quarts (15-20%) to interstitial aM normally 

occurs as patches of mosaic formed of equidimensional grime 

up to 0.7 me in disaster. The larger crystals have dMightly 

uMulosi extinction ibilo the ea11er show no such signs of 

•trtn. 

liotit. (18-*]Ø) is present as relatively thin, 

sub-parallel flakes with a mzftm length of 1.5 me and an 

average length if abut 0.5  i. The edges if the flakes tong 
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o*a1 =81006  of  plagioelss...pjdot. rocka 

Thin ieetion no. 240 590 

Quarts 40 51 
Plagloelas, 45 52 
gplaote 10 14 
£ee.saory 5 5 

Points counted lpOO 2100 

240. Granulitic layer in coarse 
iiea-gnsisa, 50 Yards west 
Of top of Orsig Rvaok. 

390. Granulitic layer in coarse 
aiea-gneiae • 75 yards south 
Of top of Craig RVOOk. 
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to be ragged aM Irregular, aM very e11 Irregular 

crystals in optical continuity with the larger biotites - 

are often embedded in plagioclase close to the larger bio-

tites. Tb, plesehroie sohsne is: i - eoloerlm; T 95 - 

dark brown or olive-brown. Alteration to p1chroie green 

chlorit, along the cleavages 10 oao1onally seen. 

The coonsst soesesory ninersi is wsesvite w!tieh 

occurs as bent plates of up to 0.5 - In length. Pals 

yellow or colourless spidote form zenoblaste with a mex1mm 

l.gith of 0.8 -. The crystals asnetinea have sores of 

brown arthite aM occur in association with the niosa. 

psrae crystals of beast it. ar. present • the masher crystals 

being hypitioblsatie, the larger ragged. ftell zenoblasts 

of aicroslime have been observed. Idiobleati crystals (all 

1.0 as across) of ephuie • apatite, airoon aM garnet eon-

plete the list of accessories. The total accessory content 

Is 6.7%. 

(ii) Plagisolase-.pidate rocks  

fhese rocks eeur as bends iiieh are never more 

than about an Inch thick, are pli'ki.h  In colour and are 

practically lacking in blot- its. They have bomn found only 

at Craig kevack, (Be* Plate XXIII.) 

PIsioelese (about 50 is the most abundant 

constituent In all .zal.e. The crystals are z.noblsetie 
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and slightly poikiloblastia • up to 1.0 - beg. £ mrrow 

eater sodis sine is developed on most crystals; winu Leg 

is more eonecn than in the plagioelese of the pliagioelssi-

guu.sea. The crystal to orystal eoupoeition rena. is A" 27  

to AIA40'  The crystals are commonly partly altered to 

sesondary nica, eliuos*ieite, or unidentifiable Lusty 

material in various osiaations • The twin lansliso ate 

often bent. It is notisorthy that the eauposition  of the 

plagioolase ,  is nere ealsio that in the plagioeles.- and 

aiea-gn.isass, end that the alteration produets are also  

aerrespoadingly different. 

uerts (about 30$) fans interstitial patobea 

of asecie, the grains of *ieh are wtraineI and up to 

0.4 as sorese • fete tuarts orystals are inel4ed in 

plagioclase thy too to be rounded in outline. 

VIdoto  (about 15) is found in .11 slides and 

In faintly pleoahroic from co1o1ess to pal. yellow. The 

torn is idie- or bypiIioblsatie and the crystals or* up to 

1.0 as long. They are either evenly distributed through 

the band or osacentrated towards the middle. 

Garnet, however, is generally found toward, the 

margini of a band, ind•perid.nt of the distribution of 

•pidots. Garnet is melded with aee.esoris in the nedsi 

analyses (fable 18). The sparse idioblaita att pink, are up 
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to 0.8 - sezoss, and tend to lie in strings sub-parallel 

to the marglas of the bond sstwitb the central seni vldsh 

always contains .pldote. 

A000S$ory minerals indigo irregularly shaped 

plates of bi.tit. (1eeehreie fron 1 a pale yellow to TI - 

dark olive-brown), often altered to ehlorit.; thin flakes 

of am$eevit•; zenebleetlo interstitial crystals of iron 

•rs, so being pyrite surrounded by thin cones of hatiti; 

and pinkish brown • pleoehraie, z.nobl&stiø crystals of eph.ne. 

£eoiesorioi seldon acood 	of th. reek. 

At the junetions of the bonds of plagioelsa.-

.pidat* rooks with the anal.*ing gneiss the letter is 

relatively richer thon sausi in dark brow biotit., skeletal 

garnet and snail itioblaatio epidote crystals 

(1) Discussion of Origin 

lber• is no .vidone. to suggest that largoseale ,  

introduction of material from outside soess to the rooks 

of the Grantaw Group bee takes place. Puther, the varied 

.naeablgs of rock types within the Group indiostos that 

little hoaog.ni.astiea ban occurred. Mobs of the rooks give 

an ind ication of the types of aedinent from which the cola-

sillesto bearing reeks were drivel. 

Owing to the leek of ch.aioel analyses the mutual 
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relationships of the rook types eannot be ebown an a eos-

ventionsi yen Wolff or 515419? diagram. However, it has 

been found that if the modes of the rocks are plotted on 

• triangular diagram *aee eo-OT(itam e.re (quarts + 

feldspar], (nias) and (diopaide + tremolite + apilot.) the 

* 	• p 	 rooks end the e.lesiliest. 

'grounlitso' of the lilas dories gun.t partly takes the 

rob, of phiogopito in the eale-ellieste rooks of the tan-

town Group. Therefore ales and garnet are plotted together 

In modal analyses of the two first-namod reek types. 

ralatiomebipa of the rocks to ens another are aMearly die-

p1571 (Mg?). The total proportion of quarts and feldspar 

In a rook eon be taken as a rough indsi of the abundsne• of 

5111*5; similarly the alas-f ii leper line represents s1n.ia, 

and the eabe-ailloates limo ad magnesia. Calcite is not 

Sheen an this triangle but, as it does not occur in essoel-

stien with significant =ovmto of quarts and/or feldspar, It 

would Its on a eontinuation of the allies-lin, side of the 

triangle. The Impure uarbl.a thus fall outside the particular 

triangle hore being a..&. 

The i.ity in the original slightly engroelan 

liasetonas, now mrbles. was largely silieesas rather then 
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sluminous as is shown by their content of trenolite and 

dispsii•. 

The sedlaents represented by the plots of three 

aiceceous rocks (A) were coJQpened of a esl.ear.ons awl 

alinoia wlztiwe • that is, were eel esreous shales •  Gronal-

Itic cale-siUcate rocks (B) were forn.d from sediments with 

at fairly constant smewit of sandy material but with wide re-

•ipz'eosl variation in lIwo and alumina. At the eelesree-

aeeaien end of field 3 the sln1zous iity is very low 

awl the reeks grade into the athibolitie eslo-sitiesto reek. 

(Q). The latter rocks iie along the[warts + feldspar] 

Coale-silicat.] line, their position depending on the original 

hao content in whit were essentially calcareous sandstones.  

This typ is the most coon in the area. Therefore the 

s.diasnts 'iob gay, rise to the eals-silieato bearing reeks 

of the Grentown, Group were winly ealesreous aen4.teass with 

minor sandy limestones and salcareous ebales, all being 

slightly aignisien. 

Field I is defind by plots at nodal analyses of 

eeic-ailioate 'granulites' of the Wine ben 	- metamorphosed 

slightly calcareous sondatenea (1w p.57 et lu model 

ona]yaea of thin plsgioolaae-.pidote-garnet bands (Table 1$) 

found in the coarse gue is ass were platted an the triangular 

diagram (lig.7) and the points fell in field Ii. As Gale- 
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ailloats 'granulitea' are sbmIantly rows in both politic 

aM qesrtso..feldepethie rocks of the Moms Series the avId once 

given above  shove that it is likely that the coarse gneiss 

with opidotie haMs was produe.l free a e.d1aont of 'asmn. 

type'. 

Tbo coarse kyaait.-gneieo veuU appear to be the 

normal result of b1h-grade itaaorpbiaa of politic sediments. 

The partial replacement of kyanito by nweerito, however, 

shows aigration and fixation of potash after the peak of the 

tsaorphien hal been passed. Minerals containing significant 

aowats of sods, are not found in the kyenits-gnaieeee and it 

Is therefore Impossible to say whither aeda his migrated with 

the potash or not; at least it has not been fixed. 

The aiea-gneisees of the )u] sinbrilg.-aavsak belt 

are so vms=l as to suggest that their formation was con. 

trolled by a factor not norusily active in the genesis of 

the other rocks of the area. Any reasonable hypothesis usia t 

take account of all the significant facts. These gneieeas 

are very muCh coarser than any other politic rooks in the 

district (p.10!). The belt of gneieses everywhere structur-

ally overlies ealo-ailieats rocks of considerable thiekn.on 

(p.76). The reeks exposed at D'*lmuiubrilge show that the 

grain also in politic rocks decreases markedly outwards and 

upwards from the now of eale-ailiests rocks (p.85), 



LLD 

Contained in the polsees are eoic1derab1e bodies of qrtso-

S •ldspsthie wterlal Alsh are vfrtnally absent fres the 

sr1yixig oslo-silicate reeks (pp.82.10$). The gtaiss.s, 

bearing the as..1ag quarts -oligoe1sse-aieovite-biotite 

(pp.105 ,1O), are of the seas astaaorMe grade as the 

•wr.ming rocks • Qentaine& in the gn.is.ss are thin, 

voilus grain" layers riØ in epidoti asd layers very rich 

In aligelaa.. The .pidote Is stable in the pr.eenee,  of 

ealcie sligoelsie (pp .106-108). 

Tb. process required for the f•rtien of the 

gu.is..s in therefore one oble Increases the fwaln site 

but net the astanerphie grade of the reek; abish Iwomotes 

mobility of qnartso-feltspetbiematerial; and hchid beesase 

less affective with increasing distance from the cal.-

•ilieat• reeks, I.e. upwards. Thet this process can be 

correlated with the presence of cab-silicate rocks is well 

supported at Ukncgonalin where the politic rock overlying 

an dccl ps .abeite cx'blo is a cehist lacking the 

qiartiose layers and the ocarse grain also of the ales-

gneisass (p.105). 

Diug the INSUMOVOISIN of  111FINTO  cslesr.one 

sediasats the reactions between calcite aM the ipuriti.a 

to fern esle-silicat• aln.rsle release large volan.. of 00 2* 9 

* Per properties of 00 at geological teszperatuz'oa and 
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pessures see KNOWAY (1951). 

M.cb, "igrsting upward into souse of lower temperature, 

y there play an iortant part In aGtsaotiaa.' (fuiusr 

and Yerhoog.n, 1951, p48. ?iwuer (1948, p.145) r.gsrs 

sach of the calcite of gresneohiota and the celcitic seine 

In ether 1*w grade rocks an the product of QO  rising fran 

the bier grade regions of the cruet • On the sane top is 

Weeks (1956, p,555) ease, '?he rock overburden is likely to 

be scaiperneabie to gases and water vapour so that 00 can 

'diffuse ,  &my fron regions of high 0O pressure (reaction 

sit..) 	£ considerable volie of the izlpEre aaleareoia 

rocks of the drantain Gztoi,  has been converted sleet en-

tirely to cslc-eilIeate minerals. Mea1ng a volume of rook 

4 km by 4 km by $0 a (average figures from field data) con-

verted entirely to tr.niolite with 10 W e  the value of 002 

released would be 1.586 x i& ein at N.T.P. or 2.174 x 101 

cn at 50oc sri ?000 atasepherw pressure, the P -T conditions 

of the aaphiboUte facisa Walton, 1955). 

Comparison of the high proportion of eecovite in 

these rocks with the sreavite-fme ao}iiat at e)magons1in 

(table 16) • sri the evidence already presented that potash 

migrated into and was I iz.L in the kyanite-gnaiasea, jointly 

suggest that soon potash was also introduced to the alas-

gu.iaes Luring their fornetion. Slailarly the high proportion 
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of eligoelase in the iatorealated plagioelaa.-.isue 

.ngg..ta that soda was introtsoad (Iron a source net yet 

Identified) and was atabilia.E in the quarts* -feadsp.tbie 

layero rather than in those of politic Composition. 

It is ganerally eonsi&erd that the presence of 

volatile, has an i* tent affect in irreeing the grain 

sise of rocks, and any be the prianry factor ooneerned. 

Yet no Chenisal trac, of the fluxes need r.anin if they 

acted only as carriers or catalytic agents and thosselvee 

rmin.d imfixel in the environn.nt prevailing during aM 

shortly after their release. 

It Is therefore suggested that the large voloa 

of OO given off from the asic-silicate rooks antored the 

overlying norani politic rocks an a flux, thereby allowing 

then to reach a distinctively coax'so grain also ant also 

assisting in the anbilhsation and differential fixation of 

potash and soda. Jurther, the passage of saab mobile fluxes 

charged with sl-lia aMo possible the for'ant ion of esares 

patches of quartac-foldupathie aggregates in ovdiable areas. 

In no other hypothesis know to the writer has the sooree of 

the nigantising and granitising fluxes been so eonS idently 

traced to the escape of 00,from lwpure lineatones into the 

overlying reeks, nor has this particular saneept been 

previously applied to high grade rooks. 
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Recently nuab work ban been carried out on the 

influence of 00!  pressure on various equilibria in mete-

aorphosi inpvre limestones (for ret erenos see Weeks • 1956). 

Only Weeks, hewer, discusses the essape of Go into ewer 

rooks; or= so, be is very cautious an the natter • It 

high grades of metamorphism such as are found in 1d -8trath-

•pe 'the release of 00 due to progressive carbonate re

actions will be quite slow. Rowever the Permeability if the 

rock (at least in deeply buried region.) will probably be 

low. (p.293). Where would probably exist, therefore, $ 

strong pressure gradient outwards and upwards from the oslo-

silicate reeks and presumably migration 4t the 00p  would 

take place in reopense to this gradient. 

Several writers (Inept, 1929; Roes, 1933; 

lead • 19*4; Raspels, 193$) have discussed the role of 00 

In the for tin of mineral deposits such as gold, megnesite 

and tale, so consider that the 002  is of 'nmgastle' or 

)ydrothermel', i • a • hypothetical origin mkile others are 

. cautious and admit that the source of the CO S-bearing 

solutions *blob reacted with the ultrabasie rook menace to 

predue* magneelte and tale I. us1mewi • in each of theee 

eases of tormotien of megn.eIte or tale the rocks have been 

portly replaced by carbonate deposited from solutions. 

Pth.r, the persgenetie avid suee Indicates that O0 became 
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fixed as earboaste only at late, low teratur• stagss in 

the process  sltheu# it W reasonably be i*'Uuned to have 

been present luring earlier Stetl!.s. In the sxeaple from  

Ortovs, bee.?.?, there is * prolific source for 002 but 

no visible earbonate mineralleatlen. only the results of 

*st appears to have been nalnly a fluxing effeot, eueb as 

f.ldepathiaation, sericitiestion and coarsening of grain. 

One pro@umes that the tenp.ratiu'. Waa relatively high end 

that carbonate ulneralisation would therefore only begin 

at a neob higher level in the cruet. This level has now 

long been eroded from the tistriot. The upward dissipation 

of the volatiles is shown by the urd diminution of the 

pUoned flexing effects at Mulzainbridgo. 

Although vaguely MuittIn th• possibility of such 

a Irocess. 	and Terboogsa 11951, p.482) alto no 

m1ee • Aeoouxts at the geology of areas of high grade 

mstaasrpbie rocks where cale-eilioate rocks mderlie politic 

reeks are few. Of outstanding interest, therefore, are sa*'s 

papers on the geology of Unet in the 3hetland3 (1954, 1957), 

dim some 500 feet of calo-ellicats rooks of the w.sting 

Group dip gently beneath coarse, tough plitio gneisses whose 

lower 300 feet consists of "asesive biotite fp2e4RBeB with In-

numerable eye-shaped patches and stripes of qizartao-felI-

spathia matoriala and in which pegaatite @hosts and stripes 
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are loeally well 6eye16pee. 	(1934, p.646),, The nppz' 

Z=4 of the gaeiaaea z'.ealla to Road the p.rai,atloit goolosen 

of the great Outherlmd eapl*zea, JM*ov&ere in tbiet 

*:injection gueloMMO Sr. asaooletsd with pegtitea whose 

origin Read considers to be soMmUe o  

The reseablan,o,  of the Uflet sequence to that seen 

at Orantowa is remarkable eni it is t*uptUW to suggest a 

siaflar origin for the pegtit.bearing gaieuea at both 

localities. K.lat.d eia1es from ethor Scottish eoaiplezee 

are characterized by the association of grsnitl.o rather than 

the qusrtao-f.ldspatbio waterial diseases& above; they will 

therefore be consider" later (p. 136). 

the b7pothaeie outlined above appears to be vniqu 

In the light of the geological literature known to the writer, 

who hopes that it nay pove eapabl* of application to nets 

nerphi. terrains in which politic seMite overlie asle-ailleate 

rooks. 

(e) status of the Grtown We  ge 

iM.rson (1915) suggested that tho ,  Orsiptown Group 

was a nose of the balredism Series ]yia in the a.ine Series 

and entirely bounded by tectonic contacts or 'slides'. 

In his tectonic analysis  of a wide area eIzityr. 

(19La) • elthob re-interpreting Anderson's work, considered 
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U* Orantowo Group to be a large tectonic Inclusion in the 

MDIne Beries. 

poanree of the eontet of the Ortosn group with 

rooks of the Ofne 8eri es are poor • At Lap-man Jill rooks of 

the two formations, i.e. rocks of twe lithologieal tjpse, 

are int.rbanded and the contacts are no more teetonie than 

those between any other pairs of adjacent rock layers in the 

ares. 

Jvid•nee presented above (p.11) •ngeste that 

pidotie bands in the soarse Smolseve at Gmlg Revek are 

eemparable to the eale-allieste 'granulites' of the loins 

Series. Moreover, at Dulminbridge the coarse gneise•a pus 

greã*aijy upirda Into f19gy eeiiDe1itie gneiaaes of Memo 

aspect. Thin leaseo of bombleMe-aebist oeem both in 

aigtitio rocks at Craig ileveek amd In normal country reeks 

at the wouth of the FInlarig Mum (p.51). Therefore &ndersen'a 

*prim facts case for regaMii then [the Qmtowo uxoup] as 

belonging to a different group [fron the gaine Series]" (1915, 

p.7) nust be rejected. 

It therefore appears to the writer that the 

aysilabl. facts are not inconsistent with the interpretation 

that the Qrantewn Group is an integral pert of the loin. 

Series • ?be unusual aaae1a, of rooks wItHi the romp 

and the differences that distinguish then fron typical 

asabera of the Moine Series are to be ascribed to the action 
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of loeslised sgey am'ln€ the course of the Mets 

rpMea rsth.r than to aeb tuntsaental aiff,r,nees in  

$p aiid f.i.s an wott24 be 1vp11e& by pleeing of the  

GZ'*AtO Qroup a*twl th the Molne 3r1ee 
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THR G3AI1TIO ROCKS OF CRAIG Ei1A 

(a) held uelatioz - - Lar ger GrwELtie Muae 

Along the erect of Craig a.vaek wi thin the 

Gientoisn Group several types of granitic rook areex-

posed to view. There are several masses of a coarse 

p.gastoid granite which is almost entirely onrrouMed 

by the pematite-bearing coarse biotite-gneiaaeo Lee-

oribet ebsy. (pp.101 et. .!t). In plan the granitie 

bodies are elongate BW to U parallel to the strike of 

the country rocks (11g.6, eM pocket). 

The largest man, £00 feat by $00 feet in •-

feee area, lies mainly in mica-gneiss but abuts against 

the ele-ailieato rocks on its north-western aids where 

the contact is newh.re clearly seen; the few available 

eipoces iMioste an iut.rfing.ring of the granite with 

the gneies i.4ist.1y heyo the cole-silicat, reeks. 

ilacoh.ro  the contact con be accurately nappe6 ari* the 

granite is generally seen to out across the foliation of 

the gneiee. The plane of contact dips ou h srda, steeply 

but parallel to the steep foliation of the gneiee - along 

the aw margin of the granite ant zre gently on the U 

and the 1*. No effects of contact astarphian were ob-

served in the gneiesea close to the granite. 
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Fig. 11 	.truture of 	2eva:. 	rofile 
(7,ig.10) constructed normal to the 
average fold axis. iqual area lower 
hemisphere projection (as are all pro-
jections in this thesis). Oircles, 
a-axes (4);  crosses, small folds (3); 
points, lineations (17). 



JLxx 

The granitie boil" never contain inclusions of 

gaeiea, but have occasional lenses of quarts several inobes 

across. The general torn and distribution of Ahe granitie 

rooks are well ehoim on the Geoloica1 a3uv.7 1-inch sheet 

74. Only on zpoeur of granite has been found in the 

oslo-silicate rooks and it lies close to their upper. that 

Is, their south-onateru margin. 

All along the aotth-western side of the granite 

and at a few points on the U aide the gnei sea have ver-

tical foliation trending s. North of the granite the 

gneias dips gently ii. to the east and 3B of the granite 

the dip Ia south-easterly, the etriks tending to eiuvs 

aromd the granite maso and the lip concurrently besoning 

eteeper until an the 8i side it is vertical • tbez.fore the 

granit* is tinset entirely confined to the crest of an 

asymmetrical antifora. the relationships of the granite to 

Who etruoture of th* gneiaeee are beet aeon on a profile 

(Pig-10). the plane of projection of the profile is per 

pendiui.r o 	 dire-'ion of foldaz*e, lineations 

and 13 -rffee in tre neits ti,1.Uj. 

(b) Field Relations - Miner granitic Bodies 

the pelitie gmineas of Ureig Heack aboal in 

Wall layers • T•1n, lenses and Irregular bodies of granitie 



J I'- 

/ 

,..e 	 - 

,- 
PEGMATITE 	 p.-, 

PEGMATM 

MATIIt 

_ 	- - 

C. 

\PLGM*TITF 

IF...t 

Fig. 12 	profiles of structures in the pelitic gneisses of Craig evack 

IL. plastic style in folded plagioclase-gneiss 	irregular 
patches of pegmatite. 
ptyginatie quartz vein parallel to layering. 
7oudins of plagioclase-gneiss in mica-gneiss. 
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or InartBee. rock *ieh shoe great variation in graft-

size eiid ide of occurrence. These bodies can readily 

be aietinuiah.a from tli• 	11 leneas described abov• 

(p.102).go&jumgrain. 1  splito ii eonecrdsnt ls-.rs up 

to several yards long aM 6 iriehee thick is only 

found. Quarts reds and louee tqi to 1 foot by 2 feet in 

areee-e.etiOn and elongate parallel to the regional fo3* 

suB are often found lying Om ec!i•lon (Plato v). Ptyg*stio 

quarts veins are found lying parallel to the heating of 

the more  graulitie rocks. Pegnatitos occur as gently 

irfoldedparallel-814e4 veins up to 4 inches in tMci 

and cGsletiaSe as croea-e$ting veina up to two feet in 

width, but 	most eo'on m* e of occurrence to as 

irregularly ibapd knots or intensely iufeldod tisoon-

timuous veins (1pig.12). Many of the p*stitic bodice, 

including effehoote from the larger granite sse, do 

not heve parsll.l margins. Both p.tit.s end spites 

occasionally heve gradational argins; those of  the 

pegtiteE are sometimes rich in ales let. Plate 11. 

The calo-ailicate "eke contain ooeasionsl Con-
cordant and cross-cutting quarts veins and len$•$; 

pegmatite is noticeably lacking. 

(a) Petrology 

As 1l the granitic reeks, mhother granite, 
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Modal anslysee of grahitle reeks of Craig Renck. 

Tbin section no. 109 374 375 558 

Quartz 5* 	32 51 	41 
Plagloelase 38 	54 58 	45 
Mierocline 23 	- 8 	- 

MUscovite 8 	12 3 	14 
ACeOSSOT7 

- 	 2 - 	 - 

Points ee1mtsd 1700-2000 each 

109. Crwiite from the largest nsae, top 
of Craig Renck. 

Granite, 100 yarde W,  of  the  top 
of Craig Revack, same asee an 109. 

Granite, 70 yards IN of the top of 
Craig aevack, sans nsse as 109. 

356. p.tite vein infolded with niles-
gneiaeee, 400 yards U of the top 
of oraig ReVaek. 
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splits or p !mstit., have etallar mineral eeoeitiona 

and ebow the eane nioroseepie structures only one petrs 

graphie description to necessary. The =in sze,ption to 

the general 1eeriy'tion is that the smaller bodies at 

grenftle roe" are usually free from sieroaline, or nearly 

so. Other Ydnor ezespt ions are given in the spi'roist. 

Places. 

the granitic realm are pink, and variable in 

gre.ln ales, but 1ually  very coarse. So tfrotional 

structure was detested. La?!e crystals of quarts, f old-

spar and muacovits are promInent; with the hand lens 

several spoeinaw are seen to contain nwq this ci on sly-

spaced persistent vain, parallel to the waIm 

elnt nisne in the rook. 

çiøarts (31-41) is always enheiral; the 

largest crystals are 5 M aeroes aid have strong wuloss 

ezt Thet ion. Most crystals are, however, mwb smUer in 

else, lack aMuses extinction and form a graaoblsatie 

mosaic In large patches interstitial to the feldapare. 

In somo thin sections the edges of strained quarts crystals 

are bounded by email grannies which, beeauae they are un-

strained, are considered to have format by reryetalliiation 

of the strained crystals. 

2lIoe1aes (38-58%) 16 abundant - ranging 12 
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aize frow 0.5 wn to 15.0 r - the eret1e being a1aB 

the largest of any 're1a present. 3ubhedral or anhedrel 

In shape, with ragged bo'tu4erioa, the crystals shou mmy 

efgns of estaclasia. The twin 1av*11ae are eeverely beat 

and displaced in all ep.eiv*. The lowllu are at two  

types, the first being relatively broad but ill-defined 

at having very ragged ant frregnlar air gins wbi3h are esen 

In places to have been rrotueei 1n1,  ? iupl€eeient along amiy 

man elteere in the eryntn.1 ('t -  Xxiv). This typ of 

Win lawelle in occasionally cut uc-M by the relatively 

narrow "11.- 'final twin lawellee of the second type 

(iø XXIV;  *ieb are themselves broken and displaced 

(Plat-P XX111 1, but not to the sane extent as the first. The 

a*eond type appears to be later t1sn the first • The con-

position of the plagioclase ranges f row Am lo  to An 374 the 

ia1.ty of the crystals having conponitione of An or 

Am). Zoning is relatively rare and when found is of the 

norail eantinnous type, with only a few very faint zone 

boundaries oceesionally being diecerneble. 

In nary plagioeleøe crystals are found group of 

snail irregixiar nisroeline crystals which are in optical 

continuity with each other and generally have one of their 

twin axes parallil to the albite-twin a3do of the plsgio-

elas•. ?he wioracline Is quit, freSh even when the 
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surrom&ing ple'ioelaa. is Mghly altered to eeeomaaTy 

mica. Both minerals are oessionlly broken eel absarel. 

In some crystals the nderoeline form a cellO but ragged 

core merely rinsed by p]agioclsa, lUst, XXVI. iaaewh.re  

UrSo p]agioclss.s have a 4iseontinnou riu ol anall miero-

slim, crystals. The tsxtin'el r.lstioiabipe suggest that in 

most sxales the mileroaline hen partly replaced the plagio-

clase. Uyrmekitio quartz is found in a few plagioclase 

crystals. The plagloelase has been altered to s000tnry 

mica and the alteration is intenne in mwW eases; ei'jatals 

of eoontary celoirlese mies are up to 0.5 me in length. 

Alteration of the pin gioclas. to Lusty material is wicemeon 

iM to solsite is rare. 

Ths plagloelase, like the other Crystals in the 

rock, is penetrated by a system of narrow parallel veins, 

nslly of quartz but eo..thee of nieroelini or muscovite. 

In section the veins are elongate lsnsoida • either confined 

to one crystal or crossing several crystal boundaries; 

occasionally within a single crystal there are abort parallel 

veins arranged on echelon. rhe veins are und.eforasd and 

arose all eataclastic struaturea in the rock; they are 

parallel to a set of well L.veloped Soint planes in the 

rook. Prom thie evidence It is oonaidsrel that the veins 

wars formed ws.r tension at a late stags in the nets. 
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aorphio history of the rook. 

ieroc1in. (O..) Ia not 31way pecaint. In 

Particular it to noticeably abøent or spars* in tho In-

foU.d p.atItea aM thin grenitlo lays" of the gn•iaeee, 

vhen present Its roportI.n is lens than that of plagloolace. 

As noted ebove, som raggeA Lieroelins Ory8tals are fonal 

within plagioelsa. crystal.. The bulk of the meroeline 

occurs as uhsral frreulsr1y shaped orystala • which have 

a maximtm length of 9 im but which lzaually seamwe lee 

than 5 m. Boundaries between ed4saent  nierooline crystals 

tendto be crudely sutured, UM7 erytle have bent, 

broken or sheared twin bands (Plato XXV). In one thin 

section there are several ftiall zdaroz.,Iina erylJtala Bapar. 

ated fon eseh other by quartE they can be recoratruotad 

to torn a single crystal which was broken Into Serersl 

fmg.ents b.twenn shieh quarts later grew. An in the 

plagleelase, mny crystals are crossed by thin parallel 

quarts veine • In some thin Bsotiono the large nioroeline 

crystals contain ragged stringers of elbitic, p]agloelsas 

foraing a aicroolins-ioroperthite. MyroOdtle quarts is 

found In the *Ieroeliyie crystals  of son. specimens (PlE -e XXVI 

!!!t!i (3-1$) is always proseut .zopt in 

ona of the ansli eoseeadant split to layers in the si.s. 

It oceure in some specimens an small eecoi.sry crystals 
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(up to 0.5 - long)  in the plagioelss•, 'but In general 

the aineral foT large plates wMeb are usually bent 

ant are up to 5.0 — long. The eaell.r orystels oeeur 

In elups or strings. Thin quarts veins are foaM slang 

the nsovits eleavege only utters the latter is oriented 

parallel to the nerrow vein system of the rook. 

Not all thin sootiona contain secomery minerals. 

Of these clinosoisite is the nest common (up to a%), 
forming fresh snhodral and occasionally .uhedral erystals 

up to 0.7 — in length. The crystals are oocssiomlly 

clustered but they nasally oeeur singly, associated with 

elunpe or layers of amewite. Iron are oeeurn as spar", 

emil, ragged crystals which can usually be identified as 
heastits, whiah sonetises has a core of p7rite. Orystals 

of dark brone biotits, brow rutils aM pinkish ephene 

have boon detected but are ran.. 

The matual relationships of the ainersis In the 

granitic rocks described above askm it possible to outline 

a tine aequsnos of events luring aM after the erpisoanent 

of the rocks. Not all of these events are necessarily 

isoorted In every specimen; but the events that are 

reoordsd are always in the samw order. Moreover, the 

sequence holds good for all rooks v6stever the occurrence 

and whatever the aspect, granitic. aplitia or pegastitie. 
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the one WCOWISS is that the onaller bodies 1sk the 

quarts-filled joints few in the larger memo. 

The first recorded event was the eryutsllisatlon 

of the plaii..lsso and the fortion of the breed, now 

ragged, twin lanslia. • Deformation resulting in the 

breaking of theee lellas, and the fortion of the seecal 

relatively narrow, set of lamellas followed • Later eane of 

the plegloclu• was replaced by aicroolins one of whose twin 

axes osinoited Wilk the albits-twin axis of the plagloe].sse. 

It would seem likely that most of the alarocline In the 

rooks eysta1118ed at this stage. While deformation and 

replacement were affecting the plagleol ass • primary musevvito 

oryat.11iaed, followed by some quarts. The orystallisatiom 

of the last two minerals, however, eaimot be related in 

tIme to the sequence of events taking pies. In the pisgi.-

•lue. 

All the minerals being now in crystalline form, 

a second phsaie of deformation left an ubiquitous imprint 

in the form of broken end bent twin laimsilse In all fold- 

spars, bent ales • strained and pertly reorjstslllsed quarts 

and zy priulated Intererystel boundaries. This deform-

sties , however, doss not sesa to have been Intense. 

Subsequent to the second deformation there me 

serleltisation and "lusting" of plagioslase, r.eryetslliatI 



of 4juarts • and possibly ebloritiustlon of biotit., all 

tsug place while the rook was aMer little cppreeisble 

stress. 

MW final stage in the ssquano. of events we 

the opieg of ft-.diug tension creeks and 3eiste ihish 

were filled by quarts eeeoenied by lessor amount, of 

mievoeline and nweavlto. presumbly derived from still 

mobIle • or asbilis.d, naterlel. this stage to not  re-

presented In the minor bodies • The granitlo rooks have 

thus suffered three recorded periods of teformot ion of 

which the  essoM  and third were probably lose severe than 

the first. 

(4) Diaeaaaionof Origin 

Tb. Levack granitie rocks are die timot amm the 

grenitic rooks of tho district in that they are not soon to 

psuatrato the roche etretm'sl]y beneath the sears. eon-

taming gasieses In which they or* anplaesd. these gn.isa.a 

are the.lvo. uuual (p.102) and it appears not unlikely 

that the origins of the granitic rooks and the gaciseas are 

closely inter-related and, at least pertly, eentanporanesus. 

thie conclusion is strongly supported by the rostrieti.m of 

the eowe• ptoid granitic rooks to the erect of an 

antiform In the coarse petIt.-bsrhig guoiee.e, by the 
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abienes of contact atsrphisn around the granitie reeks  

and by pstrologieel aul structural evidence. The eoaplsz 

consists of two reek types •f 'igneoia' s 'a.tawsrhie' 

aspect aM 1s tbor.fsre a nignatits eo1sz (ioderbola, 

1O?). 

Close to the win body of granite the n•ieess 

contain $ high proportion of qwsrts-feldspsthie *t.rie1, 

much of it eoneordeztt with the foliation of the I•iu, 

aM nest of it generated Im'ing the folding aM n.ta- 

norphism. as for xaaple were the quarts reds aM ptygastie 

voins(plg.1!). Irregalarly shaped p.tebes of pstitw 

(Pig .1!) aM ptitea iiieb heve been gently infolded 

with the gaeiases are petrographically sinilar to the 

larger gredtio bodies, both eorieor4ant and areas-eutting. 

£ pogastito foaM at the Junction between hornbleMs-eehiet 

end wies-guelea contains large ei'yatala of bornblende 

identical with those in the aehiet (so. p.89) • Therefore 

eh of the pegtitie vatertal was formed essentially in 

place by a pro.us involving replacement or segregation or 

both. Theee pspistitie and splitie bodies are up to several 

feet in thiekuess aid are not found in the uMerlying eels-

silSaste roe. The enclosing gneisses fern an saynastriesi 

antiforn pitaging ax, the vertical limb being on the 3( 

aide (liglO).*men folds aM lineations in the poisaw 
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ui in & dec sb.ef (ugh). parallel to tho fold axis 

IS the nea..graaitle reeks of t-8tratheDe7 (p. 164). 

Thees etruetvral trent.e have therefore not been disturbed 

by the aaplaeeont of the grszdt. • * 2athr the Kreeltie 

* Wyalko the poet-teotonie Qrentowo granite. 8es pp.173-178. 

belies bwo inherited the own etrurtural trend as the 

eouatry rook. The Wn body of granite has on two aides 

steep cross-cutting eentacte with the enclosing gniaees 

but there In no visible feeler is the wer1yiig rooks 

nor any svilines pointing to a noehaniaa whereby the pie- 

xlatlng eourtry rook cOuld have bow TIUSTII. towards 

the hewer gorgin of  the nun granite we there is evidence 

of interfiegering of granite iith gneiss. On the micro-

seopie noah atselietie etrtturoa are wil.spreel in the 

granites. The gramitic rooft show eonsid.rsble variability 

in grain size and there to evidenc, of late replaeent of 

plagioc].ssw by aicroohino. Gonteet ast.rphie effects 

or. totally ]aeking, indenting that the granitic rooks 

formed at a t.rsture close to or hewer than the tpsr-

store ct nutamorphisa of the country rook.. 

It has previously been postulated (pp.11*-Il8) 

Oat the large volmmes of OOg given off Avr1rZ 4j1he  mts-

morphism of the impure hiwtonsa of the dranto,n Group 
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their swill ivartso f.ltspatMe lenses • Tb. viteaeo 

relating to the granitie rocks of Oraig &tvaek strongly 

sngguts that • sited by these abuntant flse ant by 

introtnoed sot& ant potash* a eoneiterable TOIMO of 

qvartsofe]tepsthie wtsrUa was segr.gated* in the 

* T)OUIOUt this thesis 'segregation' is nsot in the 

sense of a setting apart. a soporstian , $ sotanorphie 

differentiation. In *iob said witerial is nors easily 

nobilisod and trenspartet than relatively baste naterial. 

gasisees ant sigrated psrtieu]srly to the crest of the 

graving Rovask sstifora *ere, preably. the stress was 

lover thin sleesbere, thus favouring secusulatlon ant 

oystalliB*tion of the asbilisod asterial. CoummitentlY, 

ller .uertaof.ldapat1tic bodies fernod both by replace-

sent and by segregation in the nearby gnoissoe and wire 

Involved in the sass saquanee of dofortioss as the 

larger granitie susie. fillies was sobile throughout the 

saquenee from the peak of leforwition onwards. b* 

resulting billie were eoosed essentially of quarts. 

plagioclase and soss sascovite. AC folding fiwther o-

mist ant the t.aperaturs was still relatively hig2i the 

large plastli gr.nitie awe was defamed so that it 
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Penetrated ths ,  ov.rlying,  also pleatie, soisoen. That 

Pegmatite,  was still forming at this stan • however, Is 

sheen by the ewall piatitie offshoots from the granite 

Into the gneiss. The wvom,te laadinp to the peTlotratica 

of the overlying gneissou by the granite em be tentatively 

eorrelateA with those responsible for the breaking of the 

first not of twin leaslise in t!e p].sgioelaee erystele of 

the granite. The influx of mobile naterial eontln*4 

until adequate potash hel pseae4 into the =in masses to 

replaee some plagloelese by mieroelino. !Me influx is 

tentatively correlated with the late alight potash aet&. 

sometime in the anite-gmeis.es of Imggon sill to the 

west (p.99). Imtor elight movements caused wtero.eopio 

&efortioa straetures to form in both granitc and poiss. 

Joints, now mainly quartz-filled, were the last structures 

to form in the granite. They are roughly parallel to the 

gE planw of the esuntry rook fabrie. 

If this differentiation into 'luartso-feldepethlc 

and politic freetione ocourred with the aluiliwia astsaomatiaa 

the original, rook most have been more qeartsoee than the 

present pelitie gaslee, in uhiob ease it may have eorr.apoa 

roughly in oo,oeittom to the e..ip.litie gneiss exposed 

at the River Pulnein, the nearest non-mob i15M a country 

reek. Rewover this may be, it Is clear that once again 0 
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bypsthssia iniolving astasonetisa 801 metamorphic differ-

satiation,, aided by "=dksnt volatilee adequately nplains 

the observed fasts. again the passage of OO, the prs- 

dominant distributive agent • is worked by eosrwenese in 

grain. 

the patchy mature and men-parallel margins of 

many of the smaller p.ga*titic bodies suggest an origin 

by replacement wIiils their mica-rich margins give many 

peiatitee a bulk co*sition not for removed from that 

of the enclosing gaelic. Therefore small sonic nets- 

somatisa nearly in situ tha probably aided the imin large 

scale aetesomatisa, mobilisetlon and plastic flow in the 

formation of the gremitie reeks of Oraig aevaek. In feat 

It to likely that "Th.ae g.00)maioel migrations 	. 

mould no &ot enhance the nobility of the rocks and 

assist in the development of the fold. ," (kLenolde, 1942, 

p.$e). 

The presence of kya2dte in the politic gaeieeea 

if Gsieh Hill and Laggwi Hill indicates that the temper-

atm* during erystallisation was of the order of 4500 

(Jan.., 1955 9  pp.1468,1485) i.e. in the field corresponding 

to that of the lower smpbibolit• fades. It Irns rseently 

been sheen by Ramberg (1949, 19e) that MORY  nartso-

fs]tspsthio rooks in metamorphic terrains beer mineral 
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asee1ages indicative of P4 conditions below the f 1.11 

Of SOMMUM. As acid Silicates saturated with RO  begin 

to torn asits only at about eoou (Gison, 1932) and the 

Grant,omm Group gnsinaee, which 3*ek signs of contact ats-

aorphiaa, appear to have been formed at about 4500 it is 

Instructive to zsaine the mineral assemblages of the Craig 

Revaek granitie rooks in the light of aab.rg'e findings. 

The presence of mWoovits and aiereelin• in the gronitie 

reeks Indicates that about 6000 was not exceeded luring 

orystalliestiom while epidote in quilibrins with plsgio-

class of eoositios Afl to Az3Dindicates a tsmp.rsturs 

of for ties of the order of 440-40O (aabsrg, 1949, p,35; 

19 9  p.137), ?urtbr, the several types if eurroialing 

gneiaaca contain Opidots which to in stable equilibrins 

with oligaclss.-.Meatnc (pp.99-109). Such reeks osunat 

be considered other then aetamerpbie in origin. If 

iaab.rg's inferences be aseaptod as valid the ftb,•  evidence 

constitutes strong support for the metarphio-metssotie 

origin of the Grain Levack granitic reeks. 

(.) Qoarativ. studies in the Uighlauts 

*any have been the reviews (and reviews of 

reviews) on the nature and origin of aigtites since 

etsrhola (1907) introduced the term to geological 
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literature. There is therefore little need for s geasral 

dissuasion of aigaititee in this thesis. However • $ brief 

etiy of the so-osUed *Inj.etion Oo,1ozee., or ar.ea of 

eynt.ctonie aigasti eat ion, which cover sueb v5 do areas of 

the 8eotti.h lighiends is appropriate in view of the presint 

findings in Add-trethepy. At the outset the great van-

ation in seals and intensity awet be ehaeied. The 

Intensely aigait lost 3utbonlsM oeeurroneea studied by 

Reed sever about 700 square nibs, while the nigaititie 

gne isses of the *rantm group sever lees then a square 

all, In a district wheno aigaitiestion is only loesily 

RIVeT,.. 

the earliest deseniption if granitic gaeissee 

was given by Borrow 1189e, 1893) who studied The rocks of 

Rsrth Angen. He  considered the non-foliate petaasie 

pogtites to be the sweated out portion of the foliate 

udie grszdt.-gneies which was itself considered to be a 

representative of the 'Older Gran itee' forest prior to or 

din'Ing the movements end astenorphisa. The grenitegneiss 

is variable in texture and lemon noted that "the gneiseose 

struatuz'e . • . is developed only stsm the euterope have 

sbr.Mth of 100 yards or asre . . . R (1895. p.531). 

Most of the rooks studied by bin are well-eryatslliait aM 

lack eatselsatie structures. 



leauee of the intianto association of granite 

aM coarsely e27etallins gn.isa in Keatern Butherland Zorni 

ant Greenly (1896) tonnt it 6iffieult to believe that the 

granite was 16wholly foreign nstter (p.647). Tboy realised 

Oat both rook types forn,d at the now high tsnpuatm'o 

eM that there were many examples "where lent ides of 

granite oeenrring in the echiete could not be aeon to have 

any eoieaties with any ether granite mmossew (p.6D). 

Urwanly (1905) elaborated on the sboe work, noting that 

the perwastion ph.non.na  are fours in a "flaky or wavy 

biotite polase (p.!1O). Re favoured, formation of the 

granite "by quiet diffusion rather than by forcible in-

jeotion" (p.21). 

In $ paper an the notamorpblaxi around the Rose 

of 111 granite Ioewortb (1910) described the infoldod 

this grite veins in the eoaree kyanito- and ai11iite-

bearing gueleece at the ainteot of the granite with the 

rocks of the 3161we a.riee. 3fttterod through the guelesee 

np to a distance of two sues f row the contact and in-

tit.ly connected with the folding are Irregularly shaped 

patches and veins of pegast Ito whiob sonatime. contain 

large kyanite and tourmaline crystals. There to a complete 

gradation between These pegastitee and the qt*rtso-f.1t- 

pathie streaks which are ileoshere found In the guoisau. 
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Boeiorth therefore considers that "theee p.tit.e are 

ie to segregation of the more mobile eonstituomti present 

In the erlsdme3 sediasute rather thnii to Intrusion of 

material from an tmerlying source •" (p.391). it would 

now seem likely that the 'ose of all grenite was emplaced 

In the rocks of a high grads aigmatits complex and bad 

little contact astanorphis effect  as we now understand it. 

(Bsa.,*eth was infln"e•d by Barrow ihoso views on regional 

and contact metaaorphiem ers well known.) 

The complex of Oromor, ieeside, (Reed, 1917) 

contains several fontiz'sa eoapnr.ble with the reeks of 

the Grantoon Group. The thick impiws ocside limentens ,  

dips north below the 'injocted' rocks wbieh are in the 

si1Ubs sons of astarphiaa.  JPO=& in the 'injected' 

rocks are r allot lays" of silieeous, calcareous and born-

bleadic composition. 2.gmstitea occur mach mare sbant1y 

In the 'injected' rocks $l'sn In the country rocks • but the 

rooks of the complex "very from those pee e&ing doalnsnt 

country-rock ehereoters to those with do4ivt lgaesue 

eharaet•re" (p.321). dillinanite ex7otale are surrounded 

by 'shimer sgrogatea' of Wwaoylto. believed by Rod to 

be produeM during the 'injection' process. Lead pstulsted 

thet at the out of the gem eral metamorphism  mar. volatile 

constituents separated from the Image body' and penetrated 
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the pro-aziatin rooks along their foliation planes. fhe 

keynotes of this movement phase - k.ynetoa *inh were 

roaognie.d by Memo and Greenly In 1896 - were that the 

owztry rocks were at a high twporstur., that the region 

was =dor strong stress, and that 'intmnsioiie' vwe eon-

cordant. 

*M (1931) *6e a further contribution to the 

subject when he 6•rnihaI tbs great 'Injection oe1.zs' 

of Loi (Their. sad Jtrstb MaUsdale in the Geological 	'- 

Y7 1*012 for I*t?el dafterlead. the f•r es,1.z 

contains an abagauce of politic rock as boat to the granitie 

members. A Some of Vims at garnet-staurolite grade nadir-

liii a £sns of Injection at silhiwanite grad., the Zone 

of Veins contains cross-entting sad thick concordant grsn-

itie laj.r., *ile occasionally the rocks merge into mesao 

of grsait.. Within the injection zone beads of took in 

ibish the boat Is toMnarat alternate with rocks rich in 

grenitie *tsrisl. Many of the 'injections' bev• s.1v.4g.s 

rich in biotits. The injected politic roche are much 

coarser then ths ,  politic rocks outside the complex. Tb. 

Grontomi Group rocks differ from the above in tat they are 

all at the some grade of a.taaarpbias d.ther rich or poor 

in granitic material. Isreoiir, at Orantewe concordant 

graziltic layrs are more comean than cross-cutting veins, 
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'ead considered that the Injection took plea. =dor son-.; 

ditiom of MA temperature and stress, the Injected 

terial rojprosenting the vo1at11.-richsolia phase, I.e. 

oUgealasi eal quarts, from a grenodioritie wa 
lay lou-Up to the mot. Potsissic solutions beeaae active 

only at $ late stags and to a lesser dgrso than their salle 

prSe$I. Notamorphie differentiation in situ by Itself 

In rejected by Road as a te*ble hypothesis,  as sena inf1i 

of mterlel =mst have boom Involved. 1yrnk1t Ia quart, in 

plagieela.• sad weseovite nan aronal eilh4r1te we taken 

to represent late Influzee of cola end pota*h reepeetiv.ly, 

Pr __1 after the reek was soliA • The byptbaeia put 

forward by 'ead covers sian of the pberioiasns observed by 

his but does not explain others. Thens seem little doubt 

that there was esan addition of peteeh end soda but that 

the souree should be regarded as having beer directly down-

lip asom highly wnsatlsfaetry when It is remembered that 

the eons of arose-cutting veins mderlies the injection 

none. It aPpears nero likely that mm7 of the veins with 

biotit s-rich margins would be f creed by reconstitution and 

differentiation of the host rock In the presence of a fluz; 

then. rocks In 'wb lab granitic mterlel is denInt nay 

originally have bad a qusrteo.-feldspethie rather thm $ 

politic composition. the high me 	grade within 
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the complex neel not have been directly las to the in-

3.oti.n jses.se, baeaaso ai1111t•-enl kyaidt.b.ariag 

rooks of the loine Series are fotad to the most of the In-

3eetion complexes. * series of ebi.ieal enalyses are 

given to ilinatrate the role of eels In the permeation of 

the politic rooks but such Is the eeel• and distribution 

of the permeation phasoasma That these analyses give me 

more Th* a general tfeat1on of The role. 

£ detailed re-investigation of the Iasbray 1111 

aneiea, one of Barrow's  Older Grenit as from alas dboo, we 

carried out by ililiameos (1935). The gaeiss 000m's in the 

Bet Lni 3&iist aM again a limestone, the Imch Tay Limestone 

lips below the '1a3.etion complex'. Intercalated In tho 

Swiss are Oxweliths. thin strta or thiok mosses' (p.390) 

sitose longest dimension Is parallel to the foliation eel 

iIeb priembly represent siliesoue, calcareous SM horn-

blend is layers in the enuntry "eke . ft. Injected rooks 

are eosre• In grain but appear to be at the seas astaasrpble 

grade as the eoiutry rooks. naely, in the garnet and 

kysnite semee. Per the concordant pegmetitse SM aplites 

willien rej.ete formation by rearrangement in pies.. 

fter. Is evidence for introduction of potash but at ibleh 

stage is not el.si'. Is eoneidre4 that tb.s Im3eetiou mats-

morphism poet-&ate the regional metamorphism. Wililamean 



143 

eanelMes (P.418) that 

• . . the Older Granite • or *Itray 11111 Gn.ies, 
was gmisrsted by the invasion of the politic fraction 
Of the Ban Lai Sablet by Olt goelsse-quartz 
with the production of composite oligoelee.-inueoovite-
bietite-gn.ia., boaring a11ieeois, line-silicate aM 
Older Baste rocks, which had bean SvoU.d by the 
Invading aaa." 

In Its Intercalations, which cower* closely with 

Us undoubtedly non -zonol itbie layers in the Gran town Group, 

this aenpi. is elailar to the reeks of the Latter. It 

therefore appears that this Older Granite Is Partly yn.-

tectonic; wInftor Its foliation is wagmue or metamorphis 

In a moot point. 

As noted above (p.117) Road (1934 1937) s 

described *injection wises from Uit, 8h.tlaM. The 

isa, general th.ory of origin Is applied bare as to Oentral 

antherland and Cramer; but In Unet there are abtsat eel.-

silicate rooks to provide volatile* at a low level in the 

struetursi pile. 

PernaM, (1941) elaborates on the origin of the 

politic ffeeleses of Unet described by Road • Those are the 

reeks which overlie a belt of thiek *ale-silieste reeks 

(the Wasting limestone) • the particular angee-eisses 

described by Pernando overlie a "well developed t.l.o 

San*,,  9  and have suffered "loesi and sporadic" feldapeth-

isation. El postulates a permeation of the reeks by 
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.lias ealutions of nagmatle origin puoslating along 

the foliation planes, but admits the diff levity of aeeountin 

for a uqnenoe if solutions appropriate to the sequence of 

ebsaisal alterations lnf.rrsd from thin section evidence.  

£ detailed petroebenical study of a u*U ores 

within the north auth.rlsM complex nsa earned out by 

Gbo. (1943) she showed that the nigustitlo reeks resulted 

from the soutinusi percolation and passage of alkaline 

solutions tbsongb a varied soquemee of 'oins reek types. 

Palitie rooks suffered soda-netasoontisa and sealpelitie 

rocks potasb-a.tasoastisa, iftile In the channels along 

iieh most alkali was transferred iiaer•ti grezltio bodies 

forasi, no zaterial Introduced to the reeks was, there-

fore, In a very tenuous torn, but of 10magmatle and snst•etle' 

derivation. Ubeug iii net attempt to relate the nigne-

tisatlon to the min a.taaorpbiea but it eons likely from 

his aeeount that aignetiestloil was e.nt.aporeneons with, 

or slightly after, the regional metamorphism. This study 

Is valuable In that It above how little vatorial need be 

Miii to change radically the aspect of the rooks • Is 

eonaidara that some of the motasomstle potash was released 

by reactions going on In the reek and was net necessarily 

Introduced from without. 

A useful summary of the distribution at the 
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a&gastitie eosplszes of the Northern RIghlmda ban been 

given by phsaist.r (1948). Migtitie rooks are now seen 

to sever large tracts of North Argyll, Western Inverness-

shire and entb Rose-shire. N. rightly virgem esatiss in 

the use of genetic term to describe these rooks • In Rose- 

shire the early 	vy uorkua were divided as to the origin 

of the quartso-fsl4spathie sugen end tolls in the gusieses 

e.g. whether they were segregations or in3.et.I  p.gtit.s. 

It is suggsatod by Phsaieter that the present of an Invading 

I -  would have sesiotel In the production of the folds in 

the gn.ioa.s. The Injecting 'a..gau' are tentatively 

correlated with those Thought to be responsible for the 

Older Granites of the Granpiene, aM it is considered poss-

ible that the injeetious represent the first phase of 

Galodonian igneous activity; later this activity enlaiusted 

In the production of the Newer Granites after movements 

a.soeisted with the aetaaoxpbiaa bad ceased. 

In discussion of the wetaserphisa of the Rome 
Series north it the Great Glen, Macgregor (19) considered 

that the wOUer Granito w  aigastiastiow, the ther] soniag 

aM the folding were penecontenporaneous, eM (3sledoniau in 

age, the "older Granite' injection causing the thermal sesing. 

in a recent paper Flinn (1954) has described a 

localised permeation which took place later than the regional 
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ietacrphiaa of the Uelting area of 3bolland. Be alsius 

that psraeaticn by rooryatallialug solutions ha* the 

effect of thermally astarphaing the r•1ona11y sets- 

rphosel rooks with the production of si11inite sn 

sMalusit.. The area ...... from discrete 	It to bodies 

but the permeating agents have been responsible for the 

growth of sbwidsnt nieroeline in the roe. £ thick, but 

rather por., merbie is fouM in the rock succession of the 

area. 

£ critical survey of work On Scottish uiigtite 

eolazsa shows that in the past too genetic aid therefore 

hypothetical - a tern1no1og4ieia boon usod in descriptis 

that should be strictly objective; e.g. injection gielse, 

permeation gn.ia. • anat.et it., inbibitioi reck • and so forth. 

The use of the more poly descriptive terse such as nigsi-

tit. (ii ed-looking rook),, granitie roek, veined gielas or 

pegtitia gneiss keeps tb• render free from the bias that 

is Inevitably sogondored by the previous terse • The use 

side of structural and geometrical criteria has so far or 

hithert, boon alight. Mmy examples of vein systems (e.g. 

Lend • 1931 • p.111) crest, Be serious a space problem as to 

suggest that the veins must be, at least in part, of replace-

meat origin. There has been little work showing lbs 

relationship between ndgt ieeti on and strnsts visible 
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In the field and now on the nierofabi'io of the so-sailed 

in305tiolL roe. There is eoneuent1y still great diffi- - 

salty in assigning to the foliation of granitic g*isaes 

an snequivoesi origin. Too often it has been tacitly 

assumed that the foliation has been the result of flow in 

o magme when both flow ad magme were purely bypothetieal 

concepts. In mozy eases appeal has been made to the In- jecti

on of $ 'ap' wham nero rearrengeasut in place with 

the addition of a few asbile constituents would suffice to 

account for th* reek typos concerned • In mony examples  
source of distributive volotibes in inpur. limestone* 0s1 

be proved or inferred. Furtboamoze, even these Introduced 

active materials coning from deeper parts of the mountain 

chain are as likely to be of .steaorphio as of magmatic 

origin. There has also been too rigid a separation of 

granitie rocks into Older and lower. Aaong the Older 

Granites there has been confusion between the synteetenio 

granites and the pro-tectonic granites. Nor is thus any 

reason why granite should not fern at any time durih 

max and wene of the nstaaorphie process and take on sher-

asters appropriate to that tine. 

*Sny of the areas detailed above .hew r.eeablanee 

to lit-ttrathapsy, end in particular to  the rooks of Craig 

Rovaek. J• single aigt it. eolez appears to be en*etly 
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honologans to the Grattovn Group. óoverel complexes show 

• few of the main features, auch as $ previously existing 

nnd.rlying sure of absat volstil•s (Oror, Glen She, 

Uent), evidence of potash and •oda aetesonatiaui (8utherland, 

0ror, Glen 19b..) • resistant relict layer. of the original 

e.uutry rook (Sutherland, Orosar, Glen sb..), =usually 

ooares grain Si.. of the rooks (all complexes) , looaliention 

In srsaS of high astanorpMe grad. (all e.uplae.), and the 

pros.nee of segregative and replaeive granitic rooks 

(uth.r1and, Roes of Mull). 

Various origins have been proposed for the 

Sosttiah uigtitie rooks diseuseed iensdiat.ly above. Yet 

In almost every tustanso there are anny facts itUb are 

quite unaccountable by the hypothesis proposed, and in 

alnoet every hypothesis thre is an n,neeeoaary degree of 

enesrtaiaty intrelneid, e.g. by the invocation of 'goa l . 

Detailed study of a snail but well-exposed part of the 

Grentoen Group has demonstrated an adequate aonres of 

a leek of feeders for granitis materiaL, and $ 

structural control of the localiestion of granite. The 

process of nignatisaticu and granitiaation was her., there-

fore, an integral part of the ..taaerphie dofornation and 

reeryetellieatiou, As there to O doubt that estanarphien 

ban taken plae* there is no need in this aesi to postulate 
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ozeepti anal neehenione to seeount for the aisti anti on. 

It is Malkely that any one hypothesis eon aessunt 

for all the varied rook suites and rook structures of s1g-

tits complexes, pertienlarly a hypothesis  wbiah has been 

devised to correlate the evilsnee eoUscted from a sfl 

area only. It is =certain how for the hypothesis hers 

proposal to aeeot for the rooks of craig Isvaek am bi 

successfully applied further at ioU, but the atansian of 

eale-silieste rocks and aaxblea below the large elsz.e 

of Unat. Oror end Glen Shoe supports the hope that this 

hypothesis may well be applicable to other and larger areas 

than those so for described in MU -Strathspsy. 
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'fUR GKAITfl 	XL12 

(a) The Problem en& the sthod 

The enlient features of the Ormetoss Granite 

aM the essence of the problem it presents were ss"iso* 

by HiEzasa (193, p.50) thus: 

'Tbe granite contains mmy Inclusions, large and 
smell, of the surrounding politic achiata. The 
larger of tbse•, some of which ar more than half 
• mile in length, preserve the strike of the 
foliated rocks outside the granite mass; the 
smeller Included fragments are often lying at all 
anl.a, having evidently bass tarn off end earned 
along with the men. 

"lbs general parallelism between the strike of the 
country rock, the main boundaries of the intrusion, 
and its apophynea and the larger melded fragments 
Is a striking feature of the Orantori Graztita, as 
shown upon the map, and my possibly throw some 
light upon the nature of the intrusion." 

M arson (1915, p.39), in describing the southern 

belt of the mess, rsaonded that the imelweionii "sometimes 

occur more then half $ mile from the margin' and that 'the 

country reek In veined with granite up to a mile from the 

main mess", thus emphasising the difficulty of drawing a 

definite boary to the body. 

Tbo ju'oblss of the Grentown Granite is to "count 

satisfsetonily for the numbers, size and orientation of the 

maiMed block., that is, to clue idate an for an possible 

what Eisn )*s called "th* nature of the intrusion", and 

to suggest an origin for the granite. It is necessary to 
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detoruine the source- of the blocks ag *sth.r tboV retain 

their original positions or have, awed In the granite. If 

the blocks have nsv.L one MOt look for evidence fron iieb 

It aiht be Interred bow they moved. 

Tb. Investigations directed taeue a solution of 

theee probl.m require a detailed study of the field re. 

lationa ond p.trograpby of the granite, a comparison of the 

structure of the country rock with the stroctmne of the 

1lue1ons, aM a study of the structures Within the granite 

itsslf, 

The lack of a regular joint pattera t  and of either 

foliation or ilneation within the granite iteo]f nek.s the 

ness slngnlar].y unsuitable for study by the mthoge of 

granite tectonics devised by Oboe and described In 11agliab 

by )alk (1937). The Presence of a large nne.r of imlusians 

all ebsrsetoricad by the structures oson In t*m eoustry 

rocks suggested that the gesastriesi and statistical atbode 

of structural geology neuli be the nest suitable for a study 

of the Intoner of the granite. Those netbode bays entailed 

the accurate asasurnt of all the available structures 

and thi statistical study of the resulting data with the aid 

of the Sehaildt or equal-ares projection, the soot satis-

factory two.41nenaional device for the representation If 

tbree.d Inemsional structural data • These ssthsds at. 
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osogensity of fabric but there 1s no valU abjection to 

ace to tuoiistrste degrees of Inhegen.ity of fabric. 

(b) 11*16 Ie1atiors 

The Grantown Grai1t• complex lies a few sti, to 

the 1W of Qrantowza-.on-piy aM extends for 3j silos from 

north to south and for about tfr sues fran east to vest. 

The relief within the granite Is about 600 fast. the asse 

contains many Incisions of $ Yeristy of eoiatry rocks 

rgisg in also from a few inches across to nearly 100 

yards long. The blocks are found throughout the granite 

and, as stated above (p.23), their total surface area ass-

pri.s a large 1proportles of the sumac, area of the eon-

plsx. 

The eontsets of the granite with the eoimtry 

reeks are both cozioordsnt with and transgraEIsivo to the 

joainnt foliation but do not folio, any other directed 

structure in the o.mtzy reeks each as exisi plans ,  

foliation or joint surfaces. Both granite end country 

rocks are out by granitia aM p.gtitic veins, eons of 

mtieb are aeon to be offshoots fron the sin sass • the 

enter contact is ill-defined and is only exposed at t2wee 

localities. at1y 's Gave • loins low and Qr.sgsn as 
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h-Othaisgs. The reason for the leek of definition lies in 

th* feet tiat one passes ontoarde through $ som of contest 

free roalm with =W granite sills to rodks rich In granitic 

and pagmatitis veins aml then to roeha poor In veins, The 

bosry us of the granite on the tat-f iginsa is there-

fore tab. r.gard.d as representing a sone of contact 

eorr.ap.Ming to the roels rich In granitic and psgtitle 

veins. At fluntly' e Gave renspp lug by the writer Obows that 

$ series of thiek grenibsilla tip east along ttis foliation 

if the gneiss. The ner end thinees 01 The sills do-

creases to the sast • On Buns Mor in the south there are 

again several sills, dipping 02, which contain nunerons 

ineluai.ns whose foliation bee a variable attltndo. The 

outcrop of one atone (vi nase of quartso-fol4apsthio eoimtry 

ro* po3eete  for eons distance between two of the granite 

sills. At Oroagan ma h -Othaiego the western contest sins 

of the granite is steep. 

It is (U I leult to represent .eenrst.ly on the 

6-inch seal, the Intricate detail of granite enclosing 

gasies; on the Geological 8v7 8-inch aspe (unpiusa.*) 

this difficulty has been overeoae by the Insertion of notes 

on the asp Indicating that nuasrons inclusions are present 

In the granite, the mpping of very large Inc lusions by 

Um 3viy is misleading as It eon be seen on the ground 
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Fig. 13 13 Displaced blocks of gneiss within the 
Granton Granite or its offshoots. 

1,2. 	Test side of cjreag Liath 
3. 7,,ast side of Oreag Liath. 
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that the blocks to not have the great lateral attest 

show on the published (i-inch) naps; the Inclusions 

are mob Intersected by aboot-liks susie of granite and 

p•gitite. The general pattern of the granite outereps 

is both the large and intern. tiate aisles Is ret iealste, 

farnot by Intersecting dykes and eil]e. There is no 

avid ease to IDggait that the tft.a and sills fornad at 

different tin... The Lip arrows on the Survey maps give 

a rather gen.rslisid picture of the sttltnd• of the various 

Inclusions. 

On the scale of an expeavre several maples have 

been disoavered of snail bloeks of guise embedded in 

granite adjacent to large blacks, and displaced relative 

to the large blocks (pig.15). The displaced blocks are 

fount both in thin value of granite aid in the larger 

granite bodies. Asplasament on this scale was also noted 

by officers of the 1-r (19e5 9  p.50). Large iaelusieae 

of gu.iso esa be ahoan to be planar parallel to their 

foliation but of aush less hlzonta1 extent than indicated 

on the 1- inch nape • The largest exposed area of granite is 

elongate nerth-.south, n.aaoe about 500 yards by 100 parts, 

and is situated on the east slope of Orsagen as h-Otbsiage 

towards the aiddle of the granite complex. 

*aay of the granitic and petitia v.ins are seen 
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Fig. 14 	1,2. Dilation veins of granite in blockJ 
of gneiss, Oreag Bheithe Mhor. 

3. plot of 14 modal analyses of specimens 
of the Grantown Granite (points) 
compared with five modal analyses of 
qurtzo-feldspathiC rocks of the 
:oine series (circles) . Modes of 
latter are numbers 0.14, 23, 165, 
427 and 461 in Table 1. 
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to be dilation vine (Geodepeet, 1940; Jaeger, 1951) 

when the Iisp1so.nt of layers  is thi country rook by 

then is studied in thre' dimensions (Pig.14). 

(e) Pstrogr 

In bend apoeimen the granite is medium grained 

end is pink or grey in colour: quarts, feldspar • biotito 

and garnet am be reeon1aed. Joints are ccor. en.dwen 

spaced, end show little •ignflioant pattern 	179 ). In 

thin section quarts, plsgioeleme, aicrocline, biotite ad 

aieevit• are the most abundant minerals; their torture 

is oquip, mmular end granoblastie. Unlike the majority of 

the sewer (.irurltuos the Grertorn 'rzn1t 13 nrtiae1ly 

never pOrph7TitiC. (aSS rOtOmi0rofi'h or. Tiflto Xxvi.) 

The met abundant constituent i.e gnarti, whle}i 

oeeurs as anhdml eryeta].s up to 3 me across. The range 

of also in a single thin section 15 coneilex*ble • as it is 

with all the other constituents. lbe crystals usually show 

unduloas extinction; only one tHu section f owe granular 

gone' and boundaries end 'deformation laa.]].se' in the 

quarts. Intergrannlar boundaries tend to be sutured. Un-

strained quarts is found as inclusions in feldspar crystals 

while blobs of quarts have been observed in the outer souse 

of some p].agioclas. crystals. 
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The plagoelass crystals are up to 5 - across 

&M are for the moot part edbhedral, with square, rectangular 

or triangular outlines. The crystals are therefore 

cuboidal in shape. The ronge of grain else fr plagiselsee 

Is mailer thm for sdoroelini. PisgioClase tde to be 

concave towai4e quarts anA nieroeline. Twinning on the 

sibite law In 	 and the twin lasel3se are thin; 

twinning or tio laws In rare. The composition range of 

plagloela*e within the was is Auto to fn. Zoning of 

the norual die continue= typo is eoou; up to Seven lOnie 

have been observed in e single crystal. The sone boundaries 

are sub-parallel to the crystal margins, but nest crystals 

show alight changes of shape with stages of growth. The 

ernie boundaries are not offset by twin lanslias • The 

evieenc• in a few crystals indicates that there was rounding 

of corners end fortlon of re-entrant angle, at an early 

stage of growth. One crystal contains what appears to be 

• crack passing through two of the inner cones and filled 

by net.rlal continuous with an outer con.. Other crystals 

show, by the abrupt intersection of son, with crystal 

boundaries, that it is likely that they were derived by 

dleintsgrstion of a larger crystal. It is not, hewsv.r, 

possible to reconstruct the also and chape of these large 

crystals owing to the scattered occurrence of the fragments. 



-. o.1tion rgi as Iron "E 5  to 	from Interior to 

:argin. Jo sxeaplu were recorded in wbiab the twin 

- 1:- -re confined to a particular sans or cones. 

J in 00 ay other rock typos in 1A  area, tho 

i.. . crystals commonly contain raged, Is tehy In-

clusions of aleroeline • which has one twin axle parallel 

to tbo aThito-twin =is of the plegioelae.. This con - 

eletency in optical orientation eon hardly hi attributable 

to a ehancs 81105 of an Irregularly shaped nloroellns 

pertly eiabsUs4 in an squally irregular plsioe1as., or 

vice vera. small plag1oc1a. crystals are occasionally 

aeon In the larger aleroeline crystals In $ relationship 

the reverse of that described ismed lately sbove,. Alter-

ation of plagloelass to secondary nice Is eoon, the 

only dIstInaldbing teatvree of the ereas-eattlag veino 

In the granite from the granite it..]f being the more 

Intense alteration of plagloeiaae In the veins. !bsr• 

is occasional_prof orontial alteration along souse or la's 

eon*nly along twin laa.1]a. Zoisitisation of plagloelaso 

is rare. 

The crystals  of aicrocline are anhotral • are up 

to 5 mm across and show wits ,  variation In site ulthiv a 

sing]e thin atlon. Approximately half of the specimens  
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eOataTh aiemeUns crystals tw1.4 on the Osriebsi law 

in sUition to the ns1 albito and porieline lava. the 

amoral is often fovad Intergrown with plasloolaso U 

leeerbed above. As in sony other rook typse the sioro-

elms often eentaiaa extr.ily thin veins of plagioelaas 

errasel en sehel on. thera oee' oe easi one3 patebes and 

veins of 'porphyritie' granite Whoec esatset relations 

are nowhere,  elear. Petrograpbteslly theae ,  roe sri 

smiler to The rest of the greidto exe.pt tiat eseb 

pbenooryut' is cesposel of an eg'oget e of large ajezo - 

eline crystals ibleb show distortion of lansilso sal 

peripheral granUlation. At their vargins these large 

aisreoUne,  arystals contain izielavions of the gronalasse 

ainerels. 0outiguous larpe nieroelina crystals axs smut 

In optical continuity with each other and appear Is )*vs 

forned by the break-4own of a ab larger erstsl. Patehy 

stringers of oligoeloso are eon in those nieroelin* 

crystals. the 3ority of the crystals are therefore 

Meroelin. -nieroperth itse. 

liotita oees as tabular crystals up to 1.5 — 

I=@, with the pisoebreis esbese: 1 - yellowbrouvt or 

strew yellow; T.3 red-brown or dark brown. &d-bf ova 

biotit. is Isles as abanlant as lark brow biotito: Thore 

In no eorrelation with the vressece or bbsence of aeeevsery 
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ephene as in the palitie "Oku of the Motuis 8.ri.s (p.36). 

In some this soetioDa the biotite is slit1y ebleritisi&. 

EBeoyite also occurs as crystals ep to 1.5 - 

lomb but is less coon then biotite. The ersta1s are 

either tabular or anbsd.rgi and are occasionally bent, 

whereas the platen of biotite sbov no sigiui of d.f,ristion. 

Tb. accessory nierels, which to not exeesd 1% 

of the rock, include euhdral garnet. eubhedrsl dine-

soisite amd opidote, ashedral magnetite, enhetral pyrite, 

apatite, zircon and aphano, the four last named esides 

exceeding 0.2 	across, whereas the first four accessories 

)iav• a Malv= also of 0.5 mi, Tb. garnet is a pink 

yristy, t1,linozoisite 18 colourless and the •pidote 

pnls yellow. Garnet 13 confined to six of the 40 epeinens 

collected; elinosoiait., spidete, iron ores, spatits end 

zircon are ubiquitous; ephsne is rex's. The gernetiferoi 

specinone are all from localities in the north-eastern pert 

of the granite. Jehedrel crystals of pyxite up to 10 

across are found in r speeia.i consisting almost entirely 

of eloroelin. from * locality on Gorton Hill. This rock 

grades into granite of t)e normal type over a distance of 

about one feat. 

Bus can be deduced of the history of the plegi,-

class then of any other nineral in the rock. Plagiocisas 
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erptalli..d in an •nvironasnt favourable to soning. 

There was tittle limitation on the toteloisasut of good 

crystal torn until a late stage in their bintory, aisept 

that luring an .,oarly stage some orystale suffered onbey-

meat by a mans as yet unknow. ?vinzaing Of the erystals 

follow" growth to their present else. Alteration to 

secondary mies, internal development of mieroalino and the 

breaking of some large crystals all po.t-4ated twinning 

but in what time aequenee cannot be 4Wtorsived from the 

ovIne, available. late out proaths of plagioclas. o05-

tam post-twmnning blebs of quarts. 

AV thin section from the Grantosa Granite above  

homegoneity in texture and mineral ocosltion, but on the 

seal* of an exposure there is a distinct but variable 

Irregularity in the biotite eoutsst of the rock • Sometime 

tbo variation is olosily shown by 511 planar areas rieb 

in biotite which can be seen to be parallel to eseb other 

only over distances of up to several test. Their orient-

ation over the pea Ue was as a whole appears to be hap. 

based. £ moe vague discontinuity in eomçositioa is shown 

by faint irregular swirl-shap.d patches slightly rioher in 

blotit• than the surrounding granite. Planar orientation 

of biotits )*s nowhere been found.* Dsurt*ea medal ameipsee 

* Petrofsbrio analysis of tea speeimsna of the granite has 
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shown that the orientation of •-ezea of qrte and of 

poise to (0011 cleavage In biotits are random. 

of tbie sect lone from witely eesttered localities were 

plotted on a triangsl.sr t1*gaa iUeb has quarts, total 

feldapar, anl ale. + scosesorlee at the eleee (71g.14). 

The analyses all fall within a relatively mull area. the 

ratio of plagi octees to aterocline, however, varies from 

8.1 toQ.!5:l, but In )aif the speeiaene the proportions 

are apprezit.ly sqasi. VIes + .eeeeaerl.s to not Szeged 

t(k of the rook. It a' be notød that the alneral eaee1ege 

aM the amoral proportions are closely similar to the.s of 

the quartso-f.ldapsthie rocks of the Molne Series to the 

west of the granite (?ig.14). 

the p.trerhie vldenee threw little light on 

the problea of the orlI.0 of the Grestem Granite, 'but ohms 

that there was aeeheMeal br*ak-dosn of some of the felt-

spars after their eryatsilleetion. 

(4) 2he tuctue o.&* the owit:ryaooka 

1. Fabric axes and fabrlo elements 

The structure of rooks can be szpreee.4 In tsran 

of planar and linear structural elements, which together 

constitute the fabrie. It is customary to refer the elements 
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of the fabric to three vmtnally perp.nHenlar axes, a, 

aud f., whose orientation is based for eeiiveii.e. an  geo-

metrical featlures of the fabric. In accordance with the 

usage of under (1948, p.125) the penetrative planar 

etriaet., whether foliation or banding, Is named sb and the 

most conspicuous linear eti'neture is b; e is nori1 to sb 

eM a is normal to b in the sb plan.. Whore b is an axis 

of flextual folding it is nenad . These are descriptive 

or ayn.trologiea1 axes (see Weiss. 1955, 1P.229) whieb, 

when the rocks have sonoelinie eymnetry, ooinetIe with the 

kinematic axes • The reflection of the eywetry of the 

deforaig movements in the eymetry of the fabric of the 

deformed rock is a fun8aaentnl postulate of structural 

geology aM petrology. 

In Mid -trstbspey the pto*inet RICe foliation 

or mineral banding present in met rooks has been named 

ab - 	Flexural folding of 	has given rise to el1 

folds and persUel lineations named 	aM h, repeetively. 

Therefore 3 w P = T. . The Harked 110010910&1 variation 

normal to !, augpeate that 	represents the original 

sedimentary layering. The other planer elements are 

a foliation which is usually but net always an axial plane 

foliation, is developed in politic layers and In oblique to 

end; a slip surface whiob is steeply inclined to 



163 

and 

 

usually occurs *5?5 k Is steep or vertical. 	and 

8 both i3lteleeet1 L1 
 in a line parallel to B. Unfortunately 

the naturo of the zpoeuree has prvsnted the aauriaent 

and statistical treatment of and • 	is sometimes 
-  

seen to be a transposition foliation of closely spaced slip 

nrfaeea (Plate VI). £0 	ard S are in the plane eon aiain 
—3 

B they are hOl planes with regard to the fabric usa • * In 

* BY analogy with crystallography ratios of inte.pte on 

the a, b and a-area are denoted by the Indices h, k and 1 

respectively. 

none exposures 1,, 	and 8 en all be observed (PIg.4). 

The lineation T, Is formed by the paTalisUan of mica 

crystals. ribbons of quarts, or crystals of horablends or 

kysnite depending on the rock type. In politic rocks 

Is forned by the intersection of 1, end ;. )noted by 

are mullions. boudina. quarts rods and folds of all sizes 

p to several yards in amplitude. 

Joints have) not been studied in detail but the 

most proirent are related to the fold fsbrie. 1ost-

tectonic qrta, r6zito =4 pegi*tits veins follow joint 

directions. 

with the areeption of 8 all the .laonts nad 

above are found in the Inclusions in the Grantown Orwite. 
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3trathspey. 

1, Poles of 785 foliation surfaces; 
full circle, axis of girdle; contours, 
1-3-5-7% per 1% area. 
Axes of 160 sm1l folds; contours 
1-5-15%. 
Axes of 157 lineations; contours 1-5-
15%. 

4• Synoptic diagram of 15% contour lines 
from the 13 1 -diagrams of Fig.15. 
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* • Planar tabrie 

the orientation of 4 in the country roe is 

given in Pig16,1, in *ieh the 71-polee of hare plotted. 

The 7T-poles lie in a girdle about an ails *loh plunges 31 

at sppr'ozltely 50. The  spread of the mailnia contour 

represents the regional lip of k to the seat, U or south 

depending on beauty. 30 persistent Is this regional tip 

that no Indication of the general fold style eon be obtained 

from the diagram (se• veins, 1954). 

In the manner suggested by Wsasnn (19t9) and 

8eMer (1948) the area has bean eUbdivided into s1l areas 

to test the bogen.ity of the fabrie. If the folds are 

eyliMroilal the intersections of a surfaces in a par-

tioular area define a /3-axis for that area. The int.ne*ty,  

of the 13 -axes is given by contouring the concentration of 

Intersections. the orientation of the /3 -axis Is then read 

from the 30haid t net and indicated In the subarea • In ILid - 

Strathsp.y the /3 -axeS are parallel to the k-s's. The /3-

diagram from *8 subareas in and around the Orariton Granite 

are sbow on Fig.15 (end pocket), end the results from out-

side the granite are SuI.LTlSsd in Pig.16, on thloh the 13 - 

liagrans are represented by all the 15% contour lines from 

the diagrsas. In an area whieh has insutflelently variable 

date, for plotting as a /3-diagram the average foliation 
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surface In represented by the great circle drawn normal to 

the 7r-polo boxinum. The dip end strike of the average  

foliation surface are then Indicated In the appropriate sub-

area, in general the /3-aiso plunge 3S, with a swing towards 

east in the Nz of the area end towards south sling the 8psy-

DThain watershed. The intensity of the j9 -axes has a 

regular variation which is discussed later (p. 188). 

folding of 	is eomon tbrouout the area, the 

fold style varying both with reek type and with locality. 

in general the styli in moneolinal, the folds being over-

turned from the IL In politic rooks and migmetitee the 

style Is plastic and the some of overturning is sotie 

difficult to determine. Pige,17 end 18 show a series of 

fold profiles from localities sol•et.d to show the o-

gresoiva change of style from north to south.. Various rook 

types are represented melding blocks oontsSme& In the 

Grantown Ormite. The sense of overturning is the same in 

the country rocks as In the molded blocks. In the II if 

the area the style is simple, only the mieaeeons layers 

showing lisharmonlo folding. In the 3W, both ajeaceOus end 

quartso-f.l&epathie layers have a plastic style, enny of the 

examples showing an equivocal sense of overturning. The 

sense of overturning on the largest possible ii.ls in the 

aigustitie rocks of the 8pey-IflzlnaIm water.hed is consistent 



SE 	 NW 

NE 	 SW 

NE 	 Sw  

NE -Jz 	-- Sw 

6ir's. 

N) 	 SW 

I FOOT4 

NE 	 Sw 

IFOOT 
	

Re 

Fig. 18 Fold style in the southern part of Iid- 
Stmthsnev.. 

1. 	uartzo-feldspathic gneiss,J8rno 
2,3. ::i.gmatite, Oreag an Thithich. 
4. Figmatite, Stac an Toisich.  
5,8. Migmatite, Oreag an FhitMch. 
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with that them elsonberi in the area. This tact is only 

apprialatel *on the lip wA strike of h have been measured 

over on area of several hundred square yards. 

In nearly alwas constant in orientation with 

$ Lip to The MM. In sons folds 12  Is a transposition 

foliation parallel to the axial planes of the fold.. 

Throughout the migtitie reeks the orientation of 	in 

variable, consonly dipping south or W as in Pig.4. in  Is 

diagr'atioally Indicated In Pig .17,1,4. At 3raig &ovaek 

I. prominent In ft* coarse politic gn.isaoo (flat. TI) 

but In variable In orientation, with a tendency to a 

southerly dip on 09 as limb of the Revaft art ttfora and an 

easterly dip on the Ii 11. as with 	is most eon- 

apicuons 	re h is steep. 

The surfaces nams& 13  usually dip An at the angle 

of plunge of the fold axis, and are only developed **2• 
has a steep lip (pig.4). 	is a euz'fsee of actual or 

Incipient slip. Thin 5hete of granitic rook are sometimes 

found along 4 (see pp.  -55). Kinematic Interpretation 

of the msvmnts on 4 can usanily be made • The this 

sheeto have their mxlu= length parallel to the regional 

-axIa. 

The rooks of the area ore well jeinted, many 01 

the joints b.tng geometrically related to the fabric. Tins 
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ban not peTwitted an sztonaivo etedy of the joint pattern. 

to j.ints sri .verywhsri prooftent =A pravUs,  =tenant 

profiles if the foils • besides giving =my hills a sesrp 

feature to the IV.  The so joints are beet developed whore 
400- 

Ilion structure is foul (Plate TI). bkO joints are also 

soon, the foil sue intorasating either the saute or the 

obtuse ug1s between th. joints. 

5 • Linear fabric 

IL apnoptte &isgraa of the orientation of foil 

sues *at lineations Is iboim in Pig.18,25. All the 

lineations are -11noatione parallel to the sues of visible 

foils sad the two elements L, sad 4 eon be asnaU.rel 

Jointly. The noxias for r. MA LjL  coincide with the /3-

axis nazimea. The apparent girdle of foil eras and 

lineations can be aeeonntd for by subdivision of the in.. 

fcrastion according to beauty and by asnaileration of 

the regional tip of A,. Tb. coinoideuse of the piano of 

the regional lip with the girdle of -su.e shows that all 

the linear sbeasuts Its in the plane of the foliation. The 

asll concentration of southerly plunging sues is found in 

a smil area near Oehnoir on the pey-J?ulnain watershed. 

The larger eoneantrstion of elements with an seetward plugs 

Is found in the U of the aria, to the east of the Grantoon- 
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Ferree railway line. Over by fax the greater part of The 

ar.* the axial elements plunge *)I at spproziaat.ly 50 and 

the heal variations mentioned abov• are irregularities in 

the regional trend. 

There is a smell concentration of alameat. *ieb 

Plunge gently to the IlL Those axes are restricted to 

three smell areas • via, the summit of Leggaa Nih • laster 

Duthihl ano Garnlooh. in eale-eihieats, aigtitie and 

quartzo-feltspathie rooks rpeativ.ly. The style of these 

folds Is idestiasi  with that of folds of regional trend in 

similar rooks nearby. the sense of cv art inn tug is eon-

siatently from the 81. At Iggan Kill the IN plunging 

folds fern the top of the bill; their relationship to the 

underlying $1 plunging folds I. unfortunately obsoer•d, 

It Qsrmloah the relationship between reeks with fold axes 

of sa and 11 trait is seen to be a normal interbaiting with 

no evidence Of violent testonlo discontinuity between. It 

most be noted thst the axes ln adjacent rooks In ten of the 

abo,e eases are approximately 90 •  apart in the plane of the 

regional foliation surface sit that there are no axes of 

Intermediate trend • titere is no evidence to suggest that 

the folding at such localities took place in too distinct 

phases. 

The necessity for a statistical treatment of folds 
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sag lineations is sell shown on Greag an Pbithieh Where 

on large expesiie some of the small folds die out alwg  

their length; 4 i•, hovever, the direction Of least 

hengi aM is sub-parallel over a wile area. 

4. Lin.nstie interpretation 

the foliated rooks of lid-$trathepey have sono. 

elinie symmetry about an so plan. Whieh is Iselin" steeply 

IV. ibis symmetry refl.ots sovenant in the plan. ab (3] ) 

eM about the B-axis, IL being the direction of shortening. 
no 

the necessary risk involved in kin.itie inter-

jretatios eM extrapolation has boss sininised in this 

atdy by stt.t1ag as tar as possible to treat the material 

statistically. The text-figures are representative of 

large ners of itruotures in the fl.11 • The ile has 

been continually borne In mind • All the exanples her* 

given are found in areas of up to 200 yards square, but 

usually =wb lass • The picture, bosever.  • Is so consistent 

on this Intermediate and email scale that it In likely that 

the meloasst picture over the area is a Whole Is similar to 

that provided by single exposures. 

Unless the regional foliation attit.9 is known 

the overturning of folds gives a asses of rotation only 

and not a some of relative mevement • The mele of inter- 
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pr.tatioaof foiling of, Or Blip on, it , 	l 93 iB 

IMIoatel in p1619. The presanoo of a consistent pan-

trative planar surface on which slip can take plaee (h), 
Us eanaistent orientation of the axial plane foliation 

() wd the consistent sense of overturning in aonoelinsl 

foil.s up to the seale of the flovsek antif era (719.10) show 

that in the penetrative envenoMs which if feeted the dis-

trict the upper layers novel M relative to the lower 

layers. In the halt of stoop foliation on Orcag an thithiab 

the south-western layers novel dons relative to the north-

eastern layers. The sense of overturning of the foils bee 

not necessarily give the some of tectonic transport. The 

direction of transport pvw sub-horisontsi sal trended 1*, 

while there was eoneoaitent flexural foldIng about en erie 

ping lag i? at 300  . There was ther.fore or 	shortening 

In the direction 32-; this study gives no liafernotion 

about ebange of shape in any other direeti on. 

Kinematic tnt.rjnstation of structures in the 

aignotitie rooks of the Sp.y-øulnain watershed has been 

carried out with caution beesnse • for szenpl., of the 

equivocal some of overturning in now foils. 4 lips 

steadily 31 as far south an Craig Garton and 1.s steep sal 

hi*ly contorted over the whole of Cr.ag on flitbieh and 

Stac an Toiaieh • Zero is w.0 developed. Iwther south 
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M Deeltara Oraig 4 again has a stoat dip to the IL 

On the largest visible meal# at àtac an Toieieh the rocks 

are asnoeli_l in style and are overturned from the U 

inlicatiag slip of upper ! lsy.rs to the W relative to 
the lower and, where jk is steep, of south-western layers 

town relative to north-et.m layers. Axial plane Blip 

surfaces 419.4,J an Oraig Osrtui conform to this nor.-

neat an does the sense of relative anveasut Inferred free 

slip on #S  (Dig.,). In the highly foiled rocks of Ore" 

on FbIthlob It  is variable in attitude end  in  not a 

reliable guil, to aovsasnte on a larger seal. 

Tbw relatively largs arias of steadily dipping 

rocks without may foils suggests that the transport used 

not have been larg•.seahe. Io,hor. In the area have large 

aeveasot horizons bees located although they are known to 

exist a abort distance to the south (Weiss, elntjre aM 

lursten, 1955). Locally sail shears aM dIsplaeia.nta 

are foaM but they would appear to be owl  faults anch 

later In age than the folding. 

oveasnt to torn folds thish traM U ban else 

bean asnoolinie, the upper layers having novel NW relative 

to the lower (Pig.18,l), The folds of U and JO trod 

cannot be shown to be of lit f.rent ages, but some shortening 

In 'he I-fl direction bas taken place at least on a sail 
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veal.. 

The sviad of the trend of the frexea in a 

girdle fran anU1 to U parallel to the regional foliation 

eaztao• presents a diffieuit problen. MW geonstry enggsste 

one of the following kinetio interstatione: (a) baal 

torsien by a he?iseatal couple, the effect dying out in 

depth; (b) marked inhoasg.n.ity in the original sedints 

lead tug to complex noveasuts • or (e) movements s*perpoeed 

on a pr-extit.nt wrkedly oriented structure, that 1*, 

complex no'vansnts The oceturenee of -axes of various 

trends at the sans tectonic level suggests that (a) is on 

inlikely explanation. The absence of steep seenlsry fold 

axes characteristic of rocks hieh have suffered two do. 

fgraationa° suggests that (e) has not bean a ai$r  fsetor 

* Crab eounlaatioa from Dr. L. 2. Isise. 

unless the fabric bd er• the s.eond deformation sseI in 

syetry with the second phase of deforming a.lrusnta. 

There to no yilone• either for or against (b). The 

question not remain .pn • The spread of the sheaf of - 

axis in the aigiatitie rocks of the 8p.-Dulzi*in watershed 

am be explained by inered robility of the reeks during 

nigtlsation (see pp.188 -191). 

There is in this area no evidence to assist in 
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FT. 20 	 o 	ie i._jd 
ranoi Granite. 

1. poles of 266 foliation surfaces; full 
circle, axis of girdle; contours, 1-
3--i per 1f area.  

2.Axes of 47 small fold.: contours, 2- 

laxeS' of 36 lineations: contours, 7- 
5-1 w. 
7 ynoptic diagrani of 1 	contour lines 
Iron 12 i-diagrans on ?ig.15. 
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the elucidation of the problem of tho regional fold axis 

in theMal" eriee. Whether this axis ferasiL in its 

present position or wos rotated into its position by later 

aov.rnte is at clear. 

An extrapolation of the kinematic picture here 

outlined beyond the unite of the area is not justified, 

as an area of coaptex kinematics ii.0 lumedlately to the 

south (iii.., MeIntp'e and Xurston, 1955). 

(.) atructuro of the Thelnalona in the Granite 

1. Orientation of the fabric 

The fabric of the iuelig.d blocks is s"rie.d 

In P1g.20 eM given in detail in Plg.15 (end pocket). Thi 

if-iol.e of 	form a lees well-defined girdle then In the 

country rooks. There is therefore lose homogeneity of 

fabric within the email area of the Grantown greiilte than 

In the rest of MU-8trathepey. T 'til circle in JP16.2091 

marks the epprozimote axis of the 71-pole g:lrdle aM 

corresponds closely with the maxim for folds, lineatione 

and ft-.e 01g.0,.5,4). When the sub-arose are 

exareä in detail It is seen that the folds, linestions 

and ft -se which form suall concentrations In te 8 

quadrant lie in the plane of the foliation OSS 71-poise 

mark a minor maximum In the ft quadrant. furthermore, these 
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aouth-.aaterly Plunging s1eate are confined to the 

nirth-ieat.r* aM southern narglas of the granite seas. 

the styli of foiling and some of c'vsrtirilng of fo]4s 

are ilentloal outside aM inside the granite. 

The sheaf of p -axes free the lne1tn1one is 

apprszit.ly the esie w1t: 	te Oeaf of f3-axes for 

any are* of the sea. also Ir Ve Yelghbourhood of the 

granite (of. Jpig.20,4 wit)/V1g.*5); the aversge sexiase 

eontou veins in -41agrsae is slightly 3m for sub-

areas InaUe the granite than for those outside (table to), 

inliestiag that on Us seals of the sub-erie tbo fabrie of 

the Inclusions In the granite is eo,eretIve1y )toaogoneoa. 

The soeporleon of inclusions with country rook is graphioall 

Illustrated In Plg.15 (sad pocket), whore for clarity the 

inforsetion is presented for only a narrow sena of eemtry 

reek eloss to the granite beaM ar. The sub -areas are 

arbitrarily defined, mainly by absone* of szpo.in'.e beyond 

their margins, end eseb contains $ large number of in- 

elan ions • large sad small, separated by granite sheets. 

As previously described (p.165) • in areas of constant 

foliation attitude an average foliation surfues is obtained 

from the Tr-pole nazlom. The average foliation surfaces 

within the granite lie in the ease plane as the ,8 -axes and 

i-axes for nearby sub-areas • the aeture of the exposures 
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prevents a dlz'set ssssreet of the tegr.e of rotation 

moffered by the small Inclusions (pig.13), but does not 

prevent an setimate of the deEr.s ,  of rotation on a nueb 

larger seals. The B-ares for the sub-areas in tht granite 

as a whole are given etatietisally by Fig.02,5; in any 

sub -sres the B-axis conform el oeely to the P-82". 

Three zones of orientation can be identified 

within the granite (pig .ei). 

in Zone I the orientation of the B-axis for the 

blooks is up to about 50' any fron the regional!-axis 

in a y.rtiesl plane. This sons is developed slang the 

norla-eastom ant southern mrgins of the granite where 

the contact is nst*lly eoneorlant with the foliation of 

the eontry rook and dips east or SIR. The -azss in this 

some generally plunge gently $SE but the simt of deviation 

fran this gaierelisstion to ebown by a eearisen of sub-

arias ZYIU md Xi with the rest. 

Sow II • whiolt oeeupies the larger part of the 

Interior of the granite mass, contains **-areas whoss 

B-axe. plunge 17 at angles of np to 50'. These inclusions 

have been rotated fron the regional -aria by from 30 •  to 

60' in a vertical plans. The average foliation surfaces in 

the acne dip gently R or more steeply W. The subareas 

XII sma XIII on Oreag Bbeiths would  appear to be the 
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eomtiation within the granits of the steep eo*tk-wut.rly 

tipping foliation at Lnzegregar. £Itbongb structural 

measurements mere ist• in so mny inclusions the homogeneity 

of fabric in this zm is remarkable, equa1livj in constancy 

the nub-areas of the eomtry reeks • Tovards the east silo 

of the some *t 18-azie in weak InGloating inareasing I.-

perturi of the foliation surfaces from the eylinlrsitsl. 

Zone in is confined to one sub-ares (Ti) at the 

weotc'i margin of the granite where the contact In steep. 

The ,9-xis and the J-.zia pltmge steeply to the IT ant 

the former I,ss a weak aaziim. ?ht 3 -iiø has been 

rotated by from 60' to 90 from the position of the regional 

-axis. sub-area V lies astride the granite contact zone 

and contains a wef /9-otis plunging at 450 to the U. 

The average foliation uurfaee in nub-arena most Of the 

granite is generally steeper than the regional foliation 

lip of 30, 

g. Linetics of the granite 

Ib* similarity in foil style, symmetry and 

therefore kinematics of the foliated reeks lnaie eat 

outeUe the granite, the ooincUsnce of areas of similar 

tip ant strike across the granite contact sans at Orsag 

Bheithe, and the fact that nowhere else in Zit-atratbipey 
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pig. 22 	rerieralised geometrical rotation of blocks 
in the Grentown Granite. 

, regior.l B-axis; open circles, 3 -axes 
Of zone I; 	rosses, /S-axes of one IT; 
black circles, ,g-axes of one III; A, 
general axis of rotation, sense shown by 

arrows. 
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but In the granite are 1W plunging folds to be founi an 

indieato that prior to the formation of the granite the 

blocks now in the granite were oriented with t)ieir L-axos  
plunging OR at about W. 

The progressive rotation of the blooks in the 

grenite from their erigtivl position Is iliTatrated by the 

rotation from If through I and II to III on Pig.!!. This 

generalised rotation is about a sub-horizontl axis, A, 

icb treMs 11. But rotation is here used in a geometrical 

aM not a kinetic sense • the sense of geometrical 

rotation in the granite is anti-clockwise to an observer 

looking lB along the axis, because the upper surface of 

luerc wid -folds in the country rocks corresponds to the 

u.tr ouri&eeo of layers and folds In the Inclusions. 

lineasticelly there was external rotation of blocks in the 

plastic granite but neither direction nor sense of movement 

can be Inferred fiem the present Ints 

'there most have been considerable movement in the 

granite to allow the Inclusions, both large and small, to 

take up their present positions. &reovsr, the regular 

pattern of orientation suggests that the inclusions Aid, not 

move solely by gravitation In the plastic granite but were 

carried to their positions by movements In the granite 

Itself, noveamto *ieb were not, however, sufficiently 



178 

strong to disturb the bordering country roebs • 	vnt 

in the granite in a plans pai'ellel to the r•gios1 

foliation surface an& therefore parallel to The longer 

azie of the mass and to the granite sills along the north-

eastern sad aonthrn XAr91ft8 could sooiznt for this leak 

of disturbance. It is net ksen to at extent novenent 

of the granite and the inolusione ww reciprocal end 

relative. 

The regularity of orientation in Zone LX is 

perhaps due to the fact that the Zen* consists of a fan 

Ysry large ixicluded blocks eesreted by thin planer 

granite shoots along the foliation surfaces, a oendition 

which uculd result in the aezinun of cylindroidal ho-

gensity. 

In the absence of a penetrative structural 

element in the granite the kinsaatic picture amt reanin 

inoosplate. 'ibe results can be eirisd by stating that 

the Iiaplac.aent in the attitude of blocks was proater to 

the west aid• of the was than to the east. PetrograpMe 

similarity of ineluaione and country reeks indicates that 

movement of the blocks in a vertical direction was not great. 

(:f) atrustures witbintha arnit. Itself 

Nowhere has the granite besi sean to contain a 
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directed structure of its constituent alnerele, either by 

own or lattice orientation. At several localitie, the 

granite contains thin inpereistent biotits-riob sheets or 

aeblieren' • their orientation was anasured and the planes 

of the Shoots are rendouly oriented with respect to visible 

contacts, but over the granite as a ultole tend to dip to 

the southern beniephore at variable angles • The significance 

of these sheets in The atrnetiws.l picture is not clear ant 

there is no evidence to suggest that they son be regarded 

as 'floe planes'. 

Joints are 000n in the granite ant their 

orientation has been measured at 	y localities, the 

great maJorItY are steep or vertical with variable trends. 

Large nors lip either east or west at intermediate 

angles. In the reed and railway cutting, near Osra Luig 

SEA at ton a' Obaisteil &=W of the westerly dipping joints 

contain thin quarts veins on *bleb there are eliekansidea 

plunging towards the UI at O. The grooving of the 

eliekons ides shows that the planes were reversed faults, 

the throw being embioun, 

The Qrantoen granite is therefore unsuitabl, for 

study by the Gloss-Balk methods of granite tectonics. 
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(g) Immm of video" 

Tbe eotry rooks we tszeeter1a.dt by: 

(1) 	A regional dip to the Sw aM **at. 

(ii) A regional pltgq of linear elenents at 30' 

to tl• 

(fit) plexitrsl folding about!. The eospiextty ant 

plasticity of style and degree of iahoaop.i .ity 

inor.seas southwards with aigtisatioa. The  

style 18 sonoalinal, 00 folds being overturned 

from the U. 

Movement was of upper layers to the aw 

relative to lower layers. 

Ls* of contact netmrphisa by the panite. 

The granite is ebareetarieed by:- 

(1) 

 

Axi ebandanee of inainsiona of all silas iblek 

retain all the features of the eotry rooks  

ezoept orientation. 

(it) Planar aM linear .1.asnts in the tuelenions 

toM to plunge U at Increasing angles ant with 

iz'.ssiug inhoaognaity any fren the eastern 

contact. 

(iii) Petrographic bowageneity and a laik of 

tnt'nel atruetures. 
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(lv) The granite uses Is lantienlar In outline 

and bee $ steep western eoutaet and a  gently 

Upping eonfusb1e eastern esatact • Intern-

ally the granite for a reticulate pattern 

of dykes aM sills between the 1ne1uiions 

There Is a teMsusy for the foliation of the 

country rocks to mwvo arousã the granite uses. 

(h) Discussion of Origin 

the Gmtown Granite In a cross-cutting biotite-

granite later In age than the astarpbisa at ,  the maim 

Aeries, and ean therefore be oonsl(erl to be a lower 

Granite, presumably of 0*1 ad oidan age • It is petregraphie all 

bsge eons and ins an.*at similar to the ether loner 

Granites of Ii Scotland, but differs fron them in that it 

Is esiton perpbyritio • is fine in grain and hoe a usiçea 

suite of the1ions - features which lead one to believe 

thet only the upper part at the granite ansi is exposed. 

*lersellne which is in an arrested stage of 

mechanical break-dean forma the sparse phanocrysta (see 

".155 et 	.). Seas of the plagioclase,  crystals have 

been enbayad at about half their present also aM have 

all boss sou.I throughout their history. Sose plagi oelaae 

crystals are frsgaante of larger crystal.. This petre- 



grapMe evidmoo suggests that there is psrbsps now 

support for the kind of eone.pt propounded by 'uff (184!) 

Be considered that granite wen wised at h1& pressure 

and low t*rstu*i as * Rush of oryatals lubricated by $ 

60011 quantity of water • The crystals wars derived from 

a pr.-axisti*g rook. 

The inclusions furnish evidence to Show that at 

OW tins of eRp]acoasnt the granite was plastic and was at 

$ teapersturo aloe, to that of the country rook, that is, 

probably below about 5000. granite vine vatting the 

inolnaisni show that there was dilation on a smil seals; 

the aurviug of the strike of the foliation of the eanstry 

rooks around the ness sugg.sta that there has bean dilation 

on a large seal.. Loodal (19, p.39) considers this 

feature to be typical of Seottieb granites of Oaledoulm 

SI.. 

It is coacinded that the granite was gensrst.4 

In a pleas and by a proeeea unknown and that it enbsoqnntly 

asv.d into its present position along the foli*ti.n of the 

country rock, iking roan for itself by forcible dilation 

of the latter. It is visualised that at the time of an 

placanent the granite consisted of a nuab of er3stals, 

seas being broken, with a little lubricant (an in 3o5n, 

1948) • Thore was no ton*.n.y for the granite to take on 



$ clireated structure. 1ueliions of oountry reek 0  s 

of vhloh are very large blocks, re.1nd throughout at 

losat tho upper visible 00 feet of the nsu  =a  sufferel 

increasing degrees of disorientation towards the soet.m 

margin of the granite, but were not greatly displaced  in 

a vertical ifrection. 

If the granite be regarded as a rhoonorphie 

derivative at Pro-existing rocks there is a sufficiency 

of Mtorlal of similar eoapoeition (pigj4) in the loins 

series to the west sal south of th, granite. Moreover, 

the quartao-f.1d.pstbie reeks of the loins Series ore 

carried below the surface position of the granite by the 

regional Lip ant plunge. If rbeoasr!Msa Is to be Invoked, 

than the major difference betw een the granite and the 

qartzo-feldepathie reeks, viz, the zoning of the p1gb-

clue, provides a clue towards deciphering the rhesusrpbis 

history of the granite. 

The only other recorded complex uiieh resembles 

the Groutow Granite is that described by Runner (1945) 

from the Black Kills, boukh Dakota. The Barney ?oak 

granite contains mmerous inolus ions *ish lip radially 

outwards to fern a done-ehaped structure. The granite has 

a reticulate pattern formed by intersecting sills and dykes 

along and across the foliation of the mains ions • ftmer 
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considers that the sills and dykes were successively foras& 

and 	t the Inclusions were therefore never totally on- 

closed by granite ibich was in the process of f•rtien at 

olaceaent. 

otated Inclusions in granite asases have been 

recorded from several beauties (Lolubre, 1938; iogn, 

1950; Pitcher, 1952) =A have been aiseussed by Reubault 

(1952) ad Perrin (1956, 1956) who has studied some of 

*the relatively rare eases of so-called diapise.I in-

elusious • I.e.  with Iiseoz4snt sehiatoalties, suggestive 

of tieplaeos.nt by $ 1iqid4. (1956, p.1*). Perrin has 

devised a series of ouplenatlons for displaced incisions, 

such as grsnitisation of a folded algastite, granitisatlon 

of isias containing inclusions, eruptive br.eciu is' 

6eve1omsnt of new sohistosity in the inclusions • yet be 

has to adult that there are certain ixeaptionel eas.s of 

displaced enclaves, described by authors who have given 

ektobes thereof, that .till pnasls as 0  (1958, p.1*). 

Tbs Grantovu granite furnishes eTher-out .aap1ss of die. 

placed inclusions which appear to the writer to be in-

consistent with for tion of the granite in situ. 
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pig. 23 	tatstcai treatment of :e?mtte, granite 
and quartz veins, Spey-Dulnain watershed. 

poles of planes of 441 pegmatites; 
contours, 1-5-7; maxima normal to hOl 
and hkC 
polef planes of 
contours, 2-10-1; 
hUl and hkO. 

3.6Tes ofanes of 
contours, 2-10-15%; 
ac plane. 

51 granite veins; 
maxima normal to 

57 quartz veins; 
maximum normal to 
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91.0 	V*I, 1JPO?8 CP TIM G1m0GT 

OF D-flRA!R2PtT 

(a) post -teotnie Acid Veins 

As part of the Investigation of the relationship 

between grenitie rooks and structure in IIM-3trstbepey, $ 

statistical study was made of the orientation of the abund-

ant post-t•etonie quarts, gran Ito and p.tIto veins vMeb 

out the mIgtitee of the tpey)u1naIn watershed • The 

results are en&ris.d In Jig .23. The veining is wast 

Intense where the atgmatiaation and the deforuation have 

been strongest, viz. on Oro&# an PMth lob, but the veins 

undoubtedly peet4ato the mlgtisstion pbaee. The veins 

are net visibly connected w1ft any granite aeon. 

The veins ore planar and seldom exceed twa feet 

In thickness. buy can be seen to thin out laterally, only 

to be succeeded by a further, neighbouring vein on echelon. 

Mt of them are responsible for Ileplocanents of structures 

In the country rook chiob can only have com about by 

dilation normal to the plane of the vein (Goodspeed, 1940; 

Jaeger. 1951). As recorded by UIwTn end Andersen (1918,, 

pp.39,45) many granite veins are found to grade to a 

pegmatitlo margin, and although Anderson (p.39) ooneilered 

the granite to be a later Intrusion along the mdddlo of the 
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pagastite, flfni& (p.45) saw no grome an ShIA to ieeiIs 

w'nleb part if the vein formed first. 1ac6erg (1956. Plates 

1 =A 9) has res.t1y flSwed eze.114nt maples of The 

same jtsnoaenon whiob he sonsidere to be the result if 

p.gtite r.plaeiiig the 	-eziet1ng granite vein. O 

0mg an I'bithieh the writer discovered o2plae if earn 

poma veins with pegmatite developed on me side only, 

end with One exception the pegtitie narglue occupied 

the upper sides of the veii. Further., In some am-

po=d veins the pegtite is restricted to the aiddle, 

tile In SOW pegastitee the middle Is rich in quarts. 

These compound veins are ehareeterised by complex structures, 

either the wrglwl or the internal portions sometimes 

branching from the min vein into the country reek (Pig.E4). 

The appearance of the large feldspsre in seas compound 

veins suggests that they grew In the granitie matrix after 

aplsee.ant (plate I). 

no pegmatite veins consist of quarts, oligeelece, 

mieroeline, biotite, ueovlte we occasional euhedral 

e.yate1s of red garnet up to 5 me across. The niess are 

usually concentrated at, and lie with their cleavage nrms1 

to, the vein ,rgIns. The granite of the value Is pink, 

medium grained and biotit.-besrIng and cannot be die-

tinguiehed from spseinana of the Grantow Qranit. ass., 
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$tstietieslly the pewatite and the granite veins 

Mvo the sans orientation (Pig.3,1), It bas not been 

fonud possible to separate eoeponM from simple pegwatitse 

on $ structural baste. The stronger of the two Tt.polo 

nexims. represents veins in planes *ieh are bOl with regard 

to the regional fabric, *ile the lesser mzjnun is norsal 

to an hkO plane. A few degrees latitude from the ideal is 

allowed in Indexing the plane. In both Pig.8,1 and E 

there is a slight spread of the contours towards an bkl 

plane ubleb is verti eel eM trends UI, and a very weak 

distribution in the so plane, By contrast the 7V-poles 

of tbs please of quarts veine have a strong waitaus normal 

to the s.c plane with a slight spread  towards an bkO plans 

The field vldanee ehowt that the pegmatite and 

gmits veins are ivvarlsbly out by quarts veins. The 

psgnstito aM granite velias transgress the quartso-f ill-

spathie segregations fornel during nigantiest ion (fiat. VII). 

?be planar sitant of amy of these veins and their ro-

letionaMp to the fabric indicates that they filled joints 

or incipient 3ointe. The close association of the post-

tectonic veins with the syatectonie acid segregations 

suggests, but does not prove, that the later material was 

formed by a "-working of acid material already present in 
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US niitit.a. 

The eq.nos of ovente In this district san 

therefore be esriee& as follows: 

vuients and planes 	Type ard localization  
available 	 of veins 

1. Regional momoellnic Nov e-

aent; slip on 11 , folaing 

about 1; a and 4 are 

planes of strnete1 an-

isotropy. 

!. aftesses leading to open- 

 of planes ba  and to 

B lesser extent hkO. 

S. Stresses leaMn to open-

ins eSa toalosur 

extent bko planes. 

Mignstieation; quartia-

fslLepthIe segregation 

along granitic abeits 

slong. 
-5 

Dilation of openings aid 

filling by granite and 

psgtit•; latter possibly 

format later by r.orystall-

isaticn of granite (?). 

Dilation of openings and 

filling by quartz. 

(b) Tb. Relationship between Kigmatisation and structure 

when the first indieatlone of Iiatiiiet aIgtIn-

IM 

itt on of the rocks on a lsrge scale are platted on a 
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structural map of Uit.trsthapsy, the mig.atiti boundary 

or 'front' is seen to tranagrsa the stru ctural levels 

obliqucly (pig.25). Therefore migtiaatiozi has not been 

controlled entirely by tectonic depth, progressivily 

hi•r structural ne.rs being aigmatitic toward. the W.  

oraver, the Unique  position of the aigmatitic rocks of 

the Qruntowa Group is further emphasised. The aevack rooks 

are outsith the some of general miga*tleation and do not 

show an Increase in structural inhosog.n.ity oosre4 with 

their surroundings 55 to the rocks of that zone to the 

south (of. Pigil with southern plots on Jig,f 5). AS no 

metamorphic zone boundary crosses the area it is not 

possible to dat.rmias whether the iugza&s coincide with 

I&* migmatite front or with a particular structural level 

or with neither. 

It has been stated, e.g. byWgasan (19E9, p.106), 

that increasing mobility of rocks results in an increasing 

spread of the sheaf of axial elements. Jo S=aplo  of such 

a spread )*s been recorded in the literature knows to the 

writer. Th. structural map of theSpey-à)ulna:In watershed 

prsvidod by McIntyre (1951) leads one to believe that th.ie 

the structural boaogenoitr is an great as in other parts of 

914-8tra13iapy, It has been shown (p.165) that there is a 

regular Increase,  in plasticity of fold style with the 
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Data from structural tiagre on Fig. 25. 

District lumber Apical Apical Apical Ayersge of 
41.graae 

angle, 
cone of 

angle, 	angle, 
cone of 	cone of 

value of 
-axes folds lineations 

lortb- 
castem 7 14' 34 0  52 °  
gui. 13 58' 600 

 770  20% 
Scatberi& 18 95' lOB' 1206 

 

Blocks 
In 

Grant own 
15 800 

 850 
 itO' 2$ 

Granite 
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Increase of idpatisation to the south. To demonstrate 

this statistically the theele area bee been eb-41vU4 

Into three distriete d.eftnatsd northeasterzt • a14 die eM 

eoutberii, for iMeb the Grantowr-Porree railway eM the 

River Du1naii are the d1vidivir lines. By aymottie treat-

mint of the dats therelm, the progressive d.ereaao of 

struetursi bomoginsity with inerese• Ir vrimictloation sin 

be shown. The results of plottiw' 	/9 -me • snail folds 

and lineations for each district ar 	oirn In ?ig.$5, and 

the apical angles of the sheaves or semis of slernte as 

m.aee4 on the 3ebnidt not are givin in Table 20. the 

anu1er nprend of the sheaf of all three elements increases 

'erkediy to the south. Purtherasre, in each lie triet The 

-ces form the closest sheaf, followed is order by the 

small foils end the lineations. It is tbme clear that ,'3-

Hsgra - representing the attitude of the foliation - are 

more reliable indicators of homogeneity than diagram of 

folds or lineations althenb the last two give a good 

indication of the regional foil axis. With the widening of 

the sheaf of ele!rn4a to the south so the average vales of 

1n 	 rme decreases regularly ftsd bating 

of the foliation onrfae.e from the 

cyliMroidsl. The variation In howogeesity in Ed-Strath-

spey is not markedly effeated by the presamse of If ffermnt 
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rock tpu as the middle 4iatriet contains a wide variety 

of typos both competent aM incompetent. the apical angleg 

of the cones are not absolute indicators of inhoaogen.ity 

but give a relative iMiestion of the departure of the 

folds from the ides].. This treatment brings out the close 

osnnsetian in time between folding aM aigantiaatiom. 

or eoarisom Um figures for the conical angle 

of the sheaves of elements from 1ne1ions within the 

Grantown Granite are ed*sd (a.. also F18.20). The incisions 

In the granite have an Intermediate 4agree of inhomogneity 

between rooks of the middle and southern districts • The 

oauoe of the inbomogoneity in the two examples is, however, 

quits distinct. The inho.og.n.ity of the country rooks 1$ 

due to ayut.ctonie aigantiestion aM mobility, ihno the 

flouge of the post-tootcnie granite boa esused the inhono-

gsn.ity in tho orientation of the inclusion.. 

the •vi&one. eonetitutes statistical proof that 

the dispersion of the 7T-poles from the groat circle 

Increases as the 	xiii.i;ion of the rooks becomes more 

Intense. It also give, an approilanto amours ,  of the In-

hoasgenoity to be expected in aigtita at the kyanits 

sow of astamerphism. 
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(0) !r4. of Ierioiel Retamerrms e  

Tbo mineral aea1agee 6 evoloped in the eoveral 

reek typos hay, been eoar.& in ordr to 6eteraine the 

grad. mg tastes of metamorphism, attained by the reeks. 

1thrasxe, the 2t*ar4 srrovian 'ones in pelitie rooks 

sen be related to the m.taaorphie fact.., a system of 

siseetfiestion ibleb applies to all rook typ, the rooks 

at Mid trathapey are foung to lie within $ single nets-

morphie tone the kyanit. son. - ieh is the equivalent 

of the lower shibolits fee ice • The presence of the 

kyaait• adno in 1114-dtrstbap.y is not entirely in aocor* 

with Ksanody S0 thermal nep of the ILighlsnds (1948, p . aaO). 

I. ivartto-fellepethfc rooks 

the most ,.n aaee1sge is quarts-seleje 

with coessionsl 

garnet; this grouping is also found in most of the grasitie 

rocks of the area. Quartio-f.ldspatbie rooks of this type 

are known to be Stable over a wids range of 14 eoaditio. 

It is therefore difficult to assign them to a partieular 

narrow grade of not aoz'pbin. tenberg (19, p.150) has 

suggested that the toieite ±ii.n 3o equilibriwm be used 

to define the baa* of ti'o ehibolite feetes. Mall 

amewito of 611nosolelte in apparent equilibrium with 
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pisgioclass (an 0 ) occur in the qnartso-fsldapstbie rocks 

of the area. this evidence iiestse that the P-T eo4itions 

under Alch the rocks formed were apprazit.ly at the 

boundary betws the .pidote-.ipbibollt• and the apMb.lite 

foal... 

2. Politic ant salpUtio rocks 

The Politic reeks of the area oontsin the 

asseublages blot Its -m0000vite-ksnit • -quartsea1 ole 

oligoolase and hiatt te-oaovlt. -garnet-quarts -coleic 

oligoolsas and thus can be assigned to arrow's k*nit* 

some of netsrphisa, Moreover, the presence of An in 

ie seulpelitie reeks also indicates the cane of kysnito 

or sil1iite (Vogt. 1927). 

Correlation of netsaorpMe facie with larrovlan 

souse of progressive astanorphisa has been attupted by 

Turner (1948, p.76). If as is believed for szaapl• by 

Rarksr (1950, p.g4), the etsurolite and kyanite 5*555 are 

nore or less coincident, with eturo1ite equivalent to the 

lower kysaito some in rocks of appropriate sompeattlon,, 

then the ksnite lone occupies nest of the lower part of 

the auphibolite fades. 

. soni-calcaroom rocks 

The standard succession of notanorpbie sones in 
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theee rooki bag bei described by Keme&y (i) from 

Western Inverness-shire. The usual development of minerals 

Ir. the 	.trethapoy caic-ellicate 'grszu1itas' is quarts 

plagioclass (A7' to an) -gsrn.t-bornblend.-.pidote with 

oeeeaisnal calcite. 

£8 £iaOusSM above (p.49) the praseee of horn-

blendø • intermediate plagloelsie am& epilote, and the 

absence of pyrozane tidiesto ,  that the reeks are in the 

snite zone and beleng to the lower eaphibolit. tastes 

(1949 9  pp.50,53). 

4. Impure narbles =A associated 
ealc-s illeate rooks 

Tbe mAles, sontain the asemeblago ,  usloit.-

tremolite-Itopsit.-phl.gepit.-mieroeljno with sowmionsl 

quarts. Turner (1948, p.80) and *saborg (195i, p.150) 

regard fte liver Unit of the amphibolit• faeiee as the 

point at ndtieh diopside tsb.s the plaoe of tri,mollte in 

presence of calcite. The reeks therefore belong to the 

lowest part of the snpMbollto tastes; all the treaoilts 

bas not yet been &s over to &topaUe although calcite 

and quarts are both available in the reeks. Chemically 

the rocks are nob in Use and mognesia, have intarasdists 

amounts of iron enidos and are poor in allies end alumina; 

potash I. abaat relative to ests. 
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the son-oalcitic O1i2-Silicate racks have the 

sas..b1sgo tr*olit.-p)logopit....pUot.-plagioelase 

aieroa1in.-4iopoi4e-quarts and are closely ssaoetstM in 

the ii•]4 with the Impure mrbles. The preeenae of sparse 

but stable di•pai4e, u.d plagioclase (ArLO)  and pideto 

together, again idlest, the lover ahibo1ita fades. 

5. Isele Igneous reeks 

Tbe oecurrene• of rocks oontaining bomb lends-

plagioelaae-biotlt.-gaxnst-quarts, as the end-product of 

the ebsugee in $ basic Igneous rook, indlastea one• again 

the lower aathibo1it• feolea (Turner, 1948, pp.78,82). 

The priasaio., at Omig 2..vaek, of a sohiat with the 

asaablsgs homnbld-plagioelaae-pide$•.biotite-qusrts 

is also consistent with attribution to the lever saphl. 

bout. fades (Turner, 1948, p.89). the plsgioelaee in 

both the above examples is edeelmi or labrMorite and is 

In oqull:tbri= with the •pidote. 

(d) Laid and Basicocka - Gontmeate and Ooa!*ri.ene 

Within the aoasa of this thesis *bar* have been 

described several distinct types of acid end besie reeks 

thiek can best be eoiar•d and contrasted andor the bendinp 

of time of empiseenent, node of origin and e1soent, and 
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structural control over elacemant. 

Tim of ezupaerent 	In 9*era1 it can be sail 

that r.cr'sta1liestion eontiuued after the asia movements 

had eeaaed. The oowpintsly motaxorphosed basic rocks of 

the valjeps of the SPOY and 1u1nain were .lscsl prior to 

or during the metamorphism. It boa bees shom above that 

Us migaititic racks in the south of the area ar e  synteetonie 

in age, as are the granitic rocks of 4mig &.voek  WMWO xc-

cry,talliistion, however, continued until late in the eave-

wants. The basic 19n0O= rocks now Loobindorb were in-

truded late In the metamorphism and snfferd chemical 

rather than physical brôak-down at a relatively high 

tesrp.ratig.. both the large granitie aisa of the rentown 

Granite and the acid veins of the 3ps-DulnsIn watershed 

are pest-,tectonic but their relation to oawgh other in time  
la not clear, 

de of origin and euplacawent 	Tbe fortion 

Of the miwatitic rocks of the routb involved the segregation 

and r ngeasut of auartso-fldepsthlc material from the 

pro-existing rooks into swell, irregularly distributed 

bodies • 4a11 quantities of alkaline fluxes increased the 

ebemical reactivity and physioal mobility within the reeks. 

The granitic reeks of Oraig Rovaek iginatel In eseantielly 

the seas way, but here the presence of copious suppli.. of 
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Zl 	n& the uobiliation of mterigi, no transpart 

of olkalies 	Jhe s•gregbtiou  and fization of ms4erstely 

0114 granitic bodlea all without disturbing the pro 

eziatin.g atrustural trends in the Persixt rooks. 	ll 

scale replausnent aeeo*nied these ssgregations. Tha 

paiea1 conditions in the above ezsl.a were those of 

high grad. asturphisa, ne.ly, aedarate temperature and 

high pressur e . 

The hohiMorb basic rookS retain anloabtad 

Igneous,  textures and were intreI as lenseid sills, 

taking up vary few fragasuta of the country rocks. Msv•-

nont in the eGuntry rocks of tar Intrusion was *Might but 

the t.ip.rature renamed oaf fiei.ntly high for eweid.rabl. 

reconstitution if the basis rocks to take place. Th. 

absence of horuf class auggste that the te.rature differ-

once between Intrusion sad wall-reeks was not high. 

the pest-tastonic granitie reeks were emplaced 

rinoipally by the dilation of Joints in the cu0 of the 

thin veins and of the foliation in the **Be of the larger 

masses • 2bo large, ain.rslogicaily heg.n.ans Orsa town 

now took 'p sal displaced nu.roia inclogjang of country 

rock and was therefore in a plastic state at the time of 

qlae.oant. the vertical d alacemsnt of the inclusions 

MG not, however, great. As with the basic rooks the la* 
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of horvJe1ae* inãicatea that the teipsratirs &tffereneo 

btwasn granitic and country roes was not great, but the 

temperatures were lower then in the basic reeks. It Is 

postulated that the granite  was enpiseed under considerebi* 

pressure. he origin of the grsaite, however, ronins 

obscure. $oea of the powatit. veins In the south heys 
possibly been lamed by a process involving rocryatall-

lestion of pre-existing gronite veins. 

tructura1 control over 91aceaent 	At every 

Stage in the plutoziic history of the region the stmuoture ,  

has exerted strong control over the localisation at both 

granitic mA basic maclw. 

The syntootoale rooks tended to fern along 

surfaces of dieqontinuitr wLich were then being mA0 avail-

able. begregation was met ioisn where deformation was 

amt Intense. At craig Revaek the grenitic reeks oeeupy 

the crest of an until era and were presumably fixed at a 

site of relatively low stress. Thy have locally pierced 

the cover rooks in a dispirit, fashion late in the movemnts. 

The late-metaiaorphie basic rocks forned as concordant lenses 

rather Mon sills, in contrast the porn t-tootonic rocks 

were foma.d in positions controlled by pro-existent .fse.e 

of structural anisotropy such as Joints and foliation cur-

faces. 
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ft1MVARY O OOrCLU3IONS  

Tbe rooks of the Mome series attained their 

present condition by the regional aetaaorpbian, without 

eh a.tasotisa, of a series of siliseons, politic and 

subord inst• Book-calcareous sediments • In particular: 

1. The foliation and banding are piraflel to 

the original bedding. 

• Tourailiniferous bands in politic Snoismo 

represent $ concentration by fixation of boric oxide 

originally dispersed through the surrounding roeks. 

5. Layers and nodular bodies of eale-eilieato 

'gramulites' were formal from calcareous layers and eon-

oretiow in the original politic and ailieeoua sediments. 

the Qrantown Group 

1. The rocks of this group have been formed 

from a variety of calcareous and alu,inoua sediments of 

lob four types em be recognised. 

Z. The Group as a whole is an integral part 

of the Mole $eriee. 

3. The coarse gn.lesee on the wont side of the 

Group are considered to have been formed from normal 

palitic end smipslttie rocks by the fl=ing action of 

carbon dioxide released during the metamorphism of the 



ipn'e limestones structurally uMerlying thin. 

4. The uprising carbon dioxide uaiet.I in the 

wabilisstion ant differential fixation at al*lis. 

(a) 	The granitic rooks of Craig Reveak within the 

Grentowu Group. 

1. These are Bynteatonie is relative age. 

• Is possible teeter for the grsnitie "eke  

has saj*ere been fount. 

The granitic roebs puns the overlying 

ieiasss at the crest of the Revaek antifora, 

The origin of the granitic reeks Ii.n in an 

extension SM intensification of the process outlined in (b) 

5 ant 4 above. The carbon tiozide troneportit alkalies ant, 

In fsvotwablo localities, the distribution of which was 

eontroll.t by the structures then tensing, facilitated the 

formation of granitic rather than gn•issie rocks. 

(d) 	Du' tug the regional sstsrphisa ant deformation 

Us oine Series and the Grantown Group suffered a singis 

aoaoelinie tefonnation about a !-axle plunging east or $1. 

The eon.o of ssv.aent shown by all structures on all scales 

is of the upper layers aiving to the *E relative to li 

lover layers. 

(.) 	Tb. pst-t.atosis Gnantoen Granite was aplsest 



In a plastic state at a temperature eloes to that of the 

eountry rooks. dWe for the granite was provided by the 

forcible dilation of the eountry rooks principally along 

Us foliation. 3erouc bloeks of country rook were Ii.-

placed from their originsl positions by the granite, the 

amount of diepiseeneat iucreesing towards the west •ll• of 

the ansi. Lasuget these bbooks the granite form a esmplez 

of thick dftes end sills. It is tentatively Suggested 

that the granite may have been intriged an a amah of crystals 

sMeb were in part derived from the pre-silating rocks by 

a rhecaorphie process. 

(f) 	The basic reeks in the Seine Series near 

Loehind orb are slightly mstarpbosed gabbros, *1 oh were 

intrndsd as lensoid Bills at a late stage in the asta-

morphism v1hen the temperetiue was still high. Rigti 

temperature rather than pr.aenro appears to have been the 

governing faster in determining the ustamorphis ehanges 

suffered by the gabbros. 

(8) 	General aspect.. 

1 • the poet-tectonic acid veins in the south 

of the area were saplaesl along joint planes controlled 

by the regional structural axes. 

S. In the Seine eeriee both plasticity of fell 
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style eM a1gtiestion inerue towards the south. 

M1gt1s*tio was vast intone 'hrø the defentien was 

rionoariepd. 2h 	tI of ,8-xe, folds aM lineetionc 
beeorne3 ]'roreBsvolJ wider towards te couth, iMieating $ 

eorrespenIjm increase Is the mobility of the reeks, bs 

planes along ihieb aigmotised material was preferentially 

formed were planes of weakness controlled by the structural 

axes. 

3. The mineral aseethisgee from the five rook 

types ubi•b pretanimate in the area iMicate that the bol e  

Of MId-trathapey lies within the kyanite eons of mete-

morphism iieh is equivalent to the lower avphiboltts fade.. 
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PI*TK I 

Profiles of niigrratftie politic aneiss ee  
along the .a*t side of the Grentown 
Granite (p.24). ?op, top of Carn Luip 
looking 1w; bottou east site of Cern 
Luig looking L 



Plate I 

: 
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PLATE II 

!odulee of ee1-8111e9te 'grernilit.' In bands 
of qusrtzo.fo1Lepath10 gneiss. Cam a t  Mile 
Cb.arz' (P.15). The nodules ere 0oneentrIcally 
zoned, the outerost zone being relatively 
rich in biotite. Some bends are ebersecterieed 
by several nodules. 
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PLL!E Ill 

'ayer of eele-eilleate 1 ranu1it.' with a 
leached caleltic interior, 50 jarda NW of 
the top of Qarn Bad na Osoraeb (p.26). 

lUgtitie quartlo-feltepathie gneiaa. Stao 
an TOlale}. The rock Ia highly eontorte6 
and the foliation Is steep (p.51). 
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PLAT IT 

L.n8 of €arnetif.roua eph1bo11t0 in the 
zone betweon aseelvo smpldbolita (off pbote. 
graph to right) and senipelitic gneiseea 
(left), 400 yards south of Carnioch (p.58). 

Thin steep sheet of hornblende-'grennijte' 
catting asesie eaphibolite, 400 yards south 
ofOernlo.h (p.SS). The sheet can be seen 
to contain f•ldepa? porpbroblss te. 



Plate IV 
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V 

)aeiye aapHbolite with th1t planor acid 
veins cut by Irregular feldepetM patehee 
(beneath be or handle), 350 yards south of 
carnioch (p.60). 

Quarts lanees in coarse plitie gneiss, west 
side of Craig flevack (p.102). 
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PLOR VI 

Ocere's pe1ttie 9r10188, wet elde of Craig 
R.vaek. s. (top left to bottom r1g1it) to 
erossed bTetaop slip aurfsese 	(top 
right to bottom left), (p.166) .?hicb 
peguatite in baekgroimd. 

Ellion etuete in medlum gruined peliti, 
gn*ies piwiging SE at 300,  Broonbi11 Ql*rry. 
a. joints are well developed. 
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PTAU Yll 

Branching Bimple pegatite along the ae p1si* 
of MigmtItle gnelagea • top of Omeg W 
1011t1iieh (p.188). 

116mt1t. oontslnlng eoneoltdent quarts.f.laapsr 
pagat1te lenses out by () thick post-tectonic 
compound pegmatite s1oig hOl plans and (b) this 
poet.tsetoni quarts vein Slow' ee plane, top 
of orsag an FbitMob  
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PTATR Till 

3loek of Migtitlo gneies In the aedium... 
grained Grentown Gmnite. Both gnalse 
end granite are out by paust It. veins 
(p154). West aide of crg LIetlt. 

CoBteet of Grentuwn Gran it, with banded grtèiee 
(specimen 594) abowing 190k of contuot alter-
ation (P.24). ?"a west aide of Ureag 14atb. 



Plate VIII 
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PL&! LI 

Irregular shoot of grsnits along 3 efaee in 
igxttitie gueiae (137), Stao on 	ioioh. Thin 

biotitie voila iro3eot  from i t  into the 
granite (p.53). 

Opbitia txtne In =waive a1!ptIbolIte (ees) 
from int'Ior of large netsmerphoe4d lone of 
gsbbro, Corn non Gsb1r (p.58). 



Plate IX 
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Iigaetitie gneiss 
with biotite-rich 
(P.52). 

containing fellepatbie pole 
rgine • Stee an Toieieb 

Compound Pegmatite, sts.e an Tolaich (180). 
Large fellapere appear to be porpbyroblaate 
in the griitie Matrix (p.188). Line on 
ep.eimen marks contest of vein With eourtry 
rock. 
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PLLU XI 

31r18 of epeei.s to illustrate the upwsra 
decxeui in grain also and loss of quertzoae 
pod.a In politic rooks of the Dulnainbridgs... 
aevack belt pp.84-5). These rocks overlie 
thick sale-oiliest, rooks. Specimens 179 
457 and 458 (reading upwards) we from Waster 
aggen • the pinlarig Bum and the River 

Dnlnain at Jueseh Lodge respectively. 
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PIATI III 

Typical quartso-f olds"thic gnoiss of the  
Wine 80risa (45), Creag Bheag (p.8). 
Qroae.4 nio]s. Field LP.7 M long. 

Large irregularly shaped quarts eryatal in 
qnartzo-fe]clepathle gneiae (4), Creag B)keag 
(p28). crossed rileola. Field 2 0 7 m long, 
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PTATI XIII 

Irrgnlar psteha of alezoelilie in optical 
continuity with one anotler in a plagioclase 
crystal (12), q rto-f.1dopatbic, gneiss, 
3hilloen (p.29). Crossed nicole. PieU 
2.? am long. 

Oarnetiferona 	eoYiti-biotit•.gneieg (224). 
Oclmoir (p.32). OrdinSy light. Field 
2.? m long. 
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PIf: LIV 

?3pieel eeaipelitie gi.iae (293) containliig 
quarts, p1ag1oe1. andbiotite, garn at 
o341i. øbaarr (p.52). OroeBad nicole. 
Field 2.7 am long. 

Crystal of aieroelin.-mioroperthlto in politic 
gneiss (102), At C?agsn (p.35), TMn albitie 
veina oeeui' in the witwinned interior of the 
crystal. Croeasd nicole, Field 2.7 as lens. 
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PIATI IV 

Typical Cale-silicate 'gr1ite' (e46) • Osrn 
a' Thil1. Obserr (p.58). 011,iosoiait., spongy 
garnet and poikilobleetie bornbleMe (all h1gb 
relief) are not in S mtrlx of quartz and 'p].agio.. 
aisle. Ordinary light. Field 2.7 m long. 

Relict ophitie texture in .rpbibolite (286) 9  
gem man Qab)*r (p.62). .ngits with B11 
Irm ore Inclusions is ried by bomnblende. 
Ordinary light. Field 6.5 m long, 
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PUTS XVI 

Opbitfe texture in apMbo11te (2066), Oriii 
nan Øabhar (pp.82-4). !ield 2.7 sm long. 
TOP, ordinary light, to show (100) oleayage 
In angit.; bottom, crossed nieo1.. to she, 
granular texture of some of the plagloelase 
and of the hornblende away from the augite. 
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xia VII 

Opbitie texture peiomorpbed entirely by 
hornblende (450), MV elope of Otte 39rIOb 
(pp.64-6). Iron ore "tale witMr horn-
blonde; soa biotite present; In places 
• tendency for an equigronulor horriblends-
plagiolase mosaic to for 	Ordinary 
light. yield 2,7 = long* 

arnetiferone anpbibolite (257), aouth of 
arnloeb (pp.66-7). Ragged gerneta are 

eurrowided by a cone in which plagiociss., 
bernblende and biotit• are lztorgrown. 
Ordinary light. 'hid 2.7 = long. 
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PUT ZYIII 

HornbleMe-'gTonuhit,' (35) Gontainiug born-
blonde, plagloelase and biotite, south of 
Garnioch (p.68). This thin section is from 
a specimen from the sheet shown in Plate lIT. 
Ordinary light. "bid .7 M long. 

Impure marble (95) containing a layer of dbopeide 
and tremolite (right) and a ehar bond of 
granular calcite (left), Laggan Hill (pp.e7-8). 
Crossed nieols. Field 8.5 me long. 
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PLIU XU 

$.ese•oue eele-ailiasta rock (468), 1P1i1ex1g 
Wood (p.89), This reek eentains pM.ogoplt., 

uart* and  plagloelese. Ordirery 

Granulitic eale-eilieate reek (177), Iagn 
Hill (pp.92-4), This rook contains quarts, 
•pi6ote and biotite. Ordinary light. 
Field 6.5 am long. 
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Aph1bo11tie eale-ailleate roeka, consisting 
of aetinolite, diopeide, quarts and microeline. 
Top, 110 from orsig Reveek; bottom, 175 from 
aoldhoms Quarry. Ordin'y light, Flails 

long. 
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PITS III 

Diopeilie esle-ailioate rock (355), Craig 
Revack (p.95). The Irregular poikilobisetic 
habit eon be scan. Orcased nicole. Field 
6.5 - long. 

xyanit.-gnelea (558), Gsieb Iooi(pp.99-1O1), 
sponr ky-enite is rimed by nuacovite; 
blotite enelosea aill prism of accessory.  
tourl Ins; quartz form the rsit6ar of 
ths rock. ordiny light, held 2.7 am long. 
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PrAn xxii 

coarse aeoYite-biot1t.-i.1s (108) from the 
Dulnainbridge-evack belt, east 21d0 of Craig 
fleveek (pp.102-104). A email garnet is •osn on 
the rigbt. .A band specimen of this type of 
rook is shown at the foot of Plate Xi. Ordinary 
light, Field 6.5 ma long. 

Plagioelaee-gn.iaa (358), Craig Revsek (pp.106-
107). ?he rock consists mainly of 011oclas. 
with lesser aaounts of quarts and biotite 1  
Crossed nicole. Field 2,7 w long, 



Plate XXII 
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p]agioelase-.pidote rook (240), Craig Dvaek 
(pp.107-109). In this apeeimmn epidote lusty 
plagloelsee and quarts oan be recognised. 
ordinary light. !i•1d 2.7 mm long. 

Brokm plegioclea, crystal In the Revack granite 
(368) (p.125). The shears do not extend into 
the surrounding minerals. crossed nicole. 
Field 2.7 mm long. 
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xaap1ee of two Beta of twin lamellee developed 
In plegloelase crystals of the Revack grwite 
(p.125). pop, 368; bottom, 356. The ragged 
early set of lamellao are displaced by eamli 
ehears parallel to the later straight lamellas. 
Crossed nicole. i1elde 2.7 = long. 
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PL&rl XXV 

Irregularly sbsped viteroalire crystal with a 
discontinuous p1aioe1ase border, Revaek granite 
(376) (p,1t8). crossed nicole. Field 2.? am 
long. 

]Deformed crystal of nicroeline in the g.veck 
granite (109) (p.127). Creased nieole. Field 
2.7 = long. 



Plate XXV 

4 

. 

• 	 - 	• 

IP 

ib 4 
-'•. 	 • 

p .  

TA 



PIATB WI 

Iyrek1tte quartz wltblu crystals of ideroellue 
In the Revk granite. (37) (p.1?7). Oroeee 
nieols. pie1 .? m long. 

Typical field from  thin section of the Grantown 
Granite (111), Gorton Hill (pp.155-161). 
Subhedxal blotite and zoned oligoelaee with 
anhedral quartz and mleroallme can be reeognieed 
Grossed nicols. Field 2.? m long. 
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GEOLOGICAL MAP OF THE Q RANTOWN GROUP 

MID -ST RATHSPEY 
The regional f01d axis pIurcJ .s 0E 30 towards 16z.. 5ouh-as1 	Form I1nS on tke rock groups 51i1 I•iq. 
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